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Figure 20. Locations of capture of blackbelly rosefish and wreckfish. See
Figure 2 for additional explanation.
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Red bream (B. decadactylus), like wreckfish and barrelfish, were collected
by commercial wreckfish fishermen fishing on the Charleston Bump (Sedberry
2001). Of 16 specimens examined', eight were spawning females collected in
June through September (Table 4). No spawning females were present in
samples from April, May, November and December. No depth or temperature
data were obtained from the commercial fishermen, but location and tempera
tures were similar to wreckfish catch locations.

Three additional species of grouper were also rarely collected in spawning
condition. Yellowmouth grouper (M interstitialis) was occasionally taken at
middle- and outer-shelf reefs off of South Carolina (n = 18), where a few
females (n = 9) were found in spawning condition in February, March and
August off South Carolina at depths of 49 - 51 m (Tables 3-4, Figure 21).
Only one bottom temperature was recorded at one spawning location (14.47°
C). Rock hind (E. adscensionis) were collected mainly at shelf-edge reefs off
of South Carolina and, of 34 examined for sex and reproductive state, five
were spawning females collected during March, May and June from depths of
37 - 53 m (Tables 3-4, Figure 21). Bottom water temperatures for those
collections were 20.05 - 23.96°C (n = 6). Speckled hind (E. drummondhayi)
were distributed throughout the region on outer-shelf to upper-slope reefs in
depths from 28 to 114 m, and were collected more frequently (274 examined)
than rock hind (Table 3, Figure 22). Five spawning females were found off of
South Carolina in May, June and September (Table 4).

In addition to the above species of grouper, we also examined gonads of
seven graysby (C. cruentatd), 18 coney (C.Julvd) and 12 Warsaw grouper (E.
nigritus) collected throughout the region (Table 3). Several of the Warsaw
grouper were collected in proposed MPA sites off northern Florida and South
Carolina. One spawning female was caught in May on the upper slope at a
depth of 168 m (location unknown). An additional warsaw grouper examined
from the database contained late vitellogenic oocytes, perhaps indicating
potential spawning in the region. We collected one female coney in spawning
condition in June (33.8°N, 76.8°N, 39 m), and one potential spawner in the
same month with late vitellogenic oocytes. In Puerto Rico, coney spawn from
December to March (Jimenez and Fernandez 2001). One female graysby
examined also contained late vitellogenic oocytes, again perhaps indicating
potential spawning in the region. We observed several running ripe male
coney and graysby; however, male reef fishes are in spawning condition for
much of the year and cannot be used to determine spawning location in the
absence of females. In addition to the histological evidence of spawning cited
above, we have observed courtship behavior in hogfish, Lachnolaimus
maximus, at shelf-edge reef sites. Hogfish courtship was observed from
submersible off Jacksonville, Florida on 30 July 2002 (30.4°N, 80.2°W, 56 m
depth, 1846-1926 EDT) and off Charleston, South Carolina on 1 August 2002
(32.3°N, 79.0°W, 61 m depth, -1000 EDT). Behavior was as described by
Colin (1982), with the male displaying erect spines in the first dorsal fin, and
rapid pelvic-fin agitations. This display was directed at one or two nearby
females. Although Colin (1982) observed spawning from mid-afternoon to
sunset, we did not observe actual spawning in hogfish during dives in morning
and late afternoon. Bottom temperatures at the Florida site during the dive
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ranged from 20.90 - 20.94°C, considerably cooler than those reported byColin
(1982) in December to March in Puerto Rico (24 - 26°C). Bottom tempera
tures at the South Carolina site ranged from 20.47 - 22.03°C.

Figure 21. Locations of capture of rock hind and yellowmouth grouper. See
Figure 2 for additional explanation.
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Figure 22. Locations of capture of speckled hind. See Figure 2 for additional
explanation.
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CONCLUSIONS AND MANAGEMENT ISSUES
Spawning condition was determined for 28 species of reef fish at several

phylogenetic levels, including Beryciformes (Berycidae), Scorpaeniformes
(Scorpaenidae), Perciformes (Carangidae, Centrolophidae, Haemulidae,
Lutjanidae, Malacanthidae, Polyprionidae, Serranidae, Sparidae) and
Tetraodontiformes, and over a considerable depth and latitudinal range. In
spite of some temporal and spatial sampling limitations, wedetermined thatthe
species examined fall into a few groups of lifehistory andspawning strategies.

Several species, such as small serranids, haemulids, sparids and lutjanids,
spawned over protracted periods and throughout the region. Black sea bass,
sand perch, tomtate, red snapper, and vermilion snapper were broadly distrib
uted and spawned across the shelf, although vermilion snapper spawning
activity seemed to be more concentrated at shelf edge reefs than the other
species in this group.

Red porgy and bank sea bass also had broad distributions throughout the
region, but spawning appeared to be more narrowly focused on deepersites in
the middle of the region. In the caseof bankseabass, and to a lesserextentred
porgy, this may reflect sampling limitations as these both spawn in winter,
when sampling is more difficult and was subsequently more confined to the
waters near our laboratory.

Gag, scamp, red grouper, knobbed porgy and gray triggerfish spawned
mainly at shelf-edge reefs. Gag use shallow coastal or estuarine waters as
nursery areas, but make either an ontogenetic shift or spawning migration to
the outer shelf. Tagging of gag has indicateda spawning migration (Van Sant
et al. 1994,McGovern et al. In press). Gray triggerfishjuveniles are pelagic or
benthic in a varietyof habitats(Martinand Drewry 1978), but apparentlymove
to deep reefs with age and maturity. Knobbed porgy, red grouper and scamp
appearto be moreresident on outer-shelf reefs, where spawning occurs.

Tilefish, blackbelly rosefish, blueline tilefish, snowy grouper and yellow-
edge grouper are resident, at least as adults, on the upper slope. Spawning is
restricted to reef (or mud in the case of tilefish) habitats on the upper slope.

Barrelfish, wreckfish and red bream live on the Charleston Bump, mainly
in depths from 500 - 600 m (Sedberryet al. 2001, Popenoeand Manheim 2001,
Weaver and Sedberry 2001). Spawning also occurs there, under the main axis
of the Gulf Stream. Eggs, larvae and juveniles of wreckfish and barrelfish are
pelagic, perhaps living at the surface for several months (Sedberry et al. 1999,
Martin and Drewry 1978). It is uncertain how these fishes are recruited back
to the Charleston Bump. Juvenile wreckfish are very common at the surface in
the eastern North Atlantic in the months following spawning on the Charleston
Bump, and wreckfish from the easternNorth Atlantic are genetically identical
to those from the Charleston Bump (Sedberry et al. 1999, Ball et al. 2000),
indicating substantial gene flow between the regions, mediated by Gulf Stream
flow.

White grunt, and to a lesser extent red grouper, were collected in spawning
condition primarily in the northern part of the study area and apparently have a
disjunct distribution (Zatcoff et al. 2004, Chapman et al. In prep.). They are
abundant in the Caribbean and southern Florida, but are not common off
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northern Florida or Georgia. They appear to be more tropical species that are
found only in the waters of the northern SAB that are under the influence of
the Charleston Gyre. Because of the influence of Gulf Stream waters being
transported onto shelf waters off northern South Carolina and southern North
Carolina via the Charleston Gyre, many tropical species are recruited to this
area (Powell et al. 2000).

Gag and greater amberjack appear to undertake spawning migrations to
the south, with most spawning in greater amberjackapparently occurring off of
southern Florida. Tagging of these species off South Carolina has indicated
substantialmovementto south Floridaof large fish during the spawning season
(Van Sant et al. 1994,McGovern et al. In press, Meister et al. In prep.).

Several rare tropical groupers (yellowmouth grouper, rock hind, speckled
hind, graysby, coney, warsaw grouper) occur in the region, but it remains
uncertain if spawning in most of these is occurring here or if recruitment of
these fish comes from southern spawning locations. Groupers generally have
long-lived larvae [31 - 66 days (Lindeman et al. 2000)], and it is certainly
possible that periodic recruitment of these tropical species occurs. Some
females examined appeared to be in, or approaching, spawning condition;
however, it is unknown if population densities are high enough to induce
spawning behavior (aggregation, harem formation) that often accompanies
spawning in these tropical groupers (Jimenez and Fernandez 2001).

Although influenced by sampling limitations, there did appear to be areas
within the region that are spawning grounds for several species. Shelf-edge
reefs (40 - 60 m) in the middle of the SAB appeared to be particularly impor
tant. Some of these reefs coincide with areas proposed by the SAFMC as
MPAs that will prohibit bottom fishing (SAFMC 2004). Proposed MPAs that
encompass shelf-edge reefs off Charleston, South Carolina [SAFMC Proposed
South Carolina-B MPA, Option 1 at about 32.3°N (SAFMC 2004)] included
spawning grounds for bank sea bass, red grouper, gag, scamp, knobbed porgy,
red porgy, vermilion snapper and gray triggerfish. Blueline tilefish were also
caught in spawning condition in this proposed MPA site, but most were caught
deeper, on upper slope reefs. Red snapper were also found spawning in this
proposed MPA, but extensive spawning was found scattered across the shelf.
Black sea bass and sand perch spawned near the South Carolina B sites, but
most spawning in those two species was at scattered middle-shelf reefs. Rock
hind spawned near this site and occurred in the proposed SC-B Option 1 MPA.
Spawning in rock hind also occurred near Proposed South Carolina-A MPA,
Option 2 at about 32.8°N, and rock hind were collected at that proposed shelf-
edge MPA site. The two instances of courtship behavior observed in hogfish
also took place in proposed MPA sites, one of which was South Carolina B
(the other was Florida Option 1 offJacksonville). The proposed MPA sites off
South Carolina appear to be particularly important as spawning grounds for
several species. Spawning occurred at one proposed South Carolina site
(South Carolina-B Option 1) during all months of the year.

Gag and scamp spawning occurred in more than one proposed MPA site
off South Carolina, and spawning scamp were caught in proposed MPA sites
off Florida too (SAFMC Proposed North Florida MPA Option 2 at 30°N).
Tomtate were found spawning at many mid- to outer-shelf sites, but only one
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proposed MPA site (the North Florida Option 2 site) had spawning tomtate.
Vermilion snapper were found spawning in almost all of theproposed sites, the
exceptions beingdeep (> 200m)sitesoffNorthCarolina andGeorgia.

Several species spawned mainly on upper-slope habitats. Blackbelly
rosefish, snowy grouper, yellowedge grouper, and tilefish spawned on reef or
mud habitat centered around 200 m. Although tilefish spawned near one of the
proposed Georgia MPAs (SAFMC Proposed Georgia MPA Option 1), no
spawning in any of these deepwater species wasdetected within the proposed
MPA sites. Becauseprotection and management of deepwater species is one
of the primary objectives of the proposed MPAsites (SAFMC 2004), consid
eration should be given to locating a deepwater site to coincide with known
spawning areas in deepwater species.

No spawning sites of greateramberjack coincided with proposedSAFMC
MPA sites. However, two spawning locations were within the Florida Keys
National Marine Sanctuary, but not within no-take zones in the Sanctuary.
Tagging data (Meister et al. in prep.) indicate substantial movement of greater
amberjack from the Carolinas to southern Florida duringthe spawning season.
The commercial fishery for greater amberjack is closed in April (see SAFMC
web site for regulations: www.safmc.net) and 56% of spawning fish were
collectedin April (mostof those fromsouthernFlorida). This probablyaffords
considerable protection to spawning greater amberjack.

Gag and red porgy are managed, in part, by a spawning season closure,
with commercial catches limited to the recreational bag limit for gag in March
and April (when 76% of spawning females were collected). Among several
other restrictions, sale of red porgy is prohibited from January through April,
when 88% of spawning females were collected. These closures during the
peak spawning season probably afford some protection to spawning gag and
red porgy.

Many species of reef fish spawn at shelf edge sites that are under the
influence of the Charleston Gyre. Eggs and larvae of these species are
probably entrained in this gyre. Gag larvae are most often collected in the
Charleston Gyre, often several tens of kilometers offshore and over much
deeper water (> 600 m) than their preferred (< 50 m) habitat (Sedberry et al.
2004). Spawning in the Charleston Gyre probably results in better survival, as
early life history stages are carried off the shelf with its associated predators,
and are retained in a cyclonic circulation (with upwelling at its core) that
provides nutrients and eventual transported back onto the shelf toward shallow
nursery areas. Such a strategy seems to be associated with the long larval
period found in groupers that spawn at shelf edge sites (Lindeman et al. 2000)
and that helps them utilize large gyres such as the Charleston Gyre.

Deep reef fishes of the Charleston Bump and Blake Plateau live and
spawn in areas beyond those currently proposed as MPAs where bottom
fishing would be prohibited. Wreckfish, however, are managed with gear
restrictions (no longlines), an individual transferable quota with total allowable
catch, and a spawning season closure (15 January through 15 April). Because
barrelfish spawn at about the same place, and their spawning season extends
into January (no data were available from February), it is likely that they are
afforded some protection during spawning by regulations imposed on the
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wreckfish fishery. Red bream, however, spawn in summer on the Charleston
Bump, when the wreckfish fishery is open and they are caught as bycatch.
There is no evidence that the apparently small (but undocumented) bycatch is
having a negative effect on spawning red bream, but this deserves further
investigation. In addition to spawning demersal fishes on the Charleston
Bump, there is some evidence that this is a spawning site for pelagic dolphin
(Coryphaena hippurus) and swordfish (Xiphias gladius) as well (Govoni and
Hare 2001, Sedberry et al. 2004).

Although many reef fishes important in commercial and recreational
fisheries off the southeastern U.S. spawn across broad shelf areas, it is evident
that some spawning is localized. Often, local spawninggrounds are utilized by
several species. In deciding among options for final MPA sites, consideration
should be given to sites that are used as spawninggrounds by several species.
It is obvious that some optionsamong the MPA sites proposedby the SAFMC
contain more spawning sites for more species than do some of the other sites,
and that by minor shifts in location or even orientation of the proposed closed
areas, more spawning fishes could be protected. Consideration of known
spawning areas and times should be an important criterion when planning time
or area closures to ensure sustained fisheries.
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ABSTRACT

The reproductive characteristics ofmass spawning at predictable times and
places have made the Nassau grouper, Epinephelusstriatus, vulnerable to over
fishing. Historically in the Cayman Islands, five Nassau grouper spawning
aggregations provided an important seasonal artisanal fishery for local fisher
men from which fish were harvested by the thousands. In 1986, fishermen
began complaining of reduced catch and size of fish taken from the fishery.
Since 1987, the fishery has been monitored. Data on age, size, catch, and
catch-per-unit-effort (CPUE) was collected. Fifty-two percent of fish aged
were seven and eight years old, indicating full recruitment to the fishery by this
age. Analyses of data show overall declines in catch, CPUE, and size. In 2001
a sixth aggregation was discovered and heavily fished. In 2002, an 'Alternate
Year Fishing' law was passed to reduce fishing mortality. In 2003, an 8-year
ban on fishing in all designated grouper spawning areas was implemented
when it became apparent that further fishing could irreversibly compromise the
viability of the 'new' aggregation. Of the six known Nassau grouper spawning
aggregations sites in the Cayman Islands, three are fished out, two are in seri
ous decline, and one, though affected by fishing, is still comparatively healthy.
Additionally, two other areas were designated as potential spawning sites. The
Cayman Islands case is one typical of the depletion pattern of 'boom-and-bust'
Nassau-grouper aggregation fisheries seen throughout the region over the past
three decades. Despite the current ban on this activity locally, our goal is to
convince the local populace that this practice is unsustainable, and should per
manently cease.

KEY WORDS Nassau grouper, spawning aggregation, Cayman Islands, re
stricted marine areas
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£1 Proceso de Apareamiento en las Islas Caimanes del Nassau
Grouper del Punto Perspectivo Historico y de Manejamiento

Las caracteristicas de reproduccion del Nassau Grouper (Epinephelus
striatus) en tiempos y lugares predictibles los ha hecho vulnerable a la sobre
pezca. En las Islas Caimanes historicamente 5 agregaciones de apareamiento
del Nassau Grouper proveian una importante pezca temporal. Sin embargo en
1986, los pezcadores locales comenzaron a notar la reduccion de la cantidad y
el tamano del pez obtenido.

La captura ha sido monitoriada por los ultimos 14 anos , durante este
tiempo los datos como la edad, tamano, cantidad y cantidad de unidad de
esfuerzo, fueron obtenidos y analizados. 52% de la edad de los peces fue 7
(26%) y 8 (25.9%) anos de edad, indicaron complete recruitamiento de este
grupo de edad en las pesca. Analisis de los datos senalaron todavia reduccion
en las pesca, CPUE, y tamano.

En el ano 2001 una Sexta agregacion fue descubierta y violentamente
pescada. En el 2002 una ley de altenar un ano de pezca fue obtenidad con la
idea de reducier la mortalidad. Pero cuando fue evidente que mas pescas hiban
a comprometer irreversiblemente la posibilidad de sobrevivencia de la nueva
argegacion se implanto una nueva ley de 8 anos de prohibicion de captura en
todas las areas designadas de apareamiente del Nassau Grouper.

De las seis conocidas agregaciones de apareamiento del Nassau Grouper
situados en las Islas Caimanes tres han desaparecidos, dos han declinado
seriamente y una a pesar del impacto sigue relativamente saludable.

Las Islas Caimanes es un caso tipico de las pollaciones de explotar sobre 3
decadas la abundancia de la pesca del Nassau Grouper. A pesar de la prohibi
cion de la actividad pescadera local. Nuestra objective es de convencer y
educar la populacion local que esta practica es inconveniente y debe cesar
permanentemente.

PALABRAS CLAVES: Nassau Grouper, caracteristicas de reproduccion, las
Islas Caimanes

INTRODUCTION

The reproductive characteristic of aggregation spawning at predictable
sites and times have made the Nassau grouper, Epinephelus striatus (Bloch
1792), vulnerable to overfishing. As a result, many of the known spawning
aggregations of this species, are no longer viable (Sadovy and Eklund 1999).

The Cayman Islands (Grand Cayman, Little Cayman, and Cayman Brae)
lie between 19°15' and 19°45'N latitude and between 79°44' and 81°27'W

longitude, and Nassau grouper are relatively abundant when compared to many
other locations (Patengill-Semmens and Semmens 2003). A traditional fishing
culture has evolved into one economically dependent on marine tourism and
finance over the past 30 years.

Historically, there were five Nassau grouper spawning aggregation sites
(Tucker et al. 1993): one at the southeast corners of each of the three islands,
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one at the southwestern corner of Grand Cayman, and another at the southeast
corner of the Twelve Mile Banks west of Grand Cayman (Figure 1). Another
aggregation exists at Pickle Bank (44 nautical miles north of Little Cayman)
whose political jurisdiction is undetermined. The aggregations at the eastern
ends of the islands are the most well known, and have traditionally been
exploited sincetheearly 1900s withtheuse of small openboatsandhandlines.
In 1985, recognizing the importance of these three spawning areas, a general
license was issued under the Restricted Marine Areas (Designation) Regula
tions allowing access by residents, but restricting themto fishing by hook-and-
line only.

In 1986, increasing complaints from fishermen of a decline in both
numbers and size of fish taken from the fishery during the last several years
prompted the implementation of a monitoring program by the Department of
the Environment.
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Figure 1. Map showing current Restricted Marine (Grouper Spawning) Areas,
(1) Grand Cayman - northeast point, (2) Little Cayman - northeast point, (3)
Cayman Brae - northeast point, (4) Grand Cayman -southwest point, (5) 12-Mile
Bank - northeast end, (6) Little Cayman - southwest point, (7) Cayman Brae -
southwest point, (8) 12-Mile Bank - southwest end.
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METHODS

From 1987 through 1992, data on catch, catch-per-unit-effort, and size,
were collected during spawning season from the three main spawning sites.
Catch data was recorded on a per boat basis. CPUE was determined by
dividing annual catch by the number of boat trips. Total length (TL) in
centimeters was measured using a graduated board.

Age data was obtained by analyzing sagittal otoliths taken from 479 fish,
and the aging technique was validated in 1992 by use of captive fish injected
with oxytetracycline (Bush et al 1996). Sampling of catch and size data from
the three main aggregations continued through 2001. Sex and weight data was
initially collected, but was discontinued due to manpower and time restraints.
Data from the southwest point of Grand Cayman, Twelve-Mile Bank, and
Pickle Bank was sporadic and is not reported herein.

RESULTS AND DISCUSSION

Fishery Data
Most grouper in the spawning aggregations (84%) are between the ages of

six and 11 with 52% of the fish either ages seven (26.1%) or 8(25.9%). These
two dominant year classes (seven and eight) indicate the age at full recruitment
to the fishery (Figure 2). The oldest fish (29 years) exceeds the oldest age
reported for Nassau grouper (Olsen and LaPlace, 1978) by 13 years. A length
at age curve was generated (Figure 3) and fitted to the von Bertalanffy growth
equation in order to compare the equationparameters with those published for
E. striatus (Manooch 1987, Valle et al 1997). Loo, average asymptotic length,
= 765 + 30 mm with 95% confidence limits; K, growth coefficient, 0.282 (per
yr.); and to, theoretical age at 0 length, -0.638 yrs.; were calculated from a
regression of the Ford/Walford line (1 t+l = 140.,04 + 0.821t, r2 = 0.96) to
where lt= lt+l; his the mean length at any given age. By restricting the ages
used to calculate the von Bertalanffy growth parameters to those with a
minimum of 10 fish in any age group (i.e., ages 5 -13) a close fit of calculated
and observed lengths was obtained between those ages (Table 1). Manooch
(1987), Pauly and Binohlan (1996), and Valle et al (1997) summarize parame
ters ofNassau grouper: Loo from 900TL -1130mm TL, with one exception (760
mm TL from NE Cuba, Claro et al 1991), K's from 0.060-0.224 (per year), and
to- 3.27 - 0.488 (year). Our calculated growth parameters differ from those
published; Loo = 765 mm TL and to = -0.638, are lower than previously
published with the exception of one Loo estimate by Claro et al 1991. Our
growth coefficient K = 0.202 is slightly higher than those reported by
Manooch (1987), Pauly and Binohlan (1996), and Valle (1997), with one
exception, 0.224 reported by Randall (1962). The low Loo and high K would
indicate that Nassau grouper around the Cayman Islands have a high early
growth rate to ages 10 or 11 but a lower terminal size than other stocks.
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Table 1. Age vs. Lengthdata of479 Nassau grouper from the Cayman Islands.
Predicted mean lengths fitting the data between ages 5 and 13 to the von
Bertalanffygrowth equation: It= 765[1-e-0.202(t+0.638)]

Age years Total Lengths (mm) No. Fish Predicted

Length

Range Mean Standard

Deviation

0 150-180 - - 2 93

1 230-290 268 - 4 216

4 340-445 408 42.3 6 398

5 365-585 478 72.7 14 465

6 360-630 541 61.1 52 520

7 345-710 570 48.2 125 565

8 490-695 599 45.4 124 601

9 530-750 638 54,1 45 631

10 555-720 646 42.8 25 655

11 540-750 663 57.2 31 675

12 620-710 704 47.9 15 692

13 660-760 713 34.1 10 705

14 600-735 716 50.9 9 716

15 565-820 722 87.2 6 725

16 660-760 714 - 4 733

17 810-840 827 - 3 738

18 801 - - 1 743

21 782 - - 1 753

28 850 - - 1 762

29 810 - - 1 763

Catch, CPUE, and Size from these three spawning aggregations have
declined over the 15 year period. Catch (Figure 4a) from Grand Cayman and
Little Cayman during the early years of the monitoring period was in the low
hundreds and has since dwindled. In Cayman Brae, while catch was in the low
thousands during the initial years following the re-discovery of the spawning
aggregation, it too has declineddrastically in the last six years. Catch-per-unit-
effort and size (Figure 4b,c) for all three islands show similar marked trends.
The Little Cayman site was abandoned in 1993 when the aggregation ceased to
form.
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Chronology of Fishing Activity
Between 1984 and 1990, the Cayman Brae site was dormant and the

fishing fleet of Cayman Brae targeted the northeast SPAG of Little Cayman
(the two islands are five nautical miles apart). In 1991, an aggregation was
found approximately 1.2 km north of the dormantCayman Brae site, and has
been heavily fished.

By 1993, the Little Cayman site was inactive. Continued monitoring
through 2001 showed continuing declines in both catch and size offish from
the aggregations of Grand Cayman and Cayman Brae. Of the two other
aggregations, located near Grand Cayman, one (Southwest site) was fished
until 1990,after which it no longer formed, and the other (Twelve-Mile Bank)
still yields a variable, albeit low, number offish.

In 2001, another aggregation which (according to anecdotal reports) had
not been fished since the late 1960s, was 're-discovered' at the western end of
LittleCayman, and heavily fished during the 2001 and 2002spawning season.
Approximately 4,000 fish were taken from this aggregation during 20 days of
fishing (Whaylen et al 2004). Pre-fishing abundance for this aggregation is
estimated at over 7,000 fish. This aggregation is believedto be the last healthy
spawningaggregationof Nassaugroupersin the CaymanIslands.

Chronology of Management Measures
In 1995, after the first six years of data showed a decline in all parameters,

a recommendation was made to implement an 'Alternate Year Fishing'
strategy in order to reduce fishing mortality by half. However, due to lack of
political support, this was not implemented.

In 1998, the three main spawning areas at the eastern ends of the islands
were formally demarcated as 'Restricted Marine Areas' for which access
required licensing by the Marine Conservation Board (the statutory authority
responsible for the administration of the Marine Conservation Law).

Following public controversy regarding the mass harvest of fish in 2001,
and again in 2002, the Marine Conservation Board and the Department of
Environment campaigned for support to protect the Nassau grouper spawning
aggregationsby holding a series ofmeetings with government, the watersports,
and restaurant sectors of the Cayman Islands Tourism Association, as well as
fishermen. Protective legislation was passed in Februaryof 2002 (Whaylenet
al. 2004). This legislation defined a spawning season ofNovember 1 to March
31, and implemented the 'Alternate Year Fishing' law (first recommended in
1995) to reduce fishing mortality in the designated grouper spawning areas.
This law allowed fishing every other year with the first non-fishing year
starting with 2003, and also set a catch limit of 12 Nassau grouper per boat per
day during fishing years. The law also defined one nautical mile 'no trapping'
zones around each spawning site, and set a minimum size limit of 12 inches
for Nassau grouper. Finally, a significantaspect of the law provided power to
the Marine Conservation Board to change these restrictions to any or all of the
designated spawning areas.

In mid-December of 2002, the other two of the five original spawning
areas, and the new one at the west end of Little Cayman, were designated as
restricted marine areas. In addition, two more areas were designated, due to
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their potential to accommodate spawning aggregations, and the possibility of
spawning aggregations shifting. These were the southwest end of 12 Mile
Bank and the southwest end of Cayman Brae, both of which have the geo-
morphological and oceanographic characteristics common to such spawning
areas.

With the approaching spawning season of 2004, it was realized that the
new 'alternate-year-fishing' management strategy would not accomplish the
goal for which it was originally intended. Our calculations showed that,
despite thenew catch limits, fishing during the2004 season could compromise
the viability of this relatively healthy aggregation. Assuming that fishing
effort would be similar to that of 2001 and 2002, most of the estimated 3,000
surviving fish in the 'new' spawning aggregation at the west end of Little
Cayman, would be removed. As a result of this, on the 29th December of
2003, the Marine Conservation Board exercised it powers to change the
'Alternate-Year-Fishing' portion of the law to an eight year ban on fishing
within all designated grouper spawning areas. It was thought that this time
period representing one reproductive cycle for the species, was the minimum
needed to realize any benefits to replenishment.

CONCLUSION

TheCayman Islands case is typical of thedepletion pattern of 'boom-and-
bust' grouper aggregation fisheries seen through out the region over the past
three decades. Lack of effective management has resulted in the demise of
many spawning aggregations, including some local ones, and the species is
now absent in many locations.

It is important that fisheries management authorities be empowered to
respond quickly to problems as the timeliness of the response is critical if it is
to succeed.

The seven year delay in implementation of the alternate year strategy,
combined with continued heavy fishing, almost certainly would have compro
mised the strategy's intended effectas reproductive stock became depleted.

The Cayman islands now have a total of eight designated grouper
spawning areas covering an area of 17.56 square kilometers. Of the sixknown
Nassau grouper spawning aggregations sites in the Cayman Islands, three are
fished out, two are in serious decline , and one, though affected by two years of
heavy fishing , still relatively healthy. Despite the current ban on fishing local
aggregations, our goal is to convince residents that this practice is unsustain
able in any measure, and should permanently cease. In the interim, we believe
that the managementmeasuresimplemented, along with adequate enforcement,
will contribute effectively to the perpetuation of this species in the Cayman
Islands.

Immediate future plans for the Little Cayman aggregation include
continued in-situ monitoring, as well as a tagging and tracking project.
Eventually assessments will be carried out on all known spawning aggrega
tions sites, with a view to monitoring any replenishment or re-habilitation.
Other sites possessing other locations possessing similar geo-morphological
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and oceanographic conditions will alsobe investigated.

ACKNOWLEDGEMENTS

We would like to thank Brian Luckhurst, Will Heyman, and Yvonne
Sadovy for their expertise, advice, and dedicated support. In particular, we
appreciate their urgent letters of appeal to the Minister for Tourism, Environ
ment, and Development in supportof protective legislation. Our gratitude also
goes to Leslie Whaylen and the REEF Team, whose assistance in monitoring
the 'new' spawningaggregation in LittleCaymanwas invaluable.

LITERATURE CITED

Bush, P.G., E.D. Lane, and G.C. Ebanks. 1996. Validation of Ageing Tech
nique for Nassau Grouper (Epinephelus striatus) in the Cayman Islands.
Pages 150-157 in: F.A.Arrequin-Sanchez, J.L. Munro, M.C. Balgosand D.
Pauly (eds.). Biology, Fisheries and Culture of Tropical Snappers and
Groupers. Proceedings EPOMEX/ICLARM International Workshop on
Tropical Snappers and Groupers.October 1993.

Mannoch in, C.S. 1987. Age and growth of snappers andgroupers. Pages329-
373 in: J.J. Polovina and S. Ralston (eds.). Tropical Snappers and
Groupers, -BiologyandFisheriesManagement. Westview Press, Boulder,
Colorado USA.

Olsen, D.A. and J.A. LaPlace. 1978. A study of the Virgin Island grouper
fishery based on breeding aggregations. Proceedings of the Gulf and
Caribbean Fisheries Institute 31:130-144.

PattengiU-Semmens, C.V. and B.X. Semmens. 2003. The status of reef fishes
in the Cayman Islands (BWI). Status of coral reefs in the Western
Atlantic: Results of initial Surveys, Atlantic Gulf Rapid Reef Assessment
(AGRRA) Program. AtollResearch Bulletin496:226-247.

Sadovy, Y. and A.M. Eklund. 1999. Synopsis of biological information on
Epinephelus striatus (Bloch 1972), the Nassau grouper, and E. itajara
(Lichenstein 182) the jewfish. NOAA technical report NMFS 146, US
Department of Commerce. 65 pp.

Tucker, J.W., P.G. Bush, and S.T. Slaybaugh. 1993. Reproductive patterns of
cayman Islands Nassau grouper (Epinephelus striatus) populations.
Bulletin ofMarine Science 52:961-969.

Valle, S.V., Garcia-Arteaga, and R. Claro. 1997. Growthparametersof marine
fishes in Cubanwaters. Naga, the ICLARM Quarterly 20(l):34-37.

Whaylen, L., C.V. PattengiU-Semmens, B.X. Semmens, P.G. Bush, and M.R.
Boardman.2004. Observations ofa Nassaugrouper,Epinephelus striatus,
spawning aggregation site in Little Cayman, Cayman islands, including
muti-species spawning information. Environmental Biology ofFishes 70:
305-313.



Primeras Descripciones de la Agregacion de Desove del
Mero Colorado, Epinephelus guttatus, en el Parque Marino
Nacional "Arrecife Alacranes" de la Plataforma Yucateca

ARMIN TUZ-SULUB1, KENNETH CERVERA-CERVERA2, JUAN C.
ESPINOSA MENDEZ2 y THIERRY BRULE1

1Laboratorio deIctiologia. CINVESTA V- IPN- Unidad Merida. Antigua
Carretera a Progreso Km 6. AP. 73 Cordemex

C.P. 97310. Merida, Yucatan, Mexico
2Centro Regional deInvestigacion Pesquera Yucalpeten. INP. SAGARPA.

Progreso, Yucatan, Mexico. C.P. 97320

RESUMEN

Desde el ano 2000 los primeros indicios de la ocurrencia de una agrega
cion de desove de mero Colorado E. guttatus en el Arrecife Alacranes fueron
puestos de manifiesto en trabajos realizados con Pescadores locales. A partir
del 2002 y hasta el 2004, unarea ubicada en el noreste del arrecife y conocido
como "el sandwich" fue monitoreado mensualmente en los dias previos y
posteriores a la fase lunar de luna Uena. La determination de la densidad de
organismos deE.guttatus en el sitio permitio delinkque los meses de enero a
marzo son los meses pico de reproduccion de esta especie. La presencia de
ovocitos hialinos, observados macroscopicamente, en ejemplares hembras de
estaespecie nospermitio confirmar la ocurrencia de agregaciones de desove en
esta area particular del Arrecife Alacranes. La talla de los organismos, que
fueron observados en la agregacion, correspondio a ejemplares adultos y
estuvieron entre los 20 y 45 cm. de longitud total. La proportion de sexos fue
estimada en 1:1.3. La ocurrencia de este comportamiento reproductor fue
observada, en el mismo sitioy durante los mismos meses, durante el tiempo de
estudio. El area de agregacion esta ubicado a una profundidad de 85 pies y
presenta unacobertura dominante de corales suaves, principalmente gorgonias.
Datos de la explotacion pesquera de estaagregacion son incluidos y discutidos
en este trabajo.

PALABRAS CLAVES: Agregacion de desove, mero Colorado, Yucatan

First Descriptions of a Spawning Aggregation of Red Hind,
Epinephelus guttatus, in the National Marine Park "Alacranes

Reef on the Yucatan Platform

Since 2000, first indications of the occurrence of a spawning aggregation
of red hind E. guttatus in the Alacranes Reef were identified through inter
views with local fishermen. From 2002 through 2004, an area located in the
northeast reef and known as the "sandwich" was monitored monthly during the
days prior to and after the Full Moon. The determination of density of E.
guttatus in the site allowed us to define that the months of January to March
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are the peak time of reproduction of this specie. The presence of hyalin
oocytes, observed macrocospically, in females examples allowed us to confirm
the occurrence of spawning aggregation in this particular area of the Alacranes
Reef. Thesizeof the organisms observed in the aggregation corresponded to
adult organisms and were between the 20 and 45 cm. total length. The sex
ratio was estimated at 1:6male:female. Reproductive behavior was observed,
in the same site and during such months, throughout the time of study. The
aggregation is located at a depth of 85 feet, and it displays a dominant coverof
smoothcorals,mainlygorgonians. Fishingdata are includedand discussedin
this work.

KEY WORDS: Spawning aggregation,red hind, Yucatan

INTRODUCCI6N
Durante su epoca de reproduccion, los adultos de diversas especies de

peces tropicales de las familias Serranidae, Lutjanidae, Caesionidae, Mugili-
dae, Labridae, Scaridae, Acanthuridae y Siganidae forman agregaciones en
lugares especificos y periodos determinados, para liberar sus gametos. Estas
agregaciones constituyen unos de los ejemplos mis espectaculares de las
diversas estrategias de reproduccion que desarrollan los organismos presentes
en los ambientes de arrecifes coralinos. Una agregacidn de reproducci6n
puede ser definida como un amontonamiento de peces de una misma especie,
que se juntan para emitir sus gametos, y cuya densidad o cantidad de indivi-
duos es significativamente mas alta que la observada, en la misma zona de
agregacion, durante el periodo de inactividad sexual. Las investigaciones
sobre las agregaciones de reproduccion de peces son escasas por el hecho de
que este tipo de estudio es generalmente dificil de realizar. A menudo son
eventos efimeros que ocurren en lugares muy remotos, muchas veces cuando
prevalecen condiciones climaticas desfavorablesy, si suceden en zonas de facil
acceso, estas agregaciones ya desaparecieron o fueron reducidas en importan-
cia por la pesca (Domeiery Colin 1997).

Varias especiesde meros(Epinephelinae, Epinephelini) realizanmigracio-
nes de reproduccion y forman agregaciones de centenares a miles de indivi-
duos durante varios dias, en sitios especificos de extension limitada, y a veces
en sincronia con las fases lunares (Domeier y Colin 1997). A la fecha se ha
podido comprobar la formation de agregaciones de reproduccion tipicas para
E. adscensionis (Colinet al. 1987), E.guttatus (Colinet al. 1987;Shapiroet al.
1993a,b); Sadovyet al. 1994), E. itajara (Colin 1994), E. striatus (Smith 1972,
Olsen y Laplace 1979, Colin et al. 1987, Colin 1992, Aguilar-Perera 1994,
Carter et al. 1994, Sadovy y Colin 1995, Aguilar-Perera y Aguilar-Davila
1996),M. bonaci (Carter 1989, Carter y Perrine 1994, Eklund et al. 2000), M.
tigris (Sadovy y Domeier 1994) y M. venenosa (Bannerot en Domeier y Colin
1997). Otras especies como M. microlepis y M.phenax forman agregaciones
mas modestas en cuanto al numero de individuos involucrados,y en areas mas
extensas (Gilmore y Jones 1992, Coleman et al. 1996, Koenig et al. 1996).
Algunas especies como Cephalopholis cruentata, C.fulva y probablemente E.
moriono forman agregaciones para la reproduccion (Coleman et al. 1996).
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cuales estuvieron caracterizadospor la presencia de gonadas palidas, las cuales
emitian esperma al someterlas a una presion leve. En 12 individuos no fue
posible Uevar a cabo un sexadomacroscopico debidoa que las gonadasestaban
en estado inmaduro y de muy pequeiio tamano, estos organismos fueron
catalogados como indeterminados. 43 hembras fueron identificadas debido a
una avanzada maduracion gonadal, caracterizada por la presencia de ovocitos
opacosy hialinos a simple vista. La presenciade ovocitoshidratados, macros-
copicamente, nos permitio deducir que el desove en las hembras capturadas era
de manera inminente. Asi con los datos anteriores se obtuvo una proportion de
sexosde 1H:1.3M.

Las tallasde los organismos capturados fueron para los machos: Longitud
total minima y maxima de 34.8 y 48.5 cm., respectivamente. Las hembras
tuvieron un rangode tallaentre los 26.5y 35.3cm. de longitud totalminimay
maxima respectivamente. Losorganismos categorizados como indeterminados
tuvieron una longitud total entre los 30.0 y 35.4 cm. minima y maxima
respectivamente. El analisis estadistico mostro diferencias entre la tallas,
siendo los macho mas grandes que las hembras y los indeterminados, y entre
estosdos ultimos, el rangode tallasno presento diferencias estadisticas.

El analisis ponderal del indice gonadosomatico revelo altos valores
individuales: las hembras tuvieron valores maximosy minimos de 38.2 y 2.8%
respectivos. Los valores para los machos fue de 2.76 y 0.35%, para los
organismos indeterminados estos fueron los mas bajos con valores de 1 y .19
% maximos y minimos respectivamente.

Por otro lado el analisis de la presencia de ovocitos hialinos en relation
con la fase lunar nos permitio observar que los mayores porcentajes relativos
del numero de hembrascon esta caracteristica se presentaban en dias posterio-
res a la fasede luna llenay mascercanos a la fasede lunanueva.

DISCUSI6N
El reporte de laocurrencia de agregaciones de desove para una especie de

mero, Epinephelus guttatus, es el primero en su tipo de description que se
tiene para la zona del banco de Campeche. Asi ladetermination de un periodo
de reproduccion de esta especie que ocurre entre los meses de enero a marzo
coincide con loreportado para la misma especie enotra areas del Mar Caribe;
en particular, E. guttatus se reproduce entre enero y abril en Jamaica, Puerto
Rico y Venezuela (Colin etal. 1987, Shapiro etal. 1993a,b, Sadovy 1996). Las
variaciones mensuales observadas en el sitio, con un aumento bastante notorio
de la densidad en los meses antes mencionadoses un detalle de caracter directo
que permite afirmar que efectivamente laocurrencia de una agregacion seesta
dando en el area (SCRFA 2003).

En los sitios donde ocurren estas agregaciones las caracteristicas de
cobertura del fondo con la dominancia de pequefios parches de coral masivo y
corales suaves concuerda con lo que esteestudio encontro en la zona conocida
como el "sandwich" (Colin et al. 1987, Shapiro et al. 1993a,b).

Se noto a traves de la realization de observations submarinas, la
formation de varios pequefios grupos de individuos de E. guttatus dominadas
por unmacho con supequeiio conjunto de hembras. Tambien se identificaron
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para los ejemplaresde esta especie,patronesde coloration muy similaresa los
descritos por Colin et al. (1987) y Shapiro et al. (1993a) para especimenes
machos y hembras de E. guttatusobservados en agregacion de reproduccion en
Puerto Rico. Sin embargo debido a la carencia de personal y las condiciones
meteorologicas de la zona de estudio no se pudo en algun momento observar
algun cortejo nuptial ni tampoco emision de gametos por parte de las organis
mos agregados.

A partir de del analisis macroscopico de las gonadas de los organismos
capturados nos confirmo que estaban sexualmente activos y se encontraban en
las etapas terminales de la vitelogenesis para las hembras o de la espermioge-
nesis para los machos. La presencia de un buen porcentaje de hembras con
ovocitos hialinos observados a simple vista durante el periodo de mayor
actividad reproductiva, nos permite determinar de manera concreta que los
organismos que ocurren en esta agregacion Uevaran a cabo un desove inminen-
te (SCRFA 2003).

De manera general, se conoce poco sobre la ubicacion geografica de los
sitios de reproduccion de los peces arrecifales de importancia comercial
(Sadovy, 1996). Sin embargo con todo lo anterior y considerando la clasifica-
cion propuesta por Domeier y Colin (1997), podemos coincidir que para E.
guttatus realiza una agregacion de desove de tipo Transitorias ocurren en
lugaresajenos al area de distributionhabitual de los reproductores y implican,
por parte de ellos, la realization de migraciones de una duration de varios dias
o semanas. Estas agregaciones se forman durante varios dias o semanas
consecutivos, a lo largo de un periodo de tiempo limitado a uno o dos meses
del ano. Asi se reporta queE.guttatus forma agregaciones de reproduccion de
tipo Transitoria, que ocurren en sincronia con los periodos de luna llena, en
Bahamas, Belice y Honduras para la primera y en Bermudas, Belice, Puerto
Rico, Jamaica, y lasIslas Virgenes para lasegunda (Domeier y Colin 1994).

Se ha observado frecuentemente un uso compartido de los mismos sitios
de desove por parte de varias especies de meros y pargos pero en epocas del
ano diferentes paracadauna de ellas. Tales el casodeE.guttatus, E. striatus,
M. venenosa y Lutjanus synagris en las IslasVirgenes (Beetsy Friedlander en
Sadovy, 1996) o tambien E. striatus, M. bonaci y L. jocu en Belice (Carter,
1989). Al contrario, en otras regiones, como en las Bermudas, diferentes
especies desovan durante la misma epoca pero en sitios distintos: entre 33 y
37m de profundidad para E. striatus y entre 18 y 27 m para E. guttatus
(Buraett-Herkes en Thresher 1984).

Durante la formation de una agregacion, la modalidad de apareamiento
(porparejao en grupos) adoptado por los organismos de una especie determi-
nada, puede ser deducida del valorde la proportion relativa que representa el
peso de los testiculos en relation con el peso de los machos (i.e. IGS). Los
machos de las especies que se reproducen a traves de la formation de parejas
presentan testiculos reducidos, de poco peso, y valores de IGS bajos; mientras
que los machos de las especies que desovan en grupos, presentan testiculos
muy desarrollados, de fuerte peso, y valores de IGS elevados. Los altos
valores maximos de IGS de machos de E. dejan suponer que estas especies
deben de desovar en grupos. Esta conclusion conflrma las observations
realizadas en otras regiones sobre E. striatus pero contradice lo establecido
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para E. guttatus, lo cual es considerado como una especie cuyos individuos
forman parejas durante el desove (Domeier y Colin 1994). Conrelationa M.
venenosa no se dispone de reporte sobre su modalidad de apareamiento.

Es necesario la realization de estudios mas detallados sobre la ocurrencia
de esta agregacion de desove en el Arrecife Alacranes, ademas estudios mas
avanzados en otras areas de la ecologia pueden poder articularse con la
ubicacionahoraconcretaen tiempoy espacio de este fenomeno natural.

Actualmente la localization precisa de los habitats criticos donde se
forman las agregaciones de reproduction asi como el periodo durante el cual
estas ocurren, son informaciones de suma importancia para pretender alcanzar
un manejo sustentable y la protection de especies de peces de alto valor
comercial y muyvulnerable a la explotacion pesquera, comoson los meros.
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ABSTRACT

The estimation of the number of fish at a spawning aggregation site by
diver census can be logistically challenging. The spatial extent of the
aggregation, underwater visibility, spawning time and other factors can
influencethe accuracy of the estimate. We use the results of an extensive tag-
recapture program for red hind (Epinephelus guttatus) at two spatially-
separated spawning aggregation sites to estimate maximum aggregation sizes.
A total of three Peterson index values were derived from tag-recapture results
obtained at two seasonally-protected aggregation sites from 1993-2000. The
three maximum aggregation size estimates ranged from 926 to 1,153 fish.
These values are compared to estimates of red hind aggregation size from two
locations in the Caribbean.

KEY WORDS: Epinephelus guttatus, spawning aggregation size, Petersen
index, Bermuda

Valoraci6n del Tamano de Agregaciones de Freza de Mero
Colorado (Epinephelus guttatus) con una Metodologia del

Etiqueta-recobrar en Bermudas

La estimation del numero de individuos en bancos de desove usando

censos de buceo puede ser un desafio logistico. La extension especial del
banco de desove, la visibilidad subacuatica, el tiempo del desove y otros
factores pueden influenciar la exactitud de las estimaciones. Utilizamos los
resultados de un extenso programa de marcado y recaptura para mero cabrilla
(Epinephelus guttatus) en dos sitios de desove separados para estimar los
tamafios maximos de las agregaciones. Un total de tres valores del indice de
Peterson fueron derivados en los dos sitios protegidos durante la epoca de
desove durante el periodo 1993-2000. Las tres estimaciones del tamafio
maximo de la agregacidn variarion entre 926 a 1,153 individuos. Estos valores
se comparan con las estimaciones del tamafio de las agregaciones de mero
cabrilla con otras dos localidades en el Caribe.
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PALABRAS CLAVES: MeroColorado, Epinephelus guttatus, agregaciones
de freza, etiqueta-recobrar

INTRODUCTION

Reef fish spawning aggregations are documented throughout most of the
wider Caribbean region, and there appears to be a general declining trend in
landings from most known sites (Luckhurst 2004). The majority of the
landings from spawning aggregation sites are of the commercially important
groupers and snappers. Species fromthesetwo families comprise a significant
proportion of the landings from aggregations in most countries in the region.
Amongst the eight species of groupers known to form spawning aggregations
in the region (Luckhurst 2003), the red hind, a medium-sized grouper, is
known to form spawning aggregations in a number of countries including
Bermuda (Luckhurst 1998).

Domeier and Colin (1997) defined two different types of spawning
aggregations, "transient" and "resident". Groupers and snappers form
"transient"aggregations with the followingcharacteristics:

i) Fish frequentlymigrate long distancesto the aggregation site,
ii) Aggregations typically form for only 1-3 months during the same time

period each year,
iii) The durationofthe aggregation rangesfromonly a few days to

several weeks,
iv) The formation ofaggregationsis entrainedto the lunar cycle with the

full moon period appearing to be the most common aggregation time
for groupers and snappers in the wider Caribbean.

Due to the economic importance of groupers and snappers to most
fisheries, research to date has concentrated largely on the species in these two
families. However, relatively few spawning aggregations have been scientifi
cally evaluated. As a consequence of this paucity of quantitative information
from aggregation fisheries, it is difficult to evaluate aggregation status and
formulate appropriate management measures.

The estimation of fish abundance at spawning aggregation sites has been
conducted mainly by divers using various visual census techniques. Shapiro et
al. (1993) produced an estimate of the size of a red hind spawning aggregation
in Puerto Rico while Beets and Friedlander (1998) evaluated a red hind
aggregation in St. Thomas, U.S. Virgin Islands. More recently, Nemeth (2005)
has been documenting the recovery of this same red hind aggregation under
permanent closure.

In conducting visual counts, protocols are typically standardized to
minimize error and usually involve several divers and repeated counts.
However, there are still a number of problems associated with visual assess
ments:

i) Underwater visibility - Poor visibility limits the field ofvision for
diver counts.

ii) Spatial extent ofaggregation - Aggregations covering large areas may
preclude the ability to survey the entire site during a given dive.
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iii) Depth limitations - Many aggregations occur in relatively deep water
(30+ m) limiting bottom time for divers.

iv) Temporal dynamics - Many aggregations are only fully formed just
beforespawning occurs which is frequently approaching dusk, hence
low light conditions limit the ability of divers to make accurate
counts.

v) Sea conditions - It appears that spawning aggregation sites are
frequently in reef locations with strong currents and often rough sea
conditions, makingthe task of workingat these sites more difficult for
divers.

vi) Species behaviour - Some species swimin the water column making
them easier to count while others shelter in the reef infrastructure until
just prior to spawning and arenot readilyobserved by divers.

As a result of these problems, the use of underwater video cameras has
become a common means of providing a permanent record of the aggregation
and different videography techniques, e.g. freeze frame, can be used to
estimate the abundance of aggregating fish. This video record can men be
analyzedat a later date to examine detailedfish behaviourand other featuresof
the aggregation. Lastly, sonar scanning of aggregations has come into use in
recentyears to estimate abundance. This technique requiresground truth work
to interpret target size and strength in order to provide reasonable estimates of
aggregation abundance from sonar records.

The first research on spawning aggregations in Bermuda was conducted
on the red hind from 1973 - 1975 (Burnett-Herkes 1975). This research
program was initiated due to a request from commercial fishermen to take
management action in the face of the overfishing of aggregations. The
research involved tagging and basic biology but there was very limited data on
spawning dynamics and no estimates of aggregation size were made. Sam
pling of the aggregations continuedon an intermittent basis through the 1980s
but no tagging was conducted. Following the commencement of a long-term
tagging program in 1993, the initial results indicated a relatively high recapture
rate of tagged fish (15.2%) at the aggregation site and the recaptured fish
demonstrated site fidelity (Luckhurst 1998). This provided the opportunity to
use tag-recapture data to estimate aggregation abundance. Suitable data were
available for only three ofthe seven years of the tagging program.

In this paper, we use a Petersen index to estimate abundance of red hinds
at two spawning aggregation sites at opposite ends of the Bermuda reef
platform.

MATERIALS AND METHODS

Sampling and tagging of red hinds from the northeastern (NE1) spawning
aggregation site (Figure 1) was conducted during the peak spawning aggrega
tion periods (full moon, May to July) in 1993 - 1995. At the southwestern
(SW1) site (Figure 1), sampling and tagging took place during the spawning
periods from 1997 - 2000.
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Figure 1. Map of Bermuda reef platform indicating locations of the two
spawning aggregation sites (SW1, NE1) for red hind for which aggregation
abundance values were estimated.

The details of the sampling and tagging protocol are outlined in Luckhurst
(1998). It should be noted that from 1994 onward, all specimens were double-
tagged with Floy T-bar anchor tags to minimize the effect of tag loss detected
after the first year of tagging. To evaluate the possible increased vulnerability
to predation of tagged fish upon release, the senior author observed (using
SCUBA) the release, on three separate occasions of tagged fish (total of >50
fish) while stationed on the reef substrate under the research vessel. Observa
tions were made of the behaviour upon release and tagged specimens were
tracked for the first 10-15 minutes post-release. The visibility of the tags while
fish were located within the reef infrastructure was also noted.

Following the theory outlined by Seber (1982), an estimate ofmaximum
aggregation size is possible through the Peterson estimate, derived by;

n* =(w,+ nfa,+ n

(m2+\)

where N* = estimate of the number offish in a closed population

1 (1)
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nj= numberof fish taggedand releasedin the first sample,

n2= number of fish obtained in the second sample

m2= number of tagged fish in the second sample.

The variance (v*) ofN* is given by Seber (1982);

v* = (nL+ WnL+ \)(nL- mA(nL- mz) (2)
(m2+l)2(m2+2)

and an approximate 95%confidence interval for N (the numberoffish in a
closed population) can be calculatedby;

N* ± 1.96>/v* (3)

Before substituting experimental values into equation (1), handling
mortality must be considered so that«/ refers to the number returned alive to
the population (Seber 1982). An element of post-release mortality of tagged
fish probably occurred as a result of the invasive "winding" and tagging
procedures. Mortality due to capture and "winding" was estimated from the
proportion of red hinds that died while being retained in live-wells on board
the research vessel or in holding tanks ashore during a 24 hour minimum
observation period following capture. This time-period was selected as
experience indicated it to be the most vulnerable period of captivity. Data
from 1993 and 1994 indicated that the mortality rate in captivity was approxi
mately 6%. Thus, the value substituted into equation (1) for survivorship of
tagged and released fish was reduced accordingly.

RESULTS

Post-release Behaviour of Tagged Fish
Diving observations of tagged fish released overboard from the research

vessel indicated that all marked fish behaved in a similar manner. Upon
entering the water, they oriented momentarily and then swam rapidly down
ward to the reef substrate where they sought cover under ledges or within
crevices in the reef infrastructure. Typically after 5-10 minutes, they left
shelter and moved slowly and cautiously away remaining close to the sub
strate. There were no observations ofattempted predation on any tagged fish.

Aggregation Size Estimates
Suitable data from the tagging program to generate aggregation size

estimates was available for only one year at the northeastern aggregation site
(NE1) while two years data were available for the southwestern site (SW1)
(see Figure 1). Substituting values into equation (1) for the three data sets
provided estimates of aggregation size (N*)(Table 1). From equations (2) and
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(3), the 95% confidence limits for N, estimated from the variance (v*) of N*,
are given to provide estimates ofmaximum aggregation size (Table 1).

Given the similarity in these abundance estimates generated from the two
sites, it might be concluded mat they are similar in area. However, as diving
operations were not made at the sites during the sampling and tagging periods
due to logistical constraints, there are no estimates of density of red hinds at
the two sites during the spawning periods which could be compared. It should
be recalled mat both sites are seasonally closed to all fishing during the
spawningperiod (May - August) and thus receive the same protection.

Table 1. Petersen Index estimates of red hind aggregation size and maximum
aggregation size (using the 95% confidence interval) at two sites on the
Bermuda reef platform.

Aggregation
site

Year Aggregation size (N*) Maximum aggregation size
(95% CI)

NE1 1993-94 639 926

SW1 1997-98 712 1,153

SW1 1998-99 664 1,074

DISCUSSION

Before comparing the aggregation size estimates obtained in this study
with the estimates for red hinds from locations in the Caribbean, it is useful to
evaluate the assumptions upon which the Peterson method is based in estimat
ing population size (N), ifN* is to be a suitableestimateofN:

Thepopulation is closed(N is constant) — The spawningaggregations depart
from this assumption in several ways:

i) An estimate of mortality from the tagging process itself was not
obtained because fish were not retained for observation after tagging.
Thus, additional mortality may have occurred as a result of the
tagging process (e.g. infection of wounds around the tag site). There
mayalsohavebeenincreased vulnerability to predation as a result of
tagging although initial diving observations at the time of release did
not detect any. Thus, more tagged fish may have been removed
through incidental mortality than estimated (njis too high), with the
net result ofoverestimating the aggregation size,

ii) Fishingmortality duringthe periodbetween samples will remove fish
from the population. In addition, recruitment probably occurred
betweenthe two sampling periodsas fish attaining maturityjoined the
aggregation. Seber (1982) states that when both recruitment and
mortality occur, N* will overestimate both the initial and final
population size.
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Allfish have the same probability of being caught in thefirst sample — Two
potential sources of bias could affect the composition of the first sample; the
area sampled and the catchability of the fish. Given that the spawning
aggregation sites were very limited in area (1-1.5 hectares) and the research
vessel was not static in relation to the anchor site, it is probable that all
portions of the aggregation site were fished. As catchabilityoften varies with
the size of the fish, a variety of hook sizes and bait types were used to reduce
bias through gear selectivity. Studies on a red hind aggregation in southwest
Puerto Rico demonstrated that hook and line fishing provided an adequate
sampling technique both for sex ratio and size distribution within the aggrega
tion, as determined by spearfishing (Shapiro et aL 1993).

The secondsample is a simplerandom sample— Two sources ofbias need to
be considered here; thorough mixing of the tagged and unmarked fish between
the sampling periods and the effect of tagging on catchability. Our data
strongly indicate that the aggregations dispersed and reformed between
sampling years thus resulting in thorough mixing of the tagged and untagged
fish. Multiple recaptures of red hinds were common at both sites providing
circumstantial evidence that catchability was not significantly affected by
tagging.

There is no tag loss between samples — During the early stages of the study,
tag obliteration was recorded and thus complete loss of the visible portion of
the tag probably also occurred. However, all specimens were double-tagged
from 1994 onward thus limiting the impact of this factor.

All tags are reportedon recovery in the second sample — The only vessel
authorised to fish at the aggregation sites during the spawning season was our
research vessel. As the aggregation sites are both located in seasonally
protected areas, we believe that poaching by other vessels was unlikely and all
recaptures in the second sample were probably reported.

Given the above considerations, we believe that our estimates are reason
able first approximations ofred hind aggregation size in Bermuda.

There are three studies of red hind spawning aggregation size from the
Caribbean with which to compare our estimates. The first study was con
ducted in Puerto Rico by diver survey and the estimate of the size of the red
hind aggregation, based on a peak density of 7.6 fish/100 m2, was 745 fish
(Shapiro et al. 1993). This value is very similar to our values. The second
study, which was conducted in St. Thomas, U.S. Virgin Islands, yielded a
mean density estimate of 4.7 fish/100 m2(Beets and Friedlander 1998) but did
not provide an estimate ofthe aggregation size. However, this density estimate
was obtained two days after peak spawning and so is undoubtedly an underes
timate as red hinds appear to leave the aggregation site shortly after spawning
(Shapiro et al. 1993). As there is some uncertainty concerning the actual area
of the aggregation site in St. Thomas, we are unable to estimate aggregation
size. Given the area of the aggregation site and density values, a simple
extrapolation will produce an estimate of aggregation size. The population
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response of red hind to the permanentclosureof this same aggregation site in
St. Thomas (Red Hind Marine Conservation District) was evaluated by
Nemeth (2005). He determinedthat the area of the red hind aggregation was
considerably larger than our Bermuda estimates (1-1.5 hectares) and mat the
density of red hinds increased from 11.2 fish/100 m2 in January 2000 to 24.0
fish/100 m2 in 2003. As a consequence of these higher values, Nemeth (2005)
estimated that the spawning population size ranged from about 26,000 to
84,000 fish. These are extraordinarily high values when compared to the other
studies outlined here and may demonstrate the dramatic impact ofa permanent
closure ofan aggregation site on the population.

The technique of mark / recapture has much potential for assessing
aggregation size, particularly if simple experiments to assess tagging mortality
and tag loss rates are conducted to reduce the tendencyfor overestimation ofN.
This technique can be a useful compliment to other methods of estimating
aggregation abundance particularly when on site abundance estimation is
challenging.
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ABSTRACT

Many commercially important groupers (Serranidae) and snappers
(Lutjanidae) form large spawning aggregations at specific sites where spawn
ing is concentrated within a few months each year. Although spawning
aggregation sites are often considered important aspects of marine protected
areas many spawning aggregations are still vulnerable to fishing. The
Grammanik Bank, a deep reef (30 - 40 m) located on the shelf edge south of St.
Thomas USVI, is a multi-species spawning aggregation site used by several
commercially important species of groupers and snappers: yellowfin
(Mycteroperca venenosa), tiger (M. tigris), yellowmouth (M. interstitialis) and
Nassau (Epinephelus striatus) groupers and cubera snapper (Lutjanus cyanop-
terus). This paper reports on the population characteristics of M. venenosa
with notes on E. striatus and other commercial species. In 2004, the total
spawning population size of yellowfin and Nassau grouperswere 900 and 100
fish, respectively. During recent years commercial and recreational fishing
have targeted the Grammanik Bankspawning aggregation. Between 2000 and
2004 an estimated 30% to 50% of the yellowfin and Nassau grouper spawning
populations were removed by commercial and recreational fishers. These
findings support the seasonal closure of the Grammanik Bank to protect a
regionally important, multi-speciesspawning aggregation site.

KEY WORDS: Marine protected areas, reef fish spawning aggregations,
fisheries management

La Condici6n de Agregaciones Reproductivas de Cuna
Cucaracha y Mero Gallina: Dinamica de una Multi-especie

Agregacion Reproductiva en el USVI

Muchos meros (Serranidae) y pargos (Lutjanidae) forman agregaciones
reproductivas en sitios especificospor un par de meses cada ano. Aunque sitios
de desove se consideran un aspecto importante de areas marinas protegidas,
muchos agregaciones reproductivas son vulnerable a la pesca. El Banco de
Grammanik se usa por varias especie comercialmente importante de meros y
pargos. Es un arrecife profundo (30 - 40m) localizado en el sur de los USVI y
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es un sitio que tiene una multi-especie agregacion reproductiva. Buzos han
documentado el desove de cuna cucaracha (Mycteroperca venenosa), cunas
(M. tigris y M. interstitialis), mero gallina (Epinephelus striatus) y el pargo
guasinuco (Lutjanus cyanopterus). Durante aiios recientes, Pescadores
commerciales y recreativas han concentrado en la agregacion reproductiva de
cuna cucaracha. La pesca amenaza no solo esta especie pero tambien el mero
gallina, que se extirpo localmente en el los 1980s, pero puede ser que se
recupera en este sitio. Este manuscrito describe los cambios anuales y
estacionales en abundancia, la utilization del habitat, y describe las caracteris
ticas de la poblacion reproductiva del cuna cucaracha y mero gallina.

PALABRAS CLAVES: Areas marinas protegidas, agregaciones de desove,
las Islas Virgenes de los EEUU

INTRODUCTION

Many commercially important groupers (Serranidae) form large spawning
aggregations at specific sites and at which spawning is concentrated within a
couple of months each year (e.g. red hind Epinephelus guttatus and Nassau
grouper E. striatus (Colin et al. 1987), tiger grouper Mycteroperca tigris
Valenciennes (Sadovy et al. 1994). These spawning aggregations may be the
primary source of larvae that replenish the local fishery through larval
retention and recruitment (Sadovy 1996).

In the late 1970s and early 1980s, unregulated fishing on grouper spawn
ing aggregations sites throughout the U.S. Virgin Islands led to the extirpation
of Nassau grouper and brought the red hind grouper population to the verge of
collapse (Olsen and LaPlace 1978, Beets and Friedlander 1992). In 1990,
through the recommendations of the Caribbean Fisheries Management Council
and support of local fishers, two important red hind spawning aggregation sites
(Red Hind Bank, St. Thomas and Lang Bank, St. Croix) were closed season
ally during spawning to protect the breeding populations of red hind. In 1999,
the Red Hind Bank Marine Conservation District (MCD) was established as
the first no-take fishery reserve in the USVI. Recent evidence suggests that the
closure of the Red Hind Bank has been successful in protecting this spawning
subsection of the population. By 1997 the average size of spawning hind had
increased by over 6 cm (Beets & Friedlander, 1998). Even more impressively,
the number of spawning individuals increased dramatically from 4.5 fish /100
m2 inJanuary 1997 to23 fish /100 m2 inJanuary 2001 (Beets and Friedlander,
1998, Nemeth 2005). Similar responses to protective management measures
have been shown for other species throughout the Caribbean (Bohnsack 1990).
Unfortunately not all grouper spawning aggregations are afforded the neces
sary protection to sustain their populations.

Prior to the year 2000, the Grammanik Bank was known as a deep coral
reef bank utilized by local commercial fishermen. Commercial fishermen
knew of the existence ofa yellowfin grouper spawning aggregation but did not
harvest these fish since they were known to contain ciguatera poisoning. In
February 2000, scientists at the University of the Virgin Islands first surveyed
the Grammanik Bank as part of a study to compare fish populations inside and
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outside of the Red Hind Bank Marine Conservation District (Nemeth and
Quandt 2004). Considerable attention was focused on this deep coral bank
when commercial and recreational fishermen landed an estimated 10,000
pounds of yellowfin grouper within a week following the full moon in both
March 2000 and 2001 (K. Turbe Personal communication). These unusually
large catches of grouper were verified in monthly commercial catch reports
(USVI Division of Fish and Wildlife, unpublished data). It was also reported
that many of these yellowfin grouper were gravid withwell developed ovaries
(H.Clinton, Personal communication) andthatmany Nassau grouper werealso
caughtas bycatch andsold. It wasestimated that over500M. venenosa and 50
E. striatus were removedfromthe spawning aggregation each year. Following
collapse of the Nassau grouper fishery in the late 1970s there has been no
known spawning aggregation for this specieson the shelf south of St. Thomas
or St. John. Currently, a lack of enforcement at this site could mean the
collapse of the yellowfin grouper and/or the delayed recovery of the Nassau
grouperpopulation which may be re-forming a potentially spawning aggrega
tion at this site. Althoughthe Grammanik Bank was recommendedfor closure
as early as November 2000, the Caribbean Fisheries Management Council has
only recently approved an interim seasonal closure of the Grammanik Bank
from February through April 2005. The data presented in this paper provides
baseline spawning population information on these vulnerable grouper species
and will allow an assessment of the response of these grouper populations to
the recent protective measures.

METHODS

Locate Primary Spawning Aggregation Site
To locate the primary spawning aggregation sites of M. venenosa and E.

striatus within the Grammanik Bank, the entire bank was surveyed using scuba
and underwater scooters several days before and after the full moon in March
2003 and March and April 2004. GPS coordinates were recorded by a boat
following a diver-towed surface buoy to determine the area of the bank.

Grouper Spawning Density, Fish Size, and Behavior
Diver surveys were conducted between February 2001 and August 2004.

Since several species of groupers and snappers are particularly wary and tend
to swim away from divers prior to being counted along a transect line (RSN,
personal observations), a combination of belt transects, stationary point counts,
and roving diver searches were used to accurately estimate fish densities as
well as total spawning population size of all commercially important Serranids
and Lutjanids. Point counts were conducted by recording all fish within a 10
m radius of a stationary diver for a period of four minutes. Belt transects were
30 m x 2 m and conducted by swimming along the linear axis of the reef while
a transect tape unreeled behind the diver. The size of all fish observed along
transects or point counts were estimated in 10 cm size classes. Roving diver
searches were typically constrained by scuba limits at deep depths, and
therefore, were conducted for periods of 15 minutes. Roving divers would
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swimat a constant speed and survey a 10m wide areawhile towing a surface
buoy. These roving dives allowed reasonably accurate estimates of total
population size since diverssurveyed non-overlapping areas of the narrowreef
(<100 m wide) andseveral sequential dives could cover the entire length of the
Grammanik Bank (1.69 km).

Tagging and Population Sex Ratios
BaitedAntillian fish trapsandhookand linewere used to collectgroupers.

Due to the depth from which the fish were collected, expansion of air within
their gas bladders resulted in buoyancy problems and occasional embolisms.
A sterilized large-bore hypodermic needle was used to extract gas from the
over-inflated air bladder. Once buoyancy was restored, each fish was meas
ured for total length (to the nearest mm) and tagged through the dorsal fin
pterygiophores with a numerically-coded Floy dart tag (FT-2). Dart tags
contained the following information: identification number, reward $20,
University of the Virgin Islands, and a contact telephone number. The
recapture location of returned tags provided information on distance travelled
by fish departing the aggregation site and a detailed picture of the source of
spawninggroupers. Prior to release,the genderof each fish was determinedby
using ultrasound and by gently squeezing the body wall above the vent to
extract milt and possibly eggs. Fish were releasedusing a release cage which
could be remotely opened once the cage reached the sea floor, thus minimizing
mortality due to predation and ensuringre-pressurization ofgroupers.

RESULTS

Location of Primary Spawning Aggregation Sites
The Grammanik Bank lies on an East-West axis at the edge of the insular

shelf south of St. Thomas, USVI (Figure 1). The bank extends 1.69 km at its
longest point (between 18°11.30N, 064°57.50W and 18°11.60N,064°56.60W).
During visual surveys the northern and southern margins were clearly visible,
and the bank was estimated to be less than 100 m wide for virtually its whole
length. Depths on the coral reef varied between 35 and 40 m and the coral bank
is bordered to the east and west by shallower (25 to 30 m) hard-bottom ridges
along the shelf edge, sparsely colonized by corals, gorgonians and sponges.
The bank is bordered to the north by another coral bank and to the south by the
steep drop off. The primary spawning aggregation site for M. venenosa was
discovered on April 9, 2004. It was located over colonized hard bottom
approximately 300 m west of the dominant coral reef. During this same time
period, we observed Nassau groupers, some with the bicolor spawning
coloration and others with visibly extended abdomens. This presumed
spawning aggregation site for E. striatus encompassed the west end of the
coral reef bank to the M. venenosa site. A spawning site for M. tigris was also
located at the western tip of the coral reef bank. A spawning site for M.
interstitialis was located along the southwestern margin of the coral reef bank.
Finally, the spawning site for Lutjanus cyanopterus, the cubera snapper,
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Figure 1. Map of the Northern Virgin Islands showing location of the Gram
manik Bank (*) and the Marine Conservation District (MCD) along the southern
edge of the insular platform. Dashed line shows 100 fathom depth contour.

Grouper Spawning Density, Fish Size, and Behavior
Visual surveys(belt transects and point counts)were conductedon various

dates from February 2000 to August 2004 but most were done around the full
moon from February through April in each year (Table 1). Densities of
commercially important groupers varied considerably between months and
years (Figure2). M. venenosa densities were highest in March 2003 and April
2004, E. striatus and M. interstitialis densities peaked on March 2002 and
March 2003, respectively, and M. tigris showed high densities in April 2001
and 2004 and February 2002 (Figure 2, Table 1). From December 2002
through February 2003 the densities of M. venenosa and E. striatuswere very
low, and there was no evidence that these species were aggregating. While
densities of most groupers remained the same throughout March 2003, the
average density of M. venenosa increased almost fourfold (Table 1) by 19
March, one day after the full moon (Table 1). Whether this represents an
overall population increase or clustering of individuals towards a single
location was unknown. With the exception of M. tigris, all other serranids
departed the Grammanik Bank aggregation site by early April 2003 (Table 1).
Throughout March 2004 point counts provided fairly consistent estimates of
grouper densities (Table 1). However, observations of fish behavior indicated
that as evening approached groupers began to depart their daytime positions,
suggesting that fish were possibly moving toward the actual spawning
aggregation site. Since point counts were not effective at locating the spawn
ing aggregation site, scooter surveys were primarily utilized throughout April
2004.



Tablel. Grouperdensity (#/100m2 ± SD) from belt transects and point counts on the Grammanik Bank, St. Thomas USVI, between
February 2000 and August 2004. Dashed lines indicate that no data was collected using that method. N = number of transects or
point counts.

Date I Belt transects Point counts

N M. vene

nosa

E. striatus M. tigris M. intersti

tialis

N M. vene

nosa

E. striatus M. tigris M. intersti

tialis

17 Feb 6 0 0 0.28 ±0.68 0 - -

. . ..•,• •,'....••

11 Ap?""1 3 0 0 2.54 ±2.54 0
- - -

-

19 Jul 6 0 0 0.28 ± 0.68 0
- - - -

6 Sep 6 0.28 ± 0.68 0 0 0.28 ± 0.68 - - -

' 1 Mar 4 0 2 78 ±2 54 2.22 ±1.92 0
- -

IIIIIIIIIIIII 111 111 III

27 Mar 15 0.83 ±2.41 0.68 ±2.50 0.28 ± 0.65 0 - - -
-

18 Dec - - - - - 6 0.21 ±0.26 0.05 ±0.13 0 0



Tablel (cont.). Grouper density (#/100rrf ± SD) from belt transects and point counts on
USVI, between February 2000 and August 2004. Dashed lines indicate that no data was
ber of transects or point counts.

2003

M. vene
nosa

E. striatus M. tigris M. intersti

tialis

M. vene

nosa

the Grammanik Bank, St. Thomas

collected using that method, n = num-

E. striatus M. tigris M. intersti

tialis

12 Feb 8 0.21 ±0.60 0.42 ± 0.77 0.42 ±0.77 0.21 ± 0.59 - - - - -

4 Mar 5 0.67 ±0.91 0.33 ± 0.75 0 0.83 ± 1.39 - - - - -

18 Mar - - - - - 3 2.23 ±0.32 0.32 ±0.32 0 0.42 ±0.74

19 Mar - - - - - 7 2.64 ±0.57 0.41 ±0.70 0.50 ±0.55 0.27 ±0.22

3 Apr 2 0 0 0.83 ±1.18 0 2 0 0 0.16 ±0.22 0

11 Dec

2004

8 0 0.21 ±0.59 0 0
- - - - -

7 Jan 8
:•.::,.:..•<

0 0 0 0.21 ±0.59 . . . . -

27 Feb - - - - - 2 0.47 ±0.68 0.16 ±0.22 0 0.32 ±0.45

2 Mar
- - - - -

1

5

5

0.32 ±0.36 0.06 ±0.13 0.13 ±0.23 0.08 ±0.14

3 Mar . . . _ 0.38 ±0.35 0.13 ±0.28 0 0

4 Mar - - - - - 3 0.21 ±0.18 0.21 ±0.37 0 0

5 Mar - - - - -
1

1

1

1

6

0.32 ±0.32 0.20 ±0.26 0 0

7 Mar - - - - -
0.64 ±0.64 0.17 ±0.22 0 0

8 Mar . _ . _ _ 0.26 ±0.24 0 0 0

12 Mar - - - - - 2 0 0 1.75 ±0.68 0

13 Mar - - - - - 5 0.25 ±0.14 0.13 ±0.17 2.80 ±1.68 0

12 Apr
- - -

- -

3 2.02 ±0.80 0 0 0
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Figure 2. Density of four spawning grouper species: yellowfin (Mycteroperca
venenosa), Nassau (Epinephelus striatus), tiger (M. tigris) and yellowmouth (M.
interstitialis) for February, March and April 2001 to 2004. n = no data, 0 = no
fish seen. Calculated from point counts and transects.

During roving diver surveys of the whole bank on 11 and 12 March 2003
(six days prior to the full moon), the highest density of M. venenosa was seen
in a small (approximately 50 m2) section of the bank. Other individuals were
observed scattered across the reef and the total population estimate for M. ve
nenosa grouper at this time, across the entire bank, was about 50 individuals.
Population estimates for E. striatus, M. tigris and M. interstitialis for March
2003 were 5, 7 and 13 groupers, respectively.
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More frequent roving diver surveys in April 2004 (full moon on April 5)
improved our population estimates for M. venenosa and M. tigris (Figure 3).
Total population estimates for E. striatus declined dramatically from March to
April 2004 and may have been a result of fishing mortality from the three to
fivefishing boatsseenon thebankeachdayoverthe course of several weeks.
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Figure 3. Total population size for four spawning grouper species: yellowfin (M.
venenosa), Nassau (E. striatus), tiger (M. tigris) and yellowmouth (M. intersti
tialis) for March 11 (grey bar) and April 2-13, 2004 (black bars). The spawning
aggregation sites were discovered on April 8 for E. striatus, M. tigris and M.
interstitialis groupers and on April 9 for M. venenosa grouper. Full moon was on
April 5,2004.
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The presumed spawning aggregations of M. venenosa, M. tigris, M.
interstitialis and E. striatus were observed on April 8 to 13, 2004. During
2004, M. venenosa occurred in a large aggregationwhere about 50% to 75% of
the fish were swimming two to five meters above the bottom, and the remain
der swam near the bottom. Several color phases of M. venenosa were ob
served. The most common included the typical colorpatternof irregularblack
spots on a white background. On other individuals, the dark spots were
obscured on the dorsal half of the body by a deep red color. A final color
pattern included fish with light colored head, white caudal fin with wide black
margin and bright yellowon the margins of the pectoral fins and on the lips.
Other individuals were observed with intermediate forms of these color phases.
No spawning or courtship was observed for M. venenosa. E. striatus were
noted in loose groupings and as pairs with one individual, presumably a male,
in the bicolorphase and the other individual, presumably a femalewith visibly
extended abdomen, displaying normal barred color pattern and resting on the
bottom. At the Grammanik Bank only four of 60 E. striatus were seen
displaying bicolor phase, but no courtship or spawning was observed. The bi
color phase male was observed either displaying laterally to the female,
hovering one to two meters above the female, resting near the female on the
bottom or swimmingalone one to two metersabove the bottom. M. tigrisand
M. interstitialis spawning aggregations had similar behavioral traits where
about half of the individuals were hovering two or three meters above the
bottom while the remainder where near the bottom among coral colonies. M.
tigris was observed with three distinct color phases. Dominant males had pale
yellow head, dark speckled body, and white patch with black spots on the
ventral posterior portion of the body and base of anal fin. These fish were
often observed cruising or hovering two to four meters above the bottom or
displaying courtship behaviors to females which had distended abdomens.
These resumed females displayed the barred color pattern typical of M. tigris
and were typically seen swimming slowly or resting near the reef. A third color
phase included smaller individuals with the typical body stripes obscured by a
darkened body. These individuals were typically seen hovering two to three
meters above the reef. M. interstitialis were observed with a bicolor phase
similar to that ofE. striatusand a lighter color phase typical ofM. interstitialis.
Both color phases were seen either resting near the bottom or hovering two to
three meters above the reef. Courtship was not observed for M. interstitialis.
Spawning was not observed for any of these grouper species.

The Grammanik Bank was surveyed for several months following the
grouper spawning season in 2003 and 2004. In April 2003, one day after the
full moon, more than 50 cubera snapper (Lutjanus cyanopterus) were observed
during a roving survey. On the full moon in May 2003, divers estimated more
than 300 L. cyanopterus on the bank. Three days following the full moon in
June the population ofL. cyanopterus on the Grammanik bank had declined to
approximately 150 fish. The spawning season shifted from April to June in
2003 to June through August in 2004 (Figure 4). During the daytime several
large (20 to 100 fish) roving schools ofL. cyanopteruswere observed through
out the bank with snappers most often concentrated on the northern margin of
the bank. Toward evening roving schools of L. cyanopterus joined into one
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large school and fish displayed intensifying courtship interactions and
spawning. Schoolmaster snapper (L. apodus) were also observed in large
numbers in April (n = 180) and July (n = 120) 2004 but no signs of courtship
or spawning was observed.

MAR APR MAY JUN JUL AUG

Month

Figure 4. Total population size of cubera snapper (L. cyanopterus) spawning
aggregation on the Grammanik Bank from March to August 2003 and 2004.

Size estimates of groupers from fish transects and point counts
(categorized into 10 cm increments) ranged from 30 to 80 cm total length
while mean lengths for M. venenosa, E. striatus, M. tigris and M. interstitialis
were 53.2 cm, 45.6 cm, 47.0 cm and 43.7 cm, respectively. More detailed size
frequency distributions and sex ratios were obtained from 28 M. venenosa and
62 E. striatus during trap and hook and line fishing. Male M. venenosa were
significantly larger than females (ANOVA: F = 16.4, p < 0.001, Figure 5).
Female to male sex ratio was nearly 1:1 for M. venenosa. The length of both
sexes of E. striatus were nearly identical (ANOVA: F = 0.48, p > 0.50, Figure
5) but the female: male sex ratio was 2.4:1. Ultrasound analysis of M.
venenosa and E. striatus showed that females and males of both species had
well developed gonads with males of both species running ripe and females
with hydrated eggs. During sampling in March 2004, two Nassau (male and
female) and two male yellowfin groupers died due to air embolism. In April
2004, two additional Nassau groupers died. These last two fish were brought
back to the lab and examined. The female was 55.9 cm total length and
weighed 3,442 g. Its ovary weight and volume were 426 g and 410 ml,
respectively. The male Nassua grouper was 64.8 cm total length and weighed
4,996 g. The weight of its testes was 322 g. A total of 23 yellowfin and 60
Nassau groupers were tagged and released on the Grammanik Bank between 8
March and 9 April, 2004. To date, no tagged groupers have been recaptured
and returned to UVI for reward.
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Mycteroperca venenosa
C2^3 Female (mean = 64.5 cm, n = 13)
m^m Male (mean = 75.4 cm, n - 15)

I
u

JP C& J& K& C& K& dP K&

Epinephelus striatus
ESSS5 Female (mean - 59.1 cm, n = 44)

20-? mmm Male (mean = 60.3cm, n = 18)

G& cj£ G& K& afi kfi 0& K&t£- <§y $t tf $t ^v <p %v

Size class (TL mm)

Figure 5. Size frequency distributions and gender for yellowfin (M. venenosa)
and Nassau (E. striatus) groupers from the Grammanik Bank spawning
aggregation site in April 2004.

DISCUSSION

In March 2000 and 2001, the yellowfin grouper spawning aggregation on
the Grammanik Bank was heavily targeted by local commercial and recrea
tional fishermen. At this same time many Nassau grouper were also being
caught as bycatch (K. Turbe Personal communication). It was estimated that
over 500 M. venenosa and 50 E. striatus were removed from the spawning
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aggregation eachyear. Following theseheavycatches, this studyfoundthatM.
venenosa did not aggregateto spawn in 2002 but formed a small aggregation in
2003 (n = 50). These data were supported by the fact that fishermen caught
almost no grouper in 2002 and very few in 2003 (RSN Personal observation).
Unfortunately, it was not possible to determine if M. venenosa successfully
spawned in either year. These low numbers, however, strongly suggest that the
M. venenosa spawning aggregation was greatly reduced in this location during
the 2002 and 2003 spawning seasons. Such a rapid reduction in numbers of
fish on spawning aggregations in response to fishing pressure is not unusual
(e.g. E. striatus grouper - Colin 1992, Sadovy and Eklund 1999) but serves to
highlight the need for more responsive management action. In addition to M.
venenosa, E. striatus, M. tigris, and M. interstitialis were observed on the
Grammanik Bank. In 2002 small clusters of E. striatus possibly represented
the earliest stages in the re-forming of a spawning aggregation. In March
2003, a single cluster of E. striatus, not previously recorded in either Decem
ber or January, was present on the reef. However, there was no clear evidence
(e.g. behavior, coloration) that E. striatus successfully spawned in 2002 or
2003 at the Grammanik Bank.

In March and April 2004, however, M. venenosaE. striatus, M. tigris, and
M. interstitialis aggregated on the Grammanik Bank in much larger numbers
than the previous two years. M. venenosa formed an aggregation of over 900
individuals. We are unsure why M. venenosa returned in such large numbers
in 2004, but several possibilities exist. There are reports from fishermen that
spawning aggregations of Nassua, yellowfin, and red hind in St. Croix were
known to temporarily relocate to other sites if they received a lot of fishing
pressure during one season (T. Daly Personal communication). For example
the spawning aggregation in 2002 and 2003 may have relocated to an alterna
tive spawning site these years in response to heaving fishing in 2000 and 2001
but returned to their historical spawning site on the Grammanik Bank in 2004.
Recent data for red hind also suggests that this species may have peak
spawning years that occur on a regular two-year cycle (Nemeth 2005). Thus,
2004 could have been a peak year, 2003 a low year and 2002 could have been
a peak but was affected by heavy fishing in the previous two years.

M. tigris and M. interstitialis also formed spawning aggregations of 90
and 25 individuals, respectively. In contrast, E. striatus was observed in
distinct pairs and did not form a larger aggregation (RSN Personal observa
tion). Colin (1992) found that when E. striatus was present in large groups of
greater than 500 fish the majority of fish within the spawning aggregation
displayed the bicolor color pattern, whereas when they occurred in small
spawning groups of less than 100 fish only about half were displaying the
bicolor phase. E. striatus were typically observed in loose groupings swim
ming or resting near the reef. We also observed four of 60 E. striatus display
ing the bicolor phase, but only three of these individuals seemed to be paired
with a visibly gravid female. In group spawning species such as E. striatus, it
is not known what minimum population size is needed to initiate group
spawning behaviors, but the minimum aggregation size required to initiate
courtship and spawning in E. striatus may be significantly larger than required
by other haremic groupers such as red hind (E. guttatus) and M. venenosa
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(Sadovy 2001). Colin (1992) recorded E. striatus in small groups of less than
100 fish which were spawning, but only about half were displaying the bicolor
phase which typically preceeds spawning. He also found that courtship
occurred in groups of only ten fish. An estimated 60 E. striatuswere counted
on the Grammanik Bank in April 2004, but courtship was seen only once, and
spawning was not observed so it is possible that although an aggregation may
be re-forming there may not yet be any successful spawning.

With the exception ofE. striatus, the spawning season of all other grouper
and snapper species observed on the Grammanik Bank was consistent with the
reported literature from throughout the Caribbean (Sadovy et al. 1994, Claro
and Lindeman 2003). Nassau typically form spawning aggregations from
December through February, but have been found with ripe ovaries later in the
spring as well (Olsen and LaPlace 1978, Thompson and Munro 1978, Colin et
al. 1987, Colin 1992, Tucker at al. 1993, Sadovy et al. 1994, Claro and
Lindeman 2003). Although E. striatus had previously spawned December
through February in the Virgin Islands (Olsen and LaPlace 1978), spawning
now seems to be following the seasonal pattern of M. venenosa (i.e. February
to April). The seasonal shift could have two possible explanations. The
historical site of the E. striatus spawning aggregation was located within the
present boundaries of the red hind Marine Conservation District (Olsen and
LaPlace 1978). Because the population "memory" of this historical aggrega
tion site was lost when the spawning aggregation was fished to extinction in
the late 1970s, the new cohort of E. striatus may have followed or copied the
behavioral patterns and migratory routes ofM. venenosa and E. striatus is just
now reforming at a different location and season. The second alternative, as
suggested by commercial fishermen, is that there are so many E. striatus at the
historicalspawningaggregation site that the fish showingup at the Grammanik
Bank are over-flow from the historical spawning aggregation site. This
alternative still needs to be verified.

The mean length (70.7 cm TL) and F:M sex ratio (1:1.1) ofM. venenosa in
this study was nearly identical to values reported by Thomson and Munro
(1978) for the oceanic banks off Jamaica (mean TL = 68 cm, F:M = 1.2:1).
According to Thomson and Munro (1978), these oceanic banks received
relatively low fishing pressure. The similarity in length frequency and sex
ratio of M. venenosa from unexploited oceanic banks off Jamaica in the mid-
1970s and St. Thomas in 2004 may indicate that M. venenosa at the Gram
manik Bank may be less impacted by fishing than previously thought. This
would support the hypothesis that the groupers did, in fact, find an alternative
spawning site during the two years when the aggregation did not form on the
Grammanik Bank. Length-frequency data for E. striatus from this study were
also similar to those reported for E. striatus in St. Thomas prior to its collapse
and the relatively unexploited oceanic banks of Jamaica, Belize and Bermuda
(Olsen and LaPlace 1978, Thompson and Munro 1978, Sadovy and Eklund
1999). The length frequency distribution alsosuggests that the age structure of
E. striatus at the Grammanik Bank is dominated by four to six year old fish
(Olsen and LaPlace 1978). Sex ratios fromunexploited populations tend to be
close to unity (Sadovyand Eklund 1999) whereas the female:male sex ratio at
the Grammanik Bank was biased towards females (2.4:1) and similar to
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exploited populations in the Cayman Islands (Colinet al. 1987). Although the
length frequency data reflects a size composition from unexploited popula
tions, the biased sex ratio at the Grammanik Bank suggests that E. striatus
continues to be exploited (Sadovy and Eklund 1999) as bycatch during the M.
venenosa spawning aggregation in the Virgin Islands. This pattern may also
indicate that sex ratios are very sensitive to even moderate fishing pressure on
spawning aggregations. Alternatively, these biased sex ratios could also be
present in the size structure of a reforming E. striatus spawning aggregation.
As reforming aggregations have never been documented, this could just be the
natural pattern and the number of males will increase as population size
increases.

Continued fishing pressure on M. venenosa with associated catches of E.
striatus will eliminate the likelihood that this E. striatus will re-form a
spawningaggregationin this location. If fishing is allowed on the Grammanik
Bank, the reestablishment of grouper spawning may be disrupted not only by
the removal of individual fish but also by the disruption of complex behavioral
patterns that are required to initiate courtship and spawning. Although the
Grammanik Bank was recommended for closure as early as November 2000,
the Caribbean Fisheries Management Council has only recently approved an
interim seasonal closure of the Grammanik Bank from February through April
2005. Results from this study support the seasonal closure of the Grammanik
Bank from February 1 to April 30, as the time period most likely to protect the
yellowfin grouper spawning aggregations, and more importantly, to provide
protection for a potentially reforming Nassau Grouper spawning aggregation.
Future research will need to address how these commercially important species
utilize the habitats within the Grammanik Bank during the spawning period but
also during the entire spawning season to ensure that movement during
spawning does not go beyond the proposed closure boundaries. Finally, this
study also highlights the fact that the Grammanik Bank may be regionally
important as a multi-species spawning aggregation site and management
measures that suitably protect the spawning populations of several aggregating
species of grouper and snapper that occur at this site from February through
August each year will need to be evaluated.
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ABSTRACT

The sustainable livelihoods approach (SLA) is a fairly recent addition to
the tools for evaluating management and other initiatives. Used primarily in
rural development, often in the context of activities with poverty-related goals,
the SLA also now appears in coastal and marine analyses. However, in the
Caribbean, few coastal interventions have adopted a livelihoods perspective in
their design, implementation or impact analysis. The study reported on here
was one component of a larger project aimed at developing and promoting
institutional arrangements for the management of marine protected areas
(MPAs) in the Caribbean. Pro-poor institutional arrangements may facilitate
poverty alleviation by ensuring that benefits from MPAs impact the livelihoods
of the poorest stakeholders. This socio-economic analysis assesses impacts on
the livelihoods of the stakeholders of two MPAs: the Hoi Chan and Glover's

Reef Marine Reserves in Belize. Data on demographics, capital assets and
individuals' perceptions of the MPAs were collected primarily through a
formal questionnaire administered to the poorest stakeholder group, the fishers.
Respondents at both study sites supported the need for MPAs, but they did not
want more established close to their communities. Impacts on income and
business expansion have been minimal for fishers, but amenities and social
services improved concurrently. Reduction of user group conflict was said to
be minimal. Respondents were dissatisfied with MPA management, particu
larly with information flow between park authorities and user groups. Overall,
Hoi Chan may be moderately successful in alleviating poverty in San Pedro,
whilst Glover's Reef Marine Reserve offered limited opportunity for poverty
alleviation in the adjacent communities.

KEY WORDS: Belize, livelihoods, marine protected areas, socio-economic

Un Analisis del Sustento de Dos

Areas Protegidas Marinas en Belice

El enfoque sostenible de sustentos (SLA) es una adicion bastante reciente
a los instrumentos para evaluar la administracion y otras iniciativas. Utilizado
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principalmente en desarrollo rural, a menudo en el contexto de actividades con
metas de pobrezo-relaciono, el SLA tambien ahora aparece en costero y marino
analiza. Sin embargo, en el caribe, pocas en su diseno, el analisis de la
implementacion o impacto. El estudio informo en aqui estaba un componente
de un proyecto mas grande apunto a desarrollar y promoviendo los arreglos
institutionales en pro de pobres pueden cafitar el alivio de la pobreza aseguran-
do que beneficia de MPAs imprisiona los sustentos del tenedor de apuestas
mas pobre. Este analisis socio-economica valora los dos MPAs: el Hoi Chan y
las Reservas de Marina de escollo de Guantero en Belice. Los datos en

percepciones demograficas principales de ventajas e individuos del MPAs se
reunieron principalmente por un cuestionario formal administrado al grupo
mas pobre del tenedor de apuestas, los Pescadores. Los demandados en ambos
sitios del estudio sostuvieron la necesidad para MPAs pero para ellos no
quisieron mas establido cierra a sus communidades. Los impactos en la
expansion de ingresos y negocio han sido minimos para Pescadores, pero los
servicios y los servicios sociales mejoraron debido al MPAs. La reduccion del
conflicto del grupo de usario se dijo ser minimo. Los demandados no fueron
satisfechos con la administracion de MPA, especialmente con flujo de
informacion entre autoridades de parque y grupos de usuario. En terminos
generates, Hoi Chan puede ser moderadamente exitoso en aliviar la pobreza en
San Pedro, mientras Escollo de Guantero la Reserva Marina ofreciera la
oportunidad limitada para el alivio de la pobreza en las comunidades adyacen-
tes.

PALABRAS CLAVES: Belice, los sustentos, el marina protegio areas,
socioeconomica

INTRODUCTION

The sustainable livelihoods approach (SLA) is a recent addition to the
people-centred tools for policy,planningand management. Used primarily in
rural development, often in the context of activities with poverty-related goals
(Carney 1998), this approach is also now appearing in Caribbean coastal and
marine studies (Pantin et al. 2004, Renard et al. 2000). However, few coastal
interventions in the Caribbean have explicitly adopted a livelihoods perspec
tive in their design, implementation or impact analysis.

Allison and Ellis (2001:379) define a livelihood as comprising:
"...the assets (natural, physical, human, financial and social
capital), the activities, and the access to these (mediated by
institutions and social relations) that together determine the living
gained by the individualor household".

A livelihood is sustainable if it adapts to remain viable under changing
circumstances. The sustainable livelihoods approach, as used in policy and
planning, recognises the seasonality, diversity, complexity, uncertainty and
other features of livelihood strategies in project and programme interventions.
The approach attempts to remove constraints and to create an enabling
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environment for existing or potentially useful patterns of coping with chronic
and acute livelihood problems to emerge. For example, poor people often have
innovative solutions for dealing with their circumstances. Conventional
interventions may unintentionally reduce their ability to cope.

Pro-poor institutional arrangements may facilitate poverty alleviation by
ensuring that benefits from marine protected areas (MPAs) improve the
livelihoods of the poorest stakeholders. The socio-economic analysis in this
paper assesses impacts on the livelihoods of the poorest stakeholders of two
MPAs: the Hoi Chan and Glover's Reef Marine Reserves in Belize.

STUDY SITES

Two MPA sites in the Belize barrier reef complex, where active manage
ment had been in place for at least five years, were selected for study: Glover's
Reef Marine Reserve (GRMR), the southernmost of three atolls located 25 km
east of the barrier reef, and Hoi Chan Marine Reserve (HCMR) to the north
end of the barrier reef (Figure 1).

Glover's Reef Marine Reserve

GRMR, established in 1993, is the largest of Belize's MPAs (the atoll is
27 km from north to south, 10.8 km wide, encompassing an area of approxi
mately 30,800 hectares) and was declared a World Heritage Site in 1996. It is
relatively inaccessible, being 74 km southeast of Belize City and 45 km east of
the mainland, where the adjacent communities of Dangriga, Hopkins and
Placencia are located (Figure 1). The atoll comprises six small coral cayes, all
of which are privately owned. Middle Caye is the site of the Glover's Reef
Marine Research Station and visitor centre and serves as the monitoring
headquarters for the Belize Fisheries Department. Three other cayes support
small resorts.

The objectives of GRMR, as stated in the Glover's Reef Marine Reserve
Order (Government ofBelize 1993), are:

i) To maintain ecological processes;
ii) Preserve genetic diversity;
iii) Achieve sustainable yields of its resources through wise management

of species and their habitats;
iv) Maintain natural areas for education and research; and
v) Provide social and economic benefits through ecologically sensitive

recreation and tourism (Gibson 1988a).

To achieve these multiple objectives a zoning system has been imple
mented. These zones comprise a very small Wilderness Zone where no
extractive or recreational activities are allowed; a Conservation Zone where
non-extractive recreational activities are allowed and subsistence fishing by
residents of the cayes (e.g. resort owners) under special license; a small
Seasonal Closure Area (currently under indefinite closure) protecting an
important grouper spawning aggregation site; and two large (covering 70% of
total reserve area) General Use Zones where fishing is permitted by special
license issued to fishers using the site before its designation as a MPA.
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Figure 1. Map of Belize showing the administrative districts, the MPA study
sites (Glover's Reef Marine Reserve, Hoi Chan Marine Reserve) and adjacent
communities (GRMR: Dangriga, Hopkins and Placencia; HCMR: San Pedro).
Adapted from: http://www.belize.net/html/maps/shtml

Glover's Reef has been the traditional fishing ground and source of
livelihood for the Garifuna communities of Dangriga, Hopkins and Placencia.
Particularly important was the spawning aggregation site for groupers before
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its dramatic decline (Sala et al. 2001). Anestimated 81 boats currently fish in
GRMR: 24 from adjacent communities (16from Hopkins, 8 from Dangriga, 8
from Placencia), 19 from other distant areas of Belize, and as many as 30
illegal Honduran boats.

Hoi Chan Marine Reserve

HCMR is Belize's oldest marine reserve (established in 1987), is located
off the southern tip of Ambergris Caye (Figure 1)andencompasses an areaof
approximately 1,116 hectares, including a section of the barrier reef, seagrass
beds and coastal mangrove forest (Gibson 1988b).

There is a reserve office and visitor centre in San Pedro, Ambergris Caye
managed by the Fisheries Department. The objectives of HCMR, as stated in
the 2000 Hoi ChanManagement Plan(Youngand Bilgre2000), are to:

i) Maintaina samplecoral reef in its natural state;
ii) Provide recreationand tourismservices;
iii) Preserve the area for fisheries;
iv) Provide an area for educationand research;and
v) Conserve genetic resources.

To achieve these multiple objectives a zoning system has been imple
mented. These zones comprise: a Conservation Zone (A) located over the
barrier reef and well known Hoi Chan Cut primarily for recreational use and
conservation (no extraction of resources is allowed); a General Use Zone (B)
incorporating seagrass beds where sport fishing and artisanal fishing is
allowed; an Exclusive Recreational Zone (C) incorporating mangrove habitat
where cuttingof mangroves and disturbance of wildlife is prohibited, but sport
fishing is allowed; and a Zone D incorporating Shark Ray Alley, a popular
dive site, and used for catch and release sport fishing. HCMR is easily
accessed by boat from Ambergris Caye (6.4 km from San Pedro) and Caye
Caulker and has a very high visitor rate (over 42,000 visitors per year; BTB
2000).

The HCMR was a traditional fishing area for the community of San Pedro
on Ambergris Caye, particularly for export species (conch, lobster) as well as
for snapper and groupers and shallow reef fish (Carter et al. 1994). It is
currently fished by an estimated 17boats from San Pedro and has become the
centre ofBelize's marine-based tourism (e.g. Bonilla et al. 2000).

METHODS

Identification of Poorest Stakeholder Group
The poorest stakeholder group at each MPA was identified through local

key informants, using a set of pre-established livelihood/wealth indicators (i.e.
food and health, capital assets, income, employment and education, together
with any local indicators of wealthconsidered important by key informants) to
judge the relative wealthof all MPA stakeholders. Using these criteria, fishers
were identified as being the poorest stakeholder group at both HCMR and
GRMR.
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Data Collection

Fieldwork was conducted from 19 September to 1 November, 2001. The
principal means of data collection was a formal interview survey of fishers
using a questionnaire. Informal interviews andobservation complemented the
formal interview approach. The questionnaire was pre-tested on a small sub-
sample and modified to increase local relevance beforebeing used on the full
sample of fishers. Questions were structured to obtain information on status
before and after implementation of the MPA. All interviews were conducted
in person and generally lasted about thirty minutesper fisher. Interviews took
place at fish landing sites, and the Caribeha Fishermen's Cooperative in San
Pedro for HCMR and at mooring sites and fishers' homes in Hopkins and
Dangriga for GRMR fishers (Figure 1).

Since the total number of fishers in these communities was small (San
Pedro: 30 fishers; Hopkins: 53 fishers; Dangriga: 19 fishers), all of the fishers
who owned a boat (fisher/captain/boat owner)and who fished in the MPAs (41
fishers) were interviewed (Table 1). A further 34 informal interviews took
place with persons closelyassociated with fishers in these communities (Table
1) and were useful for verifying data obtained from formal interviews. No
questionnaires were administered to the few fishers from Placencia, or the
more distant community of Sarteneja who also fish at GRMR, as a result of
Hurricane Iris and impending tropical storm Michelle during the field study
period. However, eight informal interviews provided supporting information

Table 1. Number of formal and informal interviews held with MPA
fishers (boatowner/captains) and other stakeholders of the Glover's
Reef and Hoi Chan marine reserves

MPA Community Formal

interviewees
Informal interviewees

OCsb

5
a:
o

CD

CD

San Pedro 17 fishers

5 tour guides (former fishers)
2 retired fishers

3 members of Town Council.
1 Manager HCMR
1 Secretary, Caribeha Co
operative

Adjacent Communities

5 Fishers (crew members)
3 Tour guides (x-fishers of
GRMR)

Dangriga 8 fishers 2 Retired fishers
1 Manager of GR Marine
Research Station

en
CD 1 Ranger GRMR
c
•c
CO

S
Hopkins 1r reh 8 Fishers (crew members)itsrisners 2 Members ofViIlage council

CD
CD
or

Distant Communities

CO

<D Sarteneja 2 Fishers (crew members)
0 2 Retired fisher

O
Placencia

0 2 Fishers (crew members)
2 Tour guides
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RESULTS AND DISCUSSION

General Biographic Data
Most fisher (owner/captain) respondents are 25 - 35 years old, have

families of 4 - 6 dependents, and own their own fishing business, house, land
and otherassets. Around one-half (GRMR: 50%, HCMR: 54.8%) have a full
primary education or higher. Over one-half the fishers (GRMR: 62.5%,
HCMR: 64.7%) currently have no other sources of income other than that
derived fromtheir activities (fishing and non-fishing) in the MPAs. As such,
theyare highlyvulnerable to changes at the MPA.

Economic Benefits
A summary of responses to selected questions on livelihoods, economic

status and changes is given in Table 1. When asked directly, the majority of
fisher respondents from communities adjacent to the GRMR and HCMR did
not attribute any positive economic gain to the implementation of the MPAs.
Most fishers reported a decrease in income (GRMR: 83.4%, HCMR: 58.8%)
following theestablishment oftheMPA and blamed this ontheMPA, although
a few did report an increase (GRMR: 16.7%; HCMR: 23.5%) which they
attributed to the MPAs. The Hopkins community, in particular, appears to
have suffered as a result of the seasonal closure of the grouper spawning
aggregation site at the GRMR that previously provided a majorpart of their
annual income.

However, responses to otherquestions illustrate that the MPAs do seem to
haveprovided some economic benefit to thefishers. Forexample, mostfishers
also agreed that the income derived from the MPA helped them to put their
children through school (GRMR 66.7%; HCMR: 76.5%). Importantly, the
MPAs have enabled adaptive livelihood strategies. In particular, the MPAs
have provided alternative, non-extractive employment opportunities such as
tour guiding and water taxi operation for some fishers at GRMR(20.8%) and
for more than half of the fishers at HCMR (60.7%), increasing resilience to
fluctuations in fish availability. Fishers cite insufficient income from fishing
and better prospects associated with tourism as the reasons for altering their
economicactivities. Opportunity to benefit through increases in capital assets
have been relativelysmall, since many respondents at both MPAs (particularly
those from San Pedro) already owned their fishing business, house, land,
household appliances and transportation before the MPAs were established.
Interestingly, half or more of the fishers (GRMR: 50%, HCMR: 58.8%) said
that they currently have no need for additional sources of income. The fact
that most reported decreased earnings as a result of MPA implementation was
probably because respondents were referringonly to their income from fishing.
This is supported by the fact that most fishers who have taken up additional
activities have seen an increase in earnings (GRMR 9 of 11 respondents;
HCMR 7 of 12 respondents). Another consideration is that fishers do not
generally perceive substantial economic benefits from the MPAs, partly
because natural disasters (e.g. hurricanes) are reported as the primary threat to
their livelihoods, and MPAs do not protect them from these impacts.
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Social Benefits

A summary of responses to selected questions on livelihoods, social status
andchanges is given in Tables 2 and 3. The changes appear to have been very
similar at both MPA sites, and most are attributed by fishers to the develop
mentof tourism in general, ratherthandirectly a resultof the MPAs.

Fishers were virtually unanimous in listing many public service amenity
improvements (e.g. drinking water, garbage collection, sewage disposal,
medical facilities, electricity, telephone communications andschools) since the
establishment of the MPAs, but few saw these relating directly to the MPAs.
Fishers are divided however on the issue of health benefits associated with the
MPA. At GRMR, those from Dangrigasaw none or were unsure, whilst 25%
from Hopkins cited better recreational opportunities, greater peace and
happiness, and reduced conflict. The majority from HCMR (64.7%) saw
health benefits, citing a cleaner environment and better amenities. Few fishers
from either MPA saw negative health impacts, although for some, increased
conflict and less peace where issues.

The majority of fishers (GRMR: 66.7%, HCMR: 88.2%) recognised that
the MPAs did generallybenefit their communities, although this was less clear
for the Hopkins community (7 of 16 did not see any benefits). However,
although the vast majority of fishers were generally happy working in the
MPAs (GRMR: 75%, HCMR 94.1%) and satisfied with their current quality-
of-life (GRMR: 75%, HCMR: 64.7%), theyweredissatisfied with the unequal
distribution of benefits. At bothMPA sites there wasa strong perception that
mostof the benefits accrued to the tourism sector(particularly to tour guidesin
GRMR and dive operators in HCMR) with least benefits for fishers. This has
resulted in fishers feeling alienatedboth socially and economically from other
stakeholders.

Management Issues
A summary of management issues aired by fisher respondents is given in

Table 4. Despite few benefits to themselves being attributed directly to the
MPAs, most fishers (GRMR: 87.5%, HCMR: 76.5%) considered that their
MPA was successful. Interestingly, the key criterion by which fishers judged
the successof their MPA was conservation. This would suggest that they have
seen improvements to resources within the MPAs. They were, however,
almost unanimous in their desire to see improved management. Greater
community participation in decision making, better enforcement of regulations,
improved dissemination of information, and clearer demarcation of boundaries
were the key issues for both sites. Fishers, particularly those from Hopkins
and HCMR, also expressed concern over the levels of conflict in the MPAs,
with management being the key source for the former and zoning for the latter.
The majority of fishers from both MPAs agreed that the MPAs have had little
success in decreasing conflict levels.
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Table 2. Summary of responses to selected questions on livelihood /economic
status and changes for fishers (boat owner/captains) from Glover's Reef Marine
Reserve and Hoi Chan Marine Reserve

No. responses (% responses)
Glover's Reef

Hoi Chan
Dangriga

n = 8

Hopkins Total
n = 16 n = 24

n=17

Did income from
MPA help put your
children through
school ?

YeS 5
No 2

1
Not sure

11 16(66.7)
3 5 (20.8)
2 3(12.5)

13 (76.5)
4 (23.5)

0

What new skills

were acquired as a
result of MPA?

Tour guiding 2
Water taxi 1

None 5

2 4(16.6)
0 1 (4.2)
14 19(79.2)

11(64.7)
0

6 (35.3)

Do you own a
business?

Yes 8
No 0

15 23(95.8)
1 1 (4.2)

17 (100)
0

Did you own a
business before

MPA?

Yes 7
No 1

15 22(91.7)
1 2 (8.3)

15 (88.2)
2(11.8)

Did MPA help to
acquire business?

Yes 1

Not applicable 7
1 2 (8.3)

15 22(91.7)
3(17.7)
14 (82.3)

15 20 (83.3) 16(94.1)
16 22(91.7) 16(94.1)
15 22(91.7) 16(94.1)
4 9 (37.5) 6 (35.3)
11 13(45.8) 5 (29.4)

15 20 (83.3) 16 (94.1)
16 22(91.7) 17 (100)
15 22(91.7) 16(94.1)
5 10(41.7) 5 (29.4)

12 14 (58.3) 5 (29.4)

What capital assets
did you have before
MPA?

What capital assets
do you have now?

House

Land
Household items
Motor

vehicle/golf cart
Bicycle
House

Land

Household items
Motor
vehicle/golf cart
Bicycle

Did MPA help you
to acquire these?

Yes
No

4

4

3

13

7 (29.2)
17 (70.8)

1 (5.9)
16 (94.1)

How much of your
income is derived

from MPA?

Small Part

Large Part
Very Large Part
Not sure

1

1

6

0

5

1

9

1

6 (25.0)
2 (8.3)

15(62.5)
1 (4.2)

7 (41.2)
4 (23.5)
6 (35.3)

0

Other sources of

income?

Yes

No

3

5

6

10

9 (37.5)
15(62.5)

6 (35.3)
11 (64.7)

Do you need other
sources of income?

Yes

No

3

5

9

7

12(50.0)
12(50.0)

7(41.2)
10 (58.8)

Substantial 0 0 0 1 (5.9)
increase 2 2 4(16.7) 4 (23.5)

What was the Increase 4 6 10(41.7) 1 (5.9)
change in your Substantial 2 8 10(41.7) 9 (52.9)
income after MPA? decrease 0 0 0 2(11.8)

Decrease 0 0 0 0

No change
Not sure

Was MPA
responsible for
change in income?

Has your economic
activity changed
since MPA?

Why did you change
economic activity?

What was the
change in your
income from new

activity?

Yes

No
Not sure
Not applicable
Yes

No

Scarcity of fish
Insufficient

income

Tourism more

income
Not applicable
Substantial

increase
Increase

Substantial
decrease

16

0

0
0

22(91.7)
2 (8.3)

0
0

11 (45.8)
13(54.2)

0

5 (20.8)
6 (25.0)
13(54.2)

2 (8.3)
7 (29.2)

0

0

1 (4.2)

14 (82.3)
0

1 (5.9)
2(11.8)
12 (70.6)
5 (29.4)

2(11.8)
7(41.2)
3(17.6)
5 (29.4)

2(11.8)
5 (29.4)
1 (5.9)
1 (5.9)

3(17.6)



Page 568 57th Gulf and Caribbean Fisheries Institute

Table 3. Summary of responses to selected questions on status and changes in
quality-of-Iife for fishers (boat owner/captains) from Glover's Reef Marine Reserve
and Hoi Chan Marine Reserve

Question

What is your priority
in Gfe?

Are you satisfied
with your quality of
rife?

What are the main

threats to your
livelihood in the
MPA?

How do you cope
with livelihood

threat?

What improvements
have there been in
amenities/social

services since
MPA?

Was improvement
due to MPA?

Are there health

benefits from the

MPA?

Response

Food security
Housing security
Personal health

Family well being
Job security
Other

Yes

No

Natural disasters

Increased conflict
Management
collapse
Overexploitation
Reduction in
visitors

Others

Unsure

Social services

Savings
Loan

Not sure

Potable water

Garbage collection
Homes for the
elderly
Polyclinics
Hospitals
Telephone
Electricity
Sewage
Drainage
Schools

Yes

No

Yes

No

Not sure

No. responses (% responses)

Glover's Reef

Dangriga
n = 8

Hopkins
n=16

12

4

16

15
16

15

3

15

16

14

2

15

0

16

Total

n = 24

1 (4.2)
1 (4.2)

9 (37.5)
11

(45.8)
1 (4.2)
1 (4.2)

18

(75.0)
6 (25.0)

11

(45.8)
0

2 (8.3)
1 (4.2)

11

(45.8)
1 (4.2)
2 (8.3)

1 (4.2)

5 (20.8)

14

(58.3)

4(16.7)

24(100)

Hoi

Chan

n = 17

0

0

2(11.8)
4 (23.5)

11

(64.7)
0

11

(64.7)
6 (35.3)

14

(43.8)
3 (9.4)

0

5(15.6)
7(21.9)
3 (9.3)

0

2(11.8)
6 (35.3)
9 (52.9)

0

22

(91.7) 17 (100)
24(100) 17(100)

22 0
(91.7) 17(100)

7 (29.2) 17 (100)
23 17 (100)

(95.8) 17 (100)
24 (100) 17 (100)

20 17 (100)
(83.3) 17 (100)

6 (25.0)
23

(95.8)
2 (8.3)

22(91.7)
1 (5.9)

16

(94-1)
11

(64.7)
6 (35.3)

0

6 (25.0)
12

(50.0)
6 (25.0)

What are the Better recreation 0 1 1 (4.2) 0

positive health More 0 3 3(12.5) 0

benefits associated happiness/peace 0 2 2 (8.3) 0

with the MPA? Reduced conflict 0 0 0 4(23.5)
Cleaner 0 0 0 7(41.2)
environment 3 9 12 6 (35.3)
Better amenities 5 1 (50.0) 0

None 6 (25.0)
Not sure

What are the Loss of recreation 0 1 1 (4.2) 0

negative health Increased conflict 1 1 2 (8.4) 2(11.8)

impacts of the Dirtier environment 0 0 0 2(11.8)

MPA? Less 1 2 3(12.5) 5 (29.4)
happiness/peace 6 11 17 8 (47.0)
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Table 3. (continued)
Does MPA benefit
community?

Yes

No

7
1

9
7

16
(66.7)

8 (33.3)

15

(88.2)
2(11.8)

Are the benefits
distributed equally?

Yes

No

4

4

9

7

13

(54.1)
11

(45.9)

4 (23.5)
13

(76.5)

Which sector

benefits the most?

Fishers

Dive operators
Tour guides
None

1

0

3

4

0

0

7

9

1 (4.2)
0

10

(41.6)
13

(54.2)

0

9(52.9)
4 (23.6)
4 (23.5)

Which sector

benefits the least?

Fishers

Tour guides
None

3

1

4

7

0

9

10

(41.6)
1(4.2)

13(54.2)

13

(76.5)
0

4 (23.5)

Are you happy
working in the
MPA?

Yes

No

Not sure

8

0

0

10
4

2

18(75.0)
4(16.7)
2(8.3)

16(94.1)
1 (5.9)

0

CONCLUSIONS

The HCMR has apparently achieved some success in poverty alleviation
in the adjacent community. The park has resulted in more job opportunities
and stable incomes for the local community following its establishment. It has
been used as a model for the establishment of other MPAs in Belize. Tourism

has become the main income earning activity in San Pedro, and this has
changed the social and economic structure of the community. Some of the
revenue generated by the tourism industry is retained by the local community
in employment, and through the purchase of local goods and services. This has
improved the standard of living. Although this suggests that the park has close
ties with the community and has had a positive impact, there have also been
some negative impacts. The incomes of some fishers have suffered. There are
also the potentially serious environmental impacts caused by coastal develop
ment and over-exploitation of resources, along with degradation due to the
increased number of visitors to the MPA. It is often difficult to separate
tourism development in general from MPA-specific interventions, and to say
how much tourism relies on the MPA versus other elements of the tourism

package.
Regarding the GRMR, the observed economic and social impacts of the

MPA suggest that additional measures will need to be taken if the MPA is to
contribute to poverty alleviation in adjacent communities. Urgent attention
should be given to training fishers to take advantage of alternative or additional
income generating opportunities in tourism (such as recreational fishing).

In concluding, it must be noted that if the GRMR and HCMR are to be
used as means to derive benefits for assisting poverty alleviation there must be
effective management with all stakeholders assuming responsibly for the
resources and their shared uses. Only then can the economic situations,
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livelihoods and the quality of life of the adjacent communities be improved on
a sustainable basis while the marine resources are developed rationally. If the
sustainable livelihoods approach is employed as a process tool in policy,
planning and management it is more likely that community-level benefits can
be derived from MPAs. However, these cases demonstrate that, even if pro-
poor and sustainable livelihoods approaches are not used, it is possible for
some benefits to accrue.

Table 4. Summary of fisher (boatowner/captain) responses to selected questions on
management ofthe Glover's ReefMarine Reserve and Hoi ChanMarine Reserve

No. responses (% responses)

Question Response Glover's Reef

Dangriga Hopkins
n = 8 n = 16

Hoi
Total Chan

n = 24 n=17
Whatdo you Conservation 6 14 20(57.1)
considerto be Morebenefitsto 1 2 3(8.6)
indicators of MPA stakeholders 2 1 3(8.6)
success? Economic benefits to MPA 2 0 2(5.7)

Enforcement of 4 0 4(11.4)
regulations 0 3 3(8.6)
Community participation 0 0 0
Research
Other

9(25.0)
13

(36.1)
4(11.1)
1 (2.8)
3(8.3)

5(13.9)
1 (2.8)

Is the MPA

successful?
Yes

No
8

0

13
3

21(87.5)
3(12.5)

13

(76.5)
4 (23.5)

How do you
receive

information about
the MPA?

Associations

Grape vine
MPA management
No Information
Other

2

0
5

1
0

1

5

4

2

4

3(12.5)
5(20.8)
9(37.5
3(12.5)
4(16.7)

8(47.1)
2(11.8)
1 (5.9)

3(17.6)
3(17.6)

Your level of

knowledge about
the MPA

High
Medium
Low

0

4

4

2

7

7

2(8.4)
11(45.9)
11(45.9)

2(11.8)
10

(58.8)
5(29.4)

Do you receive
adequate
information?

Yes

No
1

7
5

11

6(25.0)
18(75.0)

6(35.3)
11

(64.7)
What is level of
stakeholder

participation in
MPA
management?

High
Medium

Low

None

2

4

2

0

3
8

5

0

5(20.8)
12(50.0)
7(29.2)

0

3(17.6)
7(41.2)
6 (35.3)
1 (5.9)

Is there conflict in
the MPA?

Yes

No
3

5

11

5

14(58.3)
10(41.7)

12

(70.6)
5(29.4)

What is the
conflict issue?

Zoning
Resource use
Management
Not applicable

0
2

1

5

1

1

9

5

1(4.2)
3(12.5)
10(41.7)
10(41.7)

7(41.2)
5(29.4)

0
5(29.4)

What effect has
MPA had on
conflict?

Reduced

Increased

No difference
Not sure

1

0

7

0

7

0

7

2

8(33.3)
0

14(58.3)
2(8.4)

0
5 (29.4)

11

(64.8)
1 (5.9)

Would you like to
see improvement
to management?

Yes
No

7

1
16
0

23(95.9)
1(4.2)

17(100)
0

What Community participation 6 7 13(15.3) 9
improvements Regulations/enforcement 7 8 15(17.6) (20.1)
would you Gketo More benefits to 2 7 7(8.2) 10
see in stakeholders 4 17 21(24.7) (22.1)
management? More information 4 17 21(24.7) 1 (2.2)

Better demarcation of 2 8 8(9.4) 8(17.8)
zones 13

Other (28.9)
AtRQ\



Ramsubeik, C. et al. GCFI:57 (2006) Page 571

ACKNOWLEDGEMENTS

Assistance with preparation and presentation of this paper was received
from the UWI Coastal Management Research Network (COMARE Net), a
project funded by the UKDepartment for International Development (DFID)
for the benefit of developing countries. Results reported here represent an
output from DFID project #R7976 conducted incollaboration with MRAG and
with additional support from the NRM project at CERMES, UWI. We are
especially grateful to the Belize Fisheries Department, Beverley Wade, James
Azueta, Alfonso Avalez, Miguel Allamilla, Nathaniel Brown and to the fishers
and community members of Dangriga, Hopkins, Placencia, Sarteneja and San
Pedro. The viewsexpressed are not necessarily those of DFIDor UWI.

LITERATURE CITED

Allison, E.H. and F. Ellis.2001. The livelihoods approach and management of
small-scale fisheries. MarinePolicy 25:377-388.

Belize Tourist Board (BTB). 2000. Belize travel and tourism statistics.
Government ofBelize, Belize City, Belize.

Bonilla, J.E., C. Cordoba, and C.C. Serrano. 2000. Assessment of tourism
sustainability at the Hoi Chan Marine Reserve and rapid economic
valuation ofenvironment services. IUCN, Switzerland. 10 pp.

Carter, J, J. Gibson, A. Carr, and J. Azueta. 1994. Creation of the Hoi Chan
Marine Reserve in Belize: A grass roots approach to barrier reef conserva
tion. TheEnvironmental Professional 16:220-229.

Gibson, J. [1988a]. Glover's Reef Atoll draft management plan. Wildlife
Society Conservation International, New York Zoological Society,
[Unpublished paper]. 6 pp.

Gibson,J. [1988b]. Hoi Chan Marine Reservedraft managementplan. Wildlife
Society Conservation International, New York Zoological Society,
[Unpublished paper], 10 pp.

Government ofBelize. 1993. Fisheries (Glover's Reef Marine Reserve) Order,
1993. Statutory Instrument No. 83 of 1993.

Pantin, D., D. Brown, M. Mycoo, C. Toppin-Allahar, J. Gobin, W. Rennie, and
J. Hancock. 2004. Feasibility of Alternative Sustainable Coastal Re
source-based EnhancedLivelihoodStrategies. SEDU, UWI St. Augustine
Campus, 92 pp.

Renard, Y., A. Smith, and V. Krishnarayan. 2000. Do reefs matter? Coral reef
conservation, sustainable livelihoods and poverty reduction in Laborie, St.
Lucia. Paper presented at a Regional conference on Managing Space for
Sustainable Living in Small Island Developing States, Port of Spain,
Trinidad and Tobago, October, 2000. CANARI Communication No. 274:6
pp.

Sala, E., E. Ballestros, and R.M. Starr. 2001. Rapid decline of Nassau grouper
spawning aggregations in Belize: Fishery management and conservation
needs. Fisheries 26:23-30.

Young, E.R. and B. Bilgre. 2000. Hoi Chan Marine Reserve management plan
(updated). Fisheries Department, Belize City, Belize.



Page 572 57th Gulf and Caribbean Fisheries Institute

BLANK PAGE



Larval Supply and Recruitment ofCoral Reef Fishes to
Marine Reserves in the Upper Florida Keys, USA

KIRSTEN GRORUD-COLVERT and SU SPONAUGLE
RosenstielSchoolofMarineandAtmospheric Science

University ofMiami
4600 Rickenbacker Causeway
Miami, Florida, 33149 USA

ABSTRACT

One of the primary goals of marine reserve implementation is the protec
tion of biodiversity, current fisheries and future fish stocks. To achieve this
goal, effective placement of marine reserves should ensure that incoming
recruits are delivered to the protected area. Larval supply and recruitment of
coral reef fishes were evaluated for both marine reserve and non-reserve sites
in the upper Florida Keys. Patterns of larval supply for late-stage larvae
settling to the reefwereevaluated using larval light traps. Sampling efforts at
two replicate reserve and non-reserve sites targeted two monthly settlement
peaks during the new and third-quarter moons for each of 12 months. In
addition, monthlysurveys of newly-settled coral reef fisheswere conducted on
these reefs using SCUBA techniques. Densities of all reef fishes that had
settledduring the previousmonth(recruits < 2 cm) were quantified. Results of
this study shed light on the processes influencing densities of juvenile fishes in
marine reserves and non-reserve areas. Differences in larval supply and
recruitment provide additional information needed to evaluate the efficacy of
marine reserves.

KEY WORDS: Marine reserves, larval supply, recruitment

£1 Suministro de Larvas y el Reclutamiento de Oeces Arreci-
fales en Reservas Marinas de los Cayos Superiores de la

Florida (Florida Keys, USA)

Uno de los objetivos principales de la implementation de las reservas
marinas es la protectionde la biodiversidad, las pesquerias, y el futuro de los
stocks pesqueros. Para lograr este objetivo, las reservas marinas deberan
asegurar una localization efectiva para que los reclutas puedan alcanzar las
areas protegidas. El suministro de larvas y el reclutamiento de peces arreci-
fales fueron evaluados en sitios de los Cayos superiores de la Florida (Upper
Florida Keys) que son reservas y no reservas marinas. Los patrones de
estadios larvales cercanos al asentamiento fueron evaluados usando trampas de
luces. Los muestreos fueron efectuados en dos localidades, reservas y no-
reservas, concentrados en los picos de larvas de dos meses de asentamiento
durante la luna nueva y tres quartos. Investigaciones adicionales fueron
llevados sobre peces arrecifales recientemente asentados usando buceo
(SCUBA). Los peces arrecifales que se asentaron durante los meses anteriores
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(reclutas < 2cm) fueron quantificados. Resultadosde este estudio brinda luces
sobre los procesos que estan afectando las densidades de peces juveniles en
areas que son reservas y no-reservas marinas. Las diferencias en el suministro
de larvas y en el reclutamiento brindan ademas information necesaria para
evaluar la eficiencia de las reservas marinas.

PALABRAS CLAVES: Cayos superiores de la Florida, reservas marinas,
reclutamiento

INTRODUCTION

The primarygoals of marine reserve implementation are the protectionof
biodiversity, current fisheries, and future stocks from over-fishing. In order to
protect future stocks, areas where marine reserves are established must receive
an adequate supply of both larval and newly-settled fishes in order to ensure
their sustainability. Recent literature contains frequent references to marine
reserves as "sources and sinks" of reef fish larvae (e.g., Carr and Reed 1993,
Roberts 2000), yet more data are needed on the supply of larvae and recruit
ment to reserves (Valles et al. 2001, Watson and Munro 2004). Ultimately,
these data are necessary ifwe are to understand the dynamics of recruitment in
marine reserves and the protection of local populations. Similar levels of
larval supply may lead to similar levels of recruitment between reserve and
non-reserve areas. Conversely, site-specific differences may lead to different
rates of mortality for new recruits and subsequent differences in recruitment.
Sitesmay also receivedifferentlevelsof larvalsupplydue to larval preferences
for areas of higher coral cover or greater relief. Our null hypothesis was that
there are no differences in larval supply, recruitment or diversityby protection
level or site within the marine reserves located in the upper Florida Keys,
USA.

METHODS

All field researchwas conducted in the upper FloridaKeys, (~25°N 80°W)
within the Florida Keys National Marine Sanctuary (FKNMS). Established in
1997, the reserve encompasses 9515 km2 of reef track, supporting a wide
variety ofCaribbean and Atlantic species. Within the reserve, sites are defined
by varying degrees of protection. Sanctuary Protected Areas (SPAs) are
marine reserves that are considered "no-take" zones, in which all collection is
prohibited (Level 7; Bohnsack et al. 1999). Other areas (non-protectedareas or
NSPs) are restricted to general size limits, bag limits, and gear restrictions,
with all forms of collection permitted except spear fishing (Level 3). To
characterize the larval supply and recruitment of newly-settled reef fishes to
marine reserves and non-reserve areas in the upper Florida Keys, two SPA
sites (French and Molasses) and two NSP sites (Pickles and Sand Island) were
sampled from May 2003 to April 2004.

Larval supply was quantified by collecting late-stage larvae settling to the
reef using larval light traps (as described in Sponaugle and Cowen 1996).
Relative rates of larval supply to the SPAs and NSPs were measured during the
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night before and the night of the new moon and the night before and the night
of the third quarter moon, resulting in four days of sampling per month. These
lunar phases were chosen because previous work has shown that settlement of
a variety of species typically pulses during these times in the Florida Keys
(Sponaugle et al., unpubl. data). During each sampling night, up to three
replicate light traps were deployed at each of the four sites (two SPAs and two
NPAs). Light traps were weighted to sample a depth of approximately 2 m
from the surface, and then left to collect late-stage larvae overnight. Samples
retrieved the next morning were immediately preserved in 95% ethanol. In the
lab, fish larvae were sorted from the preserved samples and identified to lowest
taxonomic classification possible using the NOAA-NMFS SEFSC larval fish
identification key (Richards In press).

To evaluate recruitment, monthly surveys of all newly-settled coral reef
fishes were conducted at the same sites. Censuses were conducted in areas that

correspond to the habitat preferred by new recruits—the reef matrix as well as
coral rubble areas. SCUBA divers censused haphazardly-placed transects by
swimming along either side of the transect tape to a length of 5 m, recording
any new recruits occurring within 0.5 m on each side of the tape. Fifteen
surveys were conducted per habitat area within each site, resulting in a total of
30 transects per site.

To evaluate the differences in larval supply between the SPA and NSP
sites, the number and diversity of reef-associated larvae were compared using
ANOVA techniques. Differences were compared between sites and between
protection levels. ANOVA techniques were also used to compare the differ
ence in density of recruits and diversity of recruits by site and protection level.
Diversity was measured using the Shannon-Wiener index. Upon investigation
of the record of larval supply over the sampling period, a large pulse of larvae
to Sand Island on October 24, 2003 resulted in a highly skewed record of larval
delivery to this site. In order to investigate the patterns of larval supply during
the sampling period, this pulse was removed from further analysis.

RESULTS AND DISCUSSION

There was no significant difference in the mean numbers of larvae
delivered to the four sites (F = 2.05, p = 0.11). Differences were not signifi
cant by site or protection level. Diversity of larvae, however, did differ
significantly by site but not by protection level (F = 4.07, p = 0.0077). Post-
hoc analysis using Fisher's LSD showed Sand Island had significantly higher
diversity than Molasses or Pickles. Analysis of recruitment data yielded
similar results. The density of recruits did not differ by site or protection level
(F = 2.14, p = 0.886). However, the diversity of recruits was significantly
different by site but not protection level (F = 12.96, p = 0.000). Post-hoc
analysis using Fisher's LSD showed Sand Island had significantly lower
diversity than Molasses or Pickles, and French had significantly higher
diversity than Molasses or Pickles.

Upon closer inspection of the large pulse to Sand Island during the
sampling period, this sample was dominated by both gerreids and haemulids.
While haemulids are associated with reef areas as adults, larvae of both
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families settle to seagrass ormangrove habitats. Ocean color images obtained
from the University of South Florida's Institute for Marine Remote Sensing
(IMaRS) showed substantial movement ofhigher-productivity baywater along
the Atlantic edge of the Keys during this period. Small pockets of water (~ 1
km) are visible in the upper Keys during the day on which the large sample
wascollected. Dueto the relatively small sizesof these waterpockets and the
relatively small spatial scale over which the study sites are situated, it is
possible thatthese oceanographic features could have ledto thelocalized pulse
in larval supply to this site.

Weconclude thatthese foursitesin theKeys didnotdiffersignificantly in
either larval supply or recruitment during thesampling period. However, there
were differences in diversity, though only bysite. Marine reserves in theupper
Keys showed no difference in larval supply or recruitment relative to non-
reserve areas, and diversity did not differ by protection level. Finally, small
scale oceanographic features may have played a role in the supply of larvae
during this study, illustrating the importance of these features to both larval
deliveryand recruitmentin this system.
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ABSTRACT

Target fishery species have been traditionally used as indicators of
compliance and management success in no-take marine protected areas
(MPAs). However, this approach has the limitation of ignoring the effects that
no-take MPAs may have on the functional role of fishes at the community and
ecosystem levels. The first objective of this study was to document spatial and
temporal variation patterns in the structure ofcoral reef fish communities at the
functional group level within the Luis Pefia Channel No-Take Natural Reserve
(LPCNR) in Culebra Island, Puerto Rico. The second objective was to test the
efficiency offish functional groups as indicators ofmanagement success in the
LPCNR. There was a rapid recovery of fish communities three years follow
ing the designation of the LPCNR in 1999. Fish communities at a control
fished reef located outside the reserve boundaries also showed a rapid recov
ery. However, management failures have resulted in poor compliance and in a
recent increase in illegal fishing activities. This has resulted in a fish decline
trend within core areas of LPCNR during the period of 2002 to 2004. Control
sites showed the opposite trend. Also, fish communities at the reserve
boundary site collapsed as a combined result of increased fishing pressure by
fishers displacement after LPCNR designation and by chronic environmental
degradation from areas outside reserves boundaries (i.e., large volumes of
sediment- and nutrient-loaded runoff, raw sewage discharges). Chronic
environmental degradation between 1997 and 2003 has been associated to a
major phase shift in the community structure ofcoral reefbenthic communities
from coral to algal dominance within LPCNR. In spite of that, LPCNR has
been a successful tool restoring overexploited fish communities in Culebra
Island. This suggests that even with very limited efforts no-take MPAs can be
successful in restoring severelydepletedfishery resources. However, manage
ment failures within and outside LPCNR need to be addressed and eliminated
in order to keep communitysupport,and to restore trust and compliance.

KEY WORDS: Fish functionalgroups, management failure, MPAs
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La A Perdida de Corales y la Ausencia de Cumplimiento
Amenazan los Patrones de Recuperaci6n de los Grupos

Funcionales de Peces en la Reserva Natural de No-Captura
del Canal Luis Pefia, Isla de Culebra, Puerto Rico

Las especies objeto de pesca se han utilizado tradicionalmente como
indicadoras del exito y del cumplimiento en las areas marinas protegidas
(AMPs) de no-captura. Sin embargo, esto tiene la limitacidn de ignorar los
efectosque las AMPs puedantener en el rol funcional de los peces al nivel de
la comunidad y del ecosistema. Mas aun, ignora el rol funcional que puede
tener la integridad de los habitaculos benticos arrecifales en el mantenimiento
de las comunidades de peces. El primer objetivo de este estudio fue el de
documentar los patrones de espaciales y temporales de variation en la
estructurade la comunidad benticay de pecesarrecifales al nivel de los grupos
funcionales. En segundolugar, se prob6 la eficienciade los grupos funcionales
de peces como indicadores del exito y cumplimiento en la Reserva Natural de
No-Captura del Canal Luis Pefia (RNCLP), en la Isla de Culebra, PR. Las
comunidades benticas y de peces arrecifales se monitorearon desde el 1996
utilizando transectos fijos lineales y censos visuales estacionarios aleatorios,
respectivamente. Se documento una perdida neta de 46% en la cobertura de
corales, un incremento de 683% en la coberturade macroalgasy un 279% en la
cobertura de cianobacterias. Se demostrd mediante pruebas ANOSIM que
dichos patrones fueron significativosa travel del tiempo y a traves de las zonas
de profundidad. Dicho cambio de fase se ha asociadocon los pulsos frecuentes
de escorrentfasaltamente sedimentadasy cargadas de nutrientes, asi como con
brotes de enfermedades de corales. Las comunidades de peces dentro de las
areas nucleo de los arrecifes de coral de la RNCLP mostraron valores prome-
dio mayores de riqueza de especies, abundancia total, biomasa total, biomasa
de herbivores totales y raspadores, y de carnivoros totales, generalistas,
piscfvoros y planctivoros, que en aquellos arrecifes localizados en el borde o
afuera de la RNCLP. Sin embargo, la biomasa de 36% de las especies de
peces ha disminufdo a trav6s de dicho periodo de 7 anos, con 19% de estos
habiendo disminuido >50%. Se ha observado tambien una disminuci6n en H'n

y J'n como resultado de la dominancia en la biomasa de algunos grupos
funcionales (ej. herbfvoros raspadores y no desnudadores). Se sugiere que
dicha dominancia puede estar influenciada por la perdida de corales y el
cambio de fase hacia la dominancia de las algas. A pesar de que algunas
especies depredadoras (ej. meros, pargos) han mostrado incrementos significa
tivos en biomasa, ninguno de los grupos funcionales de depredadores han
mostrado incrementos significativos luego de la designaci6n de la RNCLP.
Dichos grupos constituyen tambien el objeto principal de las actividades de
pesca ilegal dentro de la reserva y reflejan la ausencia significativa de exito y
cumplimiento. Los efectos de las AMPs de no-captura son altamente variables
dependiendo de la escala en los que se midan. El cumplimiento initial causo
un incremento rapido en la abundancia y biomasa de muchas especies, pero la
recuperaci6n de las comunidades de peces ha fallado al nivel de la mayoria de
los grupos funcionales. Estos resultados sugieren que la degradacidn de los
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arrecifes de coral, en combinacidn con la ausencia de cumplimiento, pueden
prevenir la recuperacidn de los grupos funcionales de peces. Esto podria tener
implicaciones de manejo significativas en el mantenimiento de los procesos
ecol6gicos al nivel del ecosistema en los arrecifes de coral.

PALABRAS CLAVES: Perdida de corales, Culebra, areas marinas protegidas
(AMPs) de no-captura

INTRODUCTION

Fishing effects on marine ecosystems have been documented across
multiple spatial and temporal scales (Jackson 1997, Jackson et al. 2001, Pauly
et al. 2002). Fishing on coral reefs, often in combination with other human
disturbances, such as eutrophicationand disease outbreaks, has been shown to
trigger long-term phase shifts in the community structure of both fish and
epibenthic communities (Hughes 1994, Hawkins and Roberts 2004). It can
also have profound effects at the ecosystem level (Jackson 2001), including an
enormous loss of abundance and biomass of large animals, some of them
undergoing extinction. Fishing can produce cascade effects affecting the
abundance of marine fish populations (Pinnegar et al. 2000, Carr et al. 2002),
age of maturity, size structure, sex ratio and genetic diversity of exploited
species (Sobel and Dahlgren 2004). Fishing down the food web can indirectly
affect marine biodiversity (Roberts 1995b, Bohnsack and Ault 1996), and as a
result of bycatch, habitat degradation, by altering biological interactions (Carr
et al. 2002), ecosystems structure and function and reducing the ability ofreefs
to recover from disturbance (Roberts 1995b,Sobel and Dahlgren 2004).

No-take marine protected areas (MPAs) have become a successful tool to
help rebuild overexploited fish populations (Roberts 1994,1995a, Roberts and
Hawkins 1997, Roberts et al. 2001, Halpera 2002, Halpern and Warner 2002).
Target fishery species have been traditionally used as indicators of compliance
and management success in MPAs. However, this approach has the limitation
of ignoring the effects that MPAs may have on the functional role of fishes at
the community and ecosystem levels. Moreover, it ignores the functional role
mat coral reef benthic habitat integrity has on maintaining fish community
structure. Functional changes in fish communities accompany structural
changes at the ecosystem level, thus affecting major reef processes such as
grazing, predation, competition, food web structure, energy flow, and interac
tions among species (Sobel and Dahlgren 2004), but also benthic processes
such reef accretion and bioerosion (Roberts 1995b). Current large-scale reef
crisis (i.e., Gardner 2002) requires an improvedunderstanding of the ecologi
cal processes that underlie reef resilience (Bellwood et al. 2004). Such
processes may include phase shifts in fish community structure and their
relationship to modifications in their functional roles in coral reefs. The lowest
fish biodiversity of the Caribbean, as compared to the Indo-Pacific region,
suggests a relatively low functional redundancy and highlights the vulnerabil
ity of reef ecosystems to fish community declines. Therefore, we suggest
expandtraditional MPA effectiveness evaluationmethods to document spatial
and temporalpatterns ofvariation in fish communitystructure at the functional
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group level.

Why Use Fish Functional Groups?
Interactions among species make it difficult to predict how ecological

communities will respondto environmental degradation (Davis et al. 1998)or
to any source of anthropogenic stress, including fishing pressure. Many coral
reef fish speciesare highlysensitive to overexploitation and may undergorapid
local extinction. This may have cascading negative consequences for the entire
ecosystem(Hughes 1994,Carr et al., 2002). Unpredictability at the population
levelarguesfor whole-ecosystem approaches to biodiversity conservation (Ives
and Cardinale 2004). The sensitivity ofan individual speciesto anthropogenic
stress depends not only on the direct impact of stress on that species, but also
on the indirect effects on that species caused by changes in densities of other
species(Ives 1995,Ives and Cardinale 2004). For instance, fishingpressureor
environmental degradation may decrease the density of competitors and/or
predatorsof a species, thereby causing a compensatory increase in the density
of that species. This may lead to wide short-termfluctuationsat the population
level. Functional groups have shown higher short-term stability man popula
tions of individual species (Tilman 1996, McGrady-Steed and Morin 2000).
High biodiversity will result in high functional redundancy. Functional
redundancy will buffer against such short-term variations at the functional
group level. However, Caribbean coral reef fish functional groups sustain a
lower functional redundancy in comparison to Indo-Pacific reefs as a result of
its lower fish biodiversity (Belfwood et al. 2004). Therefore, coral reef fish
functional groups may be more vulnerable in the Caribbean to the effects of
any anthropogenic stressor, becoming more susceptible to rapid phase shifts in
community structure and ecosystem functions as a result ofhuman exploitation
or impacts. Shifting ecosystem functions will need to be assessed under any
ecosystem-based fisheries management model.

Ecosystem-based fisheries management will require expanding the focus
of traditional target species-oriented fish monitoring efforts to a functional-
group approach. Suggested alternatives to reduce or even reverse actual
fishing trends include decreasing fishing efforts by 20 - 30% and a redistribu
tion of remaining effort across trophic levels, from large top predators to small
prey species (Pauly et al. 2003). However, such an alternative will require first
building up a strong database of fishing impacts on fish functional groups (i.e.,
trophic guilds) to help parameterize ecosystem models. Effects of chronic
environmental stress will also need to be incorporated to fish monitoring
efforts with proper control sites (i.e., no-take MPAs, remote reefs, etc.). This
could be effectively done integrating benthic and water quality monitoring
programs to fish monitoring efforts. Ecosystem-based management will also
require modeling based upon a system of metrics of community structure,
including diversity indices based on species richness, evenness and dominance,
ordination methods applied to species composition data, and aggregate
indicators of ecosystem status such as biomass size spectra (Babcock and
Pikitch2004).

The first objective of this study was to document spatial and temporal
variation patterns in the structure of coral reef fish communities at the tunc-
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tional group level within the Luis Pefia Channel No-Take Natural Reserve
(LPCNR) in Culebra Island, Puerto Rico (PR). Second, we tested the effi
ciency of fish functional groups as indicators of management success in the
LPCNR.

METHODS

Study Sites
Studies were carried out within the LPCNR, in Culebra Island, PR (Figure

1). Culebra is located at approximately 28 km off the northeastern coast ofPR.
The reserve was declared in 1999 and full descriptions of its marine communi
ties, species inventories, ecological status assessments and threats from
anthropogenic activities can be found elsewhere (Hernandez-Delgado 2000,
2003a,b, 2004a,b, Hernandez-Delgado and Sabat 2000, In press, Hernandez-
Delgado et al. 2000, Hernandez-Delgado and Rosado-Matias 2003). Data was
collected in 1996, 1998, 1999, 2002, 2003 and 2004 from Carlos Rosario
Beach - CRO - (core area ofLPCNR), and in 1999,2002,2003 and 2004 from
Punta Melones - PME - (boundary area) and Punta Soldado - PSO - (control
site outside). Sampling was conducted at two depth zones: I (<5 m), II (5-15
m). Data from year 1999was collected prior to the LPCNR fishing prohibition
in September 30,1999.

•fr S»mpfaj««Scra
• 3»incarte3

—- Clsitfinc

Luis Pena Channel
nrwatn Natural Rfwnrvn

Figure 1. Study sites within LPCNR. From north to south: 1) Carlos Rosario
Beach, 2) Punta Melones, and 3) Punta Soldado (control site outside LPCNR).
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Data Collection

Fish community was sampledfollowing a factorial designwith time, sites,
and depth zones as main factors. Dataon fish speciesrichness,abundance,and
size estimates were collected at each site during the months of August and
September of each year using the fish stationary visual census technique
(Bohnsack and Banneret, 1986). Size data (fish fork length) was used to
calculate biomass following Bohnsack and Harper (1988) and Bohnsack
(Unpub. data). Weight-length relationships were calculated by fitting a
regression line to the equation: log W= log a + b log L, which is equivalentto
the equation W = aLb, where W is weight in grams, L is length in mm, and a
and b are constants. Basic information of the fish community structure
included species richness, abundance, species diversity index (H'n), evenness
(J'n), biomass, and standing stock biomass. Also, provided was information
about abundance and biomass at the family/subfamily level and at the trophic
group level, including herbivore guilds (i.e., non-denuders,browsers, scrapers),
carnivore guilds (i.e., generalise, piscivores, planktivores), omnivores, and
detrivores. Also, it provided the same type of information on target fishery
species guilds. Only species richness, abundance, H'n, J'n and biomass data of
functional groups were analyzed during mis study.

Statistical Analysis
Spatio-temporal variation in community parameters at CRO was analyzed

by means of one-way ANOVA using time and depth zones as main factors.
No interaction analysis was carried out due to differences in the number of
replicate samples per depth zone and per year. Two separate analyses were
conducted for all years (1996-2004) and for the LPCNR designation year
(1999) vs. 2004. A two-way ANOVA was used to test for spatio-temporal
variation in community parameters among sites (MPA core, MPA boundary,
control outside), yearand depthzones. Post-hoc analysis was conducted using
Tukey's comparison of means (Zar 1984). Data on species richness and
abundance was V-transformed, while data on proportions was arcsin-(V)-
transformed (Zar 1984). Data on biomasswas logio-transformed (Zar 1984).

Individual coral reef fish functional group community matrices were
compiled and imported into PRIMER ecological statistics software package
(Clarke and Warwick 2001) for multivariate analysis. Mean fish functional
group biomass proportion values were square root-transformed in order to
appropriately weight the less abundant categories. Mean data from each year
and depth zone at CRO, and from each site, year and depth zone were classi
fied with hierarchical clustering using the Bray-Curtis group average linkage
method (Bray and Curtis 1957) and then ordinated using a non-metric multidi
mensional scaling (MDS) plot (Clarke and Warwick 2001). Spatio-temporal
variation patterns in community structure were tested using PRIMER'S
multivariate equivalent of an ANOVA called ANOSIM, which means
"analysis of similarities" (Clarke 1993, Clarke and Warwick 2001). Both,
global and pairwise tests were carried out by means of ANOSIM. All tests
were based on 5,000 permutations and had no built-in assumptions about the
data distribution. The key fish functional groups responsible for spatial
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variation in community structure between groups of years, sites, and depth
zones were determined using PRIMER'S SIMPER routine (Clarke and
Warwick 2001).

RESULTS

Spatio-temporal Variation in Fish Communities at CRO: 1996-2004
There was an overall increase in the mean value of most community

parameters at CRO after the LPCNR designation in 1999 (Figure 2). Fish
abundance, H'n, J'n, fishery target species density, as well as total biomass,
herbivore, browser, scraper, total carnivore and piscivore biomass, and the
percent biomass of fishery target species showed significant temporal increases
at CRO following MPA designation (Table 1). However, post-hoc analysis
revealed that most of the differences were documented between years 2002-
2003 and years previous to the LPCNR designation in 1999. Fish species
richness, total abundance, abundance of fishery target species, total biomass,
and fishery target species standing stock biomass declined between 2002 and
2004. A similar trend was documented in the mean biomass values of total

herbivores, browsers, scrapers, total carnivores, piscivores, planktivores and
shallow-water omnivores (Figure 3). No significant differences were docu
mented in many parameters when year 2004 was compared to years during the
period of 1996 to 1999. Scraper herbivore and piscivore biomass were
significantly higher in shallow-water habitats when data was pooled across
years (Table 1).

Spatio-temporal Variation in Fish Communities at CRO: 1999 vs. 2004
Total abundance, total biomass, total carnivore, generalist and piscivore

biomass, and fishery target species standing stock biomass showed signifi
cantly higher mean values five years after the LPCNR designation (Figures 2
and 3, Table 1). Generalist carnivore biomass was significantly higher in deep-
water habitats, while piscivore biomass was significantly higher in shallow-
water habitats.

Magnitude ofChanges at CRO
The magnitude ofchange in total fish abundance during the first five years

of the LPCNR no-take designation was dramatic, reaching up to 378% in
shallow-water habitats and 235% in deeper waters (Table 2). Total biomass
increased during the first three years a magnitude of 508% and 521%, respec
tively, but declining to only 188% and 206%, respectively, after five years. A
similar pattern occurred with total herbivore, browser, and scraper biomass.
Scraper herbivores constitute an important part of the Culebra Island reef-
associated and showed a 521% and 354% increase in mean biomass in shallow

and deeper habitats, respectively, during 2002. These plummeted to only
102% and 49% in 2004. A similar trend was documented for all carnivore

groups, including piscivores. These showed a dramatic 1,392% and 1,105%
increase in mean biomass after three years. After five years this increase was
cut down nearly in half (Table 2).
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Figure 2. Fish community parameter changes through time at Carios Rosario
Beach (LPCNR core area): A)Species richness, B)Abundance, C) H'n, D) J'n,
E) Total biomass, F) Abundance fishery target species, G) Standing stock bio
mass fishery target species, and H) % Relative biomass fishery target species.
Meant one standard error. .
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Table 1. Significant changes documented in fish community parameters
through time (1996-2004) and between 1999 and 2004. Rgures are p values
from ANOVA.
Parameters All years All years 99 vs 04 99 vs 04

(Time)8 (Depth)3 (Time)b (Depth)"
Species richness 0.0691 0.4910 0.1127 0.6594

Abundance 0.0024 0.5317 0.0329 0.1585

Species diversity index (H'n) 0.0428 0.5890 0.3127 0.2707

Species evenness (J'n) 0.0127 0.3134 0.1541 0.2112

Total biomass 0.0015 0.4820 0.0185 0.2019

Total herbivore biomass 0.0060 0.8598 0.1411 0.9892

Non-denuder herbivore 0.1881 0.7256 0.3919 0.9602

biomass

Browser herbivore biomass 0.0271 0.6345 0.3652 0.8712

Scraper herbivore biomass 0.0006 0.0472 0.1720 0.5943

Total carnivore biomass 0.0056 0.2644 0.0025 0.0099

Generalist carnivore biomass 0.0792 0.0881 0.0130 0.0175

Piscivore biomass 0.0002 0.0032 0.0104 0.0303

Planktivore biomass 0.3005 0.0898 0.1067 0.1070

Omnivore biomass 0.2253 0.7878 0.7784 0.8362

Fishery target species density 0.0062 0.3075 0.1492 0.3611

Fishery target species standing 0.0009 0.3459 0.0196 0.7116

stock biomass

Percent biomass fishery target 0.0251 0.1186 0.0753 0.4563

species
D.F.= time (5,11), depth (1,11).
D.F.= time (1,3), depth (1,3).

Table 2. Magnitude of changes documented in fish community parameters in
Carios Rosario Beach between 1999 and 2004.
Parameters 1999 vs 1999 vs 1999 vs 1999 vs

2002 2002 2004 2004

<5m 5-15 m <5m 5-15 m

Species richness 34% 37% 34% 53%

Abundance 235% -10% 378% 235%

Species diversity index (H'n) -7% 26% -18% -6%

Species evenness (J'n) -16% 15% -24% -18%

Total biomass 508% 521% 188% 206%

Total herbivore biomass 404% 957% 70% 131%

Non-denuder herbivore biomass 103% 24% 14% 112%

Browser herbivore biomass 290% 2,384% 35% 306%

Scraper herbivore biomass 521% 354% 102% 49%

Total carnivore biomass 642% 313% 223% 226%
Generalist carnivore biomass 442% 200% 209% 224%

Piscivore biomass 1,392% 1,105% 694% 750%

Planktivore biomass 28% 174% -36% -27%

Omnivore biomass 12% -44% 47% 292%

Fishery target species density 355% 181% 122% 265%

Fishery target species standing stock 934% 581% 366% 413%
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Figure 3. Fish functional group biomass changes through time at Carios
Rosario Beach (LPCNR core area): A) Total herbivores, B) Non denuders, C)
Browsers, D) Scrapers, E) Total carnivores, F) Generalists, G) Piscivores, H)
Planktivores, and I) Omnivores. Meant one standard error.
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Multivariable Analysis at CRO
There was a highly significant difference in fish community structure at

the functional group level amongyears at CRO,particularlybetween year pairs
1996 and 2002, 1996 and 2003, and between 1999 and subsequent years
following LPCNR designation (Table 3). No significant difference was
documented between years 1996 and 2004. A low stress (0.07) MDS analysis
revealed six different cluster patterns of years and depth zones at CRO when
using the 20% dissimilarity cut-off level, with two of them grouping years
1996 and 1999, and years 2003 and 2004, respectively (Figure 4a). Years
1998 and 2002 grouped independently. These patterns suggest mat fish
communities were becoming significantly different, mostly three years after
the LPCNR designation, but a reversal pattern has occurred during 2003 and
2004, leading to a stage close to where they were before the LPCNR designa
tion. No significant patterns were documented between depth zones (Table 3),
but a significant interaction effect was documented between years and depth
zone as a result of the effect ofthe variable years.

Table 3. ANOSIM analysis of spatio-temporal changes in fish community
structure at Carlos Rosario Beach1.
Factors Global R Significance
Global test

Year 0.600 0.2%

Depth -0.013 42.9% NS2
Year x Depth 0.065 0.2%

Pairwise test

1996 vs. 1998 0.014 31.0% NS

1996 vs. 1999 0.056 15.8% NS

1996 vs. 2002 0.068 4.1%

1996 vs. 2003 0.122 1.6%

1996 vs. 2004 -0.001 46.8% NS

1999 vs. 2002 0.159 0.7%

1999 vs. 2003 0.221 0.1%

1999 vs. 2004 0.098 4.0%

1Based on 5000permutations.
NS= Non-significant (values <5% are considered significant).

Community Structure at CRO
The annual percent contribution of total herbivore biomass increased from

51% in 1996 to 62% in 1999, but declined to 46% in 2003 (Table 4). How
ever, it increased back to 59% in 2004. Non-denuders annual percent contribu
tion increased from 10% in 1996 to 18% in 1998 and stabilized at 17% from

1999 to 2004. Browsers have shown fluctuations associated to the behavior of

large acanthurid fish schools. However, they have remained largely unchanged
through the study. Similarly, annual percent contribution of scraper herbivores
has remained unchanged during the study. The annual percent contribution of
total carnivore biomass declined from 44% in 1996 to 35% in 1999, but
increased to 41% in 2002. However, it declined back to 38% in 2004. Percent
contribution in generalist carnivores was declining during the two years
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previous to the LPCNR designation. Three years later there was an increase,
followed by another decline in successive years. Percent contribution of
generalistcarnivores during 2003 and 2004 was even lower than that of 1999.
Piscivore annual percent contributionwas 10% in 1996 and declined to 6% in
1998, increasing back to 11% in 2003 and 2004. Planktivores have shown
large fluctuations through time, while omnivores percent contribution has
increased from a lowest 3% in 1999 to 13% in 2004.

Table 4. Percent contribution of fish functional group biomass to community
structure per year at Carlos Rosario Beach.
Functional group 1996 1998 1999 2002 2003 2004
Herbivores

Non-denuders

Browsers

Scrapers
Carnivores

GeneraBsts

Piscivores

Planktivores
Omnivores

10 18 17 17 17 17

20 17 23 9 11 22

21 22 22 22 18 20

21 17 18 20 17 16

10 6 7 7 11 11

13 15 10 14 9 11

5 5 3 11 17 13

SIMPER indicatorgroup analysis showedthat changes in the biomass of
different fish functional groups were significant causing temporal variation
patterns in CRO depending on the temporal scale (Table 5). Planktivores
caused the most significant change in community structure between 1996 and
1998, while non-denuders where the most important between 1996 and 1999.
Browsers were the most important group between 1996 and 2002, and 2002
and 2004, while piscivores did so between 1996 and 2003, and between 1996
and 2004, respectively. They were also the most significant factor influencing
temporal variation in community structure between years 1999and 2003, and
years 1999and 2004. Overall, meandissimilarity between 1999and 2002 was
32%, but declined to only 21% between 1999 and 2004. This suggests that
2004 fish communities at CRO were more similar to 1999 fish communities
than 2002 communities were.

Spatio-temporal Variation in Fish Communities: MPA Core Zone, Bound
ary and Control Site

Overall, fish communities were significantly different at the LPCNR core
zone (CRO)and in the control site (PSO)when comparedto the boundary zone
(PME), where fish communities have shown a dramatic decline since 1999
(Table 6). All communityparameters were significantly different among sites,
with the exception oftotal herbivore, browserand omnivore biomass,and fish
ery targetspecies density (Table 7). Post-hoc analysis showedthat both, CRO
and PSO had significantly higher mean values in most parameters when com
pared to PME. All community parameters were also significantly different
among years, with the exception of scraper herbivore, totalcarnivore, general
ist, piscivore,and planktivore biomass. Post-hoc analysis showedthat botii,
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CRO and PSO had significantly higher mean values in most parameters after
the LPCNR designation. The opposite was observed at PME. No significant
differences were documented between depth zones, with the exception of
browser herbivores that showed a significantly higher biomass in shallower
habitats. There were significant site x year interactions in all parameters, with
the exception of non-denuder herbivore, piscivore, planktivore and omnivore
biomass, and in fishery target species density. Site x depth interactions were
non-significant,with the exception ofpercent biomass offishery target species.
All year x depth interactions were non-significant.

Table 5. SIMPER test of indicator functional groups at Carlos Rosario Beach.

Factors Group P Bio

mass

Factor A

P Biomass

Factor B

% contrib..

1996 vs. 1998 Planktivores 0.03 0.11 23.12%

D=24.92% Non-denuders 0.03 0.10 19.09%

Piscivores 0.01 0.06 17.17%

1996 vs. 1999 Non-denuders 0.03 0.06 23.57%
D=12.42% Omnivores 0.05 0.08 22.18%

Planktivores 0.03 0.05 15.03%

1996 vs. 2002 Browsers 0.02 0.32 25.95%

D=37.49% Piscivores 0.01 0.18 20.02%

Generalists 0.03 0.15 14.16%

1996 vs. 2003 Piscivores 0.01 0.13 24.01%

D=28.35% Planktivores 0.03 0.16 23.75%

Non-denuders 0.03 0.11 15.80%

1996 vs. 2004 Piscivores 0.01 0.11 25.96%

D=24.09% Generalists 0.03 0.13 21.40%

Non-denuders 0.03 0.10 17.54%

1999 vs. 2002 Browsers 0.03 0.32 27.04%

D=33.76% Piscivores 0.01 0.18 21.89%

Scrapers 0.04 0.21 18.58%

1999 vs. 2003 Piscivores 0.01 0.13 29.03%

D=23.11% Planktivores 0.05 0.16 21.85%

Generalists 0.04 0.10 14.07%

1999 vs. 2004 Piscivores 0.01 0.11 29.47%

D=20.94% Generalists 0.04 0.13 20.65%

Omnivores 0.08 0.13 15.29%

2002 vs. 2004 Browsers 0.32 0.06 28.41%

D=21.60% Scrapers 0.21 0.07 19.11%

Omnivores 0.08 0.13 13.82%
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Table 6 (cont.).

Generalist carnivore

biomass

CRO
PME

PSO

515

2783

699

1153

2632

1133

2793

888

1172

3553

1753

2577

2696

741

1144

1616

1044

1161

1593

370

1836

3840
504

2375

Piscivore biomass CRO
PME

PSO

479

1123

101

216

1016

426

7148

663

195

2710

1580
1704

4326

247

253

2645

435

892

3803
107

992

1913
240

312

Planktivore biomass CRO
PME

PSO

417

48

342

541

41

1156

534

13
210

1564

19

297

1616

22

106

1629

17

240

268

42

360

417

11

108

Omnivore biomass CRO
PME

PSO

162

1550

185

90

1145

1058

182

118

135

43

91

265

187

52

79

205

114

127

85

89

146

303

27

195

Fishery target species
density

CRO

PME

PSO

0.08

0.09

0.09

0.09

0.24

0.14

0.37

0.31

0.50

0.26

0.41

0.45

0.46

0.35

0.47

0.43

0.41

0.21

0.18

0.28

0.74

0.34

0.25

0.57

Fishery target spp.
standing stock bio
mass

CRO

PME

PSO

7.15

20.6

9.7

7.09

20.1

9.9

73.9

13.5

10.2

47.4

20.4

20.1

46.1

7.1

10.2

26.8

11.3

12.9

33.3

4.5

20.3

35.8

5.0

16.5

Percent biomass fish
ery target species

CRO

PME

PSO

50%
36%

56%

44%
38%

42%

75%
66%

49%

59%

71%

46%

74%

66%
63%

67%
67%

56%

71%

55%
57%

70%
64%

61%

*Values x Kg.
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Table 7. Significant spatio-temporal changes in fish community parameters
through time (1999-2004). Figures are p values from ANOVA.

Parameters0 Site Year Depth Sitex Site" Year
Year x x

Depth Depth
Species richness 0.0027 0.0020 0.1354 0.0295 0.2458 0.6791

Abundance 0.0034 0.0027 0.0959 0.0027 0.5780 0.5278

Species diversity index 0.0034 0.0134 0.1201 0.0129 0.0811 0.6909
(H'n)
Species evenness (J'n) 0.0038 0.0241 0.0581 0.0055 0.1488 0.6858

Total biomass 0.0008 0.0130 0.0645 0.0005 0.1989 0.3638

Total herbivore biomass 0.1360 0.0185 0.6211 0.0036 0.9562 0.5084

Non-denuder herbivore 0.0005 0.0384 0.4242 0.5054 0.0665 0.5604

biomass

Browser herbivore biomass 0.3560 0.0043 0.0430 0.0007 0.2529 0.0982

Scraper herbivore biomass 0.0160 0.0511 0.0970 0.0112 0.4732 0.4542

Total carnivore biomass 0.0015 0.0680 0.0616 0.0068 0.3009 0.7964

Generalist carnivore bio- 0.0286 0.1526 0.0314 0.0059 0.9770 0.3489

mass

Piscivore biomass 0.0070 0.0900 0.4018 0.0558 0.0987 0.5949

Planktivore biomass 0.0000 0.1361 0.5157 0.0690 0.2589 0.1655

Omnivore biomass 0.6140 0.0480 0.6808 0.1127 0.3344 0.7984

Fishery target species den- 0.1578 0.0009 0.5429 0.1250 0.3038 0.2424
sity
Fishery target species 0.0009 0.0108 0.5636 0.0018 0.2125 0.8538
standing stock biomass
Percent biomass fishery 0.0000 0.0000 0.4043 0.0000 0.0375 0.0995
target species
a D.F.= time (2), year (3), depth (1), site x year (6), site x depth (2), year x depth (3),
error (6).
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Multivariate Analysis of Sites
There was a highly significant difference in fish community structure at

the functional group level among sites (Table 9). Fish communities at CRO
were significantly different than both, PME and PSO. PME was significantly
different than PSO. No significantdifferences were documented among years
and between depth zones. However, a pairwise ANOSIM test documented
significantdifferencesbetween 1999 and 2002 when pooling all sites, and be
tween 1999 and 2004. MDS analysis (stress=0.16) revealed seven different
clusterpatternsof sites, years and depth zones when using the 20% dissimilar
ity cut-off level, with a large group composed by PME and PSO, and a close
groupcomposed by CRO-1999 and CRO-II-2004 (Figure 4a). Clusters follow
a gradient of change through time after the LPCNR designation, but also re
flect a dramatic reversal in fish community structure at PME and the early
signs of reversal at CRO.

Magnitude of Changes Within and Between Sites
There were dramatic within-site changes in community structure five years

after the LPCNR designation(Table 8). Species richness increased by a factor
of 41% and 61% at CRO and PSO, respectively, while fish abundance in
creased by a factor of 287% and 339%, respectively. However, abundance
declined by 52% at PME. Total biomass increased by 198% at CRO and by
54% at PSO, but declined by 87% at PME. Browser herbivore biomass in
creased by 137% at CRO and by 810% at PSO, but declined by 96% at PME.
Generalist carnivore biomass increased by 226% at CRO and by 130% at PSO,
but plummeted by 84% at PME. Piscivores showed a similar decline at PME,
but increased by 147% at PSO and by 722% at CRO. Fishery target species
standing stock biomass increasedby 392% at CRO and by 276% at PSO, but
declined by 77% at PME.

Between-site differences in year 2004 were also significant for most pa
rameters, particularly when CRO and PSO were compared to PME (Table 8).
For example, CRO showed higher mean values when compared to PME in
factors such as fish abundance (293%), total biomass (501%), and mean bio
mass of browsers (480%), scrapers (160%), total carnivores (744%), general
ists (522%),piscivores(1547%), planktivores (1192%)and omnivores(234%),
as well as in fisherytarget speciesstandingstockbiomass(631%). Differences
were less pronounced between CRO and PSO, but CRO showed higher fish
abundance (23%), total carnivore biomass (79%) and piscivore biomass
(338%). However, CRO showed a slightly lower (6%) fishery target standing
stock biomass than at the control PSO. PME showed dramatically lower mean
values for most of the parameters when compared to PSO (Table 8), suggesting
a fish community collapse.
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Table 8. Magnitude of changes documented in fish community parameters
within and between sites between 1999 and 20041.
Parameters CRO PME PSO CROv

PME

20042

CROv

PSO

20043

PMEv

PSO

20044
Species richness 41% 0% 61% 15% -21% -33%

Abundance 287% -52% 339% 293% 23% -69%

Species diversity index
(H'n)
Species evenness (J'n)

-13%

-21%

60%

55%

3%

-11%

-30%

-34%

-23%

-16%

9%

26%

Total biomass 198% -87% 54% 501% 34% -78%

Total herbivore biomass 93% -75% 111% 50% -32% -55%

Non-denuder herbivore

biomass

Browser herbivore bio

48%

137%

104%

-96%

27%

810%

-28%

480%

-66%

-45%

-52%

-91%

mass

Scraper herbivore bio
mass

Total carnivore biomass

71%

231%

-73%

-83%

9%

55%

160%

744%

-6%

79%

-64%

-79%

Generalist carnivore
biomass

Piscivore biomass

226%

722%

-84%

-84%

130%

147%

522%

1547%

29%

338%

-79%

-73%

Planktivore biomass -28% -49% -69% 1192% 46% -89%

Omnivore biomass 54% -96% -73% 234% 14% -66%

Fishery target species
density
Fishery target species
standing stock biomass
Percent biomass fishery
target species

206%

392%

50%

61%

-77%

61%

470%

276%

20%

-2%

631%

18%

-60%

-6%

19%

-60%

-87%

0.8%

1Annual means.
2Relative magnitude ofCRO compared to PME.
3Relative magnitude ofCRO compared toPSO.
4Relative magnitude of PME compared to PSO.
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Table 9. ANOSIM analysis of spatio-temporal changes in fish community
structure.
Factors Global R Significance
Global test

Site

Year

Depth
Site x Year

Site x Depth
Year x Depth

Pairwise test - Site

CRO vs. PME

CRO vs. PSO

PME vs. PSO

Pairwise test - Year

1999 vs. 2002

1999 vs. 2003

1999 vs. 2004

2002 vs. 2003

2002 vs. 2004

2003 vs. 2004
'Based on 5000 permutations.
2NS= Non-significant (values <5% areconsidered significant).

0.402 0.0%
0.079 11.9% NS2
0.004 40.0% NS
0.403 0.9%
0.382 0.0%

-0.073 77.4% NS

0.640 0.1%

0.483 0.1%

0.166 2.4%

0.280 2.6%

0.200 7.4% NS

0.256 2.6%

-0.030 52.4% NS

-0.189 99.4% NS

-0.061 65.4 NS

Community Structure per Site, Year and Depth Zone
Herbivores had a 38% biomass contribution at CRO, with 51% at PME

and 49% at PSO, when data was pooled across time (Table 10). Carnivores
had a 51% biomass contribution at CRO, with 35% at PME and 37% at PSO,
when pooled across time. Omnivores showed little fluctuations among sites.
Non-denuders were proportionally higher at PSO (23%) and PME (20%).
Browsers, scrapers and generalists did not fluctuate much among sites.
Piscivores (16%) and planktivores (19%) were proportionally higher at CRO.
Herbivores percent contribution increased overall from 43% in 1999 to 50% in
2004. Non-denuders showed also a large increase from 14% to 20%. Carni
vores did not fluctuate much overall through time, but piscivore percent
contribution increased from 9% in 1999 to 14% in 2002. However, declined to
11% in 2004. There were not many differences between depth zones overall,
but herbivores were proportionally more abundant in shallow water, while
carnivores were more abundant in deep habitats.

SIMPER indicator group analysis showed that planktivores were die most
significant functional group causing differences in fish community structure
between CRO and PME, and between PSO and PME (Table 11). Piscivores
were the most significant group explaining differences between CRO and PSO.
CRO and PME showed the highest mean dissimilarity between sites (32%).
Omnivores were the most significant group explaining differences between
1999 and subsequent years. Piscivores explained most of the differences
between 2002 and 2004, while planktivores explained most of the variation
between shallow and deep habitats.
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Figure 4. Multi-dimensional scaling plots of fish community structure changes:
A) Temporal variation patterns in Carlos Rosario Beach, B) Spatio-temporal
variation patterns (reserve, boundary, control outside sites). Circles show
groupings based on a 20% dissimilarity cut-offlevel.
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Table 10. Percent contribution of fish functional group biomass to community
structure per site, year and depth zone.
Functional CRO PME PSO 99 02 03 04 I II

group
Herbivores

Non-

denuders

Browsers

Scrapers
Carnivores

Generalists

Piscivores

Planktivores
Omnivores 11 14 14 19 11 13 13 14 13

Table 11. SIMPER test of indicatorfunctional groups for sites, year and
deptb zones.
Factors Group P Biomass P Biomass %contrib..

Factor A Factor B

12 20 23 14 17 20 20 18 18

10 13 10 11 14 11 13 12 12

16 18 16 18 18 17 17 19 16

16 17 16 15 18 17 17 16 18

16 12 8 9 14 12 11 11 13

19 6 13 14 8 10 9 10 10

CRO VS. PME Planktivores 0.09 <0.01 28.21%

D=32.31%
CRO vs. PSO Piscivores 0.09 0.02 22.76%

D=25.53%

PME vs. PSO Planktivores <0.01 0.04 20.83%

D=25.84%

1999 vs. 2002 Omnivores 0.11 0.02 19.53%

D=28.39%

1999 vs. 2003 Omnivores 0.11 0.02 23.32%

D=26.66%

1999 vs. 2004 Omnivores 0.11 0.02 23.83%

D=27.42%

2002 vs. 2004 Piscivores 0.07 0.04 20.53%

D=25.47%
Depth Ivs. Depth II Planktivores 0.03 0.05 19.78%

DISCUSSION

Effects of the LPCNR Designation on Fish Communities
Our study showed six important things:
i) Fish communities were significantly overexploited by fishing activi

ties before the LPCNR designation;
ii) There was a rapid increase in species richness, total abundance and

biomass of most functional groups, including piscivores during the
first three years after the LPCNR designation;

iii) Since 2002 there has been a decline in biomass of fishery target spe
cies groups within the core areas at CRO;

iv) In spite of that trend, core areas of the LPCNR supported higher bio
mass of most of the fishery target species groups in comparison to
boundary areas;
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v) Fish communities at the boundary area of PME suffered a severe de
cline between 1999 and 2004; and

vi) There was a significant increase in biomass ofmost functional groups
at the control site at PSO comparable to core areas within LPCNR.

Rapid recovery in fish communities within the LPCNR and control sites
outside was outstanding and comparable to previous reports in the Caribbean
(Helpern et al. 2002). For example, Roberts and Hawkins (1994) reported a
total biomass slightly above 4.1 kg/count two years after an MPA designation
in St. Lucia and a biomass of 1.8 kg/count at a control site outside. Roberts
(1995a) reported a total biomass of 3.5 kg/count four years after an MPA des
ignation in Saba and a biomass of 1.9 kg/count at a control site outside. Bio
mass increased to 4.5 kg/count within the MPA and to nearly 4.0 kg/count out
side six years after the MPA designation. In our study, total biomass three
years after the LPCNR designation increased from an annual mean of 2.7 kg/
count at the moment of designation to 16.6 kg/count within the core area of
CRO. Biomass increased from 3.9 kg/count in 1999 to 5.9 kg/count in 2002 at
a control site PSO. But five years after designation, total biomass declined at
CRO to 8.0 kg/count, while biomass at PSO remained at 6.0 kg/count The
magnitude of the total biomass decline within the core area of the LPCNR was
52% only within two years, while at the same time biomass remained virtually
unchanged at the control site subjected to fishing. A nearly similar pattern was
documented within many of the individual functional groups. However, the
most dramatic fish community collapse occurred at the boundary site ofPME.
Mean total biomass was 10.5kg/count in 1999,but plummetedto 1.3kg/count
in 2004, a magnitude of 87%. These observations suggest that three factors
might have affected fish communities:

i) Illegal fishing activities within the LPCNR;
ii) Environmentaldegradation in the boundary area at PME; and
iii) A combination ofboth.

Artisanal fishingwas eliminated and recreational fishingwas significantly
reduced after the designation of the LPCNR during the first three years. How
ever, there has been a systematic increase in the presence of poachers within
the LPCNR since year 2002. These include mostly off-island recreational
spearfishers, and recreational and artisanal hook and line fishers (Hernandez-
Delgado 2004b). Also, there has been recent increase in illegal fishing activi
ties, including shark long-lines, queen conch, topshell, and octopus poaching
(Hernandez-Delgado 2004b). Local residents have also documented for the
first time several localized juvenile fish and invertebrate massive kills in rocky
shores within and outside LPCNR, which might suggest the recent introduction
of chemicals during fishing activities by off-island residents. But most of the
fishing pressure documented at CRO has been recreational spearfishing from
off-island private yacht operators (Hernandez-DelgadoPers. obs.). Fishing can
have rapid negative effects on the community structure of coral reef fishes
(Roberts and Polunin 1993, Russ and Alcala 1998) and benthic habitats
(Hawkins and Roberts 2004). The effect of spearfishing pressure reflected on
a decline in mean sizes of target fishery species such as red hind, Epinephelus
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guttatus, graysby, Cephalopholis cruentatus, schoolmaster, Lutjanus apodus,
dog snapper, Lutjanus jocu, and yellowtail snapper, Ocyurus chrysurus (data
not shown). It has also reflected in catch and release data ofE. guttatus at sev
eral sites within the LPCNR that has consistently showed a declining trend in
mean abundance and size (Lopez and Sabat Unpub. data). Moreover, fishery
target species standing stock biomass at CRO increased from 7.1 g/m2 at CRO
in 1999 to 60.7 g/m2 in2002, a magnitude of 755%. These values were com
parable to those reported by Polunin and Roberts (1993) but low to those re
ported by Roberts and Polunin (1994) from Hoi-Chan. However, standing
stock biomass at CRO declined to 34.5 g/m2 in 2004, a magnitude decline of
43% within only two years. Meanwhile, standing stock biomass of fishery
target species atPSO control site increased from 9.8 g/m2 in 1999 to36.8 g/m2
in 2004, a magmtude of 276%. Recreational boats rarely frequent PSO, sug
gesting that recreational spearfishing pressure from private yacht operations is
lower at this site in comparison to CRO. Rapid recovery at the control site
outside the LPCNR may also suggest a possible combined effect of high re
cruitment and a possible fish spillover effect If suitable habitatsexist, mobile
species will search for resources outside of the MPAs, leading to export of
biomass to areas which are fished (Sanchez-Lizaso 2000).

On the other hand, PME has also shown a dramatic increase in fishing
pressure immediately after the LPCNR designation due to a fishing effortdis
placement effect. Fishing hasbeenmostly by hookandlinefrom the shoreand
boat anglers, and by recreational spearfishers. But this site has also suffered
severe environmental degradation resulting from sediment- andnutrient-loaded
runoff from the urban area ofCulebra. Nemeth and Nowlis (2001) showed that
sediment-loaded runoff lead to coral decline in St. Thomas. Culebra Island has
experienced extensive development during the last few years (Hernandez-
Delgado 2004a,b), exposing large areas of land to erosion without therequired
controls. Hernandez-Delgado and Sabat (in press) documented a 46% decline
in coral cover, a 683% increase in macroalgal cover and a 279% increase in
cyanobacterial cover within 1997 and 2003 atLPCNR. ANOSIM tests showed
this trendto be highly significant through timeand among depthzones. This
phase shift was associated to the long-term cumulative effects of frequent
highly sediment- and nutrient-loaded runoffpulses and coral disease outbreaks.
Subsequently, Hernandez-Delgado (unpub.data) has documented a close rela
tionship between runoff pulses and disease outbreaks andmortality events in
Acroporid corals. As a result, dead coral surfaces were rapidly occupied by
algae. Thus, recent high coral mortality hasresulted in a significant phase shift
in benthic community structure from coral to algal dominance that could ex
plain in part the rapid increase in non-denuder herbivore biomass
(Pomacentridae). Most pomacentrids are highly territorial and can interfere
with significant reef processes such as tissue regeneration in corals
(Hernandez-Delgado 2000) and bioerosion rates (Risk and Sammarco 1982).
Similarly, Jones et al. (2004) documented a majordecline in fish communities
in PapuaNew Guinea following coraldecline. Therefore, it is suggested that
the observedphase shift in fish community structureat PME has been the com
bined result of fishing pressure and environmental degradation. This further
suggests that management failures in combination with coral decline have con-
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Management Failures
There has been an increasing concern for the ecological effects of non

compliance associated to management failures in MPAs (Kritzer 2004).
Caribbean-wide surveys have shown that MPA effectiveness and compliance
levelsare directly relatedto the capacity of managing institutions (Appeldoorn
and Lindeman 2003). Non-compliance usually results in illegal harvesting
activities that can dissipate the potential benefits of management regulations
(Gigliotti and Taylor 1990). Illegal fishing activitieswithin the boundary and
core zones of LPCNR have been the direct result of management failures by
the PR Department of Natural and Environmental Resources (PRDNER), as
well as by other co-enforcing agencies.

Several aspects regarding management failures can be mentioned:
i) There was only a part-time management officer at LPCNR for the

period of 2001 to 2003, and there has been none in Culebra since
then;

ii) Boundary buoys were placed in 2002 but vandalized or dislodged by
strong currents in 2003 and not placed back for over a year;

iii) There has never been continuous patrolling and law enforcement;
iv) Sporadic patrolling has been conducted by local fishermen that have

no legal authority;
v) There is no management plan in place;
vi) There is no educationaland outreachprogram in place;
vii) There is no coordination among enforcing agencies or between

agencies and stakeholders;
viii)Scientific information has not been translated into management

action; and
ix) Fishing pressure has shifted from artisanal to recreational and not

much attentionhas been paid to recreational fishing effects.

Also, we identified combined natural resource management failures by
public and private sectors outside the boundaries of LPCNR but that are
negatively affecting the reserve. These included:

i) Major land clearing activities on steep slopes;
ii) Lack of compliance with erosion and sedimentation control regula

tions;
iii) Lack of enforcement of these regulations by Municipal and State

government agencies;
iv) Illegal beach land clearing;
v) Continuous illegal pumping of sediment-loaded waters from public

project sites to coastal waters;
vi) Construction and/or expansion of private and public dirt roads on

steep slopes without any erosion control measure; and
vii) Illegal raw sewage discharges to coastal waters.

Environmental degradation outside LPCNR boundaries has been identified
as a major concern for the conservation of coral reef and seagrass benthic
communities within LPCNR (Hernandez-Delgado, 2004a,b). This study
showed that fish communities at the PME boundary zone have been largely
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affected.

CONCLUSIONS

There was a rapid recovery of fish communities three years following the
designation of the LPCNR. Control fished reefs located outside the reserve
boundaries also showed a rapid recovery in fish communities. However,
management failures have resulted in poor compliance and in a recent increase
in illegal fishing activities. This has resulted in a fish decline trend within core
areas of LPCNR during the period of 2002 to 2004. Control sites showed the
opposite trend. Also, fish communities at the reserve boundary site collapsed
as a combined result of increased fishing pressure by fishers displacement after
LPCNR designation and by chronic environmental degradation. In spite of
that, LPCNR has been a successful tool restoring overexploited fish communi
ties in Culebra Island. This suggests that even with very limited efforts no-
take MPAs can be successful in restoring severely depleted fishery resources.

MPA effectiveness can be limited by low institutional and community
capacity for management (Jameson et al. 2002), leading to management
failure. Management failure can result in declining community support and
lack of compliance with management measures, including fishing prohibition
(Coleman et al. 2004). User surveys have also shown that the lack of an
educational and outreachprogram, combinedwith the lack of boundary buoys
demarcation and the absenceof enforcing personnel,preventedmost off-island
recreational navigators to know the exact location of the LPCNR and the
existing fishing prohibition (Hernandez-Delgado et al. Unpub. data). Manage
ment failures can also have profoundeffectson the successof a no-take MPA
in achieving its goals and objectives (Coleman, et al. 2004). Those effects
could be even more negative on the perception of the public. Furthermore,
environmental degradation can magnify those effects. Therefore, there is a
need to account for these variables through the development of a management
planthat should involve local stakeholders, the academia, NGOs, etc.

Specificmanagement recommendations include:
i) Promote stronger coordination and collaboration among Federal,

State, Municipal, academic, non-governmental agencies and commu
nity stakeholders;

ii) Increase local public educationand outreach;
in) Enforce existing LPCNR no fishing regulations and laws governing

resource extraction;
iv) Reduce the effectsoffishingon the boundariesof the LPCNR;
v) Build research and analytical capacity in the PRDNER;
vi) Promote management-orientedresearch in the PRDNER;
vii) Integrate a water quality monitoring component to existing coral reef

epibenthic and fish communities monitoring programs;
viii)Develop an ecosystem-based model for the design of a long-term

ecological monitoring network;
ix) Develop a management plan;
x) Integrate stakeholders into a participatorymanagementmodel;
xi) Recognize and incorporateknowledge of the community;
xii) Reduce or eliminate land-derived pollution from coastal development
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xiii)Enforce existing regulations and laws governingerosion and sedimen
tation controls; and

xiv) Improve and maintain coastal water quality.

Management failures within and outside LPCNR need to be addressed and
eliminated in order to keep community support, and to restore trust and
compliance.
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ABSTRACT

Deep-water coral reefs are impacted by a number of anthropogenic
activities, primarily destructive fishing practices. In some locations, the coral
framework has been reduced to such an extent that it no longer fulfills its
original ecological function. Large-scale restoration of damaged reefs is
neither logistically nor economically feasible, but habitat restoration may be
viable in small ecologically significant areas. The OculinaBanks off the south
eastern coast of Florida have been so severely damaged over the past 20 years
that much of the coral has been reduced to rubble with no infrastructure. The

framework coral, Oculina varicosa is a broadcast spawning species, which
annually produces many dispersive larvae, however, there is no evidence of re-
colonization of denuded areas. It is possible that the rubble does not provide
suitable substrate for planular settlement or that repeated impact from illegal
trawling destroys any newly established colonies. Between 1996 and 2001,
restoration modules were deployed in the Experimental Oculina Research
Reserve (EORR) a small (315 km2) area of the Oculina Banks. In total, 281
large and 450 small modules were deployed (some with coral transplants) in
various configurations. Coral transplants have survived and limited recruit
ment of new colonies had been observed in the older modules. It takes several

years before recruits reach sufficient size that they can be positively identified
with ROV and submersible cameras. Commercially important predaceous fish
species have been observed in association with the large modules and small
fish have taken up residence inside them. The restoration project will be
assessed whenever possible for coral transplant survival and growth, coral
recruitment, and habitat function for important fish species.

KEY WORDS: Coral, restoration, deepwater
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Oculina Deposita Proyecto de la Restauraci6n:
Descripci6n y Gravamen Preliminar

Los filones coralinos profundos son afectados por un numero de activida-
des anthropogenic; sobre todo practicas destructivas de la pesca. En algunas
localizaciones, se ha reducido el marco coralino hasta tal punto que satisface
no mis de largo su fiincion ecologica original. La restauracion en grande de
filones dafiados es ni logisticamente ni economicamente factible, pero la
restauracion del habitat puede ser viable en areas ecologico significativas
pequenas. El Oculina ejerce la actividad bancaria de la costa del este del sur de
la Florida se ha dafiado tan seriamente sobre los ultimos 20 aiios que mucho
del coral se ha reducido al escombro sin la infraestructura. El coral del marco,
varicosa de Oculina es una especie de freza de la difusion, que produce
anualmente muchas larvas dispersivas, sin embargo, no hay evidencia de la re-
colonizacio'n de areas denuded. Es posible que el escombro no proporciona el
substrate conveniente para el establecimiento planular o que el impacto
repetido de pescar con red barredera ilegal destruye a cualquier colonia
nuevamente establecida. Entre 1996 y 2001, los modulos de la restauracion
fueron desplegados en la reserva experimental de la investigation de Oculina
(EORR) unarea pequefia (315 km2) de los bancos de Oculina. Un total de260
modulos grandes y 450 pequefios fue desplegado (algunos con los trasplantes
coralinos) en varias configuraciones. Los trasplantescoralinos han sobrevivido
y el reclutamiento limitado de nuevas colonias habia sido observado en los
modulos mis viejos. Toma varios anos antes tamafio del alcance de los
reclutas de suficiente que pueden ser identificados positivamente con ROV y
las camaras fotograficas sumergibles. Las especies predaceous comercial-
mente importantes de los pescados se han observado en la asociacion con los
modulos grandes y los pescados pequefios han tornado la residencia dentro de
ellos. El proyecto de la restauracionsera determinadosiempre que sea posible
para la supervivencia y el crecimiento coralino del trasplante, el reclutamiento
coralino y habitat funcione para la especie importantede los pescados.

PALABRAS CLAVES: Oculina, Deposita Proyecto de la Restauracion

INTRODUCTION

The Ivory Tree Coral, Oculina varicosa (Lesueur, 1820), occurs at depths
between 5 m and 100 m on the Atlantic coast of Florida. It is facultatively
zooxanthellate and can tolerate a wide range of environmental conditions
including low temperature, high turbidity and low light levels. The shallow
populations have been reportedas far northas SouthCarolina, and as far south
as the Florida Keys and the Caribbean, however the taxonomyof the Oculini-
dae of the Western Atlantic is somewhat confused (Dr. S. Cairns Pers. comm.),
so the distribution descriptions may be incorrect.

In deep water, O. varicosa forms massive bushes of fragile colonies,
creatingcontinuous tractsof reef on the slopesand tops of pinnacles, similar in
structure to deep-water Lophelia reefs. The deep Oculina bioherms are the
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only known monospecific coral banks that occur on the North American
continental shelf at less than 200 m depth. Similar bioherms of Lophelia
pertusa and Enallopsammia profunda exist in deeper waters at the base of the
Florida Hatteras Slope and the Blake Plateau (Reed 2000). All of these deep-
water 'reef-building' corals have a similar growth pattern, which is unlike that
of typical shallow water species. As the colony increases in diameter, the
tangledouter branches blockwater flowto the core of the colony,and the inner
branches of the colony die. Bioerosional processes weaken the dead coral
branches, which eventually break and the colony falls apart. The outer living
branches continue to grow, and new recruits may colonize the exposed dead
core. As this process continues over thousands of years, these mounds and
pinnacles can reach tens of meters in height, with the live coral forming a
cover over the unconsolidated dead coral debris below.

The deep shelf-edge Oculina reefs form natural spawning grounds for
commercially important populations of gag (Mycteroperca microlepis) and
scamp (M. phenax) grouper. They also serve as nursery grounds for juvenile
snowy grouper (Epinephelus niveatus), and feeding grounds for these and
many other commercial fish species including black sea bass (Centropristis
striata), red grouper (E. morio), speckled hind (E. drummondhayi), Warsaw
grouper (E. nigritus), amberjack (Seriola sp.), red porgy (Pagruspagrus) and
red snapper (Lutjanus campechanus) (Gihnore and Jones 1992). Apart from
the valuable fisheries species, the deep-water reefs also support very rich
communities of invertebrates; faunal diversity on the Oculina banks is
equivalent to that of many shallow tropical reefs. Over 20,000 individual
invertebrates were found living among branches of 42 small Oculina colonies,
yielding more than 350 different species (Reed and Hoskin 1987, Reed and
Mikkelson 1987, Reed 2000), many of which are important food sources for
animals at higher trophic levels. These unique deep-water Oculina reefs exist
only on the shelf edge off eastern Florida, and stretch over 90 nautical miles
(167km) from Fort Pierce to Daytona (Avent et. al 1977, Reed 1980).

Three different fisheries have operated in the Oculina Banks area over the
past three decades: a trawl fishery for rock shrimp (Sicyonia brevirostris), a
trawl and dredge fishery for calico scallops (Argopecten gibbus) and a hook
and line fishery for reef fish (Koenig et al. 2000). Both the rock shrimp and
calico scallop fisheries began in the early 1970s (Allen and Costello 1972,
Kennedy et al. 1977, Oleson 1982). The scallop fishery collapsed in the late
1980s (Stimpson 1989) and the reef-fish fishery increased in the early 1980s,
especially at Jeffs Reef.

In 1984, the South Atlantic Fishery Management Council designated 315
km2 of the deep O. varicosa banks as a Habitat Area of Particular Concern
(HAPC), because of their importance to the life histories of many commer
cially valuable species. This area was closed to trawling, dredging, long-lining,
and trapping (Federal Register 49 FR 29607). In 1994, the status of the same
area was changed to the Experimental Oculina Research Reserve (EORR),
which closed the area to all bottom fishing for a period of 10 years, and in
1995 the use of anchors and grapples was prohibited in the reserve. The
EORR and a designated control (fished) area were mapped in 1995 with SIS
side scan sonar, and visually surveyed using an ROV and the Clelia submersi-
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ble (Harbor Branch Oceanographic Institution). Analysis of the side scan
information showed that terrain that supported O. varicosa thickets (high-
relief, high-backscatter) comprised just 3% of the EORR, although small O.
varicosa colonies were also found in surrounding low-relief high-backscatter
areas (Koenig et al. 2000, Scanlon 1999). Much of the Oculina habitat had
been severely degraded or destroyed since the initial surveys in the 1980s,
although the Jeffs Reef area was still intact and healthy. The coral structure
on parts of Chapman's Reef and Steeple had been damaged, and Sebastian
Pinnacles and Twin Peaks were covered with small pieces of coral rubble.
Fish communities had also changed from the diverse assemblages of economi
cally important species observed in the early surveys. In 1995, the abundance
of these species had declined (Koenig et al. 2000) and the dominant species
had shifted from grouper species, particularly scamp (Mycteroperca phenax),
to small non-fishery species, such as red barbier (Hemanthius vivanus) and
roughtongue bass (Holanthius martinicensis). Spawning aggregations of gag
and scamp observed on Jeffs and Chapman's Reef either had disappeared
completely or been reduced to a few small individuals.

By 1998, efforts were underway to amend the Oculina HAPC even
further. SAFMC was mandated by a 1996 amendment to the Magnuson-
Stevens Fishery Management Act to describe and identify essential fish habitat
(EFH), including adverse impacts on such habitat, in order to minimize
damage to EFH resulting from fishing activities. In addition, the agency was
required to identify other actions that encourage the conservation and enhance
ment of EFH (Magnuson-Stevens Act. 1996). On July 14th, 2000, the OHAPC
regulations were expanded to include the known extent of the Oculina Banks
(Federal Register 50 CFR 622). The rule retained the western and southern
boundaries of the existing OHAPC, moved the northern boundary 68.5km to
28°30* north latitude, and moved the eastern boundary to the 183 m contour
(Figure 1). Furthermore, two satellite HAPCs (10 km2) were established: Area
1 was bounded by 28°30'N, 28°29'N, 80o00W and 80°03*W and Area 2 was
bounded by 28°17'N, 28°16'N, SO^OW and 80^3^ Restrictions in the
expanded reserve prohibit:

i) Use of a bottom long-lines, bottom trawls, dredges, pots, or traps;
ii) Use ofanchors, anchor and chain, or grapple and chain; and
iii) Fishing for rock shrimp or possession of rock shrimp in or from the

area.

In 2001, the Oculina Banks were re-visited as part of NOAA's Office of
Ocean Exploration Islands in the Stream cruise, using the Clelia submersible
and Phantom S4 ROV for habitat surveys. Analysis of video transects taken
along ridge features within the EORR (7,645 m) indicated that most of the
habitat (90%) was comprised of unconsolidatedrubble, with small areas (4%)
of scattered coral colonies and intact (6%) coral habitat. Jeffs Reef and the
western ridge of Chapman's Reef are the only remaining areas of live thicket
habitat and together they cover approximately eight hectares. Video transects
(2014 m) of ridges taken outside the EORR showed only unconsolidated
rubble with occasional small colonies of live O. varicosa. Sparsely distributed
small colonies of O. varicosa were also observed on low relief rocky substrate.
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Some of these colonies were dead but standing. Historical coral sites (Reed
1980) were re-visited during the 2001 cruise, although there was uncertainty
about some of the exact site locations, none of areas surveyed had intact coral
habitat and most had been reduced to rubble. The exact causes of these
extensive areas dead coral are undetermined. Impact from commercial and
sport fishing is evident. Submersible and ROV surveys have shown evidence
of extensive damage apparently due to bottom trawls, and because the Oculina
habitat is at the edge of the Florida Current, bottom hook and line fishing
requires heavy weights that may also damage the coral beds. Fishing lines
have often been found among the coral and a large ball of long-line was
observed on the reefs in 2001. Damage to the Oculina habitat has reduced the
highly complex structure of standing coral heads to low relief, low complexity
rubble substrate which may not be suitable for larval settlement. Very little
natural recovery has been observed in the damaged areas. This may be due to
lack ofsuccessful larval recruitment or by repeated impact from trawling.

28N

27N

Figure 1. Chart of the Oculina Banks OHAPC showing dive areas visited in
2001: 1. Cape Canaveral, 2. Cocoa Beach, 3. Eau Gallie, 4. Sebastian
Pinnacles, 5. Chapman's Reef, 6. Jeffs Reef. Dots are historic dives sites
visited in the 1970s and 80s. The shaded area defines the expanded OHAPC
boundary and the smaller inset box is the EORR and the original (1984)
OHAPC boundary.
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Despite regulations that have been in place for two decades, there is
substantial evidence that illegal trawling still occurs in the OHAPC (Koenig
1997, Authors' Pers. obs.). In 2002, the SFMC recognized a need for in
creased protection for the OHPC and passed the rock shrimp FMP amendment
5 (Federal Register: 50 CFR 622.9) in January 2003. This requires the use of
an approved vessel monitoring system (VMS) by rock shrimp vessels and
requires the operator to have an operator permit, effective July 2003. The
Florida Fish and Wildlife Conservation Commission (FFWCC) have also
acquired a 20 m vessel, which now regularly patrols the Oculina Banks for
illegal fishing activity.

Restoration

Despite evidence that trawling is at least partially responsible for the
habitat degradation, we know almost nothing about natural senescence or
mortality of O. varicosa colonies. Similar areas of dead coral have also been
observed in deepwater Lopheliapertusa reefs (540 - 870 m) off the coast of
Florida (Reed 2000), where there are no records of a trawl fishery. There are
also areas of standing dead O. varicosa colonies, which have obviously not
been impacted directly with fishing gear. Natural phenomenon such as
protracted upwelling, benthic storms, or disease may be responsible for this
mortality, but the cause is currently unknown. Dead colonies apparently fulfill
a similar function to the live coral because they provide structure for inverte
brates and fish, but when the coral framework is reduced to unconsolidated
rubble, abundance and diversity of associated fauna declines and grouper
spawning aggregations are lost (Koenig et al. 2000).

Artificial structures (shipwrecks) off St. Augustine and Jacksonville to in
the northern region of the OHAPC are covered with Oculina colonies (Koenig
Pers. obs.), however very few new colonies were observed at damaged sites
during habitat surveys. This observationprompteda restoration effort with the
objective of supplying appropriate settlement substrate for coral larvae and
habitat for fish species. A pilot project was initiated in 1996 by Dr. Koenig
(NMFS/FSU), who deployed eight concrete structures with live coral trans
plants attached in the EORR. The transplants were still alive the following
year, so the project was expanded and 48 more blockswere deployed in 1997
and 1998. A larger scale restoration effort was undertaken in 2000 and 2001.
This paperdescribes the projectsand presents preliminary results.

Objectives
i) To rehabilitate fish habitat in destroyed areas by simulating O.

varicosa coral heads with artificial reef structures seeded with
Oculina fragments,

ii) To restore coral habitat destroyed by mobile fishing gear through
transplantationof O. varicosa fragmentsto denuded areas, and

iii) To evaluate the efficacy of different restoration methods within the
OHAPC.
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METHODS

Restoration Modules

Between 1996 and 1998, 56 restoration modules or 'reefblocks' (81.3cm x
81.3cm x 71.1cm) were constructed from 18 concrete cinder blocks and
deployed in groups at various locations within the in the EORR.

The first large scale restoration effort was initiated in 2000 when experi
mental coral transplant structures were deployed in Sebastian Pinnacles, a
badly degraded region of the EORR. Two types of restoration units were
utilized: reefballs and reefdisks. Reefballs were perforated hemispherical
concrete structures (www.reefball.org) approximately 1 m in diameter, 0.7 m
high and weighing 180 kg (Figure 2). Reefballs were chosen to simulate O.
varicosa colonies and provide fish with benthic structure similar to natural
coral heads. A small colony of live coral was attached to each reefball with the
anticipation that the coral fragments would eventually overgrow the structure
and form the foundation for coral recolonization. Corals were attached to the

reef balls with cable ties and a quick-setting cement mixture approximately
five minutes prior to deployment and were covered with seawater-saturated
paper towels to avoid dehydration on deck. The reefballs were deployed in an
experimental design to investigate the effect of cluster size and internal
complexity on association offish populations.

Figure 2. Reefballs with attached coral transplants and additional internal
complexity created by vexar mesh. Floats help slow descent rate and can be
used to locate reefballs for surveys



Page 614 57th Gulf and Caribbean Fisheries Institute

In addition to the reefballs, experiments using much smaller and simpler
'reefdisks' (Figure 3) were deployed in the same area of the EORR. Reefdisks
were concrete paving disks (0.3 m diameter) with a vertical PVC posts (0.4 m).
A coral fragment ('small' or 'large') was attached to the top of each post using
cable ties. This experiment tested the effect of fragment size on transplant
survival and growth, since smaller fragments require less coral and therefore
lower impact on donor sites. These disk clusters also represented coral
'nurseries' where small pieces of adult colony are used to seed recovery of the
damaged area. Raising the fragments off the substrate ensured that they were
not buried in sediment before they could become established colonies.

Coral fragments were collected on scuba by members of the Association
of Underwater Explorers (AUE divers) from an unidentified wreck at 90 m and
from the 'Cites Service Empire' wreck at 64 m. Corals were maintained in
chilled re-circulating aquaria until needed.

Figure 3. Reefdisks with 'large' coral fragments attached and ready for
deployment

Module Deployment
In 1996, eight reefblocks were deployed during this pilot study, four at

Jeffs Reef (intact coral habitat) and four at Sebastian Pinnacles (coral rubble).
Live O. varicosa was attached PVC posts at each of the upper corners of the
block.

In 1997, an additional 24 reefblocks were placed at four different loca
tions. Jeffs Reef (27°32.55'N, 79°58.74'W) and Chapman's Reef (27°36.51'N,
79°59.07'W) were in intact coral habitat, whereas Sebastian Pinnacles
(27°50.02'N, 79°57.70'W) and Steeple Pinnacle (27°43.57'N, 79°58.72'W)
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consisted of dead coral and coral rubble. The blocks were deployed in two
clusters of three at each location, one cluster with live O. varicosa transplants
and the other without.

In 1998, 24 reefblocks were deployed in the same locations and configura
tion as was used in 1997. The blocks had an additional piece of PVC on the
float line so that the blocks could be identified by year of deployment during
future survey cruises.

In 2000, a stern mounted hydraulic winch and a quick release hook was
used to deploy the reefballs, which were also fitted with drag boards attached
with biodegradable line. The boards ensured that released reefballs remained
in an upright position during decent and settlement on the bottom. In total, 105
reefballs were deployed in clusters of 5,10, and 20 at each of three locations in
the Sebastian Pinnacles area of the EORR. This experiment was designed to
test the effect of different reefball cluster sizes on rehabilitation of coral and

fish habitat. In addition to the reefballs, 450 small reefdisks were also deployed
in three replicate groups of 25 reefdisks for each of two treatments (large and
small fragments) in the same three damaged areas of Sebastian Pinnacles.

In 2001, a total of 120 reefballs were deployed in six clusters of 20 on the
tops of pinnacle ridges at Sebastian Pinnacles. All reefballs had coral trans
plants attached as before and in addition, half of the reefballs contained
internal complex structure created by vexar mesh to try to mimic the internal
microhabitat of coral colonies and attract some of the smaller fish such as red

barbier and roughtongue bass that are common in coral thickets. Replicate
clusters of reefdisks were also deployed, as described for 2000.

RESULTS

Reefblocks

In 1997, an ROV was used to locate and survey three of the reefblocks at
each site. In each case, the coral transplants were alive and appeared to have
grown. There was also evidence of growth on the surface of the reefblocks but
this could not be positively identified as coraL Fishing lines were wrapped
around all of the modules deployed in 1996, strongly suggesting that bottom
fishing intensity was high within the reserve. Additionally, a 'down-
planer' (used by trolling fishermen to get bait closer to the bottom) was
hanging on the side of one of the Oculina transplant modules, indicating that
fishermen were targeting bottom-associated species (grouper and snapper)
rather than pelagic species in the closed area. The continuation of bottom
fishing in the reserve will clearly affect conclusions concerning the use of
Marine Fisheries Reserves as management tools.

In 1999, a reefblocks were surveyed at JefFs reef using the Clelia
submersible. Coral was alive and growing but some transplants were missing.
New coral recruits were observed on a reefblock on the north side ofJefFs reef

(27°32.6020'N, 79°58.7521'W), and a snowy grouper was seen next to the
structure. In 2000, ROV surveys of the reefballs showed that, in addition to
providing support for the coral transplants and larval settlement substrate, these
structures provided artificial fish habitat. Many fish species were found around



Page 616 57th Gulf and Caribbean Fisheries Institute

these structures, and a scamp spawning aggregation appearedto be associated
with one of the clusters in Sebastian Pinnacles. Thus, the fish population was
locally enhanced when structural complexity was increased through the
deployment of the reefblocks. In 2001, insufficient numbers of reefblocks
were observedto draw any statisticalconclusions regardingtransplantsurvival,
coral recruitment or fish assemblages associated with these structures, but in
2003, several coral colonies were observed on a reefblock deployed in 1998
using a Phantom ROV. The Largest colony was 810 cm in diameter and ~ 3
yearsold,assuming a growth rateof 1.6- 2 cm/yr (Reed 1981). Morethanone
distinct size class was observed, indicating that larval recruitment may be
episodic.

Reefballs and Reefdisks

Reefballs and reefdisks deployed in 2000 were observed in 2001 using the
Clelia submersible. Reef fish abundance and species composition around
reefballs was much greater than over the surrounding dead habitat (Koenig et
al. In review). These species included groupers, snappers and amberjack as
well as the smaller fish species that are commonly found associated with
healthy coral (Table 1). Observation of economically important species
associated with the reefballs was particularly encouraging. The data show very
little difference between number of species and total abundance of fish
associated with the clusters of 10 and 20 but did show much fewer fish
associated with the smallest cluster size. Distribution of economically
important fish associated with the reefballs show similar trends (Figure 4).
Courtship-type behavior wasobserved between scamp grouper associated with
some of the reefball clusters, but spawning-season surveys are required to
determine the extent of their function as aggregation sites. Male gag grouper
were also observed in the vicinityof the reefballs. Submersible surveys of the
reefballs and reefdisks showed that two of the reefdisk clusters were missing
and only broken pieces of PVC remained. The PVC was broken rather than
detached from the concrete bases indicating strong mechanical impact. In the
vicinity of the missing reefdisk clusters were apparent trawl tracks in the
rubble. Of the 40 reefdisks surveyed that still had transplants, 50 - 60% was
alive, but fragment growth could not be scored with the available camera
resolution. Most of the reefballs (75%) deployed in 2000 still had attached
coral fragments and ~25% of these were alive. A preliminary conclusion is
that coral fragments attachedto the reef balls and disks can survive, but very
small fragments (< a fewcm)suffered higher mortality thanlarger transplants.



Table 1. Reef fish associated with threereplicate clusters (1500 m2) ofreefballs (* economically important species)
Common name Species name 5 reefballs/cluster 10 reefballs/cluster 20 reefballs/cluster

N % total N % total N % total

Greater amberjack* Seriola dumerili 109 37.72 100 41.32

Roughtongue bass Holanthias martinicensis 7 41.18 120 41.52 53 21.9

Red barbier Hemanthias vivanus 1 0.35 25 10.33

Almaco jack* Seriola rivoliana 20 6.92 20 8.26

Scamp* Mycteroperca phenax 3 17.65 15 5.19 14 5.79

Wrasse Labridae 1 0.35 10 4.13

Blue angelfish Holocanthus bermudensis 3 1.04 5 2.07

Reef butterflyfish Chaetodon sedentarius 4 1.38 3 1.24

Red snapper* Lutjanus campehanus 6 2.08 2 0.83

Snowy grouper* Epinephelus niveatus 2 11.76 1 0.35 1 0.41

Speckled hind* E. drummondhayi 3 1.24

Tattler Serranus pheobe 1 5.88 2 0.83

Red porgy* Pagrus pagrus 2 11.76 2 0.83

Puffer Canthigaster rostrata 1 0.41

Queen angelfish Holocanthus ciliaris 1 0.41

Bank butterflyfish Chaetodon aya 1 5.88 2 0.69

Short bigeye Pristigenys alta 2 0.69

Cardinalfish Apogon pseudomaculatus 2 0.69

Spiny Soldierfish Corniger spinosus 2 0.69

Sharpnose puffer

Bank seabass*

Yellowtail reef fish

Canthigaster rostrata

Centropristis ocyurus

Chromis enchrysurus
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Figure 4. Economically important fish associated with reefball clusters of 5, 10
and 20 deployed on coral rubble at Sebastian Pinnacles inthe EORR

DISCUSSION

Although reef restoration projects are common in shallow water environ
ments, this attempt to restore a deepwater coral ecosystem is the first of its
kind and preliminary results are promising. Coral transplants show moderately
good survival rates, which may be increased with improved handling tech
niques, and several new coral colonies have been observed on the older
structures. The reefballs were surveyed approximately one year after deploy
ment, which was too soon to assess coral recruitment as colonies would have
been too small to identify using submersible or ROV cameras. Recruitment of
coral larvae may be episodic and variable since different distinct colony size
classes were seen on one of the early reefblocks. If this is the case, it may take
several years before recruitment success can be assessed. The number of fish
species and total fish abundance were enhanced by the deployment of reefballs
on the badly damaged Sebastian Pinnacles site. Hopefully, these structures
will provide interim habitat for fisheries species until the Oculina habitat can
recover. The restoration structures will continue to be monitored as funding
allows for coral recruitment and growth and for development of associated fish
communities.

Surveillance and enforcement of regulations in remote areas is difficult
and expensive. However, surveillance of fishing activity, particularly at night
when shrimp trawlers operate, has been minimal at best. A list of trawling
violations in the OHAPC were obtained from the Office ofGeneral Council for

Enforcement and Litigation, NOAA, NMFS, SERO. Since 1984, arrests for
poaching occurred on 21 July 1993, 2 October 1994, 19 November 1994, and
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19January 2000, but levels of illegal activity are considerably higher than the
arrest records indicate. The trawler caught in 2000 was one of three working
in the OHAPC at the time and was captured after a half-hour chase (J. Reed,
personal communication). The typical penalty to trawlers caught poaching in
the OHAPC is confiscation of their catch, which is obviously insufficient to
deter them

The recently initiated VMS systems allow full-time monitoring of
commercial vessels therefore the level of surveillance in the OHAPC has
recently been increased but compliance to regulations by the user groups is
vital for effective resource protection. Although large-scale commercial
fisheries, such as trawlers, have direct and devastating impacts on the coral
habitat, small repetitive impacts from uninformed recreational fishermen may
also have long-termconsequences to the health of these reefs. Acceptance of
the OHAPCregulations by the differentuser groups may be motivated through
education of the public and fishing community on the value and fragility of the
coral habitat.
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ABSTRACT

The continental shelf of the northwestern Gulf of Mexico has many,
widely scattered, high-relief, bathymetric features (or banks) that represent
important naturally occurring aggregation areas for exploited fish species
(especially snappers and groupers). While a few of thesebanksare protected
and monitored as national marine sanctuaries (e.g., Flower Garden Banks),
most are unprotected and poorly studied. Here, we present initial results of a
study of one such bank, Sonnier Bank, where we are developing survey
approaches with sidescan sonar, seismic devices, SCUBA, ROV (remotely
operated vehicle), and fish traps. Sonnier Bank appears as a ring of topog
raphic peaks, covering approximately 12.6 km2. At the shallowest depths (<
30 m) we have observed a diverse community of unexploited reef fishes
associatedwith millepora coral and sponges. In this shallower environment,
rock hind (Epinephelus adscensionis) were the dominantserranid. The deeper
(45 to 60 m) bathymetric features of SonnierBank had the greatestnumbers of
exploitedreef fish species. Sidescan and ROV surveys identified these areas
as more gradually slopingwith large pieces of rubble (1 to 4 m in diameter).
Notable aggregations of vermilion snapper (Rhomboplites aurorubens), red
snapper (Lutjanus campechanus), and gray snapper (L. griseus) were present,
and yellowmouth grouper (Mycteroperca interstitialis) and graysby
(Cephalopholis cruentata) were also observed. Our ongoing efforts include
the calibration of a laser array for measuring distances with ROV video/
images, and comparisonsoffish counts and measurementsbetween divers and
the ROV. The development ofapproaches with ROV may be an effective way
to quantify and monitor commercially important snappers and groupers in
these deeper, structurally-complex habitats.

KEY WORDS: Visual survey, ROV, Sonnier Bank



Page 622 57th Gulf and Caribbean Fisheries Institute

Caracterizaci6n Preliminar como Habitat Esencial de Peces
de Arrecife en un Banco Continental de Profundidad

Intermedia en el Noroeste del Golfo de Mexico

La plataforma continental en el noroeste del Golfo de Mexico posed
muchas estructuras de alto relieve batim&rico (bancos) muy dispersas que
representan importantes sitios de congregation de muchas especies comercial-
mente importantes (particularmente huachinangos y meros). Mientras que un
numero limitado de estos bancos son protegidos y monitoreados como
santuarios marinos nacionales (e.g., Flower Garden Banks), la mayoria no
reciben protecci6n y son poco estudiados. Aqui presentamos los resultados
initiates del estudio de uno de estos bancos, el Banco Sonnier, en el cual
estamos desarrollando tecnicas de monitoreo que incluyen el sonar lateral,
aparatos sismicos, buceo autonomo, sumergible de control remoto (ROV), y
trampas de peces. El Banco Sonnier asemeja un anillo de picos y ocupa
aproximadamente 12.6 km2. En su profundidad minima (< 30 m) hemos
observado unadiversa comunidad depeces de arrecife no explotados asociados
con corales millepora y esponjas. En esta profundidad menor, el serranidomas
abundante es el Epinephelus adscensionis. En el Banco Sonnier, el mayor
numero de especies comercialmente importantes estan asociadas con estructu
ras batim&ricas de mayor profundidad (45 a 60 m). El sonar lateral y el
monitoreo con ROV identifica estas areas como zonas con pendientes mas
pronunciadas en el que se encuentran grandes estructuras (1 a 4 m de diame-
tro). Ahi se congregan gran numero de Rhomboplites aurorubens, Lutjanus
campechanus, y L. griseus, asi comoMycteroperca interstitialis y Cephalop-
holis cruentata. Actualmente estamos calibrando un grupo de lasers con el
objetivode utilizar las imagenes obtenidas con el ROV para medir distancias,
asi como realizando comparaciones entre los censos de peces obtenidos por
variosbuzos y mediante el ROV.El desarrollo de tecnologias associadas con el
ROV puede eventualmente convertirse en una forma efectiva para censar y
monitorearespecies comercialmente importantes de huachinangos y meros en
estas aguas mas profundas y estructuralmente complejas.

PALABRAS CLAVES: Plataforma continental, habitat esencial de peces de
arrecife, Golfo de Mexico

INTRODUCTION

The continental shelf of the northwestern Gulf of Mexico is dominated by
low-relief, soft-sediment environments that are punctuated by small, high-
relief, hard-substrate areas. These hard bottom features are often associated
with salt diapers (or salt-domes) and are called banks (Rezak et al. 1985).
Banks associated with the mid-shelf and shelf edge support diverse communi
ties (Rezak et al. 1985, Dennis and Bright 1988) and are important naturally
occurring aggregation areas for exploited fish populations. With the exception
of the Flower Garden Banks National Marine Sanctuary, most of the banks in
the northwestern Gulf of Mexico are unmonitored, and their importance as
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essential fish habitat is unqualified (Asch and Turgeon 2003, Coleman et al.
2004a). Part of the problem has been that the biota of these habitats is not
easily sampled with conventional survey gears (e.g., ottertrawls). In addition
if thesehabitats mightlaterbe designated as marine protected areas, the use of
sampling approaches that perturb sessile benthic communities would not be
desirable.

We are currently studying one mid-shelf bank in the northwestern Gulf of
Mexico, Sonnier Bank(approximate location: 28°20'N,92°27'W), to evaluate
it as essential habitat of coral and reef fish species and to develop survey
approaches with SCUBA and ROV (remotely operated vehicles) that can be
applied to monitor other similar banks in this region. The biota of Sonnier
Bank has been described by Rezak et al. (1985), and high-resolution bathym
etryhas recently been mapped with multi-beam sonar (Beaudoin et al. 2002)
(Figure 1). To date, we have conducted side-scan sonar surveys of Sonnier
Bank to characterize benthic habitats (results are not presented here), and we
have initiated SCUBA and ROV assessments of one of the main bathymetric
peaks. For mis preliminarydata, our objectivesare:

i) To evaluatethe precisionof visual surveysfor quantifyingabundance
of exploited fish populations,

ii) To comparecurrent sessilebenthic community compositionwith that
observed two decades ago (see Rezak et al. 1985), and

iii) To estimate age-structure of speciesthat were sampledfrom this peak
with hook-and-line.

METHODS

Sonnier Bank appears as a ring of siltstone, claystone, and sandstone
outcroppings. We conducted two initial surveys of the highest peak, which
crests at a depth of approximately 18 m. Our first trip, 9-11 August 2004, was
abandoned prematurely due to hurricane Bonnie; therefore, the results
presented here are primarily from our second trip, 24-27 August 2004.

The SCUBA visual survey approach followed Bohnsack and Bannerot's
(1986) method where target fish species observed in an imaginary cylinder of
radius 7.5 m were counted. The cylinder was visualized by the divers by
setting out 15 m lengths of line on the bottom. Due to the fish identification
experience of the divers and our desire to maximize the number of cylinder
counts, target species were limited to four families: Serranidae, Lutjanidae,
Haemulidae, and two genera of Carangidae (Seriola and Caranx). These fish
families were chosen because they represent major groups of exploited fish
populations in this region. Diving was conducted with nitrox (oxygen enriched
air) to maximize time at depth for divers, and count durations were limited to
five minutes per cylinder to maximize the number of cylinder counts per dive.
We selected the uppermost area of the peak with depths ranging from 18 to 29
m, and we distributed sampling locations evenly across the peak, covering an
area ofapproximately 0.006 km2 (n= 33).
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Figure 1. Hypsographic plot of depth on cumulative area (both 2-dimensional
and 3-dimensional area, as denoted in the key). Horizontal dashed line
represents maximum depth of SCUBA visual surveys, and inset plot shows
hypsographic function for the entire bank. These plots were calculated from the
bathymetry data of Beaudoin et al. (2002). The steepness of the highest peaks
is emphasized by the divergence of the 2-dimensional and 3-dimensional
cumulative areas. In the inset plot, these two functions are essentially the
same, demonstrating that the high-relief peaks represent a very small fraction of
the entire bank.

On selected dives, the locations of the cylinder counts were marked
temporarily with a small float that was tethered to a lead weight Between
dives, an ROV with forward- and down-looking digital camera was deployed
to record a video survey of the area that was marked previously during the
SCUBA operations. The markers also helped divers minimize cylinder
overlap. Our approach with the ROV was to follow the markers, searching the
area around each marker. The video was subsequently analyzed and we
counted target species that were identified in the video transect. We also
fabricated a laser array that was mounted on the ROV. Three lasers were
arranged to allow us to measure the distance ofobjects from the ROV (two red
lasers in parallel and one green laser at an angle). As part of our development
of this ROV survey approach,we plan to use the lasers to quantify the size of
the search area, but for this paper we report only observations on the reactions
of fish to the lasers. For comparison with the SCUBA visual survey results,
counts of target species from the video transects were normalized to the
number ofmarked areas that were searched.
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Thespecies composition of thesessile benthic community wasassessed by
divers using a standard 1m2 frame (quadrat) with lines that divided the quadrat
into 100 squares. Each square, orcell, was 100 cm2. The quadrat was placed
on the bottom, and the diver counted the number ofcells in which each species
was observed. On each dive, a starting location was haphazardly chosen for
the first quadrat, and the locations of subsequent quadrats were determined by
swimming a randomdistanceand directionfromthe previouslocation.

The age-structure of reef fish populations has been shown to vary
significantly between reefs, and this phenomenon may have implications for
understanding population dynamic responses to exploitation (e.g., Gust et al.
2002). We were interestedin developing information on age-structure of fish
populations at Sonnier Bank; therefore, with hook-and-line, we collected
otolith samples from several species. We then counted annuli in otolith thin-
sections, using standard otolith preparation and light microscopy techniques
(see Panfili et al. 2000).

To evaluate the SCUBA visual survey approach, we conducted a re
sampling exercise to estimate the relationship between sample size and
standard error of mean counts. We simulated sample sizes of 2, 5, 10, 20, 60,
100, and 500 to estimate standard error, and for each sample size, the data were
re-sampled 10000 times with replacement. Count data are typically treated as
a Poisson variable, but with this large number of re-sampling iterations,
presumably the arithmetic mean and variance will properly describe the re-
sampled distribution as per the central limit theorem. We modeled a power
function between standard error and sample size to interpolate standard errors
of intermediate sample sizes. To evaluate the sensitivity of our cylinder count
approach for detecting changes in abundance, we determined the minimum
detectible difference (given a 5% chance of Type-I error and 90% chance of
detecting a difference; see Zar 1984,p. 135)across ranges ofsample size (from
5 to 50) and density (from 0.25 to 2 times the observed mean count).

We were also interested whether depth and/or the person making the count
had any significant effect on the count. For this exercise we conducted a
Poisson regression of observed species count on person with depth as a
covariate. There was significant over dispersion in our data; therefore, we
scaled the covariance matrix by the deviance (Kleinbaum et al. 1998). We set
a significance level ofalpha = 0.05 prior to statistical hypothesis testing.

RESULTS

Out of our target groups, five species were regularly observed during the
SCUBA surveys: Atlantic creolefish (Serranidae: Paranthias furcifer, n =
1,823), tomtate (Haemulidae: Haemulon aurolineatum, n = 315), rock hind
(Serranidae: Epinephelus adscensionis, n = 128), gray snapper (Lutjanidae:
Lutjanus griseus, n = 118), and vermilion snapper (Lutjanidae: Rhomboplites
aurorubens, n = 73). From Carangidae, three species targeted by recreational
anglers were regularly observed, greater amberjack (Seriola dumerili, n = 18),
crevalle jack (Caranx hippos, n = 33), and horse-eye jack (Caranx latus, n =
4), and these were combined into a single category (i.e., large jacks) for the
analyses. Other species from target groups (though some are important
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exploited populations) were present only in small numbers or in single groups
and were not included in the analyses. These latter species were, bar jack
(Caranx ruber, n = 45), lane snapper (Lutjanus synagris, n = 20), cottonwick
(Haemulon melanurum, n = 8), mahogany snapper (Lutjanus mahogoni, n = 7,
though this identification is unverified), graysby (Epinephelus cruentata, n =
6), Rainbow Runner (Elagatis bipinnulata, n = 4), dog snapper (Lutjanusjocu,
n = 2), yellowtail snapper (Ocyurus chrysurus, n = 2), ceasar grunt (Haemulon
carbonarium, n = 2, though this identification is unverified), and red snapper
(Lutjanus campechanus, n = 1).

The highest densities observed during SCUBA visual surveys were for
Atlantic creolefish followed by tomtate and rock hind (Table 1). The surveyed
depths ranged from 16 to 32 m with a mean of 23 m, and most counts were
made at depths <29 m (only one count was made at 32 m). In the Poisson
regression, there were no significant depth trends for any ofthe species, though
there was a slight increase in mean count with depth for all species (in Table 1)
except rock hind. In addition for all species, there were no interactions
between depth and diver, and there were no significant differences between the
four divers. Note that there was one outlying observation, a single large school
of tomtate (n = 160), and this was not included in the Poisson regression
analysis. This outlier was included in the re-samplinganalysis.

Table 1. Mean counts (and 95% C.L.s) from visual surveys and ROV video
surveys for selected species.

iSCUBA VisualSurvey9 ROV6

Mean Lower C.L. Upper C.L.

Atlantic creolefish 54.6 38.4 77.6 3.8

tomtate 4.6 2.9 7.2 1.9

rock hind 3.8 3.0 4.9 1.0

gray snapper 3.4 1.9 6.1 0.8

vermilion snapper 2.2 1.0 4.9 0.2

large jacks 1.7 0.9 3.3 0.1

Estimates from Poisson regression (/?= 33).
"Count from videoper numberof marked areas that were searched (n = 28).

As expected,the standarderrors estimatedfrom the re-samplingprocedure
declined with sample size, and the highest standard errors were observed for
Atlantic creolefish and tomtate (Figure 2). High standard errors for these
species reflected frequently observed aggregations of Atlantic creolefish and
the one large school of tomtate that was recorded. A large school of tomtate
was also reportedby two other divers,but it was not inside the survey cylin
ders and was not counted. For counts of rock hind, gray snapper, vermilion
snapper, and large jacks there was little improvement in standard error by
increasing sample size from 20 to 50 (Figure 2). Due to the low overall
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frequencies ofobservations oflarge jacks and vermilion snapper, these species
were not included in the minimum detectable difference calculations. Based
upon the estimated minimum detectable differences, the SCUBA visual
surveys would bemost sensitive atdetecting changes inabundance of the most
stationary species (rock hind) and the most abundant species (Atlantic
creolefish). Increases in sample size and/or increases in abundance improved
detection, andwithrespect to observed mean counts andour sample size of 33,
the density would have to decline by 66% for rock hind and 88% for Atlantic
creolefish before we would detect a statistical difference in mean cylinder
count (Figure 3). For gray snapper and tomtate, the proportional declines
would haveto be muchlarger: 1.6-fold and 1.8-fold, respectively (Figure 3).
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Figure 2. Re-sampling analysis results showing standard error as a function of
sample size for selected species observed at Sonnier Bank. Dashed curves
show power functions that were fitted to the data.
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Figure 3. The minimum detectable difference (plotted as a proportion of the
mean count) as a function of mean count and sample size for selected species
observed at Sonnier Bank.

Though the rank order of abundance of target species was the same
between SCUBA visual surveys and ROV video transects, the counts per
marked area from the ROV were many times lower (Table 1). These differ
ences were due, at least in part, to a smaller search area and limited field of
view with the ROV. We are currently working on an approach to better
quantify search areas with the ROV in order make better comparisons with
SCUBA visual surveys. In general, the behavior of the fish in the video
recordings was similar to that observed by the divers. In addition, there was a
notable reaction of some fishes to the spot projected by the green laser. For
example, damsel fishes (primarily Stegastes spp.), bluehead wrasse
(Thalasoma bifasciatum), and smaller rock hind frequently attacked the green
laser spot when it was projected on the bottom while close to the ROV (< 4 m),
and on one occasion, a rock hind was observed to eat a juvenile bluehead that
was attracted to the laser spot

The substrate of the surveyed peak was completely encrusted with sessile
benmic organisms, and no bare substrate was observed. Previously, the
benthic community of this area was described as a Millepora-sponge commu-
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nity (Rezak et al. 1985), and this characterization was still accurate for our
surveys, twentyyears later. From40 quadrat surveys with depthsrangingfrom
17 to 27 m, the dominant benthic organisms were fire coral (Millepora
alcicornis), several species of sponges (primarily Agelas clathrodes, Ircinia
strobilina, and Neofibularia nolitangere), and crustose coralline algae (Figure
4). Notably, some bleached Millepora was observed, and this phenomenon
was not reported by Rezak et al. (1985).
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Figure 4. Incidence of major benthic organisms observed at Sonnier Bank and
quantified with quadrats (see text). The box plots give median, 10th, 25th, 75th,
and 90th percentiles for each taxonomicgroup, and the dots represent outliers.

Some of the same species observed with SCUBA and ROV were captured
with hook-and-line for otohth analysis (Figure 5). The assigned ages, based
upon annulus counts, showed overlapping distributions for most of the species,
with ages typically between 4 and 10 years. For all the species, younger ages
are believed to be present based upon diver observations of smaller individuals,
but the gear selected for larger fish. There were two notably old fish: one
tomtate that was 19 years old and one Atlantic creolefish that was 26 years old.
There was nothing particularly unusual about these individuals (e.g., with
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respect to morphology), except that it was unusual to catch Atlantic creolefish
with hook-and-line.
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Figure 5. Age-distribution of species captured by hook-and-line at Sonnier
Bank. Ages were determined by annulus counts from thin sections of otoliths.

DISCUSSION

The results of this preliminary data analysis indicated that a target sample
size for SCUBA surveys of around 30 cylinder counts provided reasonable
precision (s.e. < 2) for estimating abundance of low density species (< 4 per
cylinder). Though this essentially represents most of the area of Sonnier Bank
that is accessible for SCUBA surveying, it is a level of sampling that could
reasonably be conducted on a regular basis. The two most abundant species,
tomtate and Atlantic creolefish, exhibited high variability, and increases in
sample size indicated substantial improvements in precision across the range of
simulated sample sizes up to 500. Such large sample sizes are unreasonable
for conducting SCUBA surveys, but at least for high abundance species like
Atlantic creolefish, we expect to be able to detect moderate to large changes in
abundance with the same level of sampling.

The two species, which we predict our SCUBA survey approach would
have the greatest sensitivity to detect changes in abundance, were rock hind
and Atlantic creolefish, and of these only rock hind would be expected to have
significant exploitation from commercial or recreational fishing. Due to recent
concern in the Gulf of Mexico about the impacts of recreational fishing
(Coleman et al. 2004b), we posed the question — What does the minimum
detectable difference at a sample size of 30 (cylinder counts) reflect in terms of
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numbers of rockhindremoved by fishing? Given a totalsurveyareaof ~7,000
m2 and a minimum detectable differenceof2.5 rock hind per cylinder (cylinder
area =176 m2), anglers would have to catch approximately 100 rock hind.
Current federal regulations limit recreational catch of rock hind to five per
person perday; therefore, if each angler catches her limit, wewould detect the
change in abundance after approximately 20 angler trips. This amount of
effort might be masked in theshort term because rockhindfrom adjacent areas
can move to replace those that are caught Still, the equivalent (or greater)
fishing effort of 20 angler trips where bag limits are reached is a highly
plausible level of fishing that could take place during typical monitoring
intervals (monthly or bi-monthly).

Our explorations of deeper areas (>30 m)around this main peak with the
ROV, indicated that densities of lutjanids (most notably, L. griseus) and
tomtate increased substantially, approaching similar levels to that observed for
Atlantic creolefish on the crest of this peak and in accordance with the
increasing (butnon-significant) depth trendin the Poisson regression analysis.
These deeper areas that are not accessible by SCUBA are clearly more
important for the majority of exploited fish populations at Sonnier Bank, and
our future efforts will concentrate on quantifying these populations by
developing approaches with the ROV. Though the laser spots seem to attract
or antagonize some smaller fish, the effects were most evident in the immedi
ate vicinity of the ROV, and we have not seen any indications that this effect
will bias counts of species from our targetgroups. Ongoing efforts to better
quantify the search areaof the ROV with the laser array will be a crucial part
ofthis work.

Some other observations from these initial surveys that warrant additional
study were:

i) Thebleached patches of Millepora coralthatwere eithernot observed
or recordedpreviouslyby Rezak et al. (1985), and

ii) Thepresence of unusually old tomtate andAtlantic creolefish.

These fish may merely represent coincidental captures of unusually old
individuals. We are not aware of any publishedinformation documenting such
high longevity for tomtate, and further we are not aware of any ageing
information on Atlantic creolefish. From the few samples of otoliths that we
have collected from other species, the age-structure of these populations is not
well defined,but appearsto be comparable to otherpublishedinformationfrom
the Gulf of Mexico and northwestern Atlantic. The development of age-
structure data will be important for predicting population level responses to
exploitation or different management actions that may affect fish populations
at Sonnier Bank.
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ABSTRACT

One of the permit conditions for the operation of the EcoElectrica co-
generation plantat Guayanilla BayPuerto Rico requires a monitoring program
to assess the long-term impacts of the Intake and Discharge waters of its
cogeneration plant to marine communities surrounding the area. Among the
principal goals of the EcoElectrica's biological monitoring program plan was
to ensure that thermal effluents produced by the EcoElectrica Discharge
Station are not creating an impact to marine organisms on nearby locations.
Thus, the aimof this study is to determine if there is any environmental impact
on the fish fauna near the Discharge Station by comparing fish species
composition, diversity, abundance andhealth condition between the Intake and
Discharge Stations of EcoElectricacogenerationplant.

Fish communities from the Intake and Discharge Stations at the EcoElec
trica LNG terminal pier were sampled in October/December 2001, February/
March2002,September 2002, and February 2003. Reeffish assemblages were
recorded usingthreecomplementary sampling methods: stationary point count
method, fish traps, and beach seine net. Results from multivariate tests at
different sampling periods showed significantly distinct fish communities
among stations with little variation among sampling periods. The Discharge
Station had a higher abundance of fish and number of species per point count
than the Intake Station. The families Pomacentridae, Haemulidae, and
Gerreidae accounted for most of all families observed on all methods com
bined within the Intake Station whereas in the Discharge Station the families
Haemulidae, Lutjanidae, Chaetodontidae, and Gerreidae were the most
abundant families recorded.

The dusky damselfish, Stegastes fuscus, the french grunt Hamulon
flavolineatum and the silver jenny, Eucinostomus gula were among the most
abundant species. No gross external morphological symptoms (e.g. presence
of ulcers tumors color aberrations) were found on fish caught within stations.
The preliminary results of this study indicate that apparently no potential
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environmental hazards have been found to affect fish populations near the
Discharge Station.

KEY WORDS: Fish assemblages, recruitment, disturbance

Monitoreo de las Comunidades de Peces Tropicales en Areas
Someras Alrededor de la Planta Ecoelectrica de Licuado y del
Terminal de la Importaci6n del Gas Natural y de la Planta de

la Cogeneraci6n en la Bahia de Guayanilla, Puerto Rico

Una de las condiciones del permiso NPDES para operar el terminal de
importation de gas natural licuado y la plantade cogeneration de EcoElectri
ca, situada en la bahia de Guayanilla, Puerto Rico, requiere un programa de
monitoreo biologico para evaluar los impactos a largo plazo de las aguas
provenientes de las estaciones de la descarga (Discharge Station) y de la toma
de agua (Intake Station) a las comunidades marinas cercanas al area. Uno de
los objetivos principals del plan del programa de monitoreo bioldgico de
EcoElectrica es asegurar que los efluentes termales producidos por la zona de
descarga no estan creandoun impactoadversoa los organismos marinos en las
localidades cercanas a la planta. El proposito de este estudio es determinar si
hay algun impacto ambiental en las comunidades de peces aledanas a la zona
de la descarga, comparando la abundancia, diversidad, condici6n y composi
tion de especies de peces de arrecife entre las estaciones de descarga y de
toma de agua de EcoElectrica.

Las comunidades de peces de las estaciones de la toma de agua y de la
descarga de EcoElectrica fueron monitoreadas en Octubre/Diciembre 2001,
Febrero/Marzo 2002, Septiembre 2002 y Febrero 2003 mediante el uso de
censos visuales de puntos estacionarios, nasas y chinchorro de arrastre. Los
resultados de las pruebasmultivariadas muestranque las comunidades de peces
son significantemente distintas entre estaciones, pero con poca variation entre
periodos de muestreo. La estacion de descarga tuvo significantemente una
mayor diversidad y abundancia de peces que la estacion de la toma de agua.
Las familias Pomacentridae,Gerreidae y Haemulidae componen la mayoria de
las familias de peces observadas por todos los metodos de muestreo combina-
dos en la estacion de la toma de agua mientras que la comunidad de peces en la
estacion de la descarga esta compuesta en su mayoria de las familias Haemuli
dae Lutjanidae y Chaetodontidae.

La damisela obscura Stegastes fuscus, el ronco amarillo Haemulon
flavolineatum y la mojarra pequeiia Eucinostomus gula fueron de las especies
mas abundantes. No se encontraron lesiones fisicas (presencia de ulceras
tumores, manchas etc.) en las especies capturadas en las zonas de estudio. Los
resultados preliminares del estudio indican que aparentemente no se ha
encontrado ningun problema ambiental que haya afectado las poblaciones de
peces cerca de la descarga.

PALABRAS CLAVES: Las comunidades de peces, problema ambiental,
terminal de importation de gas natural licuado
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INTRODUCTION

During the last30years, Puerto Rico has experienced a rapidindustrializa
tion and subsequent increase in demand for electrical power (Lopez 1979).
This demand has led to the construction of several fossil fuel and thermoelec
tric powerplants, all of whichwere located in coastal areas and used seawater
for associated cooling processes. During the cooling process, cooling water
temperatures become elevated and the water is subsequently discharged back
into the sea. However, concerns for the thermal impact of heated effluents on
surrounding environments fostered several studies on the effects of thermal
pollution on marine organisms (Lopez 1979). Extensive bibliographies
concerning the effects of temperature on fish and other organisms have been
published by Coutant (1971, 1974). However, these studies have largely
concerned themselves with temperate or subtropical fish communities while
few have examined tropical fish communities.

A benthic finfish-monitoring program was initiated on October 2001 as a
complementary study to the EcoElectrica's Biological Monitoring Program
Plan (BMPP). One of the permit conditions for the operation of the EcoElec
trica co-generation plant requires a monitoringprogram to assess the long-term
impacts of the Intake and Discharge waters of its cogenerationplant to marine
communities surrounding the area. Among the principal goals of the study was
to ensure that thermal effluents produced by the EcoElectrica Discharge
Station (Sta.) are not creating an impact to marine organisms on nearby
locations. Thus, the aim of this study is to determine if fish species composi
tion, diversity, abundance and health condition differs between the Intake and
Discharge Sta. of EcoElectrica cogeneration plant. The program will produce
technical data that should prove very useful in designing and constructing other
land development proposals. In addition, the program should, provide
guidance in setting mitigation policy and designing mitigation requirements.

METHODS

Sampling
The fish communities around the Intake and Discharge Sta. (Figure 1) at

the EcoElectrica LNG terminal pier were sampled using visual census, fish
seine nets, and fish traps from October 2001 to December 2001, from February
2002 to March 2002, September 2002 and February 2003. For each station, a 5
x 5 m grid pattern was produced over a habitat map provided by Vicente &
Associates. This numbered grid was the basis for selecting point count and
trap survey sites.



Page 636 56th Gulf and Caribbean Fisheries Institute

m

Figure 1. Location of Intake and Discharge Sta. in Guayanilla Bay, PR.

At each of the ten points randomly selected in each station, one diver us
ing the Stationary Point Count Visual Census (Bohnsack and Bannerot 1986)
recorded major habitat category type, fish species in that habitat category,
number of fish present for each species, and size categories of fish observed to
the nearest 5 cm. For each station, five fish traps hauling sites were also ran
domly selected. Fish traps used in this study were chevron-shape (91cm x
45.72 cm) with 3.8 cm bar mesh. Traps were unbaited and fished for 24 hours.
Finally, three beach seine hauls were conducted at each station. The beach
seine net measured 9.14 m x 1.2 m, had weights and floats attached. The net
mesh size was 1.3 cm stretch mesh. All fish caught in the fish traps and in the
seine net were identified, enumerated, and measured (SL) to the nearest milli
meter, and released at the point of capture. The general conditions of the fish
sampled were determined based on gross external morphological symptoms
(i.e. presence of ulcers tumors, color aberrations).

Data from visual census were analyzed using cluster analyses and non-
metric multi-dimensional scaling statistical techniques to describe the variation
between species abundance and composition at each location and at each pe
riod. Abundance and presence/absence data from each location and at each
period were analyzed using the Bray-Curtis similarity measure. One-way
analyses of similarity (ANOSIM) tests were used to test the hypothesis that
fish assemblages from the two locations and three periods were similar. Varia
tions of abundance, number of species per census, diversity and evenness index
between stations were examined by Mann-Whitney test (Sokal and Rohlf
1981).
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RESULTS

Stationary Point Count Visual Census
Thirty visual census point counts were made at the Intake Sta. intercepts

and at the Discharge Sta. intercepts (Figure 1). For the Intake Sta.,303 fishes
were observed representing 20 species and 11 families (see Table la). The
dusky damselfish Stegastes fuscus accounted for 72 % of fish observed. The
most frequently observed fish at all Intake fish point counts was the dusky
damselfish Stegastesfuscus (91 %). The families Pomacentridae andHaemuli
dae accounted for 78 % and 13 % of all families observed in the Intake Sta.
fish.

Table 1a. Abundance of species per family recorded by visual census at Intake
Station

Species Family Abundance Percent ^uronce
Stegastes fuscus Pomacentridae 217 71.6 97.5

Haemulon flavolineatum Haemulidae 22 7.3 7.5

Anisostremus virginicus Haemulidae 12 4.0 10.0

Total Number of Fish 303

Total Number of Species 20

Only species with >4% of abundance.

For the Discharge Sta., (Table lb) 287 fishes were observed representing
43 species and 18 families. The french grunt, Haemulon flavolineatum ac
counted for 15 % of fish observed. The most frequently observed fish in all
Discharge fish point counts were the dusky damselfish, Stegastes fuscus (47
%). The families Haemulidae and Lutjanidae accountedfor 23 % and 19 % of
all families observed in the Discharge Sta.

Table 1b. Abundance of species per family recorded by visual census at
Discharge Station

Species Family Abundance Percent ^JuJjJ^
Haemulon flavolineatum Haemulidae 61 15.4 17.5

Stegastes fuscus Pomacentridae 44 11.1 47.5

Lutjanus griseus Lutjanidae 28 7.1 10.0

Thalassoma bifasciatum Labridae 27 6.8 17.5

Lutjanus apodus Lutjanidae 26 6.6 20.0

Acanthurus bahianus Acanthuridae 20 5.1 20.0

Myripristisjacobus Holocentridae 20 5.1 25

Stegastes partitus Pomacentridae 18 4.5 30.0

Total Number of Fish 396

Total Number of Species 43

Only species with >4% of abundance.
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The Discharge Sta. had higher number of fish and number of species per
point count than the Intake Sta. (Figures 2 and 3). Species diversity (H')
(Figure 4) and evenness (Figure 5) was also higher in the Discharge Sta.
Mann-Whitney rank sum test showed that the meannumber of speciesand the
diversity index (H') were significantly higher (p < 0.001) in the Discharge Sta.
Results of the percentage similarity of species composition and fish densities
between stations indicated a low similarity in species composition (32 %).
Therewereonly 16species shared between stations. Average linkages cluster
ing of mean abundance of species among stations and sampling periods
showedtwo distinctgroups with little variation among sampling dates (Figure
6). Thispattern was confirmed by multidimensional scaling analyses andpro
duced a low Kruskall stress value 0.01 indicating that the data was a good fit
for the model (Figure 7). Two-way ANOSIMtest confirmed that differences
among stations were significant (p < 0.003) but there were no differences
among sampling periods (p > 0.05).

20 -r

Oct-Ol Mar-02 Sep-02 Feb-03

Month

B Intake D Discharge

Figure 2. Mean number of fish per point count by site and sampling month.

7-r

6 -j

Oct-Ol Mar-02 Sep02

Month

es Intake • Discharge

Fet>03

Figure 3. Mean number of species / point count by site and sampling month.
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Figure 4. Mean Shannon-Weaver Diversity Index per point count by site and
sampling month.
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Figure 5. Mean Pielou Evenness Index per point count by site and sampling
month.
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Figure 6. Cluster analysis of similarities of fish fauna among stations per date.
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Figure 7. MPS ordination of fish fauna among station per date.
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Length frequencies for economically important species within stations are
shown in Figures 8, 9, 10, and 11. Haemulonflavolineatum, H. plumieri, Ocy-
uruschrysurus recruit (< 5cm TL) densities were highest on the Discharge Sta.
while larger individuals (> 15cm TL) were rare on both stations during these
sampling periods.

25 -
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• O.chrysurus •£ L apodus

35 40

Figure 8. Size class distribution of lutjanid species observed on visual census
in the Intake Station.

Figure 9. Size class distribution of lutjanid species observed on visual census
in the Discharge Station.
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Figure 10. Size class distribution of haemulid species observed on visual cen
sus in the Intake Station
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Figure 11. Size class distribution of haemulid species observed on visual cen-
sus in the Discharge Station
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Fish Traps
In the Intake Sta., the most abundantfish was the banded butterflyfish

Chaetodon striatus (Table 2a). At the Discharge Sta. (Table 2b), the banded
butterflyfish Chaetodon striatus, and the squirrelfish Holocentrus adcen-
scionis, accounted for 52 % of the total catch. The Discharge Sta. had higher
numberoffish and speciescaughtper trap-haul than the Intake Sta. (Figures 12
and 13). Mean standard lengths and mean fish sizes at sexual maturity are
shown in Table 2a and 2b. Results suggest that in general, Haemulon album,
Sparisoma chrysopterum, and Lutjanus apodus caught on traps were smaller
than their mean size at sexual maturity. No gross external morphological
symptoms (e.g. presence ofulcers tumors color aberrations) were found.

Table 2a. Abundance and mean standard lengths (mm) of species caught by
fish trap hauls at Intake Sta.

Species

Chaetodon striatus

H. aurolineatum

H. plumieri

Total No. of Spp.

Total No. of Fish

Abundance Percent Maturity Reference
Mean

Length (SE)
50.0 147.2(21.6) 132 Aiken (1983)

25.0 215.0 130 Billings& Munro
(1974)

25.0 195.0 165-210 Roman Cordero

(1991)

Table 2b. Abundance and mean standard lengths (mm) of species caught by
fish trap hauls at Discharge Sta.

Species Abundance Percent
Mean

Length (SE)
Maturity Reference

Chaetodon striatus 14 35.0 114.5(1.5) 132 Aiken (1983)

Holocentrus

adcencionis
6 17.6 222.6(10.1) 145 Wyatt(1983)

Haemulon plumieri 5 14.7 215.0(5.3) 165-210 Roman

Cordero

Chaetodon capistratus 4 11.8 103.5(5.3) 88.0

(1991)
Aiken (1983)

Chaetodon ocellatus 3 8.8 133(8.3) 139 Aiken (1983)

Lutjanusapodus

Acanthurus bahianus

3

2

8.8

5.9

223(11.1)

179.5(0.5)

250

111.0

Thompson &
Munro (1983)
Reeson (1983)

Sparisoma
chrysopterum
Total No. of Spp.

2

9

5.9 215.0 235 Figuerola et al.
(1998)

Total No. of Fish 40
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Figure 12. Mean number of fish caught by traps at Intake and Discharge Sta.
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Figure 13. Mean number of species caught by traps at Intake and Discharge
Sta.
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Beach Seine

In the Punta Guayanilla Sta., the white sprat, Harengula clupeola,
accounted for 19 % of seine catches (Table 3a). In the Maria Langa Sta. the
silver jenny Eucinostomus gula, accounted for 43 % of the catches (Table 3b).
Mean standard lengths and mean fish sizes at sexual maturity (length at which
50 % of the population become mature for the first time) are shown in Table
3a. The mean catch per seine haul for Punta Guayanilla within all sampling
dates ranged from 5 to 23 fish per seine haul whereas for Maria Langa it
ranged from 4.3 to 30.3 fish per seine haul (Figure 14). Mean number of
species caught per seine haul for Punta Guayanilla within all sampling dates
ranged from 1.3 to 6 species per seine haul whereas for Maria Langa it ranged
from 2.3 to 2.6 species per seine haul (Figure 15). Results here suggest that, in
general, most species of snappers, grunts as well as other fishes such as the
permit Trachinotus falcatus and the doctorfish Acanthurus chirurgus, caught
on seine nets were smaller than their mean size at sexual maturity. No gross
external morphological symptoms were found.

Table 3a. Abundance of species per family by seine net-hauls at Pta. Guayanilla.

Species Abundance Percent
Mean

Length (SE)
MaturityReference

Eucinostomus gula 30 18.99 71.3(4.2) N/A N/A

Harengula clupeola 27 17.09 81 (1.6) N/A N/A

Trachinotus falcatus 19 12.03 40.5(1.8) 486 Crabtree et al. (2002)

Anchoa lyolepis 18 11.39 54(2.1) N/A N/A

Acanthurus bahianus 11 6.96 50.3 (2.4) 155 Reeson (1983)

Pseudupeneus
maculatus

Total No. of Spp.

10

21

6.33 62.6(1.7) 185 Munro (1983)

Total No. of Fish 158

Only species with >4% of abundance.

Table 3b. Abundance and mean standard lengths (mm) of species caught by
seine net-hauls at Maria Langa.

Species Abundance Percent Mea"Jle.n9th Maturity Reference
Haemulon

flavolineatum
83

46

41.92

23.23

57.9(1.0)

60.6 (4.2)

160

N/A

Billings & Munro
(1974)
N/A

Eucinostomus gula

Ocyurus chrysurus

Haemulon sciurus

Total No. of Spp.

28

14

16

14.14

7.07

80.7 (2.3)

41.56(2.75)

248

200

Figuerola et al
(1998)
Billings & Munro
(1974)

Total No. of Fish 198

Only species with >4% of abundance.
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Figure 14. Mean number of fish caught by seine nets at Pta. Guayanilla and
Maria Langa Sta.
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Figure 15. Mean number of fish caught by seine nets at Ra. Guayanilla and
Maria Langa Sta.
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DISCUSSION

Fish communities from the Intake and Discharge Stations around the
EcoElectrica LNG Plant differed in communitystructure. Our results from the
Stationary Point CountsVisualCensusshowthat the fish fauna had a very low
index of similarity (32 %). Both stations have few species in common.
Almost all the fish species composition on the Intake Sta. were dominated by
one or two species of damselfishes. This lowered the diversity and the
evenness indexes for the Intake Sta. In contrast, species richness values on the
Discharge Sta. doubled the ones on the Intake Sta. Furthermore, species
composition on the Discharge Sta. was more evenly distributed between
Lutjanids, Labrids, and Haemulids. Results from the multivariate tests at
different sampling periods also showed distinct fish communities among
stations with little variation among sampling periods.

The differences in fish among stations may be attributed to interacting
factors such as increased sedimentation, abundance of food resources, and
structural heterogeneity in habitats. Several studies have found significant
positive correlations between living coral cover, coral species diversity, and
abundance of reef fishes (Gladfelter and Gladfelter 1978, Galzin et al. 1994).
Furthermore, other studies found that fish biomass increased with structural
heterogeneity of reef substratum (Carpenter et al. 1981). Previous benthic
studies at the Discharge and the Intake Sta. found higher vertical relief, species
diversity and live coral cover in the discharge than in the Intake Station (Castro
and Garcia 1996). It is likely that the higher structure complexity in the
Discharge Station offers more shelter to many reef fish near the discharge area.

Light availability may be an important component of feeding success, thus
influencing on the habitat quality for nearshore fishes (McFarland 1991).
Previous work on the effects of turbidity (with associated changes in light
intensity) indicated that reductions in prey contrast, foraging efficiency,
reactive distance, and visual range, reduce feeding success (McFarland 1991,
Duffy- Anderson and Able 1999). Poor light conditions in areas under heavy
sedimentation may have similar effects especially if fishes rely on vision to
acquire food. The use of vision as the principal means of capturing prey is
common and available evidence suggest that planktivorous fishes, such as
grunts, are visual feeders (McFarland 1991). Data on sedimentation levels on
the Intake and Discharge Sta. suggest that in general the Intake Sta. receives
more heavy sedimentation than the Discharge Sta. (Vicente & Associates
unpublished data). Therefore, light conditions may give a possible explanation
on fish distribution among areas. However, while it seems likely that visually
feeding fishes would be unable to feed in darkened under pier environments
around heavy sedimentation, we cannot exclude the possibility that there was
less food available on the Intake Sta. It may be that juvenile fishes around the
Intake are able to successfully consume prey in darkened habitats but that food
availability was too low to support good growth rates. Evidence of higher
potential prey food availability around the Discharge Sta. comes from the
higher abundance of zooplankton around this area, thus supporting complex
trophic food webs on this station (Garcia 2002).

Although availability of food may be a factor in habitat selection, evidence
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suggests that predator avoidance may be important for juvenile fishes. One
interesting finding was thattherecruit phase of certain economically important
reef fishes, such as the yellowtail snapper Ocyurus chrysurus and mahogany
snapper Lutjanus mahogany, were found on algal patches, small patch reefs,
and limited rubble areas surrounded by mud habitats in the Discharge Sta.;
recruits of the french grunt Haemulon flavolineatum were found on isolated
small patch reefs near the Intake Sta. It appears that these species use these
nearshore sites as nursery areas as a refuge from predators in spite of the
influence ofnatural gas plant effluents.

Comparisons of our field data with previous studies are complicated by
differences in sampling gear, precise location of collection, and historical
changes in habitat. In general, however, it appears that many of the same
fishes have continued to dominate Guayanilla Bay nearshorehabitats over the
last 25 to 30 years. For example, Martin and Patus(1973), and Kimmel (1979)
reported mojarras (Gerreidae), jacks (Carangidae), and the sea bream Ar-
chosargus rhomboidalis (Sparidae) as very common in their gill net collec
tions. About 20 years later during the environmental studies preceding the
construction andoperation of a liquid natural gas thermoelectric powerplant in
Guayanilla Bay, these same fish families predominated at all seine collections
whereas butterflyfish, grunts andthe sea bream A. rhomboidalis dominated the
fishtrap catches (EcoElectrica 1999). Finally, comparing our visual census
results with previous fish censuses at the Intake and Discharge Sta. during the
preoperational phase of the LNG thermoelectric power plant (Castro and
Garcia 1996) we found similar fish faunas at both stations with minor differ
ences in their species relative abundance.

The three methods used to sample nearshore habitats yield satisfactorily
although somewhat different results due to biases inherent in each method.
Fish traps tended to under represent certain species (such as Stegastesfuscus)
that apparently avoided traps or were small enough to pass through the trap
mesh and not to be caught. However, traps allowed accurate standard length
measurements of the most abundant species. Baitfish such as the silver jenny,
and small snooks were more abundant in seine net catches than in transects and

fish traps. However, seineswere limited to areas adjacent to the shore without
rocky and hard bottom substrates. The visual census method can provide a list
of species in an area. It is also possible to collect some length frequency
information based on visual estimates of fish size. However, visual estimates
are not as accurate as actually measuring each fish. Nevertheless, by utilizing
these three methods at the same time, a more complete view of the finfish
community can be achieved than from any one method alone. Results here
also document the importance of these nearshore habitats for juvenile fishes.
Most fish sampled by beach seine nets were smaller in size then their mean
size at sexual maturity (for beach seine catches see Tables 3a, 3b) suggesting
that seagrass beds around Punta Guayanilla and Maria Langa have an impor
tant nursery value for many reef fish inhabitating these nearshore areas.

This report is a product of a preliminary baseline study initiated to
determine our state-of-knowledge about the impacts of Discharge/Intake
effluents of EcoElectrica LNG Plant. It has demonstrated that there are some

statistically significant differences between fish assemblages at Intake and



Page 650 56th Gulf and Caribbean Fisheries Institute

Discharge Sta. at the community level. The collection of data to explain the
mechanisms for increased abundance of fish at the Discharge Sta. wasbeyond
the scope of this study, however, we suggest that a number of mechanisms
including reduced siltation, increased food abundance, andstructural complex
ity, may be responsible fordifferences in fish fauna among stations. Identify
ing the level of current knowledge, areas of uncertainty, and future research
needs could provide a more consistent review and evaluation of development
proposals, and decrease potential impacts to threatened marine communities if
the information is utilized in the course of permit review and assimilated into
regulations.
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ABSTRACT

We completed surveys of coastal fish communities and benthic flora at
different study sites, seasons, and years to identifydifferences in fish commu
nities as well as to determine the features of the benthic flora that were most
responsible for the observed differences in fishcommunity composition. Fish
communities were significantly different at different sites, seasons, and sample
sequences (site-season-year combinations). Multivariate analyses identified
cover of specific species and functional forms of benthic flora as the major
factors determining speciesabundances. Total flora cover and seagrass cover
were more important in influencing species and trophic group biomasses than
abundances. Univariate analyses also highlighted the effects of total flora
cover and cover of various functional groups on the number of species,
diversity, and mean total biomass. In general, univariate analyses tended to
provide stronger (more significant) results than multivariate analyses. We
conclude that there is a strong relationship between benthic flora and fish
community composition, and that different floral parameters affect different
aspects ofcoastal fish communities.

KEY WORDS: Fish communities, benthic flora, benthic interactions

Analisis Univariante y Multivariate de las Relaciones Entre
Macroalgas/Hierba Marinas y Agregaciones de Peces en

Habitates Costeros de Las Bahamas

Realizamos muestreos en comunidades de peces costeros y flora bent6nica
en diferentes localidades, estaciones y anos, con los objetivos de determinar las
diferencias entre las comunidades de peces y tambien que caracteristicas de la
flora bentonica presentan un mayor efecto sobre las comunidades de peces. Las
comunidades de peces fueron significativamente diferentes en las distintas
localidades, estaciones y la secuencia de muestreo (i.e. las combinaciones sitio-
estacion-ano).El analisis multivariado identifico a la cobertura de especies y el
grupo funcional de la flora bentonica como los principales factores que
determinan la abundancia de especies. El total de cobertura vegetal y de
Thalassia testudinum tuvo mayor importancia afectando la biomasa de
especies y grupos tr6ficos. Analisis univariados enfatizan los efectos de la
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cobertura vegetal total y las coberturas de Thalassia testudinum y Batophora
oerstedii sobre las abundancias totales, biomasas y diversidad. En general, los
analisis univariados tienden a ser mas fuertes (i.e. mas significativos) que los
analisis multivariados. Concluimos que hay una fuerte relacidn entre la flora
bentonica y la composicidn de la comunidad de peces, y que diferentes
parametros afectan diferentes aspectosde la comunidadde peces costeros.

PALABRAS CLAVES: Macroalgas, hierbas marinas, peces, analisis,
Bahamas

INTRODUCTION

Habitat structure and complexity have been considered to be some of the
primary factors that influence marine, estuarine, and freshwater fish communi
ties worldwide (Huston 1979, Crowder and Cooper 1982, Roberts and Ormond
1987, McClanahan et al. 2000, Able et al. 2002). Coastal habitats, by their
very nature, are influenced by oceanic and terrestrial influences, and conse
quently are shaped by a variety of terrestrial and aquatic characteristics (both
abiotic and biotic) that can directly determine habitat quality, structure, and
complexity, and indirectly determine fish community composition.

The first objective of this study was to determine the differences in fish
communities at different coastal sites of Andros Island, The Bahamas. We
then investigated how differences in the benthic flora contributed to observed
differences in fish communities. By comparing fish communities to a suite of
floral characteristics, we determined which features are most important in
influencing fish communities. We predicted that fish community structure was
not random and could be at least partially explained by some measures offloral
composition. Because different habitat characteristics may influence different
aspects of a fish community (e.g. diversity, species densities, or size spectra),
we analyzed a variety of dependent variables commonly used to describe fish
community composition. At a multivariate level, we analyzed individual
species' abundances and biomasses, while at a univariate level, we analyzed
Shannon-Weiner diversity, total abundances, number of species, and mean
total biomass.

Some characteristics of an environment can likely target specific types of
fish more than others. For example, the availability and types of flora may
influence the occurrences of herbivores more than invertebrate feeders or

piscivores. Thus, we hypothesized that floral-related differences in fish
communitiesmight also be detectedat trophic group levels ofanalyses.

MATERIALS AND METHODS

Study Sites
Four study sites located along a 16 km stretch ofcoastline ofeastern North

Andros were incorporated into this study. SCI and SC2 were spatially the
closest (< 1 km apart), but varied in their physical properties. See Nero &
Sealey (In press) for details of the study sites. Sites were visited in the
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summersof2003 and 2004 and the winter of2004, except for site SC2, which
was only sampled in 2003.

Beach Seining
Beach seining followed standard seineprotocol, andwas completed with a

seinenet that was 20 m longand 1.5m high,with a 1.2m wide centralpocket.
The sampling schedule included a minimum of 15 seineevents at each site in
order to incorporate natural variability due to different tides and times of day
(Nero & Sealey, In press).

Species andtotalabundances wererecorded. In caseswherelargeschools
of atherinids were caught, these individuals were identified down to the family
level (referred to as Atherinidae spp.), and their abundances were estimated.
Fish were measured on a gridded tray and their lengths were then applied to
standardlength-weight relationships to obtainbiomassestimates.

Environmental Data

Benthic flora variables were measured at each site once per sample
sequence. Point intercept analysis was used to obtaincover estimates for each
flora species. Each species was also assigneda functional group based on its
morphology, and coverof each functional groupwas obtainedby summingthe
cover of all representative species in that functional group. Presence/absence
surveys of macroalgae and seagrass were used to determine Shannon-Weiner
diversity.

Data Analysis
Analyses included univariate approaches (using SYSTAT v 10.2 and

PRIMER v 5) and multivariate approaches (using PRIMER v 5). Analyses
were based on abundance and biomass datasets, with data being analyzed first
at the species level, then at the trophic group level. Species were sorted into
trophic groups using PRIMER's 'aggregate' function and a master taxonomy
list which assignedeach speciesto a trophic level. Species were categorized as
herbivores, primary predators (feeding mainly on small invertebrates), and
secondary predators (feeding on large invertebrates and fish).

All data were fourth-root transformed, which allowed the estimated
abundances of schooling silversides (Atherinidae) to be properly considered.
Cluster analyses were used to identify outliers (defined as being less than 20%
similar) to each data set. These outliers reflected minimal to no catch and were
most likely due to poor seining or weather conditions; consequently, these
outliers were omitted from future analyses. ANOSIM, PRIMER's multivariate
equivalent to ANOVA, was used to test for effects of site, season, and sample
sequence on individual seine events. The SIMPER routine identified the main
species/trophic groups responsible for differences.

In order to address the influences of benthic flora features on the fish

communities, data were averaged to yield one estimate per site and sampling
sequence. Averaging of the data was completed using PRIMER's 'average'
function. Environmental features, which represented conditions for each site at
each sampling season/year, could then be matched to fish communities for
each site/sampling year. Thus, there were 10 final data points, representing
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Summer 2003,Winter2004,and Summer 2004 for three sites (SCI, SH5, and
BS2), anda Summer 2003 survey for siteSC2, which could not be re-sampled
in 2004 due to time constraints.

PRIMER's BIOENVroutine identifiedthe key benthic flora variables that
best explained the variation in abundances and biomasses of species and
trophic groups. Backward stepwise multiple regression was used to test for the
effects of the various benthic features on univariate measurements of fish
diversity, number of species, number of individuals, and mean total biomass.
Correlation analysis (datanot presented) verified thatnoneof thesedependent
univariate variables was correlated to any otherdependent variable.

RESULTS

Variability in Seine Events
ANOSLMS on individual seine events showed significant effects of site,

season and sample sequence (significance = 0.1% for each) on fish species
abundances and biomasses. Trophicgroup abundances were affected only by
sample sequence (significance = 0.1%), while trophic group biomasses were
only affectedby site (significance = 4.2%).

SIMPERhelped identify the sources ofdifferencesbetween different sites,
and the species that accounted for differences in species abundances and
biomasses are summarized in Table 1. It was often the case that the species
that contributed to pairwise differences in abundances were not the same
species that contributed to pairwise differences in biomasses. For example,
BS2 was distinguished from SC2 by a higher abundance of Eucinostomus
melanopterus, but higher biomasses (and larger individuals) of Albula vulpes
and Sphyraena barracuda.

Averaged Site and Sample Sequence Values
Typically, fish communitydiversity (Figure la) at any given site tended to

be higher in the winter sample sequence than in the two summer seasons.
However, SCI showed very little difference in fish diversity between Winter
2004 and Summer 2004. The fish community at BS2 had the highest diversity
in Summer 2003 and Winter 2004, but the SCI fish community was most
diverse in Summer 2004. A similar pattern of increasedbiomass (Figure lb) at
winter was also observed, except again for site SCI, where there was little
difference between Winter 2003 and Summer 2004. One seine event in

Summer 2004 at SCI resulted in over 600 mixed jacks being collected; this
unusually high seine event is likely responsible for the inflated mean biomass
for Summer 2004. In most cases, the error bars are very large, especially for
biomass estimates, indicating a very high degree ofvariability among individ
ual seines.



Table 1. ResultsofSIMPER analyses for pairwise comparisons of sites. Percent values represent the average dissimilarity between
the twosites. Cellsabove the diagonal represent analyses completedon species biomasses, while cells belowthe diagonal represent
analyses completed onspecies abundances. Species listed represent those which contributed tothe top 50% ofpairwise dissimilarity.
Species in bold were more abundant or had higher biomass at the siteabove the cell, while species notinbold were more abundant or
in higher biomass at the site to the left of the cell.

BS2 SC1 SC2 SH5

BS2 82.52%
Trachinotus goodei
Albula vulpes
Trachinotus falcatus
Eucinostomus melanopterus

74.59%
Trachinotus goodei
Albula vulpes
Sphyraena barracuda
Gerres cinereus

80.87%
Trachinotus goodei
Sphyraena barracuda
Eucinostomus melanopterus
Albula vulpes

SC1 75.58%

Atherinidae spp.
Trachinotus falcatus
Trachinotus goodei
Eucinostomus melanopterus

64.58%
Trachinotus goodei
Trachinotus falcatus
Gerres cinereus
Eucinostomus melanopterus

66.48%

Trachinotus goodei
Trachinotus falcatus
Eucinostomus melanopterus

SC2 62.10%

Atherinidae spp.
Trachinotusgoodei
Eucinostomus melanopterus
Gerres cinereus

62.22%
Atherinidae spp.
Trachinotus falcatus
Trachinotus goodei
Eucinostomus melanopterus

66.75%
Trachinotus goodei
Eucinostomus melanopterus
Gerres cinereus
Strongylura notata

SH5 72.05%
Eucinostomus melanopterus
Sphyraena barracuda
Atherinidae spp.
Trachinotus falcatus

64.16%

Atherinidae spp.
Trachinotus falcatus
Trachinotus goodei
Albula vulpes

60.75%
Eucinostomus melanopterus
Atherinidae spp.
Trachinotusgoodei
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Figure 1. Values of mean a) Shannon-Weiner Diversity and b) Total biomass
at the different site and sample sequence combinations. Error bars represent
the 95%confidence interval. SC2 was only sampled inSummer 2003.

The two-dimensional MDS plot (Figure 2) indicated that species abun
dances show strong seasonal and site influences. The plot shows that commu
nities from the same site (e.g. BS2) but different sample sequences are very
similar, but in other cases (e.g. SCI and SH5), fish communities from the
sample sequence but different sites are more similar. In particular, there is a
noticeable separation between the Winter 2004 communities and all summer
communities of those sites. The MDS plot indicates that the BS2 fish commu
nity is most unlike those of the other sites.
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Relationships between Benthic Flora and Fish Communities
BIOENV provided the five best models for each fish parameter, and the

strongest influencesare summarized in Figure 3. For fish species abundances,
each of the five best models explained a moderate degree of variation, with
values of Spearman's rank correlation, p8, ranging from 0.457 to 0.465. Cover
ofBatophora oerstedii and the branching functional group were the most com
mon variables includedin the best models, although cover of Udotea spp. and
Dasycladus vermicularis were also important factors influencing speciesabun
dances.

Species Abundances

0.465

Trophic Group Abundances

p8 = 0.397

Species Biomasses

Ps = 0.522

Trophic Group Biomasses

p8 = 0.584

Figure 3. Representation of benthic flora features' effects on fish species and
trophic groups abundances and biomasses. Factors that affect a single
parameter are included only in that parameter's quadrant, while factors that
affect more than one parameter are included in circles that span all affected
parameters.

BIOENV analyses showed that the cover ofSargassum spp.,thecalcareous
functional group, and the leathery functional group were most influential in
affecting fish species biomasses. Dasycladus vermicularis and filamentous
functional group were also commonly included in the best models. The five
best models had Spearman's rank correlation coefficients ranging from 0.495
to 0.522.

Cover ofSyringodiumfiliforme, Heterosiphonia gibbesei,and the seagrass
functional group were included in each of the five best BIOENV models
explaining patterns in trophic group abundances. The five best models had ps
values ranging from 0.386 to 0.397. Cover ofDictyotaspp. and Chondria spp.
were also included in several ofthe models.
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BIOENV models that determined relationships between benthic flora
features and trophic group biomasses were highly variable. The top five
modelshad Spearman's rank correlationcoefficientsthat ranged from 0.560 to
0.584, and included 10 different species. The features common to all five top
models were cover of Syringodium filiforme and the calcareous functional
group, although coverof the turf functional group andLaurencia spp.was also
important.

Multiple regression analyses, summarized in Table 2, investigated the
effects of benthic flora factors on univariate dependent variables. The total
numberof individuals was not significantly influenced by any of the independ
ent variables investigated. Cover of different species and functional groups
affected different parameters, although overall cover of benthic flora was also
often incorporated into the models.

Table 2. Results of stepwise backward multiple regression analyses.
Variables were omitted one by one until only significant variables remained in
the model.
Parameter Significant Variables p value Ra

value

Flora diversity 0.019

Flora cover 0.001

Number of Species
Halodule wrightii cover 0.016

0.935

Turf cover 0.001

Batophora oerstedii cover 0.001

Number of Individuals No significant variables n/a n/a

Flora cover 0.003

Thalassia testudinum cover 0.006

Shannon-Weiner

Diversity (at the species
Branching algae cover 0.006

0.990

level)
Laurencia intricata cover 0.000

Calcareous algae cover 0.000

Flora diversity 0.041

Mean Total Biomass
Calcareous algae cover 0.020

0.733

DISCUSSION

There were clear distinctions in the types, numbers, and biomasses offish
associated with each site. The fish communities from BS2, which was
characterized by having benthic flora assemblages most unlike those of other
sites, were the most disparate, and included many unique species, such as
Sphoeroides testudinus, Sphoeroides spengleris, and Hippocampus erectus.
We conclude that there is a direct link between the environmental features and

the fish community at a site. Furthermore, we conclude that different specific
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benthic features affect different aspects of fish communities. Species and
trophic group abundances were most influenced by species and/or functional
groups that were characteristically tall and/or complex (e.g. seagrasses and
branching algae). Species and trophic group biomasses tended to be most
influenced by the cover of tougher morphologies, such as leathery and
calcareous morphologies. In general, analyses of the environmental data
showed strong effects ofbenthic flora characteristicson univariate parameters
(high R2 values) and moderate effects on multivariate parameters (moderate
Spearman's Rank Coefficient values).

In our studies, some species, such as Eucinostomus melanopterus and
Atherinid spp. were ubiquitous, but their relative abundances and/or biomasses
varied greatly and contributed to a great deal of the variation between different
sites. Albula vulpes, for example, was observed at all sites, and in fairly
similar abundances. However, the individuals observed at BS2 samples were
much larger adults, compared to the smaller, post-recruitmentsized individuals
observed at all other sites. Benthic flora features at sites SCI, SC2, and SH5
may be more favorable to recently settled Albula vulpes, while benthic flora
features ofBS2 may provide better resource for adults.

Relationships between flora and fishes tended to be stronger in analyses
completed at the fish species level than at the trophic group level. Such results
suggest that studies ofresponses offish communities to environmental features
are best understood at species levels, rather than at broader, taxa-reducing
scales. Reducing 41 species down to only three trophic groups may have
accounted for the decrease in occurrence and/or strength of relationships
between benthic flora and fishes. Furthermore, since different species have
different reproductive, dietary, and behavioral patterns, it can be expected that
responses to different environmental and temporal states will be detected at the
species level. In our study, the species that would most likely be affected by
changes in the benthos are herbivores and invertebrate feeders, which rely on
the benthos for a direct or indirect food supply. However, because there were
many species that were reduced down to these two groups, it is possible that
natural species-level variations clouded out trophic group responses. Ideally,
analyzing the data at the trophic-group level would provide insight into how
coastal fish communities respond to resource availabilities (i.e. availability of
flora for herbivores or invertebrates for primary predators), but our analyses
provided less than optimal results. To provide more meaningful results, future
studies of such trophic group responses should incorporate a finer scale of
trophic level assignments and/or more frequent sampling of fishes and
environments.

The weakest relationshipwas that between benthic flora and trophic group
abundances, whose BIOENV analysis has the lowest Spearman's rank
coefficient value of 0.397. Past work has shown that abundances of various

trophic groups on reefs are significantly influenced by flora assemblage
composition (McClanahan et al. 2001) and coral cover and topographic
complexity (Connell and Kingsford 1998). However, responses of fishes on
reefs (which consist mainly of adult fishes on a consolidated substrate) may be
quite different than responses of fishes in coastal habitats (which are typically
composed of sub-adult individuals in an unconsolidated substrate dominated



Nero, V.L. and K. Sullivan-Sealy GCFI:57 (2006) Page 663

by benthic flora).
Although it is a common notion that diversity begets diversity, our

univariate analyses lead us to conclude that this is not necessarily always the
case. Our results suggest that benthic flora cover, and not flora diversity, was
much more important in influencing fish diversity. Parker et al. (2001) also
determined that indices of epifaunal diversity were more strongly related to
total plant surface area than to plant diversity. We believe that there are very
few species-specific qualities thatdetermine the resource-providing abilities of
different flora species. Thus, parameters that measure some aspect of total
flora abundance (e.g. benthic flora cover) or cover of similar morphologies
(e.g. branching floral forms) areprobably better predictors offish diversity.

Overall, the values of Spearman's Rank Coefficients for the various
BIOENV routines were relatively low. Thus, it is possible that the environ
mental factors investigated were not the most important in influencing fish
communities, and that other site-specific factors not considered by this study,
(such as temperature, prey densities, and wave energy), may be more critical
than those addressed here. Additionally, as concluded by a similar study
(Hovel et al. 2002), it is possible that processes operating at larger spatial
scales, such as regionalstorm events and larval deliveryby currents, may be a
source of influence on coastal fish community composition. This is likely the
case, since nearshore habitats are commonly occupied by young recruits
(Mateo and Tobias 2001) that rely at least partially on oceanographic influ
ences for long-distance transport to settlement sites (Underwood and Keough
2001).

The combination of multivariate and univariate analyses helped to
elucidate the benthic factors most affecting various aspects of fish communi
ties. In some cases, the two types of analyses stressed the effects of different
floral features. For example, univariate analyses commonly highlighted the
role of total floral cover in shaping fish communities, but this feature was not
important in any of the multivariate analyses. Conversely, the multivariate
analyses featured the importance of many floral species or functional groups
that were not highlighted by univariate analyses. In this case, multivariate
analyses alone probably gives a better understanding than do univariate
analyses alone, but omission of either type of analysis leads to an incomplete
picture of the wide array of factors that may influence the composition offish
communities.

In conclusion, we have demonstrated that there is a clear link between the
benthic floral composition of a site and that site's fish community. The
relationships between flora and fauna are not easily discerned, however,
because different aspects of the flora influence different univariate and
multivariate fish parameters. Our results indicate that fish are responsive to
their habitat, suggesting that changes in the benthos due to natural (e.g. storms)
or anthropogenic (e.g. eutrophication or sedimentation) activities can affect
fish community composition.
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ABSTRACT

This studyis the first detailed assessment of A. palmata populations of the
Turks and Caicos Islands. A total of 203 individual colonies and 62 thickets
were tagged on five shallow reefs. Depth, percentages of living tissue, recent
mortality and old skeleton were estimated. Presence of disease and predatory
snails was noted, and disease spread and grazing rates of the snails estimated.
Colonies were found in depths of 0.2 - 4 m. Living tissue for individual
colonies (75.9% ± 2.2 SE) was significantly greater than for thickets (58.6% ±
3.6) and in both cases exceeded old skeleton (individuals: 22.7% ±2.1 SE,
thickets: 38.0% ± 3.4 SE). Percentage of recent mortality was very low
(individuals: 1.3%± 0.3 SE, thickets: 3.4% ± 0.7%). We found WBD (n = 2),
white pox diseasea (WPDa) (n = 7) and white pox diseaseb (WPDb) (n = 14)
with greatly varying spreading rates. The WBD infected colonies showed an
atypical spread from the top of the branch towards the base. Coralliophila
abbreviata and C. caribaea affected 3.7 - 54.7% of the populations (grazing
rate: 4.29 cm2/day/snail ±1.16 SE). South Caicos' A. palmata populations are
still in good condition, though increasing human disturbances combined with
disease and predatory snails may threaten these populations.

KEY WORDS: Acropora palmata,assessment, Turks and Caicos Islands

Estado de las Poblaciones At Acropora palmata en la
Costa sur de South Caicos, las Islas Turks & Caicos

Durante nuestra investigation marcamos un total de 203 colonias indivi
duates y 64 arbustos (que constituyen varias colonias) de arrecifes someros.
Estimamos la profundidad, el porcentaje de tejido vivo y muerto de cada
colonia. La presencia de la enfermedad del blanqueo y de caracoles depreda-
dores fueron tambien anotadas. Estimamos tambien la tasa de cambio de la

difusion de la enfermedad del blanqueo y la tasa de consumos de tejido por
parte de los caracoles. Las colonias se encuentran en profundidades entre 0.2 -
4 m. El porcentaje de tejido vivo en las colonias fue de 75.85% (±2.17 SE) y
fue mayor que en los arbustos (58.59% ± 3.63). En ambos casos excede el
esqueleto (colonias individuales: 22.73% ± 2.07 SE, arbustos: 38.03% ± 3.38
SE). El porcentaje de mortalidad reciente fue muy bajo (colonias individuales:
1.33% ± 0.26 SE, arbustos: 3.38% ± 0.72%). Encontramos varias enfermeda-
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des: WBD (n = 2), WPDa (n = 7) y WPDb (n = 14). Una de las colonias
infectadas mostraba una atipica forma de difundirse desde la cabeza del coral
hacia la base. Los caracoles Coralliophila abbreviata y C. caribaeaafectaron
entre 3.7 y 54.7% de la poblacion de coral. Su tasa de consumo se coral se
estimo en 4.29cm2/dia/caracol±1.16 SE). La poblacion del sur de la isla de
Caicos de A.palmata esta aun en buenas condiciones. Sin embargo el aumento
del disturbio por actividades humanas y la depredation por caracoles puede
amenazar estas poblaciones en el future

PALABRAS CLAVES: Acroporapalmata, estado de las poblaciones, Islas
Turks & Caicos

INTRODUCTION

The Caribbean elkhorn coral (Acropora palmata) is one of the main reef-
building coral species of the Caribbean and Florida reef tract (Lirman 2002).
Colonies prefer exposed reef crest and fore reef environments in depths of less
than 6 m (Adey and Burke 1976), although isolated corals may occur to a
depth of 18 m (Bruckner 2002). It is the largest of the acroporids with colonies
growing up to 3 m in diameter (Bruckner 2002). The three-dimensional shape
of this coral species makes it essential for creating habitat for many reef fish
and other reef associated organisms (Gladfelter and Gladfelter 1978, Lirman
1999, 2002). The growth of detached fragments in between periods of
disturbances creates dense thickets (Adey and Burke 1976). Thicket formation
reduces wave energy from offshore and protects seagrass, mangrove habitats
and coastline (Bruckner 2002). The loss of thickets results in major losses of
reef function and biodiversity (Bruckner 2002). In areas where storm distur
bances are low, only isolated colonies occur because of decreased fragmenta
tion (Dustan 1977).

In many areas, the characteristic "Acropora palmata zone" has been
transformed into rubble fields with a few, isolated living colonies (e.g. Weil et
al. 2002). In the early 1970s, A. palmata populations were relatively healthy,
but subsequent declines were observed in the 1970s to 1980s and again
through the 1990s (Kramer 2002). Over the last three decades, the Caribbean
has experiences losses of 95% or more of the once dominating A. palmata
populations (Precht et al. 2002). Paleontological studies show acroporids
dominated coral reefs communities throughout the Caribbean from the
Pleistocene to the end of the 1970s, suggesting the present mortality rates are
without precedent in the Holocene Epoch (Mesolella 1967, Jackson 1992). In
most cases, A.palmata populations are being affected by a number of different
stresses simultaneously resulting in a decreased ability to regenerate (Aronson
et al. 2002). In 1999,A.palmatawas added together with A. cervicornis to the
Candidate Species List of the Endangered Species Act by National Oceanic
and Atmospheric Administration (NOAA)'s National Marine Fisheries Service
(Bruckner 2002), and a status review report put together by NOAA Fisheries,
Protected Resources Division is expected in March 2005 (J. Moore Pers.
comm.).

Until recently White Banding Disease (WBD) was considered the
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dominant cause of A. palmata mortality throughout the Caribbean (Aronson
and Precht 2001). The paleontologically unprecedented outbreaks of WBD
have led many to speculate anthropogenic stressors are the heart of the disease
outbreaks, but no direct evidence of this has yet been found (Richardson 1998,
Aronson and Precht 2001). Colonies infected by WBD show a distinctive
white band moving from the base to the branches of the colony (Gladfelter
1982). First documented in 1996, the highly contagious and rapidly spreading
White Pox Disease (WPD) now rivals WBD as the leading cause of disease
relatedA.palmata mortality(Pattersonet al. 2002). It has been suggested that
WPD is caused by a common human fecal enterobacterium, Serratia marces-
cens (Patterson et al. 2002).

Predation by snails is also a cause of significant concern, as they can
quicklyconsume largequantities of coral (Baumset al. 2003a). In the past few
decades, 10 - 20% ofA.palmata populationshave been observed to be infested
by the corallivorous snail Coralliophila abbreviate in the Florida Keys (Baums
et al. 2003a). Additionally, feeding rates ashigh as9 cm2/snail/day have been
calculated, indicating that snails have the potential to seriously affect the
viability ofA.palmata (Baums et al. 2003a).

The Turks and Caicos Islands (TCI) have low human population pressure
when compared to many other Caribbean islands, and the one study that has
been done in the area describes the reefs to be in generally good condition
(Riegl et al. 2003). Around the east and south-east side of South Caicos and
along the west side of Long Cay, healthy looking colonies and even thickets of
A.palmata have been observed. The aims of this research project are to collect
baseline data ofA. palmata populations on the reefs around South Caicos and
Long Cay and to determine their health status. We expect that A. palmata
populations on reefs around South Caicos are in very good condition without
significant signs of disease and snail predation.

MATERIALS AND METHODS

Study Sites, Depth and Density Estimation
Five different reefs off the coast of South Caicos, TCI, were selected to

determine the A. palmata population (Figure 1). Shark Alley and Cox
Development are fringing reefs. Admirals Aquarium, Tuckers and South End
Long Cay are patch reefs.

All research was conducted snorkeling during March and April 2004. The
depth the colonies were found in was measured using the base of the colony as
a reference point. To estimate density of the different reefs, the size of each
reef monitored was measured using 30 m measure tapes that were run in
straight lines along the edges of the total reef area (rectangular areas) and
divided by the number ofcolonies found in these areas.
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Figure 1. Map of South Caicos with the study sites (1 = Admirals Aquarium,
2 = Cox Development, 3 = Tuckers, 4 = Shark Alley, 5 = South End Long Cay)
and showing the predominant wind and current direction.

Health Status

Each colony measured was tagged using a numbered aluminum tag
hammered into dead substrate close to the base of the colony. During most of
the study period, the sea was very rough. Hence, we were not able to include
all colonies in the study since some were too difficult to survey without
damaging corals. Smaller individuals may be slightly under-represented
because, due to time constrains, we focused on larger colonies to cover a
greater survey area. Living tissue, recent mortality, and old dead skeleton of
each tagged colony were visually estimated. Areas of recent mortality were
evident as white bare skeleton, whereas old dead areas were covered with
algae.

Diseases and Their Spread
Each tagged colony was observed for disease. Colonies that showed signs

of disease were tagged with a cable tie (if possible it was placed on dead
skeleton) as a reference point. Calipers were used to measure the width and
length, to the closest millimeter, of either the total recently dead area killed off
by WBD or the width and length of each individual pox for White Pox Disease
a (WPDa). The course of White Pox Disease b (WPDb) was monitored by
counting the number of pox present on one colony and recounting them when
revisited. The colonies were revisited one to three times during the study
period to calculate the rate the disease proceeded.
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Predatory Snails and Their Grazing Rates
Pilot observations showed that the main predators ofA. palmata of South

Caicos' reefs were the two corallivorous snails Coralliophila abbreviata and
C. caribaea. If corallivorous snails were observed on tagged colonies, the
quantity of the snailswas visually estimated. Individual snailswere collected,
the species noted, and siphonal length measured to the nearestmillimeter using
a caliper to determine the size distribution. Some randomly selected snail
infested colonies were revisited to estimate approximate rates of grazing.
Cable ties were tied at the bases of grazed branches (if possible on dead areas)
to determine a reference point. Grazing activity was then calculated measuring
the distance from the cable tie to the furthest boundary of living tissue and
grazed area and the width of the grazed area to the nearest millimeter using a
caliper.

Statistical Analysis
A one-way ANOVA was conducted when data was homogenous

(Levene's test) and normal (normal probability plot of residuals), or a non-
parametric Kruskal Wallis ANOVA median test was used.

RESULTS

Density and Depth
We surveyed 203 individual colonies and 62 thickets consisting of 280

individual colonies (Table 1). The five reefs surveyed differed in size. We did
not measure the reef area of South End Long Cay due to time and weather
constrains. The density of A. palmata individual colonies, thickets, and total
colonies varied between the sites (Table 1). Colonies and thickets were found
in very shallow areas on all reefs ranging from 0.2 to 0.5 m. At South End
Long Cay, and Admirals Aquarium, colonies were found down to 1 m,
whereas at Tuckers colonies were observed down to 4 m depth. The mean
depth ofA.palmata individual colonies and thickets was 1.2 m (± 0.04 SE).

Health Status

Overall, individual colonies and thickets combined had 72.7% (± 1.9 SE)
living tissue, 25.5% (± 1.8 SE), old dead skeleton, and 1.8% (± 0.3 SE) recent
mortality. There was a significant difference between these three categories
(Kruskal-Wallis: H(\, n = 813) = 505.205, p < 0.001).

We also found significant differences between colonies and thickets in the
amount of living tissue (ind. colonies 75.8% (± 2.2 SE), thickets 59% (± 3.7
SE)), old dead skeleton (ind. colonies 22.7% (± 2.1 SE), thickets 36.8% (± 3.4
SE)), and recent mortality (ind. colonies 1.3% (± 0.3 SE), thickets 3.5% (± 0.7
SE)) (Kruskal Wallis: living tissue H(\, n = 265) = 18.825, p < 0.001; old dead
skeleton H(\, n = 265) = 17.863, p < 0.0001, recent mortality H(\, n = 265) =
17.044, p< 0.0001).
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Table 1. Area (m2) of reefs, number of individual colonies, thickets with
individual colonies in parentheses, total number of individual colonies and
thickets' individual colonies) surveyed and density (colonies/m2) of only
individual colonies, thickets and total colonies. Admirals = Admirals Aquarium,
Cox = Cox Development, Shark = Shark Alley, SELC = South End Long Cay.

individual

colonies

thickets

(colonies)
total

coloniessite

Admirals

area

m2
900

density
(colonies/m2)

0.007

Cox 8,360 85 24 (99) 184 0.01/0.003/0.02

Shark 9,273 50 31 (146) 196 0.005/0.003/0.02

Tuckers 28,215 50 4(27) 77 0.002/0.0002/0.003

SELC - 12 3(8) 20 -

total - 203 62 (280) 483 -

Individual colonies at all sites had more living tissue than old dead
skeleton, whereas thickets showed much more variation (Figure 2a,b). For
thickets at Cox Development and Shark Alley living tissue was significantly
greater than old dead skeleton (Kruskal-Wallis: Cox Development H (1, n =
48) = 9.932, p = 0.0016; Shark Alley H(\, n = 62) = 3.895, p = 0.048), whereas
at Tuckers Reef old dead skeleton equals the amount of living tissue (Kruskal-
Wallis: H(\, n = 12) = 1.283, p = 0.257) (Figure 2b). Shark Alley and Tuckers
showed highest percentage of recent mortality (Figure 2b). Admirals was the
only site that had 100% living tissue. South End Long Cay did not show any
recent mortality.
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Figure 2. Percentage living tissue, old dead skeleton and recent mortality of a)
individual A. plamata colonies and b) A. plamata thickets for each site. Error-
bars represent standard errors, white = living tissue, grey = old dead skeleton,
black = recent mortality-
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Diseases

Across all sites 11.5% of the individual colonies were found to be infected

with WBD (0.5%), WPDa (4.3%), WPDb (6.7%), and WBD and WPDa at the
same time (0.5%). Of all thickets 6.3% were observed to have either WPDa
(4.7%) or WBD (1.6%). Shark Alley was the only site where WBD occurred,
WPDb was observed at Cox Development and Tuckers and WPDa was found
at Admirals Aquarium, Cox Development and Shark Alley. The percentage of
diseased colonies at the different sites ranged from 0% to 17.9%. At South
End Long Cay, none of the tagged colonies were infected by disease. The two
coloniesthat were foundwithWBD at SharkAlleywere in relativelyclose proximity
to each other. Both instances of WBD exhibitedatypical spread patterns. On one
colonythebandappeared to haveinitially followed a normal spreadpattern (fromthe
baseto thebranches). However, oncetheendof the secondbranchwas reached, the
disease appeared tohavespread to thetipof a neighboring branch. Theothercolony
alsoshowedthisatypical spreadpattern, starting at the tip of the branchand working
itsway downthebranch. Visual surveys showed thatWPDbtended to be found on
colonies within closeproximity to otherWPDb colonies; thistrendwasnot nearly as
strong withWPDa. The atypically WBD showeda mean spreadingrate of 2.80
cm2/day (± 0.8 SE, n = 3) and a maximum rate of 5.47 cm2/day. At Shark
Alley, WPDa showed a higherprogress rate (1.83 cm/day, ± 0.54 SE, n = 13)
compared to Admirals Aquarium (0.09 cm/day, ± 0.03 SE, n = 4) and Cox
Development (0.20cm/day, n = 1). WPDb spreading rate was similarbetween
Cox Development (0.54 cm/day, ± 0.71 SE, n = 4) and Tuckers (0.67 cm/day,
± 0.54 SE, n = 6). At Tuckers two colonies with WPDb had decreasing
numbers of pox, whereas at Cox Development the numbers of pox on one
colony did not change, though two colonies showed first increasing numbers
and then decreasing. All other colonies of these sites and the other reefs
showed increasing numbers ofpox.

Predatory Snails and Their Grazing Rates
Predatory snails, C. abbreviata and C. caribbaea, were found on 21% of

the individual colonies and 28% of the thickets across all sites. Most often
there were less than 10 snails followed by 10 - 19 snails per colony or thicket
(Table 2). One individual colony and one thicket had more than 50 predatory
snails grazing on its tissue (Table 2).

Table 2. Number of predatory snails found on individual colonies and thickets.

number of snails

<10 10-19 20-29 30-39 40-49 50+ total

individual 23 13 3 3 0 1 43

colonies

thickets 8 5 2 2 0 1 18

total 31 18 5 5 0 2 61



Page 672 57th Gulf and Caribbean Fisheries Institute

Snail infestation differed between the reefs and the individual colonies and

thickets (Figure 3). At Cox Developmentonly individual colonies were found
with predatory snails, whereas at South End Long Cay snails were only
observed on thickets. These infestations accounted for less than 10% of the
individual colonies and thickets at each site, respectively (Figure 3). Of all
sites, colonies at Shark Alley were infested most heavily by predatory snails
whereas no snails were found at Admirals Aquarium. At Shark Alley and
Tuckers snails of the species C. abbreviata were collected to look at the
frequency distribution. The smallest snail measured was 2 mm and the largest
35 mm in length. There was no difference in the size distribution between the
two sites (one-way ANOVA: F (1, 164) = 0.132, p = 0.716; Tuckers: mean =
17.2 mm ± 0.5 SE; Shark Alley: mean = 17.35 ± 1.3 SE). The mean grazing
rate was 4.29 cm/snail/day (± 1.2 SE) for all sites combined. There was no
significant difference in the grazing rate between the reefs (one-way ANOVA:
F2,i2= 0.026, p = 0.801; Tuckers: 2.7 cm/snail/day ± 0 SE, n = 2; Shark Alley:
4.99 cm/snail/day ± 1.6 SE, n = 8; Cox: 3.8 cm/snail/day ± 2.0 SE, n = 5).

60

50

40

30 •

20
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0 thickets
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Cox SE Long Shade
Cay Alley

Tuckers

Figure 3. Percentage colonies infested with predatory snails (C. abbreviata
and C. caribbaea) for total individual colonies and thickets per site. The
percentage of both categories was calculated from the total number of individ-
ual colonies and thickets per site combined. For sample sizes see table 2.

Predatory Snails and Disease Incidences
Only sue of all 280 individual colonies and thickets were found to be

infected by diseases while simultaneously being grazed on by predatory snails
(Table 3). Five of these colonies were found at Shark Alley, where more than
50% of the colonies that we surveyed were found with snails. The remaining
snail and disease infected colony was found at Tuckers, where nine more
colonies were found with only snails. Hence, there does not seem to be a
relationship between disease infection and snail predation.
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Table 3. Number of colonies and thickets

presence or absence of disease and/or snails.
combined for each site with

Admirals Cox Shark Al SELC Tuckers

total 6 109 81 15 56

healthy 1 98 34 15 38

disease, no snails 1 7 5 0 9

disease, snails 0 0 5 0 1

snails only 0 4 42 0 8

DISCUSSION

Density and Depth
A study conducted in the Florida Keys foundA.palmata density ranging

from 0.01 to 0.07 colonies/mamong different regions (Chiappone et al. 2002).
These values differed from our findings (0.0002-0.01 colonies/m). These
discrepancies may be caused by an underestimation of colonies in our study,
since due to weather limitations and time constrains, some fragments and
smaller colonies were ignored. Furthermore, Chiappone et al. (2002) used
transects, while we measured total area of the reefs where we surveyed the A.
palmata populations. Considering that the predominant habitat of A. palmata
are shallow outer reef slopes exposed to wave action (Vernon 2000), our
results may be an underestimation of A. palmata density when compared to
Chiappone et al. (2002). In the past, most A.palmata populations throughout
the Caribbean were mainly composed of dense thickets, but now individual
colonies are more prevalent (Bruckner 2002). We found both individuals and
thickets on the reefs. Because thickets develop during periods between storms
(Adey and Burke 1976), the thickets we observed on the reefs off South Caicos
may have grown due to the fact that the last hurricane hit the TCI over 14 years
ago. Since the high growth rate ofA.palmata is 5 - 10 cm per year (Adey and
Burke 1976), 14 years may be a long enough time period to grow extensive
thicket populations.

The depth range ofA.palmata around South Caicos varied from 0.2 - 3.5
m. However, A. palmata grows ideally in depths of 5 - 6 m (Bruckner 2002).
Shallow depths could potentially inhibit the growth of A. palmata because of
the increased risk of sub-aerial exposure and high sea surfaces temperatures,
which can cause bleaching and eventually coral mortality. Despite this, we
found large, healthy populations in depths less than 5 m. This may be due to
the absence of bleaching events in the TCI over the last decades. However,
there is no data available supporting this hypothesis.

Health Status

Overall, the A. palmata populations of South Caicos are in relatively
healthy condition compared to populations at other locations. The amount of
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live tissue ofA.palmata colonies in this study ranges from 65% to 100% per
site with an average of around 80%. In contrast, a study performed in the
Florida Keys, USA found approximately 60% live coral tissue (Miller et al.
2002). Generally, the TCI reefs show very little signs of being negatively
impacted from human activities (Spalding et al. 2001). However, there is
cause to worry as three hotel construction sites on South Caicos may increase
sedimentation to the surrounding waters, and A. palmata is very intolerant to
sediment pollution as it causes death of the underlying tissue (Rogers 1983).
An increased development can also induce eutrophication that increases algal
growth competing with corals for space (Lapointe 1997). To date, finfish is
not the targeted seafood of the South Caicos fishermen; however, this is
expected to change as tourism increases. Intensive fishing in the area could
negatively affect the A. palmata populations because as herbivorous fish
populations decline, algal biomass increases and out-competes the corals
(Steneck 1988). In the South Caicos area, fishing can also directly induce
negative effects on corals when illegal chemicals such as bleach are used or
when lines, nets, plastic bags or other materials get wrapped around the colony
branches.

Disease Abundance

Despite the fact that the reefs of the TCI have been reported to be almost
pristine (Riegel et al. 2003), we found WBD, WPDa, and WPDb affectingA.
palmata colonies. Only colonies at South End Long Cay, the site that is
furthest away, showed no diseases. Hence, it is possible that the A. palmata
colonies closer to South Caicos are more affected by human activities.

WBD was only found on two colonies at one of the five sites. Both
colonies were in close proximity to each other, which might suggest that their
incidence is related. The progression of the band between branches on one of
the two infected colonies also suggests that the disease may be contagious. To
date there are no instances ofWBD on A.palmata spreadingfrom the tip of the
branch to the base. This was only reported from WBD Type II infected
colonies ofA. cervicornis (Ritchie and Smith 1998). While the mean rate of
spread per day (2.80 ±0.81 SE cm2/day) of WBD found during this study is
close tothe maximum rate ofexpansion (2.06 cm2/day) reported byDavis etal.
(1986), the maximum rate of spread found at Shark Alley was much higher.
The atypical progression may be the reason for the increased spread rate.

The mean rate of lesion expansion of WPDa was lower than that
reported by Patterson et al. (2002) in the Florida Keys. Our results concur with
the findings of Patterson et al. (2002) concerning high variability in tissue loss
between colonies. However, we also found high variability within colonies.
Patterson et al. (2002) found WPD highly contagious within and among reefs.
We support their findings, since all WPD incidences we report were found on
the four reefs that were within close proximity ofeach other. The site that was
the most remote (South End Long Cay) had no diseases present. This might
show a very high frequency of between reef WPD spread. However, of the
individual types of WPD we found that WPDa does not appear to have a high
within reef rate of transmittance, whereas WPDb is found exclusively in
colony clusters, thus exhibiting a very high rate ofdispersion.
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Snail Predation

The data collected on C. abbreviata populations and their grazing rates
were similar to those of a study performed in the Florida Keys. According to
Baums et al. (2003b), 20% of A. palmata populations were infestedwith snails
on the reefs surveyed in 1999, compared to a mean of 24.8 % snail infestation
for all locations in this study. Our result for average snail size was 17.7 mm,
slightly smaller than the mean size of 21.1 mm for low-density A. palmata
stands and 26.0 mm for colony thickets reported by Baums et al. (2003b). The
mean grazing rate of3.83 cm2/snail/day (±0.67 SE) that wefound in this study
was similar to consumption rates reported from the Florida Keys (Baums et al.
(2003b) -4 cm2/snail/day, Miller (2001) - 3.37 cm2/snail/day ).

The presence of snails may pose a significant threat to South Caicos A.
palmata populations. With a mean grazing rate of3.83 cm2/snail/day (+ 0.67
SE), one snail can consume approximately 115 cm2 coral tissue in a month.
Snail infestation on South Caicos ranges from 0% to 54.7% at different sites
and more than 50 snails can be present on one single colony. Hence, large
populations of C. abbreviata have the ability to consume large quantities of
coral tissue in relatively short time. However, no relationship was found
between disease incidences and predatory snails.

CONCLUSIONS

While the present conditionof A.palmata populations in South Caicos is
good compared to other Caribbean islands, the presence of diseases and snail
predation is cause for concern. Studies show that A.palmata diseases occur in
the end stages of stress induced synergistic effects (Harvell et al. 2001,
Richardson 1998, Antonius 1981). It is believed that stressed corals have
weakened defense mechanisms and are therefore more susceptible and
vulnerable to diseases (Richardson 1998, Harvell et al. 2001, Aronson and
Precht 2001). Hence, considering the remoteness of South Caicos' reefs and
the relatively low anthropogenic stressors they are facing, it is quite surprising
that we observed such a high occurrence of WBD, WPDa and WPDb on these
reefs. South Caicos' A. palmata populations could potentially be at high risk
of mortality, especially when observed snail predation, disease, and potential
anthropogenic threats are combined. However, other more global, natural
stressors such as global warming have also been linked to A. palmata degrada
tion through incidences of bleaching and increased water temperature
(Antonius 1981, Richardson 1998, Harvell et al. 2001, Aronson and Precht
2001, Patterson et al. 2002, Gardner 2003). Patterson et al. (2002) reports a
causal linkage between bleaching and disease related mortality due to in
creased opportunistic infections. They further speculate that the increased
frequency and intensity of future bleaching events, due to global warming, may
lengthen the disease season. However, there are no long-term data neither on
coral cover and the status ofA. palmata populations nor on the temperature of
the surrounding water that may explain why South Caicos' A. palmata
populations experience diseases. Furthermore C. abbreviata and C. caribbaea
infestations are worrying, especially because they have been found on the reefs
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that have been severelyimpacted by tropical stormJeanne in September 2004.
Many fragments broken and laying on the benthic substrate are easy prey for
snails which may limit the fragments survival rate. This has been reported
from Jamaican reefs after hurricane Allen in 1980 (Knowlton et al. 1981).
Generally, the reefs can be protected from direct anthropogenic stress, but
natural impacts such as hurricanes and storm events, as well as mortality
caused by disease is beyond management possibilities. Abundance of
predatory snails may be controlledby collecting and eliminatingthese (Miller
2001). However, the question remains how many snails can A. palmata
populations withstand? Populations at other locations have been observed to
experience periods of decline and rebound, and snail population dynamics
fluctuates from year to year (Miller et al. 2002).

This type of survey is very important because it serves as baseline data for
future comparisons. Studying the status, trends, and threats of A. palmata
populations is important for conservation efforts. While our results define the
current status ofA.palmata, studies in the future can be compared to this data
to determine if the populations remain stable, increase or decline, and whether
changes in disease occurrence or C. abbreviata populations affect the status of
the coral population. However, if significant disease outbreaks and snail
predation are being observed, how can we protect South Caicos A. palmata
populations?
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ABSTRACT

Trophic relationships among organisms associated with floating Sargas
sum in the northwest Gulf ofMexico was assessed using fatty acids. Nineteen
groups wereselected as representatives of theSargassum community including
4 autotrophs, 8 invertebrates, 5 juvenile fishes, and 2 adult fishes. Spatial and
temporal variability in polyunsaturated fatty acid (PUFA) signatures of
selected taxa (Sargassum fluitans [autotroph], Leander tenuicornis (primary
heterotroph], Batistes capriscus [secondary heterotroph]) was examined to
quantify natural variation within these dietary tracers. Although PUFA
signatures varied seasonally for all three taxa, no differences were detected
between samples collected in year 2000 and 2001 or from different sample
locations in the northwest Gulf. PUFA signatures made up 16.3 - 62.3% ofthe
total fatty acid composition of main autotrophs present in the pelagic environ
ment (particulate organic matter [POM], epiphytic algae, Sargassum fluitans,
S. natans), and PUFA profiles of selected primary producers were distinct.
Specifically, levels of 20:5w-5 and 22:6n-3 were higher in POM than Sargas
sumspp. or epiphytic algae (Cladophora sp.). Dominant PUFA in the tissue of
invertebrate and vertebrate consumers were lS:2n-6, 2Q:4n-6, 20:5n-3, 22:5n-
3, 22:6«-3 and multivariate analyses indicated that PUFA signatures of all
consumerswere highly similar to POM. As a result, heterotrophsutilizing the
Sargassum complex may rely heavily on phytoplankton production rather than
production by Sargassum or associated epiphytic algae.

KEY WORDS: Sargassum, trophic relationships, fatty acids

Determinaci6n de las Relaciones Tr6ficas entre Fauna y Flora
en las Comunidades de Sargassum Usando Acidos Grasos

Las relaciones tr6ficas entre organismos asociados al Sargassum flotante
en el noroeste del Golfo de Mexico fueron evaluadas mediante acidos grasos.
Diecinueve grupos fueron seleccionados como representatives de la comunidad
de Sargassum. Estos incluyeron 4 autotrofos, 8 invertebrados, 5 peces
juveniles y 2 peces adultos. La variacidn espacial y temporal en el registro del
acido graso polinosaturado (PUFA) de los taxa selecionados (Sargassum
fluitans [autotrofo], Leander tenuicornis [heter6trofo primario], Batistes
capriscus [heterdtrofo secondario]) fue examinada para cuantificar las
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variaciones naturales en estos indicadores dieteticos. A pesar de que existieron
variaciones estacionales en los 3 taxa, no se detectaron diferencias entre las
muestrascolectadasen los anos 2000 y 2001, ni entre las diferenteslocalidades
muestradeas en el Golfo. Los registros de PUFA contribuyeron del 16.3 al
62.3%del total de la composici6n de acidos grasos en los principales autotro-
fos presentes en ambientes pelagicos (material organica particulada [POM],
algas epifiticas, Sargassum fluitans y S. natans) donde los perfiles de PUFA
fueron distintos entre los productores primarios. Especialmente, los niveles de
20:5«-5 y 22:6n-3 fueron mas altos en POM que en Sargassum spp. o algas
epifiiticas (Cladophora sp.). Los PUFA dominantes en los tejidos de inverte-
brados y vertebrados fueron 18:2/i-5, 20:4n-6, 20:5n-3, 22:5/i-3, 22:6«-3,
donde un analisis multivariado indico que los registros PUFA de todos los
consumidores fueron muy similares al POM. Como resultado, los heterotrofos
que utilizan el conglomerado de Sargassum parecen depender fuertemente en
la producion fitoplant6nica y no en la produci6n de Sargassum o algas
epifiticas asociadas.

PALABRAS CLAVES: Sargassum, relacionestr6ficas, acidos grasos

INTRODUCTION

Due to inherent problems associated with conventional measures of diet
(e.g., gut content analysis), considerable effort has been afforded to the
development of alternative approaches (e.g., stable isotopes, fatty acids) to
identify trophic links and determine food web structure within marine systems
(Fry and Sherr 1988, Iverson et al. 1997). Although stable carbon and nitrogen
isotopeshave been used extensively to identifysource(s)ofprimary production
has provided important insights on feeding histories of marine fauna, primary
producers and secondary consumers often have similar isotopic signatures,
thus limiting the usefulness of the approach for examining trophic relation
ships. In recent years, fatty acid signatures have increasingly been used as
natural dietary tracers for a variety of aquatic organisms including inverte
brates, fishes, sea turtles, and marine mammals (e.g., Fraser et al. 1989, Graeve
et al. 1994, Iverson et al. 1997, Kirsch et al. 1998), and the approach has been
shown to overcome deficiencies often associated with stable isotope analysis
(Kiyashko et al. 1998, Kharlamenko et al. 2001). Due to biochemical limita
tions in marine organisms, polyunsaturated fatty acids (PUFAs) are rarely
modified and cannot be synthesized de novo (Raclot et al. 1998, Hastings et al.
2001, Graeve et al. 2002, Gurr et al. 2002). Therefore, PUFAs in marine
consumers are obtained exclusively from dietary sources and useful for
reconstructing feeding histories (e.g., Iverson et al. 1997, Graeve et al. 2002).

Sargassum is a pelagic, brown algae that dominates a section of the
western North Atlantic known as the Sargasso Sea and is present throughout
the Caribbean and Gulf of Mexico (Butler et al. 1983). Two species of
Sargassum, S. fluitans and S. natans, support a large diversity of marine
invertebrates and vertebrates, including several commercially, recreationally,
and ecologically important fishes (e.g., Batistes capriscus, Caranx crysos,
Seriola dumerili, Coryphaena hippurus, Acanthocybium solandri) (Dooley
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1972, Bortone et al. 1977, Settle 1993). Although Sargassum is recognized as
essential fishhabitat (EFH) by theNational Marine Fisheries Service (SAFMC
1998), the role of Sargassum has yet to be determined, and data regarding
trophic relationships of associated fauna is clearly needed to fully understand
its importancewithin pelagic ecosystems.

In the present study, weexamined the feeding ecology of fauna associated
with free-floating, pelagic Sargassum mats in the northwest Gulfof Mexico
using PUFAs. Results of a previous study utilizing stable isotopes (Rooker et
al. 2004) indicated that organic matter supplied to heterotrophs inhabiting the
matcommunity might notoriginate from either Sargassum species. However,
due to similarities in isotopic signatures of associated autotrophs
(phytoplankton and epiphytic algae), this study did not assess the relative
importance of producers other than Sargassum. Therefore, the aim of the
present study was to use fatty acid signature analysis to trace source(s) of
primary production to consumers using the Sargassum complex and to
determine feeding histories of associated fauna. Specific objectives of the
present study were to:

i) Characterize PUFAs of autotrophs andconsumers, and
ii) Relate PUFAs of community flora and fauna to determine trophic

relationships.

METHODS

Sample Collection
Samples were collected from three sites within the northwestern Gulf of

Mexico, including one inshore and two offshore sites stratified into a northern
and southern region (Figure 1). The inshore and offshore sites were < 30 nm
and > 30 nm from shore, respectively. Collections were conducted monthly
from Maythrough August in 2000and2001. Sargassum mats were chosen at
random within each region during each collection. A 20 m (L) x 3.3 m (H)
purse seine with 1,000 mm mesh was deployed around individual mats to
collect community flora and fauna. Larger fishes were collected by hook and
line opportunistically at each sample site. Samples of POM were collected
from seawaterpre-filteredthrough a 125 mm sieve then collected in a 25 mm
sieve (to reduce the risk of sample contamination) before being filtered onto
0.7 mm Whatman glass fiber filters for analysis. Samples for zooplankton
were collected from seawater in a 125 mm sieve before being filtered onto 0.7-
mm Whatman glass fiber filters for analysis. Epibiota (including flora and
fauna) were removed from thallus, blades, and pneumatocysts of Sargassum
using forceps.
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Figure 1. Location of sampling sites in the northwesternGulfof Mexico

Sample Preparation and Analysis
Whole samples of autotrophs, invertebrates, and juvenile fishes, and

lateral muscle tissue from adult fishes were homogenized thoroughly with
blenders and mixing mills. Lipid was then extracted in duplicate aliquots in
chloroform:methanol (2:1; v:v) after Folch et al. (1957) as modified by Iverson
et al. (2001). Fatty acid methyl esters were prepared by transesterification
directly from < 100 mg of pure extracted lipid (filtered and dried over anhy
drous sulfate), with 0.5 N sulfuric acid in methanol plus dichloromethane
following the Hilditch procedure. Analysis of methyl esters was run using
temperature-programmed gas chromatography on a Perkin Elmer Autosystem
II Capillary FID Gas Chromatograph fitted with a 30 m x 0.25 mm internal
diameter column coated with 50 % cyanopropylpolysilohexane(0.25 mm film
thickness, J&W DB-23, Folsom, CA, USA) and linked to a computerized
integration system (Turbochrome 4 software, PE Nelson). Identification of
fatty acids and isomers was determinedby calibratinggas chromatographydata
with known standards (Nu Check Prep., Elysian, MN, USA). Individual fatty
acids were converted to mass percent of total fatty acids using conversion
factors from Ackman (1972) after accounting for the contribution ofBHT.
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Statistical Analyses
Multivariate analysis of variance (MANOVA) and analysis of variance

(ANOVA) were used to examine differences in composition of PUFA
signatures andindividual PUFAs, respectively among autotrophs and consum
ers. Tukey's honestly significant difference (HSD a = 0.05) testwas usedto
determine significant differences between groups. Normality andhomogeneity
of variances were verified using Kolmogorov-Smirnov and Bartlett tests,
respectively. Fatty acid data were arcsine-transformed before analyses of
variance were run to correct for their binomial distribution (percentages) (Zar
1998). Principal components analysis (PCA) was used to examine distance
relationships among autotrophs and subsequent consumers based on PUFA
signatures. Factors were extracted using a correlation matrix with minimum
eigenvalues of 1.0.

RESULTS

Sixty-seven individual fatty acids were identified during analysis. The
five PUFAs (\%:2n-6 [linoleic acid], 20:4n-6' [arachidonic acid, AA], 20:5«-5
[eicosapentaenoic acid, EPA], 22:5n-3 [docosapentaenoic acid, DPA], and
22:6«-3 [docosahexaenoic acid, DHA]), were used to assess temporal and
spatial variation within the system and determine trophic relationships of the
associated community fauna to reduce the number of variables because they
were 1) the most abundant and 2) were found to be indicators of diet in
previous studies of estuarine and marine consumers (Turner 2004). Further
uses of 'PUFA signatures'werebased uponthese five fatty acids.

Nineteen groups were selected as representatives of the Sargassum
community including four autotrophs, eight invertebrates, five juvenile fishes,
and two adult fishes (Table 1). Although sixty-seven individual fatty acids
were identified in the present study, analyses were limited to select PUFAs
since marine organisms have extremely limited ability to modify these fatty
acids. PUFAs comprised the largest % composition of all fatty acid groups in
most of our samples (16.3 - 62.3% of the total fatty acid composition).
Furthermore, the five most abundant PUFAs made up 54.1 - 95.9% of the
PUFAs and 9.6 - 44.9% of the total fatty acid composition of the samples
processed and were used exclusively for further characterization of trophic
relationships.

Spatial and Temporal Variation
Spatial and temporal variation in PUFA signatures was investigated at

three distinct levels in the Sargassum mat community: autotroph (S.fluitans),
primary heterotroph (Leander tenuicornis), secondary heterotroph (Batistes
capriscus) as part of another study (Turner 2004). Although no significant
differences were detected between samples collected in 2000 and 2001, and
among three sampling regions (northern inshore - NI, northern offshore - NO,
and southern offshore - SO), significant seasonal differences in PUFA
signatures were identified for S. fluitans and Batistes capriscus, (but not L.
tenuicornis) using MANOVA. Therefore, to ensure that seasonal variation in
PUFA signatures did not confound our characterization of trophic relation-
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ships, only samples from May and June 2000 collected from the northern
offshore sampling region (NO) were used for further assessments.

Table 1. Representative species of the Sargassum community. All speci
mens collected from Northern Offshore location during May0 or Juneb 2000.
Length represents total length for fishes, carapace length for shrimps, and
carapace width forcrabs.
Species

Cladophora sp. (green epiphytic algae)3

Sargassum fluitans (brownalgae)8

Sargassum natans (brownalgae)8

POM8"

Zooplankton8

Membraniporum sp. (bryozoan)8

Algaophenia latecarinata (hydroidcnidarian)8

Spirorbis sp. (serpulld polychaete)8

Latruetes fucorum (hlppolytid shrimp)8

Leander tenuicornis (palaemonidshrimp)3

Portunus sayi (portunidcrab)8

Scyllaeapelagica (nudibrartch gastrpod)8

Balistes capriscus (gray triggerfish)8

Caranx crysos (blue runner)8

Histrio histrio (sargassum fish)8

Stephanolepishispidus(planehead tilefish)8

Seriola dumerili (greater amberjack)8

Coryphaena hippurus (dolphlnfish)81*

Acanthocybium solandri(wahoo)8

Length (mm)

10 n/a

36 n/a

24 n/a

25 n/a

15 n/a

6 n/a

6 8.2-12.5

6 1.1-2.3

12 8.2-15.5

12 20.5-36.0

12 17.0-38.5

12 57.3-76.1

27 60.5-98.9

18 46.2-57.7

19 65.5-90.1

20 65.2-91.4

20 91.5-145.0

9 330.0-486.5

3 1035.0-1115.0

Autotrophs
Significant differences in PUFA signatures of four autotrophs were

identified (MANOVA, p < 0.001). Levels of \S:2n-6, 20:4n-6, 20:5n-3, and
22:6n-3 were significantly different (ANOVA, p < 0.001) among autotrophs,
although levels of 22:5n-3 were similar in all autotrophs sampled (p = 0.094).
Tukey's HSD tests indicated that levels of 20:5n-3, 22:5«-3, and 22:6«-3 were
found in significantly higher concentrations in POM than in S. fluitans, S.
natans, or Cladophora sp. (Figure 2).
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r= Other PUFA

1=122:6n-3
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20:4n-6
18:2n-6

Figure 2. Percent composition of five abundant polyunsaturated fatty acids
(PUFAs) within autotrophs. Mean values are reported for 18:2n-6, 20:4n-6,
20:5n-3, 22:5n-3, 22:6n-3,and of all other PUFAs.

Invertebrates

PUFA signatures of eight invertebrates included in the present study were
significantly different (Figure 3A; MANOVA, p <0.001), and ANOVA results
indicate that levels of all PUFAs were significantly different among taxa
examined. Levels of 18:2/1-6" were significantly different among invertebrates
(ANOVA, p < 0.001), but Tukey's HSD test showed that overall significant
differences were driven by differences among three groups: crustaceans
(Leander tenuicornis, Latruetesfucorum, Portunus sayi), epibionts-nudibranch
(Membraniporum sp., Spirorbis sp., Algaophenia latecarinata, and Scyllaea
pelagica) and zooplankton. Similar trends were observed for thrree of the
other four individual PUFAs ( 20:4/2-6, 20:5/2-3, and 22:6/2-5 (ANOVA, p <
0.001) were significantly different in invertebrates overall. Levels of 22:5/2-3
(ANOVA, p < 0.001) were also significantly different among invertebrates, but
Tukey's HSD test showed that significant differences described by ANOVA
results were driven by differences between two groups: crustaceans-epibionts-
nudibranch and zooplankton.

Fishes

Significant differences in PUFA signatures of fish taxa were also observed
(Figure 3B; MANOVA, p < 0.001). Univariate contrasts indicated 18:2/2-6,
20:4/2-6, 20:5/2-3, and 22:6/2-3 were significantly different among fishes
(ANOVA, p < 0.001), while no effect was observed for 22:5/2-3 (ANOVA, p =
0.336).
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Tukey's HSD tests indicated that levels of 18:2/2-6, 20:4/2-6 and 22:6/2-3 were
not significantly different among species within two groups: Caranx crysos,
Seriola dumerili, Coryphaena hippurus, Acanthocybium solandri and Batistes
capriscus, Stephanolepis hispidus, Histrio histrio. Tukey's HSD tests for the
PUFA 20:5/2-3 revealed significant differences between three groups: C. ciysos
and S. dumerili, C. hippurus and A. solandri, and B. capriscus, S. hispidus, H.
histrio.
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Figure 3. Polyunsaturated fatty acid (PUFA) data for invertebrates included in
the present study including 18:2n-6, 20:4n-6, 20:5n-3, 22:5n-3, 22:6n-3,and of
all other PUFAs. In Fig. 3A, mean values of percent composition are reported
for L ten. = Leander tenuicornis, L. fue. = Latruetes fucorum, P. say. = Por-
tunus sayi, S. pea. = Scyllaea pelagica, Alga. = Algaophenia latecarinata,
Memb. = Membraniporum sp., Spir. = Spirorbis sp., Zoo. = zooplankton. In Fig.
3B, mean values of percent composition are reported for B. cap. = Batistes ca
priscus, M. his. = Stephanolepis hispidus, H. his. = Histrio histrio, C. cry. = Ca
ranx crysos, S. dum. = Seriola dumerili, C. hip. = Coryphaena hippurus, A. sol.
= Acanthocybiumsolandri.
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Trophic Interactions
Levels of PUFA signatures of consumers were closely related to levels

found in POM, while significantly different from quantities found in either
Sargassum speciesor Cladophora sp. (Figures. 2, 3A, and 3B; MANOVA,p <
0. 001). PCA was performed using averaged individual PUFAvalues includ
ing all autotrophs, invertebrates, and fishes, and over 68% of the variation in
composition of PUFA signatures couldbe explained by principalcomponents
1 and 2. Scatterplots of components 1 and 2 revealed similaritiesamong indi
vidual invertebrates and fishes with POM and separation from other autotrophs
(Figure 4).

CM

%
CD
LL

Figure 4. Factor scores plot of principal components analysis based upon
polyunsaturated fatty acid (PUFA) signatures of autotrophs (b-POM, a~
Sargassum fluitans, + - Sargassum natans, ^-Cladophora sp.), invertebrates (1-
zooplankton, 2- Membraniporum sp., 3- Spirorbis sp., 4- Algaophenia latecari-
nata, 5- Scyllaea pelagica, 6- Leander tenuicornis, 7- Latruetes fucorum, 8-
Portunus sayi), and fishes (A- Stephanolepis hispidus, B- Batistes capriscus, C-
Histrio histrio, D- Caranx crysos, E- Seriola dumerili, F- Coryphaena hippurus,
G- Acanthocybium solandri) in the Sargassum community.
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DISCUSSION

Results suggestthat PUFA signatures of POMwere significantly different
than signatures of Sargassum spp. or Cladophora sp., and contained high
levels of PUFAs including 20:5/1-3, 22:5/1-3, and 22:6w-3, while levels of
18:2n-6 and 20:4»-6 were more abundant in macroalgae. These results were
not unexpected since concentrations of long-chain PUFAs (20:5w-3, 22:5/i-3,
22:6«-3) are found in many phytoplankton species, although levels of these
fatty acids are often minimal or absent in macroalgae (Herbretau et al. 1997,
Graeve et al. 2002). Phytoplankton is typicallythe largest componentofPOM,
though smaller amountsofbacteria and non-living particles are present (Hama
1999), and it often contains substantial amounts of long-chain PUFAs like
20:5n-3 and 22:6n-3 (Pedersenet al. 1999,Graeve et al. 2002). As previously
reported, large concentrations of long-chain PUFAs including 20:5«-3, 22:5n-
3, and 22:6/2-3 are often found in diatoms, dinoflagellates, and haptophytes
(Harrington et al. 1970, Henderson et al. 1988, Pedersen et al. 1999). Con
versely, macroalgae typically contain very low quantities of long-chain
PUFAs, especially 22:6«-3 (Herbretau et al. 1997, Graeve et al. 2002).
Therefore, PUFA signatures of phytoplankton in POM are most likely
contributing to signatures found in the Sargassum food web indicating that
phytoplankton is the likely source oforganic matter in this complex.

Organic matter incorporated into invertebrates and fishes appears to have
originated from phytoplankton in POM rather than Sargassum spp. or Clado
phora sp. based upon PUFA signatures. High levels of long-chain PUFA
signatures, apparently derived from phytoplankton, were identified in all
zooplankton, microinvertebrate, macroinvertebrates, and fishes included in the
present study. For example, copepods, the most abundant marine zooplankton
in pelagic waters, are highly associated with Sargassum and typically feed
upon diatom and dinoflagellate species (Yeatman 1962, Cowles et al. 1988, Xu
and Wang 2001). As a result, food chains utilizing organic matter from marine
phytoplankton tend to be exceptionally enriched in levels of 20:5/2-3 and
22:6/i-3 (Sargent 1978, Pedersen et al. 1999, Domiazon et al. 2000).

Although Sargassum does not appear to directly contribute nutrients to the
food web, it may play important roles in nutrient recycling, aggregation
mechanisms, as substrate, and increasing habitat complexity in pelagic
environments. This is seemingly facilitated by similar oceanographic factors
involved with "clumping" Sargassum and may, in addition, accumulate large
concentrations of phytoplankton in these characteristically oligotrophic areas,
ultimately shaping the composition oforganic matter in this system (Carpenter
1970, Dooley 1972, Stoner and Greening 1984, Woodcock 1993). Addition
ally, by contributing byproducts of photosynthetic processes, Sargassum
appears to be an important component in nutrient cycling of the pelagic
environment (Shoener and Rowe 1970). Sargassum also serves as a substrate
for other macro algae, including large amounts of Cladophora sp., which often
covers portions ofwhole Sargassum plants. Furthermore, drifting macrophytes
add to habitat complexity in many surface waters, facilitate redistribution of
organisms in pelagic environments, and could affect survival of species that
depend upon them for food and refuge (Kingsford 1995). Similarly, by



Turner, J.P. and J.R. Rooker GCFL57 (2006) Page 689

increasing the complexity of tiie pelagic environment Sargassum may bring
about redistribution of organisms and augment survivorship by providing
protection from predators and improving food availability during early life
stages in several fishes.

In summary, high concentrations of PUFAs found in POM more closely
match levels in higher trophic groups of the Sargassum community than
signatures of Sargassumfluitans, S. natans, or Cladophora sp., suggestingthat
phytoplankton is the major source of organic matter entering this food web.
Organic matter incorporated into invertebrates including crustaceans, nudi-
branch, epibionts, and zooplankton, appears to have originated from phyto
plankton in POM based upon PUFA signatures. PUFA signatures of juvenile
and adult fishes in the complex are similar to prey taxa and thus utilization of
Sargassum mats is in part maybe linked to their value as feeding grounds.
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Montego Bay to Ocho Rios in One Hour at the
Cost of Essential Fish Habitat

NORMAN JOHN QUINN
DiscoveryBayMarineLaboratory
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Discovery Bay, St. Ann

Jamaica

ABSTRACT

Between March and August an estimated million land crabs (Cardisoma
guanhumi) leave their burrows and become subject to one of Jamaica's most
socially universal fishery. Boys, women and men search at night with flaming
torches for crabs which are caught by hand. The fishery requires no boats, no
seamanship skills and no special equipment, only a bag, some twine, a glass
bottle, kerosene and a rag. The typical catch during a "fishing trip" of2-4 hrs is
18-80 crabs by a group of 2-7 people. The crabs are caught along roads
bordering low lying coastal areas and wetlands. They are sold along the road
alive for about $J500 to $800 for about a dozen crabs. The net value to a single
fisher is higher than typical fin fishers who must venture out for longer periods
with a higher capital investment to catch dwindling catches. The crabs can
reach 13 cm in carapace width, but the mean size measured 7.3cm. Females are
smaller and more are required to make a saleable bundle. Until the construction
of the north coast highway in 2002 linking Montego Bay with the northern
Jamaican tourist destination town of Ocho Rios there were was no sign of
declining catches. The completion of the road will see the development of a
modern, paved road replacing the narrow, winding and pot holed road that
previous served the area. Transit time between the Montego Bay airport and
Ocho Rios will be cut in half. Already the fishers are reporting it is harder to
find crabs as there is less essential habitat as the construction of the road

further destroys mangrove communities, shore line habitats, wetlands and
essential habitat for the land crab. This fishery represents another example how
valuable natural resources are being destroyed thereby shifting economic value
to another sector of society.

KEY WORDS: Land crabs, Cardisomaguanhumi,Jamaica

Montego Bay a Ocho Rios en Una Hora a
Expensas del Habitat Esencial del Cangrejo

Se estima que entre los meses de marzo y agosto alrededor de un millon de
cangrejos abandonan sus cuevas para ser expuestos a una de las pesquerias mas
sociales en Jamaica. Niiios, mujeres y hombres se dedican a buscar cangrejos
(Cardisoma guanhumi) durante la noche con antorchas de fuego, a los cuales
capturan con sus manos. Esta pesca no requiere embarcacion o equipo
especial, ni destrezas o conocimiento en navegacion, tan solo se necesita un
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saco o bolsa, alambre, una botella de cristal, queroseno y un pedazo de tela. La
captura tipica durante un "viaje de pesca" que dure de 2 a 4 horas, por un
grupo compuesto de 2 a 7 personas es del8 a 80 cangrejos. Los cangrejos son
capturados en los caminos que bordean areas costeras bajas y en areas
pantanosas. Los mismos son vendidos vivos en los caminos o carreteras a un
precio entre J$500 y $J800 la docena. El valor neto para un pescador de
cangrejo es mayor que para un tipico pescador de peces de aleta, el cual se
bene que aventurar al mar por un periodo de tiempo mas largo y hacer una
inversion mayor para poder pescar. El cangrejo puede alcanzar 14 centimetros
de ancho en su caparazon, pero la mayoria de los cangrejos capturados tenian
una medida aproximada de 9.1 centimetros hombres. Los Pescadores dicen
que la pesca de cangrejo era estable antes de la construccion de la carretera en
la costa norte que une a Mongeto Bay con Ocho Rios, destino turistico en el
norte de Jamaica, en el ano 2002. Al completar este proyecto de construccion
se contara con una moderna carretera pavimentada la cual reemplazara el
camino angosto de tierra lleno de hoyos que existia anteriormente. El tiempo
de recorrido entre el aeropuerto de Montego y Ocho Rios se reducira a la
mitad. Sin embargo, la construccion de esta nueva carretera a tenido impacto
sobre los mangles, las areas pantanosas y las areas que bordean la playa las
cuales son areas de habitat de esta especie. Los Pescadores de esta especie
estan reportando que se les hace mas dificil encontrar cangrejos. La merma de
esta pesqueria representa otro ejemplo del impacto negativo a causa del
desarrollo a los valiosos recursos naturales, sustituyendo los valores economi-
cos de un sector de la sociedad a otro.

PALABRAS CLAVES: Cardisoma, Jamaica, habitat esencial

INTRODUCTION

The government of Jamaica embarked on construction of a north coast
road improvement program in 2001 between the tourist centers of Negril,
Montego Bay and Ocho Rios. By straightening, grading, widening and
providing a smooth road surface traveling time will be greatly reduced.
However, one of the consequences of this on-going effort is the filling in of
more wetland and the further destruction ofmangroves.

Mangrove forests once covered some 75 percent of the coastlines of
tropical and sub-tropical countries, but some 35 percent of the world's
mangroves are already gone. In the Americas, mangrove forests are being
cleared at a faster rate than the tropical rainforests. These mangroves and
adjacentlands are importanthabitatsfor manyland crabs.

This paper will examine the effect that the road improvement program is
having on coastal wetlands and mangrove communities and the land crab
fishery.

The Fishery
Land crabs, (Cardisoma guanhumi) (termed pond crabs by British Virgin

Islandersandjueyes by people from Puerto Rico and Santo Domingo) are gray
crabs that live in a network of holes found in low-lying areas near mangrove
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swamps, salt ponds, wetlands and marshes. These crabs are traditionally
harvested by people inhabiting coastal areas throughout the Caribbean. In
Jamaica, the crab fishery requires no boats, no seamanship skills, and no
special equipment - only a bag, some twine, a glass bottle, kerosene, and a rag.
It is Jamaica's most socially universal fishery with boys, women, and men all
participating.

Although the fishery is common around Jamaica, there are no published
reports documenting it. It is also ignored in commercial fisheries reports for
the US Virgin Islands (Kojis 2004) or only briefly mentioned in Puerto Rico
fisheries reports where it is and not considered a significant fisheries species,
although 6,327 lbs were recorded landed in Puerto in 2001 (Matos-Caraballo
(2004).

Between March and August, numerous land crabs leave their burrows at
night to mate and feed. May appears to be the main month of this nighttime
activity. It is also often the month with the highest rainfall as the inter-tropical
convergence zone passes over Jamaica at this time.

The crabs emerge from their burrows mainly at night to feed and mate.
Crab hunting usually takes place on the waning moon when the moon rises
late. Groups of boys, women, and men search at night with flaming torches for
crabs which are caught by hand. Catching crabs at night is called "torching," a
name which comes from the days before kerosene bottles were used instead.
Then torches were made out of an oily wood, aptly named torchwood or in
later years would be made out of a piece of cut up truck or automobile tire tied
to a stick. Today, the torch is commonly kerosene in an old bottle blocked by
an old rag. The use of flashlight is uncommon.

MATERIAL AND METHODS

Thirty two people out collecting crabs were surveyed between March and
July 2004. They were asked several questions about the duration of their
effort, the number of crabs they had caught and were expecting to catch.
Ethnographic interviews were conducted with ten older fishers. They were
asked if they thought it was easier to find crabs now than before. Random
surveys of roadside vendors were used to assess the cost of road side sales.

A total of 22 crabs (14 male and 8 female) were weighed and carapace
width measured using a vernier calipers.

The road from the Montego Bay airport to Ocho Rios was driven and
qualitative observations were made at locations where road construction was
having the greatest impact on crab habitats and mangrove communities.

RESULTS

The typical catch during a "fishing trip" of two to four hours is 18-80
crabs by a group of 2 - 7 people. Crab fishers are not usually reef fishers.
They are typically youth and a few solitary "old timers". Occasionally, people
in cars would be cruising the back roads looking for crabs to catch. The crabs
are caught along roads bordering low lying coastal areas and wetlands. They
are sold along the road alive for about $J500 to $J800 (J$62 = US$1.00 Nov.
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2004) for eight to a dozen crabs. Femalesare smallerand more are required to
make a saleable bundle. Although gravid females were observed being caught,
they were not observed being sold. The crabs can reach 15cm in carapace
width, but the mean size measured was 9.1cm for males and 8.4cm for females.
The power relationship was significant for both male (Figure 1) and for female
crabs (Figure 2).
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DISCUSSION

Until the construction of the north coast highway linking Montego Bay
with the northern Jamaican tourist destination town of Ocho fishers stated that

there was no sign of declining catches. However, fishers are reporting it is
harder to find crabs as there is less essential habitat as the construction of the

road further destroys mangrove communities, shore line habitats, wetlands, and
essential habitat for the land crab and further reduces the already diminished
nursery capability of along the north coast of Jamaica (Quinn and Kojis 2004).

A socio economic comparison between the crab fishery and reef fishery is
difficult. The reef fishery is centered on a specific beach where the fishers
return and their catch can be counted, measured and weighed - usually in the
daytime. In contrast, there are diffuse groups of crab fishers and it not possible
to survey all or be there to survey their catch at the end of a fishing trip. It is
estimated that during the initial weeks of the crab season a person will earn
between US$15 and US$40 per collecting expedition. Per person return
diminished with larger groups. The net value to a crab fisher is higher than
typical reef fishers who must venture out for longer periods with a higher
capital investment to catch dwindling catches and then sell the fish before they
go bad.

While the market price of the crabs varies seasonally with their availabil
ity, the crabs do not quickly perish and can be sold several weeks after they
were caught. In contrast the reef fish are not iced and must be sold that day. In
2001, Sary et al (2003) estimated that the reef fisher earned between US$13
(line fishing) and US$29 (trap fishing) per trip. The figure does not include the
substantial start up costs which range from US$800 to US$8000, depending
upon whether a new or second hand boat and engine are bought (Polunin et al,
2000).

Networks of marine protected areas work for people, fish and crabs. More
are needed and should include coastal wetlands to help safeguard biodiversity
and secure food resources. However, the protection of essential habitat is not
enough. The land crab is over exploited on some islands of the Caribbean.
Puerto Rico has adopted management measure for crabs that include minimum
size, closed areas in territory controlled land, closed season from July 15 to
October 15, gear restrictions,and export report requirements.

The establishment of fisheries management regulations is hampered by
enforcement difficulties. In a country where homicides and violent crimes are
at record highs, there is little support for the implementation and enforcement
of fishery regulations. Most of the fishers are underemployed youth and would
not be able to pay fines. However, a set of management guidelines with an
environmental awareness program is advised. Fishers should recognize that
they should not take juvenile crabs or crabs bearing eggs. Meetings with
fishers and school youth are advised.

For centuries mangrove forests were considered by many as useless
swamps, and many mangroves have been cleared to make way for develop
ment. This attitude has not changed in Jamaica as roads are constructed to
facilitate the movement of people from the Montego Bay airport to tourist
centers. While an environmental assessment was completed and the requisite
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culverts installed to meet the reporting standards, the net effect is a loss of
essential crab habitat. This fishery represents another example how valuable
sustainable natural resources are being diminished in trade-offs that shift
economic value from the subsistence sector of society to other sectors of
Jamaican society.

ACKNOWLEDGEMENTS

I would like to gratefully acknowledgethe assistance of the crab fishers in
Discovery Bay and Rio Bueno. This is DBML publication #698. Support for
the project was receivedfrom the Tropical Discovery Fund. B.L. Kojis kindly
reviewed the manuscript.

LITERATURE CITED

Kojis, B.L.2004. Census of theMarine Commercial Fishers of the U.S.Virgin
Islands. Department of Planning and Natural Resources, Divisionof Fish
and Wildlife, US Virgin Islands. 87 pp.

Matos-Caraballo D. 2004. Overview of Puerto Rico's small-scale fisheries
statistics 1998-2001. Proceedings of the Gulf and Caribbean Fisheries
Institute 55:103-118.

Polunin, N.V.C, I.D. Williams, J.G. Carrier, and L.F. Robinson. [2000].
Ecological and social impacts in planning Caribbean marine reserves.
Department of Marine Sciences, University of Newcastle, United King
dom. Unpubl. MS. 37 pp.

Quinn, N.J. and B.L. Kojis. 2004. Biological evidence of diminished nursery
capability in Discovery Bay, Jamaica. Proceedings of the Gulf and
Caribbean Fisheries Institute 55:735-743.



Exploring Temporal and Spatial Variability in Nekton
Community Structure in the Northern Gulf of Mexico:

Unraveling the Potential Influence of Hypoxia

THEODORE S. SWITZER '\ EDWARD J. CHESNEY
and DONALD M. BALTZ

Louisiana UniversitiesMarine Consortium
8124 Highway 56

Chauvin, Louisiana 70344 USA
2Department ofOceanography and Coastal Sciences

Coastal Fisheries Institute

Louisiana State University
BatonRouge, Louisiana 70803 USA

Corresponding author. Present address:
Florida Fish and Wildlife ConservationCommission

Fish and Wildlife ResearchInstitute
100 8th Avenue SE

St.Petersburg, Florida 33701 USA

ABSTRACT

The northern Gulf of Mexico supports substantial commercial and
recreational fisheries. While landings have remainedstrong throughoutrecent
years, the seasonal formation ofhypoxic bottom waters is a threat to long-term
sustainability of regional fisheries production. Because nekton are mobile, the
greatest threat to fisheries resources is likely to be the effects of reduced
oxygen on habitat quality, potentially forcing movement of individuals away
from favorable habitat as well as altering migration pathways. As a basis for
understanding potential effects of hypoxia on nekton in the northern Gulf of
Mexico, we explored temporal andspatial patterns of community structure in
coastal Louisiana and Mississippi. We defined community structure in terms
of relative densities of sixty-six species thatwere eitherabundant, of commer
cial and/or recreational importance, or thought to be especially susceptible to
hypoxia. Several fisheries-independent data sources were summarized to
generate yearly density summaries by season (summer and fall), bathymetry
(inshore, nearshore and offshore), and alongshore zones (central Louisiana and
eastern Louisiana/Mississippi). Differences in communitystructure were most
pronounced bathymetrically; densities of most species varied significantly
among depths. Alongshore differences were less prominent, and were
primarily driven byhigher densities ofbay anchovy in the eastern zone aswell
as higher densities of Atlantic croaker and commercially important macroin-
vertebrates in the central zone within inshore waters. Seasonal differences in
community structure were most evident in nearshore zones as well as inshore
in central Louisiana, areas historically prone to the formation of hypoxic
waters. Although no substantial long-term changes in community structure
were detected, temporal coverage of these data sets (1982 - 2000) may be
inadequate to identify temporal alterations due to a shifted baseline. Future
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efforts that expand the spatial and temporal coverage of these analyses,
incorporate environmental variability, and focus on areasespecially susceptible
to hypoxia are recommended.

KEY WORDS: Gulf of Mexico fisheries; hypoxia; nekton community
structure

Explorando la Variabilidad Temporal y Espacial de la Es
tructura Comunitaria en el Norte del Golfo de Mexico:

Revelando la Influencia Potencial de la Hipoxia

El norte del Golfo de Mexico mantiene pesquerias comerciales y rec-
reacionales substanciales. Mientras los desembarques pesqueros han perman-
ecido fuertes en los ultimos anos, la formacion estacional de hipoxia en las
aguas del fondo continua siendo una amenaza para la sostenibilidad a largo
plazo de la production pesquera regional. Debido a la movilidad del necton, la
mayor amenaza para los recursos pesqueros parece ser el efecto de la concen
tration reducida de oxigeno sobre la calidad del habitat, potenciahnente
forzando a individuos a alejarse delhabitat favorable, asi como alterando pasos
migratorios. Como una base para comprender los efectos potenciales de la
hipoxia sobre el necton en el norte del Golfo de Mexico, exploramos patrones
temporales y espaciales de la estructura comunitaria en las costas de Louisiana
y Mississippi usando PRIMER. Definimos estructura comunitaria en terminos
de densidades de 66 especies que fueran ya sea abundantes, de importancia
comercial y/o recreacional, o consideradas especialmente susceptibles a la
hipoxia. Varias fuentes independientes dedatos fueron resumidas paragenerar
resumenes anuales de densidad por estacion (verano y otofio), batimetria
(litoral interno, literal y mar abierto) y a lo largo de las costas (centra de
Louisiana y este de Louisiana/Mississippi). Diferencias en la estructura
comunitaria fueron mas pronunciadas batimetricamente; densidades de la
mayoria de especies variaron substancialmente entre profundidades. Las
diferencias a lo largo del litoral fueron menos pronunciadas, y principalmente
dirigidas por las densidades altas de anchovieta en la zona este, asi como
densidades altasde corbina y macroinvertebrados comercialmente importantes
en la zona oeste. Diferencias estacionales en la estructura comunitaria fueron
mas evidentes en las zonas del litoral interno y del litoral del centra de
Louisiana, areas historicamente propensas a la formacion de aguas hipoxicas.
Aunqueno se detectaroncambiosdrasticosen la estructuracomunitariaa largo
plazo, la cobertura temporal de estos datos (1982-2000) puede ser inadecuada
para identificar una estructura comunitaria alterada, debido al desfase de la
linea base. Se recomiendan esfuerzos futures que expandan la cobertura
espacial y temporal de estos analisis, que incorporen la variabilidad ambiental
y que se enfoquen en areas especialmentesusceptiblesa la hipoxia.

PALABRAS CLAVES: Estructura communitaria,hipoxia
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INTRODUCTION

The "Fertile Fisheries Crescent," an area extending from Mississippi to
eastern Texas and encompassing the region of the northern Gulf of Mexico
directly influenced by discharge from the Mississippi River (Gunter 1963), is
characterized by an abundance of fisheries resources that is partially driven by
the prolific primary production common to the region (Houde and Rutherford
1993, Grimes 2001, Nixon and Buckley 2002). Commercial and recreational
fishery landings within coastal Louisiana have exceeded those from other U.S.
Gulf states in terms of biomass and value over the past several decades, and
currently represent close to seventy percent of the total commercial harvest
within U.S. Gulf waters (Chesney et al. 2000). During the same time frame
total commerciallandingswithin Louisianawaters have steadily increased, and
as of 1996 the total bycatch produced by the various fisheries in Louisiana
exceeded total fishery landings for any other Gulf state.

While moderate levels of nutrient enrichment are generally thought to
enhance fisheries productivity, the input of excess nutrients, or nutrient over-
enrichment, may be detrimental to fisheries resources. Scientists have long
been aware of a zone of high productivity near the mouth of the Mississippi
River (Riley 1937); enhanced primary production in shelf waters near the
mouth of the river is positively correlated with influxes of nutrients into the
Gulf of Mexico in association with seasonal peaks in freshwater discharge
(Justic et al. 1993, Lohrenz et al. 1997). Over the past half century, riverine
nutrient concentrations within Mississippi River waters have increased
significantly due to altered land-use practices, resulting in eutrophication along
the continental shelf (Turner and Rabalais 1991, Turner and Rabalais 1994,
Rabalais et al. 1996). Theenhanced primary productivity, coupled withstrong
stratification along the coast, leads to the seasonal formation of a large zone of
hypoxic (<2 mg/1 02) bottom water along the Louisiana-Texas coast (Rabalais
et al. 1996,Wiseman et al. 1997). Typically occurring in depths of 5 - 30 m,
theareal extent ofhypoxic waters hasincreased from 8,000 - 9,000 km during
the late 1980s to 16,000 - 20,000 km2 in the late 1990s (Rabalais et al. 1996,
Rabalais and Turner 2001).

Theseasonal occurrence of hypoxic bottom waters in the northern Gulfof
Mexico has thepotential to adversely affect demersal fishery resources. In the
Black Sea, long-term changes in fish abundances have been linked to eutrophi
cation and hypoxia (Daskalov 2003), while in the northern Gulf of Mexico,
abundances and distribution of penaeid shrimp and groundfish are negatively
related to the relative size of the mid-summer hypoxic zone (Renaud 1985,
Zimmerman and Nance2000). Although theoccurrence of hypoxiacan lead to
direct mortalities of sessileorganisms (Burnettand Stickle2001), most highly-
mobile nekton are capable of leaving regions when dissolved oxygen concen
trations drop to hypoxic levels (Breitburg et al. 2001, Rabalais et al. 2001).
For most fishes and motile macroinvertebrates, the greatest threat ofhypoxia is
likely to be the effect of reduced oxygen on habitat quality, potentially forcing
the movement of individuals away from favored habitat as well as altering
migrations. While recent studies have focused on the distribution of selected
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species (Craig 2001) as well as overall demersal biomass (Craig et al. 2001) in
relation to hypoxia, little work has focused on the effects of hypoxia on
community structure in the northern GulfofMexico.

We explored spatial and temporal patterns in nekton community structure
within coastal waters off Mississippi and Louisiana as an initial step towards
understanding the potential influence of hypoxia on their patterns of distribu
tion and abundance. Community-level analyses were conducted (1) to identify
spatial differences in community structure, both alongshore and in association
with changing bathymetry, and (2) to identify seasonal as well as long-term
changes in community structure within given spatial zones. When differences
in community structure were detected, additional analyses were conducted to
identify specific taxa whose densities contributed to observed differences.
Combined, these results provide valuable insight into temporal and spatial
variability in community structure as well as potential community-level
responses to hypoxia in the northern GulfofMexico.

MATERIALS AND METHODS

The northern Gulf of Mexico study area includedwaters off the coasts of
Louisiana and Mississippi that are directly influenced by inflow from the
Mississippi River (Figure 1). A totalof sixseparate spatial zones were defined
to explore spatial patterns of community structure, and these zones were
constructed to account for regional hydrology as well as the occurrence of
hypoxia. The study area was bisected into two alongshore zones by the
Mississippi River; the central Louisiana (CLA) zone extended from the mouth
of the river westward to Vermilion Bay while the eastern Louisiana/
Mississippi zone (ELA/MS) extended from the mouth of the river eastward to
the Mississippi/Alabama border. Three bathymetric zones (inshore: 0 - 5 m;
nearshore: 5 - 25 m; offshore: 25 - 200 m) were defined based upon areas
most frequently influenced by the seasonal formation of hypoxia (Rabalais and
Turner 2001).

To examine temporal and spatial patterns of community structure in the
coastal waters off Louisiana and Mississippi we assembled fisheries-
independent trawl data collected by the Louisiana Department of Wildlife and
Fisheries (LDWF), theMississippi Department ofMarine Resources (MDMR),
and the Southeast Area Monitoring and Assessment Program (SEAMAP).
Because the offshore SEAMAP data is collected as part of summer and fall
groundfishsurveys, comparisons amongareas were restrictedto data collected
fromJunethrough November only. Foreachdatasource, catch-per-unit-effort
(CPUE) values were calculated (number 1000 m"2) for sixty-six species that
were selected because of their abundance, commercial and/or recreational
importance, or perceived susceptibility to hypoxia. Mean CPUE values were
calculated ina2X3X2X19 arrayof alongshore zones, bathymetric zones,
seasons (summer: June - August; fall: September - November) and years
(1982 - 2000). When combining data from multiple sources (inshore zones
only), mean CPUE values were weighted by the relative sampling effort
(proportion of total area sampled) of each data source within the specified
spatial zone.
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^C^?"^VC^ Louisiana

inshore (0-5 in)

Nearshore (5 - 25 m)

Kilometers Offshore (25 - 200 m)

Figure 1. Study area off of Louisiana and Mississippi. Alongshore zonations
(CLA: central Louisiana; ELA/MS: eastern Louisiana and Mississippi) were
designated based on influence of Mississippi River plume. Bathymetric
zonations (Inshore; Nearshore; Offshore) were established to isolate the
Nearshore region, which is most frequently prone to hypoxia.

Spatial and temporal comparisons of community structure were conducted
using the PRIMER software package (Clarke and Warwick 2001, Clarke and
Gorley 2001). To minimize confounding effects and simplify interpretation of
results, spatial comparisons (alongshore and bathymetric zones) were con
ducted seasonally, while temporal comparisons incorporating both seasonal
and time-interval components (I: 1982 - 1985, II: 1986 - 1990, III: 1991 -
1995, IV: 1996 - 2000) were conducted separately for each of the six spatial
zones. Ordination among samples was examined using non-metric multidi
mensional scaling (MDS) based upon Bray-Curtis similarities (Bray and Curtis
\957) that were calculated using square-root transformed CPUE data. For each
MDS plot, stress values indicated that the amount of distortion resulting from
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compressing the relationships among data points to two dimensions was
acceptable(i.e., as long as valuesdid not exceed0.3).

Spatial (alongshore zone X bathymetric zone) and temporal (season X
time interval) differences in community structure were tested separately in a
two-way crossed layout using the analysis of similarity (ANOSIM) procedure,
a non-parametric permutation procedure applied to the Bray-Curtis similarity
matrix. Testingof the null hypothesis of no difference in community structure
involved a series of steps. Initially, the value of a test statistic R was calcu
lated for the observed data based upon ranked similarities within groups and
ranked similaritiesamong groups, adjustedto range from 0 to 1. Next, a series
of permutations (n = 999) were conducted in which sample labels were
randomly distributed among observed values based on the null hypothesis of
no difference in community structure. The observed value of R was then
compared with the resulting permutation distribution to calculate a probability
value. When significantdifferences were detected, pairwisepost-hoc compari
sons were conducted using the Bonferroni adjustment. Due to limitations of
permutationtesting, the examination of R values is generallymore useful than
that of p-values, and can identify whether groups were well separated (R >
0.75), were clearly separated but overlapped somewhat (0.75 3 R > 0.5), or
were barely separable (R < 0.25).

The contribution of each species to observed between-group differences
was calculated using the similarity percentages (SIMPER) routine. For
between-group differences (i.e., between pairs of spatial zones), the contribu
tion of each species to Bray-Curtis dissimilarities was calculated. Bray-Curtis
dissimilarities are analogous to similarities, with the exception that values
range from 0 (completely similar) to 100 (completely dissimilar). Contribu
tions were calculated by taking into account both the contribution of each
species as well as the variability in overall contribution to observed dissimilari
ties. Due to the large number of potential comparisons, SIMPER analyses
were only conducted when either significant differences were detected in
ANOSIM results or the comparisons involved seasons and/or spatial zones for
which hypoxic conditions are common. For the sake of brevity, only the top
five species contributing to observed between-group differences were reported.

RESULTS

Distinct spatial groupings were evident seasonally (Figure 2). All three
bathymetric zones were clearly separated during both seasons, while distinct
separation between alongshore zones was only evident within inshore and
offshore zones, primarily during fall. Community structure differed signifi
cantly among bathymetric zones during both summer (ANOSIM: R = 0.93, p
< 0.001) and fall months (ANOSIM: R = 0.94, p < 0.001). Pairwise compari
sons between bathymetric zones, averaged across both alongshore zones,
indicated that community structure differed among all three zones during both
summer (ANOSIM: R3 0.84) and fall (ANOSIM: R30.92). Although there
was some overlap, community structure also differed significantly between
alongshore zones during both summer (ANOSIM: R = 0.40, p < 0.001) and
fall (ANOSIM: R = 0.48, p< 0.001).
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Figure 2. Spatial patterns of community structure based on non-metric
multidimensional scaling for a) summer (June- August) and b) fall (September
- November), respectively. Symbols represent alongshore (CLA: central
Louisiana; ELA: eastern Louisiana and Mississippi) and bathymetric (Inshore: 0
-5 m; Nearshore: 5 - 25 m; Offshore: 25 - 200 m) zonations.

Dissimilarity between bathymetric zones was high during summer,
ranging from 59.0 to 80.7% (Table 1). The greatest dissimilarity was between
inshore and offshore zones, and was characterized by higher abundances of
Anchoa mitchilli within inshore zones as well as higher abundances of
Stenotomus caprinus and Serranus atrobranchus within offshore zones.
Nearshore and offshore communities also differed significantly, with higher
abundances of Trachypenaeus similis and Peprilus burti within nearshore
zones. Dissimilarity between inshore communities of central Louisiana and
eastern Louisiana/Mississippi were comparable during both summer (46.3%)
and fall (41.3%; Table 2). During both seasons, differences between the two
zones were characterized by higher abundances of M. undulatus and penaeid
shrimp in central Louisiana as well as higher abundances ofA. mitchilli andA.
hepsetus in easternLouisiana/Mississippi.



Table 1. Bray-Curtis dissimilarity values between bathymetric zones during summer (June - Aug) in coastal Louisiana and Missis
sippi. Values reported include total dissimilarity (ToLDis), average abundance (Avg.Abund, in number 1000 m"2), average dissimila
rity (Avg.Dis), ratio of average dissimilarity to standard deviation of similarity (Dis/SD) and the percent contribution to the total dissi-
milarity (%).

Bathymetric Zones Tot.Dis Taxon

Zone I

Avg.Abund

Zone II

Avg.Abund Avg.Dis Dis/SD

Inshore - Nearshore 64.0 A. mitchilli 21.7 0.1 5.9 1.1 9.2

S. caprinus 0.2 9.5 5.1 2.6 7.9

T. similis 0.1 5.1 3.2 1.4 5.0

P. burti 0.2 5.6 3.0 1.2 4.7

M. undulatus 4.2 3.8 2.5 1.2 4.0

Inshore - Offshore 80.7 A. mitchilli 21.7 0.0 9.0 1.3 11.1

S. caprinus 0.2 5.8 5.2 1.6 6.4

M. undulatus 4.2 5.3 4.3 1.2 5.4

S. atrobranchus 0.0 2.5 3.9 2.0 4.8

A. hepsetus 3.6 0.0 3.9 1.1 4.8

Nearshore - Offshore 59.0 T. similis 5.1 1.1 4.0 1.3 6.8

M. undulatus 3.8 5.3 3.5 1.1 5.9

S. caprinus 9.5 5.8 3.3 1.4 5.6

P. burti 5.6 1.8 3.1 1.1 5.2

C. similis 2.9 0.3 3.1 1.7 5.2



Table 2. Bray-Curtis dissimilarity values between alongshore zones within inshore waters (0- 5 m depth) during summer (June-
Aug) and fall (Sep - Nov). Values reported include total dissimilarity (TotDis), average abundance (Avg.Abund, in number 1000 m"
2), average dissimilarity (Avg.Dis), ratio ofaverage dissimilarity tostandard deviation ofdissimilarity (Dis/SD) and thepercent contri
bution to the total dissimilarity(%).

Season

Alongshore Zones

Summer

CLA-ELA/MS

Fall

CLA-ELA/MS

TotDis

46.3

41.3

Taxon

Zone I

Avg.Abund

Zone II

Avg.Abund Avg.Dis Dis/SD

A. mitchilli 3.9 39.5 8.0 1.4 17.3

A. hepsetus 0.3 6.9 4.1 1.5 8.9

M. undulatus 7.0 1.5 3.5 1.3 7.5

C. chrysurus 2.0 1.5 1.8 1.0 3.9

F. aztecus 3.1 1.2 1.8 1.7 3.8

A. mitchilli 3.8 23.8 6.8 1.8 16.6

M. undulatus 5.3 0.9 3.1 1.3 7.6

A. hepsetus 0.4 4.5 2.8 1.0 6.7

C. chrysurus 2.0 3.3 2.4 1.4 5.8

L setiferus 3.3 1.2 1.7 1.6 4.2
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Clear seasonal groupings were evident for most spatial zones, although
there was little evidence of long-term changes in community structure (Figure
3). Seasonal differences were most distinct throughout central Louisiana and
the nearshore zone within eastern Louisiana/Mississippi. Among seasonal
comparisons, R-values ranged from 0.23 to 0.77, and there was evidence of
strong seasonal differences in community structure (ANOSIM: R > 0.52) for
all spatial zones except inshore and offshore zones within eastern Louisiana/
Mississippi. Community structure did not differ strongly among time intervals
for any of the six spatial zones (ANOSIM: R < 0.45). Nevertheless, subtle
long-term changes in community structure may have occurred in inshore zones
of central Louisiana (ANOSIM: R = 0.45, p < 0.001) and eastern Louisiana/
Mississippi (ANOSIM: R = 0.43, p < 0.001). Within these two inshore zones,
pairwise comparisons among time intervals indicated that community structure
during the first time interval (1982 - 1985) differed from all other time
intervals (1986 - 1990; 1991 - 1995; 1996 - 2000) for both central Louisiana
(R3 0.52) and eastern Louisiana/Mississippi (R3 0.73).

Seasonal patterns in community structure within the nearshore zone were
similarfor both central Louisiana and easternLouisiana/Mississippi (Table 3).
Observed differences were driven primarily by higher abundances of M.
undulatus during fall andhigherabundances of T. similis, Stenotomus caprinus
and P. burti during summer.

DISCUSSION

Significant spatial and temporal differences in community structure were
detected within coastal waters off of Louisiana and Mississippi. Spatial
differences were primarily related tobathymetry, and were similar during both
summer and fall. There was also evidence of strong seasonal differences in
community structure within most of the spatial zones, including nearshore
zones, where similar seasonal patterns were evident in both central Louisiana
and eastern Louisiana/Mississippi. We didnot detect any long-term change in
community structure in the northern Gulf of Mexico, although the possibility
exists that hypoxia-induced changes in community structure occurredprior to
the earliest data incorporated in these analyses. Alternately, the effects of
hypoxiaon demersal communities may be partially buffered by characteristics
of the northern Gulf of Mexico ecosystem as well as the nekton themselves.
Future analyses incorporating a wider spatial coverage as well as additional
historical data appear warranted.



Table 3. Bray-Curtis dissimilarity values between summer (June - Aug) and fall (Sep - Nov) for nearshore zones (5 - 25mdepth)
of central Louisiana (CLA) and eastern Louisiana and Mississippi (ELA/MS). Values reported include total dissimilarity (ToLDis),
average abundance (Avg.Abund, in number 1000 m"2), average dissimilarity (Avg.Dis), ratio ofaverage dissimilarity tostandard de-
viation of dissimilarity (Dis/SD)and the percent contributionto the total dissimilarity (%).
AlongshoreZone Zone I Zone II

Season TotDis Taxon Avg.Abund Avg.Abund Avg.Dis Dis/SD %

CLA

Summer - Fall

ELA/MS

Summer - Fall

41.0

45.3

M. undulatus 4.8 17.2 4.0 1.7 9.8

T. similis 5.7 0.6 2.8 1.6 6.8

S. caprinus 8.4 3.0 2.1 1.2 5.1

P. burti 4.0 0.6 2.1 1.7 5.1

C. similis 2.1 6.2 2.0 0.8 4.8

S. caprinus 10.6 7.3 3.0 1.4 6.6

T. similis 4.6 1.1 2.6 1.5 5.7

P. burti 7.3 0.9 2.6 0.9 5.6

M. undulatus 2.7 4.1 2.4 1.5 5.4

C. chrysurus 0.4 3.0 2.4 1.5 5.2
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Figure 3. Temporal patterns of community structure based on non-metric
multidimensional scaling for a) Inshore CLA, b) Inshore ELA/MS, c) Nearshore
CLA, d) Nearshore ELA/MS, e) Offshore CLA, and 0 Offshore ELA/MS,
respectively.

Spatial differences in community structure were generally more pronoun
ced than were temporal differences, and were primarily related to bathymetry
and to a lesser extent alongshore position east and west of the Mississippi
River. Higher abundances of anchovies (both Anchoa mitchilli and A.
hepsetus) within inshore waters coupled with the virtual absence of anchovies
in waters deeper than 5 m contributed to observed spatial patterns ofcommuni
ty structure (Table 1), especially in eastern Louisiana/Mississippi (Table 2).
While previous studies have also documented high abundances of anchovies
within shallow, inshore waters ofboth Louisiana (Rakocinski et al. 1992; Baltz
et al. 1993) and Mississippi (Ross et al. 1987), our results may be confounded
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by gear bias. Because anchovies are pelagic, observed density differences may
be partially attributable to the fact that demersal trawls sample a greater
proportion of the water column in shallow areas. Observed densities of
Trachypenaeus similis, Peprilis burti, Stenotomus caprinus and Serranus
atrobranchus also contributed to bathymetric differences in community
structure, and agreed with previously-publishedreports regarding the distribu
tion of these species along depth gradients (Moore et al. 1970, Brasher and
Ogren 1976, Chittenden and McEachran 1976, Chittenden and Moore 1976,
Geoghegan and Chittenden 1982, Murphy and Chittenden 1991). Despite
clearly-defined bathymetric patterns of community structure, observed
differences cannot be soley attributed to depth. We know that other factors
covary with depth and may affect nekton; these include distance from shore,
temperature, salinity, dissolved oxygen and chlorophyll a concentrations
(Grimes and Finucane 1991, Rabalais et al. 1991). Future analyses need to
address the relative importance of these other environmental factors on the
community structureof nektonin the northern Gulf of Mexico.

Seasonal differences in community structure were evident for four of six
spatial zones, including the nearshore zones of both central Louisiana and
eastern Louisiana/Mississippi. Similar seasonal patterns were evident within
both nearshore zones, and appear to be primarily related to ontogenetic
movements of selected species. Within nearshore zones, Micropogonias
undulatus were found in higher numbers during fall. M. undulatus spawn
during late fall/early winter, and the fall peaks in abundance most likely
represent aninflux ofnew recruits from inshore nurseries (Gunter 1938, Moore
et al. 1970). Three other species, Trachypenaeus similis, Peprilus burti and
Stenotomus caprinus, occurred in higher numbers during summer. Summer
peaks in T. similis abundances corresponded to those observed in coastal
Florida (Brasher andOgren 1976). Juvenile P. burti use nearshore waters as
nurseries during summer, eventually dispersing into deeper waters as they
approach 9-12 months ofage (Murphy and Chittenden 1991). Summer peaks
of S. caprinus most likely represent age-I individuals, since mature adults
primarily spawn from January through April, with young gradually dispersing
into deeper waters as they mature (Geoghegan and Chittenden 1982). Based
upon these analyses, we did not detect any seasonal differences in community
structure that may be directly related to the occurrence of hypoxia during
summer months within nearshore waters of the northern Gulf ofMexico.

While we did not detect any significant long-term changes in community
structure in the northern Gulf of Mexico, the temporal coverage of these data
may be inadequate to detect such changes. Although continental shelfhypoxia
was first reported in the early 1970s (Hanifen et al. 1997), evidence suggests
that the concentration of nutrients within the Mississippi River discharge began
to rise some years earlier (Turner and Rabalais 1991, Turner and Rabalais
1994). Additionally, otherlong-prevalent anthropogenic influences, including
alterations to watershed hydrology and the impacts of fishing, may have
resulted in previous alterations to community structure (Gunter 1952, Chesney
et al. 2000). The potential exists that any significant changes to community
structure occurred well before the earliest data included in the current analyses
(1982). It is alsopossible that the effects of hypoxia on demersal communities
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have been buffered to date by characteristics of the basin, the nekton and/or the
ecosystem (Chesney and Baltz 2001). Nevertheless, these analyses represent
an important first step in understanding the potential effects of hypoxia as well
as other anthropogenic factors on the demersal community as a whole in the
northern Gulf of Mexico. Future analyses are recommended that build upon
these efforts by expanding spatial coverage to include the remainder of
Louisiana and Texas and by expanding temporal coverage by incorporating
historical data. It will be especially important to incorporate measures of
environmental variability to identify the relative effects of various environ
mental parameters, including dissolved oxygen, on observed patterns of
community structure.
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ABSTRACT

Queen conch, Strombus gigas, is an important fisheries species that has
been over-harvested in many locations throughout the Caribbean including
Florida. The conch population in the Florida Keys has been slow to recover
due, in part, to duninishedrecruitment and decliningenvironmental conditions.
Therefore, it is crucial to evaluate the efficacy of management strategies aimed
at conserving and restoring queen conch populations. As such, this study
examined the effects of juvenile conch habitat quality on metamorphosis.
Competent conch larvae were exposed to sediment and water collected from
two nearshore sites adjacent to the land and two offshore sites along the reef
tract in the Florida Keys. Juvenile conchaggregations were presentat all sites.
Metamorphic response to nearshore and offshore treatments were similar (p <
0.05), and the average numberof larvaethat metamorphosed ranged from 62%
to 85%. In addition, there was no significant difference in metamorphic
response for larvae exposed to site sediment withsite water or to those larvae
exposed to site water only (p < 0.05). However, larvae that metamorphosed
when exposed to nearshore treatments were not as robust (defined as crawling
on the substrate and searching for food with proboscis) as those exposed to
offshore treatments. These findings indicate that both nearshore and offshore
habitats are favorable settlement locations for competent larvae; however,
nearshore sites may not have the same quality as offshore sites. Resource
managers can apply these results to assist in defining critical juvenile nursery
grounds for conservation and stock enhancement.

KEY WORDS: Queen conch, metamorphosis, Strombus gigas
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La Respuesta Metam6rfica de las Larvas del Caracol
(Strombus gigas) Expusieron a Sedimento y Agua de Sitios

Cercanos a la Costa y Arrecifales de los Cayos de la Florida

El caracol, Strombus gigas, es una especie importante de pesquerias que
ha sido sobre-explotado a traves del Caribe inclusive en la Florida. La
poblacion del caracol en los Cayos de la Florida se ha recuperado lentamente
debido, en parte, a un reclutamiento minimo y ha condiciones ambientales en
deterioro. Es importante evaluar la eficacia de estrategias de manejo que
proponen a conservar y restaurar poblaciones del caracol. Por lo tanto, este
estudio examino los efectos de la calidad del habitat juvenil sobre la metamor-
fosis de las larvas del caracol. Larvas competentes fueron expuestas a
sedimento y agua colectado de dos sitios cerca de la costa y dos sitios arrecifa
les en los Cayos de la Florida. Agregaciones de juveniles existen en todos
sitios. La respuesta metamorfica en los tratamientos cercanos a la costa y
arrecifales fueron similares (p < 0.05), y el porcentaje de larvas que metamor-
fosearon fue de 62% a 85%. Ademas, no habia diferencia significativa en la
respuesta metamorfica de larvas expuestas al sedimento del sitio con agua del
sitio ni a esas larvas expuestas al agua del sitio solo (p < 0.05). Sin embargo,
las larvas que metamorfosearon cuando expuesto a tratamientos cerca de la
costa no fueron tan robustas (definido como arrastrandose en el sustrato y
buscando alimento) como esos expuesto a tratamientos arrecifales. Estos
resultados indican que los habitates cercanos a la costa y arreciflaes son areas
favorables de reclutamiento para larvas competentes; sin embargo, parece que
los sitios cerca de la costa no tienen la misma calidad que los sitios arrecifales.
Estos resultados se pueden aplicar para definir el habitat critica de los juveni
les.

PALABRASCLAVES: Caracol, metamorfosis, Strombus gigas

INTRODUCTION

Queen conch (Strombus gigas), a marine gastropod, is found throughout
the Caribbean and southern Florida (Randall 1964). The conch industry is a
valuable commercial fishery for the Caribbean exceeded only by the harvest of
spiny lobster (Appeldoorn 1994). Due to intense pressure from fishing, queen
conch was listed in the Convention on International Trade of Endangered
Species (CITES) in the 1980sand in 1992was listed in Appendix n of CITES.
In Florida, the decline of the queen conch population resulted in the govern
ment enacting legislation (Florida Administrative Code 1985) that made the
collection of queen conch illegal (Glazer and Berg 1994). Though pressure
from fishing has decreased, recovery of the queen conch population in the
Florida Keys has been slow (Glazer and Berg 1994). In 1992, belt-transects
estimated that 5,800 adult conch were present in the Florida Keys. In 2003,
approximately 37,000 adult were present in the Keys with estimates of another
25,000 juveniles (Delgado Pers. comm.). Even with the increase in abundance,
the current population would not be sustained if fishing were allowed again.
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In the Florida Keys, two distinctconchpopulations exist in nearshore and
offshore waters (Glazer and Quintero 1998). The two populations do not
exchange genetic information, which has been attributed to the Hawk Channel
(Delgado et al. 2004). The channel acts as a physical barrier due to its
composition of soft sediment, which the conch do not inhabit (Glazer and Berg
1994). The slow recovery of the conch has been attributed to smaller spawning
aggregations and decreased recruitment between populations as a result of the
channel (Delgado et al. 2004). Adding to problems of low abundance,
nearshore aggregations have not reproduced since the early 1990s (Glazer and
Berg 1994). Nearshore aggregations lack gonadal development required for
reproduction, while offshore aggregations have normal gonadal development
(Delgado et al. 2004). Translocation has been an effective way to improve
reproductive success.

Possible cues that induce larvae to settle include the presence of adults, a
food source, or an appropriate habitat (Walters et al. 1996). The quality of
water at habitats may also affect the development of larvae (Glazer and
Quintero 1998). It is known that larvae will go through metamorphosis when
exposed to the red algae Laurencia, but only in high concentrations (Davis
1994, Boettcher and Targett 1996). When exposed to different substratum and
sediment samples found in conch nurseries, larvae showed a high rate of
metamorphosis (Stoner et al. 1996b). To better understand the quality of the
two habitats, larvae were exposed to sediment from nearshore and offshore
sites where conch were present. Sediment was also taken from directly
beneath juveniles at an offshore site to determine if there was a response to
conspecifics.

MATERIALS AND METHODS

Culture

Queen conch egg masses were collected from the Florida Keys on June 16,
2004 and cultured at Harbor Branch Oceanographic Institution from June 17-
July 7, 2004 following procedures described by Davis (1994). The egg masses
were incubated until they were ready for hatch. Larvae were raised in 700 L
larval tanks under static conditions. A complete water change occurred every
48 hours, and larvae were fed daily with Tahitian Isochrysis. Larvae were
raised until competent for metamorphosis, which was at twenty-one days,
when pigment on the foot changed from orange to dark green (Davis 1994).

A test set was performed prior to the experiment to determine if larvae
were competent for metamorphosis and to determine which concentration of
Laurencia to be used during the experiment. The Laurencia treatment was
prepared as described in Davis and Shawl (In press). Twelve larvae were
exposed to Laurencia extract at a concentration of 7ml/L of seawater. Ten
larvae were placed in 100 ml glass dishes and exposed to Laurencia concentra
tions of 10, and 15ml/L of seawater. Larvae were exposed to the Laurencia
treatments for 4 hours and then percent metamorphosis was determined. The
larvae had complete metamorphosis when their velar lobes were lost, they were
crawling around with the propodium, and they were searching for food with
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theproboscis (Davis 1994). Dosage was determined tobe effective when 60%
or greater of the larvae have gone through metamorphosis. It was found that
15ml/L had the best rate of metamorphosis.

Experiment
On July 7, 2004, competent larvae were transported in gallon plastic bags

placed in coolers. Approximately 160 conch were placed in each bag, with a
total of twelve bags. Temperature within the bags was 28.6°C. Larvae were
in the bags for five and a half hoursprior to their arrival in the Keys.

On arrival, the larvae were exposed to a 16 different treatments to induce
metamorphosis: a positive control of Laurencia extract (15ml/L seawater), a
negative control of Harbor Branch seawater (27.5 °C), which was filtered and
UV treated were used. Queen conch larvae were exposed to sediment samples
from two offshore sites and two nearshore sites (Table 1). All sediment
samples were taken from areas where conch were present (Figure 1). Each
treatment used 75 ml of water, site water or HBOI water. There was a slight
variation in water temperature between nearshore and offshore sites (Table 1).
Each treatment and control had four replicates with 10 larvae per replicate
(Table 2). Each treatment sat overnight in dark conditions (19 hours), in a
water bath of 28 °C. Ending water temperature for the treatments was 26 °C.
Larvae from the Laurencia treatment were removed after four hours and placed
in negative control water and fed. They were analyzed when the other
treatments were viewed.

81 30'W

SK

Atlantic Ocean

81-QO'W

• hiagkCtaVKJ

/ ReefTraa

80 30' W

•25-00'N

24 30'N

Figure 1. Location of sediment sampling sites in the Florida Keys. Arrows
point to the general location of sampling sites. (Tl) Tingler Island, (ESR) East
Sister Rock. (SK) Sombrero Key, (PS) Delta Shoal



Table 1. Description ofsediment samples from nearshore andoffshore sites in the Florida Keys, July 8,2004

Site

East Sis

ter's Rock

(ESR)

Sombrero

Key (SK)

Location Dept Tide

Nearshore 6 Slack
low

Offshore 10 Ebb

Delta Shoal Offshore 6 Ebb
(DS)

Delta Shoal Offshore 6 Ebb
(DS) under

conch

Water Temp

J!9L
Vegetation

Tingler Nearshore 6 Slack 30.7 Calcareous redalgae,
Island (Tl) low possible Dictyota sp.

30.7 A little Bataphora, many
sponges, Bivalve pieces
encrusted with red algae

30.1 Thalassia green and
detrital blades, Halimeda
live and dead, possible
Hypnea

30.1 Halimeda incrussata,
Thalassia, green and
detrital blades, Halimeda
opuntia

30.1 Thalassia,
Seagrass live and detrital

Sediment Description

Hard bottom, mix of rubble and coarse sand, has
pieces of algae (Halimeda, calc. red algae), snail
shells, color: dark tan and brown

Little rubble, mostly fine sand, color: dark tan

Few nibble pieces {Halimeda), majorityof course
sand with some fine sand, color: light tan

Few nibble pieces {Halimeda), mostly course sand,
with some fine sand, color: light tan

Mostly fine sand with some coarse sand, pieces of
coral rubble, live Halimeda, color: light tan
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Table 2. Listof treatments in metamorphosis experiments on Strombus gigas
conducted at Florida Fish and Wildlife Center in the Florida Keys. HBOI: Har
bor Branch Oceanographic Institution; Tl: Tingler Island; ESR: East Sister
Rock; SK: Sombrero Key; DS: Delta Shoal

Treatment

Control

Positive: Laurencia

Negative: HBOI seawater

Nearshore

Source

Laurencia

HBOI seawater

Quantity
Sediment

Quantity
water

75mL

75mL

Tl sediment w/ Tl water Tingler Island 2mL 75mL

Tl sediment with HBOI water Tingler Island 2mL 75mL

Tl water only Tingler Island 75mL

ESR sediment w/ ESR water East Sister's Rock 2mL 75mL

ESR sediment with HBOI water East Sister's Rock 2mL 75mL

ESR water only East Sister's Rock 75mL

Offshore

SK sediment w/ SK water

SK sediment with HBOI water

SK water only

DS sediment w/ DS water

DS sediment with HBOI water

DS water only

DS sediment under juvenile with
DS water

DS sediment under juvenile with
HBOI water

Sombrero 2mL 75mL

Sombrero 2mL 75mL

Sombrero 75mL

Delta 2mL 75mL

Delta 2mL 75mL

Delta 75mL

Delta 2mL 75mL

Delta 2mL 75mL
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Percent metamorphosis was determined after larvae sat overnight (19
hours) in the treatments. Larvae were visually analyzed using dissecting
microscopes and placed in clean seawater. Three classifications were used to
describe the larvae: lobes remaining, metamorphosed, or dead. Larvae that had
undergone metamorphosis were described as lethargic, weak, or robust:
lethargic larvae had undergone metamorphosis, but were not moving around;
weak larvae were moving,but not actively searching for food; and larvae that
were movingaroundand activelysearchingfor food were classifiedas robust.

Statistical Analysis
The Shapiro-Wilk test was used to test the data for normality. Data

conformed to a normal distribution. Bartlett's Test was used to determine
homogeneity ofvariance. Mean percent metamorphosis among treatments was
compared usinga two-way ANOVA andTukey'sMethod for meanseparation.

RESULTS

Larvae metamorphosed when they were exposed to all treatments
including HBOI seawater negative control. There was no observed difference
between nearshore and offshore treatments. A significant difference was found
between the HBOI seawater control and most of the treatments (Figure 2). The
control was not significantly different from Tingler Island with water from
HBOI, East SisterRocksediment withHBOIwater,DeltaShoal sediment with
HBOIwaterand Sombrero Keywateronly. The lowestmetamorphic response
(50%) was to sediment from nearshore site Tingler Island with water from
HBOI. The highest response (82.5%) was from larvae exposed to sediment
directly beneath a juvenile from offshore site Delta Shoal with water from
Delta Shoal.

Larvae appeared to have a higher metamorphic response whenexposed to
site sediment and site water (Figure 3). When exposed to site sediment and
Harbor Branch water, a decrease in metamorphic response was found. Larvae
did metamorphose when exposed only to site water. Site waterwas found to
have a significant effect on metamorphic response (p < 0.05), while sediment
did not have a significant effect. Sediment and site water, and site water only
were found to have a significantly better response than the HBOI control (p <
0.05). Mortality occurred in fifty percent of the treatments, with the highest
mortality (22.5%) occurring with larvae exposed to the offshore site, Sombrero
Key, water only (Figure 4). There were no consistent trends between treat
ments that did have mortalities.

Of the larvae that had a metamorphic response, the majority were either
robust or lethargic(Figure 5). All larvaeexposedto the seawatercontrol were
lethargic. The offshore site Sombrero Key had the greatest percentage of
larvae that were robust, while the nearshore site East Sister's Rock had the
least robust larvae. The only treatments without lethargic larvae were the
Laurencia control and larvae that had been exposed to sediment from directly
beneath a juvenile at the offshore site, Delta Shoals. The larvae exposed to the
Laurenciacontrol had been fed after their exposure time, which would account
for why they were robust.
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Figure 2. Percent metamorphosis treatments grouped by nearshore and off
shore sites. White: controls; Light Gray: nearshore; Black: offshore; Striped:
Offshore underneath Juvenile. Tl: Tingler Island, ESR: East Sister Rock, SK:
Sombrero Key, DS: Delta Shoal
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Figure 5. Condition of larvae from each treatment site. Tl: Tingler Island, ESR:
East SisterRock, SK: Sombrero Key, DS: Delta Shoal

DISCUSSION

Spontaneous metamorphosis is when larvae have a metamorphic response
to environments where metamorphic cues would not normally occur, such as
sterile seawater. While spontaneous metamorphosis does not usually occur,
Harbor Branch water did elicit a metamorphic response. Though the seawater
used had been filtered and UV sterilized prior to use, nutrients or algae may
have been present. It has been found that some vessels carrying seawater
develop a microflora film that could induce metamorphosis (Davis and Stoner
1994).

A high response was seen when larvae were exposed to just site water.
Boettcher and Targett (1996) found that certain foods that conch consume,
such as Laurencia and Thalassia are water soluble. While the cues do not
extend far from the substrata, the solutes may have been present in the water
causing the high metamorphic response to site water only. It has been found
that water soluble cues do exist less than 4mm from the substrata to in the
water column for oyster larvae (Boettcher and Targett 1996). Temperature is
also a known inducer of metamorphosis. When water temperatures are above
culture levels, metamorphosis may be induced (Boettcher In review). Water
that had been collected from the sites did have a high water temperature (>
30.1 °C).

Queen conch larvae are known to metamorphose in response to substrata
and sediment collected fromjuvenile conch nursery grounds (Davis and Stoner
1994, Boettcher and Targett 1996, Stoner et al. 1996b). Larvae had a high
metamorphic response to sediment treatments from all sites. This may be
explained by the presence of red algae at each site, many of which are known
inducers of metamorphosis (Boettcher and Targett 1996). Bataphora sp. and
Thalassia sp., which were present at the nearshore and offshore sites, are also
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known to induce metamorphosis. They are some of the most abundant
macrophytes injuvenile conch habitats (Davis and Stoner 1994). Sediment is
also known to contain micro-organisms, such as diatoms, and organics that
have been found to be cues for conchmetamorphosis. The findingsagree with
Davis and Stoner (1994) which indicates that metamorphosis is a trophic cue.
Habitat texture may also contribute to metamorphic success. Coarse sand
versus fine sand may also accumulate organics and inorganics in higher
concentrations (Stoner et al. 1996b). There was some variation between
sediment between nearshore and offshore sites. Nearshore sites had coarser
sand with rubble pieces while offshoresites had finer sand.

Larvae that metamorphosed in nearshore treatments were not as robust as
those that metamorphosed when exposed to offshore treatments. Greater
percentages were lethargic after being exposed to nearshore treatments than the
offshore treatments. This may be a consequence of eutrophication nearshore.
Nearshore waters are subjected to a higher concentration of sewage discharge
andpesticides (Glazer and Quintero 1998). Shackleton et al (2002) found that
Haliotis midae, South African abalone, larval development was negatively
affectedby water with poor quality. When studyingdevelopment, larvae were
grown in conditions similar to offshore and nearshore conditions. Larvae
raised in offshore conditions grew better than those raised in nearshore
conditions (Glazerand Quintero 1998). When ready to settle and go through
metamorphosis, conch appear to seek outhabitats thatare of good quality and
appear to be areas for high survivorship (Davis and Stoner 1994). Davis
(1994) hypothezied thattheswim crawl stage (where lobes arestillpresent, but
they are using their foot to move around) may be an adaptation to test sub
strates out, but they still have the ability to swim away if the habitat is not
suitable.

Larvae exhibited a metamorphic response to both nearshore and offshore
habitat cues. This indicates both nearshore habitats and offshore habitats are
good areas for settlement for queen conch larvae. While larvae will settle in
both habitats, it does not indicate that both areas are good for post-settlement
survival or reproductive activities. It is already known that nearshore habitats
do not favor reproductive output due to habitat quality (Delgado et al. 2004).
Resource managers can applytheseresults to assist in defining critical juvenile
nursery grounds for conservationand stock enhancement.
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ABSTRACT

Pesticides targeting mosquitoes are increasing in use as the mosquito
population continually poses a threatand a nuisance to residents and animals.
However, as the use of pesticides increases there is a need to investigate the
effects that these pesticides have on the marine environment. Four bioassays
were conductedto determine if the pesticides used for mosquito control in the
Florida Keys, Biomist 30/30® and Dibrom®, are affecting the recovery of
Strombus gigas. The bioassays testedthe effects of eachpesticide on embryo-
genesis andveliger survival. Three concentration levels weretested: the target
spray concentration used by mosquito control, half the target concentration,
and twice the target concentration. Embryonic development was determined
by measuring the perivitellin space of developing embryos. Larval survival
was determined by counting the number of veligers swimming in the water
column after48 hours of exposure to the pesticides. Embryos exposed to the
pesticides exhibited delayed or abnormal development while embryos in the
controls showed normal development. Larvae exposed to Biomist 30/30® had
100% mortality after48hours. Unfortunately, all thelarvae (including those in
the control) in our Dibrom® bioassay crashed after 24 hours. These results
may have implications for continued coastal development in the FloridaKeys,
as the pesticides used in mosquito control may be negatively affecting the
recovery ofnearshore queen conch populations.

KEY WORDS: Queen conch, larvae, pesticides, Florida Keys

Los Efectos de los Pesticiads Biomist 30/30® y Dibrom® en los
Embriones y Larvas del Caracol Rosado (Strombus gigas):

Un Estudio Piloto

Pesticidas contra mosquitos estan aumentando en uso, como la poblaci6n
de mosquitos es una amenaza y un fastidio a residentes y animales. Sin
embargo, como el uso de pesticidas aumenta hay una necesidad de investigar
los efectos que estos pesticidas tienen en el ambiente marino. Cuatro experio-
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mentos se realizaron para determinar si los pesticidas utilizadas para el control
de mosquitos en los Cayos de la Florida, Biomist 30/30® y Dibrom®, afectan
la recuperaci6n deStrombus gigas. Losexperimentos pruebaron los efectos de
cada pesticida sobre la sobrevivencia de embriones y larvas. Tres concentra-
ciones de pesticidas se probaron: la concentracidn quese aplica por el control
del mosquito, la mitadde esa concentracidn, y el doble de esa concentraci6n.
El desarrollo embrionario fue determinado midiendo el espacio de perivitellin.
Sobrevivencia de larvas fue determinada contando el numero de larvas
nadando en la columna de agua despu£s de 48 horas de la exposition a los
pesticidas. Los embriones expusieron a los pesticidas mostraron desarrollo
retrasado o abnormal mientras embriones en los controles mostraron desarrollo
normal. Las larvas expusieron a Biomist 30/30® tuvo 100% de mortalidad
despues de 48 horas. Desgraciadamente, todas las larvas (inclusive esos en el
control) en nuestro experimento con Dibrom® se murieron despues de 24
horas. Estos resultados pueden tener implicaciones para el desarrollo costero
en los Cayos de la Florida como los pesticidas utilizaron en el control de los
mosquitos pueden estar afectando negativamente la recuperation de poblacio
nes de Strombus gigas en aguascosteras.

PALABRAS CLAVES: Strombus gigas, larvas, pesticidas, Cayos de la
Florida

INTRODUCTION

Queen conch (Strombus gigas) once supported a significant commercial
fishery in the Florida Keys, but overfishing and habitat degradation caused a
vast decline in the number of queen conch in the area. Due to the large
reduction in the Florida Keys conch population, the commercial fishery was
closed in 1976 and the recreational fishery was closed in 1986 (Glazer and
Berg 1994, Glazer et al. 2003). Despite protection for more than 17years in
thestate of Florida, there has been very little recovery of thepopulation since
the fishery closure (Glazer and Berg 1994, Stoner et al. 1997, Glazer et al.
2003). The queen conch is not currently threatened with extinction, but it is
listed by the Convention of International Trade in Endangered Species (Ray-
Culp and Stoner 2000).

The FloridaKeys populationofqueen conchresideson the backside ofthe
Florida Keysreef tract. Conch reproduce during the summer months by laying
an encapsulated egg strand that may contain up to 500,000 embryos (Davis
1994). The strand is wrapped around itselfand covered with sandfor protec
tion. After four days of development the larvae emerge from the egg mass.
Larvae can be found in water up to 100 m deep, but most are found in the
upper 5 m (Stoner 1997). Veligers spend 3-4 weeks in the water column
before settling to the ocean floor. During this time larvae may travel large
distances from where they hatched. Past surveys have shown an infrequent
and irregular supply of larvae in the Florida Keys area (Stoner 1997). The
irregularsupplyof larvaemaypartiallyaccountfor the lack ofrecoveryamong
the queen conch population (Stoner et al. 1997).

It is possible that locally sprayed pesticides may cause damage to the
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developing embryos and larvae, thereby, causing mortality and a reduction in
the larval supply. Dibrom® and Biomist 30/30® are sprayed throughout
Monroe County to control the mosquito population. Dibrom is 85% Naled
(Dimethyl 1,2-dibromo- 2,2- dichloroethyl phosphate), the remaining 15% is a
petroleum distillate solvent (Valent USA Corporation). Dibrom®is applied by
aerial application to 289,531.96 acres in the Florida Keys (Monroe County
Mosquito Control). It is applied at a rate of Vi oz per acre (Monroe County
Mosquito Control). Naled has a half-life of 16 hours under a pH of 7, degrada
tion decreases as the pH rises (Pierce 1998). The primary by-product is
dichlorvos, DDVP (2,2- Dichlorovinyldimethyl phosphate) is highly toxic and
insoluble in water (Snedaker and Rumbold 1997). Dichlorvos does not bind to
sediments and has a half-life of four days in aquatic environments (Extension
Toxicology Network).

Biomist 30/30®, (active ingredient permethrin), is sprayed in an ultra-low
volume form from a sprayer mounted on the back of a truck (Monroe County
Mosquito Control). Permethrin ((3- Phenoxyphenyl) methyl (+) cis, trans- 3-
(2,2- dichloroethenyl)- 2,2- dimethyl cyclopropanecarboxylate) is a synthetic
pyrethroid witha mixture of bothcis andtrans isomers. It is ephemeral with a
half-life of 14 days in seawater exposed to sunlight (ScWmmel et al. 1983and
Gonzalez-Doncel et al. 2003). Synthetic pyrethroids are toxic to fish and other
aquatic organisms, including aquatic invertebrates (Lee et al. 2002). Biomist
30/30® is combined with the synergist piperonly butoxide (Butylcarbityl- 6-
propyliperonyl ether. Piperonly butxide is considered toxic to fishand aquatic
invertebrates (National Pesticide Telecommunications Network).

Dibrom® and Biomist 30/30® enter the water by drift, runoff, and
leaching. Tests indicate thatDDVP appears to enter thewater bytidal flushing
ofpesticide residue from residential canal systems where Dibrom® is sprayed
(Pierce 1998). Sea surface microlayers frequently become enriched with
contaminants, including pesticides. Embryos and larvae have displayed
developmental toxicity when exposed to contaminated microlayers (Snedaker
and Rumbold 1997). Snedaker and Rumbold (1999) demonstrated that sea
surface microlayers collected off the Florida Keys adversely affect the
embryogenesis of invertebrates and fish. Thepresent studywill test the effects
of the two pesticides used in mosquito control in the Florida Keys on queen
conch embryos and larvae to determine if they play any role in limiting
recruitment and, thus, the recovery of the conch population in the Florida
Keys.

METHODS

Conch egg masses were collected from breeding aggregations located on
the back-reef of the Florida Keys reef tract. The egg masses were brought to
the lab and disinfected using a 0.5% Clorox® solution. The 0.5% Clorox®
solution was prepared by placing 10 milliliters of 5% household strength
Clorox® per 2 liters of filtered seawater. Each egg mass was placed in the
solution for 30 seconds, removed, and dipped in 3 beakers of clean seawater
for 10 seconds per dip as per the method of Davis (1994). There were four
bioassays conducted, Biomist 30/30® (Clark Mosquito Control) was tested
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using embryos and larvae; Dibrom® (Amvac Chemical Corporation) was also
tested using embryos and larvae. There were five treatments (with three
replicates of each treatment) for each run of the experiments. Treatments
consisted ofa control using Instant Ocean® made with deionized water, filtered
nearshore seawater, and three concentrations of Dibrom® and Biomist 30/30®.
The three concentrations of Biomist 30/30® were 5.05051E-08 ml, 2.52525E-
08 ml (target concentration), and 1.26382E-08 ml per 1 ml of artificial
seawater. The three concentrations of Dibrom® were 4.45931E-08 ml,
2.22965E-08 ml (target concentration) and 1.11483E-08 ml per 1 ml of
artificial seawater. The salinity of the artificial seawater was adjusted to 35%o
and was vacuum filtered through 50 micron filter pads to remove any particles
prior to use. The nearshorewater was collectedfrom Florida Bay and filtered
through a 0.45 micron Millipore filter prior to use. The effects of nearshore
water on embryos and larvae were tested in conjunction with the Biomist
30/30® assays.

Biomist 30/30® was tested on queen conch embryos to determine its
effects on embryonic development. The disinfected egg masswas broken into
small sections andplacedin 1,000 ml beakers containing 500 ml of one of the
five treatment solutions. All beakers were covered with a watch glass to
minimize contamination andevaporation. Beakers wereplaced in a waterbath
maintained at a constant temperature of 28 + 1°C The temperature was
maintained using an aquarium heater and thermostat and was recorded at three
locations in the waterbath every 24 hours. The experiment ran for four days
(96 hours). On days 2 and 4, cultures were taken of all five treatments to test
for Vibrio contamination. ThepH andoxidation/reduction potential werealso
measured for each treatment and recorded. The egg mass sections were
examined using a dissecting microscope. The scope was equipped with a
camera, and five pictureswere takenof each section. Withineach picture, two
eggs were used to determine average perivitellin space (i.e. the space in-
between the egg capsule and the developing embryo). We used perivitellin
space as our performance measure because as the embryo develops normally
within the egg capsule, the perivitellin space will decrease over time. The
vertical and horizontal distance in millimeters of each egg and each embryo
withinthe egg was measured (Figure 1). Perivitellin spacewas determined by
taking the mean of the vertical and horizontal measurements of the egg and
then subtracting the mean of the vertical and horizontal measurements of the
embryo. A nested ANOVA was used to calculate differences in perivitellin
space among the different treatments for each day.

In the second bioassay, Biomist 30/30® was used to test the effects on
queen conch larvae mortality and growth. Larvae were hatched from egg
masses collected in the wild. The egg masses were disinfected as described
above. The larval experiment consisted of five treatments (with three repli
cates in each treatment). The same concentrations as the previous bioassay
were used. Upon hatching, 10 larvae were placed in each replicate and
covered with a watch glass to prevent contamination and evaporation. They
were placed in a water bath maintained at a temperature of 28 + 1°C The
experiment ran for 48 hours. On days 1 and 2 cultures were taken of all five
treatments to test for Vibrio contamination. Every 24 hours the temperature,
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pH, and oxidation/reduction potential was measured and recorded. The larvae
were examined and mortality rates were determined for each treatment by
counting the number of dead larvae versus the number of living larvae.
Mortality was determinedby position in the water column. Veligers that were
able to maintain position in die water column by rotation or retraction of the
velum were consideredalive. Veligers that were resting on thebottom, with or
without beating of a larval heart, were considered dead (Rumbold and Sne
daker 1997). A chi-square test was used to analyze the data for each day.

Dibrom® was tested on queen conch embryos and larvae as described in
the embryo and larval tests conducted with Biomist 30/30®. The experiment
consisted of four treatments (an artificial seawater control and three pesticide
concentrations) with three replicates of each treatment The concentrations
used were 4.45931E-08 mL 2.22965E-08 ml (target concentration) and
1.11483E-08 ml per 1 ml ofartificial seawater.

RESULTS

Temperature was constant throughout the study. We were unable to
analyze pH and ORP because of faulty equipment. On day 2 of the first
experiment the pH and ORP probes were no longer taking accurate readings.

Experiment 1: Queen Conch Embryogenesis and Biomist 30/30®
The first day of this experiment showedno significant difference(F(4> 10) =

0.944, p = 0.478) among any of the treatments (Figure 1). However, Day 2
showed a significantdifference between the control and the treatments (F(4> |0)
= 13.054, p = 0.001) as the embryos in the synthetic seawater control began to
develop normally (Figure 2). Day 3 continued to show a significant difference
between the control and the three pesticide concentrations; the nearshore
treatment also began to show a slight difference compared with the three
pesticide treatments (F(4, i0) = 6.234,p = 0.009) (Figure 1). However, on Day
4, there was no difference among the treatments (F(4> i0) = 3.20, p = 0.062)
even though the embryos exposed to the pesticide concentrations were not as
far along in their development as the conch in the synthetic seawater control or
those in the nearshore water treatment (Figure 2).

Experiment2: QueenConch Embryogenesis and Dibrom®
Day 1 did not showa significant difference among the treatments (F(3> 8) =

3.13, p = 0.088) (Figure 3). Day 2 continuedto show no difference among the
treatments (F{3>8) = 2.12, p = 0.176) (Figure 3). However, Day 3 showed a
significant difference among the treatments (F(3i8) = 14.482, p = 0.001)as the
control animals began to develop normally and the embryos exposed to the
pesticide concentrations were either developing abnormallyor not developing
at all (Figure 3). Day 4 showed an even greater disparity in perivitellin space
between the control and the three pesticide concentrations with the control
showing normal development and the pesticide treatments exhibiting no
change in perivitellin space over time (Figure 3). However, the ANOVA for
Day 4 was not significant (F(3,8) = 2.19, p = 0.167); this was probably due to
the large deviations about the mean found in the pesticide concentrations.
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Figure 1. Picture of perivitellin space measurements being taken using the
computer program Image Pro Plus. Horizontal and vertical measurements of
the eggs and embryos were used to determine perivitellin space for each
embryo.
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Figure 2. Graph of perivitellin space measurements for all five treatments of
the Biomist30/30® bioassay (experiment 1). The graph shows the mean
perivitellin space for each treatment on all four days of the bioassay. The error
bars represent ± one standard error. ,
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Figure 3. Graph of perivitellin space measurements for all five treatments of
the Dibrom® bioassay (experiment 1). The graph shows the mean perivitellin
space for each treatment on all four days of the bioassay. The error bars repre-
sent ± one standard error

Experiment 3: Queen Conch Larvae and Biomist 30/30®
Queen conch larvae exposed to Biomist 30/30®experienced a high degree

ofmortality in all three treatment concentrationsafter 48 hours (Figure 4). The
chi-square test for Day 1 showed a significant difference in mortality (X2 =
57.32, p < 0.001) with mortality in the control and the nearshore water treat
ment hovering around 20% while the mortality in the pesticide treatments
ranged from about 50% to 95% (Figure 4). On Day 2, mortality in the pesti
cide treatmentsjumped to almost 100%,whereas mortality was much lower in
the control and nearshore water treatment (Figure 4). The chi-square test re
sults for Day 2were significant (X2 =48.33, p < 0.001).

Experiment 4: Queen Conch Larvae and Dibrom®
Due to 100% mortality among all of the treatments and the control

after the first 24 hours, no statistical analyses were run for this experiment.



Page 738

100

57th Gulf and Caribbean Fisheries Institute

Day

TREATMENT

I Icontrol

t^^nearshoro

Low concentration

Middle concentration (target)

High concentration

Figure 4. The percentage of mean larval mortality in all five treatments of
Biomist 30/30® within 48 hours. .

DISCUSSION

Our results showed that Biomist 30/30® and Dibrom® have significant
toxicological effects on the development andsurvival of queen conchembryos
and larvae. Biomist 30/30® proved to be toxic to embryos at all three concen
trations. The greatest number of effects was seen at the target concentration
and higher. Abnormalities were noted during embryogenesis, with slow
development seen in all the pesticide treatments (Figure 2). It was also noted
that several embryos appeared to be shedding cells. A great number of larvae
died during the first 24 hours ofthe Biomist 30/30® larval bioassay (Figure 4).
All of the pesticide treatments had 100% mortality within 48 hours. There
were also deaths among the control and nearshore treatments. These deaths
may be attributed to the fact that it is difficult to keep larvae alive in the lab
without large tanks, water exchanges, or aeration (Davis 1994). Death may
have also occurred due to the extraction method used on the veligers from the
initial beaker. A 10 ml pipette was used to transfer each veliger out of the
beaker and into one of the treatments.

The effects caused by Biomist 30/30® may only bea portion of the effects
permethrin has on queen conch embryogenesis. Permethrin does not dissolve
in water and therefore binds to other sources such as glass and plastic (Lee et
al. 2002). The bioassays were static, as such this would allow for the perme
thrin to bind readily to the glass and may have reducedthe amount of pesticide
effecting the embryos and larvae. Unfortunately, there were not enough funds
to run chemical analyses to test the actual concentration at the end of the
bioassays; therefore, the amount of pesticide that remained in the water could
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not be determined. Degradation could be estimated by the half-life of either
pesticide; degradation can fluctuate with the pH level, and it would be
necessary to determine the pH to estimate the amount of pesticide remaining in
the water. Unfortunately, as stated in the Results, the pH meter malfunctioned
and pH levels could not be determined at the end of the experiment.

With Dibrom® having such a high toxicity, it was not surprising to get
such a vast difference in perivitellin space between the control and the
pesticide treatments (Figure 3). All three treatment concentrations seemed to
have the same effect. Many of the embryos exhibited major deformities during
development, and many did not undergo embryogenesis, but instead began
shedding cells until an embryo was no longer visible (Figure 5). Unfortu
nately, this affected the accurate measurement of the perivitellin space since
the ultimate goal was to measure the growth of the embryo as it developed.
Many of the embryos that shed cells took up a large portion of the egg capsule
even though the embryos were not developing and were not viable, thus,
explaining our non-significant result on Day 4 of the experiment.

Figure 5. Image of embryos in Dibrom® concentration 2.22965E-08 ml (target
concentration). Embryos are displaying the observed shedding ofcells.

Many factors may have influenced the failure of the final bioassay testing
larval survival after exposure to Dibrom®. As stated previously, it is difficult
to raise veligers in the lab. Nevertheless, cross contamination is the likely
culprit. Another possible mode of contamination is based on the structure of
the pesticide. Naled is mixed with petroleum products making Dibrom® an
aromatic hydrocarbon; therefore, it is possible that the control beakers were
contaminated in this way.
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It isunknown ifBiomist 30/30® and Dibrom® reach breeding aggregations
offshore; although, larvae undoubtedly drift into nearshore areas where they
could encounter either of these pesticides. Pierce (1998) reported that only a
small percentageof DDVPand permethrin sprayedin the Florida Keys can be
found in surface and subsurface water. Further studies are needed to determine
the amount ofpesticide remaining in the water column after spraying. Benthic
substrates should also be tested to determine if pennethrin or Dibrom® bind to
them since they are insoluble in water. In addition, studies have shown that
outflow from Florida Bay and Biscayne Bay transport pollutants from the
Florida mainland (Rumbold and Snedaker 1999). Therefore, other pesticides
or pollutants might interfere with queenconchdevelopment and growth.

This pilot study has provided evidence that the pesticides used for
mosquito control in the Florida Keys may be negatively affecting the queen
conch population. However, further testing ofBiomist 30/30® and Dibrom®
would be beneficial. For example, using flow-through chambers (instead of
static chambers) to better mimicwhat the embryos and larvaeare exposedto in
the natural environment and testing more environmentally relevant pesticide
concentrations (along with chemicalanalyses to confirmactual test concentra
tions) would provide a more accurate picture of how these mosquito control
agents affectqueen conchembryos andlarvae andin-turn howtheymayaffect
the recovery of the queenconchpopulation in the Florida Keys.
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RESUMEN

Se determino la estructura genetica poblacional del pulpo rojo Octopus
maya en los estados de Campeche y Yucatan en la Peninsula de Yucatan,
Mexico, mediante la expresion de isoenzimas en geles de poliacrilamida.
Muestras de manto de 25 organismos, capturados en cinco sitios de la Peninsu
la de Yucatan, se utilizaron para caracterizar la expresion genotipica revelada
por la expresion de 23 loci en treinta sistemas enzimaticos. Se utilizo el
programa TFPGA version 1.3 ( Tools for population genetic analyses), para
procesar los datos de frecuencias genicas de aloenzimas de las poblaciones en
estudio.

Los parametros determinados fueron: Estadistica descriptiva, Estadistica
F, Distancias geneticas, Equilibrio de Hardy - Weinberg, UPGMA y el numero
de migrantes como indicadordel flujo de genes.

Los valores de heterocigosis en un rango de 0.2335 para la ME y de
0.4293 para la PGM 1, con un valor de heterocigosis promedio de 0.1238, los
de Fis con un valor promedio de 0.4100 y los de Fst de 0.0111 indican una
deficiencia de heterocigotos pero que se encuentran dentro de los rangos
reportados para especies de invertebrados marinos. El numero de migrantes
derivado de la ecuacion de Slatkin resulto de 2.1 por generation, lo que en
forma global indica un cierto grado de variabilidadentre las poblaciones y es
consistente con los bajos valores de distancia genetica de Nei encontrados,
particularmente el nodo que sugiere la separation de la poblacion de Rio
Lagartos y de Dzilam Bravo de las otras poblaciones estudiadas, con un valor
obtenido de 0.0004. Por los resultados de este estudio, se concluye que las
poblaciones de Octopus maya presentan un cierto grado variabilidad genetica
interpoblacional que no refleja fragilidad en la subsistencia de estas poblacio
nes.

PALABRAS CLAVES: Estructura genetica, isoenzimas, Octopus maya
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Genetic Structure of Octopus maya in the Campeche and
Yucatan States in the Yucatan Peninsula

Genetic population structure of the red squid Mayan Octopus in the
Campeche and Yucatan States of the Yucatan, Peninsula, Mexico was
determined, by meansof the expression of iso-enzymes in poliacrylamide gels.
Samples of mantle of twenty five organisms, captured in five sites of the
Yucatan Peninsula, were used to characterizethe genotipic expression revealed
by the expression of 23 loci in thirty enzymatic systems. The TFPGA
Program, version 1,3 (for Tools population genetic analyses), was used to
process the data of gene frequencies of isozymes of the populations in study.
The parameters used were: Descriptive statistic, Statistical F, genetic Dis
tances, equilibrium of Hardy - Weinberg, UPGMA and the number of mi
grantes like indicator of the flow of genes. The heterozygosity values, in a
range of 0,2335for ME and 0,4293 for PGM 1, with a value of heterozygosis
average of 0,1238, those of Fis with a range of 0,4100 and those of Fst of
0,0110 indicate us a heterozigosity deficiency, but they are within the ranks
reported for species of marine invertebrates. The derived number of migrantes
of the equation of Slatkin was from 2,1 by generation, which in global form
indicates a certain degree of variability between the populations and is
consistent with the low values ofgenetic distance of Nei found, particularly the
node that suggeststhe separation of the population of Rio Lagartosand Dzilam
Bravo with the others studied populations, with an obtained value of 0.0004.
In function of the results of this study, we can conclude that the populationsof
Mayan octopus present a certain degree of interpopulation genetic variability
that does not reflect fragility in the subsistence ofthese populations.

KEY WORDS: Genetic structure, isozymes, Octopusmaya

INTRODUCCI6N
La caracterizacion de la estructura genetica poblacional constituye un

criterio de gran utilidad para la preservation de especies de importancia
comercial y ecologica ya que esta es indicadora de la heterogeneidad u
homogeneidad de las poblaciones sobre grandes regiones geograficas (Bates y
Innes 1995). El pulpo Octopus maya Voss y Solis, (1966) cefalopodo marino
del Phylum mollusca, es una especie litoral propiade la Peninsulade Yucatan,
que viven en resquicios de rocasy oquedades del fondo y en algunasocasiones
ocupando conchas de gasteropodos y diversos objetossumergidos que le sirven
de madriguera. La pesqueria de Octopus maya, comunmente llamado pulpo
rojo, es de gran importancia en las costas del Estado del Yucatan en donde
compite por su gran volumen de captura con la pesqueria de mero
(Epinephelus morio) y en Campeche con la pesqueria de camaron (Penaeus
sp.) (Solis y Chavez 1986, SEPESCA 1994).

La gran presion de pesca ha la que ha estado sometido el recurso, ha
propiciado una caida drastica en los volumenes de extraction de biomasa en
los ultimos anos, lo cual dio pauta para la implementation de un periodo de
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veda que abarca del 16 de diciembre al 31dejulio, periodo en el que supuesta-
mente se le da oportunidad a las hembras de poner sus huevos y a los juveniles
de crecer.

En el caso de O. maya, punto importante lo representa el hecho de que
cuando eclosiona del huevo ya es un pulpo con todas las caracteristicas de sus
congeneres adultos, lo cual a final de cuentas incide en su poca dispersion ya
que desde pequeiio tiende a guarecerse y a no moverse mucho (SEMARNAP
1998). Lo anterior conlleva a establecer si las poblaciones de O. maya en los
estados en los que se le captura son aisladas o bien pertenecen a una sola
poblacion ampliamente distribuida.

En vista del desconocimiento de la information fundamental sobre la

genetica de las poblaciones de Octopus maya en la Peninsula de Yucatan, que
sirva como criterio para la mejor explotacion y complemente las normas de la
pesqueria de este recurso, es objetivo del presente trabajo determinar la
estructura genetica de las poblaciones mas importantes de O. maya en esta area
con el fin de coadyuvar al establecimiento de los mecanismos y estrategias
adecuadas para el mejor manejo de la pesqueria de esta especie.

MATERIALES Y MQiTODOS

La obtencion de los organismos se realizo en cinco sitios en los estados de
Campeche y Yucatan en las costas de la Peninsula de Yucatan. Veinticinco
organismos de todas las tallas de cada sitio fueron colectados con la ayuda de
Pescadores de cada lugar.

Muestras de manto se homogeneizaron en un voiumen igual de buffer de
extraction consistente de Tris HC1 12.1 g, EDTA 336 mg, NAD+ 20 mg y
ajustado a un pH de 7 (Shaklee y Keenan 1986), se centrifugaron a 10 000
rpm por 10 min. a 7 °C en una centrifuga refrigerada. Geles de poliacrilamida
al 7.7 %, preparados para ser utilizados con el sistema nativo (Brewer 1970) se
utilizaron para efectuar el corrido electroforetico, el revelado histoquimico y la
determination fenotipica de las muestras. La presencia fenotipica se determino
siguiendo los procedimientos de Shaw y Prasad (1970), Brewer (1970) y Shaal
y Anderson(1974). Loci presumidos y alelos fueron designadospor medio del
sistema de nomenclatura utilizado por Shaklee y Keenan (1986). Multiples
loci de una enzima en particular se designaron numericamente (1, 2, 3, etc.)
considerando el de mas rapida a mas baja movilidad anodal. Alelos de un
locus en particular fueron designados por su movilidad anodica relativa y
nombrando al alelo mas frecuente como 100 y los demas por arriba y por
debajo de este con los valoresrespectivos. Loci y alelos fueron designadosde
acuerdo al sistema de nomenclatura propuesto por Shaklee y Keenan (1986).
Un locus se consideropolimorfico si el alelo mas frecuente tiene una probabili-
dad menor que 95 %. Towsend y Shing (1984) y el nivel de heterocigosis se
determino con relation a la ley del Equilibrio de Hardy-Weinberg. Se utilizo
el programa denominado TFPGA version 1.3 (Tools for population genetic
analyses), para efectuar el analisis de datos geneticos de aloenzimas de
poblaciones (Miller 2000). Los diversos parametros determinados fueron:
Estadistica descriptiva, Estadistica F, Distancia Genetica, Pruebas de robustez
para Hardy - Weinberg y UPGMA.
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RESULTADOS

Se utilizaron unicamente los loci que no fueron monomorficos para
determinar el nivel de polimorfismo. En la Tabla 1, se presentan los resultados
promedio de los valores de heterocigosis, asi como los de polimorfismo en dos
formas diferentes para todos los sitios y los valores globales. El valor de
0.1238 de heterocigosis global, se puede considerar bajo. Asimismo, se
presentan los valores de polimorfismo, 34.782 % para Isla Arenas, 34.7826 %
para Celestun, de 27.2727 para Champoton, de 27.2727 para Dzilam de Bravo
y de 28.5714 % para Rio Lagartos con un valor global del 34.7826 % en todas
las poblaciones. Estos valores indicaron diversidad intrapoblacional con poca
heterogeneidad interpoblacional.

Tabla 1. Resultados de estadistica descriptiva para las poblaciones y el total
en manto de Octopusmaya

Parametro Arenas Celestun Champotdn Dzilam RfoLa- Global
Bravo gartos

Tamano

promedio de 25 25 25 25 25 125
muestra

Heterocigosis
promedio 0.1360 0.1446 0.1000 0.0952 0.0885 0.1238

Heterocigosis
promedio 0.1096 0.0974 0.0436 0.0418 0.0457 0.0738
directa

% Loci
polimorficos sin 34.782 34.7826 27.2727 27.2727 28.5714 34.7826
criterio

% Loci
polimorficos al 34.782 34.7826 27.2727 27.2727 28.5714 34.7826

95%

La Tabla2, presenta los valores globales obtenidos con las pruebas de Chi
Cuadrada. Se aprecia que solo el locus de la FBP presento significancia para
esta prueba estableciendose que de los 8 loci que presentaron variation en el
tejido de manto en las tres poblaciones analizadas, el 12.5 % se apartan de la
condition de equilibrio. El analisis de remuestreo utilizando el metodo de
Monte Carlo para cada uno de los sitios confirmo que solamente la FBP es el
locus que presenta alguna variabilidad.
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Tabla 2. Pruebas de Bondad de ajuste para el equilibrio de Hardy - Weinberg,
Chi Cuadrada, en manto de Octopusmaya para todas las poblaciones.

Locus Genotipo Observados Esperados x2

ARGK

EST1

FBP

G6PDH1

MDH

ME

OCTDH

PGM1

11 89 76.0500

12 17 42.9000

22 19 6.0500 0.0000

11 77 69.1920

12 32 47.6160

22 16 8.1920 0.0002

11 32 29.6450

12 13 17.7100

22 5 2.6450 0.0600***

11 76 69.1920

12 34 47.6160

22 15 8.1920 0.0014

11 85 74.4980

12 23 44.0040

22 17 6.4980 0.0000

11 81 74.8225

12 11 23.3550

22 8 1.8225 0.0000

11 79 70.6880

12 30 46.6240

22 16 7.6880 0.0001

11 71 59.1680

12 30 53.6640

22 24 12.1680 0.0000

Los valores de Fis y los del indice de fijacion Fst, de la Tabla 3, van desde
0.2857 para la FBP hasta 0.6057 para la ARGK con un valor promedio de
0.4100, para el primer parametro y los segundos presentan un valor promedio
de 0.0110 con un rango de - 0.0209 para la OCTDH hasta 0.0293 para la FBP.

Los valores de Distanciae IdentidadGenetica, se determinaron por medio
del concepto de Nei 1972, se presentan en forma de matriz en la Tabla 4, to
das las poblaciones son comparadas de manerapareada.

En el caso de la Identidad, la relation Isla Arenas - Dzilam de Bravo tuvo
el valor menor de 0.9927 y la relation Champoton- Dzilam de Bravo fue la de
mayor valor, en el caso de la Distancia genetica la relation se mantuvo siendo
el menorvalorcon 0.0004 y la de 0.0073 fue la mayor. Independientemente de
cual haya sido el modelo que se utilizara los valores de relation menores y
mayores siemprese mantuvieron entre los pares de poblaciones.
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Tabla 3. Resultados de estadistico F en manto de Octopus maya

Loci Alelo F e f

1 0.6057 -0.0081 0.6088

ARGK 2 0.6057 -0.0081 0.6088

totales 0.6057 -0.0081 0.6088

1 0.3290 -0.0196 0.3419

EST1 2 0.3290 -0.0196 0.3419

totales 0.3290 -0.0196 0.3419

1 0.2857 0.0293 0.2642

FBP 2 0.2857 0.0293 0.2642

totales 0.2857 0.0293 0.2642

1 0.2906 0.0072 0.2855

G6PDH1 2 0.2906 0.0072 0.2855

totales 0.2906 0.0072 0.2855

1 0.4793 -0.0112 0.4851

MDH 2 0.4793 -0.0112 0.4851

totales 0.4793 -0.0112 0.4851

1 0.5538 0.1871 0.4511

ME 2 0.5538 0.1871 0.4511

totales 0.5538 0.1871 0.4511

1 0.3575 -0.0209 0.3706

OCTDH 2 0.3575 -0.0209 0.3706

totales 0.3575 -0.0209 0.3706

1 0.4428 -0.0130 0.4500

PGM1 2 0.4428 -0.0130 0.4500

totales 0.4428 -0.0130 0.4500

Promedio 0.4100 0.011 0.4034

Tabla. 4. Matriz con los valores de distancia e identidad segun Nei 1972
para todas las poblaciones de Octopus maya. Los datos de arriba de la diago-
nal son valores de distancia y los de debajo de identidad.

Poblaci6n 12 3 4 5

1
***** 0.0020 0.0066 0.0073 0.0034

2 0.9980
***** 0.0042 0.0055 0.0049

3 0.9934 0.9958
**** 0.0004 0.0013

4 0.9927 0.9945 0.9996
**** 0.0013

5 0.9967 0.9951 0.9987 0.9987
****
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DISCUSI6N
Las cinco poblaciones de Octopus maya analizadas en las costas de la

Peninsula de Yucatan presentan una baja variabilidad y una poca differentia
tion geografica entreellas, los valores de heterocigosis son relativamente bajos
e indican una cierta deficiencia de heterocigotos, el valor de polimorfismo
encontrado es relativamente bajo 34.7826%, si se compara con el 58% en
promedio para invertebrados marinos (Saavedra et al. 1993). Estos bajos
nivelesde variabilidad puedentener diversos origenes desde una circunstancia
propiade la especie, el nivel de explotacion de las poblaciones en el area o el
tamano de muestra utilizado ( Heist et al. 1995). El valor de heterocigosis
media global de 0.1238, aunque se puede considerar bajo cae dentro de los
tipicamente esperados para especies de invertebrados marinos en general ya
que la deficiencia de heterocigotos es una caracteristicacomun encontrada en
estudios en invertebrados marinos (Mamuris et al. 1998, Boisselier et al. 1999)
aunque las caracteristicas reproductoras de muchas de esas especies reflejen el
clasico modelo panmitico de las poblaciones geneticas (Bierley et al. 1996).
No obstante, existe la posibilidad de que otros factores influyan para que se
presenten niveles bajos de heterocigotos tales como el resultado de la mezcla
de poblaciones(Efecto Wahalund), los diversostipos de selection, la presencia
de alelos nulos o la perdida de cromosomas que podrian causar estimaciones
incorrectas de las fracciones fenotipicas ( Creasey et al. 1996). En el caso de
O. maya los bajos valores de Fst 0.0110 y de Fis 0.4100 determinados entre las
poblaciones nos indican que no se puede considerar al efecto Wahalund como
la causa de este fenomeno, aunque se mantiene la idea de que existe la entrada
de migrantes (2.1) en las poblaciones. Como no se considero la presencia de
alelos nulos, es menester pensar que la altemativa que esta ocurriendo en las
poblaciones se deba al efecto de algun tipo de selection.

No obstante se ha sugerido y en algunos casos demostrado el flujo de
genes, los resultados obtenidos mediante el analisis por Chi - Cuadrada nos
indican que solo un minimo de loci son significativamente diferentes.

Las pruebas de randomization efectuadas en los loci que mostraron
significancia tambien sugieren la idea de que algun factor desconocido pueda
ser el responsable de los resultados del analisis estadistico. Aunque el
fenomeno de baja heterocigosis observada puede causar problemas con el uso
de datos electroforeticos en la discrimination de las poblaciones de Octopus
maya, al utilizar parametros como lo son la identidad y la distancia genetica
estos trabajan bien cuando los valores de heterocigosis encontrados en especies
bajo investigation son bajos y se tiene un numero suficiente de loci, 23 para
este trabajo, con los cuales se subsana el problema de contar con un tamano
pequeiio de muestra (Bierley et al. 1996).
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Figura 1. Dendograma con los valores de distancias segun Nei 1072.1.- Isla
Arenas 2.- Celeste 3.- Champoton 4.- Dzilam de Bravo 5.- Rio Lagartos

Los valores de distancia e identidad obtenidos para Octopus maya mdican
que son valores tipicos para especies o poblaciones que se encuentran bien
mezcladas.

Los dendogramas generados por las medidas de distancia de Nei y el
analisis UPGMA Cluster fueron similares pero no identicos al agrupar las
poblaciones. Los valores de distancias fueron diferentes en todos los casos, sin
embargo, en ninguno se cambio la distribution de las poblaciones en el analisis
Cluster siendo la poblacion de Rio Lagartos la que presento la mayor distancia
respecto a las otras. Este resultado es congruente con el patron de corrientes
que se dan en el Golfo de Mexico y que propicia que la estructura y variation
genetica de esta poblacion comparada con las otras cuatro, sea la que mani-
fieste las mayores diferencias.

No obstante, variaciones estocasticas en la corriente de agua, los vientos
de superficie, eventos meteorologicos y aun remolinos localizados, podrian
afectar la dispersion de los organismosy modificarel reclutamiento de estos en
localidades particulares corroborando y concluyendo que tales eventos pueden
mantener el estado de discretion de las poblaciones en forma espacial o
temporalmente, lo que a final de cuentas evitan la homogenizacion de estas y
propician la differentiation y valores de distancia genetica caracteristicos de
esta poblacion.
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RESUMEN

El alto contenido proteico de su came y la facilidad con la que puede ser
recolectado, han hecho del botuto (Strombus gigas) uno de los recursos
marinos mas apreciados en todo el Caribe, despues de la langosta. Grandes
acumulaciones de conchas (o concheros) distribuidas a lo largo y ancho del
ParqueNational Archipielago de Los Roques revelan la importanciaque este
recurso a tenido para la region. Con la finalidad de realizar la caracterizacion
de la pesqueria de botuto en el Archipielago a traves del tiempo, y el impacto
que esta pesca ha tenido sobre las poblaciones naturales de este molusco, se
analizaron los concheros ubicados en el cayo La Pelona y sus alrededores. Los
analisis radiocarbonicos y el levantamiento detallado de la composition de
diversos concheros tanto prehispanicos (1270 a 1450 D.C.) como contempora
neos (1980 a 1995 D.C), revelo que los indigenas recolectaban principalmente
individuos adultos (entre 80 y 90 %), mientras que el pescador contemporaneo
extendia su rango de recoleccion a todas las clases de edad. Estas diferencias
observadas en cuanto a los criterios de selection que caracterizaron a los
diversos regimenes de pesca (precolombino vs. contemporaneo), seguramente
tuvieron influencia en la talla de madurez sexual de los individuos de Strombus

gigas que habitaron la localidad estudiada. Se evidencio una disminucion
significativa de la longitud promedio de la concha de subadultos entre los
concheros contemporaneos (de 22.5 a 20.8 cm de LT)(p < 0.001), a medida
que transcurrio la actividad pesquera, mientras que para los concheros
precolombinos, estas diferencias no fueron significativas (entre 22.7 y 22.1 cm
deLT)(p = 0.683).

PALABRAS CLAVES: Concheros, Strombus gigas, pesqueria, talla de
madurez sexual
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Historical and Bio-Ecological Evaluation of the Queen Conch
(Strombus gigas) Fishery in the Archipielago de Los Roques

National Park (Venezuela),
through the Study of its Shell Middens

Because of the high protein value of its meat and the low catch per unit
effort required, the queen conch (Strombus gigas) has been situated among one
of the most important fishery resources of the Caribbean, after the spiny
lobster. Shell middens distributed throughout the Archipielago de Los Roques
National Park reveal the importance of this marine resource for the region. In
order to establish the characterization of the fishery of queen conch through
time, and the impact this activity had in the natural populations of the mollusk,
surveys ofseven shell middens situated in the cayo La Pelona and its surround
ings were made. The radiocarbon analysis and the detailed composition of the
each of the studied shell middens, pre-hispanic (1270 to 1450 A.C.) and
contemporary (1980 to 1995 A.C.), demonstrated how pre-colombian indians
fished mostly adults conchs (80 to 90 %), while contemporary fishermen
broadened their range of catch through all age classes. These observed
differences between the two fisheries regimes (pre-hispanic vs. contemporary)
probably had influences on the size at maturity of the individuals in natural
populations ofStrombus gigas. A significantdecrease in the mean shell length
of subadults was measured between the contemporary middens through time
(from 22.5 to 20.8 cm)(p < 0.001), while between the pre-hispanic middens
these differences were not observed (22.7 to 22.1 cm)(p = 0.683).

KEY WORDS: Shell middens, Strombus gigas, fishery, size at maturity

INTRODUCCION

Debido a su comportamiento gregario, y su distribution en zonas de baja
profundidad, el botuto, Strombus gigas, ha constituido un recurso natural de
gran rentabilidad para el ser humano. El alto contenido proteicode su came y
la facilidad con la que puede ser recolectado, han hecho de este molusco uno
de los recursos marinos mas apreciados en todo el Caribe, despues de la
langosta (Appeldoorn 1997). La presencia de grandes acumulaciones de
conchas (o concheros) de £ gigas ubicados a lo largo de todo el Parque
National Archipielago de Los Roques, revela la importancia que dicha
empresa ha tenido para las diversas comunidades de humanos que han habitado
el archipielago, a lo largo de los anos.

Numerosas evidencias arqueologicas testimonian que esta actividad
pesquera se remonta a epocas precolombinas. De acuerdo con los analisis
estilisticos y la datacion radocarbonica de los artefactos ceramicos hallados en
distintas localidades del archipielago (Cayo Sal, Dos Mosquises Norte, Dos
Mosquises)(1430 y 1480 ± 80 D.C.) (1330 ± 80 D.C.)(Antczak y Atnczak
1991), se identifico la presencia de poblaciones indigenas provenientes de la
costa centro-occidental del pais. Estos indigenas, ademas de explotar una
amplia gama de recursos (e.j., peces, tortugas, aves marinas), centralizaron su
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empresa en la explotacion masiva del botuto. La carne de este caracol era
extraida para el consumo, no solo por parte de los navegantes que frecuentaban
el archipielago, sino tambien para proveer de alimento a las poblaciones
continentales de donde provenian estos navegantes prehispanicos (Antczak y
Antczak 1988). Luego de la llegada de los colonizadores europeos al continen-
te, el botuto fue explotado principalmente por holandeses y curazolenos que
habitaron el archipielago entre 1850 y 1910. Sin embargo, la explotacion fue
menos intensa debido a que estos colonizadores centralizaron su industria en la
extraction de sal, cal y carbon (Laughlin et al. 1985).

Posteriormente, el archipielago sufrio una fuerte inmigracion de Pescado
res provenientes de la isla de Margarita, quienes comenzaron a desarrollar una
importante actividad pesquera en torno al botuto y a la langosta. A partir del
ano setenta, comienzan a registrarse importantes tasas de extraction de botuto.
Para el periodo 1980-1983, Laughlin y col. (1985) reportan tasas de extraction
anuales comprendidas entre 160.000 y 245.000 kg de carne.

En Venezuela, el unico control de pesca que existia hasta 1985 se llevaba
a cabo por medio de permisos de pesca, que el Ministerio de Agricultura y Cria
(MAC) entregaba mensualmente, en los cuales se establecia una cuota maxima
de pesca de 500 kg/mes/permiso, que los Pescadores debian reportar. Sin
embargo, estudios realizados por Laughlin y Weil (1985), revelaron una gran
discrepancia entre la cantidad de botuto que era declarada oficialmente por los
Pescadores y la que se extraia. En base a estos resultados, se propuso un plan
de manejo para regular la pesca del botuto, sin embargo esta propuesta no fue
tomada en cuenta por las autoridades competentes, y se decidio establecer una
veda total en todo el area del Parque desde el ano 1985 hasta 1989, lo que
paradojicamente causo un alza en los precios del botuto. Este fenomeno
ocasiono a su vez un alza en la explotacion ilegal del recurso, producto de la
poca coordinacion y falta de interes de los cuerpos de supervision (Posada y
Alvarez 1988). Ante esta realidad, en octubre de 1989 se decide implementar
un plan de manejo a nivel nacional, y se vuelven a otorgar permisos, lo cual
contribuyo con la devastation del recurso incluso en aquellas zonas de
protecci6n (Rodriguez y Posada 1994). No fue sino hasta enero del ano 1991,
cuando se vuelve a decretar veda total en el Parque, y posteriormente, en
agosto de ese mismoano, a nivel nacional(Rodriguezy Posada 1994).

Hoy en dia, la veda total continua, a falta de un acuerdo preciso entre
todos los entes involucrados en la implementation de un posible plan de
manejo. Sin embargo, los esfuerzos invertidos en la supervisionpor parte de
INPARQUES han incrementado, lo que ha ocasionado una reducci6n impor
tante en la pesca ilegal de botuto, aunque esta sigue ocurriendo de forma
clandestina.

Mediante este estudio se pretende realizar una reconstruction historica de
la pesqueria del botuto en el Parque Nacional Archipielago de Los Roques, a
partir del analisis de los concheros ubicados en el cayo La Pelona y sus
alrededores, depositados durante los diferentes regimenes de pesca que han
ocurrido en la localidad de estudio. Al mismo tiempo, seran evaluadas las
posibles presiones que estos regimenes han ejercido sobre las poblaciones
naturales de Strombusgigas que han habitado la zona.
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METODO

Area de Estudio

El presente trabajo se llevo a cabo en el cayo La Pelona (11° 47 latitud
Norte y 66° 52' longitud Oeste) y sus alrededores, ubicado en la regi6n sur -
suroeste del Parque Nacional Archipielago de Los Roques. Este archipielago
se encuentra localizado a 160 km. al norte franco de La Guaira, entre los
11°48' - 11°58' de latitud Norte y los 66°32' - 66°57' de longitud Oeste.

Diseno Muestral

Para la obtencion de los resultado se realizaron tres salidas de campo a la
localidad de estudio (Agosto y Noviembre 2002, Marzo 2003) con una
duration aproximada de 10 dias cada una. A continuation se describen las
actividades realizadas a lo largo de dichas jomadas.

Selecciony datacionde los concheros excavados — Fueron elegidos para las
excavaciones aquellos concheros prehispanicos cuya ubicacion sugiriera, de
manera indirecta, que fueron depositados durante epocas distintas. Esto se
realizo mediante el estudio de los patrones de deposition apreciados en las
fotografias aereas. Para la datacion de los concheros seleccionados, se extrajo
la concha que se encontraba a mayor profundidad en cada uno de los pozos
realizados. Las conchas extraidas fueron enviados a Beta Analytic Inc., para
la realization de las dataciones radiocarbonicas.

Los concheros contemporaneos fueron seleccionados y datados mediante
la comparacion de las fotografias aereas tomadas durante el ano 1971, por el
Instituto Geografico de Venezuela Simon Bolivar, y las fotografias aereas
tomadas durante el presente estudio. Adicionalmente se tomo en cuenta la
information suministrada por Pescadores, funcionarios de HSJPARQUES e
investigadores que se encontraban familiarizados con la zonade estudio.

Levantamiento de la composicion de los concheros — Para la excavation
fueron seleccionados siete (7) concheros, tres (3) prehispanicos (PI, P2, P3) y
cuatro (4) contemporaneos (CI, C2, C3, C4). Sobrecada conchero, se coloco
una cuadricula de PVC de lm x lm, con la cual se definio el area a ser
muestreada. Se establecieron capasverticales de 25 cm de profundidad para la
excavation, de tal manera que las conchas extraidas eran agrupadas en pilas
correspondientes a los diferentes niveles preestablecidos (nivel0 - 25, nivel 25
- 50, etc., siendoel valor0 cm el puntomasalto del conchero).

Las mediciones de las conchas se realizaron utilizando una cinta metrica y
un vernier, y a cada concha seleccionada, se le midio: largo total (L) y grosor
del labio (G), siempre y cuando la concha presentase un labio desarrollado,
comose muestraen Figura3. Ademas fueron tomadas en cuenta las siguientes
apreciaciones cualitativas: tipo morfologico (juvenil, subadulto, adulto),
presencia o ausencia, y forma de la perforation (circular o alargada).

Para realizar las comparaciones entre las medietas morfometricas de la
concha para cadauno de los concheros, en primer lugarse realizaron pruebas
mediante el metodo de Kolmogorov-Smirnov para comprobar la normalidadde
la distribution de frecuencias de cada una de las variables (longitud y grosor
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del labio) paracada uno de lostratamientos (los concheros PI, P2,P3,CI, C2,
C3, C4), y se realizo el test de Barlett's para comprobar la homogeneidad de
las varianzas. En los casos donde se cumplieron ambas suposiciones
(normalidad y homoscedasticidad), se utilizo un analisis de varianza parametri-
co (ANOVA de una via), pararealizar las comparaciones entrecadauna de las
distribuciones. En los casos donde la hipotesis de normalidad fue rechazada,
se utilizo el test no parametrico de Kruskal-Wallis (Apendice 3). En ambos
casos se utilizo un a = 0.05 (Sokal y Rohlf 1995) .

Todos los analisis se realizaron en elprograma MiniTab® v.13.

RESULTADOS

En la Tabla 1, se muestran las dataciones realizadas para cada uno de los
concheros estudiados. Las dataciones realizadas con carbono 14 de las
conchas extraidas en estos pozos, confirmaron que efectivamente la actividad
pesqueraen la isla se remontaa epocasprehispanicas (PI: 1270D.C; P2: 1310
D.C; P3: 1450 D.C), abarcando un periodo aproximado de 200 aiios.

Tabla 1. Datacion de los diferentes concheros estudiados en el cayo La Pelona
y sus alrededores.

c_ . Fecha radiocarbd- Fechas calibradas Fecha estimada
c ero nica convencional 2Sigma (95% IC) deformacibn

P1

1150 + 60 1160-1330 1270

P2

1070 + 60 1230-1420 1310

P3

870 + 60 1390-1540 1450

C1
- - 1980-1985

C2
- - 1980-1985

C3
- - 1984-1985

C4
- - 1990-1995

En la Figura 1 se muestra la proportion de los diferentes tipos morfologi-
cos (juvenil, subadulto y adulto) encontrados en cada uno de los estratos, para
cada conchero. A la izquierda de esta figura se encuentran representados los
concheros precolombinos (PI, P2 y P3), y a la derecha se encuentran represen
tados los concheros contemporaneos (CI, C4, C3 y C4), ordenados en funcion
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de la fecha de su formacion. A pesar de que no se observan variaciones en
cuanto a la proportion de los diferentes tipos morfologicos a medida que se
desciende en el gradiente de profundidad en ninguno de los concheros
precolombinos, se aprecia una importante proportion de conchas pertenecien-
tes a la clase adulto (entre 80 y 90%). En el caso de los concheros contempo
raneos se puede observar entre los concheroscontemporaneosque el porcenta
je de conchas de juveniles y subadultos aumenta mientras mis reciente es el
conchero. En el conchero C2, el porcentaje de juveniles/subadultos es de
26.47 %, mientras que en el conchero C4, este porcentaje es de 72.66 %. Estos
resultados contrastan con lo halladopor Torres(2003)en Republica Dominica-
na, dado que en este estudio, fueron aquellos concheros precolombinos los que
presentaron menor proportion de conchas de individuos adultos (1 a 4 %),
mientras que en los concheros contemporaneos se encontro una mayor
proporci6n de conchas de adultos (15 %, aproximadamente).

En la Figura 2 se muestran los valores promedio de la longitud de la
concha para los individuos subadultos donde se aprecia la magnitud de la
variation del tamano promedio de las conchas durante los regimenes de pesca
precolombino y contemporaneo. No se observaron diferencias significativas
entre las distribuciones de los diferentes concheros precolombinos (p = 0.693),
sin embargo las distribuciones de los concheros contemporaneos mostraron
una tendencia significativa hacia la disminucion de la longitud de la concha en
los concheros mas recientes (p < 0.001). En el caso de los concheros preco
lombinos, la longitud promedio oscilo entre 22.1 y 22.7 cm (P3 y PI, respecti
vamente), mientras que para los concheros contemporaneos, la variation fue de
22.5 a 20.8 cm (entre CI y C4, respectivamente).

DISCUSION

Como se observo observar en la Figura 1, durante el regimen de pesca
precolombino, la mayor presion de depredation se hallaba concentrada entre
las clases de edad de adultos. Sin embargo, las diferencias de tamano observa-
das entre los diferentes concheros precolombinos no fueron significativas, por
lo que no se podria afirmar que el regimende pesca realizado por los indigenas
tuvo repercusiones importantes sobre el tamano de madurez sexual de la
especie (Figura 2).

Durante el regimen de pesca contemporaneo, la presion de depredation se
extendio practicamente a todas las clases de edad, particularmente hacia las
clases juvenil y subadulto (ver Figura 1), con tasas de extraction elevadas
(Laughlin et al. 1985). Esta alta presion de depredation aplicada a todas las
clases de edad seguramente tuvo un efecto mucho mis pronunciado sobre las
poblaciones naturales, dado que en el lapso de aproximadamente 15 aiios
(desde CI hasta C4), se evidencio una disminucion significativa del tamafio de
las conchas de los subadultos. En este caso, la presion de depredation es
aplicada a toda la poblacion, por lo tanto, aquellos individuos que se reproduz-
can lo mis tempranoposible, tendran igualmente mayor probabilidad de dejar
descendencia.
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Figura 1. Proporcion de los tipos morfologicos encontrados en los diferentes
estratos de profundidad excavados, para cada uno de los concheros.
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Figura 2. Variation de la longitud promedio de la concha de subadultos a lo
largo del tiempo, para los diferentes concheros estudiados.

En la evaluation de la estructura poblacional de Stormbus gigas realizada
mis recientemente en el archipielago de Los Roques en el ano 1999
(Schweizer 2000), se registro una longitud promedio de la concha de los
subadultos de 23.11 cm, lo cual representa una aumento con respecto a los
valores medidos en los concheros excavados. Durante el presente estudio, se
midieron conchas de subadultos vivos que se encontraban a los alrededores de
la isla de Dos Mosquises, e igualmente mostraron tamafios de concha superio
res (23.81 cm LT). Estas observaciones sugieren que el establecimiento de la
veda total en el ano 1991 contribuyo a la recuperation de las tallas promedio
de los individuos que se distribuyen en la regionsur-suroriental del archipiela
go. Posiblemente el incremento de la actividad turistica en el Parque para la
decada de los noventa influyo igualmente en la disminucion de la presion
pesquera. Frente a la medida de veda total, muchos botuteros comenzaron a
dedicarse al transporte de turistas, dejando de lado la pescaclandestina (Posada
Comunicacion personal).

Los resultados presentados en este estudio, evidencian los efectos que
pueden tener diversos regimenes de pesca sobre las poblaciones depredadas.
En particular, los efectos de la presion de depredation a la que fue sometida la
poblacion de botuto en el ParqueNacional Archipielago de los Roquesdurante
aproximadamente 30 anos, reflejan la vulnerabilidad del recurso a corto plazo.
La pescaindiscriminada de botuto no s61o afecta a la densidad de las poblacio
nes (comose ha comprobado en diferentes localidades en todo el Caribe), sino
que tambien afecta al tamano promedio de los individuos que la componen.
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Una reduccion significativa en el tamano de los individuos, ocasiona una
disminucion en su fecundidad, lo cual disminuye el exito reproductive de la
especie (Steams 1992). No solo los individuos tendran menorprobabilidad de
encuentro debido a la disminucion de las densidades poblacionales, sino que a
su vez cada individuo dispondra de menor presupuesto energetico para
reproducirse, por lo tantosu adecuacidn seramenor. En terminos economicos,
la productividad sera cada vez menor, debido a que la biomasa total de la
poblacion tendera a decrecer a lo largodel tiempo, comose demostro anterior-
mente.
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ABSTRACT

Despite years of regional discussions and trade regulation under the
Convention on International Trade in Endangered Species (CITES), most
queen conch fisheries suffer from uncoordinated management and unsustain
able harvest. Queen conch is listed in Appendix II of the treaty and, as such,
each shipment of the species must be accompanied by a permit for which the
exporting country has made findings that the specimens have been legally
acquired and that the trade is sustainable. The Appendix-II listing for Queen
conch has proven to be a useful complement to national management pro
grams. In April 2003, the CITESSecretariatreleased a lengthy analysis of the
Caribbean conch fisheries and associated international trade. Subsequently,
the International Queen Conch Initiative (IQCI) convened its members to
discuss this report and renew calls for regional cooperation on law enforce
ment, management measures, and capacity building. A list of regional
commitments resulted from this meeting, and will be formally transmitted to
the CITES process as the trade analysis unfolds. These commitments will be
considered as CITES considers how member countries should act to reduce
poaching, coordinate management,and ensure sustainable international trade in
the species. This entire process, known as the CITES "review of significant
trade" will require governments in the Wider Caribbean to bring about
sustainable use of this resource, via binding management advice from an
international technical committee. Specific CITES actions and timelines for
their completion will be available by autumn 2003. This report discusses the
reasons for a second CITES trade analysis, presents fundamentals of the
CITES significant trade review process, highlights the outcomes of a 2003
technical committee meeting, and makes some conclusions about the future of
regional conch management in the wider Caribbean.

KEY WORDS: CITES, Queen conch, Strombus gigas
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Sucesos Recientes en la Convencidn sobre el Comercio Inter

national de Especies Amenazadas de Fauna y Flora Silvestres
(CITES) Relacionados con el Comercio Internacional

del Carrucho o Cobo (Strombus gigas)

A pesar de varios afiosde discusiones regionales y regulaci6nde comercio
bajo la Convenci6n sobre el Comercio Internacional de EspeciesAmenazadas
de Faunay Flora Silvestres (CITES), la mayoria de las pesquerias del carrucho
sufren de manejo no coordinado y la extractidn no sustentable. El carrucho
esti incluido en el Apendice II de CITES y, por consiguiente, para su exporta-
cion se requiereun permisopara el cual el pais exportador ha determinado que
los especimenes han sido adquiridos legalmente y que el comercioes sustenta
ble. La inclusi6n en el Apendice U del carrucho ha comprobado ser un
complemento muy util para los programas de manejo nacionales. En abril de
2003, la Secretaria de la CITES hizo publico un analisis de las pesquerias de
carrucho en el Caribe y el comercio internacional asociado con ellas. Poste
riormente, la IniciativaInternational sobre el Carrucho(IQCI por sus siglas en
ingtes) convoc6 a sus miembros para discutir este reporte y reanudar las
llamadas para la colaboraci6n regional en la aplicaci6n de la ley, medidas de
manejo y capacitacidn. Una lista de compromisos regionales fue producida
durante esta reunidn, la cual sera transmitida oficialmente al proceso CITES
mientras el analisis del comercio continua. Estos compromisos serin conside-
rados mientras CITES considera como los paises miembros deben actuar para
reducir la caza furtiva, coordinar manejo, y asegurar el comercio internacional
sustentable en la especie. Este proceso, conocido como el "examen de
comercio significativo de CITES," requeriri quelosgobiernos de lospaises de
distribuci6n de la especie realicen el usosustentable de esterecurso a traves de
recomendaciones de manejo de un comite* tecnico internacional. Las acetones
especificas de la CITES y fechas para realizarlas estarin disponibles para el
otono de 2003.

PALABRASCLAVES: CITES, Carrucho, Iambi, carocol reina, strombe geant
Strombus gigas

EFFORTS TOWARDQUEEN CONCHCONSERVATION
IN FISHERIES ORGANIZATIONS

The need for coordinated management of queen conch (Strombus gigas)
has long been recognized by fisheries scientists and managers in the wider
Caribbean region. At the "Workshop on Biology, Fisheries, Mariculture and
Management of the Queen Conch Strombus gigas", convened in Caracas,
Venezuela, in 1991, many scientific and management officers expressed their
concern about the status ofthe resource in the Caribbeanregion and the need to
implement a common regional management strategy for the fishery. In 1996,
the First International Queen Conch Conference was convened, supported by
the Caribbean Fisheries Management Council, the National Marine Fisheries
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Service Office ofProtected Resources, the Government of the Commonwealth
of Puerto Rico, and the Food and Agriculture Organization of the United
Nations (FAO).

The Conference was held in San Juan, Puerto Rico, on July 29-31,
1996. It convened fishery managers and scientists from the Caribbean Region
to discuss the latest information on research, stock assessment and manage
ment alternatives for the queen conch fishery. The participants adopted the
Declaration ofSan Juan, which called for a common international management
strategy for the queen conch resource in the Caribbean region, as the initial
step of the Initiative. From 1996 to 2001, seven meetings and workshops of
the wider Caribbean Initiative and numerous sub-regional meetings were
convened.

In addition to fisheries bodies, other organizations were concerned about
the status of the species. In 1990, the Parties to the Convention for the
Protection and Development of the Marine Environment of the Wider Carib
bean Region (Cartagena Convention) included queen conch in Annex II of its
Protocol Concerning Specially Protected Areas and Wildlife (SPAW Protocol)
as a species that may be utilized on a rational and sustainable basis and that
require protective measures. Because of this recognition, the United States
proposed queen conch for listing in Appendix II at the 8th Meeting of the
Conference of the Parties to CITES (COP8, Kyoto (Japan), 2-13 March 1992),
where die proposal was adopted.

INTRODUCTION TO CITES

The CITES treaty was agreed in 1973 in Washington, and entered into
force in 1975. The treaty now has over 160 member countries or "Parties", and
aims to ensure that international trade in specimens of wild animals and plants
does not threaten their survival. Meetings of the Conference of the Parties
(COPs) are convened meeteverytwo to threeyears to reviewhow the treaty is
working, resolve policy issues, amend lists of protected species and work
togetherto ensurewildlifetrade is carriedout in accordance with the treaty.

The CITES Animals and Plants Committees, which includes technical
experts from each of six global regions, meet annually between COPs to
provide technical support to decision-making about species in international
trade.

These committees of experts were established to fill gaps in biological and
other specialized knowledge regarding species of animals and plants that are
(or mightbecome) subject to CITES tradecontrols. The Standing Committee
also meets annually to provide policy guidance to the Secretariat and oversees
the management of the Secretariat's budget. Beyond these key roles, it
coordinates and oversees, where required, the work of other committees and
working groups and to carry out tasks given to it by the Conference of the
Parties.
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CITES BASICS

CITES regulates international trade, not only in endangered species of
animalsand plants, but also in those that mightbecomeendangered if trade is
not subject to strict controls. Following are the definitions and requirements
for the various levels of regulation in CITES:

i) Appendix I — species in danger of extinction. All commercial trade
in wild specimens is prohibited. Other international movement of
Appendix-I specimens (e.g., scientific collections) occurs if the
exporting and importing country concur and issue appropriate
permits. Appendix I includes hundreds of species, including a
numberofmarine taxa such as the great whales,all marine turtles, and
several finfish.

ii) Appendix II — species vulnerable to overexploitation for which
commercial trade should be regulated so that they will not become
further threatened with extinction. Commercial trade and other
international movement of Appendix-JJ specimens is allowed if the
exporting country has issued a permit and determined that the
specimens were legallyobtained and theirexportdoesnot constitute a
threat to the species' survival. Appendix U contains over 30,000taxa
(more than 90% of all CITES-listed species), including such marine
species as seahorses, all dolphin species not included in Appendix I,
queenconch,all stonycorals,and giantclams,

iii) Appendix III— species for which a country needs the cooperation of
other countries in order to control international trade to complement
domestic regulation. International trade requires an export permit
from the listing country and a certificate of origin from all other
countries. Appendix HI contains a modest number of species,
including marine taxasuch aswalrus andanEcuadoran seacucumber.

Countries may unilaterally list species for which they have domestic
regulation inAppendix HI at any time. Decisions concerning Appendix I and
U species listings and resolutions are made at meetings of the Conference of
the Parties that are convenedapproximatelyevery two years.

The benefits of CITES are many and varied. It establishes a legal
framework to regulate international trade, monitor trade volumes, andprevent
overexploitation or extinction. It generates the most thorough database of
information on global wildlife andplant trade available. In the CITES system,
importing and exporting countries share responsibility to ensure trade is
sustainable andlegal. CITES listings (orthepotential for listing) also promote
research to assess population status of species in trade and the effects of
international trade on those taxa.

SUMMARY OF MODERN QUEEN CONCH TRADE
Queen conch has been listed in Appendix II since 1992. Despite several

years ofCITES regulation, the international trade inqueen conch dramatically
escalated in volumebetween 1992and 2001. Exports of S. gigas meat tripled
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from 1.1 million kg in 1994 to 3.1 million kg in 2001 (Theile 2003). The
increase in exports was most notable in countries such as Honduras, the
Dominican Republic, and Haiti that lacked significant programs for monitoring
landings, effort, or stock status (Theile 2003). The shell trade, which is
incidental to the meat fishery, also escalated from a minimum of 59,000
specimens in 1994 to 370,000 minimum in 2001 (Theile 2003). Although
some countries have large domestic markets for conch meat (e.g., Bahamas,
United States), most of the global landings in S. gigas are destined for
international trade (Theile 2003). The resource has attained significant socio
economic importance, since it is commercially harvested in 26 of the 36 range
countries and has a landings value second only to spiny lobster (Panulirus
argus) (CRFM 2003). There is currently no regional fishery management
organization (RFMO) responsible for cooperative management of the queen
conch resource. Therefore, the CITES Parties have attempted to address
unsustainable trade through a process of data review, international dialogue,
and the threat of trade sanctions.

QUEEN CONCH AND CITES: THE REVIEW OF SIGNIFICANT TRADE
In 1992, the CITES Parties codified a process in which their technical

committees could analyze voluminous commercial trade in Appendix-II
species. The Plants Committee andAnimals Committee selectspecies for this
review based on recent trade trends, recommendations of the Parties, and
independent reports. Most importantly, this process could make binding
recommendations to countries that the committees determined were trading
selected species unsustainably. These recommendations are binding since
noncompliant countries face the threat of trade suspension from all the other
CITES Parties. This process,known as the "review of significant trade" first
appeared as CITES Resolution Conf. 8.9 and then revised in 2002 as CITES
Resolution Conf. 12.8.

After the technical committees select a species for review, Resolution
Conf. 12.8 permits the CITES Secretariat to contract withoutside experts and
authors to draft a report on the species' status in the wild, its global trade
volumes, and its status in national management programs.

Queen conch was the subject of a significant trade review in 1995-96,
which resulted in a number of trade suspensions in minor exporting (CITES
1999). Most of these trade suspensions, with the exception of that for St.
Lucia, remain in effect. At the 2nd International Queen Conch Initiative
Convention in 2001, the countries at the meeting took a decision to request
CITES to reopen its Significant Trade review. In the face of continued stock
declines and poor CITES implementation, the 17th meeting of the CITES
Animals Committee (Hanoi, Vietnam; August 2001) decided to begin another
review of significant trade for Queen conch. This is the first time in CITES
history that a species has undergone this analysis twice. The draft report onthe
second significant trade review waswritten by TRAFFIC Europe and released
by the CITES Secretariat on April 30, 2003 for a 60-day comment period
among theParties (Theile 2003). During the comment period, the International
Queen Conch Initiative convened a workshop as an opportunity for fisheries
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and CITES authorities in queen conch range countries to review the report and
provide their input to it. The workshop generated a number of recommenda
tions related to the CITES significant trade process, the biological and trade
status of the species, in addition to needs for law enforcement, regional
cooperation and public outreach.

In August 2003, the AnimalsCommittee convenedin Geneva,Switzerland
and reviewed the final report on queen conch trade, which incorporated many
of the commentsprovided by CITES Parties. At this meeting, the Committee
formed a working group made up of representatives from the United States,
France, Mexico, the United Kingdom, the World Bank, and the CITES
Secretariat to formulate recommendations for the conch exporting countries. A
single Animals Committee representative from Latin America and the
Caribbean attended the working group as well. As per the mandates of
Resolution Conf. 12.8, the working group categorized each of die 36 range
countries in one of three categories: "urgent concern" (when it is clear that
CITES export permits are issued by the government without regard to detri
ment on wild populations); "possible concern" (when it is not clear whether
current export levels are detrimental to the species); and"leastconcern" (when
it is clear the CITES treaty is properly applied and exports appear non-
detrimental). The CITES Animals Committee then reviewed the working
group's conclusions, approved the categorization of countries, and endorsed a
set of recommendations for transmission to the trading countries as per
Resolution Conf. 12.8.

RESULTS

Theile (2003) provided an exhaustive analysis of trade in queen conch
since the species wasplaced in CITES Appendix U in 1992. The report also
discussed national management programs, recent research findings, and stock
status in each range country.

According to Theile (2003), the Unites States imports 78% of the queen
conch meat in trade each year. Approximately 99% of theexports aresupplied
by Jamaica (39%), Honduras (27%), Turks and Caicos (10%), theDominican
Republic (7%), Bahamas (7%), Colombia (4%), Belize (4%), and Haiti (< 1%).

At theirAugust 2003 meeting, the Animals Committee placed Honduras,
the Dominican Republic, and Haiti in the category of "urgent concern." The
Committee determined these countries did not have adequate information to
justify their current levels of trade, and recommended a setof short-term and
long-term actions to remedy the situation. Within four weeks of receiving the
Committee's recommendations, these countries had to impose unilateral
moratoria on the commercial harvest (excluding legal harvest in territorial
waters) and international trade of queen conch. Within six months, these
countries were to designate specific areas for commercial conch fisheries in
their waters, undertake density studies in these areas, analyze trends in
landings data, establish a standardized minimum weight of unprocessed and
processed meat that corresponds to adult specimens, and establish cautious
export quotas based on these data. Within 18 months, these Parties are to
design and implement fishery-dependent and - independent data collection
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programs, and give consideration to the recommendations from the IQCI
workshop held in June 2003 (see above).

The Animals Committee placed several countries in the category of
"possible concern", including Antigua and Barbuda, Barbados, Bahamas,
Belize, Colombia, Cuba, Dominica, Grenada, Nicaragua, Saint Kitts and
Nevis, Saint Lucia, Saint Vincent and the Grenadines, Trinidad and Tobago.
Within 12 months of receiving the Committee's recommendations, these
countries are to establish cautious catch and export quotas (with justification),
establish a standardized minimum weight of unprocessed and processed meat
that corresponds to adult specimens, and implement fishery-dependent and -
independent data collection programs. Within 24 months, these countries shall
apply adaptive management procedures to ensure that future harvesting
regimes will be based on newly collected data, and implement the recommen
dations from the June 2003 IQCI workshop (see above). Antigua and Barbuda,
Barbados, Dominica, and Trinidad and Tobago are still under trade suspension
for queen conch from the 1995 -1997 CITES trade review.

Finally, the Animals Committee placed the remaining range countries in
the category of "least concern", which included Bermuda, Brazil, Costa Rica,
France (including Guadeloupe and Martinique), Guatemala, Jamaica, Mexico,
the Netherlands (including Aruba and the Netherlands Antilles), Panama,
United Kingdom of Great Britain and Northern Ireland (including Anguilla,
British Virgin Islands, Cayman Islands, Montserrat and Turks and Caicos
Islands), United States of America (including Puerto Rico and the US Virgin
Islands), and Venezuela. These countries were asked to implement the
recommendations from the June 2003 IQCI workshop (see above).

The deadline for the countries of "urgent concern" to implement their first
recommendation (moratoria on most commercial harvest and trade) passed on
September 29, 2003. Honduras and the Dominican Republic complied with
the Committee's recommendation, whereas Haiti apparently did not. The
CITES Secretariat recommended that other Parties suspend trade in queen
conch with all three of these countries effective September 29, 2003. The
other deadlines in the Committee's recommendationshad not passed when this
report was written. The United States implemented this suspension immedi
ately, and continued existing suspensions with Antigua and Barbuda, Barba
dos, Dominica, and Trinidad and Tobago.

CONCLUSIONS

The current suspension in queen conch trade with Honduras, Haiti, and the
Dominican Republic represents a stoppage in more than half of the United
States' supply of queen conch meat. This will ostensibly result in changing
market patterns, emerging source countries, and potential price restracturing.
In addition, law enforcement agencies will almost certainly have to readjust or
heighten their investigations as traders may try to illegally import conch
originating from these countries.

In addition, the authors expect that the severe trade measures recently
imposed by CITES will encourage the countries in the wider Caribbean to
form an RFMO for the sustainable harvestand trade in queen conch. Existing
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organizations such as the Caribbean Regional Fisheries Mechanism (CRFM)
and the Western Central Atlantic Fishery Commission (WECAFC) have
already expressed a desire to initiate such work, with the support of the United
Nations Food and Agriculture Organization (FAO) and the United States.
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RESUMEN

Strombus gigas es una especie de importancia economica en el Caribe, que
proviene de la demanda de los mercados locales, turistica y de exportation.
Dada la facilidad que represents la captura de este organismo y la demanda de
los mercados se ha traducido en una disminucion severa de las poblaciones en
todas las localidades del Caribe. Por lo cual diferentes medidas de manejo se
han implementado para regular la explotacion que van de la talla minima
basada en la longitud de la heliconcha, cuotas de captura, y vedas temporales y
permanentes. Sin embargo, las temporadas de veda no forzosamente corres-
ponden a la epoca reproductiva de esta especie, por lo que en este trabajo se
analizan datos del ciclo reproductor obtenido por observaciones histologicas y
observaciones en el campo de su comportamiento reproductivo (masas de
huevos, desoves) y se sobrepone a las epocas de temporada de veda para ver el
ajuste que presentan y que tanto protegen al stock reproductor de esta especie.
Ya que el nivel de protection de una especie va a depender del ajuste entre la
epoca de veda y su temporada reproductiva y la vigilancia que se pueda tener
sobre las poblaciones para evitar la pesca ilegal.

PALABRAS CLAVES: Strombus gigas, reproduccion, vedas

Overview of Reproductive Patterns of the Queen
Conch Strombus gigas from Different Reef Systems

in the Caribbean

Strombus gigas is a species of primary economic importance in the
Caribbean region. Its importance comes from the demand for local consump
tion and the tourist market. Due to its accessibility in low energy grass and
algal beds, its populations have been depleted in many areas and seriously
diminished in others. Therefore, different measures have been taken to
regulate exploitation, which include minimum size limit based on shell length;
catch quotas, and temporal and permanent fishing bans. However, some of
these temporall bans do not always correspond to the reproductive period. In
this work, data of the reproductive cycle and field reproductive observation
were used in order to analyze the reproductive pattern for Strombus gigas to
determine the variability and similarities of their reproductive cycle under



Page 772 57th Gulf and Caribbean Fisheries Institute

diverse environmental conditions in the Caribbean. Finally, it analyzes the
temporal bans fishing periods versus the reproductive cycle ofStrombus gigas.
The success ofprotection to S. gigas resulting from a temporal fishing ban will
be dependent upon its coincidence with the reproductive, adequate enforce
ment, and controlled exploitation.

KEYS WORDS: Strombus gigas, reproduction, temporal bans

INTRODUCCION

La pesqueria comercial de Strombus gigas se desarrollo a partir de los
aiios 1980s en respuesta al aumento en la demanda internacional de su carne.
En algunos paises caribenos es la segundapesqueriaen importanciaeconomi
ca. En paises como Jamaica la pesqueria de S. gigas se ha convertido en el
producto pesquero mas importante tanto en captura como de ingreso economi-
co. En 1998 sus desembarcos representaron 15 a 20 millones de dolares
americanos, empleando 3 000 personas, sobre todo en el procesado y empaque-
tado (Miller 2000). Entre 1992y 1998, los desembarcos anuales de carne de S.
gigas en todo el Caribe fueron de 6 520 y 7 369 toneladas (T). En 1999 la
captura fue de 5 554 T, en 2000 de 4 598 T y en 2001 de solo 3 132 T. La
mayorpartede estosdesembarcos se destina a la exportation a Estados Unidos
de America; pero en Bahamas y Republica Dominicana el consumo local
excede las exportaciones. De 1992 a 2001, se registraron un total de 21 649 T
de came de S. gigas proveniente de todo el Caribe, 2 345 868 conchas, 143 T
de conchas, 407 140 especimenes vivos y 342 T de especimenes vivos, todo
paraexportation (CITES 2003). Dada su importancia economica y social y su
situation de sobrepesca, se requieren medidas de regulation para su captura
que protejan el stock existente en el Caribe que le permitan renovarse, siendo
una de estas mediadas las vedas que protegen la epoca reproductiva de la
especie.

ANTECEDENTES

En el Caribe, el Caracol Stombus gigas ha sustentado las pesquerias de
subsistencia, artesanal e industrial en todos los paises (CFMC y CFRAMP
1999, CITES 2003), perola sobrepesca es la principal amenaza a suspoblacio
nes. S.gigas ha. sido unafuente deproteina en muchas de las dietas nativas de
los paises del Caribe (Randall 1964b), iniciandose en los aiios 80 su explota
cion comercial, convirtiendose en una fuente importante de ingresos para unos
25paises delCaribe (Theile 2001). Entre 1992 y 2001 el comercio internatio
nal de este molusco involucre mas de 90 paises y en los anos 90 su valor se
estimo en 60 millones de dolares americanos; cantidad subestimada dado que
no toma en cuenta el empleo que genera (CITES 2003, Chakalall y Cochrane
1997).
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Medidas de Conservacion para S. gigas en el Caribe
S. gigas esta incluido en el Anexo HI del Protocolo de SPAW (Specially

Protected Areas and Wildlife in the wider Caribbean region) de la Convencion
de Cartagena de Indias, Colombia; como especie que puede ser utilizada bajo
la base del uso rational y sostenible requiriendo medidas adecuadas para
asegurar su protection y recuperation. El Protocolo de SPAW se adopto en
1990, pero solo entro en vigor en abril de 2002 (CEP 2002). A partir de 1992,
S. gigas se encuentra incluida en el Apendice II de la Convencion sobre el
Comercio Internacional de Especies Amenazadas de Flora y Fauna Silvestre
(CITES) como una especie comercialmente amenazada, que debe ser sometida
a reglamentacion y en 1994 se le incluyo en la lista roja de la Union Internacio
nal para la Conservacion de la Naturaleza (IUCN), como un animal vulnerable
que enfrenta riesgo de extincion. Por lo anterior, la Organization de Estados
Caribenos Orientates (OECS) recomendo a principios de 1990 que sus paises
miembros implementaran medidas de manejo para su captura. Las medidas
que se han implementado son: Longitud minima de la talla de la concha y peso
minimo de carne, captura de especimenes con un labio grueso y el estableci-
miento de temporadas o areas de veda. Siete de los nueve paises miembros de
la OECS han llevado a cabo todas o alguna de estas medidas, con exception de
Anguila y Montserrat. Se han implementado estrategias regionales para el
manejo de S. gigas. En julio de 2001 se efectuo la Segunda Conferencia
Internacional del Queen conch en Republica Dominicana, que reunio a 22
estados, concluyendose la necesidad de conocer la reproduccion de esta
especie a nivel del Caribe (Anonimo 2001, CFMC 2003).

En la Tabla 1 se resumen diversas medidas de regulation para el manejo
de S. gigas como: cierre de pesquerias por areas, cierre de pesquerias por
estacion, exportation prohibida, limite de talla minima de extraction, colecta
prohibida de juveniles, prohibition de equipo autonomo para colecta, cuotas de
pesca, cuota de exportation, permisos de captura (Theile 2001). Desafortuna-
damente la falta de vigilancia hace ineficaces estas medidas, debido a la
captura ilicita y al limitado conocimiento de algunos aspectos de la biologia
basica de esta especie;poniendoen riesgo la sustentabilidadde su pesqueria.

Tabla 1. Algunas medidas utilizadas para regular la pesca del Caracol
Strombus gigas, y paises que las aplican (Theile, 2001).

Medida de regulacidn Paises

Aruba, Bermuda, Belice, Bonaire, Colombia, Costa

Veda temporal Rica'Cuba- Guadalupe, Honduras, Islas Virgenes
U.S., Islas Caiman, Jamaica, Mexico, San Martin,
Turks y Caicos, Venezuela.

Cierre de pesquerias en alqunas Bahamas. Belice, Barbados, Colombia, Cuba, Hon-
areas duras, Islas Caiman, Islas Virgenes Britanicas, Islas

Virgenes U.S., Mexico, Turks y Caicos, Venezuela.

Antillas Neerlandesas, Antigua y Barbuda, Belice,
Tallaminimade captura Granada, Haiti, Honduras, Islas Virgenes U.S.,

Martinica, Santa Lucia, Turks y Caicos.
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Epoca de Desove de S. gigas en el Caribe
La epoca de desove reportada para S. gigas en todo el Caribe ha sido

obtenida en su mayoria a traves de las observaciones de masas de huevos en el
campo. Stoner et aL (1992) definen la epoca de desove de S. gigas como el
periodo en la cual este molusco manifiesta comportamiento reproductive:
Apareamiento, copula, desove y presencia de masas de huevos. En la tabla 2
se resumen los periodos de desove para S. gigas en varias localidades del
Caribe, observandose diferencias espaciales, pero los autores han utilizado
diferentes metodos, numero de observaciones y frecuencia de observation.
Para una misma localidad, existen diferencias del numero de meses del desove
de S. gigas. Wiklund reporta para Bahamas un periodo de desove de mediados
de abril a septiembre; mientras Stoner observa un periodo mas amplio de abril
a octubre. Pese a lo anterior, el desove es comun en todas las localidades en
Junio, Julio y Agosto.

Biologfa Reproductiva de S. gigas
Los primeros estudios sobre S. gigas son de la decada de los 60,

existiendo unas 600 publicaciones, de las cuales solo el 1% son sobre
reproduccion y de ellas solo Egan (1985), Aldana Aranda (2003) y Avila
(2004) han sido sobre el ciclo de madurez de la gonada por histologia. Egan
(1985) establecio el desarrollo gonadico para S. gigas de Belice. Aldana-
Aranda et aL (2003a) compare el ciclo reproductive de S. gigas en dos
arrecifes de Mexico y Avila estudio lo hizo para el archipielagode San Andres
en Colombia. Buckland (1989) evaluo la cantidad de tejido gametogenico de
S. gigas en St. Christopher Nevis. Estos trabajos difieren en el numero de
organismos analizados, periodos de estudio, frecuencia de muestreo, y la
propia clasificacion de los estadios gonadicos utilizados por cada autor.

Otros trabajos de reproduccion por metodos histologicos sin estudiar el
ciclo de madurez gonadico son el de Reed (1998) quien estudio la anatomia
reproductiva de & gigas y S. pugilis con enfasis en hembras masculinizadas.
Glazer y Quintero (1998) que compararon el tejido gonadico de caracoles
adultos de aguas abiertas con el desarrollo gonadal de S. gigas en zonas
costeras y Delgado et al. (2004) que examinaron el desarrollo gonadico en S.
gigas transplantado para rehabilitation de sitios.

En las tablas 3 y 4 se reportan los estadiosde madurezy desove estableci-
dos por analisis histologico de la gonada de S. gigas en varias localidades del
Caribe, respectivamente. La madurez es comun de junio a septiembre
independientemente de la localidad, con exception de Egan, que observa
organismos maduros casi todo el ano y Avilaque observa dos picos en abril y
en agosto, sin embargo de marzo a noviembre al menos 10% de la poblacion
esta maduro. El desove es comun en junio, julio y agosto, excepto para S.
gigas de Belice donde Egan observo desove todo el aiio en porcentajes
inferiores o iguales al 10% y Avila (2004) que observa dos picos de marzo a
junio y en septiembre.



Tabla 2. £poca de desove de Strombus gigasen el Caribe, a traves de observacionesde copula, ovoposici6n y masas de huevos. H
No hay observaciones posteriores (modificadade Stoner, 1992 y Avila, 2004).

Epoca de desove
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Localizaci6n

32°20' N, 64°45' W

24°40' N, 82°00' W

23°35* N, 76°05' W

23°35* N, 76°05' W

22°30' N, 89°40' W

22°30'N,89°40*W

21°30'N,72°15'W

18°15'N,65°00'W

18°15*N,66°30'W

17°05'N,62°30'W

13°00'N,81°00'W

13°00'N,81°00'W

11°40'N,66°30'W

11°40'N,66°30'W

11°30'N,74°05'W

9°45' N, 75°50* W

Sitio

Bermudas

Florida

Bahamas

Bahamas

Alacranes, Mexico

Alacranes, Mexico

Turks y Caicos

Islas virgenes

Puerto Rico

St kitts/Nevis

San Andres, Colombia

San Andres, Colombia

Venezuela

Venezuela

Santa Marta, Colombia

San Bernardo, Colombia
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Browne!!, 1977

Weil, y Laughlin, 1984

Botero, 1984

Lagos-Bayona etal., 1996 Ol



Tabla 3. Periodo de madurez de Strombus gigas establecido por metodos histologicos en diferentes areas geograficas. Las referen-
cias estan citadas de acuerdo a la latitud del area geografica. Se senala el periodo de muestreo, el numero de muestras mensuales
anaiizadas, se tomo como criterioque al menos 20 % de la poblaci6n se encuentra en ese estadio,

Localizacidn Periodo de muestreo

M6xico(ArrecifeAlacranes) marrfn_ nr»,iorr,hr»22°30'N,89°40'W marzo-noviembre

Mexico (Banco Chinchono) iliniManH0mh„18«46'N,87°20'W Junio-septiembre

Belice (Boca Chlca)
17°45'N,86°56'W

St kitts/Nevis

17°05*N,62°30'W

Colombia (San Andres)
12°32'-81°28'W

enero-diciembre

junio- diciembre
abril-junio

enero-diciembre

Numero de muestras

mensuales

20

20

34

31

Epoca de madurez (ambos
sexos)

EFMAMJJASOND

####

####

iiiiiiihiiiiiiiiiiii a

QQQQQQ

a a

Referenda

Aldana-Aranda et a/., 2003a, b

Aldana-Aranda etal., 2003a, b, c

Egan, 1985

Buckland, 1989

Avila Poveda, 2004



Tabla 4. Periodo de desove de Strombus gigas establecido pormetodos histol6gicosen diferentes areas geograficas. Las referencias
estan citadasde acuerdo a la latitud del area geografica. Se sefiala el periodo de muestreo, el numero de muestras mensuales anaii
zadas , se tomo como criterio que al menos 20 % de la poblaci6n se encuentra en ese estadio.

Localization Periodo de muestreo

Mexico (ArrecifeAlacranes) MO„^_ ^j^k—
22°30' N. 89°40' W marZO" noviembre

Mexico (Banco Chinchorro) . .„.^ ^^^«^mK^18M6'N.87°20'W junioseptlembre

Belice (Boca Chlca)
17°45'N,86°56'W

Colombia (San Andres)
12°32'-81°28'W

Enero-diciembre

Enero-diciembre

Numero de muestras £poca de desove (ambos sexos)
mensuales

Referenda

EFMAMJJASOND

20 mam Aldana-Aranda et al., 2003a, b

20 nana Aldana-Aranda et al., 2003a, b, c

34 %#&# Egan, 1985

31 Q £$. #. Q Avila Poveda, 2004

a
CD
3

3
a

O
o

bi

to
o

o>

•o
0)

(Q
CD

^1
^1
^1
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Ciclo Gonadico de Strombus gigas en el Caribe

Colombia — Avila (2004) observa reposo todo el aiio, con un minimo de 3%
en marzo y porcentajes de 67% en mayo y 60% en junio y en diciembre y ene
ro (68% y 63%, respectivamente). La gametogenesis se presenta todo el aiio,
con su minimo en marzo (3%) y maximo en noviembre (45%) y agosto (43%).
La Madurez, esta presente todo el ano excepto en diciembre; con valores maxi
mos de 26% en agosto y 20% en marzo. El resto del aiio se mantiene entre 3%
y 13%. El desove se presenta en dos picos de 23% en septiembre y 57% marzo
(Figura la).

Belice — La poblacion de S. gigas de Belice presenta un porcentaje bajo en
estadio de indiferenciado, solo de septiembre a diciembre fue superior a 20%
con un pico en septiembre. La gametogenesis (beginning and developing) fue
constante en el ano, con valores entre 20-70%. La fase de Madurez fue obser
vada a lo largo del ano, con un pico de junio a julio del 50 % y otro en octubre
del 40%. El desove se presento todo el ano, en porcentaje bajo (Figura lb).

Banco Chichorro, Mexico — En el periodo de indiferenciado fueron
detectados dos periodos de baja intensidad:Mayo 13%y septiembre con 33 %.
La gametogenesis se observo a traves de todo el periodo de muestreo, con dos
picos; uno en mayo (54%) y en agosto (44%). La madurez fue contante
durante el periodo de studio con una media de 37%, alcanzando un maximo de
50% en septiembre. El desove fue de junio a agosto con un maximo de 40%.
Post desove se observo solo de mayo a junio (Figura lc). La presencia de un
alto porcentaje de organismos maduros en septiembre sugiere un posible
desove tardio o la acumulacion de gametos maduros para un desove temprano
durante la primavera. Action que es soportada por la presencia de post
desovantes y organismos en reposo durante mayo y junio.

Arrecife Alacranes, Mexico— Se observoun periodo discontinuo de reposo en
mas del 30% de la poblacion, donde solo un pico esta correlacionado con el
desove. La gametogenesis es continuaen el periodode muestreo,con un mini
mo de 30% en julio y un maximo en mayo, previo a una fase de acumulaci6n
de gametos maduros de junio a septiembre. El desove, fue observado en un
porcentaje bajo de la poblacion y post desove esta claramente definido, abar-
cando de junio a octubre (Figura Id).
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Figura 1, Ciclo gonadico de Strombus gigas en el Caribe: 1A = Colombia,
1B = Belize
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Figura 1. Ciclo gonadico de Strombus gigas en el Caribe: 1C = Mexico
Alacranes, 1D = Mexico - Chinchorro
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DISCUSI6N

Estadios de Desarrollo Gonadico
Egan (1985) observa cinco estadios de desarrollo gonadico

(undifferentiated, beginning, developing, ripe y spent. Gordillo-Morales
(1996) observa cinco estadios: indiferenciado, ovogenesis o espermatogenesis
initial, ovogenesis o espermatogenesis intermedia, ovogenesiso espermatoge
nesis final y postdesove. Aldana-Aranda et aL (2003a, b, c) observaron cinco
estadios: Rest, gametogenesis, mature, spawn y post-spawn. Delgado et aL
(2004) no estudian el ciclo de madurez sexual, pero definen ocho estadios de
madurez: no tissue, early development, mid development, ripe, spent, atresia,
regresed y no tissue. Avila(2004) observo y utilizalos cincoestadiosde Alda
na Aranda(2003). Se observaque no existe una terminologia comun para los
estadiosde madurezgonadicade S. gigas, existiendo 17 terminospara designar
los diferentes estadios de madurez, sin considerar las diferencias propias del
idioma (Tablas 5).

Los estadios undifferentiated,rest y no tissue; tienen en comun que el sexo
es histologicamente indeterminable, se propone llamarlo Indiferenciado
(Undifferentiated). Los estadios beginning, developing, early ovogenesis o
espermatogensis, early development and regressed, tienen en comun la presen
cia de ovogonias de primer orden. Los estadios mid ovogenesis o mid esper
matogenesis, gametogenesis, mid development tienen en comun la presencia
de foliculos bien definidos. Este conjunto de diferentes niveles de genesis de
gametos, se propone denominarlo Gametogenesis cualquiera que sea el nivel
de desarrollo.

Los estadios ripe, mature, end ovogenesis y development; tienen en comun
foliculos muy unidos y ovocitos con granulos de vitelo, proponiendose el nom-
bre de Madurez (Mature).

Spent,spawn,desovey eyaculacion se caracterizan por presentar foliculos
parcialmente vacios y gametos en los conductos y Postspawn, postdesove y
atresia; tiene en comun la presencia de fagotitos, tejido reticular y foliculos
atresicos. Para los diferentes niveles del la evacuation de la gonada se propo-
nen los nombres Desove 0 Eyaculaci6n (Spawn).

Con base en la description de los estadios de madurez de la gonada de los
autores anteriores se propone una clasificacion de 4 estadios para S. gigas, para
poder comparar su desarrollo para las poblaciones del Caribe, y establecer las
bases de una veda comun para el Caribe (Tabla 6).
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Tabla 5. Terminologfa para los estadios de madurez gonadicos de Strombus
gigas (modificado de Avila Poveda,2004)

Terminologia
Estadios gonadicos

rnrAi\\n Aldana n«i«,^« Avi,a

*- ssfi *-*- T pr
' ' <1998> (200la.b.c) 'M04> A

undifferentiated -
♦

Indiferenciado
♦

rest-reposo

no tissue

beginning ♦

developing ♦

ovogenesis o ♦

ovogenesis o ♦

ovogenesis o

gametogenesis -

early development

regressed

mid development

late development

ripe - mature - madurez ♦

spent, spawn, desove, ♦

post-spawn, postdesove, ♦

atresia
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Tabla 6. Estadios para el desarrollo de madurez de la gdnada de Strombus
gigas, con base en las caracteristicas observadas por los autores que han
estudiado el ciclo gametogenico de esta especie.

Estadio gonadico Caracteristicas

Abundante tejido conectivo
Indiferentiated Escaso tejido folicular

(indiferenciado) No presencia de celulas germinales
Sexo htstol6gicamente indeterminable

Presencia de tejido folicular

Gametoaenesis FolIcu,os blen definidos
^ Ovogonlas o espermatogonias de 1er orden y 2° orden

Tejido folicular abundante, ocupa la mayoria del area de la gdnada
Mature (madurez) Foliculos unidos

Gametos maduros
Ovocitos con granulos de vitelo

Foliculos separados, parcial o totalmente vacfos, atresicos y rotos
„ ,. .. Lumen del follculo vaclo o con gametos
*m2S£?y Gametos en los conductoseyaculacibn) Tejido folicular

Fagocltos

Estrategias Reproductivas de S. gigas en el Caribe
El ciclo gonadico de una especie va a variar en duration e intensidad de

los estadios de madurez gonadica. Aldana-Aranda et al. (2003b) identifican
dos estrategias de gametogenesis como respuesta al medio ambiente:

i) oblaciones con una corta gametogenesis o un porcentaje bajo de
organismos en esta fase; son de gametogenesis rapida (S. gigas de
Chinchorro y San Andres Colombia ) y

ii) Poblaciones con una gametogenesis continua en un porcentaje alto de
la poblacion (S. gigas de Alacranes, y de Boca chica, Belice)

Para el desove, Aldana-Aranda et aL (2003b) plantean tres variantes:
i) Poblaciones con un periodo extendido de desove, con o sin pico

dominante (S. gigas de Boca Chica, Belice);
ii) Poblaciones con dos o mas picos (S. gigas de San Andres, Colombia);
iii) Poblaciones con un desove corto pero bien definido (S. gigas de

Alacranes).

Por lo que respecta a la capacidad de regeneration de la gonada es otro
factor importante en la duration e intensidad de los periodos de indiferencia-
cion y post desove, asi como en los periodos de gametogenesis y madurez.
Tres variantes plantean estos autores:

i) Poblaciones con o sin un corto periodo de post desove o indiferencia-
cion o de baja intensidad (S. gigas de Chinchorro y de Boca Chica,
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Belice);
ii) Poblaciones con una recuperation de gonada rapida, en la cual

solamente un pequeiio porcentaje de organismos pueden ser detecta-
dos en gametogenesis, con constante presencia de gametos maduros
(S. gigas, de Colombia) y

iii) Poblaciones con un periodo de madurez limitado o sin el, soportado
por un desove constante o intenso (S.gigas de Alacranes).

De acuerdo con Baqueiro-Cardenas y Aldana-Aranda (2000) y Aldana-
Aranda et al. (2003b), S. gigas que es una especie con amplia distribution
geografica, presentando de acuerdo a este analisis una variedad de estrategias
gametogenicas dependiendo de las condiciones ambientales, reflejandose en la
intensidad y duration de cada uno de los estadios gonadicos (Tabla 7).

Tabla 7. Patron reproductive de Strombus gigas para diferentes localidades
del Caribe.

Patrdn reproductive Localidad

Gametogenesis

1. Gametogenesis intensa Banco Chinchorro, Mexico
San Andres Colombia

Boca Chica, Belice
2. Gametogenesis de baja Intensidad Arrecife Alacranes

Desove

1. Desove constante Boca Chica, Belice

2. Dos o mas pulsos San Andres, Colombia

3. Un pulso corto Alacranes, Mexico
Chinchorro, Mexico

Recuperacidn de la gdnada

1. Minimo o no presencia de fases de post- Chinchorro, Mexico
desove e indiferenciado Boca Chica, Belice
2. Recuperacidn rapida de la gdnada San Andres, Colombia

3. Estado de madurez limitado o no presente Alacranes, Mexico

Medida de Regulaci6n Periodo de Veda versus Ciclo de Madurez para
S. gigas

En la tabla 8 se presentan los periodos de veda para diferentes paises del
Caribe. De donde se puede observar que solo 16 de 30 paises aplican una veda
temporal como medida para proteger el recurso Caracol. Por otra parte el
rango de veda va desde tres hasta seis meses, siendo variable el periodo que
cubre. Con base en la information de los estudios de madurez sexual para S.
gigas por metodos histologicos (tablas 3 y 4) y por observaciones de masas de
huevo en el fondo marino (tabla 2), se puede ver que el grado de protection
que presentan las poblaciones de S. gigas con las vedas actualeses s61o partial.
En todos los casos la veda actual de cada pais protege solo una parte del



Aldana Aranda, D. GCFI.57 (2006) Page 785

periodo de desove reportado para cada pais Tabla 9.
Dado que se requiere que la veda evite la captura tanto de organismos en

desove como de los maduros, y con base en los resultados de este trabajo de
overview sobre la reproduccion de £ gigas se propone:

" una veda del 1° de mayoal 31 de octubrepara el conjuntode paises
del Caribe, y que durante estos meses quede prohibido la venta o
compra de carne de S. gigas en el mercado que es vigilado por
CITES",

es decir una veda 6 meses y 6 meses de captura del 1° de noviembre al 30 de
abril. Es una propuesta que a corto termino puede tener un impacto social pero
a corto mediano y largo plazo sera de beneficio social y economico, permitien-
do la recuperation de poblaciones de S. gigas y su uso sustentable en el Caribe.



Tabla 8. Periodos de veda para Strombus gigas en diferentes paises del Caribe

Pais Ene- Febre- Marzo Abril Mayo Junio Julio Agosto Septiembre Octubre Noviembre Diciembre
ro ro .

Belice xxx xxx xxx

British xxx xxx xxx xxx xxx xxx

Caiman xxx xxx xxx xxx xxx xxx

Colombia

Cuba

Guadalupe xxx

Honduras

Jamaica xxx xxx xxx xxx

Martinica xxx

Mexico

P. Rico

R. Dom

T. Caicos xxx xxx xxx xxx

I.Virgenes

Venezuela

xxx xxx xxx xxx xxx

xxx xxx xxx

xxx xxx xxx xxx xxx

xxx xxx xxx xxx

xxx xxx xxx xxx

xxx xxx

xxx xxx xxx xxx

xxx xxx xxx xxx

xxx xxx xxx

xxx xxx xxx

xxx xxx xxx

xxx xxx xxx

xxx xxx xxx



Tabla 9. Epoca de desovede Strombus gigas en el Caribe, a traves de observaciones de copula, y masas de huevosy por observacibn
histoldgica de la gonada. En </#• losmeses de madurez o desove. En <la epoca de desove yen # la epoca de desove y madures que

Epoca de desove
Sitio Referenda

E F M A M J J A S 0 N D

# # # « « « « « « 22°30' N, 89°40' W

22°30'N, 89°40'W

21°30'N.72°15'W

18°15*N,65°00'W

18°15'N,66°30*W

17°05'N.62°30'W

13°00' N, 81°00* W

13°00'N,81°00*W

11°40'N,66°30*W

11°40'N,66°30'W

11°30'N,74°05'W

9°45' N, 75°50' W

Alacranes, Mexico

Alacranes, Mexico

Turks y Caicos

Islas virgenes

Puerto Rico

St kitts/Nevis

San Andres, Colombia

San Andres, Colombia

Venezuela

Venezuela

Santa Marta, Colombia

San Bernardo, Colombia

Perez-Perez y Aldana-Aranda, 2002

# # # « « « « « « Perez-Perez y Aldana-Aranda, 2003

# # # « « « « Davis etal., 1987

# # # # « « « « # Randall, 1984

# # « « « # # Appeldoorn, 1988

# # # « « « Wilkins etal., 1987

# # # « « « Marquez-Pretel et al., 1994.

* « « « # Garcia-Escobar et al., 1992

# « « « ** ## Brownell, 1977

# # « « # # ## Well, y Laughlin, 1984

# # # « < Bolero. 1984

## # « « « # $# ## Lagos-Bayona et al., 1996



Page 788 57th Gulf and Caribbean Fisheries Institute

LITERATURA CITADA

Aldana-Aranda, D., E.R. Baqueiro-Cardenas, I. Martinez-Morales, R.I. Ochoa,
y T. Brule. 2003a. Reproductive patterns of Strombus gigas from
Alacranes Reef versus Chinchorro Bank of Mexico. Proceedings of the
Gulfand CaribbeanFisheries Institute54:202-225.

Aldana-Aranda, D., E.R. Baqueiro-Cardenas, I. Martinez-Morales, A. Zetina-
Zarate y T. Brule. 2003b. A review of the reproductive patterns of
gastropodsmollusksfrom Mexico.Bulletin ofMarine Science73:629-641.

Aldana-Aranda, D., E.R. Baqueiro-Cardenas, I. Martinez-Morales, R.I. Ochoa,
y T. Brule. 2003c. Gonad behavior during peak reproduction period of
Strombus gigas from Banco Chinchorro. Bulletin of Marine Science
73:241-248.

Appeldoorn, R.S. 1988. Age determination, growth, mortality and age of first
reproduction in adult queen conch, Strombus gigas L., off Puerto Rico.
Fisheries Research 6:363-378.

Baqueiro-Cardenas, E. y D. Aldana Aranda. 2000. A review of reproductive
patterns of bivalve mollusks from Mexico. Bulletin of Marine Science
66:13-27.

Berg, C.J., Jr. 1976. Growth of the queen conch Strombus gigas with discus
sion the practically of its mariculture. MarineBiology 34:191-199.

Berg, C.J., Jr., F. Couper, K. Nisbet y J. Ward. 1992. Stock assessment of
queen conch, Strombus gigas, and harbor conch, S. costatus, in Bermuda.
Proceedings ofthe Gulfand CaribbeanFisheries Institute41:433-438.

Brownell, W.N. 1977. Reproduction, laboratory culture, and growth of
Strombus gigas, S. costatus and S. pugilis in Los Roques, Venezuela.
Bulletin ofMarine Science 27:668-680.

Brownell, W.N. y J.M. Stevely. 1981. The biology, fisheries, and management
of the queen conch, Strombus gigas. MarineFisheriesReview43:1-12.

Buckland, B. J. 1989. Reproduction and growth of the queen conch Strombus
gigas, off St. Christopher and Nevis in the Eastern Caribbean. Tesis de
Maestria. University ofGuelph, Guelph, Notario, Canada. 52 pp.

Castro-Gonzalez, E.R., E. Chiquillo-Espitia y A.M. Gonzalez-Delgadillo.
[1999]. Diagnostico de la actividad pesquera en el Archipielago de San
Andres, Providenciay Santa Catalina. Secretariade fomento agropecuario,
pesca y medio ambiente-CORALINA. San Andres Isla, Colombia. 38 pp.

CEP. The Caribbean Environment Programme. [2002]. Specially Protected
Areas and Wildlife (SPAW). httD://www.cep.unep.org/who/spaw.html
(Consultado en agosto, 2002).

CFMC. [2003]. International Queen Conch Initiative, http://
www.strombusgigas.com (Consultado en agosto, 2003).

CFMC y CFRAMP. [1999]. Report on the Queen conch stock assesment and
management workshop. 15-22 de marzo, 1999. Belice, Ciudad de Belice.
Unpbl. Report. 105 pp.

Chakalall, R. y K. Cochrane. 1997. The queen conch fishery in the Caribbean:
an approach to responsible fisheries management. Proceedings ofthe Gulf
and Caribbean Fisheries Institute 49:531-554.



Aldana Aranda, D. GCFI:57 (2006) Page 789

Chiquillo-Espitia, E., J. Gallo-Nieto y J.F. Ospina-Arango. 1997. Aspectos
biologicos del Caracol pala, Strombus gigas Linnaeus, 1758 (Mollusca:
Gastropoda: Strombidae), en el departamentoArchipielago de San Andres,
Providencia y Santa Catalina (Caribe colombiano). Boletin Cientifico
INPA 5:159-179.

CITES, Secretariat. [2003]. Review of Significant trade in Strombus gigas,
AC19 Doc. 8. 71 pp. En: Review of Significant Trade in specimens of
Appendix-II specie (Resolution Conf. 12.8 and Decision 12.75), Progress
on the implementation of the Review of SignificantTrade (Phases IV and
V). Nineteenth meeting of the Animals Committee Geneva (Switzerland),
18-21 August 2003.

Delgado, G.A., C.T. Bartels, R.A. Glazer, N.J. Brown-Peterson y K.J.
McCarthy. 2004. Translocation as a strategy to rehabilitate the queen
conch (Strombus gigas) population in the Florida Keys. Fishery Bulletin
102:278-288.

Egan, B.D. 1985. Aspect of the reproductive biology of Strombus gigas. Tesis
de Maestria. Department of Zoology, University of British Columbia.
Vancouver, Canada. 147 pp.

FAO. [1997]. Review of the state of world fishery resources: Marine fisheries.
FAO Fisheries Circular. No. 920 FIRM/C920. FAO, Rome, Italy. 173 pp.

Garcia-Escobar, M.I. 1991. Biologia y dinamica poblacional del Caracol de
Pala Strombus gigas L. (Mollusca: Mesogastropoda) en las diferentes
areas del Archipielago de San Andres y Providencia. Tesis Profesional,
Facultad de Ciencias, Universidad del Valle. Cali, Colombia. 183 pp.

Garcia-Escobar, M.I., J.M. Mow-P., J.R. Cantera-K, y F.H. Pineda-P. 1992.
The study of the populations of the queen conch (Strombus gigas) with
fisheries management implications in the different areas of the Archipiela
go of San Andres and Providencia, Colombia. Proceedings ofthe Gulfand
Caribbean Fisheries Institute 42:172-189.

Glazer, R. y I. Quintero. 1998. Observations on the sensitivity of Queen conch
to water quality: Implication for coastal development. Proceedings ofthe
Gulfand Caribbean Fisheries Institute 50:78-93.

Gordillo-Morales, G. 1996. Estadios gonadales del caracol rosa Strombus
gigas Linneo 1758 (Mollusca: Gasteropoda: Strombidae) En Banco
Chinchorro, Quintana Roo, Mexico.Tesis profesional. Facultad de
Biologia, Universidad Veracruzana. Xalapa, Veracruz, Mexico. 66 p.

Lagos-Bayona, A.L., S. Hemandez-Barrero, H. Rodriguez-Gomez y P.
Victoria-Daza. 1996. Algunos aspectos bioecologicos y reproductivos del
Caracol pala Strombus gigas Linnaeus, 1758 en el Archipielago de San
Bernardo, Caribe colombiano. Boletin Cientifico INPA 4:141-160.

Marquez-Pretel, E., E.O. Davila-Vila, J. Gallo-Nieto. 1994. Dinamica
poblacional y pesquera del caracol Strombus gigas Linnaeus, 1758 en las
Islas de Providencia y Santa Catalina. Boletin Cientifico INPA 2:110-123.

Miller, D. J. [2000]. Fishermen battle government over conch harvests:
Jamaica conch exporters gain access to lucrative EU conch market but lose
access to supply. Inter Press Service. 28 December 2000. http://
ipsnews.net/index.asp (Consultado en junio de 2001).



Page 790 57th Gulf and Caribbean Fisheries Institute

Perez-Perez, M. y D. Aldana-Aranda. 2000. Distribution, abundancia y
morfometria de Strombus costatus, Turbinella angulata, Busycon contra-
rium y Pleuroploca gigantea (Mesogasteropoda: Strombidae, Turbinelli-
dae, Neptuneidae y Fasciolaridae) en Yucatan, Mexico. Revista de
Biologia Tropical48(\):5\-51.

Perez-Perez, M. y D. Aldana-Aranda. 2002. Strombus gigas L. 1758
(mesogasteropoda: Strombidae) y su periodo de desove en el Arrecife
Alacranes, Yucatan. Proceedings of the Gulf and Caribbean Fisheries
Institute 53:108-119.

Perez-Perez, M. y D. Aldana-Aranda. 2003. Actividad reproductiva de
Strombus gigas (Mesogasteropoda: Strombidae) en diferentes habitats del
Arrecife Alacranes, Yucatan. Revistade Biologia Tropical51(4): 119-121.

Randall, John E. 1964a. Contributions to the biology of the queen conch,
Strombus gigas. Bulletin of Marine Science of the Gulf and Caribbean
14:246-295.

Reed, Shawna E. 1993. Gonadal comparison of masculinized females and
androgynous males to normal males and females in Strombus
(mesogastropoda: Strombidae). Journal ofShellfishResearch 12:71-75.

Reed, Shawna E. 1995a. Reproductive anatomy and biology of the genus
Strombus in the Caribbean: I. Males. Journal of Shellfish Research
14:325-330.

Reed, Shawna E. 1995b. Reproductive anatomy and biology of the genus
Strombus in the Caribbean: II. Females. Journal of Shellfish Research
14:331-336.

Stoner, A.W., V.J. Sandt y I.F. Boidron-Metairon. 1992. Seasonality in
reproductive activity and larval abundance of queen conch. U.S Fisheries
Bulletin 90:161-170.

Theile, Stephanie. [2001]. Queen conch fisheries and their management in the
Caribbean. Traffic Europe, Technical report to the cites secretariat in
completion ofcontract a-2000/01. 95 pp.

UNEP-WCWC [2002]. The UNEP-WCMC CITES Trade Database. En:
UNEP-World Conservation Monitoring Centre, http://www.unep-
wcmc.org (Consultado en agosto, 2002).

Webber, H.H. 1977. Gastropoda: Prosobranchia, Capitulo 1. Pages 1-97 in:
Arthur C. Giese y John S. Pearse (eds.). Reproduction ofMarine Inverte
brates, Volume 4, Molluscs: Gastropods and Cephalopods. Academic
Press, New York, New York U.S.A.

Weil, E. y R. A. Laughlin. 1984. Biology, populations dynamic, and reproduc
tions of the Queen conch Strombus gigas Linne in the Archipielago de los
Roques National Park. Journal ofShellfishResearch 4:45-62.

Wicklund, R. I., L. J. Hepp y G. A. Wenz. 1991. Preliminary studies on the
early life history of the queen conch, Strombus gigas, in the Exuma Cays,
Bahamas. Proceedings of the Gulf and Caribbean Fisheries Institute
40:283-298.

Wilkins, R.M., M.H. Goodwin y D.M. Reid. 1987. Research applied to conch
resource management in St. Kitts/Nevis. Proceedings of the Gulf and
Caribbean Fisheries Institute 38:370-375.



Consumption of Local Conch by Residents of the TCI

KATHY LOCKHART1, GISELE MAGNUSSON2,
and WESLEY CLERVEAUX1

department ofEnvironmental and Coastal Resources
South Caicos, Turks and Caicos Islands

2Schoolfor Field Studies, Centerfor Marine Resource Studies
Box 007, South Caicos

Turks and Caicos Islands

ABSTRACT

Strombus gigas (Queen Conch) is an economically important fishery
species managed by an export quota system in the Turks and Caicos Islands
(TCI). The quota is based on the maximum sustainable yield (MSY) less an
allowance for domestic consumption. A lack of data on domestic consumption
however, raises the concern that ifunderestimated, stocks managed using MSY
will diminish from over harvest. In 1999-2000, 5% of the MSY was allocated
for domestic consumption, however, there is anecdotal evidence that domestic
consumption of conch is much higher. In 2003, of the Total Landed Conch
(1,657,876 lbs), 99% was exported, suggesting most domestic consumption
does not pass through this system. To provide an accurate estimate of conch
consumption by TCI residents, an intercept survey was administered to the
adult population between July and September 2004. Information collected
included individual consumption of conch and other seafood as well as limited
demographic information (age, gender, island of residence, nationality). The
majority of respondents ate conch (72%). The majority of conch consumed
does not go through the market, with 15% claiming personal capture, while
36% receive the conch as a gift from fishermen. Median serving size differed
by island (Krushal-Wallis test: H (3, n = 258) = 23.760, p = 0.0000) and
gender (H (1, n = 339) = 6.651, p = 0.010). The median serving size was 0.114
kg for all respondents. Frequency of consumption did not vary significantly
by island or age, but differed by nationality (Krushal-Wallis test: H (3, n =
337) = 10.240, p = 0.017), source (H (3, n = 250) = 22.087, p = 0.0001) and
gender (H (1, n = 339) = 7.781, p = 0.005). The median frequency of con
sumption was 4.333 times/month. Concerns with potential biases in the results
will be addressed through the use of a supplemental survey to be administered
in conjunction with the larger survey to an additional sample of residents.
With more conclusive figures, local consumption can be included in the
calculations for MSY and utilized to determine the landings quota.

KEY WORDS: Conch, local Consumption, Turks and Caicos Islands

£1 Consumo de Caracola Local por Residentes del TCI

En las islas Turkos y Caicos (TCI) la especie Strombusgigas (Caracola de
Reina) es economicamente importante en las pesquerias manejada por un
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sistema de la cuota de la exportation. La cuota se basa en el rendimiento
sostenible maximo (MSY) menos una concesion para el consumo domestico.
La falta de datos en el consumo domestico levanta el peligro que la pesqueria
es subestimado, y el uso de MSY solamente, podria resultar en sobre cosecha.
En 1999-2000 5% del MSY fue asignado para el consumo domdstico, sin
embargo, evidencia anecdotica indica que el consumo domestico de caracola es
mucho mas alto. En 2003, del total de Caracola pesquado (lbs de 1,657,876),
99% fue exportado, sugiriendo que la mayoria de los consumos domesticos no
pasan por este sistema. Para proporcionar una estimation exacta del consumo
de caracola por residentes de TCI, administramos un estudio de 201 adultos
entre los meses de Junio y Agosto en 2004. La informaci6nincluyo tres temas:
el consumo individual de caracola; el consumo individual de otros tipos de
mariscos; information demografica limitada (edad, genero, isla de residencia,
nacionalidad). La mayoria (72%)de participantes comen caracola. La gran
proporcionde caracolaconsumida no pasapor el mercado, sino 26% reclaman
atravez de la captura personal, mientras 37% adquieren caracola en forma de
regalo de un pescador. El consumo medio de caracolaera 42 lbs/persona/ano
(± 6, el error uniforme). El analisis de ANOVA que no hay diferencias
significativas en niveles de consumo entre las cuatros islasrepresentadas (df =
3, p = 0,90), o las nacionalidades (df = 3, p = 0,83). Los datos resultados del
censo de poblacion 2001, indican que el consumo anual medio de caracola
limpiadase estima ser mas alto que el 5% asignado. Para mejorar la adminis
tration de Caracola de Reina en el TCI, un porcentaje exacto (basado en las
inspecciones) debe ser incluido en los calculos para MSY y utilizado para
determinar la cuota.

PALABRAS CLAVES: Caracol de reina, Strombus gigas, consumo domesti
co, las islas Turkos y Caicos

INTRODUCTION

People throughout the world, including the Caribbean region, have relied
on marine resources as an important source of food. Marine resources such as
fish stocks are not infinate and require a responsiblemanagement and develop
ment to contribute to the nutritional, economic, and social prosperity of the
people in the Caribbean region (Haughton 1999).

The management of marine fisheries to ensure the best use of the re
sources of the ocean has become the major problem over the years facing
fishery scientistand managers (Gulland 1974) in the region. Haughton(1999)
argues that the traditional approaches to fisheries development and manage
ment will not transform Caribbean fisheries into sustainable dynamic systems
capable of meeting future demands for food and employment. He proposes
that a combination of traditional and new, innovative approaches are needed in
the region for sustainable fisheries development. It is now widelyaccepted by
many that the effective management of fisheries resources, requires a holistic
approach, that is, the incorporation of interrelated disciplines taking into
accountall components which may impacton the fishery, including biological
and socio-economic aspects. It is also important to consider all available
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informationconcerning exploitation levels, such as commercial catch destined
for export as well as for local consumption.

Tne Caribbean queen conch (Strombus gigas) is one of the most important
marine fisheries in the region, being surpassed in economic value only by the
spiny lobster (Panulirus argus) and by fin-fish as a dietary supplement
(Brownelland Stevely 1981). Queen conch exploitation as a source of protein
in the region has a long tradition dating back to pre-Columbian times (Sadler
1997, Clerveaux and Danylchuk 2001, Theile 2001).

With the introduction of freezing technology coupled with the growing
demand and the expansion of export markets, queen conch stocks have been
fished to such low levels in many countries that a viable fishery no longer
exists in many of these locations (Clerveaux 2003). In an attempt to manage
the queen conch resources, an assortment of mathematical models are being
utilised by many range States to predict the productivity of the resource, the
effect of fishing pressure, as well as the impact of management measures on
the resource (Gulland 1983). On the other hand, Sparre and Venema (1992)
pointed out that a model is only as good as its inherent assumptions and input
parameters.

The importance of local consumption information is exemplified in the use
of mathematical models such as surplus production models (e.g. Schaefer
Model) which utilise catch and effort data to assess the status of the stock.
Incomplete catch information may underestimate production and/or overesti
mate the stock size thereby masking gradual overexploitation of the resources.

Many countries in the region are faced with a similar challenge, that is, the
lack of complete time series data sets. Most fisheries data in the region only
represent catch which are destined for export, generally landed at centralized
locations. In contrast, catch utilised for local consumptions is often more
difficult to track because of the numerous possible landing sites which may
exist in any one country.

Many countries, for example Belize, have reported that the catch obtained
from the co-operatives or fish processing plants are not a true representation, as
it does not include what is sold on the local market. Hence, the estimates
based on the catch and effort data are considered unreliable. Similarly, the
Bahamas have reported that the biomass dynamic (Schaefer) model, which is
currently utilized to assess the status of the queen conch stock, did not produce
a good fitted to the observed catch and effort data because of inadequate data
(Anonymous 1999).

Likewise, in countries with a high tourist population, such as Grenada and
the U.S. Virgin Islands, conch is used extensively by the local people. The
fishery is artisanal in nature, and therefore, conch are marketed by fishermen
along the roadside or sold directly to hotels and restaurants. The respective
management authorities have reported that this arrangement has created a
problem in determining total production (Anonymous 1999).

The challenges facing the Turks and Caicos Islands are similar to that of
many countries in the region. Conch has been fished in the TCI for many years
and used as a local food or for trade with Haiti. Catch and effort data are

collected from the five processing facilities located on the islands of Providen-
ciales and South Caicos. To date product diverted from the processing plants
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is not documented. In 2003, of the Total Landed Conch (1,657,876 lbs), 99%
was exported, with the remaining 1% sold locally to restaurants and individu
als. Since 1992, the TCI has utilized a biomass dynamic (Schaefer) model to
determine stock biomass which forms the basis of the yearly queen conch Total
Allowable Catch (TAC).

Medley and Ninnes (1998) reported that the model did not fit the observed
CPUE time series well. While overall the fit seems reasonable, the model has
consistently underestimated the CPUE in recent years, forecasting a decline
which has never materialized. It is proposed that the model is inherently faulty
because not all catches are accounted for owing to fluctuations in local
consumption and/or illegal catches (Anonymous 1999, Clerveaux and Danyl-
chuk2001).

Ninnes (1994) proposed that since local consumption is not taken into
account in the catch data, then the data only represents a minimum estimation
of total catch. Few previous estimates of local conch consumption have been
made for the TCI. hi 1984, Olsen estimated local seafood consumption index
of 25.9 kgs/person/year for the Eastern Caribbean, including the Turks and
Caicos Islands. He further estimated local consumption of queen conch at 312
mt (Olsen 1985). In 1985, Olsen estimated local consumption of queen conch
for all residents and visitors in the Turks and Caicos Islands to be at 35.4 kgs/
person/year, which Medley and Ninnes (1998) suggest is referring to unclean
meat. In 2001, a social and economic impact census was conducted to validate
the quantify the estimates from Olsen in (1985). Clerveaux (2003) estimated a
conch consumption rate of 4.93 kgs/resident. However, unlike Olsen a
separate tourist consumption rate of 0.28 kgs/person was determined. How
ever, the estimation of consumption is assumed to be underestimated, because
of the small number ofsurveyed respondants.

It was customary for the TCI to set the TAC at the MSY. However, from
the 1999 - 2000 fishing season to the 2002 - 2003 fishing season, 5% of the
MSY has been allocated for local consumption. In 2003 - 2004 fishing season,
the allocation for local consumption was raised to 10% ofthe MSY, because of
the increased concern of growing local consumption. The particular study
reports the initial results ofTCI residents' local conch consumption.

MATERIALS AND METHODS

Survey Design
Consumption surveys are generally conducted at the household level

(Myrland et al. 200, Olsen 2001, 2003), with individual consumption calcu
lated as the total prepared for the household divided by the number of individu
als in the household (Anderson et al. 1994). In the TCI there are a large
number of island commuters who live on multiple islands, which precludes
household level data collection. By surveying random individuals, the
potential for double counting was eliminated.

The survey was designed and pretest in March 2004. The six pre-tested
individuals illustrated some of the difficulties with the standard format.

Participants requested that they be allowed to determine their own time frame



Lockhart, K. et al. GCFL57 (2006) Page 795

for frequency of consumption on either a weekly, monthly or yearly basis.
Some individuals had difficult in detennining quantity of conch contained in a
meal. This lead to the development of visual aids. Additionally, some
respondents showed a preference for reporting consumption in terms of
number of conch, rather than in weight. Conversion calculation were devel
oped allowing for reporting in both formats. Finally, several participants
indicated difficulties determining individual consumption as they prepared
meals for the household. To assist these people, a section was added which
allowed for reporting of household data, however respondents were still asked
to determine his/her individual share of that consumption.

The intercept survey was administered by trained DECR conservation
officers July - September 2004 on Grand Turk, Providenciales and South
Caicos. The stratified design by island population and nationality was based
on the adult resident population (> 15 years of age) as determined by 2001
Population Census for the Turks and Caicos Islands.

Weigh Calculations and Visual Aids
To allow for the conversion of alternate formats of a "serving of conch", a

variety of calculations were conducted and visual aids created. Conch cleaning
tests determined that a conch fully cleaned of all skin, visera (eyes, mouth,
snout, anus, rectum, kidney and stomach) and operculum weighed an average
of0.11 kgs. Local restaurants indicated a serving size ofconch was consistant
with the 0.11 kgs. Additionally, tests determined that 20 conch fritters also
utilized 0.11 kg ofcleaned conch.

Alternatively, to weight calculations, a visual aid was created to allow
respondents to visualize a one conch serving. A single serving of cracked
conch (0.11 kg) was place on a dinner plate with traditional side dishes and
photographed. Respondents were able to base serving sizes relative to the
pictured portion.

Data Analysis
The data were analyzed using a non-parametric Krushal-Wallis ANOVA

by Ranks test (StatSoft 1998), as the data failed tests for homogenity and
normality.

RESULTS

A total of 434 surveys were conducted with 359 useable for the conch
component of this analysis. The demographic profile of respondents closely
matched that of the general population (Table 1), except for an over-
representation of South Caicos residents and an under-representation of the
Haitian community. This was the result of logistical and linguistic difficulties
in Providenciales, limiting the number of surveys that could be completed
within the allocated time. This issue will be addressed under recommenda

tions.
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Table 1. Demographic comparison of survey respondents and
Turks and Caicos Island 2001 Population Census.

2001 Census Respondents
# % # %

Island population >15 yrs old
Providenciales 9,247 65.2 151 42.1

Grand Turk 2,830 19.9 87 24.2

South Caicos 777 5.5 101 28.1

Other islands 1.338 9.4 20 5.6

Nationality by total population
TCI Belonger 10,335 52.0 217 64.4

Haitian 5,027 25.3 53 15.7

Dominican 693 3.5 28 8.3

Other 3,83 19.3 39 11.6

Gender for those > 15 yrs old
Female 7,033 49.6 170 50.2

Male 7,160 50.4 169 49.9

Age
15-24 yrs 2,663 18.8 79 22.8

25-49 yrs 9,168 64.6 231 66.6

50-64 yrs 1,605 11.3 30 8.7

65+ 775 5.3 7 2.0

Source ofConch Consumed

The source of conch for personal consumption appears to differ by island
(Figure 1) and nationality (Figure 2). Approximately 51% of TCI conch
consumers obtained their conch from non-market sources, including personal
capture (15%) and as gifts from fishermen (36%). The proportions differ by
island with South Caicos having the highest share obtained as gifts from
fishermen (65%) and Grand Turk having the lowest (13%). Grand Turk
however, has the highest proportion of conch obtained by personal capture

There appears to be differences between nationalities in the source for
conch consumed (Figure 3), with TCI Belongers (native born residents) and
Haitians obtaining a larger share from personal capture and gifts from fisher
men compared to other nationalities. A higher proportion of individuals from
the Dominican Republic and countries other than Haiti or the TCI obtain their
conch by buying it or eating at restaurants.

Frequency ofConsumption and Serving Size
Total consumption is a combination of the frequency with which people

eat conch and the average serving size. Overall 28% of the population
indicated they do not consume conch (Figure 4). The mean frequency of
consumption for those that consumed conch was 6.723 times/month (± 0.427
SE), with a median value of 4.333 times/month. Frequency of consumption
did not vary significantly by island (Krushal-Wallis test: H (3, n = 359) =
4.487, p = 0.216), or age (H(\, n = 339) = 7.781, p = 0741), but did differ by
nationality (H (3, n = 337) = 10.240, p = 0.017), source (H (3, n = 250) =
22.087, p = 0.0001) and gender (H(\, n = 339) = 7.781, p = 0.005). Median
frequency of consumption values by nationalitywere: TCI Belonger 2.2 times/
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month, Haitian 3.5 times/month, Dominican Republican 4.3 times/month and
other nationalities 0.25 times/month. By source, the median values were
personal capture 8.7 times/month and for all other sources 4.3 times/month.
The median consumption frequency gender was 4.0 times/month for males and
1.0 times/month for females.
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Figure 1. Distribution of conch for personal consumption by source for Provi
denciales (Provo, n = 104), Grand Turk (GT, n = 56), South Caicos (SC, n =
88), other islands (Other, n = 10) and the Turks and Cacios Islands overall (TCI,
n = 258). Sources include personal capture, gift from fishermen (gift), (TCI, n =
169), Haitians (n = 43), Dominican Republican (Dominican, n = 21), purchases
from fishermen (buy) and consumed at restaurants (restaurant).
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Figure 2. Distribution of conch for personal consumption by source for TCI
Belongers other nationalities (Other, n = 20) and all nationalities (All, n = 253).
Sources include personal capture, gift from fishermen (gift), purchases from
fishermen (buy)and consumed at restaurants (restaurants).
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Figure 3. The distribution of the frequency of conch consumption by Sources
(PC or Personal Capture, n = 37), (Gift from fishermen, n = 92), (Buy from
fishermen or plants, n = 76). (Resturants, n = 53).

1

f

Nationality

• >8x/rronth

H 4-8x/nmth

• 1-4 x/month

g <=1 x/month

m do not eat

Figure 4. The distribution of the frequency of conch consumption by nationality
(TCI) TCI residents, n = 217), (Haitian, n = 53), (Dominican, n = 28). (Other, n
= 39) and the TCI (All, n = 337) overall.

Serving size differed between islands with the median value smaller for
Grand Turk (0.113 kg/meal) than for Providenciales or South Caicos (both
0.227 kg/meal) and the other islands (0.454 kg/meal) (if (3, n = 258)= 23.760,
p = 0.000). Additionally, serving size differed between male and female
respondents (H(\,n = 339) = 6.651, p - 0.010) with females having a smaller
median serving size (0.170 kg/meal) than males (0.227 kg/meal). Serving size
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did not differ by nationality (H (3, n = 253) = 2.333, p = 0.506), source of the
conch (H (3, n = 258) = 1.465, p = 0.690) or age (H (5, n = 347) = 2.734, p =
0.741).

DISCUSSION

The Turks and Caicos Islands has actively tried to protect its queen conch
stocks. However, often when protecting the stocks we are only considering
commercial catch for export in this management. It is time to also consider the
local community and its own consumption. Often conch for local consumption
does not even pass through landing sites for documentation. As we can see, a
significant portion of conch is retrieved by personal capture and/or directly
from local fishermen. Currently, local consumption is not utilized in the
determination of the Maximum Sustainable Yield (MSY). Instead, the TCI
sets a quota below MSY to accommodate for local consumption. The fact
remains, that if the local consumption rate is higher than the "buffer" between
the quota and MSY, the stocks will be overfished.

The initial results of the TCI local conch consumption survey suggested an
annual consumption level well above the levels indicated in previous studies
(Olsen 1985, Clerveaux 2003). The higher estimate could be due to a larger
estimated serving size or higher frequency ofconsumption.

Clerveaux (2003) found 40% of survey participants in Grand Turk were
frequent consumers, consuming conch at least once per week. Our results
indicate that for the TCI as a whole, approximately 43% of survey respondents
consume conch one or more times per week (4+ times per month). However,
this group contains some very frequent consumers, including some individuals
with daily consumption. This results in a highly skewed distribution with a
mean value of almost seven times per month, while the median value is only
four times per month. This suggests the use of the median value for national
level calculations. However, there are significant differences in the frequency
ofconsumption between some user groups, which suggests further analysis.

The frequency of consumption appears to be similar between islands,
which suggests that any potential bias is most likely to reside with respondents.
About half of the consumers appear to be heavy consumers, eating conch once
a week or more. Such a heavy level of dependence on conch for protein may
be reasonable for a location with a long history of utilization of conch, such as
the TCI. However, such high utilization levels also call for further investiga
tion to determine if it is indeed true or whether people are over estimating their
frequency ofconsumption.

The serving size does show differences between genders, as might be
expected, although other seafood consumption studies show no differences
between men and women (Myrland et al. 2000). Explaining differences in the
median serving size between islands is more difficult. One would expect that
where an individual lives would not play a role in serving size. The most
obvious sources of the difference are bias and leading questions by interview
ers. Training was conducted with all officers, however it is possible that it was
not sufficient or that interviewers may have ignored instructions. Each island
was surveyed by a small number of officers, ranging from two (Grand Turk
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and South Caicos) to four (Providenciales). While this might lead to
consistent results for an individual location, it could introduce consistent bias
for inter-island comparisons.

RECOMMENDATIONS

After reviewing the initial results of the survey, it has been determined that
a supplemental survey will be administered to a smaller sample of TCI
residents. The objective of the supplemental survey will be to further probe
areas of potential respondent bias, such as frequency of consumption and
quantity consumed. To address the potential problem of interview bias, a
single officer will conduct all surveys on all three islands.

The survey,which exploredlocal consumption by residents, is just the first
step in further identifying consumption within the TCI. Currently, the DECR
is collecting information on the volume of conch purchased by restaurants,
including source information. Additionally, an airport survey of departing
tourists will be used to estimate the visiting population's consumption.
Together this information will providea clearerpicture of the amount of conch
that is being harvested, but not recorded at the processing plants.

In order to manage marine fisheries in the Caribbean region, countries
need to examine a holistic approach. Not only are basic catch and effort
information necessary for stock assessment and management, but other
parameters such as local consumption mayplaya largerrole than first thought.
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ABSTRACT

The Puerto Rico Department of Natural and Environmental Resources
(DNER) is responsible for the conservation and management of the Island's
natural resources, including the fishery resources. The DNER's Commercial
Fisheries Statistics Program (CFSP) collects and analyzes the dependent
fisheries data. The CFSP has been collecting data since 1971. During the
1980s, Puerto Rico's commercial fishery resources had shown overfishing
symptoms (e.g. decrease in landings pounds, change in catch composition,
decrease in the size of some important species).

Spiny lobster, Panulirus argus, is a very valuable exploited marine
crustacean in the shallow water of the Caribbean Islands. During the 1950s,
the fishery and economic of the spiny lobster started to increase. Spiny lobster
has been the most important shellfish by landed weight and price per pound in
Puerto Rico's fishery since the 1970s to 2001. Spiny lobster showed symp
toms of overfishing during the 1980s. Since 1985, then the Caribbean Fishery
Management Council (CFMC) and the DNER have regulations to protect the
spiny lobster. These include a minimum legal size (MLS) of 89 mm carapace
length (CL), forbidden to take egg-bearing females, forbidden the use ofgaff to
catch lobsters, and all spiny lobster must be landed whole. Despite these
fishing regulations, CFSP personnel observed that very little or no enforcement
occurred until 1995. During 1989 - 1991, more than 50% of the spiny lobsters
were caught before reaching the MLS. Since 1995, the DNER's rangers
started to enforce the spiny lobster regulations, with the result that during
1998, only 24% were caught before MLS.

The objective of this study is to describe the fishery of the spiny lobster
thru the data collected by the CFSP (landings and biostatistics data) during
1988 - 2001. Length frequency distributions (LFD) of this species by years,
fish traps and SCUBA diving have been analyzed.

KEY WORDS: Biostatistics data, commercial landings, Puerto Rico, spiny
lobster
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Un Retrato de la Pesqueria de Langosta, Panulirus argus, en
Puerto Rico durante 1988-2001

El Departamento de Recursos Naturales y Ambientales de Puerto Rico
(DRNA) es el responsable de conservar y administrar todos los recursos
naturales de la Isla, incluyendo los recursos pesqueros. El Programa de
Estadisticas Pesqueras (PEP)del DRNAse encarga de recolectary analizarlos
datos dependientes de la pesca. El PEP ha estado recolectando datos desde
1971. Estos datos muestran que durante la decada de 1980, la pesca comercial
en Puerto Rico mostraba indicios de sobre pesca (Ej. disminucion en las libras
desembarcadas, cambios en la composicion de la captura, disminucion en el
tamano de especies importantes).

La langosta espinosa, Panulirus argus es un crustaceo marino explotado
en las aguas somerasde las islas caribenas. Durante los anos 50 la pesqueriay
la economiade la langosta espinosaaumentaron. La langostaespinosa ha sido
el marisco mis importante por libras desembarcadas y por precio por libra en
la pesqueria de Puerto Rico desde 1970 hasta 2001. La langosta espinosa
mostro indicios de sobre pesca durante los aiios 1980. Desde 1985,el Consejo
de Pesca del Caribe (CFMC) y el DRNA tienen reglamentaciones para
proteger a la langosta espinosa. Estas reglamentaciones incluyen un tamano
minimo legal de 89mm del largo del carapacho, la prohibicion de capturar
hembras con huevos, el uso de bichero para capturarlas, y todas las langostas
espinosas debenestarcompletas al momento del desembarco. A pesarde estas
reglamentaciones el personal del PEP observo que no se hicieron cumplir las
mismas hasta el 1995. En el periodo de 1989-91,mas del 50% de las langostas
espinosas erancapturadas antes de alcanzar el tamano minimo legal. A partir
de 1995, los vigilantes del DRNAcomenzaron a hacer cumplirlas reglamenta
cionesde la langostaespinosa, dandocomoresultado para el ano 1998,solo el
24% fue capturado antes de alcanzar el tamano minimo legal.

El objetivode este estudioes describirla pesqueria de la langostaespinosa
utilizando los datos recolectados por el PEP (desembarcos y datos bioestadisti-
cas) durante 1988-2001. Se analizo la frecuencia de tallas (LFD) de esta
especie por ano, nasas y buceo.

PALABRAS CLAVES: Datos de bioestadisticas, desembarcos comerciales,
Puerto Rico, langosta espinosa

INTRODUCTION

The Puerto Rico Department of Natural and Environmental Resources
(DNER) is responsible to conserve and manage all the Island's natural
resources, including the fishery resources. The DNER's Commercial Fisheries
Statistics Program (CFSP) collects and analyzes the dependent fisheries data.
The CFSP has been collectingdata since 1971. Matos-Caraballo (2005, 2004)
mentioned that during the 1980s Puerto Rico's commercial fishery resources
had shownover fishing symptoms (e.g. decrease in landings pounds,change in
catch composition, decrease in the size of some important species). Species
consideredin the market as trash during the 1970s, today have been considered
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a second class market species (Matos-Caraballo 2005,2004).
Spiny Lobster Panulirus argus it is a very valuable marine crustacean in

the shallow water of the Caribbean Islands (Mateo and Die 2004). Jarvis
(1932) mentioned that in early 1930s fishermen frequently caught spiny
lobsters, although they did not have a good market. Old commercial fishers
report to CFSP that until early 1950s most lobsters were used as fish trap baits
(Matos-Caraballo 2001). Mattox (1952) and Feliciano (1958) described how
the fishery and economy of the spiny lobster started to increase during the
1950s. Spiny lobster has been the most important shellfish by landed weight
and price per pound in the Puerto Rico's fishery since the 1970s to 2001
(Suarez-Caabro 1979, Matos-Caraballo 2005, 2004, 2001). Spiny lobster
showed symptoms of overfishing during the 1980s, and since that time the
Caribbean Fishery Management Council (CFMC) and the DNER have enacted
regulations to protect the spiny lobster. The mentioned regulations includes a
minimum legal size (MLS) of 89 mm carapace length (CL), forbidden to take
egg-bearing females, forbidden the use of gaff to catch lobsters, and all spiny
lobster must be landed whole. Although (he mentioned fishing regulations
CFSP personnel observed that very little or none enforcement occurred until
1995 (Matos-Caraballo 2001). During 1989 - 1991,more than 50% of the
spiny lobster were caught before reaching the MLS. Since 1995, the DNER's
rangers started to enforce the spiny lobster regulations, with the result that
during 1998, only 24% were caught before MLS.

The objective of this study is to describe the fishery of spiny lobster thru
the data collected by the CFSP (landings and biostatistics data) during 1988-
2001. Length frequency distributions (LFD) of this species by year, fish traps,
and SCUBA divers have been analyzed.

METHODS

This report will discuss the spiny lobster fishery using two types of
dependent data collected by CFSP through 1988 - 2001. First, the landings
data were collected by CFSP's port samplers. The commercial fishers and/or
fish houses reported their catch in a ticket.

The second type of data used in this study was biostatistics. This data
were also collected by CFSP's port samplers. They visited the fishing centers
and randomly selected commercial landings. Then they proceeded to identify
by species all the catch to obtain data about composition. Then port samplers
measured CL in mm. If it was possible, the whole catch was individually
measured and sexed. CFSP's port samplers collect catch per unit effort data
(CPUE) in situ when they do the biostatistics sampling. The total landings by
trip and by gear, number of traps hauled, and net lengths in fathoms were
recorded.

Port samplers delivered the landings and biostatistics data to CFSP and
statistical clerks edited and entered it in computers using Microsoft FoxPro and
NMFS Trip Interview Program (TIP). The data were analyzed using length
frequency distribution (LFD) of this species by years, fish traps, SCUBA
divers, and lobster traps. LFD for both species by years and by gears were
analyzed. Kolmogorov-Smirnov Two Sample Test, p < 0.05 (Sokal and Rohlf
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1981) was used to know if there is any significant difference among the
comparisons.

RESULTS

Landings data indicate that a total of 3,238,755 pounds of spiny lobster
were reported to the CFSP during 1988 - 2001 (Figure 1). An increase is
observed in the spiny lobster reported during the period of 1988 - 1994
(1,228,856 pounds), compared to 1995 - 2001 (2,009,899). The spiny lobster
landings increase coincides with the higher participation in the number of
commercial fishers (Matos-Caraballo 2004). During 1988 - 2001, spiny
lobster reported represented approximately8% of the total pounds reported for
fish and shellfish. The spiny lobster continues to be the most important
shellfish in pounds and traps in Puerto Rico's fishery. Also, spiny lobster is
one of the top five species offish and shellfish in Puerto Rico's landings.

Figure 2 shows the trend of landings reported by fish trap, lobster trap, gill
net, trammel net, and SCUBA divers during 1988 - 2001. Landings reported
by these gears show that fish traps caught 42% of the 3,238,755 spiny lobster
pounds during 1988 - 2001. For the same period, lobster traps caught 9.4%,
gill nets caught 1.0%, trammel nets caught 5.1%, and SCUBA divers caught
42.4% ofthe total landed pounds reported. Figure 2 shows that SCUBA divers
and fish traps were the most productive gears in this fishery.

Biostatistics data from 1988-2001, shows that a total of 13,418 spiny
lobsters were measured by CFSP (Figure 3). The spiny lobster caught during
1988 - 94, had an average of 93 mm CL (Figure 4). On the other hand, the
spiny lobster caught during 1995 - 2001 had an average of 99 mm CL (Figure
5). Kolmogorov-Smirnov test shows that the LFD for 1995 - 2001 were
significantly larger than the LFD 1988 - 1994 (Dmax = 0.1799).

Spiny lobster males caught during 1988-94 had an average of 96 mm
CL (Figure 6). During 1995 - 2001 the average was 101 mm CL (Figure 7).
The trend observed in males was observed also in the females LFD for the

same periods of time. Spiny lobster females caught during 1988 -1994 had an
average of 90 mm CL (Figure 8) and during 1995 - 2001 the average was 96
mm CL (Figure 9). The females caught during 1988 - 1994 were significantly
smaller than the females caught during 1995 - 2001 (Dmax = 0.1859).

A total of 1,492 individuals of spiny lobsters caught by fish traps were
measured by CFSP's port samplers during 1988 - 2001 (Figure 10). Length
frequency distribution shows that 471 (31%) individuals were caught before
reaching the MLS of 89 mm CL. On the other hand, 9,766 spiny lobster
caught by SCUBA divers were sampled by CFSP. From this total 2,434 (25%)
were caught before reaching the MLS (Figure 11). The lobster trap caught
only 18% of the individuals before reaching the MLS (Figure 12).
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A total of one-hundred biostatistics interviews were randomly selected to
obtain spiny lobster CPUE estimates data analysis. Most of the interviews
included reports of spiny lobsters, conch, and other reef fishes. However, the
spiny lobster was significant in number of individuals and weight in the
landings interviews. CFSP data showed that during 1988 - 1994, the fish traps
had an average catch of48 pounds/trip. During this period, fishing trips had an
average of hauling 27.5 fish traps, and the average soak time was 4.6 days. It
was estimated that every fish trap caught 0.39 pounds/trap/day. On the other
hand, for the period of 1995 - 2001, fish traps showed a landings increase,
obtaining an average of 57 pounds/trip. Fishing trips showed an increase in the
average of fish traps hauled to 32.0, and the average soak time increased to 5.3
days. For this period, it was estimated that every fish trap caught 0.33 pounds/
trap/day. During 1988 -1994, SCUBA divers' fishing trips had an average of
44 pounds/trip. During this period, fishing trips had an average of 1.7 divers,
and the average diving time was 3.6 hours. It was estimated that SCUBA
divers caught 7.23 pounds/diver/hour. On the other hand, for the period of
1995 - 2001, SCUBA divers showed a landings increase, obtaining an average
of 47 pounds/trip. During this period, reef fishes fishing trips had an average
of 1.33 divers per trip, and the average diving time was 4.3 hours. It was
estimated that SCUBA divers caught 8.18 pounds/diver/hour.

DISCUSSION

Puerto Rico's commercial fishery of spiny lobster has shown that market
demand for this species continues to make it one of the most important
resources during the last 15 years. The data analyzed in this report showed that
a high fishing pressure occurred on spiny lobster during 1988 - 2001. The
landings data showed increasing landings in spiny lobster during 1995 - 2001.
Two facts would explain this increase. First, starting in 1995, more fishers
participated in the CFSP (Matos-Caraballo 2002). Second, many fish traps
users mentioned to CFSP's principal investigator that due to the profit, they
targeted mostly their gear to catch spiny lobster. This fact is supported by the
CPUE landings by trip data analysis that shows an increase in the fishing
pressure on the spiny lobster for SCUBA divers. Also, fish traps increased the
average number of fish traps hauled per trip and the average number of soak
days.

SCUBA divers and fish traps were more efficient gears to catch spiny
lobster. Due to regional tradition, the lobster trap is used only in three or four
south coast municipalities and in the east coast. The trammel net is used to
catch spiny lobster during the season of strong wave surges in November-
February along the western coast. Fishers mentioned that spiny lobsters
migrate together, and trammel nets are able to catch hundreds ofpounds of this
species in a single day. Unfortunately, a significant part of these catch were
not reported to CFSP.

This study shows that the spiny lobsters caught during 1995 - 2001 were
significantly larger than during 1988 - 1994, for all individuals, males and
females. These results indicate that the spiny lobster fishing regulation
enforcement has been working to conserve the resource (Matos-Caraballo,
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2001).
LFD data shows that fish traps caught a higher percent of spiny lobster

before reach LMS, follow by SCUBA divers and lobster trap. However, after
1995, the catch of individuals before reaching the MLS, decreased for all
gears.

Effort by gear data shows an increase in the effort to catch spiny lobster by
fish traps and SCUBA divers. Again, these facts reflect an increasing fishing
pressure on this resource. The landings, biostatistics, and CPUE data showed
that spiny lobsters were subject to high fishing pressure. Although spiny
lobster landings decreased occurred from the 1970s to the 1980s, during 1988 -
2001 the landings have been steady (Mateo and Die 2004). Spiny lobsters
were caught significantly larger during 1995 - 2001, probably due to the
enforcement of the fishing regulations. Due to the high fishing pressure on this
resource, it is necessary to continue the enforcement action in order to diminish
or eliminate from the landings those individuals that are below the MLS. Also,
it is essential to continue the monitoring of the landings, biostatistics, and
CPUE data by the CFSP.
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Spatial and Temporal Variations in Postlarval Settlement of
the Spiny Lobster, Panulirus argus, between 1992 and 2003
within the Cas Cay/Mangrove Lagoon and Great St. James

Marine Reserves, St. Thomas USVI

SHENELL GORDON and JASON VASQUES
Division ofFish and Wildlife

6291 Estate Nazareth
St. Thomas, USVI 00802

ABSTRACT

Postlarval settlement of the commercially important Caribbean spiny
lobster, Panulirus argus, was monitored at five sites within the Cas Cay/
Mangrove Lagoon and Great St. James Marine Reserves on the southeast side
of St. Thomas, United States Virgin Islands. Over a period of one year, a total
of 202 postlarvae (pueruli = 57; juveniles = 145) were collected from 270
samples fora combined mean annual CPUE of 0.07 (± 0.19) pueruli/collecW
day for all sites. Overall CPUE was low despite location within the protected
waters of the marine reserves. The highest settlement occurred at Nazareth
Bay, which had a mean annual CPUE of 0.18 (± 0.35). Month to month
variability was low, although there appears to be a seasonal peak occurring in
late spring (May). The highest recruitment levels occurred between new moon
and first quarter moon phases. Postlarval settlement declined among common
sites between 1992 -1993 (combined mean annual CPUE = 0.20 ± 0.29), 1997
- 1998 (combined mean annual CPUE = 0.15 ± 0.30) and 2002 - 2003
(combined mean annual CPUE = 0.07 ± 0.19). Spatial differences in settle
ment over time indicated that pre-settlement pueruli were most likely influ
enced by changes in habitat, and water movement.

KEY WORDS: Recruitment, catch per unit effort, pueruli

Variaciones Espaciales y Temporales en el Establecimiento de
las Etapas Post Larvales de la Langosta Espinosa,

Panulirus argus, entre 1992 y 2003 dentro de la
Laguna de Cas Cay/ Mangrove y de la

Reserva Marina de St. James, St. Thomas, USVI

El asentamiento postlarval de la comercialmente importante langosta
espinosa, Panulirus argus, fue monitoreada en 5 sitios en Cas Cay/Mangrove
Lagoon y en la reserva marina Great St James en el lado sureste de St Thomas,
Islas Virgenes Estadoudinenses. Un total de 202 postlarvas (pueruli =
57yuveniles = 145) fueron colectadas de 270 muestras para un promedio de
captura por unidad de esfuerzo (PCPUE) de 0.07 para todos los sitios. En
general, los promedios del CPUE para todos los sitios fueron bajos a pesar de
localizarsedentro de las aguas protegidasde la reserva marina. La mayor parte
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del asentamiento ocurrio en Nazareth Bay, cual obtuvo un promedio de CPUE
de 0.17 (SD = 0.35). La variabilidad entre mes fue baja con un valor maximo
tarde en la primavera (Mayo). Los maximos valores del reclutamiento
ocurrieron en luna nueva y en el primer cuarto creciente de la luna. Se registro
una disminucion en los promedios anuales del asentamiento postlarval en los
sitios estudiados entre 1992 - 1993 (PCPUE = 2.65 pueruli), 1997 - 1998
(PCPUE0.16 pueruli) y 2002 - 2003 (PCPUE= 0.07 pueruli). Las diferencias
entre las localidades de asentamiento atraves del tiempo indicaron que la
abundancia del pueruli de la etapa de preasentamieneto pueden estar influen-
ciada por cambiosen el habitat,y el movimiento y la calidaddel agua.

PALABRAS CLAVES: Langosta, asentamiento postlarval, USVI

INTRODUCTION

Spiny lobsters (Palinuridae) are among the most economically important
crustaceans in the world (Olsen et aL 1975). The Caribbean spiny lobster,
Panulirus argus, supports an important commercial and recreational fishery in
the U.S. Virgin Islands (USVI). Effective management of such a fishery not
only requires adult stock assessment but also identifying trends in settlement
and recruitment. Spatial and temporal variability in recruitment is characteris
tic of many invertebrate fisheries (Butler and Herrnkind 1997). Therefore,
settlement and early post-settlement processes that influence recruitment
demand great attention. The influx of postlarval lobsters can be monitored
using modified Witham collectors (Witham et aL 1968). These collectors are
useful in determining the relative abundance of pueruli in an area and have
been used to makegeneralcomparisons acrossareas(Withamet aL 1968).

Over the last decade, spatial and temporal trends in pueruli settlement and
abundance has been studied using modified Witham collectors around St.
Thomas (both inside and outside the Inner Mangrove Lagoon, Cas Cay/
Mangrove Lagoon, and St. James Marine Reserves). Studies were previously
conducted in 1992 - 1993 (Quinn and Kojis 1997), and 1997 - 1998 (Kojis et
al. 2003).

The objectives of this studywere to examine currentspatial and temporal
variations in P. argus pueruli settlement and relative abundance at previously
studied sites within marine reserve habitats and compare trends in relative
abundance and settlement of pueruli between 1992 - 1993, 1997 - 1998, and
2002 - 2003.

MATERIAL AND METHODS

Pueruli collectors were modified from the original design used by Witham
et al. (1968). Collector frames were made from 1.90 cm closed PVC pipes
that measured 40.5 cm x 40.5 cm, and comprised of four crossbars connected
by 90° elbows. For each collector, four "hogs hair" air-conditioning filters
were cut into 40.5 cm x 61 cm pieces, folded lengthwise with the webbed
backing material to the inside, slipped overeachcrossbar on the PVC ladder
frame, and secured. Each collector was moored with two concrete cinder
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blocks and suspended in the water column by a sub-surface buoy. At each site
the collectors were spaced approximately 10 m apart.

On 4 June 2002, two pueruli collectors each were deployed at five sites
within the Cas Cay/Mangrove Lagoon and Great St. James Marine Reserves on
the southeast side of St. Thomas (Figure 1). Study sites in 2002 - 2003 were
similar to previous studies by Quinn and Kojis (1997) and Kojis et al. (2003).
Of the sites sampled in 2002 - 2003, all were identical to the sites sampled by
Kojis et aL (2003) in 1997-98, however, only the Mangrove Lagoon and Great
St. James Island sites were sampled in 1992 - 1993. Two collectors were used
at each site in 1992 - 1993, while three collectors were used in 1997-1998.

Figure 1. Map of the east end of St. Thomas showing the locations of the five
pueruli collection sites.

The Mangrove Lagoon site (18°18.3' N, 64°52.5' W) was located in a
shallow protected channel in the inner lagoon of the Mangrove Lagoon Marine
Reserve. Due to its enclosure, the inner lagoon experiences limited flushing
and current. Conversely, the Cas Cay site (18°18.5' N, 64° 52.1' W) was
located in the outer Mangrove Lagoon Marine Reserve and experienced heavy
wind and moderate wave action. Although both sites were essentially man
grove habitats the substrate at the first was a dense macroalgal plain while the
latter a dense seagrass bed. The collectors at both sites were positioned
approximately one meter below the surface in 1.5 - 2 m ofwater.
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The Nazareth Bay (18° 19.1'N, 64° 51.4'W) and southwest Great St.
James (18°18.4'N, 64° 50.1'W) sites were positioned over sparse seagrass beds
approximately 100 m from the rocky shoreline. The collectors at both sites
were suspended 3 m below the sea surface in approximately 6 - 11 m ofwater.

Finally, the northwest side of Great St. James (18°18.8'N, 64°49.9'W) was
the only site that was characterized by a patch reef. This site was adjacent to
(~20 m away) the rocky shoreline and Current Cut Passage, which experiences
moderate to strong bidirectional tidal currents. The collectors at this site were
suspended three meters below the surface in water that was approximately
eight meters deep.

SAMPLING AND ANALYSIS

Collectors were sampled every two weeks over a 12 month period. Each
collector was enclosed in a one millimeter mesh bag prior to being brought to
the surface for inspection. All lobster pueruli and juveniles were counted and
staged as follows: transparent, semi-pigmented, pigmented, and algal-phase
juvenile, based on descriptions by Bannerot et aL (1992), CARICOM (1996),
and Butler and Hermkind (1997). Damaged, lost, or heavily encrusted
collectors were replaced. Each sample represented a 14 to 16 day settlement
period.

Catch per unit effort (CPUE) for each collector was calculated using:

CPUE = (totalcatch/number ofdays between sampleperiods).

CPUE calculations included first stage juveniles (dark pigmented body;
~5-15 mm CL) as well as pueruli. Samples that had missing or unattached
collectors were not included in the data analysis. There was no difference in
abundance between collectors at each site on each sample date (Paired-t: p >
0.05) in all cases except Cas Cay. Collectors at each site, except Cas Cay,
were therefore combined in subsequent analysis. Collectors at Cas Cay often
broke and were lost, leaving either single sample or no sample for this site over
eight sample periods. Data were therefore log (x +1) transformed to conform
to the assumptions of parametric testing. Following transformation, collectors
tended to differ in total catch (ANOVA: FU2= 3.825, p = 0.056). Therefore,
comparisons betweensites were madeusing a meanCPUE calculatedfor each
site.

Timing in settlementwas examinedgraphicallyby month and site. Spatial
patterns in settlement were also investigated graphically and using standard
one-wayANOVAsto test for differences in catch per unit effort between sites.
Additionally, each sample date was classified into one of four lunar phases:
new moon, first quarter, full moon and last quarter. Sample dates without a
distinct/obvious lunar phase were assigned to the nearest lunar phase.

Comparison of CPUE between years was made graphically and using
ANOVA to test for differences between years. CPUE in the previous studies
by Quinn and Kojis (1997) and Kojis et aL (2003) were derived using a
different method and were recalculated from the original data to allow direct
comparison acrossyears. Additionally, the NW Great St. James and SW Great
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St. James sites in 2003 were combined to compare to the 1992 - 1993 and 1997
- 1998 data sets.

RESULTS

Five sites, with two Witham collectors each, were sampled from 18 June
2002 to 17 June 2003. A total of 202 postiarvae were observed (Table 1). Of
the total catch, ten (5%) of the pueruli collected were transparent, 19 (9%)
were semi-pigmented, 28 (14%) were pigmented, and 145 (72%) were early
algal-phase juveniles (Table 1).

Table 1. Number of Panulirus argus postiarvae on Witham collectors of different
stages settling at each site, 2002-2003. Numbers in brackets indicate the total
number of samples per site.

Site Transparent D:ai!!!?!!teci Pigmented Juvenile Total

Mangrove Lagoon (27) 0 1 0 18 19

Cas Cay (24) 0 4 0 14 18

Nazareth Bay (27) 8 10 25 84 127

NW, Great St. James (27) 1 3 0 6 10

SW, Great St. James (27) 1 1 3 23 28

Total (132) 10 19 28 145 202

Pueruli abundance was consistently low across most sites (Figure 2).
However, overall pueruli abundance in Nazareth Bay was considerably higher
than the other four sites (Figure 2) with 127 postiarvae counted during the
study. The overall catch between the Mangrove Lagoon and Cas Cay sites was
similar with 19 and 18 postlarval juveniles, respectively. NW Great St. James
exhibited the lowest total catch with 10 postiarvae while SW Great St. James
had a total catch of 28 (Table 1, Figure 2).

Catch per unit effort (CPUE) varied greatly across sample dates (Figure
3). Similarly, differences existed in the CPUE between sites (Mean + S.D:
Mangrove Lagoon: 0.03 ± .04, Cas Cay: 0.03 + 0.05, Nazareth: 0.18 + 0.35,
NW St James: 0.01 ± 0.03, SW St James: 0.04 ± 0.07; One-way ANOVA: F4,
127 = 4.355, p = 0.002). Nazareth Bay consistently yielded a higher CPUE in
2002 - 2003 than the other four sites (Figure 3).

Peaks in settlement occurred primarily in the spring and early summer
(Figure 4). The Mangrove Lagoon, Cas Cay, and NW Great St. James sites all
had low settlement not exceeding 0.15 CPUE for any sample period. Seasonal
peaks for these sites were in the spring (Figure 3). The SW Great St. James
site had highest settlement during the summer months, with a peak CPUE of
0.32 (Figure 3). The greatest settlement occurred in May 2003 at the Nazareth
Bay site, with a CPUE of 1.54 (Figure 3).
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Figure 2. Total catch of Panulirus argus postiarvae on Witham collectors at
each site in 2002 - 2003.
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Figure 3. Mean catch per unit effort (pueruli/day) of postlarval P. argus for
each sample date at all sites, 2002 - 2003.
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Figure 4. Seasonal variation in the mean monthly CPUE, all sites combined,
2002 - 2003.

Pueruli settlement was greatest for all sites during first quarter moon
phases
(Table 2). The total number ofpueruli collected during the first quarter phase
accounted for 73% of all settlement. CPUE was combined according to lunar
phase for all sites. The greatest CPUE was during samples that were most
closely associated with first quarter and new moon phases (0.09 and 0.10 re
spectively; Table 2).

Table 2. Number of postlarval spiny lobster collected on Witham collectors,
2002-2003, in relation to lunar phase (n = number of samples) and the
combined mean CPUE ± SD for each lunar phase.

Site

new moon

(n = 2)

Number of postiarvae
first quarter full moon

(n=11) (n = 5)
last quarter

(n = 9)

Mangrove Lagoon 2 15 1 1

Cas Cay 2 15 1 0

Nazareth Bay 16 91 5 15

NW, Great St.
James

0 6 3 1

SW, Great St.
James

2 21 0 5

Total 22 148 10 22

Combined CPUE 0.09± 0.21 0.10± 0.24 0.02± 0.03 0.02± 0.07
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CPUE was generally greater in 1992- 1993 than in either 1997 - 1998 or
2002 - 2003 (Two-way ANOVA: F2,280= 10.88, p < 0.001, Table 3). Simi
larly, across all years, the average CPUEdiffered between sites (F3>280= 8.798,
p < 0.001) CPUE has steadily declined from 1992 to the present at both the
Mangrove Lagoon site and the St. James site. From 1997 - 1998 to 2002 -
2003 CPUE declined at all sites except the St. James sites where the mean
annual CPUE increased slightly from 0.02 to 0.03, respectively.

Table 3. Comparison of mean annual CPUE (Mean ± SD) by site and between years,
'indicates data were not collected.

Mean annual CPUE + SD

Year

Mangrove
Lagoon Cas Cay Nazareth Bay

Great St.
James

Combined Mean

Annual CPUE ±
SD

1992-1993 0.23 + 0.30
* * 0.16 + 0.30 0.20 + 0.29

1997-1998 0.09+ 0.10 0.21+0.31 0.30 + 0.46 0.02 + 0.04 0.15 + 0.30

2002-2003 0.03+0.04 0.03 + 0.05 0.18+0.35 0.03 + 0.04 0.07 + 0.19

DISCUSSION

Many factors may have contributed to the temporal and spatial variability
in recruitment of Panulirus argus. For example, low CPUE values at the
Mangrove Lagoon site in 2003 may be reflective of water quality issues (as
discussed in Quinn and Kojis, 1997 and Kojis et al. 2003) and/or lack of
suitable juvenile habitat. Acosta and Butler (1997) suggest that although
mangrove habitats may be important nursery habitats the use of such is
dependant on sheltering characteristics. Kojis et al. (2003) suggested thathigh
CPUEvalues in the mangrove lagoon may have been a function of the site's
proximity to pueruli settlement habitat. However, in 1999 hurricane Lenny
disrupted the natural tidal flow at this siteby pilingcoral rubble at the lagoon/
seaward interface. The resultant berm limited water flow into the lagoon and
may have resulted in a reduction of suitable juvenile habitat as well as a
reduction of larvalsupplyto the site. A Porites porites bed used to lie near the
Mangrove Lagoon site. However, hurricane Lenny devastated the P. porites
bed (discussions with Division of Fish and Wildlife staff) and reduced water
flow such that P. porites growth was probably limited. The P. porites bed,
which at one time would have provided adequate juvenile habitat, has since
been covered with sediment and algae. Postalgal spiny lobsters have been
demonstrated to prefer silt-free environments with adequate amounts of stony
corals, but make use of mangrove prop roots whenever coral cover is sparse
(Herrnkind et al. 1988 in Acosta and Butler 1997). The decrease in CPUE in
the mangrove lagoon before and afterhurricane Lenny, suggests that although
mangrove habitats maybe important nursery areas, as implied by Little (1997),
the absence of nearby coral for the postalgal juvenile stage may have a greater
influence on postlarval settlement than merelythe presence of mangroves.
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Furthermore, Nazareth Bay which is close to a rock shoreline, consistently
demonstrated high settlement rates over the years (see Table 3) despite the
absence of mangroves. As discussed in Kojis et aL (2003) the current flow to
this site may increase the supply of pueruli. Similarly, lower CPUE values at
the St. James sites may be due to their orientation to the mass water flow; these
sites appear to be oriented in the lee of an easterly current. Additionally, the
NW St. James site is situated near an area that experiences heavy tidal currents
which may flush pueruli past the collectors. Current flows may, therefore, act
in tandem with water quality and juvenile habitat availability to create complex
spatial patterns in pueruli settlement.

In this study, the timing of greatest settlement was in the spring/summer
(April- June). These findings are consistent with Quinn and Kojis (1997) in
which they report highest settlement during the summer months (April -
October). It is suggested that the larval phase of lobster can exceed nine
months (Butler et al. 1997; Acosta and Butler 1999), therefore it is likely that
pueruli settlement in the U.S. Virgin Islands is dependant on an upstream
supply.

In the Florida Keys, weekly collection of P. argus indicated that peak
supply occurred during new moon and first quarter lunar phases (Acosta et al,
1997). In the U.S. Virgin Islands, Quinn and Kojis (1997) report higher CPUE
during new moons than full moons. The findings from this study are similar,
however, in this study lunar cycles were broken into four lunar phases rather
than two. The results of this study indicate that higher CPUE values occurred
during first quarter new moon phases (Table 2). Pueruli typically travel and
arrive at near-shore settlement areas during new moon and first quarter lunar
phases to avoid predation (Heatwole et aL 1992). Therefore, settlement may
be triggered by the dark periods of a new moon and carry through the first
quarter phase, resulting in higher catches of pueruli during the first quarter as
observed in this study.
Settlement has steadily declined from 1992 -1993 at similar sites. Unfortu
nately, there are no clear reasons for the decline in pueruli settlement over the
years. However, because ofsuch a lengthy larval phase (Butler et aL 1997,
Acosta and Butler 1999), pueruli supply is probably not local; therefore, it is
unlikely that the decline in CPUE shown in this study is related to mortality or
catch ofadult P. argus in the U.S. Virgin Islands, but may be due in part to
habitat degradation or water quality parameters.
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ABSTRACT

The puerulus (postlarval) stage of spiny lobsters represents a critical and
pivotal life-history link between the long-lived oceanic phyllosoma and the
benthic dwelling adult-phase juvenile. Although great strides continue to
within this realm of lobster research, there remain major gaps with respect to
quantifying potential "connectivity" among populations as well as the ecologi
cal requirements and attributes for species that reside in remote habitats or are
of non-commercial fishery interest. Through cooperative monitoring pro
grams, The Puerulus Identification Project (PIP) seeks to gather, collate and
disseminate current and additional data on the ecological requirements, natural
settlement zones and early habitat shifts of pueruli throughout die Caribbean
where lobster remains actively and intensely fished. Although not limited to
any one species, the Caribbean spiny lobster, Panulirus argus, is the focal
animal for this survey based on its immense economic and social significance
throughout its range. Monitoring and collating electronically-linked data on
the magnitude of puerulus recruitment to coastal areas around the Caribbean
region could help elucidate more detailed patterns of postlarval influx, provide
specimens for research, and help to model correlations of settlement to habitat
and predictive patterns of recruitment leading to potential forecasting of good
or bad years offishery catch.

KEY WORDS: Caribbean spiny lobster, collectors, connectivity, puerulus

El Proyecto de Identification de Puerulus (PROYECTO PIP):
"Conectando los puntos" a travls del Caribe

La etapa de puerulus (postlarval) de langosta espinosas representa una
conexidn critica y esencial de su vida entre el phyllosoma oceanico y el fase
bentonico juvenil-adulto. Aunque gran pasos hayan sido y continuan ser hecho
dentro de este reino de investigacidn de langosta, todavia queda areas de
investigaci6n, especialmente con respecto a requisites y atributos ecoldgicos
para las especies que residen en habitates remotes y en que no hay intereses
comerciales. A traves de programas cooperatives, Proyecto PIP reunira,
cotejara y difundira datos adicionales sobre los requisites ecol6gicos, las zonas
de reclutamiento, y cambios de habitat de pueruli en el Caribe. Informaci6n de



Page 834 57th Gulf and Caribbean Fisheries Institute

este tipo seria especialmente importante para directores de pesquerias impor
tantesy proporcionaria predicciones valiosasde periodos buenoso malos en el
future-. Especificamente, los objetivos de Proyecto PIP incluye: (1) una
evaluaci6ny descripcionde los requisitesecol6gicos de puerulipara definir las
zonas de reclutamiento; (2) calcular el numero de etapas de puerulus y la
longevidadde cada etapa; (3) compararlos tamafio proporciones de pueruli a
adultos; (4) evaluar las tendencias evolutivas en la ecologia y el comporta-
miento de puerulus que ha resultado debido a cambios en el ambiente; (5)
asistir en el disefio de colectores artificiales para especies que requiere
programas de monitoreo asi como nuevas empresas comerciales que piensan
colectar pueruli para aquicultura. El enfoque de este proyecto sera triple e
incluye un estudio a traves del Caribe sobre puerulus, la compilacidn de una
base de datos emparejadacon una bibliotecade fotos digital, y la conservacion
de archivos de puerulus para investigacionesen el futuro.

PALABRAS CLAVES: Langosta espinosas, puerulus, colectores, atributos
ecoldgicos

INTRODUCTION

Spiny lobsters comprise one of the most economically valuable and
ecologically significant marine fishery resources in the Caribbean. The
Caribbean spiny lobster (Panulirus argus, Latrielle 1804) fishery in the
Western Central Atlantic for example is one of the largest in the world and
constitutes the biggestsingle-species fishery in Cuba, contributing 60 - 65%of
the country's gross income in fisheries products (Baisre 2000). Throughout
the Mesoamerican coast, spiny lobster sustains the economyand social fabric
of many important regional fisheries. The FAO Year Book of Fishery
Statisticsreports that along the Central Americancoast between 1975 - 1997,
more than 20% ofCaribbean spiny lobsterlandings originated from this region
(FAO2000,Ehrhardt2000). In the US stateof Florida P. argus is at the apex
of a commercial fishing history mat spans over 100 years and includes a
popularized andhighly intense recreational fishery (Hunt 2000, Sharp et al. In
press). Additionally, Florida spiny lobster catches consistently remain the
State's second most valuable commercial fishery after pink shrimp (Muller et
aL 1997).

Like all spiny lobsters worldwide, the Caribbean spiny lobster possesses a
complex, and protracted larval stage (phyllosoma) that can remain especially
elusive, easily exceeding six months (Lewis 1952, Kittaka 1994). During this
long-term oceanic existence, phllyosomata are subjected to an assortment of
physical oceanographic elements (e.g. currents, fronts, eddies, gyres) coupled
to a suite of active and innate behavioral traits (e.g. swimming ability, vertical
migration) that allows a wide dispersal resulting in larval transport to near-
shore environments, later supportingcoastal fisheries in a new home. Follow
ing these 11 or so distinct phyllosomal stages, a postlarval (puerulus) stage
develops that represents a critical and pivotal life-history link between the
long-lived, phyllosoma and the benthic dwelling adult-phase juvenile. The
puerulus stage (~ 6.5 - 7.0 mm CL) is characterized as a clear, non-feeding,
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fusiform-shaped, strong swimming lobster that, at an undetermined distance
from shore, actively seeks appropriate settlement habitat, primarily in near-
shore environments (Acosta and Butler 1999). The constant interchanges of
biotic and abiotic factors operating at various temporal and spatial scales (i.e.
recruitment variability) acts to influence the distributions of these ongoing
recruitment episodes and thus shapes the population dynamics and stability of
marine ecosystems (Gaines and Roughgarden 1985, Cowen 2000, Sale and
Kritzer 2003). Consequently, there is a directed effort at understanding how
both physical and bio-mechanistic processes harmonize in influencing these
critical life history phases, eventually linking them to adult (fished) popula
tions. (Katz et al. 1994, Cobb et al. 1997, Moksnes et al. 2003).

Although great research strides have been and continue to be made within
the realm of spiny lobster early life history, there are still major gaps, particu
larly with respect to ecological requirements and habitat attributes for species
that reside in remote habitats or are of non-commercial fishery interest (Butler
and Herrnkind 2000). For example, the reclusive and obligate reef dwelling
spotted spiny lobster, Panulirusguttatus, although presently not of significant
commercial value, does warrant more investigation as a species whose pueruli
utilize and occupy a very different suite of benthic habitat types as does its
counterpart, P. argus. Recent ecological studies and surveys of P. guttatus
population dynamics have documented various and important aspects of
puerulus and juvenile spiny lobster ecology, although more is needed (Briones-
Fourzan and McWilliam 1997, Lyons and Hunt 1997, Sharp et al. 1997,
Robertson and Butler 2003). There also lacks a centralized source for general
puerulus information from which to access, both from the historical literature
and from ongoing projects. Recent research of the 50 or so palinurid species
provides reasonably detailed morphological descriptions of these phases for
identification (McWilliam 1995) and should be expanded upon and correlated
with both coastal habitat and ecological dynamics among regions.

In light of what information exists and what we can further gather, PIP
seeks five main aims that include:

i) Assessing the comparative ecological requirements of pueruli,
helping to define a range ofnatural settlement zones (Figure 1),

ii) Assessing the number of puerulus stages and the longevity of each
stage,

iii) Comparing size ratios ofpueruli to adults,
iv) valuating past evolutionary trends in puerulus behavior and ecology

that have resulted from ecological and environmental changes, and
v) Assisting in the design of specialty artificial collectors for species and

regions that still require effective monitoring programs as well to
potential commercial enterprises that intend to perhaps harvest pueruli
for future aquaculture ventures.

Although not limited to any one species, the Caribbean spiny lobster,
Panulirus argus, is the focal animal for this survey based on its immense
economic and social significance throughout its range.
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Figure 1. "Connecting the Dots": A graphic summary of historical and mostly
published puerulus recruitment and monitoring study areas (•) and potentially
new coastal regions (o) that could provide new data and ecological links to
other areas throughout the Caribbean.

METHODOLOGY AND APPROACH

Theapproach in carrying out this long-term projectwillbe threefold:
i) A comprehensive Caribbean-wide puerulus fieldsurveyconducted via

institutional and individual participation,
ii) The compilation of a relational database coupled with an interactive

digital photo library, and
iii) The preservation of archival puerulus material via museum cataloging

for future research.

Survey and Field Collections
For decades, field-collector studies based on the fundamental designs of

Witham and Phillips have servedas templates and experimental units for the
collection, quantification, monitoring, and research of spiny lobster pueruli
worldwide (see Phillips 1994, 1995for reviews, also Witham 1968,Figure 2).
Subsequently, both large and small-scale monitoring programs in the Carib
bean have documented puerulus recruitment trends along with seasonal
variability for particular locations (summarized in Table 1). Although mere
has been tremendous and in some instances, multi-national cooperative efforts,
with respect to puerulus monitoring, with the exception of Mexico, there still
remains a paucity of monitoring studies throughout the Mesoamerican region
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(Figure I). Based on their rudimentary design and inexpensive cost, the use of
Witham or modified Witham collector units for future planning and design of
monitoring studies particularly in Central America, where fishing effort is
high, is encouraged.

m;f

Figure 2. 'Witham-style' puerulus (postlarval) lobster collector using PVC,
airfilter material, rope, and buoys, (redrawn with permission from FWRI)

Relational Database and Digital Library
Relational databases (RDs) provide an efficient and cost-effective

mechanism for archiving and retrieving linked data. RD operations are
constructed from linked data tables and subsequent queries are performed on
that data (i.e. tables themselves), producing output tables (Sigler and Flis
1998). As a result, RDs serve managers and scientists alike who want to
rapidly access critical information and query multiple links in this case,
between factors such as habitat, region, and puerulus characteristics. PIP will
develop a RD using Microsoft Access. One such model is the RD LarvalBase®
(http://www.larvalbase.org 2005), a global and comprehensive information
system of data on fish larvae that is relevant to the field of finfish aquaculture.
LarvalBase is an excellent MS-Access-designed RD, although it will eventu
ally be converted to the more efficient SQL (structured query language)(B.
Ueberschaer Pers. comm.). Fromthis RD will evolve an online digital library
of graphics consisting of digitized puerulus pictures linked with habitat areas
from around the region. A potential user would be able access pueruli online
for identification, as well as descriptive links (e.g. lat/long, collectors used,
habitat types,) to the locations from where they are being monitored.
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Table 1. Asummary of historical and mostly published puerulus recruitment and monitoring studies for P. argus and P. guttatus
throughout the Caribbean region

Species

P. argus

P. guttatus

Collector Method

Witham

Channel Nets

Witham (modified)

Witham

Witham

Witham

Witham

Witham (modified)

Witham

Witham

Phillips

GuSi

GuSi and plankton tows

SCUBA

Region / Country

Florida, USA

Florida Keys, USA

Bahamas

Bermuda

Antigua

St Thomas. USVI

St. Croix, USVI

Puerto Rico

Martinique

Grenada

Cuba

Mexico

Mexico

Florida, USA

Reference

Acosta and Butler1999, Heatwole et al. 1991. Herrnkind and Butler
1986,Herrnkind and Butler1994, Little 1977,Little and Milano
1980, Witham1968. Matthewset al. (unpub data)

Yeung et al. 2001, Butler and Goldstein (unpub data)

Eggleston etal. 1998

Ward 1992

Bannerot et al. 1991 and 1992, Ryther etal. 1988

Quinn and Kojis 1997,Quinnet al. 1998. Kojis et al. 2003

Cox et al. (unpub data)

Monterrosa 1991

Ricelet 1998

Callnski 1995 (unpub data)

Cruz et al. 1991, Phillips et al. 1994

Briones-Fourzan and D. Gutlerrez-Carbonell 1992. D. Gutlerrez-
Carbonell etal. 1992

Briones-Fourzan and McWilliam 1997

Sharp et al. 1997
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Archival Information

The Museum of Comparative Zoology (MCZ) at Harvard University was
founded in 1859 through the efforts of zoologist and scholar Louis Agassiz
(1807-1873). The Department of Invertebrate Zoology houses some of the
most extensive and historically important collections available to researchers
today. There are an estimated 307,100 lots of approximately one million
specimens in the collections; the crustacean collection(> 215,000 specimens)
is one of the largest in the U.S. (Johnston Pers. Comm.). Through their
generosity and cooperation, MCZ will serve as a repository for this lobster
material. Prospective sub-samples will be digitally archived and kept within
the RD for future queries and research applications. Specimens that are
depositedwill be catalogued and preservedin accordance to museumprotocols
and would be available for future research projects to visiting scientists,
graduate students, and others.

Participation
Co-operative participatory relationships will continue with active and

potential fishery managers, scientists, and fishermen throughout the region.
These individuals will be contacted via email and from FAO stock assessment
meetingsin providingP. argus and otherpueruli specimens from the following
key locations, but not limited to: Florida Keys, Cuba, Bahamas, Bermuda,
Mexico, Belize, Puerto Rico, St. Croix, Barbados, Honduras, and Venezuela.

DISCUSSION

One of the most significant challenges within this fishery remains the lack
of basic data in terms of quantifying the influx of new postlarval lobster
recruitsto some regionalareas. Gathering moreofthis kind ofdata lends itself
to further understanding aspects of local and regionalpopulation structureand
stability, health, and habitat quality of known juvenile nursery grounds.
Gaining insight into these areas will allow for better, more informed decisions
of the fishery in the future. Attaining such a level of knowledge, however,
requires small steps andwelldesigned science coupled withpersistent funding
and consistent regional participation. Successful campaigns and long-term
programs for postlarval lobster surveys and monitoring programs are docu
mented in such places as Western Australia, Cuba, and the Florida Keys.
Understanding some of the early life history aspects through monitoring and
exploratory sciencehas allowedfisheries managers in these regions the benefit
of affording local fishermen of the fragility and sometimes cyclical nature of
marine stocks. Getting to a levelof being able to makepredictions of recruit
ment to the fishery (as is the general case for Western Australia) requires, as a
prerequisite, a significant correlation between postlarval supply and juvenile
abundance.
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Applications and Benefits
Along with other scientists and fishery managers, the potential

"connectivity" among lobster populations is a reality throughout the Carib
bean, linked intimately by physical oceanographic elements and biological
characteristics intrinsic to these animals. PIP strives to gather better informa
tion starting at thepre-juvenile (puerulus) level in order to ascertain, explore,
andapply ourunderstanding to fisheries and ecological disciplines. Applica
tions for such data would include but not be limited to:

i) Obtaining a broad and descriptive assessment of comparative
ecological requirements of pueruli through survey information,
helping to define a range of natural settlement zones,

ii) Assessing the number and type of puerulus stage(s) among species
caught and the longevity ofeach stage and comparing the size ratio of
the puerulus to adult,

iii) Acquiring additional data onthe genetic stock structure and sources of
recruitment in the Caribbean using microsatellite and other DNA
sequencing technologies (seeSilberman et al. 1994),

iv) Investigating the physiological differences ofpueruli (e.g. nutritional
condition) over spatial andtemporal time scales andtheir implications
on settlementsuccess(Jeffs et al. 2005) (Figure3),

v) Identifying settlement indices and their consequences onrecruitment
to specifichabitatareas,and

vi) Assisting in the design of specialty artificial collectors for many
species that still require effective monitoring programs as well as
assistance to new commercial enterprises (Mills and Creer 2004) that
intend to harvest pueruli andgrowthemto marketable sizes.

Additionally, understanding aspects of climatic variability andoscillation
may, over time, explain some ofthe variation in puerulus settlement. The El
Nino Southern Oscillation (ENSO) for example is the most famous and well
studied of all the decadal scale climatevariations. Caputi and Brown (1993)
showa clearcorrelationbetweenENSOand the strengthofpuerulussettlement
inconjunction with the Leeuwin Current inWestern Australia. Booth (1989)
documents onshore wind frequencies and the seasonal effect it has on the
puerulus settlement index ofJasus edwardsti inNew Zealand. The expansion
of a more widely spread and methodologically connected Caribbean-wide
study will help ustwo-fold inunderstanding the mechanisms ofenvironmental
variation and its effects on both annual and seasonal puerulus settlement across
locations as well how spawning stock biomass is being influenced concomi
tantly.
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Figure 3. Condition factor (CF) as a proxy for nutritional condition over time
(2002-2004, duplicate months pooled) for pueruli (n = 683) of P. argus moni
tored and collected at three sites in the Florida Keys (n = 683) (regression
model constructed from the Loess deterministic function, modified from
Goldstein 2005).

ACKNOWLEDGEMENTS

As a cooperative project that invites participants from throughout the
Caribbean thanks and gratitude are extended to many: the Florida Wildlife
Research Institute (FWRI) in Marathon, Florida for their intellectual and
logistical support including: R. Bertelsen, T. Matthews, B. Sharp, L. Cox, G.
Delgado, and J. Hunt as well as M.J. Butler IV of Old Dominion University.
The author also wishes to thank A. Johnston of Harvard MCZ and R. George
for his ideas, support and encouragement of this project. Partial funding for
this project has been obtained by the generosity and interest of Darden
Restaurants and the Darden EnvironmentalTrust. This paper was presented as
a poster presentation at the 57*Annual GulfandCaribbean Research Institute
annual meeting in St. Petersburg, Florida USA, November 8-12,2004.



Page 842 57th Gulf and Caribbean Fisheries Institute

LITERATURE CITED

Acosta, CA. and M.J. Butler, IV. 1999. Adaptive strategies that reduce
predation on Caribbean spiny lobster postiarvaeduring onshore transport.
Limnologyand Oceanography44:494-501.

Baisre, J.A. 2000. The Cuban Spiny Lobster Fishery. Pages 135-152 in: B.F.
Phillips and J. Kittaka, (eds). Spiny Lobsters: Fisheries and Culture, 2nd
Edition. Fishing News Books, Oxford, England.

Bannerot, S.P., J.H. Ryther, and S. Griffith. 1991. Progress on assessmentof
recruitmentofpostlarvalspiny lobsters, Panulirus argus, to Antigua,West
Indies. Proceedings ofthe Gulfand Caribbean Fisheries Institute 40:482-
488.

Bannerot, S.P., J.H. Ryther, and M. Clark. 1992. Large-scale assessment of
recruitmentofpostlarvalspiny lobsters,Panulirus argus, to Antigua,West
Indies. Proceedingsofthe Gulfand Caribbean Fisheries Institute 41:471-
486.

Booth, J.D. 1989. Occurance of the puerulus stage of the rock lobster Jasus
edwardsti at the New Plymouth Power Station, New Zealand. New
ZealandJournalofMarineandFreshwaterResearch. 23:43-50.

Briones-Fourzan, P.F. and D. Gutierrez Carbonell. 1992. Postlarval recruit
ment of the spiny lobster,Panulirus argus (Latreille 1804), in Bahia de la
Ascension, Q.R. Proceedings of the Gulf and Caribbean Fisheries
Institute 41:492-507.

Briones-Fourzan, P.F. and P.S. McWilliam. 1997. Puerulus of the spiny lobster
Panulirus guttatus (Latrielle, 1804) (Palinurudae). Marine andFreshwater
Research 48(8):699-706.

Briones-Fourzan, P.F. and G. Contreras-Ortiz. 1999. Reproduction of the
spiny lobsterPanulirus guttatus (Decapoda:Palinuridae) on the Caribbean
coast ofMexico. JournalofCrustacean Biology.19:171-179.

Butler, M.J., IV and W.F. Herrnkind. 1992. Spiny lobster recruitment in south
Florida: quantitative experiments and management implications. Proceed
ingsoftheGulfand Caribbean FisheriesInstitute 41:508-515.

Butler, M.J., IV and W.F. Herrnkind. 2000. Puerulus and Juvenile Ecology.
Pages 276-301 in: B.F. Phillips and J. Kittaka, (eds.). Spiny Lobsters:
Fisheries and Culture, 2nd Edition. Fishing News Books, Oxford,
England.

Caputi, N. and R.S. Brown. 1993. The effect of the environment on the
puerulus settlement of the western rock lobster (Panulirus cygnus) in
Western Australia. Fisheries Oceanography. 2(1):1-10.

Cobb, J., J.D. Booth, and M. Clancy. 1997. Recruitment strategies in lobsters
and crabs: a comparison. Marine andFreshwater Research 48:797-806

Cowen, R.K., K.M.M. Lwiza, S. Sponaugle,C.B. Paris, and D.B. Olson. 2000.
Connectivity ofmarinepopulations: openor closed? Science 287:857-859.

Cox, C. [2004-2005]. A survey of Caribbean spiny lobster, Panulirus argus,
puerulus recruitment to Buck Island marine reserve, St. Croix, USVI,
Unpublished data.



Goldstein, J.S. GCFI:57 (2006) Page 843

Cruz, R., M.E. de Leon, E. Diaz, R. Brito, and R. Puga. 1991. Reclutamiento
de puerulus de langosta (Panulirus argus) a la plataforma Cubana. Revista
de Investigaciones Marinas 12(l-3):66-75.

Ehrhardt, N.M. 2000. The Atlantic Spiny Lobster Resources of Central
America. Pages 153-168 in: B.F. Phillips and J. Kittaka, (eds.). Spiny
Lobsters: Fisheries and Culture, 2nd Edition. Fishing News Books,
Oxford, England.

Eggleston, D.B., R.N. Lipcius, L.S. Marshall Jr., and S.G. Ratchford. 1998.
Spatiotemporal variation in postlarval recruitment of the Caribbean spiny
lobster in the central Bahamas: lunar and seasonal periodicity, spatial
coherence, and wind forcing. MarineEcology Progress Series. 174:33-49.

Food and Agriculture Organization of the United Nations. 2000. FAO Year
book ofFishery Statistics - Catches and Landings, vol 80. FAO Fisheries
Series 48, FAO Statistics Series No. 134.

Gaines, S. and. J. Roughgarden. 1985. Larval settlement rate: A leading
determinant of structure in an ecological community of the marine
intertidal zone. Proceedings of the National Academy of Sciences. 82:
3707-3711.

Goldstein, J.S. [2005]. M.S. Thesis, Old Dominion University, Unpublished.
Gutierrez-Carbonell, D., J.Simonin-Diaz, and P. Briones-Fourzan. 1992. A

simple collector for postiarvae of the spiny lobster Panulirus argus.
Proceedings ofthe Gulfand CaribbeanFisheries Institute41:516-527.

Heatwole, D.W., J.H Hunt, and B.I. Blonder. 1991. Offshore recruitment of
postlarval Looe Key Reef, Florida. Proceedings ofthe Gulfand Caribbean
Fisheries Institute 40:429:433.

Herrnkind, W.F. and M.J. Butler IV. 1986. Factors regulating postlarval
settlement and juvenile microhabitat use by spiny lobsters, Panulirus
argus. MarineEcology Progress Series 34:23-30.

Herrnkind, W.F., and M.J. Butler, IV. 1994. Settlement of spiny lobsters,
Panulirus argus in Florida: pattern without predictability. Crustaceana.
67:46-64.

Hunt, J.H.H. 2000. Status of the Fishery for Panulirusargus in Florida. Pages
189-199 in: B.F. Phillips and J. Kittaka, (eds.). Spiny Lobsters: Fisheries
and Culture, 2nd Edition. Fishing News Books, Oxford, England.

Jeffs, A.G., J.C. Montgomery, and C.T. Tindle. [2005]. How do spiny lobster
post-larvae find the coast? New ZealandJournalofMarineand Freshwa
ter Research. In press.

Katz, C.H., J.S. Cobb, and M. Spaulding. 1994. Larval behavior, hydrody-
namic transport, and potential offshore-to-inshore recruitment in the
American lobster Homarus americanus. Marine Ecology Progress Series
103:265-273.

Kittaka, J. 1994. Culture ofphyllosomas of spiny lobster and its application to
studies of larval recruitment and aquaculture. Crustaceana66:258-269.

Kojis, B.L., N.J. Quinn, and S.M. Caseau. 2003. Recent settlement trends in
Panulirus argus (Decapoda: Palinuridae) pueruli around St. Thomas, U.S.
Virgin Islands. Revistade Biologia Tropical51:17-24.

LarvalBase®. 2005. http://www.larvalbase.org.



Page 844 57th Gulf and Caribbean Fisheries Institute

Lewis, J.B., H.B. Moore, and W. Babis. 1952. The post-larval stages of the
spiny lobster Panulirus argus.BulletinofMarineScience 2:324-337.

Little, EJ. Jr. 1977. Observations on recruitment of postlarval spiny lobsters,
Panulirus argus to the south Florida coast. Florida Marine Research
Publication No. 29.

Little, E.J., Jr. and G.R. Milano. 1980. Techniques to monitor recruitment of
postlarval spiny lobster, Panulirus argus to the Florida Keys. Florida
Marine Research Publication 37.

Lyons, W.G. and J.H. Hunt. 1997. The puerulus of the spotted spiny lobster,
Panulirus guttatus (Latreille 1804) (Crustacea:Decapoda). Journal of
Marine and Freshwater Research 48(6):491-495.

Macmillan, D.L., B.F. Phillips, and J.A. Coyne. 1992. Further observations on
the antennal receptors of rock lobsters and their possible involvement in
puerulus stage navigation. MarineBehaviorandPhysiology 19:211-225.

McWilliam, P.S. 1995. Evolution in the phyllosoma and puerulus phases of
the spiny lobster Genus Panulirus White. Journal of Crustacean Biology
15(3):542-557.

Mills, D. and B. Creer. 2004. Developing a cost-effective puerulus collector
for the southern rock lobster (Jasus edwardsti) aquaculture industry.
AquaculturalEngineering 31(1-2):1-15.

Moksnes, P.O., O. Hedvall, and T. Reinwald. 2003. Settlement behavior in
shore crabs Carcinus maenus: why do postiarvae emigrate from nursery
habitats? MarineEcology Progress Series 250:215-230.

Monterrosa, D.E. 1991. Postlarval recruitment of the spiny lobster, Panulirus
argus (Latrielle) in southwestern Puerto Rico. Proceedingsofthe Gulfand
Caribbean Fisheries Institute 40:434-451.

Muller, R.G., J.H. Hunt, T.R. Matthews, and W.C. Sharp. 1997. Evaluation of
effort reduction in the Florida Keys spiny lobster, Panulirus argus, fishery
using an age structured population analysis. Journal of Marine and
Freshwater Research. 48:1045-1058.

Phillips, B.F. 1994. Design, use, and effectiveness of collectors for catching
the puerulus stage of spiny lobsters. Reviews in Fisheries Science 2
(3):255-289.

Phillips, B.F. 1995. Collectors for catching the puerulus stage of spiny
lobsters: A summary. Revista Cubana de Investigaciones Pesqueros 19
(1):33-41.

Quinn, N.J., and B.J. Kojis. 1997. Settlement variations of the spiny lobster
(Panulirus argus) on Witham collectors in Caribbean coastal waters
around St Thomas, United States Virgin Islands. Caribbean Journal of
Science 33:251-262

Quinn, N.J., B.J. Kojis, and C. Chapman. 1998. Spiny lobster (Panulirus
argus) recruitment to artificial habitats in waters off St. Thomas, United
States Virgin Islands. Proceedings of the Gulfand Caribbean Fisheries
Institute 45:759-777.

Ricelet, E. 1998. Recruitment and Culture Trials of the Caribbean spiny
lobsterPanulirusargus (Latreille, 1804) in Martinique. PhD dissertation,
University ofParis, Paris, France. 166 pp.



Goldstein, J.S. GCFI:57 (2006) Page 845

Robertson, D.N. and M.J. Butler IV. 2003. Growth and size at maturity in the
spotted spiny lobster, Panulirusguttatus. Journal of Crustacean Biology.
23:265-272.

Ryther, J.H., W.A. Lellis, S.P. Bannerot, and J.A. Chaiton. [1988]. Crab and
spiny lobster aquaculture. Part II Spiny lobster mariculture. Report
5380140.03(1), U.S. Aid Grant.

Sale, P.F. and J.P. Kritzer. 2003. Determining the extent and spatial scale of
population connectivity: decapods and coral reef fishes compared.
Fisheries Research 65:153-172.

Sharp, W. C, J. H. Hunt, and W. G. Lyons. 1997. Life history of the spotted
spiny lobster, Panulirus guttatus, an obligate reef-dweller. Journal of
Marine and Freshwater Research 48: 687-698.

Sharp, W.C, R. D. Bertelsen, and V. R. Leeworthy. [2005]. Long-term trends
in the recreational lobster fishery of Florida , United States: landings,
effort, and implications for management.New ZealandJournalofMarine
andFreshwaterResearch. In press.

Sigler, L. and A.L. Flis. 1998. Utility and features of a customized PC
Windows-based relational database for managing microbial strain data.
Journal ofIndustrialMicrobiology& Biotechnology 20:86-89.

Silberman, J.D., S.K. Sarver, and P.J. Walsh. 1994. Mitochondrial DNA
variation in seasonal cohorts of spiny lobster (Panulirus argus) postiarvae.
MolecularMarine BiologyandBiotechnology 3:165-170.

Ward, J. 1992. Patterns of settlement of spiny lobster (Panulirus argus)
postiarvae at Bermuda. Proceedingsofthe Gulfand Caribbean Fisheries
Institute 39:255-264.

Witham, R.R., R.M. Ingle, and E.A. Joyce, Jr. 1968. Physiological and
ecological studies of Panulirus argus from the St. Lucy estuary. Florida
StateBoardofConservation Technical Series53:31 pp.

Yeung, C, D.L. Jones, M.M. Criales, T.L. Jackson, and W.J. Richards. 2001.
Influence of coastal eddies and counter-currents on the influx of spiny
lobster, Panulirus argus, postiarvae into Florida Bay. Marine and
Freshwater Research 52:1217-1232.



Page 846 57th Gulf and Caribbean Fisheries Institute

BLANK PAGE



An Example of a Sustainable and Well-managed Community-
based Lobster (Panulirus argus) Fishery Within the

UNESCO Bioreserve of Sian Ka'an, Mexico

DANIEL PONCE-TAYLOR1, R.C.J. WALKER1,
R. BORGES ARCEO2, andP.S.RAINES1

1Coral Cay Conservation
13th Floor, The Tower, 125 High Street

London, SW192JG, UK
2Coop. Pescadores de Vigia Chico

Calle Orion Sur#41, Entre Gama Orientey Neptuno Oriente
Tulum, Solidaridad

Quintana Roo, Mexico

ABSTRACT

The communitybased artisanalspiny lobster (Panulirus argus)fishery has
been in operation within the Ascension Bay region of The UNESCO Sian
Ka'an Biosphere Reserve, Yucatan, Mexico, for approximately 50 years.
Fishermen are organized in a community-based cooperative, Cooperativa de
Pescadores Vigia Chico. The cooperative shows exemplary management
techniques, obtaining sustainable and constant landings within the shallow
lagoonal patch reef environment, compared with many lobster fisheries within
the Caribbean that have experienced a sharp decrease or collapsed in recent
years. Sustainability of this fishery has been achieved by establishing a sense
of stewardship in all fishermen, dividing the lagoon into individually owned
'fishing-fields'. The use of concrete lobster aggregating devices ('shades' or
'sombras') was developed from techniques used by Cuban fishermen who
fishedin the area in the 1950s. Fishermen checktheir individual shadesevery
couple of days with the use of snorkel equipment. These aggregation devices,
in combination with the shallow nature of the reef, allow fishermen to be
selective and to land full body lobsters, permitting fishermen to comply with
national and park regulations on minimum carapace size and no landing of
berried females. Seasonal restrictions also apply, allowing for the natural re
stocking of populations. Local fishermen have been developing alternative
livelihood strategies, such as eco-tourism, in order to maintain the long-term
sustainabilityof the lobster fishery. Future plans include the introduction ofan
eco-labelling programme in order to promote sustainable practices and to be
able to target specific market niches.

KEY WORDS: Panulirus argus, reef fishery, lobster aggregationdevices
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Un Ejemplo de Pesqueria Local de Langosta (Panulirus
argus) Sostenible y Bien Manejada en la Reserva de la

Biosfera UNESCO de Sian Ka'an, Mexico

La pesqueria local artesanal de langosta espinosa (Panulirus argus) en la
Bahia de la Ascensidn, Reserva UNESCO de la Biosfera de Sian Ka'an,
Yucatan, Mexico, ha estado en funcionamiento durante aproximadamente 50
anos. Los Pescadores estan organizados en una cooperativa en la comunidad,
Cooperativa de Pescadores Vigia Chico. La Cooperativa demuestra tener
tecnicasde manejoejemplares, obteniendo capturas constantes y sostenibles en
el arrecife lagunal parcheado de la Bahia, contrastando con muchas pesqueras
de langostas del Caribe que han experimentado bruscos descensos o colapsos
en recientes anos. La sostenibilidad de esta pesqueria a sido conseguida
mediante el establecimiento de un sentimiento de propiedad en todos los
Pescadores, dividiendo la laguna en 'campos de pesca' individualmente
poseidos por Pescadores. El uso de mecanismos de agregaci6n de langosta en
hormigdn ('sombras') fue desarrollado a partir de tecnicas utilizadas por
Pescadores Cubanos que pescaban en el area en los '50. Los Pescadores
revisan sus sombras cada par de dias usando equipo de esnorquel. Estos
mecanismos de agregaci6n, juntocon la naturaleza pocoprofunda del arrecife,
permiten a los Pescadores ser selectivos y pescar langostas enteras, ayudando
asi al cumplimiento de regulaciones nacionales y del parque en talla minima
del caparazon y en la prohibici6n de pesca de hembras con bayas. Vedas
temporales tambien estan emplazadas para asegurar el abastecimiento natural
de las poblaciones. Para asegurar la sostenibilidad a largo plazo de esta
industria, la comunidad local ha desarrollado estrategias alternativas de
sustento, como por ejemplo ecoturismo. Entre otros, se pretende introducir en
el futuro un programa de etiquetado ecol6gico para promover practicas
sostenibles y podercompetir en posiciones concretas del mercado de ventade
langosta.

PALABRAS CLAVES: Panulirus argus, Cooperativa Pescadores Vigia
Chico, SianKa'an, pescaen arrecife, pescasostenible, mecanismos de
agregaci6n de langostas

INTRODUCTION

Fisheries are an important resource on coral reefs, particularly in the
developing world. Grinding poverty characterizes most fishing villages in
Latin America. The fisher's poverty is normally directly caused by the
widespread degradation of marine andcoastal resources (Roberts 2000), an all
too commonfete of sharedor openaccessresources. Ifopen-access conditions
are allowed, resources will often become depletedwith the inevitable fall of
economical return (Harding 1968). Theimportance of putting in placebottom-
up approaches when managing community based fisheries hasbeenstressed by
Roberts (2000). It is nowaccepted that if effective resource management is to
be achieved, government and community must share authority on decision
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making. This concept is now known as community-based fishery management
(Hotta 1997). This paper describes in detail how one community-based fishery
in southern Mexico has organised itself into a cooperative, and has successfully
and sustainably managed its resources for approximately 50 years.

Cooperativa Pescadores Vigia Chico (PVC) is a community run lobster
(Panulirus argus) fishing cooperative based in the village of Punta Allen
within the The Sian Ka'an UNESCO Biosphere Reserve (Figure 1). The
reserve is located between 19°05'20-20°06'N and 87°30'-87°58'W, on the east
coast of the Yucatan Peninsula, Quintana Roo, and was declared a Biosphere
Reserve in 1986 and inscribed as a World Heritage Site in 1987 (Salvat et al.
2002). The reserve covers approximately 6,808 km2 and is Mexico's third
largest protected area. Sian Ka'an is described as the largest effective nature
reserve in Mexico and protects one of the most pristine expanses of wetland in
Mesoamerica (Salvat et al. 2002).

Sian Ka'an follows the concept of a Biosphere Reserve, in which the goals
of preserving the flora, fauna and ecosystems are integrated with the needs of
the local inhabitants. Conservation is not conceived of as prohibiting use, but
rather as the rational and long-term sustainable use of resources. Approximate
ly 1,000 people live in the reserve, in either small family ranches along the
coast or in the reserve's two fishing settlements, Punta Allen and Punta
Herrero. At present, the main economic activities are fishing for lobster and
finfish within the area of Ascension Bay, and small-scale agriculture and
ranching (CIQRO 1983).

Figure 1. UNESCO Sain Ka'an Biosphere Resurve, Quintana Roo, Mexico
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THE HISTORY AND DEVELOPMENT OF THE FISHERY

Ascensi6n Bay is an open and shallow bay (Walker et al. 2004), of
approximately 740 km2 in area. The Bay supports a Caribbean spiny lobster
(P. argus) fishery. This species is highly prized by fisheries throughout the
Caribbean, and as a result, they are fished intensively wherever they are
abundant (Lozano-Alvarez 1996). The P.argus fishery of Ascension Bay has
attracted international interest due to the fishery's productivity and excellent
sustainable management techniques (Sosa-Cordero 1995).

This community-based fishery has been in operation for approximately 50
years. Lobster fishing in this area originated as a result of Cuban fishers
travelling to exploit the Bay (A. Pereira Pers. comm.). After realizing the
potential, local inhabitants of Punta Allen began exploiting P. argus in a
similar way. The fishers developed a community-based cooperative (PVC)
founded in 1968 (A. Pereira Pers comm.) as a result of approximately 15 local
fishers partitioning the bay into 'fields' or 'campos'. The fields were allocated
on a first come - first served basis until PVC gained approximately 50
members. The limits of the fields were established by general agreement using
underwater topography as natural markers (Sosa-Cordero and Ramirez-
Gonzalez 1993). PVC employs aggregating devices ('shades' or 'sombras') to
attract lobsters to certain areas within the fields. The use of concrete lobster
aggregating devices was developed from techniques used by the pioneering
Cubanfishermen in the 1950s. Originally, FloridaThatchPalm or 'chit' palm
(Trinax radiata) trunks were used to build very simple square shaped aggregat
ing devicesor 'sombra de chit' (Figure2). However, after the Representative
Council banned the harvest of the palm due to the decrease on their population
and the lack of knowledge on the sustainability of this practice in 1966, the
design and materials used to construct the aggregating devices was altered
(Bezauryet al. 1998)to the new concrete design. In order to avoid confusion
and potentialproblems,a 25 meterwide band from the edge of the field's limit
is not used when deploying lobster aggregating devices. Thus the 50 meter
wide strip avoidsownership problems, and eachaggregating device is uniquely
inscribed, displaying ownership. This division of the bay permits even
distribution of the fishing effort, making every member aware of the fishing
geographical limits of their fishing activities.

The Bay, a predominantly shallowlagoonal and patch reef environment, is
currently divided into 85 fields (Table 1 and Figure 3). Each field is for the
exclusive use of its owner, although fishers that do not have their own fields
can work for those who do, with benefits divided using the following the
formula: Total captures /number of fishers +1, with the owner receiving the
extra fishers catch to account for maintenance and other expenses. Poaching
outside of a field is considered a serious offence (Actas y Bases 1995). If a
boat is found to be fishing in some else's field, the fisher/s are expelled from
the PVC and their engine confiscated (A. Pereira, Per. comms). Fishers are
allowed to inquire as to the intentions of any boat entering their field (Sosa-
Cordero and Ramirez-Gonzalez 1993).
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Figure 2. Traditional palm tree aggregating device or 'sombra de chit' (right)
and present concrete lobster aggregating devices (right) (from Borges-Arceo
1999)

Table 1. Coop Vigia Chico general statistics adapted from Borges-Arceo,
1999

Number of Fishers/Members

Number of fishers owning fields

Number of fields

Number of boats

78

52

85

35

FISHING TECHNIQUES
The new design and materials used in the construction of aggregating

devices was developed by a series of 'trial-and-error' experiments (A. Pereira
Pers. comm., Borges-Arceo 2001). The first designs used concrete as the main
component, although at present most fishers use a combination of concrete and
steel reinforcement (Figure 2). The decision on what material to use will
depend on the targeted substratum, whether that might be sandy bottom or
hardersubstratum closerto the reef. A typical aggregating device will be 1.5x
1.5 m (Sosa-Cordero and Ramirez-Gonzalez 1993). The cost of building these
devices is covered by the fishers, with national government help distributed by
PVC. To date, PVC have been able to re-pay these 'loans' within the stipu
lated dates, and thus not incurring in any extra charges that would diminish the
member's confidence in the organisation. This changereflects the willingness
of PVC to collaborate and agree with the reserve managers — La Comision
Nacional de Areas Naturales Protegidas.
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Figure 3. G1S of Ascension Bay with PVC's 85 fishing fields marked.

Fishers check their individual aggregating devices every 7 to 10 days with
snorkel gear, although in certain periods, for example the beginning of the
season and during high winds, the aggregating devices are checked more
regularly. Fishers use a small net to extract lobster from the aggregating
devices. This technique was developed after the original 'hook' was provedto
be economically and ecologically non-viable. The hook technique used to
damage, sometimes lethally, a high number of juvenile lobsters. By using a
small net, fishers can be selective, both in size and reproductive stage of the
females, thus complying with the reserve regulations. Typically, aggregating
devices arc deployed within areas of 3 to 7 m depth, althougha small fraction
are located at depths of 8 to 12 metres. Aggregation devices and the use of
nets, in combination with the shallow nature of the reef, allow fishers to be
selective and to land live lobsters, permitting fishers to comply with national
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and reserve regulations on minimum carapace size and no landing of berried
females.

The effectiveness of the aggregating devices has been the subject ofmany
studies (Sosa-Cordero and Ramirez-Gonzalez 1993, Borges-Arceo 1999,
Eggleston et al. 1990). It is obvious that aggregating devices will concentrate
lobsters and thus make harvesting more effective. However, this can have a
negative effect on the regional lobster population. PVC has identified areas of
high productivity within the bay, targeting them by locating aggregating
devices. The density of these deviceswithin one field depends entirely on the
owner, although experience has shown that even in the most device-populated
fields the minimum distance between aggregating devices is 25 m (Sosa-
Cordero and Ramirez-Gonzalez 1993). Conversely, to avoid overexploitation,
fishers are also targeting areas of less productivity, in order to dissipate the
fishing pressure (Sosa-Cordero and Ramirez-Gonzalez 1993).

The use of aggregating devices allows a better organization and schedul
ing of fishing activity. Checking each individual aggregating devices for
lobsters and maintenance work can both be planned depending on weather
conditions and past landings, thus maximizing time, fishing efficiency, and
costs. Studies have reported this fishing technique is one of the most efficient
and lucrative for small-scale fisheries (Sosa-Cordero and Ramirez-Gonzalez
1993).

MANAGEMENT TECHNIQUES
PVC has adopted very strict fishing restrictions following national and

reserve regulations, in some cases even stressing restrictions that go beyond
those legally required. Decisions such as those show the deep commitmentof
the PVC members anddirectors to sustainable development of the industryand
to eradicating activities and fishing methods that could harm the local marine
ecosystemand stocks. Despite lobster aggregatingdevices located within the
shallow lagoonal patch reefs, only approximately 5% of the annual landings
comedirectly from reef-dwelling lobsters (Borges-Arceo 2001). The strategic
location of the aggregating devices allows for reef dwelling individuals to
restock regional populations.

Fishing by SCUBA gear is not allowed under PVC rules and reserve
regulations. The shallow nature of the bay means that the use of SCUBA has
gear never really been considered, with many fishers stating that the use of
SCUBA gear would not be cost effective, thus making it much easier to
regulateits use (A. PereiraPers. comm.). Seasonal restrictions apply, allowing
for the natural restocking of populations. The fishery is active from the 1st of
July to the last day of February. The fishery only harvests individuals with a
minimumcarapacelength(MCL)of 13.5cm. PVC will not accept any lobster
smaller than this, discouraging fishers to harvest them and allowing juvenile
lobsters to reach reproductive age. It has been observed that 30 - 40% of the
lobsters found within these devices are smaller than the MCL (Sosa-Cordero
and Ramirez-Gonzalez 1993), so the non-destructive harvesting techniques
ensure there is no bycatch ofundersized individuals.
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Berried females are not to be landed by fishers and are not accepted by
PVC. This measure,not widely followed in the rest of the Caribbean,together
with the MCL allows natural re-stocking of lobster populations. Fishers are
very aware of the damage caused by poor and non-sustainable practices (A.
Pereira Pers. comm.), thus becoming very protectiveof their resource.

YIELD OF THE FISHERY

Responsible management has ensured local fishers have maintained
landingsin the region80,000- 125,000 kg per annum(Figure4) between 1989
and 2003. Landings have increased every year with only the most ruthless
hurricanes effecting catch levels (Gonzalez-Cano Publication date unknown)
Presently, the fisheryprovides enoughfinancial resource for the local popula
tion to overcome the closed season (A. Pereira Pers. comm.).

DISCUSSION

In 2000, almost 36,000 metric tonnes of lobster species were exported
from the Caribbean and west central Pacific (FAO 2002) indicating the
valuable resource potential of the species. A biodiversity surveyof Ascensi6n
Baygoes some wayto demonstrating thesustainability of the fishery. Twelve
sites within the bay were surveyed with results showing that abundance of P.
argus were higher than the regional mean for the wider Caribbean (Hodgon
and Lebeler 2002) across eightof the 12 sites (Walker et al 2004). Hodgon
and Lebeler (2002) state that 49% of surveyed reefs in the Caribbean are
completely devoid of records for P. argus. Indeed, the study collected data
that allowed the comparison of key species assemblages within the bay with
other comparable sites within the same biogeographic region. Analysis of
these data has shownthat the statusof the ecosystem within the AcensionBay
can be considered to be superior to many other comparable sites in terms of
species richness and diversity (Hodgson andLiebler 2002). This suggests the
fisheryis havinga minimalimpacton the local environment.

The well managed structure and sustainable ideals that drive the PVC are
well documented (Borges-Arceo 1999, Borges-Arceo 2001, Alvarez 2003).
However, the effectiveness of this fishery has not been as well researched,
although there is a belief amongst the fishers that there fishery is far more
effective than similar fisheries exploiting the same species elsewhere in the
region. It is clear that if it were to be concluded that the PVC is of higher
effectiveness that other similar fisheries, the well managed structure and
conservation vision would have played major roles. Small-scale community
basedfisheries management has become very critical during the past decade,
and poses an extraordinary challenge both for local communities and govern
ments. Small-scale fisheries are highly difficult to manage, and if open-access
conditions are allowed, resources will become depleted with the inevitable fall
of economical return (Harding 1996). The focus has moved to the opposite
end of the spectrum; instead of the dated approach of 'protecting ecosystems
from people', many successes have been achieved through 'protecting
ecosystemsby people and for people.'
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Figure 4. Annual landings of spiny lobster, Panulirus argus, from the Coopera-
tiva Pescadores Vigia Chico. (adapted from Borges-Arceo 1999).
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The custodial empowermentof the very stakeholderswho were once seen
as being the problem has lead to an increasing number of self-regulating
community-based programmes being implemented. Projects such as the Apo
Island Marine Sanctuary in Negros Oriental, Philippines (Russ and Alcada
1996),have proven that communities that are activestakeholders and decision
makers in the management of their ownresources can succeedin findingways
to sustainably exploit those resources for their own benefit This kind of
stewardship system creates 'ownership' of the resource, tackling the 'tragedy
ofthe commons' at the heart ofthe issue (Hardin 1968).

What makes the community-managed lobsterfisheryofPVC ofparticular
interest is that it was the community itself which instigated such a
'stewardship' approach to their fishery, without the external influence of
conservation ecologists. What is of further note is that the cooperative was set
up half a century ago, when ecology was a fledgling science and had yet to
learn the lessons that would ultimately lead it to endorse the self-imposed
strategy of these fishers. The cooperative shows exemplary management
techniques, obtaining sustainable and constant landings, compared with many
lobster fisheries within the Caribbean that have experienced a sharp decrease
or collapsed in recentyears (FAO2002). The members of PVC have recently
had the foresight to try and establish alternitive livelihoods within the bay in
the form of catch and release flyfishing and snorkel tours. This is to releave
their sole dependency on the fishery as a sourse of income. Sustainability of
mis fishery has been achieved by establishing a sense of stewardship in all
fishers, dividing the lagoon into individually managed 'fishing-fields' for
which each steward is individually responsible. Plans are being implimented
for the introduction of an eco-labelling programin order to promote sustaina
ble practices and to be able to targetspecific market niches. Furthermore, the
development of a 'cooperative' approach to the exploitation of the resource
encourages 'good practice' amongst the fishers of the community, and
stigmatizes misuse of the resource as beingsocially unacceptable.

The lesson to be learned from the interpretation of the data presented
herein is that even vulnerable and exploited marine ecosystems can be
sustainably managed by the communities whoexploitthemif the community is
empowered to makethe decisions which willaffect theircontinued livelihood.
It is, of course, a prerequisite that the community mustbe educated enough to
make appropriate decisions in this regard, whether this 'education' is academic
or learnedthroughexperience. It is hopedthat other communities may be able
to learn from the experienceofthe fishersAsceni6n Bay.

LITERATURE CITED

Actas y bases constitutivas de la Soc. 1995. Cooperativa de Produccion
Pesquera Pescadoresde Vigia Chico. S.C.L. 12 pp.

Alvarez, 0.2003. Community-basedcoastal resource management and marine
biodiversity conservation: Lesson from PuntaAllen,SianKa'an Biosphere
Reserve. 2nd International Tropical Marine Ecosystems Management
Symposium (ITMEMS 2). Manila, Philippines. March24 - 27,2003.



Ponce-Taylor, D.J. et al. GCFI:57 (2006) Page 857

Bezaury, J.C, CL. Santos, J. McCann, C Molina Islas, J. Carranza, P.
Rubinoff, G. Townsend, D. Robadue, and L. Hale. 1998. Participatory
Coastal and Marine Management in Quintana Roo, Mexico. Pages 163-
171 in: First International 'Tropical Marine Ecosystems Management
Symposium (LTMEMS) Proceeding, Townsville, Australia, November 23-
26. Great Barrier Reef Authority. Townsville, Australia.

Borges-Arceo, R.D. 1999. Organizacidn pesquera para la captura de langosta
Panuliris argus. Soc. Coop. Percadores de Vigia Chico, SCL, Bahia de la
Ascension, Quintana Roo, Mexico. BS Thesis. Instituto Tecnol6gico de
Chetumal, Chetumal, Mexico. 39 pp.

Borges-Arceo, R.D. [2001]. Iniciativas hacia la sustentabilidad de la pesqueria
de langosta en la reserva de la biosfera de Sian Ka'an, mediante pruebas
estructurales y el empleo de nuevos materiales para la construccion de los
refugios artificiales de menor impacto al ambiente. Programa de las
Naciones Unidas para el Desarrollo.Unpubl. MS. 17 pp.

CIQRO. 1983. Sian Ka'an, Estudios Preliminares de una zona en Quintana
Roo propuesta como Reserva de la Biosfera. Centro de Investigaciones de
Quintana Roo, A.C., Puerto Morelos, Mexico.

Eggleston, D.B., R.N. Lipcius, D.L. Millar, and L. Coba-Cetina. 1990. Shelter
scaling regulates survival of juvenile Caribbean spiny lobster Panulirus
argus. Marine Ecology Progress Series 62:79-88.

FAO (2002). FAO STAT. World Wide Web electronic publication, http://
apps.fao.org/fisherv/fbrodl-e.htm

Gonzalez-Cano, J. [Publication not known]. Impacto del huracan Roxana en la
pesqueria de langosta en las bahias de la Reserva de la Biofera de Sian
Ka'an, Quintana Roo, Mexico.

Hardin, G. 1968. The Tragedy of the Commons. Science 162:1243-1248.
Hodgson, G. And J. Liebeler. 2002. The GlobalCoralReef Crisis: Trends and

Solutions, 5 Years ofReef Check. ISBN 0-9723051-0-6.
Hotta, M. 1997. Smart partnerships for sustainability in thefishing industry.

http://www.spc.org.nc/.
Lozano-Alvarez, E. 1996. Ongrowing of juvenile spiny lobsters, Panilurus

argus (Latreille, 1804) (Decapoda, Palinuridae), in portable sea enclosu
res. Crustaceana 69(8):958-973.

Roberts CM. 2000. Selecting marine reserves locations: optimality versus
opportunism.Bulletin ofMarine Science66(3) 581-592.

Russ, G.R. and A.C. Alcala. 1996. Do marine reserves export adult fish
biomass? Evidence form Apo Island, central Philippines. Marine Ecology
Progress Series 132: 1-9

Salvat, B., J. Haapyla and M. Schrimm. 2002. Coral reefprotected areas in
international instruments: World Heritage Convention, World Network of
Biosphere reserves, Ramsar Co«ve«ft"o«,.CRIOBE-EPHE, Moorea,
Polynesie francaise.

Sosa-Cordero, E., 1995. Evaluaci6n del impacto del huracan Gilberto en la
pesqueria de langosta de Bahia de la Ascensidn, Reserva de la Biosfera
Sian Ka'an, Quintana Roo. Sian Ka 'anSerie Documento 4:55-60.



Page 858 57th Gulf and Caribbean Fisheries Institute

Walker, R.C.J. J. Taylor, H. Waska, D.P. Ponce-Taylor, B. Vause, J. Comley,
and P.S. Raines. 2004. The Sian Ka'an coral reef conservation project:
final report - Mexico 2003. Report Submitted to La Comision Nacional
deAreas Naturales Protegidas. 94pp.



A Preliminary Assessment of the Efficacy of a
Chlorine Bleach Detection Method for use in

Spiny Lobster (Panulirus argus) Fisheries

DAVID T.WILSON1, DUNCAN VAUGHAN2, SHAUN K.WILSON3,
CARRIE N. SIMON1, andKATHY LOCKHART4

'The SchoolforField Studies (SFS)
Centerfor MarineResourceStudies(CMRS)

10 Federal St, Suite 24
Salem, Massachusetts 01970-3876 USA
2Eastern SeaFisheriesJoint Committee

6 NorthLynn Business Village
Bergen Way, King's Lynn

Norfolk, PE30 2JG, United Kingdom
3Marine Science and Technology

RidleyBuilding, University ofNewcastle,
Newcastle upon Tyne, NEI 7RU, United Kingdom

4Department ofEnvironment and Coastal Resources (DECR)
South Caicos, Turks and Caicos

ABSTRACT

The destructiveand illegal practice of using chemicals (bleach, dishwash
ing liquid, gasoline) to catch spiny lobster (Panulirus argus) is thought to be
common throughout much of the Bahamian Archipelago. Injection of a
chemical irritant into a lobster den will result in either a rapid escape response
or a subduing effect, bothof which make it easierto capture spiny lobster. We
used laboratory trials to determine the efficacy of a Starch-Iodide swab
technique, previously developed for the detection of bleach usage in the
American lobster (Homarus americanus) fishery, on P. argus. Tests were
conducted on male and female spiny lobsters of varying sizes (juvenile, sub
adult and adult), each of which were swabbed for the presence of test chemi
cals on their exoskeleton at varying intervals before and after exposure. All
lobsters exposed to bleach tested positive immediately following exposure and
for varying periods thereafter. No false positives were detected on control
lobsters. The length of time that the chemical remained detectable on the
exoskeleton varied, some individuals testing positive 12 hours after exposure.
This swab technique will provide fisheries enforcement officers with a
powerful tool to reduce or eliminate the illegal use of bleach for harvesting
lobster throughout the Turks and Caicos Islands, Bahamas, and wider Carib
bean.

KEY WORDS: Chlorine bleach, illegal fishing techniques, Panulirus argus
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La Validaci6n de una Tecnica de AIgod6n de Almid6n-
Yoduro para Discernir el uso de Sustancias Quimicas

Ilegales en los Turcos e Islas de Caicos Langosta
con Puas (Panulirus argus) Pesqueria

La practica destructiva y a menudo ilegal de utilizar sustancias quimicas
(decolorante, dishwashing liquido, la gasolina) agarrar langosta con puas
(Panulirus argus) es considerado comun a traves de mucho del Caribe. La
inyeccion deuna substancia irritante quimica enunaguarida de langosta tendra
como resultado o una respuesta rapida del escape o un efecto que druegan,
ambos de que lo hacen mas facil de capturar langosta con puas. Utilizamos
tanto losensayos del laboratorio como el campo paradeterminar la eficacia de
una tecnica de algodon de almidon-yoduro, previamente desarrollado para el
descubrimiento del uso de decolorante en la langosta Americana (Homarus
americanus) pesqueria, enP. argus. Laspruebas se realizaron en el joven,sub
el adulto y el adulto, langostas masculinas y femeninas con puas, cadauno de
que fueron limpiados para la presencia de sustancias quimicas de prueba en su
dermatoesqueleto en variar intervalos antes de y despues de la exposicion.
Toda langosta expuso de blanquear probado positivo siguiendo inmediata-
mente la exposicion, mientras no falso positivo siendo discernidos en langostas
de control. El plazo de tiempo que la sustancia quimica se quedo perceptible
en el dermatoesqueleto variado, algunos individuos que prueban positivas
muchas horas despues de la exposicion. Esta tecnica dealgod6n proporcionara
pesquerias oficiales de aplicacion con un mstrumento poderoso reducir o
eliminar el uso ilegal de sustancias quimicas para cosechar langosta a traves
del Caribe.

PALABRES CLAVES: Langosta, Panulirus argus, decolorante, tecnica de
algodon de almidon-yoduro, Islasde Turks & Caicos

INTRODUCTION

In April 2002, the School for Field Studies (SFS) and the Turks and
Caicos Islands (TCI) Government, Department of Environment and Coastal
Resources (DECR), who are the regulatory and enforcement authority for the
environment, entered into a Memorandum of Understanding concerning
cooperation inthe conduct ofresearch and data sharing ontopics including, but
notlimited to spiny lobsters (Panulirus argus). The spiny lobster fishery in the
TCI is the most valuable marine export product to the economy each year.
Locally at South Caicos, where SFS operates a teaching and research center
(Center for Marine Resource Studies - CMRS), marine resource harvesting
(e.g. conch, lobster) is the principle component of the economy and employ
ment, and in combination with fisheries from the other islands of the TCI,
contributes approximately 2.4% of theTCIs GDP (2000 estimate).

Lobster fishing is only permitted from August 1st to March 31st. During
the closed season, no lobster can be exported or served in local restaurants.
Minimum carapace length for harvested lobster is 3W (83 mm) (Fishery
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Protection Ordinance 1998). In 1992, 1,312,795 lbs of lobster were landed in
the TCI, however, this was soon followed by a dramatic decline in catches to a
low ofjust 398,909 lbs in 1996. Since then, catches have remained relatively
stable at around 550,000 lbs per year (Figure 1) with Catch Per Unit Effort
(CPUE) also remaining relatively stable (DECR Unpublished data).

3
o

Year

Figure 1. Spiny Lobster catches in the TCI from 1957 to 2004 (source: DECR
landing data).

There is no harvest quotafor spinylobster, thus local stocksare subject to
intensive fishingpressureduring the open season. Spiny lobstersare harvested
predominantly by "free diving" (i.e.without underwater breathing support- the
use of SCUBA for fishing purposes is illegal) with the remainder beingcaught
with traps. Free diving is in itself a form of effort limitation on the rate and
quantity of harvesting, due to the depths that the divers can achieve. Free
divers fishing for lobsters currently utilize several illegal fishing methods, most
notably "the hook"(a large fishing hookfixed to the end of a 3 - 5 ft fiberglass
rod)andhousehold bleach, or liquid detergent sometimes mixed withgasoline,
to force spiny lobsters from their dens (Clerveaux and Vaughan 2001, Rudd
2003). Chlorine bleach injected into lobster dens has a 'subduing' effect,
making them easier to catch. As a side-effect of this form of fishing, the
surrounding habitat is quickly destroyed and algal blooms follow (Campbell
1977). Specifically, corals and other organisms are killed by the bleach, with
fleshy and turf algae rapidly recolonizing the area, thereby making the
recolonization by corals andotherorganisms difficult and slow. Thisprocess,
known as a coral-algal phase shift (Hughes 1994), can be accelerated when
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noxious chemicals or other pollutants are discharged into coral reef environ
ments (McManuset al. 2000). The DECR is currentlylooking to eliminate the
use of the hook, implement a harvest quota, and develop additional/further
techniques to detect the use of illegal chemicals in the fishery.

The use of noxious substances to capture marine fishery products is
prevalent in many fisheries around the world. Cyanide is the most common,
with fisherman in the aquariumtrade using cyanide to stun ornamentalfish for
collection (Barber and Pratt 1998, Halim 2002, Mak et al. 2005). Chlorine
bleach has also been employedwidely, with uses ranging from the strippingof
eggs from berried (egg-bearing) females in the Maine rock lobster (Homarus
americanus) fishery (Austin 1995, Cogger and Bayer 1996, Lobster Institute
1997, Heckmann et al. 2000), to its use as a subduing agent in both reef fish
and crustacean (spiny lobster) fisheries in the Bahamas (Campbell 1977) and
the TCI (Lang et al. 1998, Clerveaux and Vaughan 2001, Rudd 2003, Tewfik
and Bene 2004). The deleterious effects of chlorine bleach on marine organ
isms are well documented (Carpenter et al. 1972, Campbell 1977, Lehtinen et
al. 1988, Rosemarin 1994),with effects ranging from decreased productivity to
partial or total community mortality (Campbell 1977).

In the Maine lobster fishery, ovigerous (berried) lobsters are taken by
fisherman, and the eggs are subsequently removed by dipping the tails into a
seawater and bleach solution. Bleach solutions frequently exceed 20%
concentrations and result in the complete removal of eggs in less than two
minutes (Cogger and Bayer 1996), quicker at higher concentrations. To
combat this illegal technique, researchers developed two techniques to detect
the use of bleach. Firstly, Cogger and Bayer (1996)developed a microscopic
examination technique, where chemical scrubbing of berried lobster using
bleach was detectable from the damaged caused to the plumose setal hairs on
the lobstertail. However, this technique requiredthe removal of the swimmer-
ets for microscopic evaluation, thereby causing physical damage to the lobster
(Lobster Institute 1997). An alternative and less invasive technique developed
by Heckman et al. (2000), involved the use of a simple swab test, that com
bined two chemicals (Potassium Iodide and a Starch Indicator Solution) to
detect the use of concentrated (20% or greater solutions) chlorine bleach
(5.25% NaOCL) on lobster.

The Turks and Caicos Islandsspiny lobsterfishery is plaguedwith similar
problems as those in the Bahamas andother areas throughout theworld where
chlorine bleach is readilyavailable. In recognition of this fact, in March2004,
the DECR requested that the SFS-CMRS carry out a research program
designed to develop a portable testkit for the detection of noxious chemicals
such ashousehold bleach (e.g. Clorox™) inthe TCI fishery, thereby providing
the DECR with an effective enforcement tool. Following the request from the
DECR,we embarked upon a seriesof laboratory experiments to developsuch a
kit. Specifically, weaimed to determine theefficacy of theStarch-Iodide swab
technique developed by Heckman et al. (2000), to detect bleach use on P.
argus in a controlled laboratory environment.
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METHODS

Study Site
The efficacy of a Starch-Iodide swab technique was tested in a laboratory

environment at South Caicos, T.C.I. (Figure 2), from August through Novem
ber 2004.
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Figure 2. Location of the Turks and Caicos Islands at the southern end of the
Bahamian Archipelago.

Starch-Iodide Swab Technique
Rather than starting from scratch, we chose to use a Starch-Iodide based,

chlorine bleach detection method developed for the Maine rock lobster
(Homarus americanus) fishery by Heckman et al. (2000), on spiny lobster
(Panulirus argus) from the T.C.I. fishery. The swab test consisted of two
primary chemicals (Potassium Iodide and a Starch-Indicator). The Potassium
Iodide crystal (SpectrumChemical® code #P1335-10) was prepared as a 0.1%
solution prepared in distilled water. The Starch-Indicator solution (Fisher
Scientific® code #SS408) was used in its manufactured concentration.

The Efficacy of the Starch-Iodide Swab Technique in a Controlled
Laboratory Environment

Using the aquarium facilities located at the Department of Environment
and Coastal Resources (DECR) South Caicos base, five raceways measuring 3
x 0.5 x 0.5 m (length x width x depth)were used in the experimental manipula
tions. Four of the raceways were used as replicate treatments with the fifth
raceway as the control (Figure 3).
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Water in

Water out

Figure 3. Experimental aquariaand layout for the bleach detection experiments
in the laboratory. Each raceway had a single lobster of known size and sex for
each trial. .

The laboratory trials were repeated five times for female lobsters (n = 25)
and five times for male lobsters (n = 25). Lobstersfor experimental trials were
collected using industry standard lobster traps to minimize potential injury to,
andensure noprevious exposure tobleach. Prior toeach trial thewater ineach
raceway was tested for the presence ofbleach using a standard chlorine test kit.
In all cases the testproduced a negative result. Five lobsters were then taken
from a main holding tank and were swab tested for thepresence of bleach. If
negative (all were negative), each lobster was measured to the nearest mm
carapace length, sexed, then placed into a separate raceway. This gave four
treatment raceways andone control foreach trial (n = 5). Water flow wasthen
turned off and 40 ml ofhousehold bleach was added to each experimental tank
using two 20mlsyringes (40 ml) (not the control) and left in situ fora period
of approximately 60 seconds. Lobsters were then removed from all raceways
and placed in separate holding baskets. The lobsters were then swab tested
using the Starch-Iodide solution (including thecontrol) to test for thepresence
of bleach and the result recorded as either a "+" or "-". A positive result
occurred whenthe white swabs turned purple afterbeingrubbed on the bleach
exposed exoskeleton of a lobster. Lobsters were placed back into their
separate holding baskets for further swab tests tobecarried out at2,4, 6,8,10,
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12 and 14 hrs after initial testing. At the end of each trial, the raceways were
drained, flushed with fresh seawater, and left to dry until the next morning.
Prior to the next trial, the raceway was flushed again and filled with seawater.
The experiment was repeated using the protocol described above.

Analysis of bleach detectability between male and female spiny lobsters
was conducted using a t-test. A logistic curve (Non-linear regression) was then
used to determine the predictability of lobster testing positive to bleach at
intervals post-exposure.

RESULTS

Trials produced clear results with all lobster that were exposed to bleach
testing positive using the swab technique immediately after exposure with no
false positives. The percentage of male and female lobster that remained
positive (two hourly swabs) slowly declined with time (Table 1). The
comparison of test efficacy between male and female lobsters showed no
significant difference between sexes (p = 0.92). Both results for male and
female lobsters were then combined as a total percentage testingpositivepost
exposure to bleach (Table 1). The logistic curve analysis of the combined data
shows that the detectability of bleach on lobster slowly decreases over time
(Figure 4).

Table 1. Laboratory swab test results on male and female spiny lobsters over
time, from exposure to bleach (0 to 14 hrs). Expressed as a percentage that
test positive. T-test indicated that there were no differences between male
and female lobsters (p = 0.92. n = 40).

Sex Time (hours)

0 2 4 6 8 10 12 14

Male % 100 100 95 64 41 14 5 0

Female % 100 95 82 64 45 14 0 0

Total % 100 98 89 64 43 14 2 0

Independent Validation
To further validate the swab technique using a semi-independent tech

nique, three officers from the Department of Environment and Coastal
Resources (DECR)were given a blind test using the swab technique. For the
validation, lobsters wentthrough the same exposure and non-exposure regime
as described previously. The DECR officers then tested ten experimental
lobsters for the presence or absence of bleach four hours after the initial
treatment. The swab tests by the DECR officers correctly identified all
bleachedand unbleachedlobsters(n = 10) (Table 2).
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Figure 4. Predictive logistic curve applied to the total percentage data from
Tablel .

DISCUSSION

The Starch-Iodide swab test described in this study proved to be an
effective tool for detecting the presence of chlorine bleachin laboratory treated
spiny lobster. Themost important aspect of the swab test, is that it is consis
tent andeasily interpreted (white swabs turn purple when rubbed on thebleach
exposed exoskeleton), and is 100% accurate with no false positive results. In
addition, the test does not cause any physical damage to the lobster (e.g.
removal of pleopods for laboratory analysis), is fast and extremely accurate.
The chemicals that form the test are also non-toxic (Potassium Iodide and
Starch Indicator) and have been approved for food and drug use by the U.S.
Foodand DrugAdministration (F.D.A. 2005). As such, the swabtest posesno
threatto the integrity of the fishery product for human consumption (Heckman
et al. 2000).

A typical days fishing for spiny lobster in theTCIis less thaneighthours
(Pers. obs.). This involves departing thedocks around 7:00 am, followed by a
30-60 minute boat ride to the desired fishing grounds. The days fishing
usually lasts approximately eight hours, with fisherman returning to the
landing docks from 3 - 5 pm. Thus, from the time fisherman arrive at the
fishing ground andbegin fishing (around 8:00 am) until they land their catch
back inport, is approximately 7-9 hours. Asshown inthe laboratory trials for
the bleach detection kits, ~50% of bleach exposed lobster tested positive up
until eight hours after exposure. After thistime, bleach detectability declined
rapidly until 14 hours after exposure when no lobsters tested positive.
Therefore, given that the average days fishing is less than eight hours, the
likelihood of detecting bleach use by swabbing lobster at the landing docks is
extremely high. However, before the bleach detection swab test can beused as
a fishery management tool, it will need to be tested thoroughly in field
validations.
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If successful in field trials, we would recommend the bleach test kits be
used not only at the landing docks, but also in the field (at lobster capture/
fishing grounds). Enforcement and conservation officers could board fishing
vessels and swab test the most active lobsters in the vessel, as well as several
which appear to have beencaught early in the day(dead or in poor condition).
Thiswould circumvent any issues associated withfisherman onlyusingbleach
early in the day to catch spiny lobsters.

Previously, it was extremely difficult for enforcement and conservation
officers to prove that a certain fisherman was using bleach to catch lobster, as
therewere no obvious external signs on the lobster. Typically, when fisheries
patrol boats would approach a fishing vessel in the field, the fisherman could
simply dispose of the bleach bottle under a coral ledge or just throw it over
board (in water discard), thereby removing any physical evidence. However,
with the development of the bleach detection swab test, the fisherman would
have to throw away their entire catch overboard when a fishery patrol boat
approaches in order to avoid detection. Obviously, this is not an economically
viable option for the fisherman. The largest benefit of the bleach detection kits
therefore, will be that they will act as a deterrent to fisherman who currently
use bleach as a fishing tool.

Once the bleach detection kits have been validated in the field, they will
be ready for use in the TCI spiny lobster fishery and will be an effective
fisheries management tool if used correctly and frequently. The swab test will
provide fisheries enforcement and conservation officers with a powerful tool to
reduce or eliminate the illegal use of chlorine bleach for harvesting lobsters
throughout the Bahamas and wider Caribbean.
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ABSTRACT

While constraints on anglers' harvest behavior have become increasingly
necessary, there is little understanding of angler diversity in preferences for
particular management restrictions. This study's objectives were to understand
anglers' opinions and preferences for management harvest restrictions using a
stated preference choice approach (SPCA), to view the diversity of anglers'
opinions and management preferences using the recreation specialization
concept, and to suggest feasible management options for fisheries managers.
Using a fractional factorial design with seven regulation and expectation
attributes required 10 different versions of the mail questionnaire with 8 choice
sets each. With an effective response rate of 60%, the final data set included
the total responses of 522 red drum anglers with 261, 206, and 55 casual,
intermediate, and advanced anglers, respectively. We used conditional logit
models to estimate four different preference models including a pooled model
for all anglers. As expected, we found that increases in bag limit and maxi
mum size as well as catch probability will lead to considerable increases in the
choice of one fishing trip over another. Likewise, anglers preferred a lower
minimum size and favored the current two fish over 28" maximum size per
year regulation over other options presented. Each specified model of a
heterogeneous specialization segment, however, showed different patterns of
significant variables. While most variables were statistically significant with
the same expected signs, distinctions were noticed. For example, minimum
size limit, maximum size limit, average fish size, and expected catch probabil
ity were not significant for advanced anglers. Overall, advanced anglers were
less interested in relaxing current red drum regulations, while casual anglers
showed a strong preference for catching more red drum by relaxing regula
tions. Results are discussed to help fishery managers take angler diversity into
account in future decision-making. Analysis of various scenarios will help
optimize the selection of the best combination ofregulation attributes.

KEY WORDS: Red drum, Sciaenops ocellatus, anglers
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Diferencias de Especializaci6n en las Preferencias de los
Pescadores por las Normas de Regulation de las Capturas de

'Red Drum' (Sciaenops ocellatus)

Mientras que las restricciones en las actividades pesqueras se han hecho
cada vez mas necesarias, se sabe poco sobre la diversidad de preferencias de
los Pescadores por regulaciones particulares. Los objetivos del estudio fueron
comprender las opiniones y preferencias de los Pescadores por restricciones de
captura, utilizando una aproximacion establecida de seleccion preferente
('stated preference choice approach', SPCA); examinar la diversidad de
opiniones y preferencias de manejo de los Pescadores utilizando el concepto de
especializacion recreativa; y sugerir opciones de manejo viables a los gestores
de pesquerias. El uso de un diseno factorial fraccional con siete atributos de
regulacion y de expectativa requirio 10 versiones diferentes del cuestionario
enviado por correo, con 8 conjuntos de alternativas cada uno. Con una tasa de
respuesta efectiva del 60%, el conjunto final de datos incluyo el total de
respuestas de 522 Pescadores de 'red drum', con 261, 206 y 55 Pescadores
ocasionales, intermedios y avanzados respectivamente. Utilizamos modelos
logit condicionales para estimar cuatro modelos diferentes de preferencias,
incluyendo un modelo conjunto para todos los Pescadores. Como era de
esperar, encontramos que el incremento en el numero maximo y la talla
maxima, asi como la probabilidad de captura, conllevarian un incremento
considerable en la participacion en actividadesde pesca. Del mismo modo, los
Pescadores prefirieron un tamano minimomas bajo y favorecieron la normati-
va actual de dos peces al aiio con tamano maximo de 28", por encima de otras
opciones presentadas. En cambio, cada uno de los modelos especificados para
cada segmento de especializacion mostro un conjunto diferente de variables
significativas. Mientras que la mayoria de las variables fue estadisticamente
significativa con el signo esperado, se pueden hacer distinciones. Por ejemplo,
el limite en el tamano minimo, en el tamano maximo, en el tamano medio del
pez, y la probabilidad esperada de captura no fueron significativas para los
Pescadores avanzados. En conjunto los Pescadores avanzados se mostraron
menos interesados en relajar la normativa actual sobre el 'red drum', mientras
que los Pescadores ocasionales mostraron una fuerte preferencia por la captura
de un mayor numero de 'red drum' mediante una normativa menos estricta. La
discusion de los resultados se hace con el fin de ayudar a los gestores de
pesquerias a tener en cuenta la diversidad de Pescadores de cam a futuras
decisiones de manejo. El analisis de varios escenarios ayudara a optimizar la
seleccion de la mejor combination de atributos de regulacion.

PALABRAS CLAVES: Red drum, Sciaenops ocellatus, Pescadores
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INTRODUCTION

The fact that recreational fishing typically involves a direct consumption
of fishery resources requires management agencies to enforce various manage
ment measures. As constraints on recreationists' behavior and resource uses

become a common goal of management strategies, fisheries managers have
increasingly shown an interest in understanding angler preferences for various
management alternatives. Thus, fisheries managers should have a scientific
knowledge of understanding, evaluating and predicting anglers' support for
current and proposed management regulations to the most practicable extent
(Wilde and Ditton 1994, Aas et al. 2000).

A typical research design such as public opinion measurement (Smith
1983) requires individuals to reveal their preference for each item of rale
making and concern, one at a time. In contrast, a stated preference choice
approach (SPCA) is advantageous in that anglers' preferences are exposed by
making use of a set of hypothetical choice scenarios in combination with the
most important attributes and consequent levels (Boxall et al. 1996, Louviere
et al. 2000). Based on the rational assumption that anglers make their deci
sions on multiple attributes of fishing products viewed simultaneously
(Schroeder and Louviere 1999), a SPCA is useful for understanding anglers'
holistic preferences allowing for trade-offs among regulation attributes
together with inserted expectation attributes.

Previous studies have shown that recreationists are not a homogeneous
group and that sub-groups vary in terms of behavior, experience, skill and the
importance of an activity (e.g., Bryan 1977, Ditton et al. 1992). As an
effective market segmentation tool, recreation specialization has been used
widely with robust theoretical and empirical support since its initiation by
Bryan (1977). The main advantage for managers using specialization is that it
can enhance an understanding of group differences (i.e., diversity) on a variety
issues that enable them to improve services already provided (Driver 1985,
Fedler and Ditton 1994). Using the recreation specialization framework (e.g.,
Bryan 1977, Ditton et al. 1992, Scott and Shafer 2001), it would be expected
that various preferences for management interventions are preferred to a lesser
or greater extent among participant sub-groups along a continuum.

There has been no managerially useful research on anglers' preferences
for various rules and regulations using the recreation specialization framework.
Therefore, the objectives of this paper were to:

i) Understand anglers' opinions and preferences for management
harvest restrictions using stated preference choice modeling;

ii) Identify anglers' opinions and preferences by group segments using
the recreation specialization framework; and,

iii) Suggest feasible options for management regulations that maximize
angler satisfaction and conserve the limited fishery resources in a
sustainable way.
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RECREATION SPECIALIZATION

As an alternative market segmentation approach, recreation specializa
tion as proposed by Bryan (1977) has been gaining in popularity for
understanding the diverse aspects of anglers' attitudes and behavior.
According to the recreation specialization framework, as anglers become
more involved in fishing, there is a focus shift from fish consumption to
preservation and increased emphasis on the activity's generic nature and
resource setting (Bryan 1977, Katz 1981, Ditton et al. 1992, Fisher 1997).
Accordingly, high specialization anglers show greater appreciation of and
support for resource management practices that reduce the adverse user
impacts on natural resources. Overall, the understanding and support of
management restrictions are also closely connected to their concerns for
resource conservation.

Despite numerous studies, which have attempted to discover empirical
support for management measures and conservation concerns separately,
there has been less interest in an integrated understanding of the issues.
Using the concept of recreation specialization, heterogeneous segments are
expectedto show differentpatternsof within-group preferences for manage
ment alternatives as an expression of their increasing commitment to their
fishing activity. Given the need for constantly changing management
harvest restrictions, it can be reasoned that anglers consider their preferences
for restriction changes along with their concern for long-term sustainability
of fisheries stocks (Gillis and Ditton 2002, Oh et al. In press). The study
focus was to integrate the recreation specialization concept into an under
standing of heterogeneous preferences for fishing management interventions.

METHODS

Instrumentation

Two mail surveys were conducted to identify and reach the target
sample of red drum anglers in Texas. The initial survey questionnaire
collected data on anglers' saltwater fishing participation, motivations,
attitudes, and management preferences including eight variables that
represent recreation specialization (e.g., total number of days in fishing for
the behavioral dimension, self-evaluated fishing skill for the skill and
knowledgedimension, and replacement cost for fishingequipmentownedby
angler for the commitmentdimension). A follow-up mail questionnaire was
sent to ask specificallyabout their red drum fishing trip preferencesusing a
stated preference choice experimental design. To include the important
attributes and levels for each attribute, discussions with fishery managers as
well as the previous angler preference studies were used (e.g., Aas et al.
2000, Gillis and Ditton 2002, Hicks 2002). Finally, four types of restrictions
(i.e., bag limit, minimum size limit, maximumsize limit, and retention of big
fish) were included as policy attributes. Furthermore, three expectation
attributes were included in the study (i.e., average fish size sought, catch
probability, and travel cost per day) so that anglers could predict simulated
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outcomes based on management changes affecting their future fishing trips
(Aas et al. 2000, Gillis and Ditton 2002, Hicks 2002). Three levels including
the current level for each attribute were selected to reduce burden as well as to

secure sufficient variations in the policy options considered. A more detailed
description ofeach attribute is presented in Table 1.

Tablel. Proposed attributes and levels

Attribute Description Level

Bag limit
The number of red drum that an angler can

retain per day

1.2.
2.4

3.5

Minimum size The minimum size of red drum that an angler
1.18"

2.19"
3.201Emit can legally retain

Maximum size The maximum size of red drum that an angler 1.281
2.29"

3.30"
to
c
o

Omit can legally retain

'•g 1. two fish over the

0>
maximum size oer

ID year

Each fishing year, an angler can retain one 2. five fish over the

Retain big fish fish over the current maximum length maximum size per
(28"using a tag provided by TPWD) year

3. seven fish over the

maximum size per
year

Average fish size Anglers' expectations regarding size of red
drum caught

1. Smaller
2. Same as usual

3. Larger

o

Catch Probability The expected number of red drum that an
angler catches on a typical fishing day

1. about the same

2. one more fish caught
3. two more fish caught

3 1.25% less than your
u

8.
current total cost per

X
W

Travel cost/day
Travel cost that an angler spends for a fishing

trip per day

day
2. Your current total

cost per day
3.25% more than your

(including gas and other trip expenses)

current total cost per
day

* The underlined levels reflect current state agency fishing regulations.

The use of fractional factorial designs with blocking generated 80 choice
sets that were divided into 10 blocks of 8 paired trip comparisons. Figure 1
provides an example of one choice profile. To simulate the realistic decision
making process for fishing trip participation, each choice set included the abil
ity to not take either trip (Bennett and Adamowicz 2001).
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ATTRIBUTE Trip A TripB

BAG LIMIT 5 4

MINIMUM SIZE 20" 19"

MAXIMUM SIZE 30" 30"

Two fish over Two fish over

RETAIN BIG FISH maximum size per maximum size
year peryear

AVERAGE FISH SIZE Same as usual Same as usual

CATCH PROBABILITY
One more fish

caught

Your current trip
cost 1day

About the same

TRIP COST/

DAY

25% less than

yourcurrent trip
cost 1day

Vhich trip do you prefer?
(circleonly one)

TRIP A TRIPB

1would not

take either

trip

Figure 1. An example o f a choice set sent t<:> respondents

Models

When it is reasonably assumed that individuals make choices to maximize
utility (Manski 1977), random utility theory indicates that utility is estimated
through an indirect utility function comprised of a deterministic component
and a random error component (Louviere 1988, Louviere et al. 2000). Based
on the assumption that the error terms are independently and identically
distributed and Gumbel-distributed, this specification can result in the
conditional logit model (McFadden 1974, Ben-Akiva and Lerman 1985).

Although there are several methods to take into account heterogeneous
preferences ofangler clientele, we used a segmentation approach that uncovers
underlying latent classes or segments (i.e., cluster analysis approach). Because
these segments, to which anglers belong, have different preference structures
affected by attitudinal and behavioral information that correspond to their level
of recreation specialization (Swait 1994), this method was seen as more
advantageous than others.

RESULTS

Of the 1,377 questionnaires mailed, 791 replies were received for a raw
response rate of 57.4% using a modified Dillman Total Design Survey Method
(Dillman 1978). When non-deliverables were deleted, the effective response
rate was 59.8%. Compared to non-respondents, respondents were older, had
higher household incomes, were more skilled and attributed more importance
to fishing compared to other recreational activities. No significant differences
were detected between respondents and non-respondents for other questions
(e.g., total cost of fishing trip and level of fishing satisfaction). Caution is
required in generalizing the study results to the population of anglers seeking
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red drum as these variables could be related to fishing avidity, which may
influence responses to other questions.

Confirmatory factor analysis (CFA) was used to test the theoretical
foundation of recreation specialization using the three dimensional model
suggested by Scott and Shafer (2001). The CFA was implemented with eight
variables to identify specialization levels: total days fished in the last 12
months (TDAYFISH) and total days fished in saltwater in the last 12 months
(TDAYSW) for the behavioraldimension; self-perceived skill level in general
fishing (ABILITY), self-perceived skill in saltwater fishing (ABILESW), and
subjective constraint level of fishing skill (CSKTLL) for the skill and knowl
edge dimension, and importance of fishing compared to other activities
(COMPARE), member of a fishing club or organization (CLUB), and expendi
ture amount of fishing equipment (EQUIP) for the commitment dimension.The
overall results for the CFA were satisfactory (e.g., Cronbach's alpha of 0.68,
the Comparative Fit Index = 0.96, the Non-Normed Fit Index = 0.94 and the
Standardized Root Mean Squared Residual = 0.03). Detailed results were not
included here; for more details, contact the first author.

K-means cluster analysis based on three dimensions generated three
groups, which we labeled as causal, intermediate and advanced anglers. A
descriptive summary of the three clusters is provided in Table 2. Mean values
of the three angler groups demonstrated the heterogeneity of the groups.
Despite some slight inconsistency, intermediate and advanced anglers were
more likely to spend more fishing days, rate their fishing ability higher and

Table 2. Mean valueof variables bycluster level of recreation specialization

Level of Specialization

Casual Intermediate Advanced

Variable (cluster 1) (Cluster 2) (Cluster 3)

n = 261 n = 206 n = 55

TDAYFISH 23 33 104

TDAYSW 11 20 74

ABILESW 1.48 2.33 2.25

ABILITY 3.24 4.43 4.07

CSKILL 3.75 4.58 4.36

COMPARE 2.70 3.25 3.58

EQUIP 6.12 13.50 21.59

CLUB 0.10 0.34 0.53

The Results of the Stated Preference Choice Models

The conditionallogit model was used to estimate four different preference
models (including a pooled model for all anglers). Two interaction effects
were added to improve the explained variance for the all-angler, casual-angler,
and intermediate-angler models. However, the secondary effects were not
included in the advanced-angler model because of no significant difference
with the main effects only model. All effectsof the primary attributes were
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statisticallysignificant (p < 0.05) in the model. ASC was set to be an alterna
tive specificconstantand the negative value for ASC indicated that "no fishing
trip" was less preferred to fishing trips conducted under the current manage
ment measures. Besides the attribute of RETAIN, which represents "to retain
more fish larger than the maximum size limit", all other attributes had the
expected signs. While an increase in bag limit and maximum size limit was
likely to lead to considerable increases in fishing trip participation, a decrease
in minimum size limit was preferred. Likewise, a strong preference was
revealed for increasing catch probability and average fish size. However,
contrary to expectations, the negative coefficients of RETAIN attribute
indicated that anglers were likely to prefer the current "two fish over the 28"
maximum size per year regulation" over the other options presented. Two
interaction effects, which showed the modification effect of those two
attributes on fishing trip participation, were likely to alleviate the strong
positive effects of each attribute.

Each specified model of heterogeneousspecializationsegments, however,
showed different patterns of explanatory powers and significant variables as
expected. Althoughmost variables were statistically significant with the same
expected signs, some important distinctions were noticed. The following
variables were not significant: MAXIMUM and the interaction effect between
CATCH and BAGLTMIT for casual anglers, ASC and MINIMUM for
intermediate anglers, and MINIMUM, MAXIMUM, AVERAGE3, and
CATCH for advanced anglers. Overall, advanced anglers were less interested
in relaxing current harvest restrictions, while casual anglers showed a strong
preference for catching a greater number of red drum by relaxing current
harvest restrictions (Table 3).

DISCUSSION

Study results provided support for the proposition suggested by Bryan
(1977) and stated by Ditton et al. (1992) that acceptance and support for the
rules and procedures associated with fishing would depend on anglers'
specialization level. High specialization anglers have more to lose from
resource degradation and disturbance andhence have a more holistic view of
natural resources and the need for management. As a result, they should show
greater appreciation of and support for resource management practices suchas
harvest regulations than low specialization recreationists (Bryan 1977, Katz
1981, Ditton et al. 1992, Fisher 1997, Sutton and Ditton 2001). Thus, more
specialized anglers were more likely to prefer current harvest regulations and
be lesswilling to relax therules andregulations toassure thattheresources and
the experiences they provide remain available. In contrast, less specialized
anglers were likely more interested in catching more fish by relaxing harvest
regulations.



Table 3. Results of Conditional Logit Model

All Anglers

Specialization Level

Variable Casual Angler Intermediate Angler Advanced Angler

Estimated
Coefficient Z-value

Estimated

Coefficient

-1.2757

Z-value
Estimated
Coefficient

-0.1747

Z-value

-0.53

Estimated
Coefficient

-1.009

Z-value

ASC
-0.7077 -3.45** -4.35** -2.47**

BAGLIMIT
0.4779 5.77** 0.3891 3.30** 0.5909 4.47** 0.2724 2.84**

MINIMUM
-0.1077 -3.40** -0.1811 -4.03** -0.0115 -0.23 -0.1134 -1.15

MAXIMUM
0.1591 2.10** 0.0879 0.79 0.2359 1.92* -0.0079 -0.09

RETAIN
-0.0939 -8.05** -0.0783 -4.69** -0.0887 -4.79** -0.2153 -5.96**

AVERAGE2
0.3668 5.90** 0.3396 3.88** 0.3690 3.64** 0.4413 2.33**

AVERAGE3
0.6444 9.49** 0.5844 6.06** 0.7749 7.12** 0.3467 1.62

CATCH 0.4408 5.76** 0.4582 4.19** 0.4663 3.87** 0.1475 1.56

TRIPCOST -0.0256 -19.15** -0.0262 -13.86** -0.0247 -11.61** -0.0264 -6.11**

MAX*BAG -0.0936 -2.64** -0.0658 -1.30 -0.1296 -2.30** N/A

CATCH*BAG -0.1277 -3.60** -0.1025 -2.03** -0.1774 -3.16** N/A

* indicates the statistical significance at 10% level
** indicates the statistical significance at 5% level.
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Managers can expect angler groups with different levels of preferences to
react differently to management options. Despite the ease of implementation
and enforcement of uniform management restrictions, "a diverse management
regime may increase public support for fisheries management and conserva
tion, bringing a concomitant increase in regulatory compliance" (Fisher 1997,
p. 8). Accordingly, management options that promote resource conservation
and sustainability are likely to be more supported by high specialization
anglers(accompanied with an expression of high economic value for the status
quo option) than by low specialization anglers (Oh et al. Accepted). These
results can help fishery managers take angler diversity into account and not
disenfranchise certain angler segments by focusing on measures of central
tendency.

There are some other points worth noting. First, we used three rather than
the four segmented groups described previously by Bryan (1977). Although
there is no way to know the true number of specialization groups, a more
systematic approach for determining the number of groups will improve our
understanding of angler diversity. S econd, because of the hypothetical nature
of the SPCA, there have been concerns about the external validity of predic
tions (Hanley et al. 1998, Blarney and Bennett 2001). However, joint use of a
revealed preference model and stated preference choice will improve predic
tive validity(Adamowicz et al. 1997, Louviere et al. 2000). Finally, this study
was applied in the unique situation of an abundance of red drum fish stocks in
Texas. In contrast with a scarcity situation, abundant stocks will be expected
to have different influences on angler opinions and preferences for regulation
changes considering future conservation.

In conclusion, an understanding of disparate group preferences and
tradeoffs is essential to implementing harvest restrictions and other manage
ment rules. While managers' goals of maintaining or increasing angler
satisfaction and preventingdeclines in anglernumbers are all important from a
servicedeliverystandpoint,a balancedmanagement approachis essential.
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ABSTRACT

Saltwater fishing tournaments have proliferated in number in recent years.
Fishing tournaments in Texas are not regulated nor are there different fishing
regulations for tournament and non-tournament anglers. As prize money and
the number of events as well as their impacts have increased, some anglers
have expressed the need for increased regulation of tournaments and their
participants. The objectives of this study were to better understand the
problems involved in saltwater fishing tournaments, to identify tournament and
non-tournament angler preferences for possible fishing regulations, and to
examine within group differences in attitudes, opinions, and preferences
regarding salt water tournament issues. A stated preference choice approach,
which uses hypothetical scenarios to derive individuals' preferences, provides
an understanding of the relationships of multiple factors as they contribute to
preferences or choice behavior. Using seven different management and
expectation attributes (i.e., catch and release, bait restriction, tournament
entrance fee, tournament type, trip cost, family event, and tournament size), we
generated 56 choice sets. The mail survey was conducted with seven different
versions of the questionnaire and each questionnaire had eight choice sets.
From the conditional logit estimation, all primary attributes of angler prefer
ence were statistically significant. Not surprisingly, fishing participation was
preferred to no participation in tournaments, but anglers strongly favored
tournaments where catch and release behavior was promoted, where there were
no bait restrictions, and tournaments were held by non-profit organizations
rather than by other entities. Likewise, anglers showed a strong preference for
tournaments with a greater variety of family events held, fewer numbers of
tournament participants, and where a higher percentage of the tournament fee
went to the management agency to support fishery management costs. We
used scenario analysis to gain additional insights to angler behavior and
preferences as a part of tournament management decision-making.
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Entendiendo las Preferencias de los Pescadores Deportivos de
Aguas Marinas por los Campeonatos de Pesca

Los campeonatos de pesca en agua salada han proliferado en numero en
los ultimos aiios. Las competicionesde pesca no estan reguladas en Texas, ni
existe una normativa de pesca Pescadores de competicion diferente de la del
resto de Pescadores. Ya que la cuantiade los premiosy el numerode eventos,
asi como sus impactos, se han incrementado, algunos Pescadores han expresa-
do la necesidad de incrementar la regulacion de los campeonatos y sus
participantes. Los objetivos del estudio fueron comprendermejor los proble
mas asociados a los campeonatos de pesca en agua marina, identificar las
preferencias de los Pescadores de competicion y no competicion por las
posibles normas de pesca, y examinar las diferencias de actitud, opinion y
preferencias dentro de cada grupo en lo relativo a los campeonatos en agua
marina. Una aproximacion establecida de seleccion preferente ('stated
preference choice approach', SPA), que utiliza escenarios hipoteticos para
derivar las preferencias individuales, permite comprender las relaciones entre
multiples factores segun su contribution a las preferencias o los comporta-
mientos de decision. Utilizando siete atributos diferentes de manejo y de
expectativa (es decir, captura y liberacion, restriction de cebo, cuota de
inscripcion en el campeonato, tipo de competicion, coste del viaje, actividades
para la familia, y tamano del campeonato), generamos 56 conjuntos de
alternativas. El muestreo por correo se realizo con siete versiones diferentes
del cuestionario con ocho conjuntos de alternativas cada uno. Segun la
estimation logit condicional todos los atributos primarios de las preferencias
de los pescadores fueron estadisticamente significativas. Comoera de esperar,
la participacion en los campeonatos de pesca se prefirio a la no participacion,
sin embargo los pescadores favorecieron fuertemente los campeonatos en los
que se promoviera el comportamiento de captura y liberacion, donde no
hubiera restricciones de cebo, y aquellas competiciones organizadas por
entidades sin animo de lucro mas que por otro tipo de entidades. Del mismo
modo, los pescadores mostraron fuertes preferencias por campeonatos con una
mayorvariedad de actividades para la familia, un menornumero de participan
tes, y en los que un mayor porcentaje de la cuota de inscripcionfuera destinada
a la agenda de manejo para ayudar en los costes de manejo de la pesqueria.
Utilizamos analisis de escenarios para obtener una vision mas profunda del
comportamiento y las preferencias de los pescadores como una parte de toma
de decisiones relativa al manejo de los campeonatos.

PALABRAS CLAVES: Campeonatosde pesca, las preferencias de los
Pescadores
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INTRODUCTION

Although the number of saltwater fishing tournaments has exploded in
recent years, the number of saltwater fishing tournaments in the U.S. is
currently unknown. Various sources indicate their numbers are increasing in
Texas. For example, a recent inventory by Texas Parks and Wildlife Depart
ment (TPWD) staff in 2003 revealed 183 tournaments or a 227% increase
compared to the number in 1983 (personal communication, Robin Riechers,
2004).

Fishing tournaments have been and continue to be a controversial use of
saltwater fishery resources (Williams 1984, Schmied 1994) for the following
reasons. First, only a small minority (14% in Texas) of the angler population
participated one or more days per year in competitive fishing events (Aiiderson
and Ditton 2003). Nevertheless, in contrast to tournament participants, most
anglers do not view recreational fishing in competitive terms and hence don't
share the values held by tournament anglers (Loomis and Ditton 1987).
Second, many tournament events, run by profit-making businesses, make use
of public fishery resources at no cost to event organizers. Currently, tourna
ments are not generally licensedor charged any fees, in addition to the fishing
licensing requirements of participants, in support of fishery management
activities. Third, with an increasing number of tournaments, there has been
pressure for the state fisheriesmanagement agency to establish a permit system
for better management of tournament events in state waters. Accordingly,
fishery managers want to know to what extent various tournament characteris
tics and policies are preferred by tournament anglers as well as by those who
are not tournament participants.

Much is known about those that participate in particular fishing tourna
ments in terms of their fishing motivations, attitudes, and socio-demographic
characteristics (Falk et al. 1989, Antia et al. 2002). However, there have been
no studiesat the anglerpopulation level to understand their overallpreferences
for tournament opportunities that are currently provided or that could be
provided. Sucha study, if undertaken, would likelyuse a traditionalapproach,
called opinionmeasurement or revealed preference methods. This would yield
inconsequential insight to the relative importance of each of the options or the
tradeoffs anglers were willing to make when viewing tournament options
jointly. Alternatively, a Stated Preference Discrete Choice Model (SPDCM)
makes use of hypothetical scenarios to simulate participation choices and
understand preferences. Thus, SPDCMs enable an understanding of the
relationship of multiple factors as they contribute to preference or choice
behavior (Louviere and Timmermans 1990, Louviere et al. 2000). SPDCMs
have been used previously in fishery managementas well as in natural resource
management broadly to understand consumer preferences for a variety of new
multi-attribute products and services; this approach has not been used to
understandconsumerpreferencesfor variousaspects of fishing tournaments.

The fisheries management agency in Texas has previously left the matter
of tournament formats to private sector providers. Management officials have
discussed these issues recently in response to constituent questions and as a
result, they wanted to know the extent to which various event characteristics
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and policies would be preferred by tournament participants as well as non-
participants. The purpose of this paper was to understand the underlying
rationale for anglers making trade-offs in tournament trips associated with
various event characteristics and policies. We sought to help the state agency
considerpragmatic decisions (Nielsen 1985) that maximize angler satisfaction
consistent with more traditional fishery management responsibilities.

METHODS

Model

Originally developed in transportation choice research (McFadden 1974),
the SPDCM is derived from a well-grounded random utility theory, which
indicates that individuals make choices to maximize utility (Louviere 2000,
2001). Utilities, treated as random variables due to uncertainty factors, have
twoparts, a deterministic component anda random errorcomponent (Louviere
1988, Louviere et al. 2000). However, because utility cannot be observed
directly, the probability of choice results should be used. Assuming the
unobservable error component of utility is independently and identically
distributed and Gumbel-distributed, the probabilitycan result in the conditional
(or multinomial) logit model (McFadden 1974, Ben-Akiva and Lerman 1985).
However, the use of this model strictly requires the satisfaction of the inde
pendence of irrelevant alternatives (IIA)property (See Ben-Akiva and Lerman
1985 for more discussion of the IIA). One of the reasons for violations of the
UA property involves heterogeneous preferences among respondents
(Morrison et al. 1999). Hence, one way to mitigate the IIA problemis to take
into account the interaction effects of individual specific variables (e.g.,
socioeconomic characteristics, Hanley et al. 2001, Holmes and Adamowicz
2003).

Once the model has been estimated, willingness-to-pay values (WTP) can
be used to evaluate the effectiveness of the proposals on the basis of diverse
changes in attributes that reflect propose policies. WTPcanbe measured using

rtnpcost

where Vq indicates the utility acquired from the initial condition ofa fishing
trip and Vj is the utility from the new scenario with altered levels ofattributes
(Hanemann 1984).

Identification of attributes and levels

The study began with identification of appropriate attributes and the
subsequent levels or range that may surround each particular attribute. For
example, the attribute would be how proceeds for a tournament are used and
the range of levelswouldbe profit and non-profit. Attributes and levels were
identified and developed on the basis of discussions with fisherymanagersand
a review of the fishing tournament literature. Four different tournament
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selection characteristics were identified as policy attributes:
i) Promotion ofcatch and release,
ii) Bait restrictions,
iii) Whether a percentage of the tournament entrance fee goes to support

fishery management activities, and
iv) Whether a tournament is a non-profit or profit-making venture.

Three general expectation attributes were also inserted to help anglers'
decision-making regarding their participation in fishing tournaments (Aas et al.
2000, Oh et al. In press). A detailed description for each attribute and
consequent levels is presented in Table 1. Two or three levels were assigned to
each attribute to describe the policy options involved.

Table 1. Proposed attributes and levels used for the choice experiments

Site Selection
Factors

General
Expectations

Attribute

Catch and
Release

Bait Restric
tion

Tournament
entrance fee

Tournament
Type

Trip cost / day

Family Events

Tournament
Size

Description

Catch and release en

couraged

Nature of bait allowed

Part of the angler en
trance fee should go to
TPWD to support costs
of fishery management

Type of tournament held
by different organiza

tions

Trip cost that an angler
spends for a fishing trip

per day
(including gas and other

trip expenses)

The number of events
provided for spouse and

children

The approximate num
ber of participants in a

tournament

Level and

1. Catch and release

behavior promoted
2. Catch and release

behavior not promoted
1. No bait restriction
2. Artificial bait only
1. None of the tourna

ment fee to go to
TPWD

2.10% of the tourna

ment fee to go to
TPWD

3. 20% of the tourna
ment fee to go to
TPWD

1. Tournament held as
profit-making business

2. Tournament held by
non-profit organization

1.$120
2. $150 (approximately

current travel cost per
day)

3. $180

1. No family events
2. Some family events
3. Lots of family events
1.100
2.200

3.300
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Survey design
A statewide survey was first conducted with a sample of 10,000 license

holders (Anderson and Ditton 2003). After identifying anglers who have
fished in saltwater in the previous 12 months, we conducted a follow-up survey
using a choice experimental design (n = 1,633). A fractional factorial design
was used to generate a manageable number of 56 choice sets. The choice sets
were then divided into seven blocks of eight paired choice sets using blocking.
An example of one choice profile is provided in Figure 1.

Suppose that you could only choose from the two tournament trips below.

Which would you prefer?

TR'P A

Catch and release not

promoted

Artificial bait only

10% of tournament fee to go
to TPWD

Tournament held by profit-
making business

$150

No family events

100

ATTRIBUTES

CATCH & RELEASE

BAIT RESTRICTIONS

ENTRANCE FEE

TOURNAMENT TYPE

TRIPCOST / DAY

FAMILY EVENTS

TOURNAMENT SIZE

I prefer...(check one box below)
• Trip A • I WOULD NOT TAKE

EITHER TRIP

TR|pB

Catch and release

promoted

Artificial bait only

None of tournament fee

to go

to TPWD

Tournament held by
profit-making business

$150

Some family events

200

• TripB

Figure 1. Example of a choice set for the tournament fishing participation

RESULTS

About 795 anglers responded foran effective response rate of 53%usinga
slightly-modified Dillman Total Design Survey Method (Dillman 1978). From
non-response checks across socio-demographic and general fishing behavior
variables, respondents were older, had higher incomes, and were more skilled
than non-respondents. No significant differences were detected between these
two groups for other important variables (e.g., total fishing days, total cost
spent for a fishing trip). Nevertheless, caution should be exercised in general
izing study findings to the population of saltwater anglers.

Conditional Logit Results
To alleviate the IIA problem, a conditional logit model with eight

interaction effects of individual specific variables was estimated. The
parameter estimates of the conditional logit model are presented in Table 2.
The positive value for ASC indicated that anglers were favorable toward
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tournament participation with current tournament characteristics. Regardless
of whether they had participated in tournament fishing or not previously, it
appeared that anglers were in favor of tournament fishing events. Effects
codes were used for the qualitative attributes of catch and release, bait
restriction, tournament type, and availability of family events.

Table 2. The results fromconditional logitmodels.

Conditional Logit Model

Coefficient Z-value

ASC

Catch and Release

promoted

not promoted

Bait Restriction

Artificial bait only

No bait restriction

Tournament Fee

Tournament Type

profit-makingbusiness

non-profitorganization

Trip Cost/ Day

Family Event

no events

some events

lots ofevent

TournamentSize

age*ASC

income*ASC

gender*ASC

participate*ASC

gender*some events

gender*lots of events

participate*tournament size

participate*tournament fee
Log Likelihood -5234.23
* indicates statistical significant at the 5% significance level. The alternative
specific constant is coded 1 for Trip A and Trip B in the choice sets and 0 for
No Trip.

1.298* 5.35

0.272* 12.24

-0.272*

-0.164* -7.05

0.164*

0.031* 9.12

-0.351*

0.351* 12.58

-0.008* -8.52

-0.496*

0.295* 3.50

0.201* 2.25

-0.002* -4.48

-0.021* -7.22

0.063* 5.96

0.255* 2.87

0.765* 5.23

-0.192* -2.13

0.069 0.72

-0.001 -0.98

-0.312* -5.68
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All effects of the primary attributes were statistically significant (p <
0.05). In general, most attributes had the expected signs except for promotion
of catch and release and the one where part of the tournament entrance fee was
to go to the agency to support fishery management costs (Tournament Fee).
Contrary to initial expectations, anglers preferred the option of having catch
and release promoted in tournaments. Similarly, the positive coefficient on
Tournament Fee indicated that anglers were in favor of an increase in the
percentage of tournament fee available to the agency for fishery management.
The options of artificial bait only and of tournaments held as profit-making
businesses were less preferred compared to the no bait restriction and tourna
ments held only by non-profit organizations, respectively. Likewise, while the
number of family events held during tournaments was likely to increase choice
probability for tournament fishing participation, there was a strong preference
revealed for having fewer participants in tournaments. Finally, the negative
coefficient of travel cost implies that anglers with higher expenditures were
less likely to participate in tournament fishing, coinciding with consumer
demand theory.

For interaction effects, male anglers and younger anglers were more likely
to participate in fishing tournaments compared to female and older anglers.
Additionally, anglers with higher household incomes were more likely to
indicate that they participate in fishing tournaments. Likewise, anglers who
have participated in tournament fishing previously were more likely to be
enthusiastic about tournament fishing participation. The inserted interaction
variables with selected attributes provided further insight such as that male
anglers were likely to be less interested in the number of family events
provided in tournaments (gender * some events).

Assessing the Management Options
The SPDCM permits researchers and decision-makers to determine

whether anglers will be better or worse off depending on various changes in
tournament options. A set of five tournament scenarios along with the changes
in expectation variables for tournament fishing trips were developed in
conjunction with fisheries managers. The results of the scenario analyses are
presented with predicted probabilities and overall WTP values in Table 3.
Scenario 1 was the base option (status quo) with no management interventions
in the currently popular saltwater fishing tournaments, and Scenario 3 was an
approach that included management options that are more conservation
oriented. Scenario5 was proposed as a conservation plus option with the most
restrictive (conservation oriented) management measures. Two additional
scenarios were added to provide slightly different management insights to the
three aforementioned scenarios. Results were somewhat surprising in that
Scenario 1 with no management interventions(status quo), which was a priori
expectedto be most preferred, was not most preferred (a predictedprobability
of 8.4%). Anglers most preferred Scenario3 (the conservation-orientedoption)
with a predicted probability of 31.3% and WTP of $162. This scenario
included some management interventions such as promotion of catch and
release and 10% of the angler's tournament fee to go to the state agency to
support fishery management. Furthermore, Scenario 5 (the conservation plus
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option) was also highly preferred with the predicted probability of 28.2% and
WTP of $150 compared to Scenario 1. Overall, management scenarios with
certain degrees of management intervention were generally more favored than
the status quo situation with no management interventions.

DISCUSSION

The aim of this paper was to enhance comprehensive understanding of
anglers' preferences (regardless of their previous experience with tournament
fishing) for various management attributes of tournament fishing trips and their
willingness to make tradeoffs among attributes by using the SPDCM.
Fortunately, we had a sufficient mix of tournament anglers (n = 235) and non-
tournament anglers (n = 409) to reflect diverse preferences for tournament
fishing management from these two groups. One of our major concerns at the
start of the project was whether the mail survey would be salient enough to the
latter group of anglers for them to respond.

Study results generally indicated a certain degree of support for manage
ment interventions (e.g., promotion of catch and release and an increase in the
tournament fee available to the management agency) mainly due to concerns
with possible toumament-induced negative impacts. Although respondents
also showed their reluctance to adopt other management-related options (e.g.,
bait restriction and tournament type), these results confirmed that anglers were
concerned with sustainability of fish stocks and potential conflicts between
tournament and non-tournament users (Jacob and Schreyer 1980, Aas et al.
2000, Gillis and Ditton 2002). The high predicted probabilities and WTP for
Scenarios 3 and 5 indicated their willingness to accept stricter management
interventions (Gillis and Ditton 2002, Oh et al. In press). Support for the
conservation option (Scenario 3) exceeded that for the status quo option
(Scenario 1) which is likely a result of having both tournament and non-
tournament anglers in the analysis. It can be argued that non-tournament
anglers want more conservation-based tournament offerings whether they plan
to participate in them or not. Some study limitations need to be kept in mind.
First, this is a hypothetical contingentmodel and accordingly, it is not known
whether or not people's stated behavior will match their actual or revealed
behavior. Nevertheless, the model is useful for providing informed hypotheses
for testing and applicationelsewhere. Second, there is a concern for strategic
behavior on the part of some anglers who perhaps wanted to perpetuate the
status quo and discourage any form of change. Other anglers may have
provided socially desirable responses and even if positive changes are made in
tournaments, may still choose not to participate. Third, compared to only 14%
of tournament participants in the statewide angler survey (Anderson and Ditton
2003), a greater percentage of tournament participants (36%) in this study
eagerly responded with their opinions and preferences. Thus, because of a
concern with over-representation of tournament anglers, further adjustments
will be needed will be needed to avoid developingpolicies based on an angler
group that over represents tournament anglers or conversely under represents
non-tournament anglers.



Table 3. The predicted probabilities and WTP of proposedscenarioswith constraints on expectation attributes
Conditional logit

Catch and Re-
lease Bait Restriction Fee Type Trip Cost #ofEvents Size Prob.(%) WTP($)

5.1 Not promoted No restriction 0% Business 120 Some events 200 8.4

5.2 Not promoted No restriction 10% Business 120 Some events 200 11.5 38.7

5.3 Promoted No restriction 10% Non-profit 150 Some events 200 31.3 162.1

5.4 Promoted Artificial only 10% Non-profit 180 Some events 100 20.6 110.9

S.5 Promoted Artificial only 20% Non-profit 180 Some events 100 28^2 149:6_
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Finally, there is the matter of the extent to which natural resources
agencies should get involved in matters beyond traditional natural resources
management concerns. At a recent meeting of the Texas Parks and Wildlife
Commission, a constituent accused the agency of engaging in social engineer
ing, or in other words, promulgating rules and regulations that sought to
produce particular recreational experiences for particular angler segments. It
was argued that this was above and beyond resource conservation concerns.
The mission of the TPWD is clear in its support for managing and conserving
natural resources but also in providing "outdoor recreation opportunities for the
use and enjoyment of present and future generations". In addition to the issue
of over fishing in the recreational fishery, there would appear to be a clear
rationale for the state agency to be involved in promulgating rules and
regulations that create additional fishing "products" or experiences for anglers
to maximize angler satisfaction. In this case, the task would be to reconfigure
fishing tournaments to make them attractive to more anglers and conservation
friendly.
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ABSTRACT

Management of coral reefs is moving toward a new paradigm where the
greatest challenges involve the management of people and resources. An
understanding of the relationship between people and protected areas is
essential for both protecting resources and providing recreational use opportu
nities. To protect coral reefs from negative impacts associated with scuba
diving, managers need to understand the extent to which divers support
management strategies. Traditional opinion measurement research designs do
not provide insight on the relative importance of each alternative or the
tradeoffs divers are willing to make. Stated preference choice models use
hypothetical choice sets to derive individuals' preferences in a holistic
manner. Our study objectives were to:

i) Identify realistic management measures for protecting coral resources,
ii) Estimate the relative importance of each management measure to

divers, and
iii) Estimate the aggregate importance of various management measures

using scenarios.

We used a fractional factorial design of six attributes (access, use levels,
supervision levels, required education, access fee, and amount of flora/fauna
observed) and generated 72 choice sets. Using nine versions of a mail
questionnaire with eight choice sets in each, we mailed questionnaires to 639
scuba divers who were selected via purposive sampling in 2004. Based on the
estimation of conditional logit model, divers did not prefer lower use levels,
increased access with no additional access fee; they preferred some supervision
in the water but not guided tours; and 30 minutes of coral reef education over
no education. By identifying the tradeoffs divers are willing to make, the
scenario analysis can help managers maximize constituent satisfaction and
support while achieving biological management objectives.

KEY WORDS: SCUBA clivers, coral reefs, preferences
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Uso de Modelos de Elecci6n Discreta en la Comprensi6n de
las Preferencias de los Buceadores por las Medidas de

Conservaci6n de los Arrecifes de Coral

En la actualidad el manejo de los arrecifes de coral se esta orientando
hacia un nuevo paradigma cuyo desafio es tratar de incluir el manejo de la
gente y los recursos. Un buen conocimiento de las relaciones entre los usuarios
y las areas protegidas es esencial, tanto para proteger los recursos como para
proveer oportunidades de uso recreative Para proteger los arrecifes de coral de
los impactos negativos asociados con el buceo los gestores necesitan entender
hasta donde haran concesiones los buceadores en relation a las estrategias de
manejo. Los disenos tradicionales de investigation para medir la opinion no
permiten conocer la importancia relativa de cada alternativa o las concesiones
que los buceadores estan dispuestos a hacer. Los modelos de election discreta
('stated preferente choice' models) utilizan conjuntos de alternativas hipoteti-
cas para inferir las preferencias individuales en una forma holistica. Los
objetivos de nuestro estudio fueron:

i) Identificar medidas realistas de manejo para proteger los recursos
coralinos;

ii) Estimar la importancia relativa para los buceadores de cada medida de
manejo; y

iii) Estimar la importancia agregada de varias medidas de manejo usando
escenarios.

Utilizamos un disefio factorial fractional de 6 atributos (acceso, niveles de
uso, niveles de supervision, entrenamiento requerido, tarifa de acceso, y
cantidad de flora / fauna observada) y generamos 72 conjuntos de alternativas.
Se usaron nueve versiones de una encuesta con 8 conjuntos de alternativas
cada uno, enviandose por correo a 639 buceadores, los cuales fueron seleccio
nados segun un muestreo de conveniencia en 2004. Segun la estimation del
modelo logit condicional, los buceadores no prefirieron bajos niveles de uso,
un incremento en el acceso sin aumento de la tarifa, alguna supervision dentro
del agua pero sin excursiones guiadas, y 30 minutos de entrenamiento frente a
ningun tipo de entrenamiento. Mediante la identification de las concesiones
que los buceadores estan dispuestos a hacer, el analisis de escenario puede
ayudar a los gestores a maximizar el componente de satisfaction y de apoyo
por parte de los buceadores, a la vez que se alcanzan los objetivos de manejo
biologico.

PALABRAS CLAVES: Buceadores, arrecifes de coral, preferencias

INTRODUCTION

While Marine Protected Areas (MPAs) were established for the primary
purpose ofconservation or preservation (Agardy et al. 2003), their multiple-use
designation often incorporates a recreation and tourism component (e.g., Salm
et al. 2000). This is, in part, because tourism revenue is one major benefit an
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MPA can have on a local, state, or regional scale. Yet tourism and recreation
participation can pose various threats to marine resources, especially with
fragile ecosystems such as coral reefs (1998 Year of the Ocean 1998). This is
the concern regarding recreational scuba diving on coral reefs.

Considerable attention has been paid to the negative impacts divers have
on coral reefs, including proximate impacts such as breaking and abrading
coral (e.g., Zakai and Chadwick-Furman 2002), as well as indirect impacts
from re-suspension of sediment (Rogers 1990). Moreover, diver impacts can
be cumulative, not only affecting coral cover but community structure (e.g.,
Hawkins et al. 1999) and species diversity (e.g., Tratalos and Austin 2001).

Researchers have explored ways to minimize these impacts in three main
ways. First, some studies have looked strictly at the relationship between the
number of users and the amount of degradation to determine appropriate
carrying capacities for various coral reef dive sites (e.g., Zakai and Chadwick-
Furman 2002). Second, research has looked at diver characteristics and
behavior to identify groups of divers that may have greater impacts on reefs.
For example, while "naive" divers who used cameras were not more likely to
impact reefs than divers without cameras, "specialized" underwater photogra
phers with more and bulkier equipment were the most damaging of all divers
as observed by Rouphael and Inglis (2001). Third, some research has looked
at modifying diver behavior. For example, Medio et al. (1997) found that an
in-depth briefing significantly decreased damaging contact with reef substrate.

In previous studies examining impacts, authors provide indirect and direct
management strategies they expect to enhance reef protection while still
allowing use. Indirect strategies include better education of both instructors
and guides as well as the divers themselves (e.g., Medio et al. 1997, Tratalos
and Austin 2001, Zakai and Chadwick-Furman 2002). Direct strategies
include zoning (Schleyer and Tomalin 2000), restricting the number of dives
per year (e.g., Zakai and Chadwick-Furman 2002), and lessening the pressure
from high-use dive sites by resting the site (Tratalos and Austin 2001), or
shifting use to artificial sites (Zakai and Chadwick-Furman 2002). Addition
ally, Walmsley and White (2003) emphasize the need for formal enforcement
of regulations while Barker and Roberts (2004), for example, suggest that
divemasters need to intervene to reduce diver-caused reef damage. Regulatory
strategies proffered include the use of permits (Tratalos and Austin 2001) and
user-pay strategies (e.g., Green and Donnelly 2003).

Multiple-use MPAs serve as a conservation tool as well as a tourism and
recreational resource (Salm et al. 2000). MPAs are increasingly challenged to
maintain or increase benefits (i.e., tourism experience and revenue) while
protecting the resource (Dixon et al. 1993). Currently, impacts on coral reefs
due to scuba diving continue because resource managers do not have a good
understanding of users, their willingness to play a greater role in coral
conservation, and an effective means for dealing with their impacts. To
successfully enhance coral reef conservation while maintaining the site as a
tourism attraction, managers must know which of the aforementioned strate
gies and tactics are preferred and not preferred, as well as which combinations
of strategies (i.e., management scenarios) are most preferred.

Past research on management preferences has utilized traditional opinion
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measurement in which a sample of the population is asked to provide their
preferences in a series of single-item questions. However, the StatedPrefer
ence Discrete Choice Model (SPDCM) offers a more holistic approach to
opinion measurement because it is drawn from the assumption that complex
decisions are based on several factors considered jointly rather than on one
factor or criterion. Thus, the SPDCM can identify tradeoffs divers are willing
to make and provide managers with a predictive understanding of how divers
are likely to respond to new policies.

An increasing number of studies dealing with environmental use and
protection have used a choice model framework to better understand prefer
ences and predict responses. In this study, a SPDCM required participants to
choose their preferred management strategies from a range of hypothetical
choices. Once preferences were determined, policy scenarios based on
probability estimates were created and user policy preferencespredicted.

Choice models have been employed previously to understand user
preferences for environmental resources as well as estimate the value of
associated non-market goods and services (Adamocwicz et al. 1998). For
example, Lawson and Manning (2002) examined the relative importance
overnight wilderness hikers place on various social, resource, and managerial
management conditions. Based on this information they predicted that hikers
generally prefer a management regime that is based on opportunities for
solitude over one that permits greater freedom (i.e., less regulation). In this
study, we wanted to understand how scuba divers would react to various
combinations of coral reef conservation management strategies. The study
objectives were to:

i) Identify realistic managementmeasures for protecting coral resources;
ii) Estimate the relative importance of each management measure to

divers; and,
iii) Estimate the aggregate importance of various management measures

using scenarios.

METHODS

Stepsin usinga SPDCM include identifying salientmanagement attributes
and level, administering the SPDCM experiment, analyzing the results using
an appropriate model, and creating a scenario analysis to predict which
management policies are preferred.

Target Sample
Divers with saltwater diving experience constituted the target sample for

this study. Because there are no lists ofcurrent divers, we used a two-pronged
purposive samplingstrategy to obtain divers with varying skill levels. First,
we solicited scuba divers (n = 325) at the 2003 Seaspace Adventure Sports and
Travel Exposition in Houston, Texas, USA. Second, we recruited participants
via the internet by posting announcements on listservs, forums, and by
emailingdive clubs/organizations (n = 321). Diverswho did not scuba dive in
saltwater in the previous 12 months were excluded from the sample.
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Identifying Management Attributes and Levels
Management attributes are the strategies being tested (e.g., amount of

diver supervision) and levels are the alternatives for that strategy (e.g., no
supervision to fully supervised). Initial attributes and levels were tentatively
developed based on a review of the diving literature and subsequently revised
via a focus group conducted with primary stakeholders from the Flower
Gardens Banks National Marine Sanctuary, an MPA administered by the
National Oceanic and Atmospheric Administration. In addition, the survey
attributes and levels were further refined using two pretests with divers. The
final survey included six attributes: five represented potential changes in
management strategies (people, area, superv, fee, and edu) and one dealt
with diver expectations for observing marine wildlife (EXP; Table 1).

Table 1. At

S = Status q
tributes and levels used for in the SPDCM experiment.,
uo.

Attribute Description Level

People Number of people diving at a site
at any one time

S. The usual number of people at the
dive site

1.15% fewer people at the dive site
2. 30% fewer people at the dive site

Area Amount of MPA open for diving S. 100% of MPA open to diving
1. 50% of MPA open to diving
2.25% of MPA open to diving

Superv Level of underwater supervision
for divers using an MPA

S. Divers not supervised
1. Divemasters supervise divers in the

water

2. All dives are completely guided
Fee Fee for accessing the MPA (in

addition to the cost of the dive
itself). Allproceeds are invested in
management of that particular
MPA

S. No additional fee to access MPA
1. $15 additional fee to access MPA
2. $30 additional fee to access MPA

Edu Time spent receiving education on
coral reef protection and conser
vation prior to the dive

S. No coral reef conservation education
provided

1. 30 minutes of coral reef conservation
education

2.1 hour of coral reef conservation edu
cation

Exp The amount of marine life the
diver expects to see on a diving
trip

S. Expect to see usual amount of fish
and coral-related marine life.

1. Expect to see 20% more fish and
coral-related marine life

2. Expect to see 50% more fish and
coral-related marine life

Experimental Design and Distribution
For each choice set (i.e., hypothetical scenario), respondents were asked to

choose between two trips (or choose neither trip). Thus, there were 1,458
possible choice sets to compare. Because of the impracticality of asking
respondents to evaluate all choice sets, we employed a fractional factorial
design with blocking. This design included an effective random selection of
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the combination of all scenarios but maintained the orthogonality of the full
factorial experiment by splitting the profiles into uncorrelated blocks (Bennett
and Adamowicz 2001). This resulted in the generation of 72 choice sets
(Figure 1 provides an example).

Participants were mailed a self-administered questionnaire using a slightly
modified Dillman (1978) Total Design Method with three mailings and a thank
you/reminder postcard. In order to collect data from the 72 choice sets, nine
versions of the questionnaire were created and each participant was presented
with eight choice sets. In addition, we collected data on their recent diving
behavior, skill level, and their perceived level of commitment to diving as a
leisure activity.

1. Suppose that you could only choose from the diving trips below (Trip A
you prefer?

Trip B or neither trip). Which would

twpa ATTRIBUTES TKXPB

1'5%fewer people at the dive
site

NUMBER OF PEOPLE i 5%fewerpeople at the dive site

50% ofMPA open to diving MPA AREA 50%ofMPA open to diving

(XmBDHtttXi supervise divers in
tlie water

LEVEL OF SUPERVISION All dives are completely gnded

$30 additionalfee MPA ACCESS FEE No additionalfee

30 minutes ofcoral reef
conservation education

provided
CORAL REEF EDUCATION

No coral reefconservation
educationprovided

Expect to see usual amount of
fish and reef-related marine lite

TRIP EXPECTATION
Expect to see 50% tJK>reftsh and

reef-relatedmanne life

1 prefer... (cheel: org. box below)

a TRIP A C3 I WOULDNOTTAKE a TRIP B

EITHER TRIP

Figure 1. One of 72 choice sets used in the choice experiment for scuba
divers.

Model

The stated preference choice model (SPDCM) is based on random utility
theory, which posits that individuals consider the relative importance of two or
more factors involved in making a decision about management preferences and
make choices to maximize their utility (McFadden 1974). Thus, the model
includes a deterministic component (i.e., the measurable utility as well as
random error component (to account for unobserved influences). However,
because utility cannot be directly observed, probabilities are used to predict
whether one scenario will be chosen over another. We used a conditional logit
model, which assumes the error terms to be independently and identically
distributed as well as Gumbel distributed. The distributional assumptions for
this model require the satisfaction of the independence of irrelevant alterna
tives (IIA) property so individual specific variables (ISV), which take into
account interaction effects, were included to alleviate inaccuracies due to IIA
violations.
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Scenario Analysis
Once the model was estimated, attributes could be changed to reflect

possible management scenarios. A probability of selection was calculated for
each scenario based on Bates et al. (2002) and Blamey et al. (1999) to gain
insight on the degree of differences in diver preferences. A representative
selection of scenarios was chosen by the authors for inclusion in this paper.
They represent the status quo option, the most restrictive option and three
intermediate options.

RESULTS

Of the 646 questionnaires distributed, we received 476 replies for a raw
response rate of 74%. Considering non-deliverable and unusable question
naires, the effective response rate was 78%.

Divers responding to the survey generally considered themselves as skilled
as or more skilled than other divers in general. Almost 70% of respondents
were 40 years or older, 58% were male and 44% reported annual household
incomes of greater than $100,000.

Model

Table 2 shows the parameter estimates for the conditional logit models,
including ISVs. The alternative specific constant (ASC), which represents the
value of a diving trip to an MPA with everythingelse held constant, shows that
divers favored takingtrips in terms of current management strategies. Looking
at ISVs in terms of the ASC, the table shows that younger divers, divers with
higher annual household incomes, and divers who place more importance on
divingas a priority leisure activity were more likely to choosea trip based on
current management strategies. Gender and diving club membership had no
significant influence on trip choice.

All primary attributes were significant except for the edu2 variable; and,
all estimated coefficients had expected signs except superv1 and EDU2
variables. The implicitprices in Table 2 show that, in general, divers did not
prefer regulatory strategies that increased restrictions on the numberof people
allowed to dive at a site (people), the amount of an MPA available to dive
(area), or that increasedthe amount of supervision(SUPERV). However, while
divers did not prefer increased supervision overall, the coefficient associated
with having divemasters in the water (SUPERV1) was positive indicating that
they preferred this option over no supervision. Divers also did not prefer
access fees (fee). In contrast, they snowed a preference for education as a
management strategy. Required education (30 minutes) was favored over no
education (EDUl), although the coefficient for requiringone hour of education
(EDU2) was not significant. Finally, the expectation variable of seeing either
20%more marinelife (EXPl) or 50% more fish (exp2) was stronglypreferred.
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Table 2. Parameter estimates for conditional logit examining preferences of
scuba divers for coral reef management options. A likelihood ratio test shows
that this model is superior toa main effects-only model (c2 =83.65, p<0.001).
Note: Dummy variables are used for qualitative attributes. Variables ending
with a "1" represent level 2 for that attribute while those ending with a "2" rep
resent that attribute's level 3 condition.

Model Conditional Logit

Attribute Coefficient Std. error Z-value

Implicit Price
($)

ASC 2.9219** 0.314 9.32

PEOPLE1 -0.6924** 0.067 -10.38

PEOPLE2 -0.4424** 0.072 -6.12 -23.2

AREA1 -0.1876** 0.070 -2.69

AREA2 -0.5069** 0.069 -7.38 -11.2

SUPERV1 0.1590** 0.066 2.42

SUPERV2 -0.4985** 0.072 -6.92 -2.3

FEE -0.0262** 0.002 -11.4

EDU1 0.3956** 0.070 5.61

EDU2 0.0933 0.068 1.38 11.2

EXP1 0.6761** 0.070 9.67

EXP2 1.3233** 0.071 18.73 34.0

AGEASC -0.0465** 0.005 -8.54

INCOMEASC 0.0407** 0.019 2.11

CLUBASC 0.0868 0.113 0.77

IMPORTASC 0.1176** 0.046 2.55

GENDERASC -0.0403

"significant at a

0.115

= 0.05

-0.35

Model Statistics

number of choice sets 3305

LogL -2847.2

P1
McFadden 0.2158

Scenario Analysis
For this analysis, five possible scenarioswere chosen from least to most

restrictive under the assumption that divers could expect to see increased
amounts of marine life as restrictions increased (and impacts decreased) (Table
3). Scenario 1 represents the status quo management conditions (i.e., no
increased restrictions) and Scenario 5 contains the most restrictive manage
ment options. When presented with these five choices, wewould expect divers
to choose the status quo 31%of the time; this is the most preferred option by
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divers. Scenario 3 was the second-most preferred option with a selection
probability of 30% and Scenario 4 was the least preferred with a selection
probability of 11%.

DISCUSSION

Previous studies using SPDCM show that, in general, natural resource
users prefer the least amount of restrictions (e.g., Oh et al. in press). Scuba
divers showed a similar predilection by preferring Scenario 1, the status quo
over other more restrictive options. The fact that Scenarios 3 and 2 were the
second and third most preferred (respectively) can be understood by looking
specifically at the coefficients of the supervision (supervI, SUPERV2) and
education (EDUl, edu2) variables.

As shown in Table 3, having divemasters in the water (superv1) and 30
minutes of required education (EDUl) did not meet our a priori expectations
that these options would be less preferred compared to the status quo of no
supervision and no required education. Because these variables are associated
with positive utility, scenarios incorporating these options will increase their
probability of being selected. Moreover, because the coefficients for the
amount of marine life expected (expI and 2) are high, the selection probability
of Scenario 3 is very close to Scenario 1, the most preferred option. One
caveat here, however, is that managers cannot control diver expectations in the
short term, nor can they control the change in the amount of marine life due to
restrictions. With that understood, Scenario 3 provides a good example of the
tradeoffs divers are willing to make to see more marine life; they are willing to
have restrictions on the number of divers at the site, have somewhat restricted
access, as well as pay a moderate access fee.

The fact that EDUl and superv1 had positive utility may reflect the
willingness of divers to contribute to coral reef conservation. That is, divers
appear to understand the need to protect the resource even from "non-
consumptive" recreational uses like diving. This willingness may be explained
by our sample, which tended to be older and have a high household incomes.
Dunlap and Heffernan (1975) found that people with these characteristics who
participate in nature-based activities tend to be more pro-environment. While
our study is limited in that we used a purposive sampling strategy, similar
diver characteristics have been found in previous studies (e.g., Ditton and
Baker 1999, Thailing and Ditton 2001).

The other variable that did not meet our a priori expectations was one
hour of required education (edu2) which was not significant (Table 2).
Nonsignificant attribute levels could mean that divers did not perceive a
difference between one hour of education and the status quo situation of no
education. However, because EDUl was significant, this explanation is not
logical. Thus, we suspect that either the amount of education in general was
not of major importance in decision making relative to other factors, or that
divers may have discounted one hour of education as an unrealistic amount
when making choices.



Conditional

Logit

PEOPLE

Usual number

AREA

100% open

SUPERV FEE EDU EXP Prob. (%)

S1 No supervision No fee No education Usual amount 31.2

S2 15% fewer 50% open Divemasters $15 fee 30 minutes of education Usual amount 15.2

S3 15% fewer 50% open Divemasters $15 fee 30 minutes of education 20% more 29.9

S4 15% fewer 25% open Guided $15 fee 1 hour of education 20% more 11.2

S5 30% fewer 25% open Guided $30 fee 1 hour of education 50% more 12.5
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We advise managers against generalizing the results of this model to
specific MPAs Instead, this modeling approach can be used concomitantly
with other scoping activities such as focus groups to get feedback from the
relevant recreational diver constituency. Moreover, this specific model can be
used as a basis for informed hypotheses against which actual behavior can be
tested.

This study illustrates how managers can get a better understanding of
divers, divers' willingness to accept restrictions, as well as the tradeoffs they
make in doing so. In our model, it seems possible that divers are amenable to
restrictions if environmental quality is improved and it means they can see
more marine life. There may be other expectations that also mediate tradeoffs
for restrictions (e.g., higher variety of marine life, greater visibility, more
charismatic species, etc.) that can be addressed in future research.
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ABSTRACT

Divers in the San Andres Archipelago have been fishing in the last 20
years, but their operations have significantly expanded during last five years.
This fishing technique has changing throughtime mostly in number of divers,
fishing trips and fishing gears, accounting for a net increase in fishing effort.
Diving techniques promotethe use of scuba gears (includinghookahs) and the
speargunswhichare of common use, evenartesanal fishers are presentlyusing
these autonomous techniques which in the past were associated only to illegal
industrial operations. However, there are many other aspects that divers are
influencing the fishery in the Archipelago. Aspects related to use of new and
shallower fishing areas, which contain higher percentage of corals contributing
to greater impacts to benthic habitats. Similarly, new target species including
spiny lobsters, groupers and snappers (potentially during reproductive season)
or juvenile queen conch are of divers interest includingsea turtles. Divers not
following safetyoperations are suffering healthproblems, as had been reported
for the region in the past. Perhaps, one of the most importanteffects of divers
in the archipelago is related to the socio-cultural influences on island's
customs, since majority of them came from Colombia's continent or are
foreign. Conflicts between divers and line or trap fishermen are increasing,
because there are believed to be responsible for the significantly reduction of
demersal fish production. This paper discuss all the aspects described above
and provide important considerations for the fisheries management and the
definition of the MPA's management plan which is being elaborated in mis
moment.

KEYWORDS: Diverfishery, SanAndres archipelago, effectsof diving

Efectos de la Pesqueria con Buzos en el Archipielago de San
Andres: Consideraciones hacia el Manejo

Pesquero y la Conservacion

Los buzos en el Archipielago de San Andres han estado pescando durante
los ultimos 20 aiios, pero sus operaciones se han expandido significativamente
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en los ultimos cinco. Esta tecnica de pesca ha cambiado a traves del tiempo
principalmente el numero de buzosy caracteristicas de losbotes, generando un
incremento neto del esfuerzo pesquero. En las operaciones industriales, las
embarcaciones han cambiado el sistema de propulsidn y en las artesanales el
nivel de autonomia. El buceo promueve el uso de equipos aut6nomos
(incluyendo compresores) y del arp6n los cuales son usados comunmente,
incluso pescadores artesanales estan usando estas tecnicas aut6nomas ilegales
las cuales en el pasado estaban asociadas s61o a operaciones industriales. Sin
embargo, hay otros aspectos en los quebuzos estaninfluyendo en las pesque
rias del Archipielago, tales como el uso de nuevas areas de pesca que por lo
general son mas someras y tienen mayores porcentajes de coral, lo que
aumenta los impactos en los habitats benticos. Igualmente, hay nuevas
especies objetivo incluyendo langostas espinosas, chemas y pargos
(potencialmente durante temporada reproductiva) o juveniles de caracol reina
son de interes de los buzos. La captura acompafiante de esta pesqueria
industrial que no ha sido todavia documentada afecta especies protegidas
(tortugas) y peces arrecifales no comerciales, pero de importante valor
ecol6gico. Losbuzos no siguen normas de seguridad y sufren problemas de
salud, como ha sidoreportado para la regi6n en el pasado. Talvez, uno de los
efectos mas importantes de buzos en el Archipielago esta relacionado con
influencias socio - culturales sobre las costumbres nativas, dado que la
mayoria de estos vienen delcontinente colombiano o del extranjero. Conflic-
tos entrebuzosy pescadores de lineao nasas se estan incrementando, ya que
los creen responsables de la reduccion significativa de la producci6n de peces
demersales. Este articulo discute todos los aspectos descritos anteriormente y
provee consideraciones importantes para el manejo de las pesquerias y la
definici6n del plan de manejo de las AMP's que se esta elaborando actual-
mente.

PALABRAS CLAVES: Pesqueria debuzos,Archipielago SanAndres, efectos
del buceo

INTRODUCTION

Divers in the San Andres Archipelago have been fishing in the last 20
years, but their operations have significantly expanded during the last five
years. This fishing technique has changed through time mostly in number of
divers, fishing trips and fishing gears, accounting for a net increase in fishing
effort. Diving techniques promote theuseof scuba gears (including hookahs)
andspear guns which are commonly used; even artesanal fishers arepresently
using these autonomous techniques which inthepast were associated only with
illegal industrial operations.

Theobjective of thispaper is to discuss all aspects related to operations of
the diving fishery, baseon three main issues — fishery aspects, socio-cultural
conflicts and environmental concerns. It will focus more on industrial level
fishing, which hasthegreatest impact, butalso includes qualitative information
ofartesanal operations. Their presence onthe islands and their effects will be
of critical concern now that extensive areas of the archipelago have been
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declared as a system of multiple use marine protected areas, which are also
within the Seaflower Biosphere reserve.

STUDY AREA

This study refers to the participation of divers in the San Andres archipel
ago, which is composed by al least eight isolated shelves (atolls), which are
fished at industrial as well as artesanal levels. San Andes (SAI), East-south
east (ESE), South-south-west (SSW) and Providence (PVA) are traditionally
fishing grounds for artesanal fishermen located in the south or mid-
archipelago's areas. In addition, larger areas located at north and including a
section of the Nicaraguan rise, Quitasueno, Serrana, Roncador, Serranilla, and
Alice and New banks are fished at industrial levels. These reef complexes are
characterized by a well developed coral reef, which are being recognized as
important fishing grounds in the context ofthe western Caribbean.

METHODS

Three different aspects were considered when analyzing the effects of
divers in the archipelago's lobster and conch fisheries. The first one reviewed
the growing participationof divers in the lobster fishery following restrictions
imposed on the conch fishery due to reduction of its global quota. The effects
were characterized in terms of catch and effort data. Catch data on lobster and

conch resulting from the diving fishery was obtained from a recent diagnostic
elaborated with the participation of all stakeholders involved directly or
indirectly with fisheries management (Prada 2004). Effort data included
information on number of divers, duration of the trips, description of the boat
and the fishing gear used; additional information resulted from interviews and
existing reports on inspections done immediately after boat arrival by the
Fisheries and Agriculture Department.

The second aspect analyzed the socio-economic context of the divers
living/working the archipelago. Information to this regard evaluated peoples'
origin, conflicts among fishers and with the local community, as well as the
occurrence ofdecompression sickness.

The third aspect considered the ecological and biological impacts of
divers, and examinedthe use of fishing habitats, changes in size and weight of
lobsters, trends in CPUE during reproductive season, and finally reviewed the
potentialofdiverscapturing protectedspecies. Using Arc View Vs.3.2, spatial
analysiswere conductedto determining habitats fished by divers using existing
maps (Diaz et al. 2000) and positions of a single canoe participating in an
industrial conch trip (a fishing boat regularly takes 10 - 12 canoes) during 12
effective days of fishing. On a broad scale, fishers identified conch sites by
abundance within a social cartography process, and habitat information was
also obtained from existing maps (Diaz et al. 2000). By the other hand,
changes in size (weight) were obtained from the fishery diagnostic (Prada
2004). Undersize extractions of lobsters and conchs were included for the last
four months in 2004. Finally, catchesof protectedspecies are referred to only
qualitatively from observers.
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RESULTS

Fishery Aspects
Traps utilized at industrial levels are the main fishing method in San

Andres archipelago, althoughdivers in the lobsterfisherybecameimportant in
the last five years. Divers working in industrial operations utilize a main boat
for transportation and small canoes once they reach the fishing area. Each
canoe fishes approximately five to six miles from die main boat, and carries
onboard two to three divers. Each boat takes a total of9-12 canoes. Landings
from divers accounted for only 9.9% of total catches in 1998but increased to
46.3% in 2003 (Figure 1). This increaseis the resultofdivers shiftingfrom the
conch to the lobster fishery as a consequence of the significant reduction in
conch quota (53%). Therefore, fishing effort presented a net increase mostly
because more fishing trips were being conducted. Duration of the trips, the
number of divers and number of boats have remained similar (Table 1).
However, because an undetermined proportion of the divers are using hookahs,
calculation offishing effort is subjectto error,resulting in a positive trend seen
in the mean values of CPUE of lobsters for divers, due to underestimation of
the fishing effort (Figure 2).

Figure 1. Industrial landings of spiny lobster in the San Andres Archipelago by
fishing technique, showing a net increase in landings from divers.
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Table 1. Characteristics of the industrial fishing effort of spiny
lobster fishery in the San Andres Archipelago by fishing technique.

Mean No.

Year No. fishing trips Mean No. days divers

divers traps divers traps

1998 26 66 20 54 19

1999 47 99 28 52 19

2000 57 83 25 32 19

2001 82 134 25 44 17

2002 80 116 28 54 18

2003 50 160 23 43 25

Figure 2. Catch per unit effort in the industrial spiny lobster fishery in the San
Andres by fishing technique. Increase CPUE for divers respond to new fishing
areas and increase innumber oftrips.

It is not possible to conduct a similar analysis for the participation of di
vers at artesanal levels, because there are not trips exclusively for them, but a
combinationof fishing techniques and gears. Medina (2003) in PVA reported
that at least 40% of the time of the artesanal trips is dedicated to diving. On
average, there are 25 artesanal boats in SAI and probably a similar number in
PVA that spend more time in diving. It is known, that around 30 fishermen in
PVA are regularly utilizing scuba tanks fishing for lobster, even though this is
an illegal practice. The use of scuba tanks for SAI divers is rare, however
there have been complaints about the use ofhookahs by artesanal fishermen on
both reefs.

On the other hand, significantly reductions in landingsof the queen conch
fishery have resulted from more than 20 years of divers operations, fishing
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with or without autonomous equipment. Present trends respond mainly to
global quota established in 1997 at 200 metric tons but reduced to 96 tons in
2001 (Figure 3). In general, landings have exceeded the quota due to illegal
fishing, lack of enforcement, and capture of sub-adults individuals, which in
conjunction also put this fisheryat seriousrisk. Additionally, the new trade for
conch pearls is targetingmostlyjuvenile conchs, thereby increasing the illegal
harvest ofthese already reduced stocks.

^ 700.00-

I €00,00
& 500,00-|

Year

1400.00

•• 1200.00

• * 1030.00 *

- 130.00

•' 600,00

• - 403,00

200.00

0.00

Figure 3. Catch per uniteffortin the industrial spiny lobster fishery in the San
Andres by fishing technique. Increase CPUEfordivers respond to new fishing
areas and increase in number of trips.

Socio-Economical Conflicts

Socio-economical issues related to the presence of divers in the archipel
ago's fisheries began considering their origin. Most divers fishing at industrial
levels are not islanders (Figure 4). Indeed, during the 2004 season, the
majority of them were Colombians (69%) from Cartagena andRincon, whoin
general, are not legal residents to the islands. In addition, divers from the
DominicanRepublicand Hondurasare participating in this fishery(22%).

The low enrollment of native people in this activity is unexpected
considering thehighunemployment rates (around 40%), andperhaps explained
by several factors. On one hand, localfishermen are not willing to stay long
and frequent periods of time at sea (artesanal fishing trips last not more than
eightdays). On the otherhand, mostlocal fishermen andseamen explain their
low participation based on low salaries and lack of social security. Another
factor is the minimal accommodation conditions; fishing boats do not have
sufficient spaceto hold comfortably that manydivers, hygienic conditions are
minimal, and there is a need for space to store canoes (and illegal air compres
sors).
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Figure 4. Origin of the legal divers fishing at industrial levels spiny lobsters and
queen conch in the San Andres Archipelago.

Colombian divers are being asked to have a legal residence in the islands
to work as fishermen since 2001. However, the office that controls the
residence does not have efficient mechanisms to guarantee that people leave
the islands once their temporary permit has expired, thus they become illegal
residents. Usually, they bring their families with them, making the present
overpopulation problem in SAI even worse.

Conflicts between non-resident divers and San Andres fishermen are
increasing because if the boat stays in port for several weeks, they go out and
fish in the traditional fishing areas using scuba gears. Trap fishermen have
complained that divers working on industrial boats empty their traps. Other
conflictshave emergedbecause non-resident divers spend most of their time in
port around a traditional zone to the artesanal fishers, which is also a residen
tial area. Therefore, the residential community is being degraded through
increasing alcohol consumption, declining security, excess noise, and even
prostitution.

The introduction of autonomous scuba gear by non-resident divers,
including hookahs, is becoming more commonly used in artesanal operations.
The Fishery and Agriculture Department confiscated two air compressors and
one set of scuba gear from two industrial fishing boats between 2000 and 2004.
In addition, two illegal conch vessels from the Dominican Republic and
Honduras were captured with scuba gear onboard. Nevertheless, it is sus
pected that hookahs are widely used because there are insufficient enforcement
resources in distant and isolated fishing areas. It is estimationed that around 25
to 50% of the licensed boats use hookahs frequently or at least have used them
sometime during last two years.

However, given the vicinity of the Archipielago's fishing areas to
Nicaraguaand Honduras, the probability of illegal fishing by miskitos divers is
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high. It is possible that around 5,000 miskito divers fish in the region, and
approximately 10% of them fish frequently and illegally within Colombian
waters (around Quitasuefio, Serranilla, and theNicaraguan rise). This number
doubles the number of legaldivers in the area (maximum 250 people). Thus,
an international legal framework and enforcement is in need.

Finally, the presence of divers using autonomous equipment is affecting
their health. In the islands, not much information is available concerning
deaths or injuries caused by decompression sickness. Fishermen mentioned
that at least four people were severely injured from decompression sickness,
andprobably threepersons havediedbecause of that in theperiodof fiveyear.
Nevertheless, the majority of non-resident fishers suffering from decompres
sion sickness are not recorded because they are transported to the mainland
Justrecently, oneartesanal fishermen from PVA wasat riskofbeing paralyzed
due to unsafe diving.

Safety does not refer only to frequency of diving and bottom times, but
alsoto the lackof equipment maintenance, which mayresult in interruption of
air supply with dramatic consequences. Frequently, divers utilize homemade
gear which are not designed be in compliance with safety procedures.
Decompression sickness in the Islands is a critical concern for divers since
fishing areas aredistant from hyperbaric chambers, andtheonelocated in SAI
is not working properly.

ENVIRONMENTAL CONCERNS

Habitat Aspects
Despite theabsence ofhabitat maps formost fished areas located deep and

far northern in the archipelago, habitat considerations regarding the impactof
divers were estimated for both lobster and conch fisheries. Based on data from
an observer on one conch trip, it was found that in addition to traditional
unconsolidated habitats where this mollusk is most captured, coral habitats are
also fished. For instance in Serrana, one of the most productive area in the
Caribbean (Appeldoorn et al2003), 10% ofthefished sites happened oncorals,
andthis percentage increased toa 66% inRoncador, a coral dominated atoll. It
wasnotpossible to getprecise positioning in the case of lobster, but there are
indications that divers utilized more the islands atolls than the section of the
Nicaraguan rise belonging to the archipelago, which is the preferred area for
thetrapfishery (Medina etal 1996, Gallo etal 2002, Prada 2004).

In agreement to information from observers, the social cartography
process identified a total of 13% of conch areas to bepresent in coral habitats
in Serrana, and a total of 54.9% in Roncador. Fishermen also acknowledge
that around 50% ofthe conchs found in coral habitatsare juveniles (Figure 5).
Unfortunately, thereis no similar information for lobster divers.

To date, there is no information as to what extent this large number of
divers maycause fragmentation andother mechanical alterations to corals.
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Figure 5. Identification of conch abundance according to fishermen perspec-
tive. Upper graph for Serrana, lower graph for Roncador.

Biological Aspects
Divers are affecting more the lobster population dynamics than is the trap

fishery. On average, divers are capturing 14.7% (SD 15.6) undersized
individuals, 7.73% (SD 10.8) of gravid females and 12% (SD 21.5) individuals
with egg remnants, in comparison with 1.5 (SD3.5),2.51%(SD 3.4) and 4.7%
(SD 6.9) respectively of the trap fishery. Changes of mean lobster size and
weight through time did not proved to be statistically different by fishing
method, despite a negative tendency in tail length for trap fishery was observed
(Figure 6). Divers, apparently are getting larger lobsters since 2002, thus
indicating that probably they are fishing deeper, where larger individuals are
expected; therefore, most probably they are using autonomous (illegal) diving
gear. Indeed, divers are being enticed to empty the traps (Prada et al In press).
When comparing changes in lobster CPUE from the divingfishery through
time, it was clearthata major abundance of lobsters were fished during May -
July during 1990 - 1996. However, this pattern shifted to a more uniform
variations since 1997, similarly to theobserved for trap fishery.
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Therefore, this data suggests that divers are not exclusively fishing the
presumed shallow water stock, butalso thedeeper one (Prada et al.Inpress).

1998 1999

X

it
2000

Years

2003

1998 2000 2003

Year

S DIVERS

• TRAP

2004

S DIVERS

• TRAP

2004

Figure 6. Changes in mean tail length (cm) andmean tail weight (g) inlobster
fished at industrial level in the San Andres archipelago. Error bars illustrate one
standard deviation.

Captures of Protected Species
Reports made by observers indicate that divers capture and consume on

board several species subjected to different levels ofprotections. Usually they
are notthe target species, butthey play a significant historical role in the local
culture, such as all species of seaturtles, a delicacy in theAntillean culture. In
addition, unidentified species of sharks, particularly juvenile individuals, are
extracted. Reef fishes fished in spawning aggregations are also captured
mostly from divers (Prada etal. 2004). It is important toremember that the use
ofspear gun for industrial divers was prohibited byCORALINA since 1998.
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CONCLUSIONS

Highly exploited spiny lobster populations in the San Andres archipelago
began to show signs of over-fishing, and the participation of divers have
significantly contributed to this situation. Their operations increased mostly as
a consequence ofreduction in the queen conch global quota, resulting in a shift
of effort to a more valuable, less controlled trade. Apparent increments in
lobster CPUE from divers may not be accurate since estimations of fishing
effort are fraught with errors, due to no inclusion of the use of illegal autono
mous diving gears, particularly hookahs. The queen conch stocks fished
exclusively by divers already accounted for critical reductions in their popula
tions, and at present are targeting juveniles looking for conch pearls.

The presence of divers have created additional socio-cultural conflicts,
because they are a group of people (Colombian non-residents or foreigners)
with different customs, and in most cases are not legally allowed to work in the
islands. They brought their families with them, thus increasing the already
existing over-population problems on San Andres. Conflicts with these people
have extended to the local community, because they congregate within a
residential sector, and transformed completely the style of life there. Divers
using illegal gears generate conflicts with native divers because they compete
for fishing areas with most traditional fishermen both at industrial and
artesanal levels. Indeed, they have introduced the use of hookahs to artesanal
fishermen, not previously reported. Using autonomous diving equipment and
not following safety regulations, divers suffer decompression sickness which
have caused serious injury or even death to an unknown number of people.
The vicinity of the archipelago's fishing areas to Nicaragua and Honduras,
where traditionally thousands of Miskitos kill themselves for the named "red
gold" increases potential risks to the stability ofour fishery resources.

Not only the fishery and socio-cultural aspects involved the situation of
divers, but also environmental concerns. In fact, fishing out of small canoes
they can reach shallow coral reef habitats affecting essential fish habitat as well
as deep reproductive zones. Diver operations in the last two years were
responsible for the capture of 14%ofundersized lobster, 7% ofgravid females,
and 12% females with eggs remnants; these values represent ten times the
proportion of undersized individuals, three times the proportion of gravid
females and four times the proportionwith eggs remnants of the trap fishery.
Several species under protection are also being captured by divers, including
all sea turtles, juvenile sharks, and groupers and snappers at spawning
aggregation, thus contributing with the reduction of the islands biodiversity
and productivity.
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ABSTRACT

Many Caribbean nations have recognized the potential of mariculture to
help meet local demand for fish and other marine products and to relieve
pressure on fisheries. Governments and investors are especially interested in
culturing species that are traditionally associated with the Caribbean, such as
the spiny lobster, queen conch, and Nassau grouper. Commercial feasibility
needs to be reviewed for these species and other candidate species. In some
cases, the hatchery technology may be a major constraint, while in other
species problems may exist in the nursery or growout phases of production.
There are also candidate species for which the culture technology is well
developed, but market prices are too low to allow for profitable production in
the Caribbean. Expansion of Caribbean mariculture is critically dependent
upon the identification of species withhighestcommercial potential.

To assist in determining commercial feasibility of a species, a scoring
system was developed based on a mixture of technological, economic, and
market-related factors. This system was used to rank nine species commonly
considered as candidates for Caribbean aquaculture in order of their commer
cial feasibility. The specieswere rated in five differentcategories:

i) Hatchery technology,
ii) Nursery technology,
iii) Growout technology,
iv) Environmental impacts, and
v) Marketability.

Species rankings were highly dependent upon the culture technologies
selected, as wellas on individual marketing opportunities. The top fivespecies
ranked in order of their aquaculture commercial feasibility in the Caribbean
were: cobia, sponge, shrimp, spiny lobster and queen conch. This ranking
system is a tool that can assist in identifying species with the best commercial
potential. However, investment decisions should also be based on detailed
economic analyses.

KEYWORDS: Aquaculture, Caribbean development, marinespecies
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Acuacultura que Integra en el Desarrollo del Caribe:
Selecci6n de la Especie Marina

Muchas naciones del Caribe han reconocido el potencial del acuacultura
de ayudar a resolver la demanda local para los pescados y otros productos del
mar y a relevar la presion en industrias pesqueras. Los gobiernos y los
inversionistas estan especialmente interesados en cultivar las especies que se
asocian tradicionalmente al Caribe, tal como la langosta espinosa, el caracol de
la reina, y el grouper de Nassau. La viabilidadcomercial necesita ser repasada
para las estas especies y la otra especie del candidate En algunos casos la
tecnologiadel criadero puede ser un constrenimiento importante, mientras que
en la otra especie los problemas pueden existir en las fases del criadero o de
maduracion.Hay tambien las especies del candidate para las cuales la tecnolo
gia de la cultura se desarrolla bien, pero los preciosde mercado son demasiado
bajos para permitir la production provechosa en el Caribe. La extension del
acuacultura del Caribe es criticamente dependiente sobre la identification de la
especie con el potencial comercial mas alto.

Para asistir a determinar viabilidad comercial de una especie, un sistema
que anotaba fue desarrollado baso en una mezcla de factores tecnologicos,
economicos, y relacionados con el mercado. Este sistema fue utilizado para
alinear nueve especies consideradas comunmente como candidates a acuacul
tura del Caribe en orden de su viabilidad comercial. Las especies fueron
clasificadas en cinco diversas categorias: tecnologia del criadero, tecnologia
del cuarto de ninos, tecnologia del maduracion, consecuencias para el medio
ambiente, y comerciabilidad. Las graduaciones de la especie eran altamente
dependientes sobre las tecnologias de la cultura seleccionadas, asi como en
oportunidades individuales de la comercializacion. Las cinco especies
superiores alineadas en orden de su viabilidad comercial de la acuacultura en el
Caribe eran: cobia, esponja, camaron, langosta espinosa y caracol de la reina.
Este sistema de graduation es una herramienta que puede asistir a identificar
especie con el mejor potencial comercial. Sin embargo, las decisiones de la
inversion se deben tambien basar en analisis economicos detallados.

PALABRAS CLAVES: Acuacultura, desarrollo del Caribe, especie marina

INTRODUCTION

Many Caribbean nations have recognized the potential of mariculture to
help meet local demand for fish and other marine products and to relieve
pressure on fisheries. Mariculture also has the potential to create jobs and
muchneededexport income. Expansion of Caribbean mariculture is critically
dependent uponthe identification of species with highest commercial potential.
To assist in determiningcommercial feasibility of a species, a scoring system
was developed based on a mixture of technological, economic, environmental,
and market-related factors. This system was used to rank eight species
commonly considered as candidates for Caribbean aquaculture in orderof their
commercial feasibility. The candidate species considered in this analysis were:
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queen conch (Strombus gigas), spiny lobster(Panulirus argus), marine shrimp
(Litopenaeus vannamei), Nassau grouper (Epinephelus striatus), cobia
(Rachycentron canadum), red drum (Sciaenops ocellatus), Florida pompano
(Trachinotus carolinus), and sea sponge (Hippospongia spp.)

METHODS

Species were scored in five different categories: hatchery technology,
nursery technology, growout technology, environment impacts, and market
considerations. Within each category a variety of criteria were identified that
provided a basis for judging the commercial feasibility or potential for the
differentspecies. For each criterionrated, a score was given ranging from 1 to
4, where: 1 = Poor; 2 = Fair; 3 = Good; and 4 = Excellent. Average scores
were calculated for each category.

Scoring Criteria
The criteria used for rating the hatchery technology for a given species

included:

i) Maturation facility capital cost,
ii) Larval rearing facility capital cost,
iii) Reliability of egg production,
iv) Larval rearing survival rates,
v) Year-round availability of seedstock,
vi) Hatchery labor costs,
vii) Hatchery energy costs, and
viii) Expected cost of seedstock.

No hatchery score was given for sponge culture because hatcheries are not
required forsponges. In the caseof spiny lobster, seedstock (pueruli) wouldbe
obtained from thewild. Therefore, no scores were given for many of the spiny
lobsterhatchery criteria. However, scoresweregiven for year roundavailabil
ity of seedstock and cost of seedstock, as these criteria also relate to wild
seedstock collection.

The criteria used for rating the nursery technology for a given species
were: nursery facility capital cost; survival in the nursery phase; nursery labor
cost; nursery energy cost; and, nursery feed cost. Nurseries are not required
forsponges, sono score was given forsponges in thiscategory.

Growout technologies were rated based on:
i) Growout facility capital cost,
ii) Survival in the growout phase,
iii) Growout labor cost,
iv) rowout energy cost, and
v) Growout feed cost.
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The criteria for scoring the environmental impacts associated with the
aquaculture of a given species reflect the different ways that aquaculture
activities can impact the environment. Environmental impact scoring was
based on:

i) Habitat impacts,
ii) Natural resource depletion,
iii) Non-native species impacts,
iv) Effect on bio-diversity, and
v) The effectiveness of available mitigation procedures.

In this categoryhigher scoreswere awarded to culturesystemswith lower
degrees of environmental impact.

The market potential for each of the candidate aquaculture species was
rated based on the following criteria:

i) The degree ofprocessing required,
ii) Whetheror not the producthas a Caribbeanidentity,
iii) Availability ofniche markets,
iv) Size ofniche markets,
v) The degree ofcompetition in the marketplace,
vi) The difference between wholesale priceandproduction cost,and
vii) The difference betweenretailprice and productioncost.

Weighting ofCategory Average Scores
Therelative impacts of the different categories on the economic feasibility

of the aquaculture of a species are not all equal. For example, the growout
stage of production will usually have a greater impact on the economics of
producing a species than the nursery stage. A weighting factor was used to
adjust for the relative importance of the different categories to the species
selection process. The weighting factors, which are entirely subjective,
provide a way to give additional weight to those categories deemed most
important in thespecies selection process and less weight to categories deemed
less important. Weighted category average scores were calculated bymultiply
ing the category average scores by the weighting factor associated with the
category. The following weighting factors were used for the different catego
ries:

Category Weighting Factor
Hatchery technology 8
Nursery technology 6
Growout technology 10
Environmental Impacts 10
Market considerations 10

In cases whereno category average scorewas given (e.g., no hatchery or
nursery average scores were calculated for sponge culture), the weighting
factors for the hatchery andnursery were added to the weighting factor for the
growout. In effect, the growout score received all of the weight associated
with the production process. Thus, the average score for the sponge growout
was multiplied by a weighting factorof 24 (8 + 6 + 10).
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Composite Scores and Species Rankings
The resulting weighted ratings for each of the four categories were then

summed for each species to yield a composite score. The composite score is a
single number that is derived from all of the different criteria that were used to
rate the commercial feasibility for a given species. The eight species consid
ered here as candidates for Caribbean aquaculture were ranked based on the
composite scores. Species receiving the highest composite scores should have
the greatest potential for commercial success.

RESULTS

The scores given for each of the aquaculture feasibility criteria to the eight
candidate species for Caribbean aquaculture are presented in Table 1. This
table also shows the average scores for each of the five feasibility categories.
Weighed category average scores and composite feasibility scores are pre
sented for each of the eight species in Table 2.

Based on the results of this scoring system, the eight candidate species
were ranked according to their feasibility for commercial aquaculture in the
Caribbean. Species receiving higher composite feasibility scores should have
the greatest potential for commercial success. The species are listed in Table
2 in order of their commercial feasibility ranking.

DISCUSSION

Sea Sponge
Based on the species ranking system, the best candidate for commercial

aquaculture in the Caribbean is the sea sponge. While this result might be
surprising to some, sponge culture has many favorable attributes. Foremost
among these is the low capital cost associated with sponge culture. Adams et
al. (1995) estimated the initial capital costs for establishing a 0.4 ha sponge
farm to be under $3,000. Operating costs for sponge farming are also very
low. Labor is the primary input. Because sponges are filter feeders and no
feeding is required, the environmental impact of a sponge farming enterprise
would be minimal. The technology for culturing sponges is relatively simple
and reliable. The major factor limiting the commercial feasibility of sponge
farming is the relatively small market for bath sponges. However, there may
be opportunities for culturing sponges for biomedical and pharmaceutical
applications (Duckworth 2001).

Sponge farming has potential as a means of providing supplemental
income for artesanal fishermen. The low initial investment and operatingcosts
makes entry into sponge farming feasible for individuals with low income.
Marketing cooperatives would probably be required for small-scale sponge
farmers to gain access to markets.
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Table 1. Aquaculture feasibilityscoring matrixfor eight candidate Caribbean aquaculture

Species

FeaSiX„?0rtnfl Ch"" Spiny Marineunrona Conch Lobster Shrimp Grouper Cobia
Red

Drum

Pom-

pano
Sponge

Hatchery Technology

Maturation capital cost
Hatchery capital cost

4

3

NA

NA

2

2

3
2

3
2

3

2

3

2

NA

NA

Reliable egg production
Larval survival

3

3

NA

NA

4

4

2

1

3

2

3

3

3

2

NA

NA

Year-round seed supply
Hatchery labor cost
Hatchery energy cost
Expected seed cost
Average Score

2

3

3

3
3.0

2

NA

NA

1

1.5

4

3

3

3

3.1

2

2

2

1

1.9

3

2

2

2

2.4

4

2

2

2

2.6

3

2

2

2
2.4

NA

NA

NA

NA

NA

Nursery Technology -
Nursery capital cost 2 3 3 3 3 3 3 NA

Survival in nursery
Nursery labor cost
Nursery energy cost
Nursery feed cost
Average Score

2

1

1

2

1.6

3

2

3

2

2.6

3

3

3

3

3

3

3

3

2

2.8

2

3

3

3

2.8

3

3

3

3

3

3

3

3

2

2.8

NA

NA

NA

NA

NA

Growout Technology

Growout capital cost 1 3 2 2 3 2 1 4

Survival in growout
Growout labor cost

2

2

2

2

3

3

2

3

2

2

3

3

3

1

3

2

Growout energy cost
Growout feed cost
Average Score

4

4

2.6

3

1

2.2

3

3

2.8

3

2

2.4

3

3

2.6

3

3

2.8

1

2

1.6

4

4

3.4

Environmental Impacts

Eutrophication potential
Habitat impacts

3

3

2

3

2

2

2

2

2

3

2

2

3

3

4

4

Natural resource deple- 4 4 3 3 4 3 3 4

Exotic species impacts
Effect on biodiversity

4

3

4

3

2

3

4

3

4

4

4

3

4

4

4

3

Mitigation effectiveness
Average Score

3

3.3

3

3.2

3

2.5

3

2.8

3

3.3

3

2.8

4

3.5

4

3.8

Market Considerations

Processing requirement 2 4 4 3 3 3 3 1

Caribbean product
Niche market potential
Size of niche market

4

4

4

4

4

3

2

2

4

4

4

4

3

3

4

2

2

2

3

3

4

3

2

2

Market competition 4 4 2 3 4 3 4 2

Wholesale Price-Total

Retail Price-Total Cost
Average Score

1

1

3.0

2

4

3.5

2

3

2.5

2

2

3.2

4

4

3.7

1

3

2.2

3

3

3.3

1

2

2.0
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Table 2. Weighted feasibility and composite scores for eight candidate
Caribbean aquaculture species. The eight species are listed in order of their
feasibility ranking, based on composite feasibility scores.

Hatchery Nursery Growout Environ. Market r ..
Species We'9hted Weighted Weighted Weighted Weighted pJlSJS?

p Average Average Average Average Average reasiDiiity
Score Score Score Score Score *core

Sponge
0.0 0.0 78.2 26.8 18.6 123.6

Cobia
16.6 16.8 26.0 23.3 35.7 118.5

Marine Shrimp
21.9 18.0 28.0 17.5 27.1 112.5

Queen Conch
21.0 9.6 26.0 23.3 30.0 109.9

Red Drum
18.4 18.0 28.0 19.8 22.9 107.1

Pompano
16.6 16.8 16.0 24.5 32.9 106.8

Spiny Lobster
10.5 15.6 22.0 22.2 35.7 106.0

Grouper
13.1 16.8 24.0 19.8 31.4 105.2

Cobia

Cobia received the second highest commercial feasibility ranking.
Because of its astonishing growth rate (cobiacan growto 6 kg in one year)and
excellent market potential, cobia has tremendous potential as a commercial
aquaculture species. Cobiacan be grown in ponds (Weirichet al. In press) or
in submerged offshore cages (Benetti and Orhun 2002). The cage culture
systemwouldoffergreaterprofitpotential because the capital and energycosts
are much lower than those associated with a pond culture system. In addition,
better water quality can be maintained in cages, and the potential for disease
outbreaks is likely to be significantly lower than in a pond culture system.
Overall production costs for cobiareared in offshore cages are expected to be
low, due to the relatively low capital investment requirement per kg of annual
production capacity, and low expectedFCR(Benettiand Orhun 2002).

The primary constraint for the commercialization of cobia aquaculture is
the lack of availability of fingerlings. Any new cobia aquaculture venture
wouldlikelyhave to operate their ownhatchery. Hatchery production of cobia
fingerlings is technologically feasible (Arnold et al. 2002, Benetti et al. 2003,
and Kilduff et al., 2002), but reported survival rates have been low (Schwarz
2004). Supplying enough livefeed to the rapidly growing larvaeappearsto be
the biggest challenge. There are environmental concerns related to the cage
culture, including the potential for eutrophication of surrounding waters, and
escapement of hatchery-reared fish and their impacts on wild populations.
Propersite selection is critical to mitigate the pollution potentialof thesecages.
Submerged cages should be situated in locations where the water depth is at
least 25 m and currents are between 1.5 - 2.5 km/hr. Cages should also be
situated over a sandy bottom, away from any coral reefs or other sensitive
habitats.
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Marine Shrimp
The marine shrimp Litopenaeus vannamei received the third highest

commercial feasibility score. The commercial feasibility of penaeid shrimp
culture is well-established. However, the fact that this species is not indige
nous to the Caribbean means that a high degree of biosecurity is required to
prevent introduction of shrimp or exotic diseases into the wild. A hatchery
capable of producing specific pathogen free (SPF) postiarvae would be
required to prevent the introduction of shrimp viruses. The technology for
production of SPF seedstock using has been described by several authors
(Lotz, et al. 1995, Ogle and Lotz 2001, Wyban and Sweeney 1991). The
environmental sensitivity of the Caribbean islands and the surrounding
oligotropbic marinehabitatsalso presents specialproblems for a marineshrimp
farming operation. Lined ponds would be required to prevent saltwater
contamination of freshwateraquifers. Offsite discharges would be eliminated
either by managing the system as a Belize-style aerated suspension pond
(Mcintosh et al. 1999) or by recirculating the effluent from the shrimpponds
through a settling pondand a system of seaweed biofiltration ponds (VanWyk
and Davis Unpubl. report). Zero-exchange production systems have been
demonstrated to be commercially feasible but are more capital intensive and
require a higher degree of management expertise thantraditional extensive and
semi-intensive production systems. It is likely that the production costs for a
Caribbean shrimpaquaculture venturewouldbe relatively high, due to the high
costof importing the required inputs. Caribbean shrimp producers will need to
identify marketing strategies that will allow them to compete with cheaper
imported shrimp.

Queen Conch
Queen conch (Strombus gigas) received the fourth highest feasibility

score. It is assumed that hatchery, nursery, and growout technology used for
queen conch production is the system described in Davis (2000). The past 20
years have witnessed major advances in techniques for egg mass production,
larval rearing, induction of metamorphosis, nursery production of juveniles,
and growout of juveniles to market size in enclosed off-shore pastures.
Although most of the technical problems associated with conch culture have
been resolved, conch culture has met with limited commercial success due to
the highcost of hatchery and onshore nursery production of juveniles. Conch
grow slowly, requiring approximately 12 months to reach a size suitable for
stocking in offshore growout pastures (7 - 9 cmshell length). As a result, the
labor and energy costs associated with the nursery phase are quite high.
Growoutto market size in the offshore pastures is also quite lengthy,requiring
another 18 months. Predationin the offshoregrowoutcan be a major problem.
Known predators of queen conch include fish, sharks, rays, octopus, spiny
lobsters, crabs, and other gastropods. An exclusion fence is necessary to
contain the conch, as well as to excludepredators. While the exclusion fence
may effectively exclude pelagic predators, benthic predators must be trapped
and removed. Conch growout requires enclosing large areas. At the typical
stocking density (1 conch/m2), one hectare is required for every 10,000
juveniles planted. The environmental impact of excluding pelagic predators
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from such large areas is an issue that needs to be addressed. From a market
standpoint, the demand for queen conch is excellent. However, due to the high
production costs, farm-raised conch are more expensive than wild-caught
conch. A conch farm in the Turks and Caicos has developed markets for
smaller conch (< 9 cm SL), which are cheaper to produce since the offshore
growout phase is eliminated. Wild conch in this size range are not available in
the marketplace because they are difficult to find in significant quantities.

Red Drum

Red drum received the fifth highest commercial feasibility ranking. From
a technical standpoint, red drum culture is well-established. Red drum can be
induced to spawn continuously over a period of months or even years using
temperature and photoperiod controls (Arnold 1988). Fingerling production
can be carried out either intensively in tanks (Holt et al. 1990)or extensively in
ponds (Davis 1990a). In the U.S. commercial growout of red drum is usually
carried out in ponds, with juveniles reaching a market size of 1 - 1.5 kg in
about 16 months (Davis 1990b). The nutritional requirements of red drum are
relatively well-known, and suitable growout diets are commercially available.
A red drumpond cultureoperation in the Caribbean wouldhave to be managed
to minimize discharge ofuntreated effluents.

Despite the technological feasibility of red drum culture, there are only a
few commercial red drum aquaculture facilities in operation. The reason for
this is that the commercial red drum fisheries are supplying enough fish to
meet the currentdemand. As a result, the wholesale marketprice for whole red
drum is very low relative to the cost of aquacultural production of red drum.
However, if markets can be identified that will bring significantly higher
prices, then aquaculture ofred drum could be commercially viable.

Florida Pompano
Florida pompano has attracted considerable attention as a candidate

species for aquaculture. Because of its delicate flavor, pompano has a very
high market price. In addition, Florida pompano grow very fast, reaching
market size (1.5 lbs) in one year or less. The technology required for spawn
ing, larval-rearing and nursery production (Hoffet al. 1978) of this species is
similar to that required for other marine finfish, such as red drum. While there
is certainly room for improvement in this technology, it does not represent a
major obstacle to commercial aquaculture production of this species. Pompano
are susceptible to infestations by external parasites, which can cause high rates
of mortality. Recirculating tank-based culture systems appear to be the best
system choice for pompano because parasites can be controlled with ultraviolet
filtration and/or ozone. However, the capital and production costs of recircu
lating production system are much higher than for cage or pond production
systems. Another barrier to the development of a successful commercial
pompano enterprise is insufficient knowledge about the nutritional require
mentsfor this species. Veryhigh feed conversion ratios have been reported for
pompano reared on high protein, high energy diets (Lazo et al. 1998).
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Spiny Lobster
Spiny lobster (Panulirus argus) was ranked seventh in terms of its

commercial feasibility. Entrepreneurs have long been interested in culturing
spinylobsters due to the highmarket demand, and concerns aboutthe sustain
ability of the commercial fishery. However, aquaculture of spiny lobsters has
been limited by the lengthy, difficult larval rearing process, lack of suitable
growout diets, and the high cost of land-basedculture systems. In recent years,
the development of techniques to collect seedstock (pueruli) from the wild
(Phillips and Booth 1994), and the demonstration of the potential for growing
spiny lobsters in cages (Jeffs and James2001)has resulted in renewedinterest
in Caribbean spiny lobster culture (Jeffs and Davis 2003). Nevertheless, the
reliabilityof collectingpueruli from the wild in sufficientnumbers to support a
commercial aquaculture operation has yet to be demonstrated. While cage
culture appears to hold promise as a production system, information on the
performance of Caribbean spiny lobsters in floating cages is still lacking.
Suitable feeds for spiny lobstersmust also be developed before this speciescan
be cultured commercially.

Nassau Grouper
Nassau grouper (Epinephelus striatus) received the lowest commercial

feasibility score. Like queen conch and the Caribbean spiny lobster, many
people are interested in culturing Nassau grouper because of its strong
Caribbean identity and because the wild population has been over-exploited.
Unfortunately, the technology for culturing Nassau grouper has not yet been
demonstrated to be commercially viable. The principle constraint is the
difficulty in producing grouper fingerlings in commercial quantities. Tech
niques for maturation and spawning of Nassau grouper (Tucker 1999) are
similarto thoseemployed for othermarine finfish. Grouper can be induced to
spawn naturally, but hormonal induction of spawning has thusfar provenmore
reliable. The mainbarrierto a successful grouper aquaculture enterprise lies in
the larval rearing phase of production. Grouper are among the most difficult
marine fishspecies to rear in thehatchery dueto the fragility of the larvae and
theirrequirement for extremely small preyitems (Tucker 1999). In thenursery
phase, cannibalism is a major concern. Due to the lack of fingerlings, few
growout production trials have been conducted with Nassau grouper. In Asia,
other grouper species have been successfully grown out in ponds and in
floating sea cages. Research is needed to identify the optimal production
system for Nassau grouper.

CONCLUSION

A scoring system such as reported here can be a useful tool to help rank
the commercial aquaculture potential of multiple aquaculture species. The
scoring system is a means of systematically examining the many factors that
affect the feasibility of culturing a species, including technological, environ
mental and economic and marketing factors. Close examination of the scores
received in the different categories can help illuminate both the strengths and
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weaknesses ofa particular species as an aquaculture candidate.
Our analysis indicates that, of the species considered in this study, sea

sponge, cobia, and marine shrimp have the best potential for commercial
aquaculture development in the Caribbean. However, the rankings presented
here are not the final word. A scoring system similar to the one presented here
can help narrow the field of candidate species, especially if scores are adjusted
to reflect the realities of a particular project. Ultimately, the decision whether
to proceed with a given project should be based on a thorough feasibility study
that takes into account location, site characteristics, available technologies,
financial and human resources, environmental impacts, market opportunities,
and risk factors.

This is Harbor Branch Oceanographic Institution Contribution Number
1577.
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ABSTRACT

The worldwide growth of aquaculture over the last two decades has
generated a lot of interest in the development of aquaculture in the Caribbean
nations. However, unregulated aquaculture development can result in
environmental degradation, negative impacts of exotic species on native
species, and resource conflicts. The creation of national aquaculture plans by
Caribbean governments is a prerequisite for the development of sustainable
aquaculture industries in the Caribbean. The national aquaculture plan should
identify the national goals for aquaculture development and actions for
achieving those goals. Rules for regulating aquaculture development must be
established and the lead regulatory agency must be identified. Policies for
permitting and monitoring aquaculture enterprises should be clearly defined.
By providing a framework for orderly development of aquaculture, govern
ments can create an environment in which aquaculture can flourish in the
Caribbean while protecting the public interest.

KEY WORDS: Sustainable aquaculture, Policies, Regulations

Politas Reguladoras para Promover el Desarrollo de la
Acuacultura Sostenible en el Caribe

El crecimiento mundial de acuicultura en la ultimas veinte afios ha
generado bastante interes en el desarrollo de acuicultura en las naci6nes
Caribes. Sin embargo, el desarrollo de acuicultura sin regulacion pueda
resultar en degradation ambiental, impactos negativos de especies ex6ticas
contra las especies nativas, y conflictos de recursos. Creaci6n de planes
nacionales de acuicultura por los gobiernos Caribes es un prerequisite para el
desarrollo sostenible de industrias aquicolas en el Caribe. El plan nacional de
acuicultura debe identificar las metas nacionales para el desarrollo de acuicul
tura y las acciones necesario para realizar estas metas. Se debe establecer as
reglas para regular el desarrollo de acuicultura y identificarcual agenda tiene
responsabilidad principal para su regulaci6n.

PALABRAS CLAVES: Acuacultura sostenible,politicas, regulaciones
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INTRODUCTION

The worldwide growth of aquaculture over the last two decades has
generateda lot of interest in the development of aquaculture in the Caribbean
nations. A successful and sustainable aquaculture industry would offer many
benefits to the Caribbean countries. Aquaculture would provide desirable
seafood products for island populations and would reduce dependence upon
imported seafood products to meet the demands of the tourist industry.
Aquaculture production could help relieve fishing pressure on threatened
species, and might also provide a means of enhancing stocks of depleted
populations. As a new industry, aquaculture would provide additional
diversity to local economies and would offer new employment opportunities.
Aquaculture also offers the potential for Caribbean nations to increase their
export income.

However, poorly planned and unregulated aquaculture development can
result in a number of problems, including resource conflicts, introduction of
exotic species and diseases, genetic impacts on native species, and environ
mental degradation. The fragile island ecosystems and oligotropbic offshore
waters present special challenges to Caribbean aquaculture project planners
due to their sensitivity to nutrient discharges and other potential impacts of
aquaculture production activities.

Governmental regulation of aquaculture is necessary to maximize the
potential benefits and minimize the potential negative consequences of
aquaculture development. Governments have an essential role to play in
creating an environment inwhich aquaculture canflourish while protecting the
public interest The goal of regulating aquaculture is toprovide anorderly and
sustainable environment in which aquaculture can be developed (Ridler and
Hishamunda 2001). By providing a framework for orderly development of
aquaculture, regulations reduce negative externalities such as pollution or
conflicts overwaterrights,landrights, andseabed areascausedby open-access
property regimes.

In countries where there has been little effort to form a national aquacul
ture development policy, there has been little success in terms of growth of
aquaculture (Wijkstrom 2001). In the interest of promoting sustainable
aquaculture development, it is essential thateach Caribbean nation develops an
overall aquaculture policy. Theaquaculture policy should beclearly stated ina
national aquaculture plan. This plan will provide the basis for aquaculture
legislation, andregulation. While national aquaculture policies willvaryfrom
onecountry to thenext, there areessential elements thatshould be contained in
each aquaculture plan:

i) A definition aquaculture,
ii) Designation of the regulatory authority (or authorities) and a descrip

tion oftheir responsibilities,
iii) Identification of the rales that will govern the development of

aquaculture,
iv) A description of how aquaculture activities will be permitted and

monitored, and how rules will be enforced, and
v) Identification of the government's strategies for supporting and

promotingaquaculture development.
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Defining Aquaculture
The first step in creating a legal framework for regulating aquaculture is to

provide a clear definition of aquaculture and to distinguish it from fishing
activities. An important requirement for aquaculture is the principle of
ownership of the stocks being cultivated (Pillay 1977). The FAO (1997)
provides an unambiguous legal definition of aquaculture that firmly establishes
this principle: "Aquaculture is the farming of aquatic organisms, including
fish, mollusks, crustaceans, and aquatic plants. Farming implies some sort of
intervention in the rearing process to enhance production, such as regular
stocking, feeding, and protection from predators. Farming also implies
individualor corporateownership of the stock being cultivated." The principle
of ownership distinguishes aquaculture stocks from fisheries stocks, which are
exploitableby the public as a commonproperty resource. Unless government
regulations clearlyestablishthe principleof propertyrights of the aquaculturist
to the cultured organisms, few entrepreneurs will be willing to accept the risk
of starting an aquaculture business (DeVoe 1991).

Creation of a Regulatory Authority
An essential step in developing a sustainable aquaculture industry is to

identify which agency will have regulatory authority over aquaculture.
Because aquaculture impacts a wide variety of resources, aquaculture regula
tion may involve multiple government agencies. However, the regulatory
process should only be as complex as necessary to adequately balance the
needs of the government and its citizens (Devoe 1991). A cumbersome
regulatory bureaucracy may become overbearing and burdensome, stifling
aquaculture development. To streamline the regulatoryprocess, governments
should centralize the regulation of aquaculture by creating or designating a
lead regulatory agency (DeVoe 1991). This agency would have primary
responsibility for all aspects of aquaculture policy, including permitting,
enforcement of regulations, and aquaculture industry promotion. The lead
regulatory agency should be able to provide clear and complete information
about the permitting and regulatory processes to applicants for aquaculture
permits (Van Houtte 2001). An effective strategy for streamlining the
permitting process is to unite applications for the permits required by the
various regulatory bodies into a single universal aquaculture permit applica
tion. In the U.S., many state governments, including Florida (FDACS 2002)
andMississippi (Mississippi Code 2000), haveadopted one-stop permitting for
aquaculture. The regulatory authority might be placed in the Department of
Agriculture, since aquaculture is so similar to farming domesticatedterrestrial
crops and animals.

Establishment of Rules Governing Aquaculture
The purpose of governmental regulation of aquaculture is to encourage

sustainable development ofaquaculture whileprotectingthe public interest. In
fact, the conceptof sustainability implies a balanceof the needsof industry and
the needs of society. The characteristics of sustainable aquaculturehave been
discussed by several authors (Tisdell 1996, Corbin and Young 1997, Ridler
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and Hishamunda 2001). To be sustainable, commercial aquaculture should:
i) Generate a stable return on investment competitive with similar

alternate activities,
ii) Conserve natural resources and biodiversity,
iii) Minimizeenvironmental degradation and pollution,
iv) Utilize technologiesappropriate for the speciesand the site,
v) Minimize social disruptions and conflicts, and
vi) Provide for communityneeds

The rules and regulations governing aquaculture should be carefully
crafted to promote the goalof sustainable aquaculture. Traditionally, environ
mental regulation hasbeenenforced using a "command andcontrol" approach
(Van Houtte 2001). With this approach, a set of codified laws establishes
environmental standards that must be met and penalties for failure to meet the
established standards. Usuallythe regulation does not mandatethe technology
that must be used to achieve compliance (Boyd2003). This approach can be
very effective, but only if adequate resources are available for enforcement
(Van Houtte 2001, Boyd 2003).

A different approach to regulation is to require that aquaculture businesses
adopt specific practices called BestManagement Practices (BMPs) designed to
minimize the environmental impacts of theiractivities. A BMPis considered
to be the best and mostpractical method available for minimizing a particular
environmental impact while still allowing production to be conducted in an
economically efficient manner (Boyd 2003). BMPs are frequently developed
by industry associations and stakeholders, then adopted by producers on a
voluntary basis. However, in recent years some government regulatory
agencies have required adoption of BMPs as part of the permit or licensing
conditions (Bay 1995, FDACS 2002). Combining BMPs with required
environmental standards may be the most effective regulatory approach to
minimise the environmental impacts of aquaculture. With this combined
approach, the environmental standard establishes the target, and the BMP
establishes effective strategies for reaching the target.

Different sets of BMPs are not necessary for every aquaculture species.
However, different types of production systems do require different sets of
BMPs. For example, different sets of BMPs would be required for pond
production systems, recirculating tank systems, flow through tank systems, and
cage culture systems. The BMPs should address a full range of aquaculture
activities, including:

i) Site selection,
ii) Facility construction,
iii) Water resource utilization,
iv) Effluent managementand treatment,
v) Feeding practices,
vi) Chemical usage,
vii) Disease management,
viii)Geneticdiversityof culturedstocks,
ix) Collection of wildanimals forbroodstock and/or seedstock,
x) Release ofculturedorganisms,
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xi) Introduction and culture ofexotic species,
xii) Procedures for natural disasters, and
xiii) Clean up procedures when closing the business.

Ideally, BMPs should be developed with stakeholder involvement (Sen
2001), including the different government regulatory agencies, aquaculture
industry, aquaculture researchers, and environmental groups. It is not neces
sary to create die BMPs from scratch, as there are some very good existing
BMPs that can serve as models. The Florida aquaculture BMP (FDACS 2002)
was one of the first aquaculture BMP to be adopted into law by a state
government, and has served as a model for other government BMPs. The U.S.
Environmental Protection Agency (EPA) has drafted a set of BMPs (EPA
2002) to provide technical guidance for aquaculture production facilities to
meet the requirements of EPA effluent limitations standards. The EPA BMPs
are designed for recirculating systems, flow-through systems, and net-pen and
cage culture systems.

Permitting and Monitoring of Aquaculture Activities
The aquaculture permit is the most effective instrument available to

regulators for guiding the development of the aquaculture industry towards
sustainability. The power to grant or decline license applications provides a
means for governments to preventundesirable aquaculture projects from being
initiated (Howarth 1995). In addition, the permitting process gives the
government a mechanism for placing conditions on the establishment of an
aquaculture business. The permit may give the government some control over
many critical aspects ofaquaculturedevelopment, includingwhere aquaculture
can be practiced, what species can be cultured, what technologies are accept
able, and how potential environmental impacts will be mitigated. Requiring
that aquaculture operations adhere to specified sets of BMPs as a permit
condition should lessen the environmental impacts of aquaculture develop
ment.

Incorporation of Environmental Impact Assessments (EIAs) into the
permitting process is another effective way of making sure that the environ
mental and socioeconomic consequences of an aquaculture project are
identified early in the planning process, thus enabling proper environmental
management measures to be incorporated into the project design and manage
ment (Phillips 1998, Pardee and Davis 2006). Such measures ultimately lead
to more sustainable aquaculture development. The FAO (FAO Fisheries
Department 1997) recognized the importance of EIAs and specifically
recommended that governments should take measures to assure that environ
mental impact assessments are undertaken prior to establishment of aquacul
ture farms. However, the cost of conducting an EIA may be prohibitive for
smaller scale aquaculture developments. Many governments exempt small
scale projects from EIA requirements, reasoning that small scale projects are
unlikely to have significant impacts on the environment (Corbin and Young
1997). The focus of EIAs on the environmental impact of a single enterprise
may overlook the potential cumulative effects of many small-scale farms
concentrated in one area. Problems of this sortmaybest be addressed through
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an integrated coastal management approach (Phillips 1998).
Land tenure and water rights are key issues that must be addressed and

resolved during the permitting process (Devoe 1991). This is especially true
for projects in leased public areas where use conflicts may exist. If not, the
aquaculturist faces an unstable and riskier environment which could undermine
the viability of the operation. Leases should be of suitable size and duration to
attract the industry. The leasing program should convey the necessary degree
of exclusivity to minimize the risks of pollution, vandalism, theft, and other
forms ofencroachment, while protecting the rights ofthe public.

The process for reviewing and approving aquaculture permit applications
should be as quick and transparent as possible. This reduces the potential for
corruption and increases the likelihood of investment (Ridler and Hishamunda
2001). Transparency is created by publishing the details of the permit
application review process. Deadlines should be imposed and each agency
involved in the review process should screen only within its area of compe
tence and jurisdiction.

The permitting process is only the first step in controlling potential
negative impacts of aquaculture development. An effective framework for
monitoring aquaculture activities and enforcement of the regulations is
essential to ensure compliancewith the conditionsimposedby the aquaculture
permit. In fact, weak enforcement, rather than the absence of regulations, may
be the primary factor leading to unsustainable practices in aquaculture (FAO
1999). Operation of aquaculture enterprises without a permit or failure to
comply with the conditions imposed by the aquaculture permitshouldbe made
a legal offence (Howarth 1995). Penalties for non-compliance may include
warnings, fines, and revocation of the permit. Compliance is generally
monitored by the lead regulatory agency through a combination of required
reports, site inspections, and response to complaints from the public. Monitor
ing and enforcement of aquaculture regulations can be time-consuming and
expensive. Therefore, the regulatory framework and monitoring systems
should be kept as simple as possible.

Policies to Promote Sustainable Aquaculture Development
In most countrieswhere successful aquaculture industries have developed,

governments have implemented a varietyof policies to stimulate aquaculture
development. The following are some policies which can help stimulate
aquaculture development

Aquaculture leasing policies — Some types of mariculture projects by their
verynature can onlyuse bottom leases to culture organisms, suchas clams and
queenconch. Otherssuch, as seaweed farms and cage culture offish, need to
use the water column. These types of aquaculture can only develop if govern
ments create leasing programs to grant aquaculturist usage rights to publicly
owned offshore areas. Coastal and offshore areas mat are suitable for aquacul
ture should be identified, taking into account environmental sensitivity and
potential conflicts with otheruses. These areas can be zoned for aquaculture
development as part of an overall integrated coastal management plan.
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Investment incentives — A variety ofpolicies can help stimulate investment in
aquaculture projects. Many of the raw ingredients for aquaculture production,
such as capital equipment items and feed, must be imported. Governments can
help lower the cost of these items by waiving import duties for aquaculture
businesses. Tax breaks can be offered to businesses for hiring local workers or
for generating export income. Grants and low-interest loans can also be
effective in stimulating aquaculture development.

Public supportofaquacultureresearch — The rapid growth of the aquaculture
industry over the last thirty years would never have happened without govern
ment support for applied aquaculture research. Aquaculture research is
expensive, and new businesses cannot afford to conduct their own research
programs. Aquaculture has flourished in countries such as Japan, Chile,
Norway, and Thailand where governments have supported research to address
industry needs (Corbin and Young 1997). Publicly funded research should
focus on issues related to the sustainability ofaquaculture.

This is Harbor Branch Oceanographic Institution Contribution Number
1579.
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ABSTRACT

An Environmental Impact Assessment (EIA) is a multifaceted review
process that involves consideration of all aspects of development activities and
how that development will affect and blend into the existing environment. It
also acts as a link between the concerns of governmental bodies/regulatory
agencies and the needs and priorities of the developer. For aquaculture
development, an EIA can also be a tool in discerning the most appropriate
species, system design, and management practices for ensuring that the
environment needed for a successful culture venture remains sustainable.

Some of the unique environmental concerns faced by aquaculturists in the
Caribbean include limited freshwater supply, sensitive island habitats,
oligotrophic waters, and coral reefs. Therefore, when reviewing the environ
mental impact issues for aquaculture development in the Caribbean, it is
important to cover potential habitat loss, resource depletion, introduction of
non-native species, and eutrophication from nutrient waste. Developing
appropriate Terms of Reference along with mitigation and monitoring
procedures will aid in governmental guidelines and regulatory parameters,
while incorporating the aquaculture developer's needs for production. An
environmental matrix that incorporates the culture species and systems
considerations can be used for evaluating aquaculture development environ
mental impact issues, while providing an assessment guide for the government
and the aquaculture developer.

KEY WORDS: Environmental impact assessment, Caribbean aquaculture

Acuacultura que Integra en el Desarrollo del Caribe:
Impacto en el Ambiente

Un gravamen del impacto al ambiente (EIA), es un proceso de la revision
de facetas multiples que implica la consideration de todos los aspectos de las
actividades del desarrollo y como ese desarrollo afectara y entremezclara en el
ambiente existente. Tambien actua como acoplamiento entre las preocupacio-
nes de las agendas gubernamentales y de las necesidades y las prioridades de
esos que desarrollan un negocio de la acuacultura.

Para el desarrollo de la acuacultura, un EIA tambien puede estar de uso en
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la determination del la mayoria de la especie apropiada, el diseno del sistema y
las practicas de gerencia mas apropiados para asegurarse de que el ambiente
necesito para un restos acertado de la empresa de la cultura sostenible.

Algunas de las preocupaciones ambientales por el agricultor en el Caribe
incluyen agua dulce limitada, habitat sensibles de la isla, oligotrophic aguas, y
filones coralinos. Por lo tanto, cuando el repaso de las consecuencias para el
medio ambiente publica para el desarrollo de la acuacultura en el Caribe es
importante cubrir perdida potencial del habitat, el agotamiento del recurso, la
introduccidn de la especie extranjera, y el eutrophication de la basura del
alimento. Establecer Terminos de la Referenda junto con la mitigation y de
los procedimientos de la supervision ayudaran en pautas gubernamentales y
parametros reguladores, mientras que incorporan las necesidades de produc
tion de el agricultor de acuacultura. Una matriz ambiental que incorpora la
especie de la cultura y las considerations de los sistemas se pueden utilizar
para evaluar el desarrollo de la acuacultura que las consecuencias para el
medio ambiente publican, mientras que proporciona a una guia del gravamen
para el gobierno y al revelador de la acuacultura.

PALABRAS CLAVES: Acuacultura, desarrollo del Caribe, impacto en el
ambiente

INTRODUCTION

Environmental Impact Assessments (EIA) are typically used as part of the
government evaluation process in determiningwhether a given development is
suitable for a particular area. This multifaceted review involves consideration
of all aspects ofa development's activities includinghow the development will
affect the existing environment, whether it complies with local planning and
regulatory measures, and whether the socio-economic benefits are substantial
enough to warrant the changes made by the development. In short, will the
particular development maximize the potential use of a given resource
(whether land, sea, harvestable product, human resource, or otherwise) in a
sustainable manner.

For aquaculture related developments, there are a number of specific
issues that should be addressed within the EIA. These include type of culture
species, source of seed stock, site selection, rearing system, nutrition/feed
sources, diseases, economics, and marketing. These issues are also the same
concerns of any serious aquaculture developer. Depending upon the above
parameters, some of the impacts to the marine and terrestrial environments can
include habitat loss/degradation, changes in biodiversity, introduction of
species, water quality problems, and natural resource depletion. Social impacts
can be positive including creation of employment opportunities, enhanced
infrastructures or services, and better utilization of the labor resource pool.
Monitoring, management and mitigation measures may amend for some
impact issues, or lead to alternative plans. Defining the parameters, issues,
impacts and mitigation measures in a qualitative / quantitative summary aids
both the developer, EIA specialist and the decision maker in addressing issues
and refining appropriate alternatives for sustainabledevelopment.
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ENVIRONMENTAL IMPACT ASSESSMENTS - A BRIEF REVIEW

In most countries, a potential developer is asked to submit an EIA in the
initial stages of the development application process. This EIA is usually done
by a team of scientists approved by the government. The governing body in
charge of this process then issues a Terms of Reference (TOR) to the EIA team
for that development. The TOR acts as a guideline and format for the issues
that need to be addressed in the EIA.

A typical TOR includes:
i) Executive Summary,
ii) Introduction that outlines areas ofassessment, scoping, and methodol

ogy,

iii) Description of the Environment to be Affected,
iv) Description of the Development,
v) Potential Impacts ofthe Development (Marine, Terrestrial and

Social),
vi) Monitoring, Management, and Mitigation Measures,
vii) Alternatives/Recommendations,
viii) Conclusion,
ix) Appendices including reference materials, CV's ofEIA team

members, and other relevant info.

The EIA team scientists are responsible for collecting baseline data on the
existing environment Both quantitative and qualitative analyses are used to
describe the immediate and surroundingareas under consideration for develop
ment. The three main sections for assessment are Marine, Terrestrial and
Social. The Marine and Terrestrial sections are then further divided into
descriptions of the Physical and Biological/Ecological Environments. The
social sections typically include current demographic information, available
infrastructure, and human resource components.

The Terrestrial Physical aspects would include topography, hydrology,
climatic and other physical characteristics of the site, including inland water/
wetland features. The Marine Physical would include information on coastal
and oceanic parameters such as winds, tides, currents, waves, bathymetry, and
water quality. The Biological/Ecological aspects of both Terrestrial and
Marine would include quantitative analysisof the existing flora and fauna with
particular emphasis on endemics, rare, commercial or endangered species,
ecologically sensitive habitats, and conservation/preservation areas.

A description of the development under consideration then follows for
reference within the potential impact section. This information is usually
provided by the developer for inclusion within the EIA and should include
construction and operation phase activities with expected time frames. Since
almost all type of developments will have both construction and operation
phases, it is often useful to delineate between the two when addressing
associated impacts. The constructionphase often deals with acute physical and
biological changes with social influxes of employment and infrastructure needs
not associated with the ongoing operations phase.

Impacts can then be addressed separately based on the particular phase and
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the type of activity involved. Physical impacts may include changes to the
topography, hydrology or other terrestrial features, or in the case of marine,
littoral changes, or even aesthetics of an area. Biological/Ecological impacts
for terrestrial and marine can include habitat degradation, loss, fragmentation,
isolation; reduced species population or changes in biodiversity; pollution of
air, water and land via specific factors such as sedimentation and run-off of
sewage, fresh and grey water or hazardous chemicals; increased use of
resources/ resource depletion. Social impacts may include changes to the
demographics of an area, employment and infrastructure impacts, and such
things as stress bearing levels on local recreation areas. Impacts are often
described in terms of whether they may be cumulative or synergistic, positive
or negative, direct or indirect, immediate or long-term, and unavoidable or
irreversible.

All of this information can then be used to identify areas where monitor
ing, managementor mitigation is needed or in some cases where alternatives /
recommendations may be suggested. Where possible, impacts should be
defined in financial terms showing losses/gains for comparison. Otherwise, a
summarization of the potential impacts, ranking of their estimated level of
impact (eg., positive/negative— high, medium, low,) is often helpful to decision
makers in their review process. These findings then can be compiled for short
review in an Executive Summary and Conclusions.

ISSUES/CONFLICTS FOR AQUACULTURE DEVELOPMENT
All potential aquaculture developments face the same set of parameters

when establishing their plans. What species to culture and where? What type
of system to use, and where will the seed stock come from? What are the
nutritional requirements, is a feed source readily available, and what are the
disease concerns? Finally, what and where are the markets, and is this whole
venture going to be economically viable? These same criteria are also
questions whenevaluating an aquaculture venture froman EIAstandpoint

Identifying an appropriate culture species that will grow well in a given
area is a chief priority of the developer, but is cause for concern if the species
is non-native and has the potential to become introduced. Although rearing
systems and culture techniques may alleviate the problem, introduction of
species,particularlyin small islandenvironments, is of grave concern.

The site selection process for the developer usually incorporates such
factors as water accessibility, soil suitability, access to needed infrastructure,
security, and real estate values. From another viewpoint, government would
want to ensure that there are no conflicts with other developments in the area,
particularly in coastal regions, where often high-dollar tourism development
may pose more opportunities to the local economy. For offshore culture
systems, there may be conflicts with usage of the "queen's bottom" where
navigation / recreationfor the general populace is an issue or possiblyoverlap
with conservation/preservation areas. Bothonshore and offshore venturesneed
to take into accountany environmentally sensitive habitats, such as coral reefs,
mangroves, seagrass beds, wetlands, and salinas. As island biogeography
dictates, island ecosystems are often rife with "bio-hotspots" where endemics
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abound and preservation of this genetic biodiversity is a chiefconcern.
Source of reliable seed stock is another culture parameter that has to be

addressed in every business plan. If seed is derived from local natural sources,
the government must ensure that it does not confiict with local fisheries. Proof
of "biological neutrality", stock enhancement or "put back programs", may be
needed to mitigate for taking from local reserves.

The type of rearing system is also a major constituent in the development
plan. Is it intensive or extensive culture, open or closed system, land or sea
based or a combination of all? For impact evaluations, the primary concerns
would be water sources and effluent controls. Well designed systems with
frequent monitoring and good management plans are necessary for both the
viability of the venture as well as to ensure the sustainability of the environ
ment

Nutritional requirements of the candidate species and the availability of
the feed source is another major consideration for the aquaculturist. Negative
implications, again, include effluent disposal and the threat ofeutrophication in
surrounding areas. A positive attribute is if local fisheries products or by
products can be utilized. Disease introduction is another problem for consid
eration, as well as the use ofantibiotics in feed and/or water resources.

Overlaying all culture components is the need for economic viability of
the operation. Havinga successful development is a priority, in particular for
small island governing agencies, where land and resources are limited and
must be utilized to their maximum potentials. Realistic business plans with
good market potentials for local consumption or export, are important issues
for consideration by both parties. Socio-economic impacts are often positive
with the creation of employment opportunities and training, as long as it does
not take away or compete with other local enterprises or traditional means.
Other impacts may include increased use or enhancement of existing infra
structure, expansion of local markets, and opportunities or competition of the
same.

INTEGRATING AQUACULTURE INTO
ENVIRONMENTAL IMPACT ASSESSMENTS

Integrating aquaculture into the EIA process can most easily be accom
plished by categorizing the issues into the areas of potential impact. In doing
so, one can more clearly define the issues/conflicts and potential losses and
gains associated. These can then be quantified for comparison with other
developmental activitiesor alternatives to the project design. Table 1 summa
rizes the aquaculture parameters, issues/conflicts and the associated impacts/
risks for each. This section deals with operationphase impacts (not construc
tion phase) only for aquaculture impacts.

The evaluation can be expanded to include whether the impacts are
cumulative or synergistic, positive or negative, direct or indirect, immediate or
long-term, and unavoidable or irreversible. Monitoring, management, and
mitigation measures also need to be evaluated in terms of reducing impact
implications and levels. A morecomplete overallanalysiswould include these
measures and differentiate between impact levels for both positive and
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negative impacts and whether they can be considered as high, mediumor low
impacts. The positive and negative impact levels can also be given numeric
values for a final tally ofoverall impactswhen comparingdiffering scenarios.

Table 2 illustrates a hypotheticalaquaculturescenariowhere spiny lobsters
are to be grown in cagesoffshore. The site chosenis in a remotearea with few
employment opportunities, yet has seagrass beds in the culture site and reefs
nearby,posing risk and degradation to sensitive vital habitats. Seed will have
to be taken from the wild but a put-back program is planned. By-products
from the local fishery will be used for a feed source. Effluent control could
definitely pose problems, but strict monitoring protocols will be in place.
Also, the economic viability is still uncertain, so plans are to begin with a pilot
scale project that can be easily removed or expanded if it is successful.
Employment opportunities and enhancement of local infrastructure is neces
sary to begin the project.

In evaluating this scenario, it is obvious there are a number of risks
involved. Probable habitat degradation and loss, possibly increased effluent
problems, with a combined risk of non-proven economic viability. Monitor
ing andmitigation plansdo aid in reducing these risks, i.e. starting witha pilot
scale venture to minimize expectedimpacts with the opportunity of rectifying
potential problems (e.g., effluent controls) as they come on line. It is at this
point that the EIA specialist may propose further recommendations / alterna
tives to reduce impacts. In this scenario, the specialist may recommend to the
developer and government that a cage rotation management plan be imple
mented to help reduce deterioration of seagrass beds due to shading, and that
the offshore site be moved further from the nearby coral reefs with a 1:1
habitat restoration plan for mitigating losses.

Another scenario, shown in Table 3, examines impacts for shrimp culture
in ponds. In thisplan,the species of shrimp usedarenon-native, yet otherwild
species of shrimp exist in the areaposing potential introduction of species and
possible disease risks. The site for the pond facility is already impacted with
non-endemics, but a freshwater source is needed for diluting the saltwater
systems an is from a local limited groundwater supply. Effluent disposal is
also a problem and couldpossibly contaminate the groundwater supply if not
properly handled. All seed andfeed is imported, but theeconomic viability is
good andeasily supports import costs. There are a few employment opportuni
ties, some local market competition with expansion into exports viable, but
will add stress to local infrastructure. This scenario also has a number of
potential impact problems, butwith a few positive gains. Recommendations /
alternatives could further reduce those impactrisks; for instance, consideration
of a closed recirculating system to minimize introduction of species and
diseasepotentials,as well as more completeeffluentcontrol.
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Table 1. Aquaculture Parameters, Issues and Associated Impacts

Aquaculture
Parameter

Species Selection

Issue/Conflict

Native or non -introduction of spe
cies

Site Selection Conflicts with other development
Use of common land/water

Use of conservation area

Seed Source Conflictwith fishery resources or
balance of natural systems

Rearing System

Nutrition/Feed

Disease

Economics/

Market

Competition for water resources
Water Quality -effluent disposal

Water Quality - effluent disposal
Positive use of local by-products

Introduction of disease to natural

populations
Use of antibiotics or other treat

ments

Viabilityfor sustainability
Employment opportunities
Local or export potentials
Staff/labor force

Infrastructure needs

Impact/Risk

Reduced species population
-changes in biodiversity

Habitat loss, degradation,
fragmentation, isolation
Biodiversity implications if in
areas of endemics

Social implications if in con
flict with other user groups

Reduced species population
-changes in biodiversity

Increased use of resource -
resource depletion
Pollution of water, land

Pollution of water, land

Reduced species population
-changes in biodiversity
Pollution of water, land

Appropriate use of re
sources

Enhance and expand local
economy

Changes in demographics
Increases in infrastructure or

over utilization of existing
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Table 2. Aquaculture Impact Scenario 1- Spiny Lobster in Cages
Parameter Criteria / Issue Monitoring/Mitigation Impact

Level

Species Spiny Lobster -
native

No intro of species 0

Site Selection Primarily offshore No competition for land or 0

Remote area sea space

Nearby reefs Risk habitat loss/ -1

Over seagrasses degradation
Probable Habitat loss/

degradation

-2

Seed Source Collect local pu Competes with local fishery -1

erulus Plan put back program +1

Rearing System Cages/effluent
control

Monitoring Plan -1

Nutrition/Feed Local by-products Pos use of by-products +1

Effluent Control Monitoring Plan -1

Disease Not known in cul

ture

Monitor -1

Economics/Market Viability unproven Pilot scale first-easily re 0

Market - export moved +1

whole live No compete/expands mar +1

Employment for ket

depressed area Need Employment +1

Enhance local

infrastructure Need Enhanced Infra

Totals -7/+5

Table 3. Aquaculture Impact Scenario 2- Shrimp Culture in Ponds
Parameter Criteria / Issue Monitoring/Mitigation Impact

Level

Species Shrimp -introduced Risk intro of species -1

Site Selection Land already im No bio impacts 0

pacted Risk resource use prob -1

Freshwater from lems

local source

Seed Source Import No bio impacts 0

Rearing System Pond culture Effluent control/disposal-
monitoring

-1

Nutrition/Feed Import Feeds No compete
Effluent control-monitoring

-1

Disease Several Risk intro of disease to

local

-1

Economics/Market Viability Proven Positive economics +1

Market - local and Competes local but ex 0

export pands export
Employment Positive +1

Use local infra Strain on local infrastruc -1

structure ture

Totals -6/+2
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If the two scenarios were compared as they are, it would appear that even
though there are more risks for the spiny lobster culture (-7), there are also
more gains (+5). But unfortunately, not all scenarios are as simplistic and
straightforward as these, nor are environmental and economic issues given the
same weight in priority in most cases. Rather, a combination of needs and
other interests (e.g., a 5 star resort at the site) will weigh into the balance. But
by performing a complete EIA with thorough impact analysis, both the
aquaculturists and approving agencies can better define the issues and impacts
with opportunities to make adjustments or mitigate, while weighing the
hazards and benefits to both.

CONCLUDING REMARKS

To responsibly integrate aquaculture into the Caribbean, guidelines and
protocols should be established that protect both the environment and the
communities that rely upon it The Environmental Impact Assessment process
technically evaluates the pros and cons of differing developmental activities
and is one way in which aquaculture developments can be responsibly
addressed. The information detailed above summarizes the EIA process,
attempts to pinpoint issues and impacts specific to aquaculture development
and, describes a method for evaluation in an effort to guide both developer and
decision maker in understanding and assessing the aquaculture development's
potential benefits and losses.

Most aquaculture endeavors rely upon a healthy environment to be
productive and thereby economically viable. Government and regulatory
agencies are also seeking to achieve a healthy economy without over-
utilization of their resources. Unlike many other types of developments, in
aquaculture both the developer and decision maker are striving for a balance
between economic and environmental health, which in itself can be considered
a positive and beneficial impact.
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ABSTRACT

Florida fighting conch, Strombus alatus, are currently being raised by
ORA Inc., a subsidiary of Harbor Branch Oceanographic Institution in Ft.
Pierce, FL. The conch in the hatchery are fed one of two diets which partially
consist of koi chow or catfish chow. This study examined the reproductive
output of adult conch fed these two diets and stocked at either a 1:1 or 2:1
female to male sex ratio. The study was conducted over a period of 6 weeks
(June 6- July 17, 2003). There were six replicates per diet, and the replicates
for each diet treatment were further divided into three replicates of each sex
ratio treatment. Egg masses were counted and measured for egg strand
diameter, egg capsule diameter, and number of eggs per mm. Four egg masses
from each diet treatment were hatched and the veligers were raised until
metamorphosis. Veligers were measured periodically for shell length. The
average veliger growth rate was 30.7 um/d for parental conch fed koi chow,
and 32.4 um/d for parental conch fed catfish chow. There was no significant
difference in the number of egg masses laid for conch fed koi chow or catfish
chow, or for conch stocked at a 1:1 or 2:1 sex ratio (p > 0.05). Egg mass
measurements and veliger growth rates were similar for all treatments. Since
there was no difference in reproductive output, adult broodstock can be fed
either diet and can be stocked at a sex ratio of 2:1, so that fewer animals are
needed.

KEY WORDS: Conch, diet, Strombus alatus

Efectos del Cociente de la Dieta y del Sexo en las Capacidades
Reproductivas del Caracol, Strombus alatus

El conch de la Florida se esta cultivando por ORA, Inc., un subsidiario de
Harbor Branch Oceanographic Institution en Ft. Pierce, la Florida. El conch en
el criadero se alimenta una de dos dietas que consistan en parcialmente de koi
chow o catfish chow. Este estudio examino las capacidades reproductivas del
caracol del adulto alimentado estas dos dietas y almacenado en cualquiera a 1:1
o 2:1 cociente hembra al masculino. El estudio fue conducido durante 6

semanas (6 de Junio hasta 17 de Julio de 2003). Habia seis replicas por dieta,
y las replicas para cada tratamiento de la dieta fueron divididas mas a fondo en
tres replicas de cada tratamiento del cociente del sexo. Las masas del huevo
fueron contadas y medidas para el diametro del filamento del huevo, el
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diametro de la capsula del huevo, y el numero de huevos por mm. Cuatro
masas del huevo de cada tratamiento de la dieta fueron tramadas y los veligers
fueron levantados hasta metamorfosis. Veligers fueron medidos periodicamen-
te para la longitud de la cascara. El promedio veliger la tarifa de crecimiento
era 30.7 um/d por caracol que han comido koi chow, y ellos que han comido
catfsh chow, 32.4 um/d. No habia diferencia significativa en el numero de las
masas del huevo puestas para el conch que han comido el koi chow o catfish
chow, el caracol almaceno a conciente del sexo 1:1 o 2:1 (p>0.05). Medidas
totales del huevo y indices de crecimiento para veligers eran similar para todos
los tratamientos. Puesto que no habia diferencia en salida reproductiva del
adulto se puede alimentar cualquier dieta y se puede almacenar en conciente
del sexo 2:1 de modo que menos animales son necesarios.

PALABRAS CLAVES: Caracol, sustantivo, Strombusalatus

INTRODUCTION

Six species of Strombidae can be found in the waters of Florida and the
Caribbean: Strombus. gigas, S. costatus, S. raninus, S.pugilis, S. gallus, and S.
alatus (Abbott 1974). The queen conch, S. gigas, and the milk conch, S.
costatus, are the most economically valuable species (Davis 2000). Due to
intense fishing, many conch populations throughout the Caribbean are in
decline,especially populations of queenconch. As a result of decliningconch
populations, culture techniques have been developed for stock enhancement
and for the food markets. Four of the six Strombus species (S. gigas, S.
costatus, S. raninus and S. alatus) have been cultured in hatcheries and have
laid viable egg masses in captivity(Shawland Davis2004). Currently,there is
only one commercial S. gigas hatcheryat the CaicosConchFarm, TCI and one
S. alatus hatchery located at Oceans, Reefs and Aquariums (ORA) in Ft.
Pierce, FL.

The target species for this study is S. alatus, the Floridafighting conch. S.
alatus is a small (7-10 cm) herbivorous conchfound along the coasts of North
Carolina to Florida and throughout the Gulf of Mexico (Shawl and Spring
2003). S. alatus have a similar life cycle and culture characteristics of queen
conch, however, the adults tend to have a more complex breeding behavior.
Multiple males have been observed copulating with one female at the same
time (Reed 1995, Shawl and Davis 2004). Likewise, a male S. alatus often
guards the female with which he mated, and may also encourage "sparring
contests" with other males that attempt to mate with her (Shawl and Davis
2004). Males also tend to following females, and have even attempted to
copulatewith an unguarded female while she was laying an egg mass (Shawl
and Davis 2004). These types of breeding competitions may be a cause of
stress to egg laying females, and therefore may interfere with the egg laying
process and thus the success of a commercial hatchery.

The purposeof this studywas to lookat the effectsof diet and sex ratio on
the reproductive output of S. alatus. The conchfood used at ORA is produced
exclusivelyat Harbor BranchOceanographic Institution (Harbor Branch). One
of the main ingredientsin the adult conch food is koi chow,while catfish chow
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is used in the juvenile food. In order to help streamline the culture of conch,
this study looked at the effects of using catfish chow to feed broodstock. In
addition to the two diets, the conch were also stocked at different female: male
sex ratios; 1:1 and 2:1. If the conch held at a 2:1 ratio laid as many or more
eggs than those at a 1:1 ratio, then less animals (less males) need to be kept.
Having fewer males could alleviate problems associated with the stresses of
male guarding and sparring, and may also encourage more prolific egg laying
for the commercial hatchery.

MATERIALS AND METHODS

This study was conducted at Harbor Branch from June 5 to July 17,2003,
a period of six weeks. A total of 144 S. alatus individuals were used for the
study. Seventy-one conch were collected April 14, 2003 from the Gulf of
Mexico, and placed in troughs for the remainder of the study. These animals
were randomly assigned to diet treatments, and feeding began on April 15,
2003. Prior to June 6,2003, all conch in a diet treatment were kept in a single
large holding trough, and no eggs were collected. The remaining 73 animals
were taken from the broodstock tanks at Harbor Branch for the study and
assigned to diet treatments.

Conch were assigned to diet and sex treatments by means of a random
number generator. In each diet treatment, there were six replicates with 12
conch per treatment. In addition to the diet treatments, the animals in each
replicate were stocked at one of two different sex ratios. Three of the repli
cates for each diet treatment were stocked at a female: male sex ratio of 6:6

(1:1), while the other three replicates were stocked at an 8:4 (2:1) ratio. The
females for each replicate were then numbered with enamel paint in order to
record egg laying activity for each female.

Conch were kept in 0.53 m x 2.36 m troughs with a raised aragonite sand
substrate, at a density of 7.3 conch/m2. The troughs were all part of a large
recirculating system. The water in the system was drawn from a salt water
well and then charcoal filtered, micron filtered, and UV sterilized. Each trough
was divided in half with a polypropylene mesh (1 cm openings), allowing two
treatments per trough. A water-jet provided air to one half of the trough and
water flow for the whole trough, and an air-stone was used to provide air for
the other half of the trough. The troughs were located inside a slightly shaded
greenhouse. In order to reduce the growth of algae, screen covers were made
and placed over the troughs. The conch were exposed to a natural 12 hour
light cycle.

Temperature (°C) and pH were recorded daily for the system, and the
salinity (ppt), dissolved oxygen (mg/L), ammonia (mg/L), nitrite (mg/L), and
nitrate (mg/L) were measured once a week. All replicates in both diet
treatments were fed the same amount of food daily - 20 g. Any variation from
this amount was noted. Before feeding, any old food or fungus in the trough
was broken up. The troughs were checked twice a day (morning and after
noon) for any egg masses. If an egg mass was found, it was collected, the
replicate number was recorded, and, if possible, it was noted which female laid
the egg mass. The egg masses were gently shaken to expel any loose sand, and
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then measured for overall length, width, and height to calculate the volume
(cm3). A small egg strand was pulled from the mass and used to measure the
strand diameter (urn), egg capsule diameter (um), and the number of eggs per
mm of strand. These measurements were made using a 40X dissecting
microscope with an eyepiece micrometer. The egg strand parameters were
measured three times per egg mass.

After being measured, the collected eggs were placed in an incubator and
kept at a temperature of 27-28°C for two to three days, after which they were
placed in conical larval tanks for culture. Veligers were cultured according to
the guidelines set forth in Davis (2000). Ten veligers from each tank were
measured periodically throughout the larval cycle using a 40X dissecting
microscope equipped with a micrometer. Veligers were raised through
metamorphosis to juvenile stage.

A 2-way analysis ofvariance was used to compare the diet treatments and
sex ratio treatments. The ANOVA tested differences between the two diet

treatments, between the two sex ratios, and between the sex ratio and diet
treatments.

RESULTS

During the six-week experimental period (June 5 to July 17, 2003), there
were 50 egg masses collected from all treatments. A total of 19 egg masses
were collected from conch fed catfish chow, while 31 egg masses were
collected from conch fed koi chow. The average number of egg masses laid
per replicate was 5.16 ± 2.48 in the koi chow treatments and 3.16 ± 1.98 in the
catfish chow treatments (Figure 1). The average number of egg masses laid
per female was 0.12 ± 0.06 for conch fed koi chow, and was 0.08 ± 0.05 for
conch fed catfish chow. There was not a significant difference between the
two diet treatments (p = 1.475).

The average number of eggs laid per replicate for conch stocked at a sex
ratio of 1:1 was 3.16 ± 2.13, with an individual average of 0.52 ± 0.36 egg
masses per female. For conch stocked at a 2:1 ratio, the average per replicate
was 5.16 ± 2.31 and the average per female was 0.64 ± 0.29 (Figure 1). There
was no significant difference in the number of egg masses laid by conch
stocked at the two sex ratios (p = 1.475).

Water quality parameters remained relatively constant throughout the
experimental period. Over the six week experimental period, temperature
averaged 29.9°C ± 1.6°, salinity averaged 33.2 ± 0.97 %o, and pH averaged 7.7
± 0.16. There appeared to be no correlation between temperature and the
number ofegg masses laid (Figure 2).

There was no indication that any one female laid the majority of eggs in a
replicate. The egg strand diameter, capsule diameter, and the number of eggs
per mm were similar for conch fed koi chow and catfish chow (Table 1). The
data on egg strand diameter, capsule diameter, and the number ofeggs per mm
are similar to those reported by Shawl and Davis (2004) for captive raised S.
alatus.
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Figure 1. Average number of egg masses laid per conch per treatment during
the six-week experimental period (June 5 - July 17,2003).
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Figure 2. The weekly average number of egg masses laid per conch per treat
ment compared with weekly average water temperatures for the duration of the
experimental period (June 5 - July 17,2003).
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Tablel. Summary of egg mass data from June 5-July 17,2003. Results are
expressed as average ±standard deviation (n = samples).

Variable

Volume of egg mass (cm)

Diameter of egg strand (urn)

Egg capsule diameter (urn)

No. egg capsules per mm

Koi Chow Diet

16.9 ± 9.7 (29)

493.2 ± 56.3 (21)

203.5124.7(21)

12.1 ±1.6(21)

Catfish Diet

17.8 ±8.7 (18)

500.5 ±49.7 (14)

195.2 ± 13.4 (14)

12.5 ±1.6 (14)

Veliger size was recorded periodically throughout the culture period and
the averages of all cultures from each diet treatment were combined (Figure 3).
The average growth rate of veligers (um/d) in the koi chow treatment was 40.2
±21.8, which was similar to the catfish chow treatment at 37.4 ± 18.5 (Table
2). All cultures reached developmental stages at approximately the same age,
and metamorphic competency was reached around day 25. The number of
days until metamorphosis and the shell length of veligers at metamorphosis
were similar to the data presented for S. alatus in Shawl and Davis (2004).

♦ Kd(n = 11)
d Catfish (n = 16)
^—CatfshChow Det

- - - • Ka* Chow Det

10 15 20

Age (Days)

25 30

Figure 3. Average S. alatus veliger shell length in relation to age for each
treatment.
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Table 2. S. alatus veliger characteristics for the two diet treatments June 5 -
July 17,2003. Results are expressed as average ± standard deviation (n =
samples).

Variable KoiChow Diet Catfish Diet

Shell length at hatch (urn) 480 ± 21.2 (2) 447.5 ± 81.3 (2)

Shell length at metamorphosis 1247.5(1) 1258.3(1)
(urn)

Growth rate (um/d) 40.2 ±21.8 (4) 37.4 ±18.5 (4)

DISCUSSION

Although visually there appears to be a difference in the number of eggs
laid between the two diet treatments, an analysis of variance showed that there
is no significant difference. The variance between replicates was very high,
which helps to explain the insignificance of the results. Since there was not a
significant difference between the diet treatments, broodstock can be fed either
the koi chow or the catfish chow, and it will not have an effect on the number
ofegg masses produced nor on the health of the veligers.

There was no significant difference found between the number ofeggs laid
by females stocked at the two sex ratios either. Conch held at a 1:1 density
statistically laid as many eggs as conch held at a 2:1 sex ratio. It can therefore
be assumed that it would be advantageous to hold conch at a sex ratio of 2:1.
Having two females to every one male would mean that hatcheries could stock
a higher number of females, thus increasing the egg mass output for the
hatchery.

There was no difference in any of the measurements taken of the egg
masses or egg strands. There was also no difference found in the growth or
health of veligers. It can be assumed that the eggs produced from both diet
treatments were of the same quality. Veligers had similar growth rates and
health between the treatments as in previous studies (Shawl and Davis 2004).
There is no reason to believe there will be any difference in the health or
survival ofjuveniles raised from broodstock and fed either diet.
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ABSTRACT

The queen conch, Strombus gigas, is one of the most valuable fisheries
species throughout the Caribbean, however, the populations have been
declining for several decades. Research focused on aquaculture, restocking,
and transplanting techniques is being conducted to help replenish wild conch
populations. A 38 week experiment to determine the influence of diet and
substrate on queen conch growth and survival began at Harbor Branch
Oceanographic Institution, Ft. Pierce, Florida in December 2003. Hatchery-
reared juvenile queen conch (32.3 ± 2.4 mm shell length) were stocked into six
individual recirculating systems at 75 conch/m2. There were three treatments,
with two replicates per treatment: 1) aragonite sand substrate with lx calcium
feed, 2) aragonite sand substrate with 2x calcium feed, and 3) silicate substrate
with lx calcium feed. Calcium, alkalinity, and pH were measured once per
week; and conch length and weight measurements were taken on a biweekly or
monthly basis. Results indicate that there is no difference in the growth rate
with additional dietary calcium, the 2x feed (0.07 ± 0.01 mm/d) compared to
the lx feed (0.08 ± 0.01 mm/d). However, there appears to be a slower growth
rate in those animals stocked on the silicate substrate (0.04 ± 0.02 mm/d) in
comparison to the conch grown on aragonite sand substrate (0.07 ± 0.01 mm/
d). Calcium and alkalinity levels remained the same in all treatments. Conch
grown on the silicate substrate had a significantly higher mortality (57%) than
the IX and 2x treatment on aragonite (18.7% and 25.8%, respectively). These
results can be used to assist in choosing the husbandry techniques best suited to
culture queen conch juveniles for stock enhancement purposes.

KEY WORDS: Aquaculture, conch, Strombus

Efectos de Dieteticos de Calcio y del Substrato en Crecimiento
y Fuerza de la Cascara del Conch Juvenil de la Reina

(Strombus gigas), Crecido en un Criadero

El caracol, Strombus gigas, es uno de la especie mas valiosa de las
industrias pesqueras a traves del Caribe. Sin embargo, puesto que las poblacio
nes han estado declinando por varias decadas. Mucha de los focos actuales de
la investigation en la acuacultura, volviendo a surtir, y tecnicas de trasplante a
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ayudar a llenar las poblaciones salvajes del caracol. De acuerdo con un
experimento conducido sobreun ano para determinar la influencia de la dieta y
del substrate en fuerza, morfologia y crecimiento de la cascara del conch de la
reina comenzo en Harbor Branch Oceanographic Institution, en Ft. Pierce, la
Florida, en Diciembre de 2003. La juvenil del caracol crecido en un criadero
(32.3 ± 2.4 mm de la cascara) fueron almacenados en seis sistemas que
recirculaban individuales en 75 conch/m2. Hay tres tratamientos, con dos
replicas por el tratamiento: 1) substrate de la arena del aragonite con la
alimentation del calcio lx, 2) substrate de la arena del aragonite con la
alimentation del calcio 2x, y 3) substrate del silicate con la alimentation del
calcio lx. El calcio, la alcalinidad, y el pH se miden una vez por semana; y las
medidas de la longitud y del peso del conch se adquieren bisemanal o base
mensual. Los resultados indican que no hay diferencia en la tarifa de creci
miento con calcio dietetico adicional, la alimentation 2x (0.07 ± 0.01 mm/d)
comparadoa la alimentation lx (0.08 ± 0.01 mm/d). Sin embargo,aparece ser
una tarifa de crecimiento mas lenta en esos animates almacenados en el
substrate del silicate (0.04 ± 0.02 mm/d) en la comparacion al substrate de la
arena del aragonite (0.07 ± 0.01 mm/d). Los niveles del calcio y de la
alcalinidadhan seguido en todos los tratamientos. Las caracols en el substrate
del silicate tiene mas mortalito (57%) entonces a la control y la alimentation
2x (18.7% y 25.8%). Estos resultados se pueden utilizar para asistir a los
metodos usados para cultivar a juveniles del concha de la reina para los
propositos comunes del realce.

PALABRAS CLAVES: Aquacultura, concha, Strombus

INTRODUCTION

The queen conch, Strombus gigas, is one of the most valuable fisheries
species throughout the Caribbean, however, the populations have been
declining for several decades. Research focused on aquaculture, restocking,
and transplanting techniques is being conducted to help replenish wild conch
populations (Creswell 1984, Davis and Dalton 1991, Stonerand Glazer 1998,
Pardee Woodring and Boettcher 2001, Delgado et al. 2002, Shawl and Davis
2004, Davis and Shawl 2005). Determining ideal husbandry techniques for
juvenile conch reared for stock enhancement purposes will ensure that
hatchery-reared conch released in the wild will have a similar survival rates as
their wild counterparts. Knowing optimal stocking density, substrate, water
quality, diets, and systems will assist in growing conch with the shell strength
and morphology equal to wild conch. Previous studies have indicated that
hatchery-reared conch are more susceptible to predators due to a thinner shells
and smaller spines (Stoner 1994, Stoner and Davis 1994). Hatchery-reared
conch that are stocked at higher densities, tend to have lower growth rates,
smaller shells, and shorter spires (Laughlin and Weil 1983, Appledoorn and
Sanders 1984, Creswell 1984, Weil and Laughlin 1984, Spring and Davis
2003). However, conch grown at high densities on a calcium-based substrate
tend to have a strongershell than thoseconchgrownwith the same conditions
at low densities (Spring 2003).
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Culture methods, including stocking density, for grow out ofqueen conch
are well known. Therefore, this study investigates the effect of dietary calcium
and calcium substrate on growth and survival ofjuvenile queen conch. These
results can be used to understand ideal culture techniques that will enhance the
survival rate of restocked conch.

MATERIALS AND METHODS

This experiment was conducted at Harbor Branch Oceanographic
Institution (HBOI) in Ft. Pierce, FL from December 17, 2003 to September 1,
2004 (38 weeks). Six individual recirculating systems located inside a shaded
greenhouse were constructed of a fiberglass trough (2.5 m x 0.5 m x), a 94 L
polyethlyene sump (0.6 m x 0.5 m x 0.4 m), and a 1/30 HP Little Giant™
magnetic drive pump. Each system had a raised substrate with water entering
both above and below the substrate (Shawl and Davis 2004). Aeration was
added to all tanks. Every two weeks, the systems were drained completely for
cleaning. There was no incoming water; however, water was added to the
sumps twice per week to account for evaporation. The same amount of water
was added to all six systems.

Three treatments were examined with two replicates each:
i) Aragonite sand substrate and lx calcium diet,
ii) Aragonite substrate and 2x calcium diet, and
iii) Silicate substrate and lx calcium diet.

The silicate substrate was chosen as a non-calcium based substrate to test

for the effects of substrate on growth and survival. The lx calcium diet was
the standard diet used at HBOI to grow conch. The lx calcium diet was made
of dried Ulva sp., catfish chow, calcium palmitate, and an alginate based
binder. The 2x diet consisted of dried Ulva sp., catfish chow, alginate, and
twice the amount of calcium palmitate. The Harbor Branch Environmental
Laboratories, Inc. tested several samples of the 2x diet and compared the
results to the lx diet to confirm that twice the amount of calcium was present.
Initial feeding rate was 0.15g/conch/day, but was adjusted accordingly so that
the animals were fed to satiation (0.40 g/conch/day). All treatments received
the same amount of feed throughout the experiment.

Each replicate was stocked with 99 juvenile queen conch (at75 conch/m2).
The hatchery-reared queen conch were cultured at the Caicos Conch Farm,
Turks and Caicos Islands, BWI and were purchased from Oceans, Reefs and
Aquariums in Ft. Pierce, FL. Initial length (mm) and weight (g) was measured
for all conch prior to stocking. For each replicate, 20 animals (20%) were
randomly chosen to be the permanent sampling group. A portion of the apex
of the shell was painted with a non-water based acrylic paint to distinguish the
group. Mortalities were recorded and immediately replaced with another
conch to maintain density. These replacements were marked and were not
included in any measurements. Length (mm) and weight (g) of the sample
animals were taken twice per month for the first 29 weeks, and then once per
month for the remainder of the experiment.
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Water qualities were measured on a daily, weekly, or biweekly basis, and
one sample from each replicate was taken. Temperature was taken daily, pH
and salinity were measured once per week, and ammonia, nitrite, and nitrates
were measured weekly or biweekly. Calcium and alkalinity were sampled
twice per week for the first five weeks and then once per week for the remain
der of the experiment. One sample from each replicate was used to measure
water quality, and two samples per replicate were used to test calcium and
alkalinity levels. On days when water was added to the sumps, a water sample
for measuring calcium and alkalinity was taken before and after the addition.

A two way repeated measure ANOVA test was used to determine
significant differences in the amount of calcium and alkalinity in the treat
ments. Due to the non-normal distribution of results for conch growth rate,
wet weight gain rate, and percent survival, a non-parametric Kruskal-Wallace
one way ANOVA on ranks was used.

RESULTS

The final shell length was 53.7 ± 0.6 mm for the aragonite lx diet, 42.2 ±
3.1 for the silicate treatment, and 49.6 ± 3.5 for the aragonite 2x treatment. The
daily growth rates were similar for conch grown on aragonite substrate fed the
lx and 2x diets (Figure 1). The conch fed the lx diet grew 21.4 mm for an
overall growth rate of 0.08 mm/d, and the conch fed the 2x diet had a growth
rate of 0.07 mm/d (17.0 mm increase). Conch grown on the silicate substrate
did not grow as well (9.6 mm), therefore, had a much lower growth rate (0.04
mm/d). However, there were no significant differences in growth rate between
the three treatments (p = 0.400).

0.15 -%

0.1 -

0.05 •

D IX Calcium Diet and Aragonite Substrate
• 2X Calcium Diet and Aragonite Substrate

• IX Calcium Diet and Silicate Substrate

0.04

Treatments

(December 17, 2003 to September 1, 2004)

Figure 1. Overall growth rate (mm/d) for the three treatments (mean ± sd, n

2L
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The conch in the aragonite lx diet treatment gained 12.9g of total wet
weight, in comparison to 4.9 g and 10.3 g for conch grown on the silicate and
fed the 2x diet, respectively. The final weight of the three treatments was 16.1
± 0.2 for the aragonite lx diet, 8.2 ± 2.9 for the silicate substrate, and 13.7 ±
2.3 for the animals fed the 2x diet. There was no significant difference in wet
weight gain rate between all treatments (p = 0.067).

Water quality parameters remained relatively constant in all three
treatments throughout the experiment (Table 1). There was a significant
difference in the calcium levels between the lx and 2x treatment (p = 0.008),
and between the 2x treatment and silicate treatment (p = 0.030). However,
there was no significant difference between the silicate treatment and the
aragonite lx treatment (p = 0.107). There was no significance difference for
alkalinity levels in all three treatments (p = 0.718) (Table 2).

Table 1. Water quality for the experimental tanks from December 17, 2003 to
September 1 , 2004. Results are expressed as mean ± sd and range. For
each treatment the replicates were averaged and the expressed mean is the
average of these replicate averages (n = sample times for each treatment).

Aragonite Substrate
1X Calcium Diet

Silicate Substrate

1X Calcium Diet

Aragonite
Substrate

2X Calcium Diet

Temp (°C) 27.2 ±1.5 (520) 27.1 ±1.6 (520) 26.9 ±1.5 (520)

19.1-31.0 (520) 18.4-30.2 (520)
18.0-30.6 (520)

Salinity (ppt) 33.6 ±2.0 (112) 33.6 ±2.1 (112) 33.9 ±2.3 (112)

29-37 (112) 29-37 (112) 29-38 (112)

pH 8.6 ±0.1 (112) 8.6 ±0.2 (112) 8.7 ±0.1 (112)

8.0-8.8 (112) 7.7-8.8 (112) 8.3-8.9 (112)

Ammonia
(mg/L) 0.26 ±0.61 (52) 0.29 ±0.61 (52) 0.10 ±0.37 (52)

0-1.9 (52) 0-1.8 (52) 0-1.8 (52)

Nitrate (mg/L) 3.15 ±0.70 (50) 3.00 ±0.67 (50) 2.94 ±0.68 (50)

2-5 (50) 1-4 (50) 1 - 5 (50)

Nitrite (mg/L) 0.04 ±0.02 (50) 0.05 ±0.04 (50) 0.03 ±0.02 (50)

0-0.10 (50) 0-0.32 (50)
0-0.17 (50)
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Table 2. Calcium and alkalinity measurements for the three treatments
December 17, 2003 - September 1, 2004. Results are expressed as mean ±
sd and range. For each treatment the replicates were averaged and the
expressed mean is the average of these replicate averages (n = sample times
for each treatment).

Aragonite Substrate
1X Calcium Diet

Silicate

Substrate
1X Calcium Diet

Aragonite
Substrate

2X Calcium Diet

Calcium (mg/L) 426 ±35.6 (86) 440 ±54.5 (86) 456 ±63.2 (86)

345-513 (86) 218-547(86) 270-582 (86)

Alkalinity
(mg/L as
CaC03)

114 ±17.3 (86)

75 -162 (86)

110 ±17.1 (86)

55-168 (86)

120 ±16.6 (86)

90-177 (86)

Conch grown on the silicate substrate had a higher mortality (57% ± 39%,
n = 2) than the lx and 2x treatments (18.7% ± 4%, n = 2 and 25.8% ± 14%, n =
2, respectively), however, there was no significant difference in the final mor
tality levels in all three treatments (p = 0.067) (Figure 2). It also appeared that
the conch on the silicate substrate did not feed as well and were less active.
The feed conversion ratios (FCR) were fairly similar for the lx and the 2x
treatment (1.5 and 1.9, respectively). The FCR for the silicate treatment was
higher (4.0), indicating slow growth and high mortality.
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Figure 2. Average percent survival for the three treatments December 17,
2003 - September 1,2004 (n = 2).
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DISCUSSION

Substrate, stocking density, diet, and water quality are important factors
for the successful aquaculture of queen conch. The animals raised on the non-
calcium based silicate substrate had a much slower growth rate and higher
mortality. However, the amount of calcium in the water available to the conch
did not differ from the other treatments. Even though the silicate substrate was
rinsed thoroughly and was similar in grain size as the aragonite, it is possible
that these animals were stressed and unwilling to feed due to a characteristic of
the silicate. Previous studies have shown slower growth rates on substrates
other than sand (Appeldoorn and Sanders 1984, Laughlin and Weil 1983).

There appeared to be little effect on growth rate with additional dietary
calcium. Although there have not been any studies of this kind on Strombidae
conch, there has been similar research conducted on terrestrial land snails.
Studies have found a proportional increase in growth rate with increasing
dietary calcium for Acatina fulica (Ireland 1991). However, the increased
growth rate in A.fulica appeared to be directly correlated to food consumption
(Ireland 1991).

The conch fed the lx diet gained more weight overall, than the conch fed
the 2x diet. This is contrary to the findings with A.fulica in which the snails
fed a higher concentration of calcium, had a higher shell weight and greater
shell thickness (Ireland 1991). Based on these results, it is recommended that
conch be grown on an aragonite substrate and are fed the standard lx calcium
diet. It appears to be unnecessary for culturist to purchase excess calcium for
the juvenile feed. However, the shells will be further analyzed using a Comten
Industries digital force system, to determine if there are differences in shell
strength between treatments when additional calcium is added to the diet.

In order for a restocking program to be successful, scientists must be able
to produce a juvenile queen conch equal in shell strength to its wild counter
parts to aid the conch in survival against shell crushing predators. Future
research involving supplemental dietary calcium and aragonite substrate will
aid in defining restocking guidelines.
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ABSTRACT

Ciliates are abundant in marine waters, but their significance as a first food
for fish larvae is poorly understood, as many have no lorica to facilitate their
identification in the gut of a larval fish. One of the major challenges of
culturing of red snapper, Lutjanus campechanus is providing an appropriate
food source at onset of feeding. Possible food organisms include species of
Fabrea, Strombidium and Strombilidium with average sizes of 40 x 100, 33 x
41, and 35 x 80 urn, respectively. Optimum growth conditions evaluated were
photoperiod, stocking densities of ciliates and algae, and algal food type.
Techniques were developed for the consistent mass culture of Fabrea salina
using 200 L solar tubes, resulting in 75 ciliates/ml in seven days.

Growth and survival of red snapper larvae was evaluated in a production
setting using 1 m3 tanks. Larvae were stocked at 10/L, 36 hours post hatch,
and prior to functioning mouthparts. Three treatments were fed:

i) Copepod nauplii, 20-75um only from days 1 to 10;
ii) Copepod nauplii from days 1 to 10 plus Fabrea from days 1 to 5; and
iii) Fabrea only from days 1 to 3 plus copepod nauplii from days 4 to 10.

Copepod nauplii were added at 2/ml and ciliates were added at 5/ml. Two
larvae per tank were removed daily from day 1 to 5 and once per week
thereafter and photographed for morphometries. Survival after 28 days was
0.28% and 2.39% in treatment 1 and 2, respectively. Treatment 3 did not have
any survival after six days post-hatch. Larvae were more active feeders in the
tanks given Fabrea and copepods as first foods with 34.6 ± 58.1% average
daily reduction in copepod nauplii compared to 15.8 ± 107% reduction when
only nauplii were provided. Survival was positively related to the presence of
Fabrea and nauplii at first feeding.

KEYWORDS: Ciliate, first feeding, larviculture

Los Protozoos Ciliados como Alternative Viven Alimento

para Alimentar Primero Larvas Pargo Rojo
Lutjanus campechanus

Los ciliados son abundantes en aguas marinas pero su importancia como
primer alimento para larvas de peces se desconoce escasamente, especialmente
debido a que los ciliados no tienen un exoesqueleto que facilite su identifica-
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cion en el intestino de una larva depez. Uno de los principales desafios se
encuentra en el levante de larvas de pargo rojo Lutjanus campechanus, en
cuanto a que proporcione un alimento adecuado en su primera comida. Los
organismos que pueden servir como posible alimento initial incluyen especies
tales como Fabrea, Strombidium, y Strombilidium, con tamafios promedio de
40x100, 33x41, y 35x80 urn respectivamente. Los condiciones ambientales
que se evalvaron durante los experimento de crecimento fueron: temperatura,
salinidad, intensidad de luz y fotoperiodo, aireacion, densidad de cultivo y tipo
de alga utilizada como alimento. Para los experimentos se usaron tubos solares
de 200L de capacidad, con una production promedio aproximada de 50
ciliados/ml en 7 dias.

El crecimiento y la soberevivencia de las larvas de pargo rojo fueron
evaluados en tanques de fibra de vidrio de lm3. Las larvas fueron sembradas
en proporcion de 10/L, 36 horas post-eclosion, antes de la formacion de las
partes bucales. Se hicieron tres tratamientos alimenticios:

i) Nauplios de copepodo de 20-75 urn del dia 1 hasta el dia 10,
ii) Nauplios de copepodo del dia 1 hasta el dia 10 mas Fabrea durante

los dias 1 hasta el dia 5, y
iii) Fabrea solamente del diasl al 3 mas nauplios de copepodo desde el

dia 4 allO.

Los nauplios de copepodo se adicionaron en proporcion de 5/ml. Se
extrajeron dos larvas por tanque por dia durante los dias 1 al 5 para ser
fotografiados con fines morfometricos. La sobrevivencia despues de 28 dias
fue del 0.28% y del 2.39% en los tratamientos 1 y 2, respectivamente. En el
tratamientos 3 no se observo ninguna supervivencia despues del dia 4 de
haberse formado las partes bucales. Los larvas mostraron mayor actividad
alimenticia en los tanques alimentados con Fabrea y copepodos como primer
alimento con un promedio de reduccion de 45.4 ± 18.7% en nauplios de
copepodo comparado con el 15.7 ± 9.1% de reduccion registrado en el
tratamiento en el que se aplicaron solamente nauplios de copepodo. La
sobrevivencia estuvo positivamente relacionada con el porcentaje diario de
reduccion enabundancia de nauplios (R2=0.81; p = 0.002).

PALABRAS CLAVES: Ciliados, alimento para larvas de peces, pargo rojo,
Lutjanus campechanus

INTRODUCTION

Red snapper, Lutjanus campechanus, is the target of commercial and
recreational fishing in the Gulf of Mexico. Culture and stock enhancement
efforts are constrained due to low larval survival. Development of suitable
feeding regimens for mass rearing of larval fish is one of the major barriers to
successful propagation of this and other marine species. The problem lies with
the relatively small mouth size, limited yolk reserve, and late development of
functional mouthparts. Typically, rotifers or copepod nauplii are offered as
first foods. The importance of other microplankton including dinoflagellates
and ciliates as available prey is poorly understood. Ciliated protozoans may be
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important for first-feeding fish larvae because: 1) ciliates often dominate such
communities and are more abundant than copepod nauplii in coastal waters
(Kamiyama 1994), and 2) most of the ciliates in the plankton are ofa similar or
smaller size than copepod nauplii (Taniguchi 1978). Marine ciliates are
conventionally divided into loricate (tintinnid) and aloricate (naked) forms and
comprise a large proportion of total microzooplankton abundance and/or
biomass (Sanders 1987, Kamiyama 1994). Naked ciliates may be more
important food for fish larvae than tintinnids, because naked ciliates occur in
considerably larger numbers than tintinnids (Pierce and Turner 1992).

There is little information on the predation of protozoans by fish larvae,
except for the loricate tintinnids, which have indigestible hard parts that can be
identified in the guts (review by Pierce and Stoecker 1992). There is less
information about the predation of naked ciliates by fish larvae. Korniyenko
(1971) described a relationship between protozoans and carp larvae; Howell
(1972) reared lemon sole with protozoans; Nagano et al., (2000 a,b) detected
feeding on Euplotes sp. by larval grouper and surgeonfish, respectively; and
Ohman, et al. (1991) observed larval anchovy feeding on Strombidium sp.
when presented as a first food. Fukamiet al. (1999), investigatedpredation on
naked protozoa by 52 different taxonomical groups of fish larvae collected in
the field. They found fish in the group Acanthopterygii consumed the greatest
quantity of protozoans (> 30 protists/individual). Red snapper have a small
mouth gape at first feeding similar to the fish mentioned above. A protozoan
may be of a more appropriate size than other marineorganisms as a first food.

Fabrea salina is a heterotrich ciliate in the family Climacostomidae. It
naturally occurs in estuarine environments and high saline areas. Fabrea is a
relatively large protozoan, its size ranging from 120 - 220pm by 67 - 125pm.
A few attempts have been made to culture it using single cell algae, bacteria or
yeast (De Winter et al. 1975, 1976, Uhlig 1981, Rattan et al. 1999, Park and
Hur 2001, Pandey and Yeragi 2004). The advantages of Fabrea salina as an
alternative for rotifers or brine shrimp larvae were summarizedby De Winter,
1975 as follows:

i) It is one of the few truly "pelagic" ciliates,
ii) It has the appropriate dimensions as a live food: depending on

culturing conditions its size can vary from 50 - 500 urn,
iii) The smooth cell wall and the absence of appendages facilitate its

uptake by the predators,
iv) The generation time is very short,
v) As a particle feeder it can be cultured on live algae as well as inert

foods,
vi) According to the literature data its nutritional value for fish larvae

seems to be excellent, and
vii) As many other protozoans it forms a tough cyst membrane when

submitted to unfavorable environmental conditions. The cysts can be
kept viable for a certain period of time without losing their hatcha-
bility.
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The following workconsists of twoparts, 1) to develop culture techniques
for ciliatedprotozoans and 2) evaluate the use of the ciliateFabrea salina as a
first food for larval red snapper.

MATERIALS AND METHODS

Ciliate Culture

Initially, several ciliates were considered for culture, and Fabrea salina
showed to be more reliable in culture than Strombilidium sp. and Strombidium
sp and is, therefore, the focus of this paper. The Fabrea salina culture was
obtained from the Universityof Texas, Marine ScienceInstitute, Port Aransas,
TX. Stock cultures were maintained at Claude Peteet Mariculture Center, Gulf
Shores, AL. Algae provided as food was cultured with Gulliard's F/2 in the
laboratory. All of the experiments were carried out for seven days in 2 L
Erienmeyer flask initially containing 1 L of chlorinated then dechlorinated, 1
urn filtered seawater (32 - 34 96o). Each treatment contained three replicates.
No aeration was supplied, flasks were swirled before sampling to evenly
distribute the ciliates and resuspend algal cells. The temperature was not
controlled for the experiments; the normal range was 25 - 30°C. The trials
were conducted under continuous light rangingfrom 1,240to 1,680lux. Daily
counts fororganisms were performed in triplicate using Sedgwick-Rafter slides
on a compound microscope; samples preserved and stained using Lugol's
iodine solution. Samples for water quality measurements including ammonia,
temperature, salinity, dissolved oxygen, and pH were taken daily from each
replicate.

Four trials were conducted to examine Fabrea stocking density, algal
species Isochrysis andRhodomonas, Rhodomonas algal density, andphotope-
riod. To determine stocking density of Fabrea, threetreatments wereused 3, 6
and9/ml, being fed 120,000 Isochrysis cell/ml daily. Based on the results, the
remaining experiments were initially stocked at 3 ciliates/ml. Determining the
optimum food type and density was another series of studies. One trial
compared growth when fed 90,000 Rhodomonas or Isochrysis cells daily.
With Rhodomonas providing a better growth rate, the next trial compared the
algal density of 90,000 to 135,000 cells/ml. Photoperiod wasanother variable,
three treatments included 6 hours light and 18 hours dark (6L:18D), 12L:12D
and 18L:6D. Continuous light was not compared with these three because the
other trials were conducted at 24L:0D. Sampling was conducted as described
earlier. Conditions selected for mass culture in 40 L bags or 200 L solar tubes
included, stocking ciliates at 3/ml, 12to 14hours light/day, and feeding 90,000
Rhodomonas cells/ml/day.

Snapper Rearing
Wild caught brood stock were induced to spawn using techniques

described by Minton et al. (1983). Fertilized eggs were incubated in the
hatchery. Larvae were stocked 12-24 hours post-hatch, priorto functioning
mouthparts into 1 m3 tanks at 10 larvae/L toevaluate the value ofFabrea as a
larval food. Fish were fed according to one of the following protocols using
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four replicates/protocol. The feeding protocols were:
i) Copepod nauplii only, 20 - 75pm from days 1 to 10;
ii) Copepod nauplii from days 1 to 10 plus Fabrea from days 1 to 5; and
iii) Fabrea from days 1 to 5 plus copepod nauplii from days 4 to 10.

From days 7 to 21, all of the treatments were fed copepod nauplii ranging
from 40 - 100pm. On day 12, when all treatments were being fed the same
copepod diet and the ciliates were no longer present, the recirculation of water
began. A commercial feed by INVE, Proton-1 was given starting on day 16.
Adult copepods were added to all treatments from days 18 to 28.

Daily additions ofIsochrysisgalbana were made to maintain 90,000 cells/
ml, which created a greenwater environment. Daily additions of zooplankton
were made to maintain copepod nauplii at 2/ml and ciliates at 5/ml. Fabrea
was produced in 40 L bags in the laboratory or 200 L solar tubes in the
laboratory or greenhouse. Mixed zooplankton was collected from saltwater
ponds following the procedures of Lam et al. (2000) for supplying copepod
nauplii. Rotifers were collected along with the nauplii and were incidentally
added to the tanks when nauplii were given. No attempt was made to maintain
a specific rotifer density in the larval rearing tanks.

Five 10 ml samples were randomly collected using a Stempel pipette and
pooled per tank. Counts of algae were performed using a hemacytometer and
zooplankton counts including protozoans, rotifers, and copepod nauplii were
conducted in triplicate using Sedgwick-Rafter counting slides. Water quality
measurements including temperature, salinity, dissolved oxygen and pH were
taken twice daily from each replicate using a YSI 556 MPS. Samples for
ammonia were also collected twice a day and analyzed using Nesslerization
method, read using a spectrophotometer. Two fish were randomly selected
from each replicate daily from days 2 to 6 and weekly thereafter on day 12 and
day 18. Each live larva was photographed with an Olympus digital camera
outfitted to an Olympus stereomicroscope. Morphometric measurements of
standard length and body depth at the anus were made using Image-Pro®
Version 4.0.1, image analysis software calibrated with a stage micrometer. At
harvest, total length was measured (± 1 mm) using a metric ruler. All statisti
cal analyses were performed using SAS Version 8.2 software and/or StatView
5.0.

RESULTS

Ciliate Culture

Based on several F. salina culturing trials that altered stocking density,
algal species and density, and photoperiod, the following results were found.
After seven days of the stocking density trial, there were no significant
differences (p = 0.001) in the growth when stocked at 3, 6 or 9 Fabrea/ml.
The mean maximum density reached 97 ± 9/ml after five days. The ammonia
production after seven days ranged from 1.4 to 2.0 ppm, the higher values were
from the treatments stocked at higher densities. The flasks stocked at 9/ml had
reached 96 ± 6/ml on day, 3 then growth slowed almost completely. There was
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a drop in dissolved oxygen corresponding to the spikes in ammonia. The
flasks stocked at 3 and 6/ml grew more consistently through five days before
starting to decline.

The trial comparing Isochrysis and Rhodomonas resulted in Rhodomonas
providing higher growth. The density increased from 3/ml to 216 ± 34/ml for
Rhodomonas compared to 66 ± 18/ml when being fed Isochrysis (Figure 1).
When comparing 90,000 and 135,000Rhodomonas cells/ml, the best density of
algae to feed daily was found to be 90,000 Rhodomonas cells/ml. The
treatment fed higher densities of algae had lower dissolved oxygen and higher
ammonia and decreased growth. In the photoperiod trial, the three exposures
to light had similar results. In all treatments, the density approximately
doubled daily and peaked after seven days. The light controlled the algae from
blooming, which had an effect on the overall water quality.
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Figure 1. Results of F. salina growth trial when either Rhodomonas or
Isochrysis was stocked at 90,000 cells/ml and Fabrea at 3/ml.

Optimum culturing conditions, stocking at 3/ml, 12 to 14 hours light/day,
and feeding 90,000 Rhodomonas cells/ml were used to mass culture Fabrea in
40 L bags or 200 L solar tubes. These conditions lead to growth of at least 50
ciliates/ml in no more than seven days, in 100% of culture attempts. In 200 L
tubes the overall mean density was 75 ± 31/ml with some variability in day of
peak growth (Table 1).
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Table 1. Average densities of mass cultures from past and present studies and
the densities from culture trials (parameter with highest density cited).

Food type No Days Avg. Culture Source
Cultured density Volume (L)

(#/ml)
Past

Rattan, 1999

Pandeyand Yeragi,
2004

Pandey and Yeragi,
2004

Uhlig.1981

De Winter and Per-

sone, 1975

Present

Rice bran 5 59 40

Egg custard 5 60 50

Egg custard 5 82 200

Duniellia sp. 14 100 45

Duniellia sp. 4 130 30

Rhodomonas 7 70 ±11 1

Rhodomonas 7 84 ±9 1

Isochrysis 7 110± 12 1

Rhodomonas 7 216 ±34 1

Rhodomonas 7 100 ±36 40

Rhodomonas 7 75 ±31 200

Algal density trial-
90,000 cells/ml
Lighting trial-18
hours light
Stocking density
trial-9/ml

Algal comparison
trial

Bag cultures

Solar tube cultures

Snapper Rearing
Survival of red snapper after 28 days was 0.28 ± 0.15% in treatment 1, fed

copepod nauplii only; 2.39 ± 2.75% in treatment 2, fed copepods nauplii and
ciliates; no survival in treatment 3, fed Fabrea as the only food source for the
first three days of feeding. Survival was highly variable within treatments, but
the addition of Fabrea had a positive impact on survival p = 0.12. Standard
lengths, and body depths length are reported for each treatment (Table 2). The
final standard lengths were 11.45 ± 1.1mm and 13.45 ± 5.6mm for treatments 1
and 2, respectively (p = 0.020).

Larvae were more active feeders in the tanks given Fabrea and nauplii as
first foods, with an average daily reduction in copepod nauplii of 34.6 ±
58.1%, compared to 15.8 ± 107.0% reduction when only nauplii were pro
vided. Survival was positively related to the percent daily reduction in nauplii
abundance (p = 0.19). The total number of nauplii available for days 1-7 was
2.49 ± 1.02/ml in treatment 2, nauplii and Fabrea and was significantly higher
(p = 0.05) than treatment 1, containing nauplii only at 1.92 ± 1.03/ml.

The average daily reduction in Fabrea was 37.01 ± 50.05% in treatment 2
and 17.7 ± 49.36% in treatment 3 (p = 0.18). The average density was 3.12 ±
2.4/ml in treatment 2 and 6.51 ± 4.35/ml in treatment 3 (p = 0.002). There was
a difference in the average density and a trend towards a difference in the daily
reduction.

There was no difference in the average daily reduction of rotifers or total
average density. The average daily reduction in rotifers was 14.4 ± 49.2% in
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treatment 1 and 9.78 ± 77.29% in treatment 2 (p = 0.80). The average density
was 14.03 ± 4.99/ml in treatment 1 and 13.86 ± 5.14/ml in treatment 2 (p =
0.91).

Table 2. Growth of red snapper larvae reported in standard length and body
depth in the three treatments fed 1=nauplii only, 2=nauplii and Fabrea, 3=Fabrea
only.

Treatment 1 Treatment 2 Treatment 3

Day Length Depth Length Depth Length Depth (mm)
(mm) (mm) (mm) (mm) (mm)

1 2.81±0.09 0.20±0.02 2.81±0.09 0.20±0.02 2.81±0.09 0.20±0.02

2 2.72±1.08 0.18±0.11 2.68±0.25 0.19±0.02 1.90±0.15 0.19±0.17

3 2.66±0.09 0.20±0.02 2.57±0.29 0.18±0.01 2.34±0.21 0.16±0.05

4 2.47±0.80 0.20±0.01 2.57±0.54 0.19±0.03 2.48±0.59 0.19±0.02

5 2.78±0.17 0.20±0.04 2.55±0.27 0.18±0.02
_2 _2

6 2.16±0.39 0.17±0.02 2.33±0.25 0.17±0.02
_2 _2

12 3.47±0.36 0.39±0.09 3.63±0.26 0.44±0.08
_2 _2

20 8.34±1.10 2.37±0.43 7.17±0.41 1.91±0.22
_2 _2

28 11.4511.1
_1

13.45±5.6
_i _2 _2

'-Body depth was not measured on the final day.
2-Treatment 3 didnot haveanysurvival afterday4.

DISCUSSION

Fabrea proved to be a relatively hardy protozoan that could be produced
in a large volume (200 L) at densities of 75 ± 31/ml. The culture techniques
determined for Fabrea salina yielded similar densities to other mass culture
attempts ranging from 59 to 1307ml (Table 1). Fabrea multiplies relatively
fast. Therefore, differences in initial stocking rates 3 to 9/ml had little impact
on the final densities obtained. Mass cultures were initially stocked with 3/ml
to decrease the initial volume needed to inoculate the culture. Rhodomonas

supported better Fabrea growth than Isochrysis. These two algae species
differ in size, Rhodomonas 9 - 12 um versus 5-6 um for Isochrysis and
nutrient content (Repak 1983). Repak (1983) evaluated 45 species of algae as
food for Fabrea and found Rhodomonas lens to provide the best growth rate;
seventeen other species of algae also proved to be nutritious, including
Isochrysis. Other authors have used non-algal diets such as egg custard,
fermented rice bran, and wheat bran that provide bacteria and yeast (Table 1).
Protozoans can grow often just as well on inert foods, which is easier for
aquaculture purposes. However, Repak (1986) found bacteria to be ofminimal
value for Fabrea growth and yeast to have little to no value. Major fatty acids
required for larval fish are present in high numbers in Fabrea, the nutritional
value was found to vary with diet (Harvey et al. 1997, Pandey et al. 2004).

Lighting trials conducted by DeWinter and Persone (1975) using continu
ous light and continuous darkness, showed no difference. Pandey and Yeragi
(2004) obtained densities of 120/ml when exposed to light and only 76/ml
without light. No significant difference (p = 0.32) was found amongst the
three treatments, 6, 12, or 18 hours light. This study did not contain a 24 or 0
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hour light treatment. The photoperiod gives control over the algal growth,
which affects the water quality.

The presence of Fabrea along with copepod nauplii gave an approximate
100% improvement in survival than when only copepod nauplii were added.
However, Fabrea alone is not adequate to support snapper growth and
development. Similar results were observed with the dinoflagellate Gymnodin-
ium splendens as first food for the red spotted grouper and the Japanese stripe
knife jaw (Rodriguezand Kirayama 1997). The survival was higher when fed
both G. splendens and rotifers than when fed exclusively G. splendens or
rotifers. The diversity of food organisms leads to better survival. Rene (1974)
used F. salina as a successful substitute to young B. plicatilis to feed larval
gilthead, Sparus aurata, 3-7 days after hatching. Barnabe (1974) reported no
difference in survival when feeding larval sea bass, Dicentrachus labrax,
rotifers or Fabrea. There were no other reports mentioning the use of Fabrea
as a first food until Park and Hur (2001) found higher mortality of larval ayu,
Plecoglossus altivelis when fed F. salina when compared Brachinous plica
tilis. F. salina may be better suited for larval fish requiring a smaller first feed
or the transition is so fast that larger food may be needed sooner.

The treatment containing both nauplii and Fabrea were more active
feeders based on the reduction in copepod nauplii when compared to the
treatment containing only nauplii and more active feeders on Fabrea when
compared to the treatment being fed Fabrea only for the first three days.
There was no difference in the average number of rotifers available to each
treatment or the average daily reduction of rotifers. The fish lengths began to
decrease in the treatment being fed Fabrea only as early as day 2 (Table 2);
this is due to the fish using energy without acquiring enough nutrients from the
food provided which results in resorption of tissues. The decrease in standard
lengthduring the first she daysseen in Table2 was describedby Williamset al.
(2004), as growth is channeled into further development of the jaw and
increased body depth.

Fabrea salina can be important feed for marine fish larvae, particularly
those with small mouth gapes when other foods are available to support
additionalgrowth. F. salinacan be mass cultured,but higher densities must be
achievedto facilitateit being more commonlyused.
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ABSTRACT

Spiny lobster,Panulirus argus, is an important fisheries species in Florida
and the Caribbeanregion. The high value of this species and the limited extent
of their wild fisheries make them an ideal candidate for commercial culture.
One of the major constraints to spiny lobster culture is that the aquaculturist
must rely on the steady supply of post larvae (pueruli) from the wild for
nursery and growout. The focus of this research project was to advance the
culture of spiny lobster through novel pueruli collection methods. Recruitment
of 1000's of spiny lobster pueruli to submerged fish sea cages in Puerto Rico
was first observed by Snapperfarm, Inc. in spring of 2003. With funds from
NOAA SBIR Phase I, studies were conductedfrom July 2003 to January 2004
to determine the feasibility of collecting spiny lobsters from sea cages for
growout. Results showed that year-round collection of pueruli from sub
mergedsea cages is feasible, with the highestcollection occurringin the spring
and near the new moon phase. Newly settled pueruli and pigmented post
larvae were observed during each month of the study. Over 400 juvenile
lobsters were collected from the submerged sea cages; 40 were placed in a
growout study and the rest were relocated to a nearby marine reserve. The
findings from this study indicate that collection of lobsterpueruli and juveniles
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from sea cages for growout is technically feasible and has potential to be
developed into a commercial venture.

KEY WORDS: Pueruli, recruitment, spiny lobster

Reclutamiento de la Langosta Espinosa, Panulirus argus, a Jaulas
Sumergidas en Puerto Rico, y su Implication para el Desarrollo de

una Industria de Acuicultura

La langosta espinosa, Panulirus argus, es una especie importante en las
pesquerias de la Florida y la region del Caribe. El alto valor commercial de
esta especie y la distribution geografica limitada de su pesqueria la hacen un
candidate ideal para cultivo a nivel comercial. Uno de los mayores factores
limitantes al cultivo de la langosta espinosa es que el acuicultor depende en el
continuo abastecimiento de post larvas (pueruli) silvestres para establecer
viveros y crianza a la etapa de adulto.

El enfoque de este proyecto de investigation es la innovacion de metodos
de el cultivo de los puerulus de la langosta espinosa. Reclutamiento de miles
de puerulus de la langosta espinosa a jaulas sumergidas en Puerto Rico fue
observado por Snapperfarm, Inc. en la primavera del 2003. Con fondos de
NOAA SBIR (Primera fase), estudios fueron realizados entre Julio 2003-Enero
2004 para determinar la posibilidad de coleccionar la langosta espinosa de las
jaulas sumergidas para la crianza.

Los resultados demuestran que los pueruli se pueden coleccionar a traves
del ano de las jaulas sumergidas, con las mayores cantidades obteniendose en
la primaveracerca de la fase de luna nueva. Los pueruli recien llegadosy post
larvas pigmentadas fueron observadas cada mes del estudio. Mas de 400
langostas juveniles fueron coleccionadas de las jaulas sumergidas; 40 fueron
asignadas a un estudio de crecimiento y el resto fueron transferidas a una
reserva marina cercana al lugar del estudio. Los resultados de este estudio
demuestran que la coleccionde pueruli y juveniles desde lasjaulas sumergibles
es tecnicamente posible y que hay potencial para desarrollar una industria a
nivel comercial.

PALABRAS CLAVES: Acuacultura, langosta espinosa, coleccion de pueruli

INTRODUCTION

The world market for spiny lobsters is approximately 80,000 metric tons
annually and is supplied almost entirely by wild fisheries (FAO, 2005). The
spiny lobster,Panulirus argus, is found throughout the Gulf and Caribbean and
forms the largest commercial fishery for spiny lobsters in the world at around
38,000 metric tons. The high value of spiny lobsters and the limited extent of
their wild fisheries are generating an increasing worldwide interest in aquacul
ture (Jeffs and Hooker 2000). The commercial aquaculture of spiny lobsters is
estimated at 3,000 tons per year and is being cultured in a number of countries
including Japan, Australia, Taiwan, and New Zealand with the vast majority
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grown in Vietnam (Jeffs and Hooker 2000). This spiny lobster aquaculture is
based on the collection ofpost-larva and early juveniles from the wild.

The prospects for farming the Caribbean spiny lobster, P. argus, profitably
are higher than for temperate spiny lobster species due to the greater availabil
ity ofwild seed lobsters and a faster growth rate (Booth and Kittaka 2000, Jeffs
and Davis 2003). At this time, the spiny lobster,P. argus, is not commercially
cultured, however, a great deal of research has been accomplished on this
species and similar species that is directly relevant to the development of
aquaculture ofP. argus (Lellis 1991, Jeffs and Hooker 2000).

One of the major constraints to spiny lobster culture is obtaining a steady
supply of post larvae for nursery and growout. Spiny lobsters have been
successfully mated and spawned in captivity. However, researchers have had
difficulty rearing large numbersof phyllosomalarvae through the many stages
of the year long complex cycle. An alternative is to bypass the larviculture
stage and collect the pueruli from the wild as they drift to nearshore habitats.
There has been good success with the collection of wild spiny lobster pueruli
on floatingartificial habitats(Witham collectors), in crevicecollectors, or large
plankton nets (Witham et al. 1964, Calinski and Lyons 1983, Reid et al. 1991,
Gutierrez-Carbonell et al. 1992, Field and Butler 1994, Phillips and Booth,
1994). The transparentpueruli settle on the collectors during the new moon to
the quarter moon phase. Currents, tides, wind, and season all play a role in
settlement and collection numbers. In addition to lunar cycles, wind, tides,
hydrological features and seasonality influence the timing and magnitude of
lobster recruitment to artificial habitats.

Collection of pueruli from the natural environments will not put pressure
on the fisheries stocks. There are indications from pueruli collection studies
that collectors only remove a small fraction of the number of pueruli in the
water column and that a very large number of pueruli are lost mainly due to
predation or lack of appropriate settlement habitat (Ryther et al. 1988, Butler
and Herrnkind 1989). In nature it is estimated that only 4% of post larvae
survive to juvenile stage (Forcucci et al. 1994). Under controlled culture
conditions survival could be as high as 50 - 75% during this stage (Lellis
1991).

Snapperfarm, Inc. has two 3,000 cubic meter sea cages used to culture
marine fish off the coast of Culebra, Puerto Rico. This structure is located in
28 meters of water depth. Over the course of the first six. months after
deployment, the cage became covered in a fine layer of macroalgae and
diatoms. In the spring of 2003, 1000's of spiny lobster pueruli recruited to
these submerged sea cages. These juvenile lobsters were the first indication
that these large sea cages are ideal settlement collectors for spiny lobster
pueruli. With funds from NOAA SBIR Phase I, Snapperfarm, Inc. and
researchers from Harbor Branch Oceanographic Institution, University of
Miami - RSMAS, Florida Sea Grant Extension, and NMFS conducted studies
fromJuly 2003 - January 2004to advance the culture of spiny lobster through
novel pueruli collection methods.
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OBJECTIVES:

The main goals of the projectwere to determine methods to collect spiny
lobster pueruli that recruited to offshore submerged sea cages in Puerto Rico,
and to assess the commercial viabilityof a spiny lobstermariculture operation
in association with fish sea cages.

METHODS AND RESULTS

The study was conducted by Snapperfarm, Inc. and collaborators in
Culebra, Puerto Rico. Snapperfarm has two SeaStation™ 3,000 cubic meter
offshore cages off the coastof Culebra, Puerto Rico. Eachcage is 15 m deep,
25 m in diameter and has a total surface area of 1,115 square meters. The cages
are submerged in a water depth of 28 meters with the top 8 m belowthe sea
surface. The site is fully exposed to the Atlantic Ocean to the northwest and
the Caribbean Sea to the southeast. The site receives strong, open ocean
currents (0.5 knots).

Scuba diving surveys of the sea cages for spiny lobster pueruli were
conducted during each month of the study (July 2003 - January 2004) and
showed that the majority of the lobsters recruited to the sea cages on the new
moon andduring theweek following thenewmoon. Lownumbers of pueruli
were visually found during transect surveys of the seacages, due to the small
size of thepueruli (6-7 mmCL) andtheir cryptic nature (e.g., clearto slightly
pigmented). The most number of pueruli (total of 14) were seen while night
diving with lights on a small section of the sea cage in August. Pueruli were
alsoobserved in the daytime during eachmonth of the study (up to fivepueruli
per month). The pueruli were found near the chimney top of the seacage, in
the folds of the harvest net, and under clumps of red algae, Laurencia sp.,
whichis known to triggerlobstersettlement. This is the first time that lobsters
of this size have been observed in the wild on large submerged sea cages.

Collection devices, such as PVC pipes and window screen pinwheels,
were secured to the sea cages in an experimental array. Lobsters did not
recruit to thePVC pipes, butwere attracted to thescreen pinwheels. Upto five
pueruli and juveniles were found in the screen pinwheel collectors each month
(October 2003 - January 2004). The best results were when the pinwheels
were placed on the sea cages one week prior to the new moon for fouling.
However, these collection devices (PVC pipes and pinwheels) were not ideal
for pueruli and juvenile lobster collection, because of the crabs that also
recruited to the collection devices.

Due to the cryptic nature of the pueruli, an alternative collection method
used during the study included removing spiny lobster juveniles off the sea
cages after they hadgone through several molts (two months after settlement).
Over 400 juvenile lobsters (two to eight months old) were collected from the
two seacages during the study. Themajority were placed in a nearby marine
reserve, however, 40 were removed for a preliminary grow out study. They
ranged in size from 3 - 6 cmCL (five to eight months in age). The lobsters
were placed inside a 55-gallon plastic barrel that had holes drilled in the sides
and shelter inside. The barrel was secured to the sea cage mooring on bottom
of theocean (28 m deep). The lobsters were fed every five to seven days with
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a 7 - 9 kg cobia fish that had recently died in the sea cage. Lobster survival
over the three month study period was 60%, however, growth was slow over
the three months due to lack of adequatefeed variety.

DISCUSSION

There is every indication fromthis studythat lobsterpueruli andjuveniles
can be collected year round from submerged sea cages in Puerto Rico. Due to
the cryptic behavior and clear color of the pueruli, it is not surprising that it
was difficult to obtain an accurate count of the number of pueruli during the
surveys. The results from this study show that year round collection of lobster
pueruli andjuvenilesfromsea cages is technically feasible and has potentialto
be developed into a pilot-scale venture. This is consistent with thepurpose of
NOAA SBIR Phase I to determine the technical feasibility of the proposed
research. Recruitment of lobsters to the fish sea cages will provide Snapper
farm, Inc.withan added revenue source to support the fish farming operation.
The company was awarded a NOAA SBIR Phase U to continue the research
and development of pueruli collection on submerged sea cagesand submerged
cage growout ofjuveniles for market.

This is Harbor Branch Oceanographic Institution Contribution Number
1567.
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The Gulf and Caribbean Fisheries Institute recognizes that science
education is critical for long-term conservation and well-informed management
of marine resources in the region. As was made vividly clear during a special
science education roundtable discussion held during the 56th annual GCFI
Conference in Tortola, British Virgin Islands, it is imperative that science
education needs be identified and that teachers, marine scientists, and govern
mental entities responsible for the management of marine resources be
provided fundamental educational materials, teaching tools, and training
opportunities to support, and in some instances initiate, marine science
education throughout the region. The GCFTs long-standing mission of
promoting the exchange of information on the use and management of marine
resources in the region is now enhance through the newly developed Education
Initiative which provides for open discussion of shared interests and concerns
and for the identification of science education issues and needs of regional
importance. The Education Initiative represents new opportunities to foster
stewardship of the marine environment and facilitate wise and sustainable use
ofmarine resources throughout the region through the formation of resourceful
partnerships, dissemination of educational information and materials, and
development and implementation of scienceeducation prioritiesand strategies.

La Iniciativa en Education del Institute de Pesquerias del
Golfo y el Caribe: Vinculando la Ciencia con la Comunidad

El Institute de Pesquerias del Golfo y el Caribe (GCFI, por sus siglas en
Ingles) reconoce que la divulgation del conocimiento cientifico es un
elemento critico en el manejo bien documentado de los recursos marinos, asi
como para su conservacion en la region, en el largo plazo. Esta relevancia
quedo bien establecida en la discusion que se llevo a cabo en el marco de la
Section Especial sobre Education en el area de las Ciencias, sostenida en la
56ava Reunion Anual del GCFI (Tortola, Islas Virgenes Britanicas). En este
evento se determin6 que es imprescindible que se identifiquen las necesidades
de education en ciencias, y que los profesores, investigadores y entidades
gubernamentales responsables en el manejo de los recursos marinos reciban los
materiales fundamentales para la docencia, las herramientas para enseiianza y
el entrenamiento para apoyar y en algunos casos para iniciar, programas de
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education en las ciencias marinas en toda la region. A lo largo de su existen-
cia, el GCFI ha mantenido como uno de sus objetivos el intercambio de
information acerca del uso y el manejo de los recursos marinos en la region.
Esta mision se ve ahora potencializada a traves de la nueva iniciativa en
Educacidn Marina, la cual ofrece un espacio para la discusion abierta en
topicos de interes y preocupaciones comunes, asi como para la identificacion
de la tematica y las necesidades para la educacidn en ciencias de interes
regional. Esta iniciativa de la educationrepresenta nuevas oportunidades para
fomentar el manejo de los ambientes marinos y facilitar el uso apropiado y
sostenible de los recursos marinos en toda la region. Para ello es necesario
crear asociaciones entre los usuariosy las entidadesparticipantes, fomentar la
difusidn de la information y el material educativo, asi como el desarrollo e
implementation de las estrategias y prioridades para la education en ciencias.



The Cape Eleuthera Island School: Immersion, Involvement,
Ownership, and Legacy as Principles to Enhance Education in

Marine Science and Beyond

ANDY J. DANYLCHUK, JENIFER M. BACHAND,
and CHRISTOPHER B. MAXEY

CapeEleuthera Institute, Cape Eleuthera
Eleuthera, Bahamas

Mailing address: 1100 Lee WagenerBlvd., Suite #113
Ft. Lauderdale, Florida 33315 USA

ABSTRACT

Developing a program that encourages students to connect with place can
broaden the intrinsicvalue of an educationalexperienceand ultimately create a
passion for learning that transcends traditional classroom settings. Connecting
to place is one of the primary goals of The Cape Eleuthera Island School - a
semester-based, study-abroad program for high school sophomores and juniors
located on Eleuthera, in The Bahamas. Our model applies four guiding
principles to enhance the educational experience - Immersion, Involvement,
Ownership, andLegacy. Research and outreach are two facets of our program
that embody these principles. In both cases, students are immersed in their
surroundings through place-based activities that focus on socioeconomic,
environmental, and conservation issues important to communities on
Eleuthera. Through research, students become involved in these issues by
participating in projects that focus on topics such as the status of queen conch
and Nassau grouper populations, coastal rehabilitation, and sustainable
development. Students are involved in all aspects of their research project,
from data collection and analysis to the presentation of their findings to local
community members, government officials, and international scientists. In
community outreach, Island School students are matched with students from
local primary and middle schools. Our students apply and integrate their
knowledge of local environmental and socioeconomic issues as they tutor
school children in disciplines such as reading, writing, math, and computer
skills. During research and outreach, our students develop a senseof pride and
take ownership over their work (and interactions) because they are asked to
address 'real-world' issues faced by local communities. Lastly, given that the
research and outreach programs are ongoing and have long-term objectives,
students become aware that they are contributing to a legacy that will continue
beyond their time at The Cape Eleuthera Island School, further enhancing the
educational experience. Students pursuing further learning opportunities in
marine sciences and marine resource management is another form of educa
tional legacy.

KEY WORDS: Experiential education, Cape Eleuthera Island School,
Bahamas
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La Escuela de la Isla de la Capa Eleuthera:
La Inmersi6n, la Participaci6n, la Propiedad, y el Legado

como Principios para Aumentar la Educaci6n en la
Ciencia Marina y Mas Alia

Desarrollar un programa que alenta a estudiantes para conectar con el
lugar puede ensanchar el valor intrinseco de una experiencia educativa y
ultimamente crear una pasion para aprender que sobrepasa los escenarios
tradicionales de aula. Conectar para colocar es uno de las metas primarias de
La Escuela de la Isla de Capa Eleuthera- un semestie-basado, el programa de
estudio-al exterior para estudiantes de segundo aiio de preparatoria y menor
localizados en Eleuthera, en Las Bahamas. Nuestro modelo aplica cuatro
principios indicadores para aumentar la experiencia educativa - la Inmersion,
la Participacion, la Propiedad, y el Legado. Investigation y alcance son dos
facetas de nuestroprogramaque personifica estos principios. En ambos casos,
los estudiantesson sumergidos en sus alrededores por las actividadesde lugar-
bas6 que enfocan en socioeconomica, ambiental, y la conservacion publica
importante a comunidades en Eleuthera. Por investigation, los estudiantes se
lian en estos asuntos por tomarparte en proyectos que enfocan en temas tales
como la positionde caracola de reina y poblaciones de grouper de Nassau, de
rehabilitation costera, y del desarrollo sostenible. Los estudiantes son
implicados en todos aspectos de su proyecto de investigation, de la coleccion
de datos y analisis a la presentation de sus hallazgos a miembros locales de
comunidad, a funcionarios de gobiemo, y a cientificos internacionales. En el
alcance de la comunidad, estudiantes de Escuela de Isla son emparejados con
estudiantes de escuelas locales, primarias y medianas. Nuestros estudiantes
aplican e integran su conocimiento de asuntos locales, ambientales y socioeco-
nomicas como ellos dan clasesprivadas a ninos de escuelaen disciplinas tales
como leyendo, escribir, las matematicas, y las habilidades de la computadora.
Durante investigation y alcance, nuestros estudiantes desarrollan un sentido
del orgullo y toman la propiedad sobre su trabajo e interacciones porque ellos
sonpedidos dirigir 'mundo verdadero' losasuntos encarados porcomunidades
locales. Ultimamente, dado que los programas de investigation y alcance
estan a ir y tienen los objetivos a largo plazo, los estudiantes llegan a ser
enterados que ellos contribuyen a un legado que continuaran mas alia de su
tiempo en La Escuela de la Isla de Capa Eleuthera, aumentando aun mas la
experiencia educativa.

PALABRAS CLAVES: La education de experiencia, la Escuelade la Isla de
Capa Eleuthera, las Bahamas
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ENHANCING EDUCATION

"Ifyou tell me, I will listen.
Ifyou show me,I will see.

Ifyou let me experience, I will learn."

Lao Tzu - (6th Century BC).

Learning, or the process of gaining knowledge or skills, can be enhanced
if students, regardless of age, are given the opportunity to connect with a
particular experience (Penick 1995, Conner et al. 1996). Learning through
experience, in combination with general concepts taught in traditional class
room settings, can help stimulate the acquisition of knowledge and skills via
multiple senses (i.e., visual, auditory, tactile, and kinesthetic) and thus cater to
a range of learning styles (Conner et al. 1996).

In 'experiential education', observations, actions, and hands-on activities,
are tools in the dynamic process of learning. However, to be effective,
students must be consciously affected by an experience, and recognize their
observations, actions, and activities as sources of knowledge (Penick 1995,
Conner et al. 1996). As such, students entering an experiential learning
environment must do so with a positive attitude and willingness to become
active participants in the worldaround them(Penick1995).

Experiential education, in combination with a passion for learning, helps
students become critical, logical thinkers as they work to make sense of the
experiences they are having. This innovative teaching style encourages
students to ask questions, and, in some cases, take action to develop solutions
to problems they confront (Penick 1995). The satisfaction of solving a
problem helps engrain the value of the learning process, especially if the
problem is 'real'. Unfortunately, one drawback of experiential education is
that rarely do students get to see the outcomeof their actions, and thus, cannot
reflecton themto effectively learnfromthe experience (Conneret al. 1996).

Marine science, and in particular, marine resource management, is one
discipline where experiential education canhelpstudents effectively learnfrom
the outcome of their actions. Essentially,experiential education that deals with
helping people livesustainably with theirenvironment addsa sense of purpose
andpromotes solution-orientated, critical thinking thatenhances the process of
learning (Braus 1995). Because marine science is interdisciplinary in nature, a
learning-based approach that incorporates experiential education can help
studentsbetter understandthe complexinterrelationships and processes that are
oftendifficult to conceptualize in a traditional classroom setting.
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GUIDING PRINCIPLES TO ENHANCE EDUCATION
Fourprinciples canbe usedto help guide thedevelopment of an experien

tial program that enhances education and fosters a passion for learning that
transcends traditional classroom settings.

Immersion

Anchoring learning opportunities to an immediate surrounding helps to
createa connection to place. Place-based curriculum and hands-on, minds-on
activities can facilitate the formation of this connection (Penick 1995). Once
an initial connection to elements of the environment has been made, further
cultivation of the relationship between person and place can help refine
observation skills. Observations made by engaged learners can inspire the
formation of questions and leadto deeper interest in the topicof inquiry.

Involvement

Students who are encouraged to actively explore their physical learning
environment are more likely to become aware of the subtlety of their role and
interactions with 'place'. Asking students to get involved through student-
driven inquiries allows thelearner to testtheories through thedirect application
of theirknowledge. Activities thatencourage students to thinkwhile they are
doing (Penick 1995), such as identifying and solving problems related to 'real
world' socioeconomic, environmental, and conservation issues, can develop
awareness of multifaceted perspectives, issues, and biases(Braus 1995).

Ownership
As interest, understanding, and awareness grow via experiences requiring

the active and innovative application of knowledge (McTighe and Wiggins
1999), a sense of ownership and responsibility develops. A sense ofownership
increases the value of an experience and students thus begin to take pride in
their contributions. With ownership, students begin to critically reflect on
challenges they have faced, which, in turn, promote the recognition of
oversights in thinking and further advances a deeper understanding of issues
(McTighe and Wiggins 1999, Sterling 2001). Once a learner takes ownership
of 'real world' issues, they are prepared to recognize their role, and are more
likely to generate potential solutions on a personal and community level
(Sterling 2001).

Legacy

Legacy refers to aspects of educational programs that build on previous
work, where 'real world' projects initiated by students continue to produce
tangible outcomes. Presenting students with the opportunity to contribute to
long-term initiatives reinforces a sense of ownership. In addition, designing
legacy into an education program ultimately helps to validate the learning
experience since students, and even teachers, can later reflect onthe true value
of their work.
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CASE STUDY - CAPE ELEUTHERA ISLAND SCHOOL

The Cape Eleuthera Island School (IS) offers an innovative model for
experiential education based on the guiding principles of Immersion, Involve
ment, Ownership, and Legacy. The IS offers international high school
sophomores and juniors a semester-based experiential education program on
Eleuthera, Bahamas.

Immersion

Integral to the success of the IS place-based curriculum are the daily
interactions students have with their surroundings. Their journey begins on a
small plane flying from Florida across the mottled Bahamas Banks. Shortly
after arriving on Eleuthera, guided explorations of the marine world through
SCUBA diving, snorkelling, and multipleday kayak trips immerse students in
the local environmentand foster a personalconnectionto place.

Students continue to be immersed in place through the academic curricu
lum that strives to apply concepts learned in class to the environment around
them. For instance, the marine environment off Cape Eleuthera is used to
provideexamples of ecological theoriesfor science class. Another part of the
curriculum involves interacting with people in local communities, whether it is
through home stays or the Community Outreach Program. Interacting with
people in local communities enhances the sense of place and deepens the
understanding ofwhat 'place' represents.

Immersion and connection to place at IS also includes an understanding of
the systems that support our day-to-day lives. Each student is asked to take a
leadership role in a small community that strives to have minimal impact on
the environment. Systems such as renewable energy sources, water collection,
wastewater management, and building design support the IS campus and have
been assembled with considerable thought to our ecological footprint.
Concepts related to sustainable systems have been incorporated into course
specific projects, seminar discussions, outreach initiatives, journaling assign
ments, and day-to-day living.

Involvement

The IS strives to ensure academic pursuits undertaken by our students can
be applied outside the classroom. The Research Program and Community
Outreach Program are two facets of the curriculum that involve students in
learning opportunities that encourage critical thought and application of their
knowledge. The scope of these programs extends beyond our institution and
explores socioeconomic, environmental, and conservation issues.

The Research Program has student and faculty teams immersed and
involved in focused research projects that explore environmental and socioeco
nomic challenges present on South Eleuthera. Several research projects focus
on marine ecology and marine resource management. One focus is the health
of queen conch, Strombus gigas, populations and whether a proposed marine
protected area off Cape Eleuthera will be effective in conserving this important
species. Students also monitor artificial reefs to assess their effectiveness at
increasing habitat and the abundance of commercially valuable reef fish and



Page 988 57th Gulf and Caribbean Fisheries Institute

spiny lobster.
The Community Outreach Program provides a venue for IS students to

become teachers and mentors, and gain confidence in sharing their knowledge
of marine resource management and conservation with children in the local
community. An important part of the outreach program is that IS school
students planthe lessons they facilitate. Many of these lessons linktraditional
academic skills, such as reading and mathematics, to experiences had during
kayaking, camping, and swimming. In addition, lessons also incorporate
material on marine resource management and conservation as a way to
promoteenvironmental awareness in localcommunities.

Ownership
Students takeownership overall nuances of theirresearch and community

outreach projects. Given the right training and tools, IS students have shown
they have the capacity to ask informed questions, contribute to the develop
ment of methodologies, collect and analyze data, andwork closely withpeers
toprepare a collaborative research paper. Inaddition, students synthesize their
findings into oral reports, and at the end of each semester present to their
parents, government officials, scientists from colleges and universities, and
members of local communities. The culmination of the Community Outreach
Program is an event where participants showcase their semester accomplish
ments by performing dramatic productions, sharing their poster creations, and
giving oral presentationsand slide shows.

Legacy
Research projects that build on the knowledge and conclusions of

successive semesters helps deepen the significance of the student's work,
further enhancing the educational experience. For example, queen conch has
beenthe focus of ongoing student research project foroverfouryears. During
this period, students have interviewed community members about fishing
practices, quantified the harvest of juveniles, performed habitat surveys, and
identified and delineated a queen conch nursery grounds. Currently, students
are employing ecological design principles to build environmentally friendly,
inexpensive raceways, to be used for the grow out of hatchery-reared queen
conch. Student research on queen conch has provided important information
that will assist in the planning of a proposed marine reserve for South
Eleuthera (Clark et al. In Press, Danylchuk In Press), offering a significant
socioeconomic, environmental, and conservational legacy for future students of
the IS, the communityof SouthEleuthera, and The Bahamas.

Community outreach alsohas a legacy in terms of the quality of relation
ships thatform between IS and Bahamian students. Many IS students maintain
contact with their partners after their semester concludes. The partners
continue to share life-experiences and unique perspectives beyond the
educational setting. In addition, the aim of community outreach is to createa
legacy by promoting conservation and environmental awareness, which may
ultimatelyassist in the effectivemanagement oflocal resources.
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CONCLUSIONS

The four principles of Involvement, Immersion, Ownership, and Legacy
can work in concert to enhance education. Establishing and revisiting these
principles when designing and implementing an educational program can
encourage an enthusiasm for learning and promote the development of keen
observation and critical thinking skills. As seen with the IS model, these skills
help students achieve an advanced understanding of concepts taught in
traditional classroom settings, while also promoting a solution-orientated
reaction when confronted with complex issues. Based on our experience,
marine science and marine resource management can be effective vehicles for
experiential education.
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ABSTRACT

The Conch Heritage Network (CHN) was established in 2001 and is a
leading organization for the exchange and dissemination of queen conch
information on biology, fisheries, culture, research and education. The CHN
has outreach tools available for educational and public use. They include a
video, brochure, poster, educational modules, and an informative website. The
Conch Heritage Network also developed "Conch in the Classroom" lesson
plans for middle and high school teachers that cover the history, geography,
biology, management, and aquaculture of the queen conch. The activities
included in each lesson teach a relevant scientific concept using the queen
conch as the example specie. For example, the students will learn about the
importance of ocean currents for larval dispersal and the relationship of sea
grass density and habitat quality for restocking. Students will also be able to
participate in a virtual queen conch dissection. Each lesson lists the appropri
ate national and Florida state science standards that are met, enabling teachers
to easily incorporate the lessons into their curriculum. Several teachers in
Florida are using the "Conch in the Classroom" lesson plans and activities. All
of these lessons are available on the website (www.savetheconch.org) in

downloadable form.

KEY WORDS: Conch, education, Strombusgigas

El Conch en el Aula: Actividades del conch de la

reina que integran en el plan de estudios

El Conch Heritage Netowrk (CHN) fue establecida en 2001 y es una
organization principal para el intercambio y la difusion de la information del
conch de la reina sobre biologia, industrias pesqueras, cultura, la investigation
y la educacion. El CHN tiene disponibles recursos para el uso educativo y
publico. Incluyen un video, un folleto, un cartel, modulos educativos, y un
Web site. El Conch Heritage Network se ha convertido " El Conch en el Aula"
planea para los profesores de esculeas que cubren la historia, la geografia, la
biologia, la gerencia, y la acuacultura del conch de la reina. Las actividades
incluidas en cada lection ensenan un concepto cientifico relevante usando el
conch de la reina como el specie del ejemplo. Por ejemplo, los estudiantes
aprenderan sobre la importancia de las corrientes del oceano para la dispersion
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larval y la relation de la densidad de la hierba del mar y de la calidad del
habitat para volver a surtir. Los estudiantes tambien podran participar en una
diseccion virtual del conch de la reina. Cada lection enumera los estandares
apropiados de la ciencia de los Estados Unidos y del estado de la Florida se
resuelven que, permitiendo a profesores incorporar facilmente las lecciones en
su plan de estudios. Varios profesores en la Florida estan utilizando " El
Conch en el Aula". Todas estas lecciones estan disponibles en el website
(www.savetheconch.org).

PALABRAS CLAVES: Concha, educacion, Strombus gigas

INTRODUCTION

The queen conch, Strombus gigas, hasbeenan important fisheries species
throughout Florida and the Caribbean region for thousands of years. For the
pastfewdecades, queen conch populations have become severely depleted due
to overharvesting, and therefore, many countries have taken actions to protect
the remaining stocks. Conservation efforts have focused on fisheries manage
ment strategies, marine protected areas, aquaculture, stock enhancement, and
education and outreach programs.

As part of a Caribbean wide conservation education program, the Conch
Heritage Network (CHN) was established in 2001, and is headquartered at
Harbor Branch Oceanographic Institution (Harbor Branch) in Ft. Pierce,
Florida. The CHN is a leading organization for the exchange and dissemina
tion of queen conch information on biology, fisheries, culture, research, and
education. There are several researchorganizations, academicinstitutions, and
public entities that are active partners in the CHN. The CHN has outreach
tools available to the public, which include: a video, brochure, poster, educa
tional modules, and an informative website.

With the aid of the Disney Wildlife Conservation Fund, the CHN has
developed a "Conch in the Classroom" program for middle and high school
students. This program includes: a collection of lesson plans, educational
modules, a virtual queen conch dissection, queen conch Jeopardy, a step-by-
step guide to setting up an aquarium, and other games and activities. This
program is available online (www.savetheconch.org). on a CD, or in a printed
and bound version. In addition to the onlinefwww.savetheconch.org)
resources, the CHN has also developed a supplemental teaching packet. This
packet can be purchased at a discounted price for teachers and includes: a
bound publications book (queen conch publications from Harbor Branch
scientists), a "Conch's Life Story" video, a brochure, the Conch Life Cycle
poster, the Conch HornandQueen Conch SeaStats (developed by Florida Fish
and Wildlife), and a handful of juvenile queen conch shells for display in the
classroom.

Several middle and high school teachers have adapted the "Conch in the
Classroom" programinto their marinescience and biologyclasses. The queen
conch lesson plans are designed in a way that incorporates state and national
science standards so that teachers can easily fit them into their curriculum.
Likewise, the lessons are flexible enough that teachers can use the plans as a
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guideline and adjust the level of difficulty according to the student's abilities or
grade level.

LESSON PLANS

There are eight lesson plans that cover queen conch history, socioeconom
ics, geography, habitat, biology, aquaculture, and research. At the beginning
of each lesson is a list of relevant information that the teachers can use as a
quick reference for curriculum design. With the focus of school districts
shifting to a more integrated approach, the essential skills and integrated
subjects covered in each lesson are listed. For teachers who have access to
projectors, a downloadable education module in Powerpoint form is available
on the website. These modules coincide with one to three lessons, and are a
great source for pictures and more information.

The following is a sample lesson plan on queen conch history and socio
economics. The informationand activity sheets are not included, however they
are available on the CHN website.

LESSON LI HISTORYAND SOCIO-ECONOMICS

Grades: 9-12

Integrated Subjects: History, Science, Reading, Geography, Language Arts
Essential Skills: Research, Inferring, Compare/Contrast, Writing
Sunshine State Standards: SC.G.2.4.5, SC.G.2.4.6, SC.D.2.4.1, SC.H.3.4.5
National Science Education Standards: Meets Content Standards in 1)

Science in personal and social perspectives; 2) History and nature of
science; and 3) Science and technology

Duration: 1-2 class periods

Objectives:

Students will be introduced to the ways queen conch were used and how the
fishery impacted Caribbean countries throughouthistory. In particular,
students will learn:

i) How Indians utilized conch for their everyday activities,
ii) About the history of the queen conch,
iii) About today's conch market, and
iv) About the different ways to fish for conch

Preparation:

Teacher Preparation:
Duplicate appropriate materials

Support materials:
Tribal tool pictures
Lecture module with pictures/slides
Map of the Caribbean
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Information Sheets:
No. 1 - Queen Conch Vocabulary List
No. 2 - The Arawak Indians

No. 3 - History of the Queen Conch Fishery
No. 4 - How are Queen Conch Used

ActivitySheets:
No. 1 - Queen Conch Pre-test
No. 2 - Animals as Tools

No. 3 - Fishing Methods

Lesson Plan:

Activity 1. Introduction (20 minutes)
Give the students the pre-test (Activity Sheet No. 1) in order to evaluate

their understanding and knowledge of queen conch. Collect the tests and do
not return them to the students until the end of lesson plans.

Ask the students to define some of the vocabulary words prior to distribut
ing the list Ask the students what other words theythinkare associated with
queen conch. Hand out Information Sheet No. 1, the list of vocabulary words
relevant to the queen conch lessons. Discuss the vocabulary words in class.
You may choose to quiz them at the end of the lessons.

Activity 2. The Arawak Indians (30 minutes)
Long before Christopher Columbus discovered the West Indies, native

Arawak Indians resided in many of the Caribbean islands. They were the first
people to utilize queen conch for their everyday needs.

Distribute and discuss Information Sheet No. 2 about the Arawak Indians.
Discuss what native Indians were once present where the school is located.
Have the students make a list of other animals that had been used as tools or
food in other native Indian cultures throughout the world and compare to
Activity Sheet No. 2.

Activity 3. Queen Conch Fishery Economics (45 - 60 minutes)
Distribute and discuss Information Sheet No. 3, about the queen conch

fishery. Hang up a map of the Caribbeanislandsin your classroom. You may
choose to have the students make the map themselves. Discuss what other
species are fished throughout the world.

Ask the students to make a list of fishing methods that are used today or
have been used in history. Distribute Activity Sheet No. 3 and compare.
Distribute and discuss Information Sheet No. 4. Discuss what methods are
used whenfishingfor queenconchand why somemethodshave been banned.

Assign students (groups or individual) a Caribbean country and have them
researchthe status of the queenconch fishery. Have them examinethe annual
catch, quotas, regulations, and problems the fishery may be facing. Have the
students put this info on an indexcard and attach it to the appropriate country
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on the map.

Activity 4. What are Queen Conch used for? (20 minutes)
Have the students list products that come from queen conch. Distribute

Information Sheet No. 4 and discuss. Have students bring in pictures or
objects that were made from queen conch.

Conclusion for Lesson 1.1

Discussthe importance of queenconch throughout history, and why this is
such an important fisheries specie today.

Bibliography for Lesson 1.1
Appeldoorn, R.S. 1994. Queen conch management and research: status, needs

and priorities. Pages 145-147 in: R.S. Appeldoorn and B. Rodriguez Q.
(eds.). Queen Conch Biology, Fisheries and Mariculture. Fundacion
Cientifica Los Roques, Caracas, Venezuela.

Brownell, W.N. and J.M. Stevely. 1981. The biology, fisheries, and manage
ment of the queen conch, Strombus gigas. Marine Fisheries Review 43
(7): 1-12.

IUCN. 1983. Commercially threatened queen or pink conch. Pages 79-90 in:
S.M. Wells , R.M. Pyles and N.M. Collins (eds.). The IUCNInvertebrate
Red Data Book. IUCN publications.

Stoner, A.L. 1997. The status of queen conch, Strombus gigas, research in the
Caribbean. MarineFisheries Review 59(3):14-22.

Stoner, A.L.1997. Shell middens as indicators of long-term distributional
patterns in Strombus gigas, a heavily exploited marine gastropod. Bulletin
ofMarineScience 61(3): 559-570.

CONCLUSION

The queen conch is one of Florida's most precious natural resources. The
CHN stiongly supports the use of queen conch conservation education as a
fisheries management tool. The "Conch in the Classroom" activities are
available for anyone with access to the internet, and will soon be translated in
Spanish and French. Using these lessons and growing queen conch in the
classroom is fun and suitable for students of all ages. For more information,
please visit the CHN website (www.savetheconch.org).
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ABSTRACT

The queen conch, Strombus gigas, is a large Caribbean gastropod mollusc
which has been exploited for food and many other purposes since pre-
Columbian times. It has also been used during slavery for remote communica
tion. It is still being used as traditional food, and as a tourist attraction
delicatessen. Its shell is used as music instrument, tourist curios and much
more. Mainly because of over-fishing, but probably also because of destruc
tion and pollution of its natural habitat, it is today an endangered marine
resource. It is included in annex II of CITES (Convention for International
Trade of Endangered Species). However CITES is in charge only of interna
tional trade and is not concerned with local trade and fisheries. Each country is
responsible for its protection and enforcement of regulation. However in most
countries, lack of respect of the main regulations is the rule.

Research workers at academic level, in Guadeloupe (French Caribbean)
and in Yucatan (Mexico), cooperating with the education group of the private
marine park of Xel-Ha in Quintana Roo (Mexico), with the support of Puerto
Rico's Caribbean Fisheries Management Council (CFMC), have joined their
efforts to produce a whole set of documents at school and general public level.
These documents, published in English, French and Spanish, comprise a
booklet, a slide presentation and a large set of games, all accessible on four
internet sites and in CD edition, distributed for free at the Gulf and Caribbean
Fisheries Institute (GCFI) meetings and through the Strombus net site. They
may be reproduced, used to print paper booklets and cardboard games for
school and public information. They are designed to be adapted in each
country to popularize the idea that Strombus gigas is a common natural
resource and a cultural and economic heritage for all the Caribbean people.
Children have to be involved in protecting it.

KEY WORDS: Caribbean, education, endangered species, Queen conch,
Strombus gigas



Page 998 57th Gulf and Caribbean Fisheries Institute

Programa Educativo de Manejo Sustentable
del Caracol, Strombus gigas

El caracol rosa Strombus gigas es un molusco gasteropodo, inofensivo,
habitante de aguas someras del Caribe. Su impacto economico en esta region
ha sido estimado en 60 millones de dolares americanos. Su came es suave, rica
enproteinas y acidos grasos no saturados, atributos que lo situan en unode los
platillos favorites del Caribe. Estas caracteristicas han derivado en una
extraction desmedida del recurso, al grado de ser considerado por la Conven
tion para el Comercio de Flora y Fauna Silvestre en Peligro de Extincion
(CITES), como una eespecie vulnerable a la sobre explotacion, que se
encuentra amenazada (apendice II). En respuesta a esta situation se han
implementado programas de manejo con regulaciones; tales como, tallas
minimas de captura, vedas, cuotas de captura, restriction en los artes de pesca
y el cierre total de la pesqueria. Pesea estasmedidas, las poblacionesnaturales
no se han recuperado, ya que tambien ha surgido un mercado negro de caracol,
proveniente de la pesca ilegal.

A fin de sensibilizar a la sociedad de la necesidad de proteger y conservar
esta especie marina amenazada y su habitat, se presenta un programa de
educacion ambiental sobre la vida, usos, importancia economica, ecologica y
cultural del caracol rosa en el Caribe. Este programa que educa a traves de
juegos, esta dirigido principalmente a los ninos; sin embargo, tambien ha
resultado interesante para consumidores, pescadores, duenos de restaurantes,
funcionarios y empresarios, que de alguna manera estan ligados al recurso.

PALABRAS CLAVES: Caracol, Strombus gigas, programa educativo,
manejo sustentable

INTRODUCTION

The queen conch, Stombus gigas, is a large gastropod mollusk distributed
along the Caribbean Sea from Brazil and Venezuela in the south, to Florida and
to the Bahamas in the north, including all the minor and large Caribbean
islands, representing overall 30 different countries. The fishery for this species
has been an important source of food for the inhabitants of Caribbean coasts
and islands, since pre-Colombian times. Today, queen conch represents one of
the most valuable benthic resources in the region, exceeded only by the spiny
lobster. Landings were recently estimated at 6,000 metric tons, with a value of
6,000,000 US $ (Chakalall 1997). The volume catch reached 6,520 tons in
1992 but collapsed to 3,132 tons in 2002 (CITES 2002). Therefore, S. gigas is
now an over-exploited resource.

International management measures were taken to slow down over-
exploitation. Queen conch was included in Appendix II under CITES
(Convention on International Trade of Endangered Species) in 1992. Since
1994, it has also been included in the red list of the International Convention
for Nature Conservation. In 2002, it was included in Annex II of SPAW
(Specially Protected Areas and Wildlife in the Wider Caribbean region).
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The landings of queen conch in various Caribbean countries (Bahamas,
Belize, Colombia, Cuba, Dominican Republic, Honduras, Jamaica, Turks and
Caicos...) are mainly exported to USA and to France. Seventy-eight percent
of these landings are exported to Puerto Rico, Florida, and the US Virgin
Islands, and 18% to the French West Indies (Guadeloupe and Martinique).
Only 3% of the registered catch volume is consumed in the countries where
queen conchs are captured. However, if CITES regulates the international
market, it remains up to each country to take up adequate protection measures.
For example, in Florida, & gigas fishery has been closed for over 10 years, but
the queen conch population still has failed to recover; in Guadeloupe, queen
conch fishery is closed eight months each year. In most Caribbean countries
where queen conch meat is an appreciated staple food, illegal catches and
poaching are widely practiced to meet the local market. Protection measures
cannot be efficient unless both fishermen and consumers feel involved. In

order to control over-fishing due to these illegal practices, it is therefore urgent
to promote a dedicated education program as well as to enforce management
regulations.

LANDINGS AND IMPORTS OF S. GIGAS IN THE CARIBBEAN

Queen conch resources occur throughout the Caribbean Sea and in the
Atlantic Ocean northward up to Bermuda, but populations in several areas are
decidedly over-fished and need management measures. Queen conch is
extremely vulnerable to harvest especially during the spawning season.
Estimates covering a range of three years (from 1988 through 1991), represent
annual landings for most of the major conch producing nations in the area.
The resulting total was 4,168 metric tons. The information indicated:

i) That over one-third of the catch was used solely in the Cuban bait
fishery, and

ii) That landings from Colombia, Mexico, and Puerto Rico all declined
considerably (47 - 140%) in recent years. Cuba led the area in
production and was followed in order of decreasing landings by
Jamaica, Turks and Caicos Islands, Bahamas, Venezuela (all illegal),
Colombia, and Belize; landings of other nations were substantially
lower than 100 tons each.

To curb over-fishing (defined as a population level that is below 20% of
the unfished spawning stock biomass per recruit) of queen conch, the Carib
bean Fisheries Management Council has proposed a management program
designed to reduce the mortality on spawning adults and prevent the harvest of
immature individuals. The management program contains provisions for total
or temporal closures, but favors effort reduction as the socio-economic impacts
are less severe. The program would:

i) Impose a 24cm overall minimum size limit or 10mm shell-lip
thickness limitation on the possession ofqueen conch;

ii) Require that all species in the management unit be landed in the shell
and prohibit the sale of undersized queen conch and queen conch
shells;
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iii) Establisha bag limit of 3 queen conch/day for recreational fishers, not
to exceed 12 per boat, and 150 queen conch/day for licensed commer
cial fishers;

iv) Close the harvest season from July 1 through September 30 of each
year coincident with the peak spawning period (Aldana Aranda,
2005); and

v) Prohibit harvest of queen conch by scuba diving and hookah gear to
protect deep-water spawning stocks. These measures should resolve
over-fishing problems in the queen conch fishery and optimize
production in the management area. However, if recruitment is
dependent on nations in the eastern arc of the Caribbean basin,
cooperative efforts by other communities will be required to effec
tively managequeen conchresourcesthroughout their range. Landing
queen conchs and other mollusk species in the shell in the manage
ment unit is an enforcement tactic designed to protect immature or
juvenile conchs. Other problems in the fishery, such as insufficient
data, insufficient knowledge about life history life, information
dissemination to educate the public, and habitat degradation will
requireadditional effortsby both localand federal entities.

A difference does exist between landings and imports (CITES 2002). Two
hypotheses can be explaining this situation: a re-expedition of queen conch
meat between countries or illegal catches of queen conch incoming to quotes
established by CITES. To regulate catch of S. gigas, different management
measures are applied; however the heterogeneity of management regulations
for this fishery promoted illegal catch and poaching. To avoid these illegal
catches, it is necessary to enforce management regulations and to promote an
educative program directed at the communities involved in the conch fisheries,
to emphasize the importance of the resource and the severe damage of over-
harvesting that could result in stock collapse.

CARIBBEAN EDUCATION PROGRAM OF QUEEN CONCH
This education program was initiated by the Marine park Xel-Ha, the

CINVESTAV-IPN research center in Mexico and the association Archipel des
Sciences in the French West Indies with the grant and support ofgovernmental
agencies such as: Caribbean Fisheries Management Council, Mexican
Academy of Science, the French embassy and No Governmental Organiza
tions.

In this Caribbean education program, research teams and teachers
produced a wealth of documents and elaborated a "teaching package" in the
form of compact disk entitled "Education for the conservation and safeguard
ofthe queen conch, Strombus gigas, in the Caribbean Area**. The aim is to
involve Caribbean people and especially children in the protection and
recovery of queen conch populations and to keep queen conch alive in its
natural habitat, as a cultural, ecological and economic common heritage,
through research and education, to makethe citizens aware of the urgent need
for insuring the protection and rescueof an endangered speciesand its habitats.
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The project is designedto transmitto the general public and particularly to
the children, information about the biologyand ecologyof S. gigas, the state of
current over-fishing and possible solutions for protection, conservation, and
sustainable exploitation of the queen conch.

The education package for the conservation and safeguard of the queen
conch, Strombus gigas, in the Caribbean region is published as a CD which
comprises five sections. The first section entitled "The Queen Conch Life
Story" is an illustrated life cycle description of S. gigas, and of its ecological
importance, followed by a description of its state of currentover-fishing and of
the various strategies for its protection, conservation and sustainable exploita
tion. The second sectioncomprises a slide show entitled"The LifeofConchita
and Caracolito", which constitutes a direct usable material for a lively power
point presentation. In the third part "Learn by Playing with Conchita and
Caracolito", elevenactivities allowto reinforce the knowledge issued from the
first and second part. Each activitycontains an introduction, its objectives, the
age of the children concerned, the material included and the instructions to
carry out the game. In the fourth part, "Materials Allowing to Prepare the
Activities", all the illustrations which make it possible to carry out the games
that form the "teaching package" are gathered. They are readily printable on
cardboard to be used with pupils. In the fifth part "Annex", the teachers will
find forms that allow evaluation of the educational package by the pupils and
teachers to give hints for further improvement. A special postcard and a poster
of this education program are included in this section. The authors shared the
"know-howknowledge to do" scientific studies, educationand games.

The aim of this package is to transmit the necessary knowledge to the
children who are the future of the Caribbean countries, and to their parents,
allowing them to understand the importance of rules and precautions for a
reasonable and sustainable use of the queen conch. We hope everybody will
help to preserve this valuable species as a common cultural and economical
heritage for the Caribbean people.

Since March 2004, 200 primary school teachers and 9,000 pupils from
public schoolsof Quintana Roo (Mexico) received the training in Xel-Ha park
with the educationprogram for the conservation of the queen conch. In order
to promote the scientific education, this program collaborates with the Mexican
Academy of Science and Ministry of Education in different programs: Hands
on, Sciences in the school, Sciences at the beach, week-end of science, and
scientific summer.

The education CD is offered for free with all rights for reproduction for
educational purposes. It is now used in various countries: Colombia, French
Caribbean, Honduras, Mexico, Nicaragua, Puerto Rico and Venezuela.

LIFE STORY OF THE QUEEN CONCH, STROMBUSGIGAS,
A CARIBBEAN EDUCATIONAL PROGRAM

This education program has two mascots: the veliger larva named
"Conchita" and its brother named "Caracolito" which is a young metamor
phosed queen conch. They explain their life cycle story with a series of
questions andanswers: Where queen conch lives? Howare littlequeen conch
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born? Why queen conch has a planktonic and benthic life cycle. How do I
grow up? How do I reach sexual maturity? Why parents produce a large
number of eggsbut fewof these reach the adult reproductive stage? WhyamI
an important species in the Caribbean? AmI an important fishing resource?
How I am inserted in the marine food web? Why, people take out of the sea
more andmore queen conchs without taking in account the necessary renewal
of populations? Which other ways for conservation and sustainable exploita
tion of queen conchhave been foundby biologists ?

The mascots explain that the queen conch is a very important fishery but
alsoan important partof themarine food webin theplankton as wellas in sea
grass beds and sandy grounds. When S. gigas was a planktonic larva, it was
food for some fishes and crustacean larvae; it is inserted in the marine food
webwhen juvenile or adult. Moreover, humans collect usas staple food andto
sell us and make big money. Mascots explain that queen conch is an endan
gered over-exploited species, in danger to disappear from Caribbean fishing
grounds; but it is a renewable resource as long as it has the opportunity to
reproduce and carry out its life cycle, and as long as fishermen practice a
limited fishing under control. Thepowerpoint presentation explains also that
biologists have found other ways for the conservation of queen conch in
Marine Parks. These parks are sanctuaries for the reproduction of the queen
conch and the other marine animals and serve to educate the society and
especially children to respect the protected areas and the endangered species.
We ask all children to make the adult society conscious of the importance to
protect the queen conch in the Caribbean and its habitat because of the
biological, ecological, economic, and cultural status of this species for all the
Caribbean countries.

HANDS ON

Eleven activities allow in a simple and creative way to reinforce the
knowledge acquired from the queen conch story and from Conchita and
Caracolito slide show.

The queen conch life cycle — the objective of this activity is identifying the
life cycle of the queen conch and its main predators at each stage with twelve
card set. It is recommended for children eight years and older.

Pyramid ofsurvival ofthe queen conch —represents the queen conch survival
rate at each stage of its life cycle. Children will build a pyramid with the
number of individuals that pass from a stage to the next one. On one face, it
features the stage of life, on another face, the number of individuals at this
stage, on the third face, the size of queen conchs and on the fourth one, the
duration of each stage. The objective is to understand the stages of the life
cycle of S. gigas and establish the relationship between the number of indi
viduals alive at each stage and those which survive at the next one and thus
until the adult size. The recommendedage is nine years and older.
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Who eats who — by using cards with a short description of the species which
forms part of the marine food web in which queen conch is implied; players
build some possible food chains and identify main predators. Queen conch is
an herbivorous animal which feeds on algae living on sea grass leaves. They
have many predators, from larval to adult stage. The objective is to identify
participants of the food web involving queen conch and marine turtles. The
recommended age is nine years and older.

Hand in hand — in this game, children have to match pairs of cards on the
topics of biology and ecology, on fishing and on the solutions for protection,
conservation and sustainable exploitation of S. gigas. The purpose is to
associate cards as identical pairs and to learn essential topics about the life of
queen conchs such as life cycle, distribution, taxonomy, common and scientific
names, predators, uses, over-fishing,non-respect of rules and bans, destruction
of the habitats, restoration, education and research. The recommended age is
seven years and older.

You will not catch me! — it is a dynamicgame in which participants represent
the main predators of the queen conch, at various stages of its life cycle as well
as various adverse environmental conditions. A group of children featuring
predators and adverse conditions try to catch the opposing team representing
the queen conch population. Out of millions larvae which hatch each year, few
of them reach adulthood. This situation is due partly to the environmental
conditions which can be unfavourable. Objective is to identify the main
predators and adverse conditions and their impact on the populations of this
species, responsible for the poor survival of queen conchs. The recommended
age is nine years and older.

Timetable of queen conchs — in this game, children compare the activities
which they carry out during the year with the activities along the year and
various stages of life cycle of queen conchs, in order to know how they grow,
how they reproduce and relate this knowledge with main fishing regulations.
The purpose is to establish a comparison between the stages of life of queen
conchs and the seasonal activitiesof a pupil along the year. Age recommended
from 9 years on.

CONCLUSION

The Holistic program of queen conch Strombus gigas for sustainable
management has developed an education program in the Caribbean region for
teaching the communities involve with the conch, the importance of this
endangered resource. This education programwas initiatedby the Marine park
Xel-Ha, the CINVESTAV-IPN research center in Mexico and the association
Archipel des Sciences in the French West Indies with the grant and support of
Caribbean Fisheries Management Council, Mexican Academy of Science, the
French embassy and No Governmental Organizations. Research teams and
teachers produced this Caribbean education program, and elaborated a
"teaching package" in three languages: French, English and Spanish in a
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compact disk entitled "Education for the conservation and safeguard of the
queen conch, Strombus gigas, in the Caribbean Area". Since 2004, this
program is applied and distributed in West French Antillean Indies, Mexico,
Honduras, Nicaragua, PuertoRico, Colombia. The education CD is offered for
free with all rights for reproduction for educational purpose. In order to
promote the scientific education this program collaborates with the Mexican
Academy of Science and Ministry of Education in different programs: Hands
on, Sciences in the school, Sciences at the beach, week-endof science and
scientific summer. Besides it is possible to access a this program in various
web sites:

http://www.mda.cinvestav.mx/biblioteca.htm
htto://bellsoufhowp.net/c/u/culpsb/conchnews/welcome.html
http://www.stiombusgigas.con^cfmc.htm
htto://perso.wanadoo.fr/a.d.s/index.html
http://www.xelha.com.mx
http:// www.savetheconch.org/
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Surgical Implantation of Acoustic Transmitters in
Juvenile Red Drum, Sciaenops ocellatus

CYNTHIA M.ARMSTRONG1, CAROLE L.NEIDIG2,
and DANIEL E. ROBERTS1

1Florida Fish & Wildlife Conservation Commission (FWC)
Stock Enhancement Research, 14495 Harllee Road

Port Manatee, Florida 34221 USA
2Mote Marine Laboratory (MML), Center ForFisheries Enhancement

1600 Ken Thompson Parkway
Sarasota, Florida 34236 USA

Reliable surgical methods for implanting acoustic transmitters in juvenile
red drumSciaenops ocellatus (180-320 mmTL)were developed. Evaluations
of fish implanted with acoustic pinger transmitters (Sonotionics, Tucson, Az)
using these methods took place in 2002 and2003. The seven-month transmit
ter weighed 4 g (water weight) and measured 32 mm x 12 mm diameter.
Sonotionics modified the transmitter case so both the anterior and posterior
ends were rounded. Pre-surgical evaluations determined the fish to be parasite
and pathogen free. Surgical preparations included cleaning instruments with
Betadine and a sterile seawater rinse. Fish were transferred directly from the
holding tank into an induction bath (Tricaine-S ™ 70-80 ppm). During
surgery, fish were inverted onto a V -shaped cradle and a soft rubber tube
provided an uninterrupted flow of oxygenated seawater and anesthesia (50
ppm) overthegills. Medial integument and muscle incisions extended from the
posterior pelvic fin for 10-12 mm. Incisions were proximal and lateral (1-3
mm) to the medial ventral abdominal wall. Transmitter insertion was sub-
visceral, forward and anterior through the incision. Four to five interrupted
sutures (Maxon ™ sterile synthetic absorbable suture) closed incisions.
Antibiotic ointment (Bacitracin ™) was applied to the sutured area. Post
surgical assessment of the incision documented that tissue regeneration was
sufficient within ten to fifteen days (temperature dependant) for the fish to be
released after evaluation by an accredited veterinarian.

After seven months, fish survival and transmitter retention was 100
percent. Fish exhibited expected growth, swimming performance andfeeding
activities. The modified transmitter case appeared to minimize post-surgical
complications related to pressure necrosis on internal organs andthebodywall.
Additionally, necropsies and histological evaluations revealed tissue regenera
tion with no pathologyassociated with the implants.

KEY WORDS: Red drum, acoustic telemetry,surgical techniques
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Implantation Quirurgica de Trasmisores Acusticos en la
Corvineta Ocelada, Sciaenops ocellatus

Se desarrollaron metodos quirurgicos confiables para el implante de
tiansmisores acusticos en organismos juveniles de corvineta ocelada, Sciae
nops ocellatus (180-320 mm de longitud total). En los aiios 2003 y 2004 se
realizaron evaluaciones de peces implantados con transmisores acusticos
(Sonotronics, Tucson, Az) usando estos metodos. La transmisor de siete meses
peso 4 gramos (paso del Aqua) y mide 32 mm x 12 mm de diametro. Sonatro-
nics modifico la caja del transmisor redondeando ambos extremos, anterior y
posterior. Evaluaciones prequinirgicas determinaron que los peces estaban
fibres de parasites y otroselementos patogenos. Las preparations quirurgicas
incluyeron la limpiezade instrumentos con Betadine y un enjuague esteril de
agua marina. Los peces se transfirieron directamente del tanque de manteni-
miento al baiio de induction (Tricaine-S ™70-80 ppm). Durante la cirugia los
peces se colocaron en position invertida en una cuna en forma de V, y
mediante un tubo de hule suave se les proporciono ininterrumpidamente flujo
de agua marina oxigenada y anestesia (50 ppm) a traves de las branquias. Las
incisiones se realizaron a traves del tegumento y musculos extendiendose 10 a
12mm desde la aleta pelvicaposterior. Las incisiones fueronproximaly lateral
(1-3 mm) en la pared media ventral abdominal. La incersion del transmisor fue
subviceral realizandose en la parte anteriorde la incision y hacia adelante. Se
realizaron de cuatro a cinco suturas distribuidas a lo largo de la incision
(Maxon ™ de sutura sintetica absorvente). Se aplico unguento antibiotico
(Bacitracin ™) enelarea suturada. La evaluation postquinirgica de la incision,
para la liberacion de los peces, fue realizada por un veterinario acreditado,
documentando que la regeneration tisular fue suficiente a los diez a quince
dias (dependiendo de la temperatura).

Despues de siete meses, la sobrevivenciade los peces y la retention de los
transmisores fue de 100%. Los peces mostraron crecimiento, capacidad de
nado y actividadalimenticia de acuerdo a lo esperado. La caja modificada del
transmisor parece minimizar complicaciones postquirurgicas relacionadas con
necropsis en organos internos y en la pared del cuerpo. Adicionalmente, las
necropsis y la evaluation histologica revelaron regeneration tisular sin
patologia asociada con los implantes.

PALABRAS CLAVES: Corvineta ocelada, telemetria acustica, tecnicas
quirurgicas
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Tobago Cays Marine Park: How is this MPA Doing?

MIA BROWNE1, MARIA PENA2 and PATRICK McCONNEY2
1University ofMichigan

AnnArbor, Michigan, USA
2CERMES, UWI Cave HillCampus

St. Michael, Barbados

The Tobago Cays are a cluster of tiny uninhabited islands and shallow
coral reefs situated in the St. Vincent and the Grenadines archipelago in the
eastern Caribbean. Their sheltered mooring areas and outstanding natural
beauty have made them a favourite tourist attraction in the Grenadines. The
cays were declared a marine park and acquired bythe government formanage
ment by a multi-stakeholder board. An announcement that government was
considering a proposal from a foreign private firm to manage theTobago Cays
Marine Park (TCMP) prompted concerned citizens to form the Friends of
Tobago Cays (FOTC) in order to stop this process andraise public awareness
that the TCMP shouldbe managed by Vincentians for the benefit of Vincen-
tians. Among the activities of the FOTC is the collection of secondary data
from reports andthe popular press. Using the publication "How is your MPA
doing?" as a guide to biophysical, socioeconomic and governance indicators,
the secondary data were analysed and preliminary results were obtained. The
data suggest the importance of socio-economic and governance matters to the
NGO stakeholders in the TCMP. It is intended that additional research be done
to complete the evaluation ofmanagement effectiveness and to investigate the
potentialof the area for co-management.

KEY WORDS: Tobago Cays, MPA, management

Parque Marino Cayos Tobago:
Como se encuentra esta APM?

Los Cayos Tobago son un conjunto de pequenas islas deshabitadas y
arecifes coralinos poco profundos situados en el archipielago de SanVicente y
las Granadinas al Este del Caribe. Sus areas de amarraduras abrigadas y
extraordinaria belleza natural la han convertido en una atraccion turistica
favorita en las Granadinas. Los cayos fueron declarados parque marino y
adquiridos por el gobiemo para ser manejado por una junta compuesta de
multiaccionistas. Un anuncio de que el gobiemo estaba considerando una
propuesta por parte de una firma privada foranea para el manejo del Parque
Marino Cayos Tobago (PMCT) impulso a constemados ciudadanos a formar el
denominado Amigos de los Cayos Tobago (ACT) a fin de detener este proceso
y despertar el interes publico de que el PMCT debe ser manejado por Vicenti-
nos para elbeneficio de los Vicentinos. Entre las actividades de los ATC figura
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la recoleccion de datos secundarios provenientes de informes y de la prensa
popular. Utilizando la publication "Como se encuentra tu APM"? como guia
de indicadoes biofisicos, socoeconomicos y de gobernabilidad, los datos
secundarios fueron analizados y obtenidos los resultados preliminares. Los
datos sugieren la importancia de asuntos socioeconomicos y de gobernabilidad
para los accionistas de ONGs en el PMCT. Se pretende efectuar investigacio-
nes adicionales para completar la evaluation de la efectividad del manejo y
para investigar el potencial del area para co-manejo.

PALABRAS CLAVES: Cayos Tobago, APM, manejo

Preliminary Comparisons Between Reef Fish Assemblages on
Vessel-Reefs and Natural Substrate in

Depths of 70 - 95 Meters

DAVID R. BRYAN1, PAUL T. ARENA1*3, andRICHARD E. SPIELER1-23
'Nova Southeastern University Oceanographic Center

2National Coral ReefInstitute
3Guy Harvey Research Institute

8000 N.Ocean Drive

Dania, Florida 33004 USA

Offshore of Broward County, Florida, below conventional SCUBA diving
depths lies a deep escarpmentbetween70-95m that is relatively unexplored by
research scientists. This escarpment is characterized by patchy sand and low-
relief rubble substrate. Ten derelict vessels have been deployed as artificial
reefs below 70m with the goals of increasing fish habitat and enhancing
recreational fishing. Although reports from local fishers are positive, little
quantitative data exists. Previous studies on vessel-reefs in 20m reported
greater fish abundance and species richness than surrounding natural reefs. We
hypothesized that a similar situation would exist on vessel-reefs in deeper
waters. A remotely operated vehicle (ROV) was used to survey three deep-
water vessel-reefs and the surrounding natural substrate using a combination of
point-counts and timed transects to record fish on digital video. Preliminary
results support findings from shallow vessel-reef research, and suggest that
deep-water vessel-reefs also harbor greater abundance and species richness
than the surrounding natural substrate. However, the deep-water vessel-reefs
appear to support a different fish assemblage characterized by a lack of
herbivores, lower diversity of haemulids, and the occurrence of several deep-
water species such as Prognathodes aya and Equetus iwamotoi. Despite these
differences, several species are common to vessel-reefs at both depths. A few
species, such as Lutjanus buccanella, Mycteroperca phenax, and Seriola
dumerili appear to undergo an ontogenetic shift in habitat with larger individu
als found on the vessel-reefs in 70-95m. The lack of fishes on surrounding
natural substrates, as well as the higher abundance and species richness on the
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vessel-reefs may be due to a paucity of suitable deep-water natural habitat off
Broward County and thus may indicate an important role for vessel-reefs in
resource management at these depths.

KEY WORDS: Artificial, ROV, deep-water, shipwreck, video surveys

Comparaci6n Preliminar Entre Ensamblajes de Peces de
Arrecife en Embarcaciones-Arrecife y Substratos Naturales

en Profundidades de 70 a 95 Metros

Mar afuera del Condado Broward, Florida, bajo profundidades convencio-
nales de buceocon equipoSCUBA se encuentra una profundaescarpaentre los
70-95m que son relativamente inexploradas por investigadores cientificos.
Esta escarpa es caracterizada por parches arenosos y substrate escombrazo de
bajo relieve. Diez embarcaciones decrepitas han sido desplegadas como
arrecifes artificiales bajo los 70m con la meta de incrementar los habitats para
peces y la pesca recreativa. A pesar de los reportes positivos de pescadores
locales, existe muy pocos datos cuantitativos. Estudiosprevios en embarcacio
nes-arrecifes en 20m han reportado una mayor abundancia y riqueza de
especies que en los arrecifes naturales que los rodean. Nuestra hipotesis
estipulaque una situation semejante debe existiren embarcaciones-arrecife en
aguas profundas. Un vehiculo operado remotamente (ROV por sus siglas en
Ingles) fue utilizado para inspeccionar tres embarcaciones-arrecife en aguas
profundas y los substratos naturales que los rodeaban usando una combination
de punto-cuenta (point-count) y transeptos por tiempo en video digital para
registrar peces. Los resultados preliminares sostienen los hallazgos en
embarcaciones-arrecife en aguas lianas y sugieren que las embarcaciones-
arrecife sostienen mayor abundancia y riqueza de especies que en los substra
tos naturales que les rodean. Sin embargo, la embarcacidn-arrecife aparentan
sostener diferentes ensamblajes caracterizadospor la falta de herbivoros, baja
diversidad de haemulidos (haemulids) y la ocurrencia de varias especies de
aguas profundas como lo son Prognathodes aya y Equetus iwamotoi. A pesar
de estas diferencias, varias especies son comun en embarcaciones-arrecifes en
ambas profundidades. Algunas especies, tales como Lutjanus buccanella,
Mycteroperca phenax, y Seriola dumerili aparentan experimentar un cambio
ontogenico en habitats encontrados individuosmas grandes en embarcaciones-
arrecife de 70-95m. La falta de peces en los substratos naturales circundantes,
asi como el incremento en abundanciay riqueza de especies en las embarcacio
nes-arrecife puede deberse a la escasez de habitats apropiados en aguas
profundas en las afueras del Condado Broward, lo que puede indicar el papel
de importancia de las embarcaciones-arrecifes en los recursos manejados a
estas profundidades.

PALABRAS 'CLAVES: Artificial, ROV, aguas profundas, naufragio,
inspecciones en video
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The Nature Conservancy Gulf of Mexico Initiative

RAFAEL CALDERON

Director, GulfofMexicoInitiative
P.O. Box 2563

Corpus Christi, Texas 78403USA

The Nature Conservancy (TNC) has been engaged in coastal and marine
conservation in the Gulf of Mexico for over a decade. Examples of work
spanning the Gulf are: Mad Island Preserve habitat protection, Shamrock
Island SAV restoration in Texas; Mike's Island Conservation project and
shellfish restoration in Biloxi and Mobile Bays in Mississippi and Alabama;
Florida Keys National Marine Sanctuary, turtle conservation projects in
Florida. Because of this continued and ever increasing conservation work
happening in the Gulf of Mexico, TNC has decided to start a Gulf of Mexico
Initiative to help enhance the work already happening plus engage in large
scale conservation projects involving more than one State and bringing Mexico
and Caribbean partners into the mix. Working together with TNC's Mexico
program, a conservation planning effort is currently being undertaken in
Laguna de Terminos in southern Mexico.

KEY WORDS: Gulf ofMexico, The Nature Conservancy

La Iniciativa del Nature Conservancy en el Golfo de Mexico

El Nature Conservancy (TNC) esta activo en la conservacion costera y
marina en el Golfo de Mexicopor una decada. Ejemplos de trabajo en el Golfo
son la protection de habitat en Mad Island Preserve; la restauracion de SAV en
Shamrock Island, Tejas; proyecto de conservaci6n de Isla Mike y restauracion
de mariscos en Biloxi y en el Bahia de Mobile en Misisipi y Alabama;
proyectos de conservacion de tortugas en el Santuario Marino Nacional de
Florida. A causa de estos trabajos de conservacion en el Golfo de Mexico,
TNC ha decidido empezar una Iniciativa en el Golfo de Mexico a ayudar
trabajos ya sucediendo y traer socios de Mexico y del Caribe en la colaboraci
on. Trabajando con el programa de Mexico de TNC, un esfuerzo para la
conservacionde Laguna de Terminos en Mexico se empezo.

PALABRAS CLAVES: Golfo de Mexico, The Nature Conservancy
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Can Bonefish (Albula spp.) be used as a Model Species for
Integrating the Management of Tropical Flats Environments?

ANDY J. DANYLCHUK1, SASCHA A.CLARK1, STEVEN J. COOKE2,
DAVID P. PHILIPP3, TONY GOLDBERG4, and JEFF KOPPELMAN5

1Cape Eleuthera Institute
1100 Lee WagenerBlvd., Suite 113
Ft. Lauderdale Florida 33315 USA

2University ofBritish Columbia, CentreforAppliedConservation Research
4320-2424 Main Mall
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Flats are shallow, tropical marine environments comprised of several
distinct habitat types that are used by many fish and invertebrate species during
all or part of their lives. Bonefish (Albula spp.) are a group of highly prized
sport fish that spend most of their adult lives moving among the various flats
habitat types to forage. Given that these fish alter the physical structure of the
substrate as they forage, bonefish likely play an important role in the structure
and function of the flats environment. Equally, human-induced disturbances
that affect the structure and function of flats habitats, such as shoreline
development and tourist activities, might be detrimental to bonefish. In fact,
even angling practices that do not maximize post-release survival of captured
bonefish could reduce adult bonefish numbers to unsustainable levels. The

purpose of the Cape Eleuthera Flats Ecology Program is to provide information
that will aid in the sustainable use of flats and the conservation of bonefish.

One component of the program is aimed at understating the movement of
bonefish on the flats off Cape Eleuthera, including an assessment of how
bonefish use various habitat types. To do so, ultrasonic transmitters are being
implanted into bonefish inhabiting various tidal creek systems. Short-term (<
20 day) transmitters (gastric implants) are being used to track daily distribu
tion, while long-term (> 1 year) transmitters (intraperitoneal implants) are
being used to monitorannual or seasonalevents such as migrationsto breeding
grounds. Preliminary findings indicate that bonefish are highly mobile,
moving between adjacent creeks at regular subdaily intervals. In addition, the
effects of catch-and-release on the short-term and long-term behavior and
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survivalof angled bonefish is also being studiedusing telemetry. Finally, the
indirect effects of angling, suchas wading and boat traffic, on the productivity
of flats habitats are being assessedusing field manipulativestudies.

KEY WORDS: Bonefish, telemetry, tropical flats, Eleuthera, Bahamas.

^Puede Macabi (spp de Albula) sea Utilizado como una
Especie Modelo para Integrar la Administracion de Ambien-

tes Piano Tropicales?

Piano son los ambientes marinos, tropicales y superficiales comprendieron
de varios claro de tipo habitat que es utilizado por muchas especie de pez e
invertibrado durante todoo la parte de su vive. Macabi (sppde Albula) son un
grupo de pez sumamente apreciado de deporte que gasta la mayor parte de su
adulto vive mover entre el varios piano de tipo habitat para adentrarse. Dado
que estos pescan altera la estructura fisica del sustrato como ellos se adentran,
macabi el juego probable un papel importante en la estructura y la funcion del
ambiente piano. Igualmente, alborotos de humano-indujo que afectan la
estructura y la funcion de habitates piano, tal como el desarrollo de costa y
actividades de turista, quizas sean perjudiciales al macabi. De hecho, aiin
practicas del comportamiento de los pescadores que no llevan al maximo
sobrevivencia de poste-liberacion de macabi capturado podrian reducir los
numeros adultos de macabi a niveles insostenibles. El proposito de la Capa
Eleuthera el Programa Piano de la Ecologia debera proporcionar information
que ayudara en el uso sostenible de piano y la conservacion de macabi. Un
componente del programa se apunta a subestimar el movimiento de macabi en
el piano de Capa Eleuthera, inclusive una evaluation de como uso de macabi
varios de tipo habitat. Para hacer transmisores asi, ultrasonicos se implantan
en habitar de macabi varios sistemas de la marea de riachuelo. A corto plazo
(< 20 dia) transmisores del dia se utilizan para rastrear la distribuci6n diaria,
mientras a largo plazo (> 1 aiio) transmisores se utilizan para controlar los
acontecimientos anuales o estacionales tales como las migraciones a criar el
motive Los hallazgos preliminares indican ese macabi es sumamente movil,
moviendo entre riachuelos adyacentes en intervalos regulares. Ademas, los
efectos del cogido y la liberacion en la conducta y sobrevivencia a corto plazo
y a largo plazo de macabi angulado se estudian tambien utilizar telemetria.
Finalmente, los efectos indirectos del comportamiento de los pescadores, tal
como vadeando y el trafico del barco,en la productividad de habitatespiano se
valoralos estudiosdel manipulative de campoque utilizan.

PALABRAS CLAVES: Macabi, la telemetria, tropical piano, Eleuthera, las
Bahamas
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SeasonalAggregations of Roper's Inshore Squid Associated
with Coral Spawning

JENNIFER L DEBOSE and GABRIELLE A NEVITT
Centerfor Animal Behavior

Department ofNeurobiology, Physiology &Behavior
University ofCalifornia

Davis, California 95616 USA

Here we present documentation of seasonal aggregations of Roper's
inshore squid, Loligo roperi, on the Flower Garden Banks in the northwest
Gulfof Mexico. Previous reports of Roper's inshore squid are scarce, andwe
only first recorded sightings of them intheGulfof Mexico in2001. However,
over the last three years (2001-2004), we have seen repeated aggregations of
juvenile, sub-adult, and adult L. roperi over the Flower Garden Banks during
the annual coral spawning event which occurs 7-10 days after the first full
moon in August (and in September if there is a split-spawn). Analysis of the
timing of these aggregations from the 2003 year suggests that the highest
occurrence of squid shows a time-lag correlation with coral spawning,
suggesting that squid may be attracted to the Flower Garden Banks by the coral
spawning event. Moreover, detailed morphological examinations of adult
individuals revealed that females had spermatophore packets protruding from
the buccal lappet, as well as under the dorsal and ventral mantle. While the
significance of this annual aggregation remains unclear, the presence of
spermatophores on adult females suggests that the squid may be spawning
during this time. Alternatively, squid may aggregate during the coral spawning
event tocapitalize on prolific food resources present during the coral spawning
event. Either way, this aggregation ofL. roperi is the first annual aggregation
documented for this species, and it provides the opportunity to investigate the
social and reproductive habits of this species in further detail.

KEY WORDS: Flower Gardens Bank, Gulf of Mexico, Loligo roperi

Las Agregaciones Estacionales del Costera Sepia de Roper a
la Coral Desovando

Aqui presentamos la documentaci6n de agregaciones estacionales de
costera sepia de Roper, Loligo roperi, en los Flower Garden Banks en el
noroeste Golfo de Mexico. Los informes anteriores de L. roperi son escasos, y
primero registramos solamente sightings de ellos en el Golfo de Mexico en
2001. Sin embargo, durante los tres aiios pasados (2001-2004), hemos visto
repetidas agregaciones del juvenile, secundario-adulto, y adulto L. roperi sobre
el Flower GardenBanks durante anual coral acontecimiento de desovando que
ocurre 7-10 dias despues delaprimera Luna Llena enAgosto (yenSeptiembre
si hay una doble- o fractura-desovar). El analisis de lasincronizacion de estas
agregaciones a partir de los 2003 ano sugiere la ocurrencia mas alta del sepia
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demuestre una correlation con coral desovando, sugiriendo sepia pueden ser
atraido a la Flower Garden Banks por el acontecimiento de desovando por los
corales. Ademas, el examen detallado de la morfologia de individuos adultos
mostro las hembras haber spermatophores en la zona bucal y en la capa dorsal
y ventral. Mientras que la signification de las agregaciones anuales de L.
roperi permanece sin resolver, la presencia de spermatophores en hembras
adultas sugiere que sepia pudo desovando durante este tiempo. Otra hipotesis
seria que L. roperi agregan durante coral desovando para capitalizar en la
prolifica abundancia de recursos alimenticios durante este periodo. En
cualquier caso, la agregacion de L. roperi descrita en esta comunicacion es la
primera agregacion anual documentada en la especie y proporciona una
inmejorable oportunidad para investigar los habitos sociales y reproductivos de
L. roperi con mayor detalle.

PALABRAS CLAVES: Flower Garden Banks, sepia de Roper, Loligo roperi,
Golfo de Mexico

Flame Scallops: Ripe for Aquaculture?

ANGELA K. DUKEMAN1, NORMAN J. BLAKE2,
and WILLIAM S. ARNOLD3

'Florida Fish and Wildlife Conservation Commission, Stock Enhancement
ResearchFacility

14495 Harllee Road

Port Manatee, Florida 34221 USA
2University ofSouth Florida

140 7** AvenueS
St. Petersburg, Florida 33701 USA

3Florida Fish and Wildlife Conservation Commission
100$* AvenueSE

St. Petersburg, Florida 33701 USA

The reproductive cycle of the flame scallop, Ctenoides scaber (Born
1778),formerlyLima scabrascabra, from Boca Chica Key, FL was examined
from January 1998 to September 1999 using qualitative and quantitative
methods. Flame scallops have a high meat-to-shell ratio, are consumed
throughout the Caribbean basin, and are commonly harvested for the marine
aquarium industry, but difficulties in collecting them from their rocky and
coralline habitats limit the increase of the commercial fishery. Economically
they may be good candidates for aquaculture production.

In the wild, annual reproductive trends are related to seasonal changes in
water temperature and food production. Gamete initiation occurs in winter
with maximum ripeness observed in late summer. Synchronous spawning
occurs in autumn with rapidly decreasing water temperatures and increased
phytoplankton abundances. Partial spawning, observed in late spring, could
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not be related to environmental conditions.

Evidence of spawning was frequently observed in wild collected flame
scallops 12-24 hours after collection in an uncontrolled environment. Spawn
ing animals had ripe gametes; had densities of >20 animals/8L of seawater;
had limited light for 12-24 hours, limited air exchange, <1-2°C temperature
change, and had been subjected to mechanical vibrations during transport.

In the laboratory, temperature, salinity, density, and food availability were
manipulated individually, combined, and with chemical stimulants to encour
age spawning activity. We were not able to induce spawning. Larvae that
were produced did not survive longer than 36-hours, though some developed
into "D"-shaped veligers.

The data suggests that it may be possible to produce flame scallops in an
aquaculture facility, however more research is needed to determinethe factors
that will induce spawning in a controlledhatchery environment. The produc
tion of these animals would provide alternative stock for the marine aquarium
industry, alleviating the increasing stress on natural populations. It may also
provide an alternative food source for humans.

KEY WORDS: Aquaculture, Ctenoides scaber,reproduction

Flame Scallops: Madurez para la Aquacultura?

El cicloreproductive de los moluscos, Ctenoides scaber(Born 1778)antes
Limascabra scabra, de la Boca Chica Key, FL fue examinado desde 1998 a
1999usandometodos qualitativos y quantitativos. Los moluscos tienenun alto
porcentaje de carne en su concha son consumidos en cualquier parte de la
Cuenca del Caribe y son comunmente cosechados por la Industria del Aquario
Marino y la collection de ellos entre rocas es un poco dificil y los habitas de
coralinos limitando el aumento de la pesca commercial.

Economicamente ellos podrian ser buenos candidates para la production
de la aquacultura.

En lo salvaje anualmente la reproductividad tiende a ser relacionado con
los cambiosde estaciones del agua temperatura y production de alimento. El
initio del gamete ocurre en invierno conuna maxima madurez observada en
lo ultimo del verano. Synchronous el desoveocurreen otofio con un grado de
temperatura del agua reducido rapidamente y un incremento abundante de
phytoplankton. El desove parcialmente se observa en primavera pero no
podriarelacionarse con las condiciones del medioambiente.

Evidencias de desove fueron frecuentemente observadas en lo salvaje y
colectados flame scallop 12-24horas despues de la collection en un ambiente
incontrolable. El desove de los animales tiene una madures de gametos y tiene
una mayor densidad de 20 en los animales con 8 litro de agua salada, o agua
marina tiene un limite de luz de 12 a 24 horas un limite de cambio de aire,
menos 1-2 grados centigtrados en el cambio de temperatura, y ha venido
siendo sugetado vibraciones mecanicasdurante el transporte.

La temperatura en el laboratorio, salinidad, densidad, y disponibilidad de
alimento fueron manipulados individualmente, combinados con quimicos
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estimulantes para provocar o promover el desove. Nosotros no fuimos capaces
de inducir el desoven o provocar. La larva que fue producida no logro
sobrevivir mas de 36 horas sin embargo algunos desarrollaron en forma de
"D".

Los resultados sugieren que esto seria posible producir flame scallop en un
centro de aquacultura. Sin embargo es necesario hacer mas investigaciones
para determinar los factores de la cual podrian inducir a un desove controlado
en un ambiente de produccion de la cria. La production de estos animales
proveeran una alternativa de abastecimiento para la Industria Aquarium
Marina, aliviando el aumento del estres en poblaciones naturales. Esto
tambien podria proveer una alternativa o fuente de alimentos para los huma-
nos.

PALABRAS CLAVES: Aquacultura, Ctenoidesscaber, ciclo reproductivo

A Health Index for Hatchery-Reared Red Drum
(Sciaenops ocellatus)

ANGELA K. DUKEMAN1, CYNTHIA M. ARMSTRONG1,
and CHRISTY M. STEPHENSON2

'Florida Fish and Wildlife Conservation Commission
Stock EnhancementResearch Facility

14495 Harllee Road

Port Manatee, Florida 34221 USA
2Florida Fish andWildlife Conservation Commission

100 8?* Avenue SE
St. Petersburg, Florida 33701 USA

The health of hatchery-reared red drum (Sciaenops ocellatus) has been
monitored for over 15 years at the Florida Fish and Wildlife Conservation
Commission's (FWC) Stock Enhancement Research Facility (SERF) in Port
Manatee, FL. Routine health evaluations include external and internal
examination of the major organs for overall condition, physical abnormalities,
parasite infestations, microbiological infections, organosomatic indices, and
condition factor. The health challenges of hatchery-reared fish are usually
related to water quality and stocking densities. By using established protocols,
data and parameters obtained from SERF'S red drum health evaluations we
have developed a health index (HI) to relate all quantitative and qualitative
data associated with internal and external evaluations. The parameters were
assigned based on the negative affects each had on the health of the fish.
Conditions that caused severe complications or were lethal received lower
values than those that had little or no affects on fish health. Healthy fish had
computed HI values near 100, while those fish with His below 80 were health
compromised and it was recommended to management that they not be
released. The development of this health index will help establish defined
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limits for fish release protocols based on the overall health of the fish, by
evaluating various health components using qualitative and quantitative
methodologies. It is a simple tool that will help managers make more in
formed fish stock enhancement management decisions.

KEY WORDS: Disease, health index, Sciaenops ocellatus

Un Indice de Salud Gloval para el Desarrollo de la
Cria del Red Drum (Sciaenops ocellatus)

La salud del criadero alcanzada en el red drum (Sciaenops ocellatus). Ha
sido monitoreado por mas de 15 anos por los peces de la florida y la comision
de conservacion de la vida salvaje (FWC) y el Centro de Investigaciones para
una Mejor Reserva (SERF) Port Manatee, FL. Las evaluaciones rutinarias de
salud incluyendo examinasiones internas y externas de los organos mayors,
sobre todo en condiciones de anormalidades fisicas, infecciones de parasites,
infecciones microbiologicos, y un indice organosomatico y factores de
condition. Los retos de la salud alcanzados en la cria de peces son usualmente
relacionados con la calidad del agua y la densidad del abastecimiento. Usando
los protocolos establecidos, datos, y parametros obtenidos de SERF las
evaluaciones de salud del red drum que nosotros hemos venido desarrollado
con un indice de salud (IS) para relacionar todos los datos qualitativos y
quantitative^ con evaluaciones internas y externas. Los parametros fueron
asignados basados en los efectos negativos que cada uno tiene sobre la salud de
los peces. Condisiones que causan severas complicaciones o que fueron
letalmente resividos o que han sido un poco devaluados o simplemente no
afectan la salud de los peces. Saludablemente los peces han sido computariza-
do (IS) valores cerca de 100 mientras que estos peces con un indice de salud
vajo 80 fueron comprometidos y recomenados para un manejo de ser liverados.
El indice de desarrollo de salud podria ayudar a establecer o definir limites
para la liberacion de peces, protocolo basado sobre todo en la salud de los
pecespor variasevaluaciones y los componentes de saludusandometogologias
quantitativas y qualitativas. Es una simpleherramienta que podria ayudara los
gerents o encargados del proceso ser major iformasdos en el manejo de
desiciones para una mejor reserva de peces.

PALABRAS CLAVES: Salud gloval, corvina, Sciaenops ocellatus
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Preliminary Age and Growth Comparisons of Red Grouper
(Epinephelus morio) from the West Florida Shelf

and the Bay of Campeche

LINDA LOMBARDI-CARLSON1 and MARK GRACE 2
'National MarineFisheries Service

3500 DelwoodBeach Road
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2NationalMarine Fisheries Service

3209 Frederic Street
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Red grouper (Epinephelusmorio) are an important component of commer
cial fisheries for both the United States and Mexico. Data useful for determin

ing stock differences between two Gulf of Mexico regions (northeast, south
west) were collected during fisheries independent long-line surveys in 2001
and 2002. Surveys utilized standardized sampling designs with modified
commercial long-line gear. Age, length, and weight for red grouper were
compared between the two regions. Age determinations were completed by
reading whole and sectioned otoliths. Red grouper from the Bay of Campeche
were significantly older (ANOVA d.f. = 147, F = 18.59, P < 0.001), however,
no significant differences in lengths or weights were revealed between the two
regions (length: ANOVA d.f. = 154, F = 0.02, P = 0.90; weight: ANOVA d.f.
= 154, F = 1.72, P =0.19). Three age classes (5, 6, and 7 years old) were
collected in sufficient numbers for comparisons. There were no differences in
ages 5 and 6, red grouper from the Bay ofCampeche were significantly smaller
at age 7 (length: 491 mm; weight: 1.8 kg) when compared to age 7 red grouper
from the west Florida shelf (length: 571 mm; weight: 3.1 kg). Differences in
age between the two areas could be due to differences in historical fishing
pressure, management regulations, environmental conditions (i.e., water
temperature, habitat, and depth), or small sample sizes.

KEY WORDS: Age, Epinephelus morio growth, Mexico

Comparaciones Preliminares entre la Edad y el Crecimiento
del Mero Americano (Epinephelus morio) en la Plataforma del

Eeste de Florida y la Bahia de Campeche

El mero americano (Epinephelus morio) es un componente importante de
la pesqueria comercial tanto del los Estados Unidos como del Golfo de Mejico.
Los datos que se utilizan para determinar las diferencias de stock entre las dos
regiones del Golfo de Mejico (Norte y Sur) fueros recogidos durante los
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estudios con palangre realizados por pesquerias independientes en los anos
2001 y 2002. Para ello se utilizaron disenos estandares de muestreo con
herramientas modificadas procedentes de la pesca comercial con palangre. Se
compararon las edades, longitudes y pesos de los meros rojos entre ambas
regiones. Las determinaciones de las edades se completaron con la lectura de
los otolites tanto enteros como seccionados. Los meros rojos de la bahia de
Campeche fueros significativamente mas viejos (ANOVA d.f. = 147, F =
18.59, P < 0.001); sin embargo, no se encontrarondiferencias significativas de
longitud y peso entre las dos regiones del Golfo (longitud: ANOVA d.f. = 154,
F = 0.02, P = 0.90; peso: ANOVA d.f. = 154, F = 1.72, P =0.19). Para las
comparaciones, se recogieron un numerosuficiente de peces de tres clases de
edad (5, 6 y 7 anos), No se observaron diferencias entre las edades 5 y 6. Los
meros rojos de la bahia de Campeche eran significativamente mas pequefios a
la edad 7 (longitud: 491 mm; peso: 1.8kg) comparadoscon los meros rojos de
edad 7 de la plataforma del Oeste de Florida (longitud: 571 mm; peso: 3.1 kg).
Las diferencias de edad entre las dos areas pueden ser debidas a diferencias
historicasde presion pesquera, regulaciones de gestion, condicionesambienta
les (i.e., temperatura del agua, habitaty profundidad) o el pequeiio tamano de
las muestras.

PALABRAS CLAVES: Mero americano,Epinephelus morio, edad, Golfo de
Mejico

Biology ofWahoo in Florida and the Bahamas

KRISTIN MAKI, RICHARD MCBRIDE, and MICHAEL MURPHY
Fish and Wildlife Research Institute

100 8"'AveSE
St.Petersburg, Florida 33704 USA

Despite the economic importance of wahoo, Acanthocybium solandri, in
many regions of theworld, itsbiology andlifehistory havereceived infrequent
attention. The Fishery Management Plan for Dolphin and Wahoo in the
Atlantic Region reports that estimates of growth, reproduction, etc. are needed
to better understand the implications of various options for managing the
wahoo fishery. The studydetailed here was initiated in 2003 and designed in
response to the need for more andbetter data. Wahoo arecollected year-round
from fishing portsalong Florida'seastcoast through tournament sampling, and
angler-intercept and carcass-retrieval programs. Additional samples are taken
in the Bahamas during the winter months. The relative utility of otoliths,
scales, fin rays, fin spines, andvertebrae as ageing structures is discussed here.
Whole otoliths and fin ray sections show the most promise for use as ageing
structures. Reproductive seasonality andsizeandageat maturity characterized
from gonad-somatic indices and patterns of gametogenesis revealed in
histological preparations are described. In the first two years of our study, we
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have collected relevant samples from more than 300 fish, which range in size
from 6 to 98.5 lbs.; we have samples from another 100 fish that were archived
and we plan one more year of active collecting to achieve adequate sample
sizes. Our preliminary results appear consistent with the general paradigm that
this species is a summer-spawning, short-lived pelagic with remarkable growth
rates.

KEY WORDS: Acanthocybium solandri, wahoo, Florida, Bahamas

Biologia de Guaho en la Florida y las Bahamas

A pesar de la importancia economica de guaho, Acanthocybium solandri,
en muchas regiones del mundo, su biologia y historia de vida no han recibido
mucho attention. El plan para Administra la Pesqueria del dorado y guaho en
la region Atlantica informa que las estimaciones del crecimiento y reproduc
cion se necesita entender mejor para manejar y mantener la pesqueria deguaho.
El estudio detallado aqui se initio en 2003 y fue disenado en respuesta a la
necesidad para mas y mejores datos. Recibimos muestras de guaho durante
todo el aiio en puertos por la costa Atlanitca de la Florida durante torneos de
pescar y por donaciones de pescadores. Las muestras adicionales fueron
collecionados en las Bahamas durante los meses de invierno. La utilidad

relativa de otoliths, escalas, rayos de aleta, espinas de aleta, y de las vertebras
como estructuras para obtener la edad y crecimiento anual de guaho se discuten
aqui. Se ha demonstrado que otoliths enteros y secciones de rayos de aleta son
las mejores estructuras para obtener la edad de guaho. La temporada y el
tamano reproductora y la edad de madurez caracterizados con indices de
gonada-somaticas y de pautas de gametogenesis revelaron en preparaciones
histologicas estan descritos. En los primeros dos aiios de nuestro estudio,
nosotros hemos colleciando muestras pertinentes de mas de 300 pescados, que
recorren en tamano de 6 a 98.5 lbs. Tambien obtenimos muestras de otros 100

pescados que estaban en los archivos de la Comision de Pescados de Florida y
planeamos uno aiio mas de recoleccion de pez guaho para obtener un numero
de muestras adecuados. Nuestros resultados preliminares son coherentes con el
paradigma general que esta especia de pescado se reproduze durante el verano
y es un pescado pelagico que vive pocos aiios y demuestra tasas de crecimiento
notables.

PALABRAS CLAVES: Guaho, Acanthocybium solandri, Florida, Bahamas

Preliminary Evaluation of Fish Settlement on GuSi Type
Collectors, Santa Marta, Colombian Caribbean

OSCAR MARTINEZ R. and MARCELA GRIJALBA-BENDECK

Universidad deBogotaJorge Tadeo Lozano, Facultadde BiologiaMarina
Ediflcio Mundo Marino, Carrera 2 No. 11-68, PBX4229334

Santa Marta, Colombia
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In order to study reef fish settlement in three localities of Santa Marta,
Caribbean coast of Colombia, floating devices GuSi type were fixed between
10 and 12 m depth. Each structure was conformed by two polyethylene
cylinders, fiber tassels resembling algae systems as attraction elements and
concrete ballast. Considering the incidence of new moon, monthly collections
were made between March 2003 and February 2004, after sorting the main
groups, fish were identified, measured and weighted. Preliminary results of the
work show a total of 1220 individuals grouped in 45 species, 23 families, 35
genera, and 16 unidentified individuals. Species richest families were:
Serranidae, Apogonidae, Muraenidae, Pomacentridae and Monacanthidae;
maximum abundance for Gobiidae (28%), Apogonidae (18%), Labridae (8%)
and Scorpaenidae (8%). Priolepis hipoliti (28%), Phaeoptyx pigmentaria
(12%) and Scorpaenodes caribbaeus(8%) were the dominant species. Space-
time assessment variation was determined by the influence of local continental
contributions and hard substrates proximity to sampling stations. Devices were
effective in reproducing natural conditions; they collected 41% of the species
previously reported for the region with other techniques like visual censuses
and poisons, the lines favored the sampling ofjuvenil and prejuvenil fish fases,
benthic and cryptic species, and even those ofcommercial interest.

KEY WORDS: Fish aggregating devices (FADs), settlement, Colombia, the
Caribbean.

Evaluaci6n Preliminar del Asentamiento de Peces en Colec

tores Tipo GuSi, Santa Marta, Caribe Colombiano

Para estudiar el asentamiento de peces arrecifales en tres localidades de la
region de Santa Marta, en la costa Caribe de Colombia, se fondearon dispositi
vos flotantes tipo GuSi entre los 10 y 12 m de profundidad. Cada estructura
estuvo conformada por dos cilindros plasticos, borlas de fibra sintetica
semejando sistemas algales como elementos de atraccion y lastres de fijacion
en concrete. La extraction se realizo mensualmente entre marzo de 2003 y
febrero de 2004, teniendo en cuenta la incidencia de la luna nueva. Despues de
colectar cada estructura y separar por grupos los organismos asociados, los
peces fueron identificados, medidos y pesados. Se presentan los resultados
preliminares del trabajo, se reporta un total de 1220 individuos, agrupados en
45 especies, 23 familias, 35 generos y 16 morfotipos. Las familias con mayor
riqueza de especies fueron: Serranidae, Apogonidae, Muraenidae, Pomacentri
dae y Monacanthidae; los registros de maxima abundancia se encontraron para
Gobiidae (28%), Apogonidae (18%), Labridae (8%) y Scorpaenidae (8%). Las
especies dominantes fueron Priolepis hipoliti (28%), Phaeoptixpigmentaria
(12%) y Scorpaenodes caribbaeus (8%). La varibilidad espacio-temporal del
asentamiento de los peces estuvo determinada por la influencia local de los
aportes continentales y por la cercania de sustratos duros aledanos a las
estaciones de muestreo. Los dispositivos mostraron ser altamente efectivos
reproduciendo las condiciones naturales, se registro cerca del 41% de las
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especies previamente reportadas para la region evaluadas con otras tecnicas
como los censos visuales y la aplicacion de venenos, las lineas evaluadas
favorecieron la captation de estados prejuveniles y juveniles, de habitos
bentdnicos y cripticos e incluso de especies de interes comercial.

PALABRAS CLAVES: Dispositivo agregador de peces (DAP), asentamiento,
Colombia, Caribe

The Effect ofTraps on Essential Fishery Habitat
in the Florida Keys

THOMAS R. MATTHEWS, CHRISTOPHER L. SLADE,
and JOSHUA MOORE

Florida Fish and WildlifeConservation Commission
Fish and WildlifeResearch Institute

2796 Overseas Hwy, Suite 119
Marathon, Florida 33050 USA

The development of ecologically sustainable fishing practices is a vital
component of successful fisheries management. Trap-based fisheries, like the
spiny lobster (P. argus) fishery in Florida, have the potential to maintain catch
efficiency and reduce the impact on essential fisheries habitat, particularly
coral reefs. Surveys of the distribution of traps indicate that few traps were
placed on coral and that the placement and retrieval of traps on coral caused
only a few relatively small injuries. However, injury to coral more commonly
occurred when traps were moved during prolonged wind events greater than
17.5 knots. Several of these wind events generally occur each fishing season
and in the winter of 2004 these events were observed to move traps an average
of4.5 meters (n=63 traps). Injuries to coral resulting from trap movement were
generally larger and more frequent than injuries caused by trap placement and
retrieval. By improving our understanding of the interaction between traps and
coral reefs, fishery managers and fishermen may be able to reach an amenable
solution to reduce the impact of traps on coral and promote more ecologically
sustainable fishing practices.

KEY WORDS: Lobster traps, essential fish habitat, coral reefs

El Efecto de Trampas sobre Habitat Esencial en
los Cayos de la Florida

El desarrollo de practicas de pesca ecologicamente sostenible es un
componente esencial en el manejo de pesquerias. Pesquerias que usan trampas,
como la pesqueria de langosta espinsosa (P. argus) en la Florida, tienen el
potencial de mantener la eficiencia de captures y reducir el impacto sobre el
habitat esencial de pesquerias, especialmente arrecifes. Estudios sobre la
distribution de trampas indican que pocas trampas se colocaron en coral y que
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la coiocacion y la recuperation de estas trampas causo pocas heridas e heridas
relativamente pequenas en el coral. Sin embargo, heridas en coral ocurrio mas
comunmente cuando trampas se movieron debido a acontecimientos prolon-
gados de viento mas de 17.5 nudos. Varios de estos acontecimientos de viento
ocurren cada temporada de pesca y en el inviemo de 2004, estos acontecimien
tos movieron las trampas un promedio de 4.5 metres (n=63). Las heridas en
coral que resultaron del movimiento de las trampas fueron generalmente mas
grande y mas frecuenta que las heridas causadas por la coiocacion y recuper
ation de trampas. Si mejoramos nuestra comprension de la interaction entre
trampas y arrecifes, los administradores del manejo de la pesqueria y pesca
dores seran capaz de alcanzar una solution para reducir el impacto de trampas
en el coral y promover la pesca ecologicamente sostenible.

PALABRAS CLAVES: Trampas de langosta, habitat esenciales de peces,
arrecife coralino

Effects of Two Open-water Submerged Cages Stocked with
Cobia Rachycentron canadum and Red Snapper Lutjanus

analis on the Benthic Macroinvertebrate Population
at Culebra, Puerto Rico

ANDRES G.MORALES N1, MONICA ALFARO1, ALEXIS CABARCAS
NUNEZ2, andDALLAS E. ALSTON2.

Department ofBiology1 and Marine Sciences2
University ofPuertoRico-RUM
Mayaguez, PuertoRico 00608

Two sediment core samples were taken bimonthly from (october 2002 at
October 2003) southwest of Culebra Island, Puerto Rico. At each sample site
(cagecenterand40 m north, south, eastandwest)neartwo open-cages stocked
with cobia (Rachycentron canadum) or red snapper (Lutjanus analis), and at a
control site. Macroinvertebrate were separedwith a 0.5 mm mesh sieve. Mean
abundance of total soft-bottom invertebrates from all stations varied from a
minimum of 694 ind/m2 during October to 3.336 ind/m2 during april 2003. A
total of 72 families were identified from collections in project site, Culebra,
PuertoRico.Polychaetes (29), Mollusks (21) and Crustaceans (22). No general
pattern of distribution between stations at both cages and control station has
been observed in the soft-bottom macrobenthic communities in relation to he
organic inputs. Only, central stations at both cages showed significant differ
ences with respect to the other stations.

KEYWORDS: Cobia,Rachycentron canadum, red snapper, Lutjanus analis

Los Efectos de Dos Jaulas Oceanicas Llenados con Rachycen-
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tron canadum y el Pargo, Lutjanus analis, sobre la Poblacion
de Macroinvertebrados

Bentonicos en Culebra, Puerto Rico
Dos muestras de sedimento fueron tomadas bimensualmente por medio de

un nucleador (octubre de 2002 a octubre de 2003) al suroeste de la Isla de
Culebra, Puerto Rico. Los sitios de muestreo para cada una (centre de la caja,
40m norte, sur, este y oeste) se ubicaron cerca de dos jaulas cultivo de peces en
mar abierto, sembradas con cobia (Rachycentron canadum) y pargo (Lutjanus
analis), y un sitio control. Los macroinveretebrados fueron separados con un
tamiz de 0.5 mm. La abundancia total de invertebrados de fondos blandos en

todas las estaciones vario de un minimo de 694 ind/m2 en octubre a 3336 ind/
m2 durante abril de 2003. Un total de 72 familias fueron identificadas en el
sitio de estudio, Culebra, Puerto Rico. Poliquetos (29), moluscos (21) y
crustaceos (22). No se determinaron patrones de distribution de la comunidad
macrobentonica de fondos blandos relacionada con la entrada de materia

organica entre estaciones, entre las jaulas y el sitio de control. Solo, las
estaciones en el centre de ambas jaulas presentaron diferencias con respecto a
las otras estaciones.

PALABRAS CLAVES: Jaulas, comunidad macrobentonica, acuacultura,
cobia, pargo

Current Monitoring Initiatives Combined with New Regional
Biological Sampling Provide the Basis for Future Manage

ment of Florida's Common Snook

(Centropomidae) Stocks

LISA M. OCKELMANN-LOBELLO, MICHAEL D. TRINGALI,
and RONALD G. TAYLOR

Florida Fish and Wildlife Research Institute
100-8th AvenueSE

St. Petersburg, Florida 33701 USA

Successful management of common snook requires knowing the catch
rate, age composition, and sex ratio of the harvest and estimates of biological,
reproductive, and genetic parameters for the entire population. Since 2002,
biologists have intercepted snook anglers in nine regions of Florida to collect
catch and effort data and biological samples for age determination, sex ratios,
and reproductive condition of the catch. Fishing guides, recreational anglers,
and tournament anglers complete logbooks that are used to define the size and
age composition and catch rates of local stocks. This fishery-dependent data
will serve as the basis for a comprehensive stock assessment to be conducted in
2005.

An unstudied component of the snook population occurs in Lake Okee-
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chobee and other freshwater systems. If individuals older than 21 years occur
in these areas, then maximum ages have been underestimated, which in turn
may confound estimates of natural mortality and significantly bias stock
biomass calculations. Moreover, the biological and genetic characteristics of
resident freshwater snook must still be evaluated in order to assign them to
appropriate unit stocks. A preliminary life history study of common snook in
the Okeechobee system will be conducted as part of an ichthyological survey
of the Caloosahatchee/St. Lucie waterway. All necessary biological and
genetic material will be obtained from each snook collected via electro-
shocking.

Finally, because juvenile common snook have not been found in historical
ichthyological surveys of Florida Bay and the Florida Keys, adults there are
assumed to spawn unsuccessfully and are assigned to the Gulf stock without
any direct evidence. Histological observations of ovaries collected in these
areas during the reproductive seasonwill confirmifspawning occurs, and if so,
demonstrate reproductive success or a lack thereof. Extensive genetic testing
will also be conducted to determine the stock affinity of snook in these south
Florida systems.

KEY WORDS: Management, snook

Iniciativas Recientes de Monitoreo Combinadas con Nuevo

Muestreo Biologico Regional Proveen la Base de Manejo
Futuro de los Stocks de Robalo Blanco en la Florida

El manejo exitoso del robalo bianco requiere conocer el indice de captura,
la estructura de edades y la proporcion de sexos de la cosecha, y los estimados
de parametros biologicos, reproductivos y geneticos de la poblacion entera.
Biologos han interceptado pescadores de robalo en nueve regiones de la
Florida desde 2002 para colectar datos sobre captura y esfuerzo y muestras
biologicaspara determinaredad, proporcionde sexos y condition reproductiva
de la captura. Los guias de pescadores, pescadores recreativos y pescadores en
torneos completandiarios que se utilizan para definir el tamanoy composition
por edad y proporcion de captura de los stocks locales. Estos datos dependi-
entes-de-la-pesqueria serviran como base de la evaluation comprensiva del
stock que se realizara en 2005.

Un componente de la poblacion del robalo sin estudiar se encuentra en
Lake Okeechobee y otros sistemas de agua dulce. Si se encuentran individuos
mas viejos que 21 aiios en estas areas, las edades maximas han sido subestima-
das, lo que puede confundir los estimados de mortalidad natural e inclinar los
calculos de biomasa del stock. Ademas de que todavia las caracteristicas
biologicas y geneticas del robalo residente en agua dulce deben evaluarse para
asignarles al stock apropiado. Se conducira un estudiopreliminarde la historia
de vida del robalo bianco en el sistema Okeechobee como parte del inventario
ictiologico del Caloosahatchee/St. Lucie Waterway. Se obtendra todo el
material biologicoy geneticonecesariode cada snook capturadopor medio de
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choque electrico.
Finalmente, porque el robalo bianco juvenil no ha sido encontrado

historicamente en monitoreos de Florida Bay y los Cayos de la Florida, se
presupone que los adultos desovan sin exito y son asignados sin ninguna
evidencia directa al stock del Golfo. Observaciones histologicas de los ovarios
colectados en estas areas durante la estacion reproductiva confirmaran si el
desove se lleva al cabo, y si es asi, demuestre exito reproductive o la carencia
de este. Seran realizadas extensas pruebas geneticas para determinar la
afinidad del stock de robalo en los sistemas del sur de la Florida.

PALABRAS CLAVES: El manejo, robalo bianco

A Comparison of Reef Fish Assemblages on the East and
West Sides of Central Eleuthera, Bahamas

ROBERT B. PATTERSON1, LANCE K.B. JORDAN1,2
DAVID R. BRYAN1, andRICHARD E. SPIELER1*2-3
'Nova Southeastern University Oceanographic Center

2National CoralReefInstitute
3Guy Harvey Research Institute

8000 N. Ocean Drive

Dania Beach, Florida 33004 USA

Eleuthera is a long, narrow crescent-shaped Atlantic margin island on the
eastern extremity of the Great Bahama Bank in the central Bahamas. It is 144
km long and less than 5 km at its greatest width. Fringing reefs with substantial
vertical relief (to 5 m in depths of 6 m) are found approximately 500 m
offshore on the eastern side of the island facing the Atlantic Ocean. The
western side of the island has stretches of rock cliffs and large fallen boulders
providing substrate with similar vertical relief. No open passes exist between
the two sides of the island and thus no direct larval transport from one side to
the other appears possible. We compared post-settlement fish assemblages and
larval supply on either side of central Eleuthera near Governor's Harbour
quarterly from July 2003 until July 2004. Twelve point-counts were performed
at two replicate sites on both sides of the island to census juveniles and adults.
Abundance, as well as average, maximum and minimum lengths of species
present were recorded. Three light traps were moored at each of the same sites
40-50 m from the reef for three to five nights around the new moon to examine
larval supply. Fish collected in the light traps were preserved and transported
to the lab. They were identified, enumerated, and standard length was meas
ured. Preliminary analyses ofpoint-count and light trap data indicate dissimilar
assemblage structure between the two sides of the island, with significantly
greater fish abundance and species richness on the eastern side.

KEY WORDS: Fish, larvae, Bahamas
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Una Comparaci6n de Ensamblajes de Peces de Arrecife en
Este y Oeste de Eleuthera Central, Bahamas

Eleuthera es una larga isla atlantica de borde en forma de luna creciente en
la extremidad oriental del Gran Banco Bahamense, localizado en el centre de
las Bahamas. Es 144 km de longitud y menos de 5 km en el lugar de mayor
anchura. Arrecifes de borde con sustancial relieve vertical (de 5 m en profundi
dad a 6 m) se encuentran aproximadamente a 500 m mar afuera en el lado este
de la Isla dando frente al Oceano Atlantico. El lado occidental de la isla posee
areas de acantilados y farallones caidos que proveen substrate con similar
relieve vertical. No existen espacios abiertos entre los dos lados de la Isla y
como consecuencia el transporte de larva de un lado de la isla al otro aparenta
ser imposible. Nosotros comparamos el ensamblaje de peces post-arreglo y
suplido de larva en ambos lados de Eleuthera cerca de la Marina del Gober-
nador en base cuaternaria de Julio de 2003 a Julio de 2004. Doce "punto-
cuenta" (point-count) fueron realizados en dos lugares replicados en ambos
lados de la Isla, para hacer un censo de juveniles y adultos. Abundancia, asi
como el promedio, largo maximo y minimo de las especies presentes fueron
recopilados. Tres trampas ligeras fueron amarradas en cada sitio de 40 a 50 m
del arrecife de tres a cinco noches alrededor de la luna nueva para examinar el
suplido de larva. Los peses recopilados en las trampas ligeras fueron preserva-
dos y transportados al laboratorio. Fueron identificados, enumerados y la
medida estandar fue tomada. Analisis preliminares de punto-cuenta y datos de
trampa ligera indican disimilaridades significativas en la estructura de los
ensamblajes entre los dos lados de la Isla, con mas abundancia y riqueza en
especies en el lado oriental.

PALABRAS CLAVES: Peces, larva, Bahamas

Habitat Use, Feeding, and Reproduction of the Mayan Cich-
lid, Cichlosoma urophthalmus Gunther, in the Alvarado

Lagoonal System, Veracruz, Mexico

MARK S. PETERSON1, NANCY J. BROWN-PETERSON1, ANAADALIA
MORALES-G6MEZ2, RAFAEL CHAVEZ-L6PEZ2,

and JONATHAN FRANCO-L6PEZ2
'Department ofCoastal Sciences, The University ofSouthern Mississippi

703 East Beach Drive

OceanSprings, Mississippi 39564 USA
2Laboratorio deEcologia, FacultaddeEstudios Superiores Iztacala

UniversityNacional Autonoma de Mexico
Av. de los BarriosNo 1, Los ReyesIztacala.
Tlalnepantla, Mexico C.P 54090 A.P. Mexico
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The Mayan cichlid, Cichlasoma urophthalmus is a freshwater cichlid
widely distributed in rivers, cenotes, and mesohaline coastal lagoons in the
southeast of Mexico. Although little is known of its ecology, it is exploited
commercially in the artesanal fishery and has the potential for native species
aquaculture. In the Alvarado lagoonal system, Veracruz, they are mainly
distributed towards the north in Camaronera Lagoon. Greatest abundance and
biomass of this species was obtained during December to February with an
affinity for oligohaline to mesohaline sites with submerged vegetation that is
well-oxygenated, relatively-deep and transparent. Length-frequency shows two
size classes during the dry and rainy seasons, corresponding to reproductive
fish and young-of-the-year; during the nortes season there is only one modal
size class offish between 60-100 mm SL. The diet of Mayan cichlids consists
principally of algae and plant material, suggesting it is an omnivore. Some
females had elevates GSI values throughout the year, although most reproduc
tive adults are found between April and December. The highest GSI values
coincided with the peak in reproductive activity between May and July, with
fecundity ranging from 1,556 - 3,348 eggs/female. These characteristics
suggest it is a generalist with wide habitat ranges. Its use as a native aquacul
ture resource in Mexico is based on the assumption that there would not be any
negative effects on native biodiversity. However, Mayan cichlids are one of the
most abundant introduced species in south and southwest Florida, where they
severely impact native substrate spawners like largemouth bass, warmouth and
spotted sunfish through nest building habitat alteration and egg predation.
Mayan cichlids also outnumber native species in northern Florida Bay. Thus, a
greater understanding of the life history of the species in low salinity systems
in its native range may aid management of introduced populations in south and
southwest Florida.

KEY WORDS: Mayan cichlid, Cichlidae, Mexico

Uso del Habitat, Alimentaci6n, y Reproducci6n de la Mojarra
del Sureste, Cichlosoma urophthalmus Gunther, en la Sistema

Lagunar de Alvarado, Veracruz, Mexico

La mojarra del sureste, Cichlasoma urophthalmus es un ciclido de agua
dulce distribuido extensamente en los rios, los cenotes, y las lagunas costeras
del mesohalino en el sureste de Mexico. Aunque poco se sabe de su ecologia,
se explota comercialmente en la industria pesquera del artesanal y tiene el
potencial para la acuacultura nativa. En la sistema lagunar de Alvarado,
Veracruz, se distribuyen principalmente hacia el norte en la Laguna de
Camaronera. La abundancia y la biomasa mas grandes de esta especie fueron
obtenidas durante diciembre a febrero con una afinidad para los sitios oligoha-
linos a mesohalinos con la vegetation sumergida que es bien-oxigenada,
profundo y transparente. La longitud-frecuencia demuestra dos clases del
tamano durante las estaciones secas y de lluvias, correspondiendo a los
pescados reproductivos y al jovenes; durante los nortes es solamente una clase
modal del tamano de pescados entre 60-100 milimetios SL. La dieta de
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mojarra del sureste consiste principalmente en algas y el material de planta,
sugiriendola es un omnivore. Algunas hembras tenian valores de GSI elevados
a traves del aiio, aunque encuentran a la mayoria de los adultos reproductivos
entre abril y diciembre. Los valores mas altos de GSI coincidieron con el pico
en actividad reproductiva entre mayo y julio, con la fecundidad extendiendose
a partir de 1,556 - 3,348 huevos/hembra. Estas caracteristicas sugieren que sea
internista con las gamas anchas del habitat. Su uso como recurso nativo de la
acuacultura en Mexico se basa en la asuncion que no habria ninguna efectos
negativa sobre biodiversidad nativa. Sin embargo, los mojarras del sureste
estan uno de las especies introducidas mas abundantes del sur y el sudoeste la
Florida, donde afectan seriamente peces nativos que desolven del substrate
con la alteration del habitat del edificio de la jerarquia y la depredation de los
huevos. Los mojarras del sureste tambien exceden en numero especies nativas
en la area nortena de la Bahia Florida. Asi, una mayor comprension de la
historia de la vida de la especie en sistemas bajos de la salinidad en su gama
nativa puede ayudar al manejo de poblaciones introducidas en el sur y el
sudoeste de Florida.

PALABRAS CLAVES: La mojarra del sureste, Cichlasoma urophthalmus,
Mexico

Diet ofElagatis bipinnulata (Quoy y Gaimard) (Carangidae)
from Taganga Bay and Tayrona Natural National Park,

Colombia, Caribbean Sea

CAMILA POSADA1 and CAMILO B. GARCIA2

1UniversidadJorge Tadeo Lozano
Santa Marta, Colombia

2 UniversidadNacional de Colombia/CECIMAR/INVEMA
Santa Marta, Colombia

The diet ofjuveniles and adults ofElagatis bipinnulata (Rainbow runner),
caught by artisanal fishermen between February 2003 and May 2004, is
described from the content analysis of 20 stomachs. The size of fish ranged
from 27.7 to 56.5 cm FL. The contribution of each prey item was determined
by three Relative Measures of Prey Quantity (RMPQ): gravimetric (%W),
frequency of occurrence (%F), and numerical (%N). In order to assess the
significance of the various prey items, the Geometric Index of Importance
(Gil) was calculated using the three RMPQ's. Three major food categories
were identified: bony fishes (Teleostei), dominated in all the metrics used,
while crustaceans were important in number and occurrence and mollusks in
weight. The Gil for the whole sample showed two levels of importance, the
first one composed by unidentified bony fishes (81.9) and Jenkinsia lampro-
taenia (63.9) (Clupeidae). The prey items: Mysidacea (14.5), Sepioteuthis
sepioidea (10.3) (Teuthoidea), Coronis sp. (7.7) (Stomatopoda), Unidentified
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Clupeidae (7.4), Megalopae of Brachyura (5.6), Portunus anceps (5.4)
(Brachyura), Cavolinia uncinata (4.6) (Thecosomata), Harpacticoida (4.6)
Megalopae of Anomura (3.8) and Fragments of Crustacea, constituted the
second level of importance in the diet ofE. bipinnulata. Temporal variation in
diet was detected. J. lamprotaenia, S. sepiodea and planktonic crustaceans
(mysids and harpacticoids), appeared exclusively in march (windy, dry
season), while P. anceps, C. uncinata and megalopae were only found in
November (calm, rainy season). The analysis characterizes this species as a
opportunistic carnivore.

KEY WORDS: Rainbow runner, Elagatis bipinnulata, diet, Colombia

Dieta de Elagatis bipinnulata (Quoy y Gaimard) (Carangidae)
de la Bahia de Taganga y Parque Nacional Natural Tayrona,

Caribe Colombiano

La dieta de juveniles y adultos de Elagatis bipinnulata, capturados por
Pescadores artesanales entre febrero de 2003 y mayo de 2004, es descrita a
partir del analisis del contenido de 20 estomagos. El rango de talla de los peces
oscilo entre 27.7 y 56.5 cm L.H. La contribution de las presas fue determinada
mediante tres medidas relativas de cuantificacion de presas (MRCP): gravime-
trica (%W), frecuencial (%F) y numerica (%N). Con objeto de precisar la
importancia de cada presa se calculo el indice Geometrico de Importancia Gil,
utilizando las tres MRCP. Se identificaron tres categorias alimentarias
generates: peces teleosteos (Teleostei), domino en todas las medidas usadas,
mientras que crustaceos fue importante en numero y ocurrencia y moluscos en
peso. El Gil para toda la muestra mostio dos niveles de importancia, el primero
compuesto por peces teleosteos no identificados (81.9) y Jenkinsia lamprotae
nia (63.9) (Clupeidae). Los items alimentarios: Mysidacea (14.5), Sepioteuthis
sepioidea (10.3) (Teuthoidea), Coronis sp. (7.7) (Stomatopoda), Clupeidae no
identificado (7.4), Megalopa de Brachyura (5.6), Portunus anceps (5.4)
(Brachyura), Cavolinia uncinata (4.6) (Thecosomata), Harpacticoida (4.6)
Megalopa de Anomura (3.8) y Fragmentos de Crustacea, constituyeron el
segundo nivel de importancia en la dieta de E. bipinnulata. Se detecto varia
tion temporal en la dieta. /. lamprotaenia, S. sepiodea y crustaceos planctoni-
cos (mysidaceos y harpacticoides), aparecieron exclusivamente en marzo (de
vientos, epoca seca), mientras que P. anceps, C. uncinata y las megalopas se
encontraron en noviembre (de calma, epoca de lluvias). El analisis caracteriza
a esta especie como carnivora oportunista.

PALABRAS CLAVES: Elagatis bipinnulata, dieta, Colombia
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A Preliminary Survey of the Commercial Snapper
Fishery of the Central Bahamas

TAMICA J. RAHMING, SHANISHKA BAIN, ZHTVAGO MCPHEE,
IAN SMITH, and DMITRI QUANT

Department ofFisheries, Ministry ofAgriculture, Fisheries&Local Govern
ment

P.O.BoxN-3028

Nassau Bahamas

Fisheries resources are being depleted globally by increased effort and
efficiency of fishing gear. Due to the proximity of near-shore coastal shelf
areas, tropical islands are particularly vulnerable to over fishing. In The
Bahamas, Snappers are economically, culturally and ecologically valued. They
are the most sought after finfish in the Bahamas next to grouper. In 2003, the
total fishery product and resource landings for Snapper in The Bahamas were
1,544,032 pounds valuing US $ 2,823,444. (Dept. ofFisheries 2003).

Relatively Utile is known about the commercial snapper fishery in The
Bahamas when compared to research that has been done on Epinephelus
striatus (Nassau Grouper) and Panulirus argus (spiny lobster). This survey
was initiated to collect basic fisheries data on snappers landed in New Provi
dence in order to give some preliminary recommendations for the management
of this fishery.

Data was collected on all Snapper species landed on the island of New
Providence at landing sites: Potter's Cay Dock, Williams' Lane Dock, and
Montague Ramp; as well as one food processing plant: Geneva Brass, in three
main categories:

i) Profile of the fishers including age, and economic dependence on
fishing,

ii) Fisher opinions regarding fishing regulations and abundance of
Snappers, and

iii) Catch data for the fishing trip including total number of species
caught, length, weight, fishing location, and total fishing hours.

From July 1-16 2004, 706 Snappers were measured and weighed at points
of landing. Of all fish sampled, over 25% were immature. Lutjanus analis
(Mutton Snapper) is one of the two snapper species that are listed as Threatned
Speciesby the IUCN (Huntsman 1996). It was noted that of the four species
sampled, Lutianus analis. (mutton snapper), was the most caught immaturely.
In order to sustain the Commercial Snapper Fishery in The Bahamas, effective
management measures need to be implemented.

KEY WORDS: Snappers, Lutjanidae, commercial Fishery, Bahamas



Abstracts of Poster Presentations GCFI:57 (2006) Page 1033

Un Estudio Preliminar de la Pesqueria Comercial para
Pargos de las Bahamas Centrales

Los recursos de pesquerias estan agotados globalmente por el aumento de
esfuerzo y la eficiencia del equipo pesquero. Islas tropicales son especialmente
vulnerables a la sobrepesca. En Las Bahamas, pargos son economicamente,
culturalmente, y ecologicamente valorosos. Son el pez mas buscado en las
Bahamas despues de los meros. En 2003, los productos del pesqueria para
pargos y las capturas del recurso en Las Bahamas fue 1,544,032 libras
valorando EEUU $2,823,444. (Dept. of Fisheries 2003).

Relativamente poco se sabe de la pesqueria comercial para pargos en Las
Bahamas comparado con los estudios que se han hecho sobre Epinephelus
striatus (mero gallina) y Panulirus argus (langosta espinosa). Este estudio se
initio para reunir datos basicos de las capturas del pesqueria para pargos en
New Providencia con el intento de dar algunas recomendaciones preliminares
para el manejo de esta pesqueria.

Los datos se colectaron sobre todas especies de pargos en estos sitios de
captura: Potter's Cay Dock, Williams' Lane Dock, Montague Ramp, de
Montague; asi como una planta de procesamiento: Geneva Brass en tres
categorias principals:

i) El perfil del pescador inclusive la edad y su dependencia economica
en la pesca,

ii) Las opiniones del pescador con respecto a las regulaciones y abundan
cia de pargos, and

iii) Datos decapturas para el viaje inclusive el numero total de especies
capturadas, el largo, el peso, la localidad, y horas pescando.

De julio 1-16 2004, 706 pargos se midieron en puntos de captura; 25%
fueron inmaduro. Lutjanus analis es uno de dos especies de pargo listadas
como amenazados por el IUCN (Huntsman 1996). De los 4 especies cap
turadas, Lutjanus analis fue la especie que se capture mas frecuentamente
inmaduro. Para sostener la pesqueria comercial para pargos en Las Bahamas, el
manejo efectivo se debe aplicar.

PALABRAS CLAVES: Pargos, Lutjanidae, pesqueria comercial, Bahamas
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Photoperiod Effect in Embryonic Development of Queen
Conch, Strombus gigas (Linnaeus)

LUIS A. RODRIGUEZ GIL, ROBERTO ZAMORA BUSTILLOS,
JORGE TELLO CETINA, andYIGALL RODRfGUEZ ROMERO

Instituto Tecnoldgico de Merida
Km. 5 CarreteraMeridaa Progreso

Merida, Yucatan, Mexico

This scientific investigation is focused in the finding of basic biological
mechanisms in the involved in the culture ofStrombus gigas and the objective
was to determine the direct effect of photoperiods during embryonary develop
ment until final evaluation: hatching. Seven egg masses of the queen conch,
Strombusgigas still in their first cell divisions, were subjected to six different
photoperiod treatments in two phases. The first phase used 3 egg masses and
had a 5 hour advanced photoperiod and the second used 4 egg masses with a 7
hour advanced photoperiod. The photoperiods were advanced with respect to
18:00 hours (the normal time of sunset at the collection areas in Mexico). The
experiment apparatus consisted of 6 wooden boxes, each containing five
receptacles in which portions of each egg masses were placed. Seawater flow
was 200 ml/min at a controlled temperature of 27.8 ± 0.2 °C. The number of
larvae that hatched were counted in all treatments in intervals of one hour,
from the beginning of eclosion in whichever treatment took the longest to
complete hatching, with the objective ofobserving if embryos responded to the
different photoperiods. The results indicated that eclosion depended on the
alternation of light/dark, such that light could be programmed to advance up to
7 hours and that 3 cycles of artificial light/dark were enough to show enough
endogenous control suggesting that this sequence can be compared to a
biological clock regulated by photoperiod.

KEY WORDS: Mariculture, embryonic development, photoperiod

Efecto del Fotoperiodo en el Desarrollo Embrionario del
Caracol Reina Strombus gigas (Linnaeus)

Esta investigation cientifica esta enfocada en encontrar mecanismos
biologicos basicos envueltos en el cultivo de Strombus gigas y el objetivo fue
la determination del efecto directo del fotoperiodo durante el desarrollo
embrionario hasta el final de la eclosion. Siete puestas de masas de huevos del
caracol reina, Strombus gigas en sus primeras divisiones, fueron sometidas a
seis tratamientos de fotoperiodo en dos etapas. En la primera etapa se usaron
tres puestas de masas con 5 horas de adelantamiento de fotoperiodo y en la
segunda etapa se usaron cuatro puestas de masas con 7 horas de adelantamien
to. Ambos fotoperiodos de adelantamiento se efectuaron tomando en cuenta
como referenda el tiempo de 18:00 horas que es cuando normalmente ocurre
la eclosion en condiciones naturales al iniciarse la penumbra en el sitio de
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trabajo. El aparato experimental consistio de seis cajas de madera en la cual
cada caja contenia seis botes de plastico en las cuales las porciones iguales de
cada puesta de masa de huevos fueron colocadas, El flujo de agua de mar fue
de 200 ml/min a una temperatura de 27.8 ± 0.2 °C. El numero de larvas que
eclosionaron fueron contadas en todos los tratamientos en intervalos de una
hora, desde el comienzo de la eclosion en cualquiera de los tratamientos hasta
que finalizo la eclosion con, el proposito de observar si los embriones
respondieron a los diferentes tratamientos de fotoperiodo. Los resultados
indican que la eclosion depende de la altemancia de luz/obscuridad, tal que el
fotoperiodo puede ser programado por adelantado hasta 7 horas y que 3 ciclos
artificiales de luz/obscuridad fueron bastante suficientes para mostrar un
control endogeno, sugiriendo que esta secuencia puede ser comparada a un
reloj biologico regulado por fotoperiodo.

PALABRAS CLAVES: Strombus gigas, fotoperiodo, desarrollo embrionario,
maricultura

Fatty Acid Profile and Lipid Composition Related to Spawn
ing Cycle of Queen Conch Strombus gigas (Linnaeus), from

the National Park Arrecife Alacranes, Yucatan, Mexico

LUIS A. RODRIGUEZ GIL1, SANTOS AKE CANUL2, ROBERTO
ZAMORA BUSTILLOS3,

and YIGALL RODRIGUEZ ROMERO1
1Institute Tecnologico deMerida

Km. 5 Carretera Meridaa Progreso
Merida, Yucatan, Mexico

luisrdzgilQaol.com
2UADY. FacultaddeQuimica
3CINVESTA V-Unidad-Merida

Although fishing regulation may help to recuperate populations of queen
conch, other strong alternative that should be considered is mariculture. Studies
on the lipid composition and fatty acid profile may help to a better understand
ing to culture queen conch. Thus, the objective of this work was to determine
the lipid composition and fatty acid profile of the Queen conch Strombus gigas
(Linnaeus) related to their spawning cycle. The experiment was carried out for
two years (2202-2003). Sampling was performed in different organs before,
during and after spawning in the protected area of Arrecife Alacranes.
Extraction and determination of lipids was performed according the methodol
ogy ofPrivett et al. We found the highest percentage for phosolipids regardless
the organ from which the samples were taken. Fatty acids profile was deter
mined and related with the number of lays. We found that saturated fatty acids
decreased and the unsaturated fatty acids increased as the number of lays
increased. In conclusion, we found that the highest quantity of saturated fatty
acids before and after spawning. During spawning the saturated fatty acid
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decreased. Contrary to saturated fatty acids, monosaturated and polyunsatu
rated increased during spawning and decreased after spawning. This informa
tion will be very valuable for an improved management of this resource as well
as to encourage the development of aquaculture ofQueen Conch in Mexico.

KEY WORDS: Strombus gigas, lipids, fatty acids

Obtencidn del Perfil de los Acidos Grasos y la Determination
de la Composicidn de Lipidos con Relaci6n al Ciclo de Desove
en el Caracol Marino Strombus Gigas (Linnaeus) en el Parque

Nacional Arrecife Alacranes, Yucatan

La maricultura es una alternativa muy fuerte que debe considerarse y
dentro de esta practica esta la Bioquimica como una de las ciencias de apoyo
para el manejo del recurso relacionando los resultados de los tipos y clases de
lipidos con su ciclo de desove. Por lo que, el proposito de este trabajo fue
determinar la composition de lipidos y obtener el perfil de los acidos grasos
presentes en el caracol marino adulto Strombus gigas (Linnaeus) adulto
relacionado con su ciclo de desove. La metodologia que se utilizo para la
extraction y separation en clases de lipidos fue la de Privett et al y para
determinar el perfil de los acidos grasos se uso la cromatografia de gases
acoplado a un detector de masas. Los resultados estan comprendidos entre el
periodo de dos anos 2002-2203. En tres etapas del ciclo de desove se efectua-
ron los muestreos: antes, durante y al final en los encierros de caracoles en el
Arrecife Alacranes. Se determino la composition de lipidos totales en tres
etapas del ciclo del desove por organos. Se determino y cuantifico el perfil de
acidos grasos en cuanto a la abundancia de acidos grasos saturados, monosatu-
rados y Poliinsaturados y se relaciono con el numero de puestas en los meses
de desove observandose que al aumentar el numero de puestas disminuyen los
acidos grasos saturados y aumentan los insaturados. Se determino y cuantifico
la composition de los lipidos (clases de lipidos ) presentes en el caracol
marino adulto Strombus gigas y se obtuvo el mayor porcentaje para los
Fosfolipidos. Se compararon las clases de lipidospor organos observando que
el mayor porcentaje fue tambienpara los Fosfolipidos no importando el organo
analizado. Se llego a la conclusion que antes y despues del desove hay una
mayor cantidad de acidos grasos saturados y durante el desove disminuyen y
sucede lo contrario con los monosaturados y poli-insaturados que durante el
desove aumenta y al final disminuyen. Esta information obtenida es valiosa
pues contribuye a un mejor manejo del recurso asi como al desarrollo de la
maricultura del caracol reina en Mexico.

PALABRAS CLAVES: Strombus gigas, lipidos, acidos grasos
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Fisheries Oceanographic Study Using GIS for Understanding
the Changes in the Distribution of Mahi Mahi

Based on Tagging Data

M.A. ROFFER1, D. HAMMOND2, andF. MULLER-KARGER3
xRoffer's Ocean Fishing Forecasting Service Inc.

2827S.W. 69th Court
Miami, Florida 33155 USA

2Marine Resources Division, South Carolina Dept. Natural Resources
P. O. Box 12559

Charleston, South Carolina 29422 USA
*Institutefor Marine Remote Sensing, College ofMarine Science,

University ofSouth Florida
140 7th Avenue South

St. Petersburg, Florida 33701 USA

The main aspect of this research is to characterize the functional relation
ships that exist between dolphin fish (Coryphaena hippurus) and their oceanic
ecosystem. GIS is being used as a tool to help identify and quantitatively
characterize the environmental parameters that appear important in understand
ing changes in the distribution based on tag and recapture data. This research is
a multi-disciplinary study involving fisheries biology, physical oceanography,
and remote sensing. Part of this study is the development of image processing
and visualization tools to evaluate and merge data that exist in different spatial
and temporal resolutions, as well as, different spectral bands. Infrared and
ocean color - chlorophyll data will be derived from the AVHRR and MODIS
sensor on the NOAA, Aqua, and Terra satellites. Evaluation of the develop
ment and coherence in time and space of such physical parameters as ocean
frontal boundaries (temperature, chlorophyll, turbidity, etc.) related to coastal
plumes, as well as, Gulf Stream circulation features (e.g. meanders and eddies)
is a critical aspect of this research. The ultimate goal is to provide diagnostic
and predictive bio-physical models on the effects of ocean climate variability
to fisheries resource managers and policy makers.

KEY WORDS: GIS, mahi mahi, Coryphaena hippurus, tagging data

Estudio Oceanografico de las Industrias Pesqueras Usando
Sistema de Informaci6n Geografica para Entender los Cam

bios en la Distribution de Mahi Mahi Basada en Datos de

Marcaje y Recaptura

El principal aspecto de esta investigation es caracterizar las relaciones
funcionales que existen entre el dorado (Coryphaena hippurus) y su ecosiste-
ma oceanico. Se estan utilizando el sistema de information geografica (GIS)
como una herramienta para ayudar a identificar y a caracterizar y cuantificar
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los parametros ambientales que parecen importantes para entender los cambios
en su distribution basados en datos de marcaje y recaptura. Esta investigation
es un estudio multidisciplinario que involucra las areas de biologia pesquera, la
oceanografia fisica, y la detection remota. Parte de este estudio es el desarrollo
de las herramientas del proceso y de la visualization de imagenes para evaluar
y para combinar los datos que existen en diversas resoluciones espaciales y
temporales, asi como, diversas bandas espectrales. Inffarrojo y color del
oceano - los datos de la clorofila serin derivados del sensor del AVHRR y de
MODIS en los satelites de NOAA, Aqua, y Terra. Evaluation del desarrollo y
de la coherencia en tiempo y espacio de los parametros fisicos tales como los
limites frontales del oceano (temperatura, clorofila, turbiedad, etc.) relacionado
con los plumes costeros, tan bien como, las caracteristicasde la circulation de
la corriente del golfo (e.g. meanders y los remolinos) son un aspecto critico de
esta investigation. La ultima meta es proporcionar modelos biofisicos de
diagnostico y predicion en los efectos de la variabilidad del clima del oceano a
los encargados de administrar los recursos pesqueros y a los encargados de
crear las politicas de administracion.

The Distribution of Recreational Fishing Effort and Harvest
in the Waters Around Puerto Rico

HOLLY M. STONE1, DAVID W. CARTER2, and BRAD GENTNER3
'Cooperative InstituteforMarine andAtmospheric Science

University ofMiami
4600 Rickenbacker Causeway

Miami, Florida 33149 USA
2Southeast Fisheries Science Center

National OceanicandAtmospheric Administration
75 Virginia BeachDrive,

Miami, Florida 33149 USA
3NationalMarineFisheries Service

NationalOceanicandAtmospheric Administration
1315 East-West Highway, Rm 12439
SilverSpring, Maryland 20910 USA

The National Marine Fisheries Service's Marine Recreational Fisheries
Statistics Survey (MRFSS) has elicited catch and effort data from anglers
throughout the U.S. since 1979. However, the MRFSS collects little informa
tion about where anglers fish once they leave the shore. This information is
needed to evaluate the spatial aspects of recreational fisheries, including the
effects ofmanagement strategies such as marine protected areas.

As part of a pilot study in Puerto Rico, questionswere added to the 2003-
04 MRFSS asking anglers where they hooked the most fish and where they
spent the most time. We describe the development of the interview maps for
this project and report preliminary results for the winter months of data



Abstracts of Poster Presentations GCFI:57 (2006) Page 1039

collection. A Geographic Information System (GIS) was created to maintain
the project data and generate maps of fishing effort and harvest for the top ten
recreationally harvested species in Puerto Rico. The GIS and related maps
help identify spatial trends in fishing pressure and areas that might require
heavier sampling. They also help evaluate the potential scope of influence for
marine protected areas.

KEY WORDS: Recreational fishing, Puerto Rico, GIS, catch mapping, effort
mapping

La Distribuci6n del Esfuerzo y Capturas Deportivas en
Aguas Alrededor de Puerto Rico

La Encuesta de Estadistica de Pesquerias Deportivas (MRFSS, por sus
siglas en ingles) del Servicio Nacional de Pesquerias Marinas (NMFS, por sus
siglas en ingles) ha recolectado information sobre capturas y esfuerzo
deportivo en los Estados Unidos desde 1979. A pesar de esto, existe escasa
information sobre las actividades de los pescadores deportivos una vez que se
alejan de la orilla. Esta information es necesaria para evaluar aspectos de
pesquerias deportivas, incluyendo los efectos de estrategias de gestion
espaciales como el uso de reservas marinas.

Como parte de un estudio piloto, se anadieron preguntas a la encuesta del
MRFSS del ano 2003-04. Estas indagan donde los pescadores deportivos
capturan la mayoria de sus peces y donde pasan la mayor parte de su tiempo.
En este resumen, describimos como se desarrollaron mapas para las entrevis-
tas, y presentamos resultados preliminares recolectados durante los meses de
invierno. Un Sistema de Information Geografica (GIS, por sus siglas en ingles)
fue creado para almacenar la information y para generar mapas que detallan el
esfuerzo pesquero y capturas de las diez especies deportivas mas importantes
de Puerto Rico. El GIS y los mapas contribuyen a identificar tendencias
espaciales en el esfuerzo pesquero y areas que podrian necesitar mayor
muestreo. Esta information tambien ayuda a evaluar el area de influencia de
reservas marinas.

PALABRAS CLAVES: Pesca deportiva, Puerto Rico, GIS, cartografia de
capturas, cartografia de esfuerzo
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A Population Survey of the West Indian Topshell
(Cittarium pica; Trochidae) in the U.S. Virgin Islands

WES TOLLER1 and SHENELL GORDON2
'Division ofFish and Wildlife

45 Mars Hill

Frederiksted, US Virgin Islands 00840
2Division ofFish and Wildlife

6291 Estate Nazareth

St. Thomas, US Virgin Islands 00802-1118,

The West Indian topshell, Cittarium pica (Trochidae), is an intertidal
gastropod that is commonly harvested for food throughout the Caribbean. In
the U.S. Virgin Islands, Cittarium is caught by commercial, recreational and
subsistence fishers. However little is known about Cittarium population
structure, making it difficult to assess the impact of harvest upon local
populations. In order to provide baseline data for fisheries management, we
conducted intertidal surveys of Cittarium populations on St. Croix, St. John,
St. Thomas, and associated offshore cays of the USVI. Our results showed
considerable site-to-site variation in Cittarium population structure: average
density and size varied both within and among islands. At most sites, larger
adult Cittarium (> 62 mm shell width) were either rare or absent, and generally
at densities of < 0.2 individual/m2. Inaccessible sites and sites within no-take
areas had higher densities of large Cittarium. These data suggests that harvest
ing has impacted population size structure by removal of the largest individu
als. The abundance of young-of-fhe-year Cittarium (< 10 mm shell width)
varied substantially among sites, but high densities (> 10 individuals/m2) were
not uncommon. This observation indicates that Cittarium recruitment levels
may be relatively high but are spatially localized. We identify and discuss
factors that may contribute to spatial variability in Cittarium population
structure (e.g. substrate composition, habitat topography, exposure to wave
action). We conclude that harvesting and variable recruitment patterns are two
of the most significant determinants of variable Cittarium size distributions in
the USVI.

KEY WORDS: West Indian topshell, Cittarium, whelk, rocky intertidal,
ecology, fishery

Un Muestreo de la Poblaci6n de Cittarium pica (Trochidae) en
los Islas Virgenes de los EE.UU

El caracol, Cittarium pica (Trochidae), tambien conocido como burgao, es
un gastropod frecuentemente cosechado para comida en las aguas del caribe.
En las islas Virgenes de los Estados Unidos (USVI), el Cittarium se pesca para
el comercio, recreation o para subsistencia. Sin embargo, poco se conoce
acerca de la estructura de las poblaciones del Cittarium por lo que resulta
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dificil determinar el impacto que tiene la pesqueria en las poblaciones locales.
De tal forma, hemos conducido estudios de las poblaciones del Cittarium en
las islas de Santa Cruz, Santo Tomas, San Juan y otros islotes pertenecientes a
USVI. Obtuvimos resultados bastante variados entre las distintas localidades:

el tamano y densidad promedio varia entre localidades y dentro de una misma
localization. En la mayoria de las localidades grandes Cittarium adultos (> 62
mm achura maxima) eran poco comun, y generalmente con densidades
menores de 0.2 individual/m . En las areas en que el acceso es prohibido o
restringido hay mayor densidad de Cittarium grandes. Estos datos indican que
la pesqueria ha impactado la estructura de la poblacion del Cittarium por
medio de la elimination del individuo mas grande. La abundancia del
Cittarium joven del ano (<10 mm anchura maxima) vario substancialmente
entre localidades, pero densidades altas (>10 individuos/m2) fueron comun.
Esta observation indica que los niveles del recrutamiento pueden ser relativa
mente alto, pero estan localizado esparcidamente. Indentificamos y discutimos
los factores ecologicas que pueden contribuir a los variables esparcidos en las
poblaciones del Cittarium (ej. composition fisica del suelo, topografia del
habitat, y exposicion del movimiento de las olas). Concluimos que la pesqueria
y patrones de recruitamiento variadas son dos de los factores principales en la
estructura de los poblaciones del Cittarium en el USVI.

PALABRAS CLAVES: Caracol, Cittarium pica, estructura de las poblacio
nes, pesqueria

Diagnostic of the Recreational Scuba Diving Activity in
the Marine National Park of Fernando de Noronha, PE.

FLAVIA C.TONIOLI', EWERTON WEGNER2,
OLDEMAR CARVALHO JR.3, andMARCUS POLETTE3

234Universidade do Vale do ItajaiUnivali-CTTMAR
Brazil

This paper's main goal is to characterize recreational SCUBA diving
activity in Fernando de Noronha National Marine Park, located in Pernambuco,
Brazil.To analyze SCUBA diving activityand the operatingconditions of the
scuba diving operators, a team from the laboratory of submarine diving from
UNIVALI accompanied these divers while observing the following criteria:
behavior of the divers during dives, observing whether organisms were
touched or disturbed; the diver's floatability and swimming skills; the condi
tions of vessels used for scuba diving operations, and the availability of safety
and live saving equipment. Each individual diver was profiled and their own
level of satisfaction was evaluated via a semi-closed questionnaire. In addition,
data on SCUBA diving impacts on the marine environment was obtained and
divers were given an opportunity to suggestsolutions for these impacts.During
the expedition to Fernando de Noronha we observed increasing levels of
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SCUBA-based tourism in the area in spite of a lack of adequate infrastructure
and management nor enforcement by responsible Park authorities. We find it
particularly necessary to restructure the existing management plan paying
special attention to the impacts of recreational diving. Another problem
observed regarding recreational SCUBAdivingwas the lack of legislationthat
assures the security and rights ofall divers.

KEY WORDS: SCUBA diving, marine parks, Brazil

Diagn6stico de la Atividad de Buceo Recreativo en el Parque
"Nacional Marinho de Fernando de Noronha", PE.

El presente trabajo tuvo como objetivodiagnosticar la actividadde buceo
recreativo en el "Parque Nacional Marinho de Fernando de Noronha",
localizado en Pernambuco, Brasil. Para analisis de la actividad de buceo
recreativo y de las condiciones de operation de las operadoras de buceo, un
equipo del laboratorio de Buceo Submarino de UNIVALI, acompano los
buceos. Los criterios Uevados en consideration fueron: el comportamiento de
los buceadores durante el buceo, considerandose el toque en organismos o en
el substrate, la forma de natation y el controlde flotabilidad; las condiciones
de la embarcacion para la operationde buceo; los procedimientos y equipos de
seguridad que acompanaban cada operaci6n. Para conocer el perfil del
buceador y evaluar su grado de satisfaction, fue aplicado un cuestionario de
modelo semicerrado. Se busco information sobre el impacto relacionado con la
actividad de buceo y algunas soluciones de manejo para minimizarlo, por
medio de consulta literaria. Se observo durante la expedition de estudio un
desarrollo del turismo subacuatico en Fernando de Noronha, sin embargo, sin
manejo e infraestructura adecuados, ademas de la falta de fiscalizacion de los
organos responsables. Es necesario, entonces la urgente necesidad de reestruc-
turacion de los planes de gerencias vigentes, y que estos contemplen la
actividad de buceo recreativo. Otro problema observado para el buceo
recreativo fue la necesidad de una legislation que garantice la seguridad y el
derecho de todos los buceadores.

PALABRAS CLAVES: Buceo recreativo,parque marinho,Brasil
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A GIS-based Characterization of Commercial Sponge Popu
lations in the Florida Keys, Florida (USA)

ROXANNE C. TORRES1, MARK J. BUTLER2, andBRAD SHELLITO3
'Department ofBiologicalSciences

OldDominion University
Norfolk, Virginia 23529-0266 USA
2Department ofBiological Sciences

OldDominion University
Norfolk, Virginia 23529-0266 USA

3Department ofGeography
Youngstown State University

1 UniversityPlaza,
Youngstown, Ohio 44555 USA

Nearshore hard-bottom communities constitute ~ 30% of the coastal zone

of the Florida Keys, Florida (USA). Sponges are characteristic of these
communities and several large sponges are commercially fished, representing
approximately 1% of the total invertebrate harvest in 1999. Hippospongia
lachne (sheepswool sponge), Spongia barbara (yellow sponge), and Spongia
graminea (glove sponge) dominate the •commercial sponge harvest in south
Florida and were the focus of this study. Our goal was to determine the spatial
structure of these communities with particular emphasis on the region distribu
tion of commercial sponge species in the Florida Keys. Data were obtained as
part of a survey conducted in 2002 of 117 GPS-positioned hard-bottom sites
distributed throughout the Florida Keys in a double-stratified (region x depth)
design. At each survey site, four 2m x 25m non-overlapping belt transects
were surveyed and all sponges > 10cm diameter were enumerated. A GIS
model was produced representing the spatial distributions and abundances of
H. lachne, S. barbara and & graminea. For each site, distance to land, water
depth, and bottom type classification were used to determine the influence of
these variables on the distribution, abundance, and co-occurence of the three
sponge species. A kriging interpolationwas used as a predictor of abundances
in adjacent areas. This information, along with other data collected on hard-
bottom community structure, sponge growth, and sponge fishery impacts, will
be used to assess the efficacy of current management policy in maintaininga
sustainable fishery and healthy sponge communities in the Florida Keys.

KEY WORDS: Sponges, GIS, population assessment, Florida

Caracterizaci6n Basada en GIS de las Poblaciones de Espon-
jas en Florida Keys, Florida (USA)

Communidades cerca de la orilla de fondo dure constituen 30% de la zona
costera de Florida Keys, Florida (USA). Esponjas son caracteristicas de estas
communidades y varias esponjas grandes son pescadas commercialmente,
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representando approximadamente 1% de la cosecha total de invertebrados en el
ano 1999. Hippospongia lachne, Spongia barbara, y Spongia graminea
dominan la cosecha en el sur de Florida y son el foco de este estudio. Nuestra
meta fue en determinar la estructura espacial de estas communidades con un
emphasis en la distribution regional de las especiesde esponjascommerciales
en Florida Keys. Datos fueron obtenidos en parte de una encuesta realizada en
el ano 2002 con 117 GPS posiciones de fondo dure distribuidos por todo
Florida Keys en un diseno region x profundidad. En cada sitio de la encuesta,
cuatro zonas de tamano 2m x 25m fueron creadas en los cuales todas las
esponjas > 10cm fueron contadas. Un modelo GIS fue producidorepresentan
do la distribution y abundancia de H. lachne, S. barbara and S. graminea. Para
cada sitio, una clasificacion de la distancia a tierra, la profundidad del agua, y
el tipo de fondo fueron usados para determinar la influenciade estas variables
sobre la distribution y abundancia de estas tres especies de esponjas. Una
interpolation kringing fue utilizada para predecir las abundancias en zonas
adyacentes. Esta information,junto con otrosdatoscollectados en la estructura
de las communidades de fondo dure, crecimiento de las esponjas y impactos de
la pesca de esponjas seran utilizadas para valorar la efficacia de la corriente
poliza en la administracion en mantener una pesca sostenible y una communi-
dad de espongas sana en Florida Keys.

PALABRAS CLAVES: Esponjas,GIS, poblaciones,Florida

Using GIS to Measure Multiple Scales ofTopographic
Complexity for Reef Fish Assemblage Structure and Species

Distribution Analyses

BRIAN K. WALKER

National CoralReefInstitute
NovaSoutheastern University-Oceanographic Center

8000 North Ocean Drive

Dania Beach, Florida 33004 USA.

The diverse variables involved in determining the spatial relationships of
reef fish obfuscate predicting their distributions. Topographic complexity
(rugosity) ranks high among these variables, influencing reef fish assemblage
structure and species distribution. This relationship is scale dependent. Reef
fish respond to different scales of topographic complexity according to their
body size, habitat use, and behavior. The smaller, resident fishes, such as
gobiids or pomacentrids, are influenced by rugosity on a much smaller scale
than larger, transient fishes like Scarids or Acanthurids. Therefore, similar to
reef fish population assessments, topographic complexity mustbe sampled at
scales appropriate to the targeted organism(s). In most studies, this relation
ship hasbeen overlooked. One explanation forthis oversight is insitu rugosity
measurements, such as the chain method, are easily attainable for small, linear
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survey areas (on the order of ten of meters); However, for larger, broader
survey areas (on the order of hundreds of meters), they are cumbersome and
less feasible. The work herein introduces a novel method utilizing remote
sensing technology and landscape ecology GIS tools to obtain reef topographic
complexity. A rugosity index calculated in GIS from remotely sensed data
allows the comparison of fish species distributions to areas of differing
complexities on multiple scales. This method may provide new perspectives
for understanding the affects of rugosity on reef fish assemblage structure and
distribution. This work will also contribute to the development of a predictive
model resource managers can use to economically and accurately estimate fish
densities.

KEY WORDS: Rugosity, GIS, topographic complexity, reef fish, remote
sensing

Utilizaci6n de GIS para Medir Multiples Escalas de Compleji
dad Topografica para Analizar la Estructura de Ensamblajes

de Peces de Arrecifes y la Distribucitin de Especies

Las diversas variables envueltas en la determination de la relation

espacial de peces de arrecife ofuscan la prediction de la distribution de los
mismos. La complejidad topografica (rugosidad) es de alto rango entre estas
variables, influenciando la estructura de ensamblajes de peces de arrecifes y la
distribution de especies. Esta relation es dependiente de la escala. Los peces
de arrecife responden a diferentes escalas de complejidad topografica de
acuerdo al tamano del cuerpo, uso del habitat y comportamiento. Los mas
pequefios, peces residentes, como los gobidos (gobiids) o pomacentridos
(pomacentrids), son influenciados por la rugosidad a una escala mucho menor
que los peces mas grandes, peces transeuntes como los escaridos (Scarids) o
acanruridos (Acanthurids). Por lo tanto, de igual manera a los ensamblajes de
peces de arrecife, la complejidad topografica debe ser muestieada a la escala
apropiada para el o los organismos interesados. En la mayoria de los estudios,
esta relation ha sido obviada. Una explication para este descuido son las
medidas de rugosidad in situ, tales medidas, como el metodo de cadena, son
facilmente realizadas en areas pequenas, sondeos de areas lineales (en el orden
de decenas de metres). Sin embargo, para areas grandes, sondeos en areas
extensivas (en el orden de centenas de metros), son incomodos y menos
factibles. Este trabajo introduce un metodo novedoso que utiliza la tecnologia
de perception remota e instrumentation de GIS para ecologia de paisajes para
obtener la complejidad topografica de arrecifes. El indice de rugosidad
calculado en GIS a traves de datos percibidos remotamentepermite la compa-
racion de la distribution de especies de peces de areas de complejidades
diferentes en multiples escalas. Este metodo puede proveer nuevas perspecti-
vas para entender el efecto de la rugosidad en la estructura y distribution de
ensamblajes de peces de arrecife. Este trabajo tambien contribuira al desarro
llo de un modelo predictivo que podra ser utilizado por manejadores de
recursos para estimar la densidad de peces de una manera economica y exacta.
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Study of the Relationship Between Ocean Environmental
Parameters and Pelagic King Mackerel Fish Resources

C. C. WALL1, F.E. MULLER-KARGER1, and M.A. ROFFER2
1Institutefor Marine Remote Sensing, College ofMarine Science

University ofSouth Florida
140 7th AvenueSouth

St.Petersburg, Florida 33701 USA
2Roffer's OceanFishingForecasting Service, INC.

2871 SW69th Court
Miami, Florida 33155 USA

Environmental parameters detected by NASA satellites are used to study
habitat and to characterize the relationship between habitat and economically
important pelagic fish resource, namely king mackerel (Scomberomorus
cavalla). Kingmackerel spendmuch of their life in the surface mixedlayer of
coastal marine water and along a narrow range of ocean temperatures.
Changes in the surface ocean should affect the fish distribution and apparent
abundance. Analysisof physical parameters, such as ocean frontalboundaries
(temperature, chlorophyll, turbidity) related to coastal plumes and Loop
Current circulation are correlated with the mackerel catch data collected
througha collaboration with fishermen during tournaments. Historicand real
time sea surface temperature and ocean color data are obtained from the
AVHRRand MODIS sensors for watersoff TampaBay, Florida where fish are
caught. These data are combined with other oceanographic data (wind,
thermocline depth) to define quantitative relationships between mackerel
distribution and their ecosystem. ArcGIS™ and its geostatistical analyst
extensions provide the necessary tools to map, interpret and statistically
quantify fish and ecosystem relationships. Other oceanographic products
useful for future climate-based ecosystemresearch will be studied and tested.
Initial results show a higher percentage and quantity of fish caught in areas
with baitfish than without. Mackerel are observed at an average surface
temperature of 21.3°C with a standard deviation of ±1.36°C. The study will
help understand critical habitat for oceanic pelagic fish and the factors that
determine their abundance. Ultimately, conceptual models on the effects of
ocean climate variability and anthropogenic pressures on ecosystemdynamics
of king mackerel in coastal waters off Tampa Bay will be developed and will
serve as the basis for future climate-basedecosystemresearch in other areas.

KEY WORDS: Environmental parameters, king mackerel, Scomberomorus
cavalla,
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Un Estudio de la Relaci6n entre Parametros Ambientales

del Oceano y el Carite Lucio

Parametros ambientales obtenidos por satelites de NASA se utilizan para
evaluar y caracterizar la relation que existe entre el ambiente marino y los
recursos pesqueros, especificamente el pez carite lucio (Scomberomorus
cavalla). El carite lucio pasa gran parte de su vida en la capa mixta superior de
aguas costeras y entre un rango estrecho de temperaturas oceanicas. Cambios
en la superficie oceanica pueden afectar la distribution de peces y su
abundancia aparente. Analisis de parametros fisicos tales como la frontera
oceanica frontal (temperatura, clorofila, turbidez) relacionados a plumas
costeras, y la circulation costera superficial fueron correlacionados con datos
de captura del carite se colectaron gracias a la colaboracion de pescadores
durante toraeos de pesca. Historico y el mar de tiempo real la temperaturade
superficie y los datos del color de oceano se obtienendel AVHRR y sensores
de MODIS para aguas de la Bahiade Tampa, la Florida donde pesca se agarra.
Estos datos se combinaron con datos oceanograficos (e.g. viento, profundidad
del termoclino) para determinar cuantitativamente la relation entre la
distribution del carite y su ecosistema. El programa ArcGIS™ y sus
componentes geoestadisticos proveen las herramientas cartograficas necesarias
para interpretar y cuantificar estadisticamente la relation pez-ecosistema.
Ottos productos oceanograficos considerados utiles para investigaciones
futuras de ecosistemas climaticos son evaluados. Resultados preliminares
muestran un mayor porcentaje de pesca en areas donde se encuentra peces
carnada que donde estos no existen. El carite lucio se observa a un SST
promedio de 21.3°C con una desviacion estandar de ±1.36°C. El estudio
ayudara a entender el habitat critico parapez pelagico oceanico y los factores
que determinan su abundancia. Ultimamente, los modelos conceptuales en los
efectos de la variabilidad del clima de oceano y presiones de antropogenica en
la dinamica de ecosistema de la caballa de rey en aguas costeras lejos Bahiade
Tampa se desarrollaran y servira como la base para la investigation clima-
basado futura de ecosistema en otras areas.

PALABRAS CLAVES: Parametros ambientales, carite lucio, Scomberomorus
cavalla
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Development of Pedro Bank Management Project: Reducing
Human Impact on Remote Coral Reef Cays, Jamaica

NATHALIE ZENNY

TheNature ConservancyJamaica Country Programme
32 Lady Musgrave Rd. Unit 5

Kingston 5, Jamaica

Live coral cover has declined dramatically along Jamaica's coastline from
over 50% in the late 1970s to some 5% in the 1990s. The WCMC estimates
that 99% of reefs in Jamaica are at risk. Due to its remote offshore location and
relative isolation, the Pedro Bank (approximately 30 miles southwest of
Jamaica) is one of the country's few relatively healthy reef systems. However
intensive fishing and high human densities are impacting the area and rigorous
conservation measures are needed if Pedro Bank is to remain a viable and
functioning ecosystem. The Pedro Bank project aims to minimize coral reef
degradation by providing solutions to two main threats notcurrently addressed
on the Bank- directoverfishing of resources anddegradation of coralreefs and
coralcaysdueto unsustainable development. Weaimto minimize these threats
by working hands-on with multiple stakeholders (e.g. fishermen) and those
agencies responsible for regulating and protecting reef resources (Fisheries
Division and NEPA(National Environmental and Planning Agency). The two
main project objectives are:

i) To fill critical data gaps to inform effective conservation strategies,
and

ii) to assistregulatory bodies withthemanagement of thearea.

The Fisheries Division has specifically requested assistance with (a) an
evaluation of current biological and human conditions on the Cays and
surrounding areas and (b) a plan to begin developing effective and practical
management and zoning strategies for the Pedro Bank beginning with the
Cays. The project is global in concept and utility; located in Jamaica's Pedro
Bank, but with application to the Caribbean region and other coral reef and
offshore submerged bank ecosystems worldwide. In addition, the improved
management of this area may have a positive effect on regional fishery
(particularly conch) resources because of the high degree of connectivity
associated with the Caribbean current.

KEY WORDS: Pedro Bank, Jamaica,offshoresubmergedbanks, biodiversity,
overfishing, community-basedconservation
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Desarrollo del Proyecto de Gerencia de Pedro Bank: Reduc
cion del Impacto Humano en los Arrecifes de Coral de los

Cayos Remotos, Jamaica

La cobertura del coral vivo ha disminuido dramaticamente a lo largo de la
costa de Jamaica desde por encima del 50% a finales de los aiios 70 a alrededor
del 5% en los anos 90. La WCMC estima que el 99% de los arrecifes de
Jamaica se encuentran en peligro. Debido a su localization alejada de la costa,
Pedro Bank (unas 30 millas de Jamaica) es uno de los pocos sistemas de
arrecifes sanos de todo el pais. Sin embargo, la excesiva pesca y las altas
densidades de poblacion humana estan impactando el area, y rigurosas medidas
de conservacion son necesarias si se quiere que Pedro Bank siga siendo un
ecosistema viable.

El proyecto Pedro Bank se centra en minimizar la degradation de los
arrecifes de coral mediante el tratamiento de dos de sus principales amenazas
que actualmente no son tenidas en cuenta en el Banco - la sobre-pesca de
recursos y la degradation de los arrecifes y los cayos de coral debido al
desarrollo insostenible. Pretendemos minimizar esas amenazas trabajando con
multiples accionistas (p.e. pescadores) y aquellas agendas responsables de
regular y proteger los recursos de los arrecifes (Fisheries Division) y NEPA
(Agenda Nacional de Medioambiente y Planificacion). Los dos principales
objetivos del proyecto son:

i) Rellenar vacios de datos criticos parainformar de estrategias efectivas
de conservacion y

ii) Asistira los individuos reguladores con la gerenciadel area.

La Fisheries Division ha solicitado especificamente asistencia con (a) una
evaluation de las situaciones actuales biologicas y humanas en los Cayos y las
zonas adyacentes y (b) un plan para comenzar a desarrollar estrategias
efectivas y practicas de gerencia y zonas parael Pedro Bank, empezando por
los Cayos. El proyecto es global en concepto y utilidad con aplicacion a la
region caribena y otros arrecifes de coral y bancos sumergidos en todo el
mundo.

PALABRAS CLAVES: Pedro Bank, Jamaica, bancos sumergidos, biodiversi-
dad,sobre-pesca, conservacion communitaria, planificacion para la conserva
tion de areas, caracol, aves marinas




