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I’REFACE 
- -

The work described in th i s  volum e was performed under Cont-ruot No.
DACW39— t~ — C-~~ S1~ between the U. ~~. Army Engineer Waterways Experiment
Station ( WES), Vickshurg , Mi~~;. • and the Florida Department ot Natural
Resources. The work was sponsored t~y the U. ~~. Army FIIgIneer Distriot ,

Jacksonville, and by the CVfI  or , ChIef 01’ Eng I nrrr~~, U. ~~. Army .
This is the first ot ’ e ight  volumes that oom;t itute  the f ir s t  of

a series of reports documenting a i r’ge—~~~~ie oprrt ~t loIn; mtu iagernent tr~;t

ot ’ the use ot’ the whi te  waur for control of problem aquatic p1~uit o in

Lake Conway , Fla. t’port I presents the rr~;u it.~; ~~ the base Line ~; tud i r~;

ot ’ Lake Conway ; subsequent reports wil l  present the annual p o t ~;t - oo k i ng

results.

This volume was written i
~
y Mr. Ltt r ry  H . NaU. and Mr.  ~l otiroy P.

Schardt of the Florida Department ot ’ Natural I u rces .  The nut ltor ;~
wish to thank Mr. Robert L. Laaor Cor his ad tn in i st r at iv~’ m anagement or

the pro~1ect and his aid in plant i dent I fi cat  ion b io log i st ;; Terry ~o Lds t ’y

David Tarver . and especially Mike Mahier for tht ’ir h e l p  w i t h  swnpl imtg

dur ing  the i ni t ia l  months or the project , and particularly our f i e l d

assistants , John Swed and Chip ~witideti and out’ ~~cre tu r y  , Lis ~‘rey

The work was monitored at WES t u  the M o b i l i t y  and Env irotunentnl

~y stems Laboratory MH~ L I  , under the gemtern I supcI’v Is ion of Mr. W .

Shockley , Cli I e t’ 01’ I:~~~, ;uid Mr . l~ • C. Penn , Chi t’ t’ Of the Emivi ronmeti t  a I.

Systems Div Is ion , ~nd under t he .1 i rec t superv is ion 01’ Mr.  J . L. Pece 11

Chief  of the A4uat to Plant l ’senrcui Pranch M~I ’I I ’I . The MU’hi Is now pttt’t

of the recently org;ui I ~ed Environmental I nborn t  ory ot’ which Pr. •1 ohu

Harrison Is Ch let’.

Commander and P1 nec t On o t’ WES dur tu g the perIod of the comit  m c  I

was CCI J • 1. Cannon , CE. l’ec hmi ton I l~ I nec ton wu s Mr. F. H. Drown .
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LARGE—SCALE OPERATIONS MANAGEMENT TEST OF USE OF THE

WHITE AMUR FOR CONTROL OF PROBLEM AQUATIC PLANTS

BASELINE STUDIES

The Aquatic Macrophytes of Lake Conway , Florida

PART I: li~~BuDUCTTON

1. rhe U. S. Army Corps of Engineers is charged with the responsi-

bility of maintaining the navigability of the nation ’s waterways as one

of’ its primary tasks. Nuisance aquatic plants often so clog these water-

ways that navigation is greatly impeded. Chemical plant controls , which
the Corps presently uses , are expensive and only temporary . The Corps ’

Waterways Experiment Station (WEs) has begun a search for biological

control agents for aquatic weeds. Biocontrol promises to be the best

long—term and least expensive solution to the problem. The white amur

(grass carp) has shown the greatest potential as a biocontrol agent for

aquatic plants , especially hydrilla , the submerged plant which creates

the greatest problem in the South.

2. To evaluate the effectiveness of the amur as a weed control

agent , the Corps selected Lake Conway as a test site. The official

title of the project is “Large—Scale Operations Management Test of Use

of’ the White Amur for Control of Problem Aquatic Plants” (LSOMT). From

the Lake Conway study , the Corps hopes to assess the environmental impact

of the f i sh , evaluate its ability to control vegetation , develop ecolog-

ical models to predict the effect  of the f ish on other systems , and

devise a management plan for large—scale use.

3. Various Florida agencies have been contracted by the Corps of

Engineers to conduct research on a particular phase of the project. The

Game and Fish Commission is sampling the fish and waterfowl populations .

Orange County Pollution Control is collecting water and sediment samples.

The University of South Florida is monitoring the herpetofauna and the

University of Florida is studying the plankton and periphyton . The

7
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PART I I :  LITERATURE REV I EW

The Biolo’~~ of’ Aquatic Macrophytes and Tue ir
In~portance to an Aquatic Ecosystem

7. Although a iuatic plants are frequently neglected in ecological

studies they may have a more profound influence on an aquatic ecosystem

than any other factor. Their role appears to be highly complex and is

only beginning to be understood . The basic review of aquat ic  p lant  biol-

ogy which follows should aid in the understanding of this report. The

most extensive reviews of aquatic plant biology are Sculthrope and - -

Hutchinson.

8. Aquatic plants are predominantly monocot angiosperms adapted to

an aquatic exist-once. Existence in an aqueous medium Is a severe disad-

vantage to a plant because of reduced li ght and CO and 0,., diffusion

rates. Hutchinson cites a study which showed that a particular moss

required ten times the concentration of C0,~ when submerged to produce a

photosynthetic rate equivalent to normal terrestrial photosynthesis.

t)~ Aquatic plants have undergone several major changes to adapt to

t hese conditions . Wetzel cites the following modifications:7

a. Thin and f inely divided leaves for u t  greater surface to
volume rat io  which aids surface gas and ion exchange.

b. Chlorophyll located in the epidermic for bet ter  reception
of’ low l i gh t .

• e’. Uti l iza t ion  o t’ bicarbonate in the absence of CO0.

d. Nutrient absorption through leaves as well its roots.

e. Reduction of supportive and vascular tissues which are no
longer requi red.

10. l’~nergent plants have kept t h e  ch ta ruu’  t o t ’  tnt . I e’s 01’ t e r r e s t r ial

plants and thus have t h e  considerable advantage el’ utilising 0,, and 1’C~
from the atmosphere plus the abundant nutrients and water t’t’orn the lit —

toral zone.

11. Aquat i e plants when present  ti r e ’ .ttit pot ’tattt  to a 1 ILKe ’ func I. I ott-

ing  as:

a. A subst r a t e  for pert  phyton and ben th ic  t~~r i t t  I suns.

I. A nutrient cycler.

• 10
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e. A food source.

d .  inh ibator of phytopiankt uu and st’nle zooplankton .

e. Cover for larger organi sms.

t’. An int ’luence on the chemical componit ion of’ I - he water.

~~~. An influence on the hydrologic cycle.

i t .  Directly or IndIrectly responsible for  most of ’ a lake’s
product ion.

10. Perhaps the most impou ’tant function 0 1’ aq ua t i c  plant s in a

lake i s to provide habitat for other organisms . Harrod an d H all hypothe—

sized that the biomass of ’ periphyton and the associated community are

directly proportional to the’ surface  area of the submerged plants. They

t ’el t. that the surface area of’ plants is a valuable parameter and sug—

gest .e’d a method t’or its measut’ement .

13. Aquatic plants can be valuable for a fishery by providing

tiut . mIen t n  u i d  ii subs t. u~u t I .e for per iphyton viii ch is necessary for macro—

I t i v e r t - e b r u t  I.e product ion ; although tie ti’! tus materials are supposedly m o re

productive us a sut~strate tit an any aquatic plan t c o mm u n i t i e s .
t) h J~~ M a r t i n

and Oft i reman described a new devi ce to sample macroinvert.e’brat.es on

hydrilia and presented In formation  on it s  fauria .3
~’ Au i tic reuse In vege-

tation dens i ty can increase macrolavertebrate divers i ty and standing

crop.  ~~• Although aquatic plants indirectly provide much Visit food via

macro invertebrat e product Ion they can also have considerable det -r ime n—

ta]. e f t ’oct on t’Ish product ion.  Dense s ta nd s  of’ aq uat ic plant s prov ide

excellent cover t’or fom’utge fishes ~ ~ This covet’ can ncdttct’ produi t ion

by p1 s t ’ ivorous f t  sh ie s thus reducing production . The cover can also enli st ’
15, to , 11

overpopulation and stunting of the forage species. Numerous an-

t- ht~ mn 1 nclud lug Buck t’t ai . Heman ct a].. and Hickman and Comt gdout ci he
- 1 ’  414.an Improvement in the fishery when aquatic plant-s are removed .

Ph i l l ipphy  br ief ly  reviewed the po si t ive  uttid negat ive ef fects  of ’ vege-

tation on fisheries. Carter and Hestand found that a ~0—1i0 percent

cover of’ aquatic vt’ge (ri. t. ion Is noOt’nmn m~y to stahl 11 ~it ’ a lake ’s water

quality and phytoplankton populat I ott. They stat o that i i  or i dii t’l sliery

hi olog I st-n recommend a ~0 p er cent .  cover for  maximum fi shery produc—

t Ion. .0  C u r t - e r  and Hestand be.1 I eve that a t i O pt ’t ’ccnt cover would be

1• 1•

- -  - ~~~~~~•



a good compromise between water condition , fisheries , and lake

ut i l iza t ion.

~~~ Aquatic macrophytes , Including the charophytes , are able to

actively remove nutrients from the water column and the seditnents. 6 121

There has been considerable debat e over whether the roots or the leaves

are the primary site of absorption . In fact , roots were once considered

as organs of attachment only . ‘ However , it has been shown that the
. 22 ,6 ,21 ,7roots are the primary site of absorption . Also , bottom type

( and its nutrient content ) greatly influences plant distribution .23 
. -~

Even the rootless Ceratophyllum deinersum and the sparsely rooted hydrilla
showed s i g n i f i c a n t l y  greater growth when planted in a rich mud versus a

.4 poor sand substrate. Hydrilla appearec. highly dependent on its root sys-
tem which is curious in view of that system ’s relatively small size. 23

Even the nonvascular charophytes can absorb nutrients from the sediments
and translocate them upward. 6

15. Since the leaves of aquatic plants are capable of absorbing

nutrients from the water , it has long been assumed that the submerged

plant community removed nutrients from a body of water , thus inh ib i t ing

other forms of plant growth. This might not be true! McRoy and Barsdate

showed that Zoster marina absorbed radioactive phosphorus from the ~edi-

ments and transported it throughout the plant where much was lost to the

surrounding water. 214 Reiniold showed a similar action in Spartina alter-

niflora .25 Wetzel stated t hat aquatic niacrophytes secrete dissolved or—

ganic carbon and N .~~
‘ 

Wetzel discussed the factors influencing dissolved

organic matter secretion and product ion in calcareous lakes. Wetzel

and Manny foun d that the organic carbon secreted from macrophytes varied
26from one to ten percent of the total carbon fixed . They also discov— £1

ered that the secreted compounds were simple sugars, primarily glucose ,

and that as eutrophication increases , so does the relative percentage of

secretion. Wetzel and Manny also stated that secretion proceeds faster

in the dark and Hough and Wetzel foun d that the secretion rat e was up to

twice as fast in darkness as in light .
23 

They also found a seasonal

variation which showed a four times increase during the fall senescence •

Allen found that Najas flexilis secreted seven percent of the total

12
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dissolved organic carbon f ixed during a 3.3/Is hour period .29 Allen fell

- - that this  nutrient  secretion was responsible for much of the epiphyt ic

production , which was 21. 14 percent of the total production in his study

lake . The presence of diatomaceous epiphytes actually induces an In—

crease in the rate of seeretlon .’ This could indicate a type of’ symbio-

sis between submerged plants and their epiphytes. McRoy and Barsdate

hypothesized that the primary site of nutrient uptake and the amount of

secretion is controlled by the relative concentration of the nutrients

in the water and sediments.2

16. The presence of aquatic plants may physically and chemically

alter a body of water. During photosynthesis , plants consume CO2 and
produce 02, and thus , could oxygenate a lake. But , during respiration ,
the reverse is true and the plants can deplete a lake ’s oxygen . Buscem i
desci ibed oxygen depletion produced by a heavy cover of Elodea canaden —

30sis. The depletion was caused by inhibi t ion of vertical circulat ion

and by oxygen consumption by lower stems and leaves shaded by the sur-

face cover. Westlake calculated that 1.78 kg/rn2 fresh weight of
2 —1Potamogeton pectinatus can produce 0.72 g 02/tn hr and could raise

the dissolved oxygen content of a stream by 2 .6 ppm per kilometre. 31

The consumption of CO2 causes a shift in the inorganic carbon s tate .  A

raise of pH accompanies this shift and the relative supply of carbonates

and bicarbonates increases. These compounds can be used as carbon

sources but are less efficient than C0
2, 

titus , production in lower.6 In

one case, Potaxnogeton crispus metabolism caused a rise In pH to 10.2

which inhibited spawning in bass. 32 The measurement of’ the evolution

and consumption of 02 
and CO0 has been the basis  for production studies

of many lakes and species of plants. Most of the  studies are probably

invalid because the effect of the lacunal system was not considered .

The lacuna]. system in aquatic plants is a storage reservoir for excess

CO2 and 02 • The plants will consume the products stored in this system

i efore drawing them from the water , thus the lacuna] . system dampens the

effect  the plant has on the lake.

17. The hydrologic cycle Is also affected by aquat ic  plants.

Typha latifolla was shown to tr iple water loss per unit  Inhab it ed  amen

13
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during the day.
6 This is caused by transpiration and increased evapora-

tion because of reduced water movement . The net loss of water , however ,
-

- 
- is actually lessened, because the plant s impede air movement which would

carry away the moisture-saturated air and increase evaporation .

Transpirat ion does not occur at night.
18. Aquatic macrophytes may possibly be a phytoplankton inhibitor .

Penfound an~ Hasler and Jones have observed inhibi t ion of the phytoplank—

ton by aquatic macrophytes but were unable to find the cause.~
14 ’~~ Pos—

sible reasons cited were as follows: competition for nutrients , shad ing ,

or an inhibiting antibiotic .

19. Although aquatic xnacrophytes are poorly productive when corn-

pared to terrestrial plant s they are often directly or indirectly respon—
36sible for most of the production in a lake where they are abundant .

Rich et al. found that macrophytes produced 148.3 percent of the produc-

tion (82 .77 g C/m 2 .yr~~ ) of a Michigan marl lake.37 Adams and McCracken

measured a production rate of 3.35 g C/m2.day~~ for Myriophyllurn spica—

tum.~
8 As previously mentioned , aquatic plants are responsible for

most of’ the nutrients used by epiphytes, which also constitute a con-

siderable portion of the lake’s production . Submerged macrophytes may

outproduce phytoplankton three to four times per unit weight.

Biomass and Production Studies

20. Although aquatic macrophytes often represent a substantial

portion of the production in many lakes and are a vital part of the eco—
system, many ecological studies totally ignore this phase of the system.

In fact , only two major lininology texts, Wetzel and Hutchinson , ade-

quately review the aquatic macrophytes.~~’
6 At best , aquatic plant stud-

ies have been directed at species composition and percent cover along

point transects. Present estimates of vegetation for plant control are —

made by estimating percent cover. This in quite inadequate since chemi— 
. 

-

cal and biological control agents will affect the biomass of plants

rather than the percent cover which might be totally unrelated . The

reason for this lack of knowledge is an absence of technology .39

114
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“Standard Methods for the Examination of Water and Wastewater ,” which is

the bible of water quality studies , devotes only a page to the subject
and in essence states such studies should be done but offers little infor—

mation on technique .140 R.  D. Wood authored a manual on “Hydrobotanical
Methods” which gives step—by—step procedures for aquatic vegetation sur—

veys and estimation of production using laboratory techniques; however,
little guidance is given for the measuring of biomass, especially for

1lake systems.

21. Westlake and Fosberg adequately reviewed the problems facing

an investigator in this field.Is2~
39 Aquatic plant biomass is extreme ly

variable through time and from point to point and plant distribution is
often non—random. This creates difficulty in normal statistical methodo—

logy. Westlake recommends a stratified random type of sampling design .

Sampling in large areas without vegetation produces a large amount of
zeros in the data which further complicate analysis. Biomass analysis

of only the area with plants was recommended. He also suggests restrict-

ing intensive sampling to homogenous quadrants representative of the lake.

Recommended sampling techniques include using a diver with a standard

square or various 1ypes of grabs ( i . e .  Eckman , Peterson , et c . ) .  Lind
and Cottam , Wood, and Wood and Hargraves also recommend the use of scuba

divers to sample aquatic vegetation.
14
~ ’~~ ’

14
~ Fosberg states that diving

with a square is inconvenient , slow , the visibility is poor (resulting in

sampling error),  and the square placement can modify the plant mass

resulting in a non—representative sample.39 We heartily concur with his

opinion . Westlake and Harrod and Hall warn that grabs may yield errone—

ous sainpies .42
~

8 In Florida , these grabs can not contain the quantity
of vegetation they sample. Fosberg constructed a sampling device speci-

fically for dense vegetation , but concedes that it only works on a soft

bottom and that it consistently underestimates the standing crop. 39

Rich et al. used a free—falling steel tube with a toothed cutting edge

but found it was not effective in elongated plants such as Potaznogeton .37

Manning and Sanders described their sampler , which is a free—fal l ing
0.37~In

2 
box with a sharp cutting edge.

146 
This sampler also requires a

diver to manipulate a cutter to sever the plants at the hydrosoil;

15
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although this appears to be the best aquatic macrophyt e sampler reported

in the literature to dat e , the use of a diver makes it time consuming and

inconvenient . Owens et al. correlated biomass with light extinction us—

ing a submarine photometer and thus developed a technique acceptable for

rapid survey. Westlake errphasizes that there have to be tradeoffs be-
tween time , manpower , funds, and the quality and quantitiy of dat a
taken .142

22. Westlake also att empted to standardize terminology and techni— - -j
ques since the results of earlier studies were not comparable because of

the variety of techniques used. 35 The following terms were defined :

a. Crop——total weight taken over a period (usually excludes
roots) .

b. Standing Crop——weight harvested from an area at a part icu—
lar time .

c. Yield——crop expressed as a rat e per unit time .

d. Biomass——wei ght per unit area (all parts included).

e. Productivity——production per unit time.

t. Gross Production——production with respiratory losses in—
cluded .

&~ 
Net Production—-production excluding respiratory losses .

23. The terms crop, standing crop , and yield are non—technical and

imprecise since they are based on crop which varies with each investiga-
tor ’s need. The other definitions are fixed and precise.

2 14. Production may be estimated by measurement of change in bio—

mass or by measuring changes in 02 and CO2 (which can often give mislead-
ing results) or by measuring uptake of radioactive 

114
0 which requires

. 36 ,141,148
some rather specialized equipment and procedures. Time units

used in calculating productivity may be chosen to suit the particular

situation and the results can be expressed as weight , organic matter or

carbon per unit area per unit time .35 Westlake states that the maximum

seasonal biomass of’ aquatic macrophytes probably represents one year ’s
production since, in his estimation, no more than 20 percent could re-

main from the previous year and these will probably die during the course

of the year .35

25. Westlake also report s that the maximum known biomass of a

16
- i
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freshwater aquatic macrophyt e was 680 g dry weight/rn2 of Ceratophylluin

demersum .~
6 Adams and McCracken found the maximum standing crop of

Myriophyllum spicatum was 172 tons dry weight in a 139.6 ha Wisconsin

lake (112 g/m
2
). The maximum production found was 3.35 g C/day

l
/m
2
.
38

Adams and McCracken reviewed other works on Myriophyllum and concluded

that their biomass and production values were much higher than any pre-

viously reported. Oduzn found 578 g dry weight/m2 for Sagittaria lorata H
in Silver Springs , Florida .4~ Penfound reviewed production in aquatic

plant s and found that they exceeded the production of typical field crops - -

such c.s hay , grasses and rice. He noted that the highest aquatic plant

production occurred in the spring and fall and the lower in summer. He

concluded that this was due to the low photosynthesis—to-respiration ra-

tio which occurs at high temperatures .3 Adams and McCracken , Odum , and

Westlake state that peak biomas s occurs at the time of frui t ing or
38 ,149,36flowering .

A Review of Hydrilla Verticillata Royle

26. A review of the information available about hydrilla is ap-

propriate here since control of that plant is the ult imat e goal of this

research .
27. Hydrilla is a submerged , rooted vascular plant which belongs

to the family Hydrocharitaceae . The plant is long and flexible with

branching stems and is supported by its own buoyancy . The leaves are

found in whorls of lt—8, typically five. The internodal distance is

highly variable depending on water conditions and light. Only the female

plant is known in the United States. Pendland studied the internal an at-
50omy of hydrilla. The plant forms dense growths in many lakes and typi-

cally forms a thick surface mat which restricts light penetration .

Hydrilla may have 20 percent of its total biomass in the upper 10 cm of

the water column . 51 The plant is often confused with two other members

of the family , Elodea canadensis and Egeria densa. Serated leaf margins

distinguish hydrilla from those plants.
28. Hydrilla was introduced into canals in south Florida in 1960 ,

L 

presumably by the aquarium industry. ~The plant is now found in Alabama,

17 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — --- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _4~l



- ‘~~W? V ’  ‘~~~‘~~~ —-—‘r - — ..._ -~~~
_.- - 

~~~~~~~~~~~~~~~~~ 
- 

• . ‘ • ‘ ‘~~~~~~~~~~~~~~~~~~~~~ -,

Georgia, Louisiana, Texas , Iowa , and California. Ilydrilla has the abil-

ity to rapidly infest and dominate an aquatic environment . Hydrilla went

from a l—h~ infestation in 1971 to a 12~1)—ha v mge In four years In

Rodman Reservoir. In Orange Lake, hydrilla spread form 1 ha to over

14000 ha in three years; th is  represents a ~k) percent cover for that

lake. ~~ Lakes George , Jackson , ukeecliobee , Seminole , ‘l’ohopeka].iga, and

East Lake Tohopekaliga, which are some of Florida ’s most famous and most

ut ili zed lakes , all contain recent hydrilla populations wh ich  have the

potent ial for major in fes ta t ions .
.‘~) . 2ince the male plant is absent from the United 5tat-es , all

reproduction is asexual. Hydrilla reproduces itself from fragmented t i s —

sues , rhlzomes , t un ons (axial formed buds ) , and t- ubern at a dept ~
~, 

-
~to lC) cm in the hydrosoil. Tubers are the most Importa t source of’

regrowth of hydrilla and are highly resistant to environment-al. and )U—

trol t’actors . Tuber formation ~~~~ from ~~~ ~~~~~~~~~ through Ap r  [1 i n

Florida ; germination occurs throughout the ~~~~~~~~~ , though pr mar i ly i n
514 . . . -spring and summer. Tuber si ~e and number are positively correlated

with water depth. Light is the only known stimulant net’~led t’or ~~~~~
Haller and Sutton found 2~ ( tubers per square metre in a study

pond . 1 Tubers may lie dormant but viable for up to ten years .~~~

~O . Hailer and Sutton studied the t’ompet- it  i ye ab j i l t  y of It y—

dr illa .~~ The plant is highly efficient in its uti1i:~ut- ion ot’ light .

Hydrilla can actively produce at ten to tw elve  microeinsteins t~t see 1

which is equivalent to about three percent- of’ high in c iden t  li ght leve ls .

This is sign i f ican t ly  less than other Florida spec ics which m i ght compete

with hydrilla. Many species are adapted to narrow light realms, rest n e t —

ing their distribution within a lake. Hydrilla has none of these restric-

tions ; it can colonize the deep low light areas as well as shallow high

light situations. Chromatic adaptation and et ’t’ie lent eommser vat ion of

respiratory energy are partially responsible for the ability to exi st i i i

low light . ‘
~~~~

‘ iiy~ir i i  in also has a low percentage (i percent of root s

relative to its biomass . A high proportion ot’ mi oti — pho t - o symm t -lte t Ic

* W . T. Haller , personal communication .

- --
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material deprives the rest of t he plant of much of’ its emierg~ ~
51 The - 

-

ab i l i ty  to photosynthesize in low light levels is a special advantage in
the early morning. Hydrilla is able to use the free CO that was evolved
during the night ’s respiration before the other plants arc active . Use

ot ’ CO~~. versus use of IICO ,— , is much more efficient . The thick canopy —

fot ’med by hydrilla cut s light- penetrat ion by as much as ~)5 percent in
the 1” inst 0 . 3 in , whi cli ci in i min t es other competing species and insures a

monet v pi e t and of hydrilla.

4. The light—saturated photosynthetic rate for hydrilla was
round t o be ‘~ .1t 

~ mole CO ,/mg
1 Chl/hr1. This rate is similar to those - -

report od earl i or by Van ct al. Studies ott the b ioinass product ion by

hydril la ar c lacking. Hailer and ~ut ton found 1814 g/n
5 of’ dry weight in

shut low ponds . This is not particularly impressive compared to reports

on other spec i os cit ed previoUsl y . The dry weight of hydrilla varies I -

t’rom “ . ~ to 1 ‘ . “ percent of t im e  wet- weight accordi mig to Boyd and
‘O~ ~~)

1$laekt ’ur ii ~ l~ . 3 percent accord Lug to Tan . Lit t le  Lake Barton in
*

~~ lumid o contained an average of ,‘ . ~ 1-) kg /n i  wet we.i glit. in October , 1

rea.k 1’ i onmuss appears t-o occur in late summer at the time of flowering .

i.’ . After peak hiomass is at t i m i n c d , a rapid decline occurs .
i’h is dccl i tie appears to he more ~Irust ic in hydrilla than other submerged
plant s , which seems curious f o r  such an agres si vely compe t. it I Vt’ plant

This dccl inc is ot’ particular interest since it represents a possible - 
-

weak point in t he plan t- ‘ s life cycle. berg stud led t h i s  phenomenon and

found 1-ho dcc l i tie is caused by (1 ) an overabundance of t-ox i t t  produc i mig

epiphvt-ic bac t c n n  promoted by dissolved organic matter secreted by the - 
- -

tmyd r ii In ant • .~) epipl~rt Ic I tit - ent ’eremmee with CO , di f~~is ion , ( 3 )  self

shad l u g,  ,li) seasonal reduct ~i on In solar m d  -i at ion which causes respiru—

t ion t o  I tic reuse and negative product ion to occur • There is also a

poss i hi ii t-y that ity d r i i  la undergoes iti t I ti l t . I I t s  IO se t i sOt la  1. decline mc—

~ard I ens 0!’ external t ’ao t o n s . Temperature i s not sitspec t cd since the

dccl tue also occurs in south Florida where t emperature drops tire not

severe

* John Osbormic , personal commtuiicat ion.
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Coat no]. of hy drilla is accomplished almost cut  i tn 5  I y w i t  li

lie n1~ i ci don . Mechanical control in  expetis i ye and anaL’ I c  t o keep tip w it it

r ap id regrow t i i .  j i j  000rit  no] agent are unknown , except t’or t lie w h i t  c tunur

wh jolt j~ st ii. I experimental . Prtw~towti s an excellent coat no! measure

t’or hytiri h a  hut. t h e cap ab ility is oft en not. present and the t abc t a t -c

ret; tnt nut and mt~~ pt ’esi st for natty years . Coat no 1 o t’ Imy dri ii a by con—

rolling it s nut i - i  emi t has been i~ 
no posed but as yet has t tot been deve-

loped. ~
‘ L PL iant  with copper and Etidot hal 1 compounds appear to give t lie

longest  control of’ hydrill -a and t’avor regrowt it of t i n t  lye ~‘l nut s but d iem I

cal cout not onus en eons I do rub I c i nba.l ntioe lit wtt t o t ’  ~iua I it ~\

~ l~~ ’ t oplankt on populations. ~

F’ee~ll ng Pre t
’cret;ccs o t ’ t. he Whi t e Amur

s liown t he appro x i mat  c order of t e e d  i ag pro fc ret; cc of

the whit o amur on spec i cs common to  }5 i c r  Ed it . The list was dot . j \5-~~S~~j  f t ~om

the I it - cmat  une listed on the t nb~e . Ocean oanl ly  sut~ ec ’~ I ye  ,~udgemcn1

watt used to integrate t h e var loan at tidies. i’~dw;trdn retorted t hat grass

carp gra:e~I l it -  t lc on ot hem 55cc i cs when a hi ghi  1 y pro formed spec tea was - 
-

present . ‘ Edwards a_iso stated that It ’ N i t c i l a  hook er I , a high ty pro for—

nod species , was present , no other species woit Id he bony i ly gra:ed . h ow—

over , it is iuiknown it ’  the I’ i nit En select i ye wht’n t wo or mom’e hi ghtl y

t’nvorcd spec i en art’ present-
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PART I II :  METHODS AND MATERIALS OF AQUATIC
PLANT RESEARCH IN LAKE CONWAY

Aquatic Macrophytes

35. The term aquatic macrophyte is not clearly defined and usually

varies from one study to another often according to the author’s “likes”

rather than a standard definition . This study will use Fassett ’s defini-

tion of aquatic macrophyte as a plant that may, under normal conditions ,

germinate and grow with at least its base in the water and is large

enough to be seen with the naked eye.72 This definition includes the

macrophytic algal family Characeae ; however , in our usage no other

algaes are included . The large filamentous algaes are not accurately

sampled with our device.

Identification

36. Plants collected during this study were identified using

Fassett, Beal, Hotchkiss, Muenscher, and Hadford et ai.7
2_76 

For each

speci es, photographs and voucher specimens are taken. If our identifica—

t ion is questionable for any plant, the specimens will be sent to var-

ious museums until they can be accurately identif ied.

Study Site

37. Lake Conway is a 737.1—ha lake (Figure 2) located in South

Orlando , Florida.77 The lake is divided into five interconnected pools

consisting of’ Lake Gatlin, Little Lake Conway (east and west pools) and

Lake Conway (north and sout h pools). Lake Conway is an urban lake rep-

resentative of central Florida. The typical shoreline vegetation of

cattail (Typha latifolia L.), maidencane (Panicum hemitomon Schult), and

torpedograss (Panicum repens L.) has been removed around much of the

lake. Illinois pondweed (Potaznogeton illinoensia Morong.), nitella

(Nitena megacarpa), American eelgrass (Vallisneria americana L.), and

hydrilla (Hydrilla verticilla Royle) are the dominant submersed aquatic F
21 
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ten . Pondwced is a pt’ob loin i t t  part :; oh ’ the lake . Hydrl h a  b i t t  a been
a prob I i’m;; in the past , but i t~ lots not recovered front a chemical treat—
mnent in lQU~.

Tra nsects

38. Each month , 18 transects (Figure 3) t i r e  sampled at 100—rn in—
tervals with a prototype biomass sampling barge (Figure na). The barge

is  f irmly anchored over the sample site and the sampling device (Fig— 5

ure 1mb) is slowly lowered through the water column . As the cylindrical

sampler is lowered , the rotating blades cut a core through the vegeta—

t .io tm , Upon contact with the bottom , doors on the bottom are closed and

t im e sampler is returned to the surface bearing a 0.257—rn2 sample of veg—
etation (Figure I-ic). The sampler is powered totally by hydraulics.

About ~oO stunphen are obt,:m i ned each month.

~a• Each sample is sepat’atcd to species. Reproductive structures ,

I ’ any , are noted . Mud and poripityton are washed front each sample timi d

excess water is removed by vigorous shaking. Fresh weit-~i tt - in then taken

to t im ~’ nearest. gram . Faci i  sample is then put through a five—minute spin

eve I in a wash i t ig mach inc to insure th at all excess water is reitmoved

t ig :m i i i  each; sample in weighed i. e t h e  nearest gram. All samples time dried

I 1 f or  , ‘l~ hours In a c irculat I tig ni r— ty pe oven and then we i ghied

t o  lie m i c a  ret t .  t h o u sand t im of’ a gram m m c d  lately to ave i d hygroscopic

, m’rers . All t Im roe methods of we i gim I t i g  are mine d so t u t u  t . the pro,j ect

, ‘cs ;m I i s  will be conipa i’tu bi e wi tim other experiments which use only one of’

I ,  l i i  se m e t h ods

Random itamp1in~

ItO. Transect. a trnpl I ng, because of its Ci xcd mmtm t .iimm ’ , cannot o s t. i  —

mate t in’ actual amount of vegetation in the lake. Random sampl i ng can

give an estimate c i ’ th is value mm , : well mm: ; an oat .  i ma t o  of I ts m u ’ o m i m ’ t mc y

~“ I xcii :~Ltnp I lag is more tmppt’op rirtt.e Cot’ accurately m e a su r i n g  c l i t u t i g e  m i t .  mm

part. I c m i  t a r  po u t.. Random sampling moqu I t’es .’t I t inge  musher of samples

2
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-
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for accuracy . Since time and manpower are r e s t r i c t i v e , random swnp~ ing

will  only he performed annually in August and September .
ltl• Each pool of Lake Conway was overlaid with a numbered grid

system. An adequate number of sample sites were chosen by selecting

numbered squares at random from the grid. Only wet weights were

measured.

Fixed Plots

1~2. Eighteen permanently marked 0.10—ha plots (Figure 5) are

located in representative areas of the lake. Shortly after sampling

began, plots 12 and 17 were t reated with herbicide by residents and were

therefore omitted . Figure 6 shows a representative plot. A scuba diver

swims a random underwater pattern wi th in  the plot while making ~O visual

observations. This yields species composition of’ the area. Two v e g e t t m -

t ion  heights are measured at exactly the same po in ts  each month. Two H

random t t r eas  withia t lie plot mtt’e select-ed and a 0. ‘‘~—wi ’ cc veget ation I a

removed by the diver . Front th i s  aquam ’c , the vegetation height is meas-

ured , the number of rooted stems is counted , and the internodal lengths

and stem lengths of representative plants are recorded .

Exclosui’es

1t3. Several 5— x 5—rn exclosures will be placed in heavily vege—

t.ated areas. These areas should visually shm ~w the effect of the axnur

around the structure, while offering an untouched control area inside .

Each month one random 0.25—rn2 of vegetation will be taken and t reat ed

mis are the plot quadrants above. Hxclosures will also be monitored

photographically.

Divers i ty

~~ The number of species arid their relative abundance (elt .uut’r

number or we~ ght ) Is important , to ~‘ Oim:m I der. Many mathemat i emil
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distributions have been used to describe these species—abundance rela-

tionships with a single value. Poole reviews the use of various diver-

sity indices.~
8 The commonly used Shannon—Weaver species diversity

index ( H ’ ) ,  which is based on information theory , is modified for use

here.
145. Shannon—Weaver diversity indices can be calculated in each

pool of the lake for each month of the year , using the standing crop

data collected from the transects and random sample. Diversity of the

sample plots can be computed by using percent frequency of occurrence

for the species rather than weight values. The assumptions of the

Shannon—Weaver index are random sampling and presence of all species in

the sample. Transect samples violate the random sampling assumption and

none of the sampling methods reflect all of the species found in the

lake. Thus, the results of these indices must be viewed cautiously .

However, it should be realized that the purpose of presenting these

values is to observe their change from year to year rather than report

them as accurate diversity values.

146. Two variations of the Shannon—Weaver formula were used :

H = (N log
10 

N—En.1og
10 

n.)

where:
C = 3.321928

N = n~
= percent occurrence observed for the ~

th species

and

H sc 
= ~ 1og~~ N—En .1og10 

n .)

where:

C = 3.321928

N = n i th
= standing crop observed for the i species
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— Vegetation Maps

lt7. Monthly vegetation maps will be prepared by patrolling the

lake margin and noting plant distribution against an enlarged aerial

photograph. Only marginal and visible submergent vegetation will be

recorded. This should show gross changes in vegetation distribution ,

as well as provide ground truthing for aerial photography.

Fathometer Studies

148. During August 1977, measurements of the bottom contours were

taken with a recording whiteline—type fathozneter along closely spaced

transects throughout the lake . This yielded the bottom morphology . The

whiteline feature enables accurate separation of the vegetation from the

bottom contour thus yielding the submerged vegetation map.

Definit ion of Terms

49. The following terms are used throughout the report :

Standing Crop——weight of vegetation above the hydrosoil per
specified area per unit time .

Percent Frequency Occurrence——number of samples in whic h a
species occurred divided by the total number of samples taken —

multiplied by 100.

Standing Crop (AP)——standing crop—area present, determined by
totalling the weight collected for a species and dividing by
the number of samples where that species occurred. - 

-

Standing Crop (TA)——standing crop—total area, determined by
totalling the weight collected for a species and dividing by
the total number of samples taken .

Actual Standing Crop Change——the difference between the stand-
ing crop (fliP) values of sample period N minus sample period
N + 1. May also be called “yield.”

Relative Standing Crop Change——the actual standing crop change
presented as a percentage of value for sample period N.

Daily Standing Crop Change-—the actual standing crop change
divided by the number of days in that sample period.

30
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Density——number of plant stems per unit area .
Height Profile——avera ge height above the bottom of the plants
in an area .

Statistical Design

50. Ideally , before un der t aki ng any research problem , the inves-
tigator should specify his goal, decide exactly what hypothesis he

wishes to test and design his experiment to effectively test that hypoth-

esis, which includes selecting the most prudent statistical analysis

procedures to test the results. Too frequently the investigator chooses

his analysis procedures after conducting the experiment , which may allow
his personal bias to affect the outcome.

51. Although we are, unfortunately , also guilty of beginning our

sampling program before giving much thought to statistical analysis, we

have, at least, attempted to select the best applicable procedures avail—

able and decided what results will constitute success or failure of the

experiment before we have begun to interpret the data.

5~ . The experimental design of the LSOMT dictates that the lake

system parameters be monitored for one year before stocking. The year

of the baseline data 
~~~ 

is to be compared to the subsequent test years

(Y~ , Y3, etc.) to determine the effect, if any (see Reference 14” , the

white amur has on the Lake Conway ecosystem .

‘~3. The analysis of the transect data will he done point by point.

That is, data collected during 
~h 

at a particular point along a transect

will be compared with data collected at that point in subsequent years.

The results of this analysis for 200 sample points will be voluminous

and would not be possible without the WES computing facilities. The

results will be presented as a percentage of points which have changed

significantly . When Interpreting these results, one should realize that

at a 10 percent level of significance , for example, with J~O0 separate

tests being run, about 20 of the findings will he significant by chance

alone. Thus, if after 200 tests only 20 were found significantly dif—

ferent, the results should be interpreted as no change in the lake. The

transect points may also be averaged. This will be extremely valuable
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for descriptive purposes, but it is not amenable to statistical analysis.

514. The t—test or a one—way analysis of variance (ANOVA) would be

effect ive in analyzing the difference between years at each point ; how—
ever , the seasonal variability plus sampling variation would lessen the
power of the test . A paired t—test eliminates the seasonal variation -t
since it analyzes the difference between pairs of data ( in this case

comparable months in the baseline year and treatment years) rather than

two separate groups of data. 79 The paired t analysis will be used for

all before—and—after type testing with the exception of the plot fixed

heights and possibly the random samples.

55. The assumptions of the paired t—test  are : (1) random sampling ,
(2)  some positive correlation between samples in 

~b and Y2, et c . ,  and
(3)  normality and homogeneity of variance. Sampling methods within the

permanent plots are random ( except the fixed heights) .  The sample taken

at each point along the transect is also assumed to be randomly selected .

Thus , assumption one is satisfied. It appears logical to assume that ,
in general , dat a taken at a point in should roughly correspond with

data taken at the same point in subsequent years ; however , this must

remain unconfirmed until the correlation can be tested . If assumption

two is not verified, a normal t—test or a one way ANOVA can be substi-.

tuted. Assumption three also cannot be evaluated until subsequent years ’
data are analyzed. ANOVA and t—tests are tolerant of some deviation

from normality or homogeneity of variance but if a large deviation

should be discovered , the Wilcoxon Matched Pairs Sign Rank Test can be

substituted .80 The test is non—parametric and does not require that . -

assumption three ‘be true.

56. Power is the probability that a statistical test will detect

a difference between the population if that difference exists. The

significance level (ce ) is the probability of rejecting a hypothesis if

it is true (Type I error).  Power and significance are closely related.

If one seeks to avoid rejection of a true hypothesis by choosing a small - -

he loses power and thus is less likely to detect a difference that

exists. The analyst must choose an acceptable compromise between the

two . Table 3 shows the power of the paired t-test at various

32
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whichever form is needed for comparison with other studies. The values

presented in Table 10 are averages of the percentages of the relation-

ships between the various measures. The coefficient of variation ex-

presses the variability of this percentage value and the correlation

coefficient from a linear regression expresses the accuracy of conver-

sion between the types of measures. This analysis is only preliminary

and was conducted on the first few months of data for which the various

measures were available. Spun and dry weights were not measured during

the first four months of sampling because of a lack of equipment . Once

a full year ’s data is accuMulated , a more sophisticated analysis will

be conducted (see statistical methods section).

68. The dry/wet percentage is the relationship most frequently

discussed . Ten percent is usually the value cited as the typical dry!

wet percentage. This is exactly right for hydrilla and pondweed .

Nitella and eelgrass have a percentage of about eight percent. The

smallest correlation coefficient for any of the relationships was 0.83

for nitella’s dry/wet ratio; this value is sufficiently high to indicate

that the conversion between the measures is acceptable. Most of the

other relationships have coefficients of 0.97 or better indicating a

very high conversion accuracy.

69. A t—test was performed to discover if the dry/wet percentage

was statistically different . The results showed that nitella contained

less dry matter than either pondweed or eelgrass. Nitella was not dif-.

ferent from hydrilla because of the large variation in hydrllla’s dry!

wet ratio.

Variation of the Weight Measures

70. To increase the power of the statistical methods , it is nec—

essary to choose the weight measure with the least variability

(Table 11). The coefficient of variation was used for comparison - -

(refer to statistical methodo1o~ r for further discussion). In each

case, except for the dry weight of hydrilla, the wet weight had the

least variation ; the spun weight was slightly more variable and the

31
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dry weight w m l m m  I 1 m m ’ l m m o m m t  v n r l m m l ’ l  i’. Tlruni , mu I we I~t 1m1 m m u m m e s i  1 m m  1 h I m -

! ‘ t  ~~~~~~ 
i~~h t -  ufl 1 c m m m :  ot  tii ’rw I st’ n o t - e d .

i I t , a t i d  I t u ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i v ’ r m 5i t ~ ’

I’rodmms t,ion
-
~ . Plic rt ’ : m i l  1 1 mm 01 ’ t i m e i’ :i n id om 5: i f lmj ’  I c m m  o t ’ m iii I hc - psa ’  1:: m u l ’ m ’ t ’r ’—

m m i ’ti t i ’d t ’on’ I i i i ’ m mmmi ,l , ’r’ j ’ l mi r mt m m iii ‘I’:il’ l e I - ‘ ar id  hi -\ pp — m m s i  i x  A I t m - m m ’  t ’ m - m m m r l  t mm

:ur ’ i’ given iii more del m u I muimd m m t  rat- I ‘1 i~ si l’v sl ept ti ns s m i m ’ m :  t ’om’ c : u ’ l i  I mu d i v i i —

nat  poo l . These ~‘mi l m ~~’m m :m i i o m i l  d hi ’ ,‘ o m m m m  I der e i t im e m is t m u  : i m m m , ’ m m n m t  ot ’ \‘c 1t ’—

t a t  I cmi itt I i i —  tmm kc m i t  t h e  I I t in ’  of  m nmtm ~ ’ I I r i g .  ‘t’ho m’ e m : l r  I t m m o l ’ I in ’  t , m ’ : i m m : a ’ ,’

m m : t m p l  t ’ mm m ire l t r ’ m : m ’ nm I - d runner I e m i l  l v  in A p p e n d i x  11 m u t i  gr aph i emi l l~\’ t, i ’s ’ m ’

:m pce I i ’:: w i t it  m m m i  t’I’ I~’ i - - t n t  si mm 1:1 t o  i I h i m: t cm i Im - I m’c m msi m m in Appen dix C . ‘ i ’ l i e m m m ’

v m u  lii i ’m : m i r e  ~ier’  I v ’ ,l by mm v m ’n’ m m g  i n m 1t  t lie simi I mm t ’O i i i i s i mit m i l l  I r m i m m m m t ’ s ’ t po I m i t  m m

wi tmt i in  — mmotm i’ s ’s ’ I . ‘ l i i i ’ t. n’ mt n i: m eo I simm I:i m : I m o m t  I d  m: imo w ~‘mi m ’ i :m I- ion 1 m m  t in— m t  : i m i s i —

nig s ’r op t’m ’ l m m t  I Vi ’ I 0 I t i e  m i s ’ t mi:u l i’~’~’mi h a t  I on l’mit m :iiomi Id not be li m It ’ 1 I ’

n a ’ i t m ’ t - m m e n m t  1 1mm ’ m i s t  m i m i  I mummo unt , 01’ v ’ 1-:c t m i t  Iotm In t i m e  i m -ik.’. Append I ~ P i -ma ’ —

semi  t . mm t i m e  m i s  t i t m i  I m i n d  cc l m i t  I y e  s I u m i n g i -’s m m m t  mi n m ~1 i r ig s m ’  ‘p bet w ’~ ‘m m mont  1 m m :

I ’ : i m m i ’ si  ‘ ‘ m m t i i ’  mi ~’ m ’ n ’ m i , - m ’s1 t - n ’ m i m i m m m ’s ’ I m :t -m i s l l r i g  m ’m ’e i ’  A l ’ . ‘h’ii i ’ s ’h m m u n e  i ’m: m u m ’ ’

mm I so  ‘~ p m’ i ’-~: m m i ’s1 m m : :  , ‘ l ’ mi m mm: m per ’ m : s l m t m u u ’ e  mmi ’t I ’m ’ p en ’  ,j a y  ~m t ’n mi ’ ‘ slay
t f or  i ’ i ’ s ’~~~

- l i m o  t i  on i  e m m t  i m : m m m  I I O n .  Tabi  c 1 ot ’t ’m ’r s c : m : m \ ’  oot t ip i im’  I m :e l t  s ’m ’ I hi ’ m i m m \ ’ i ’gm ’t  m i t  i ’d

m a - m i  l ’ m’ t ’si I c  t ’~s i l’v I - t i N - i ’ m m - I i j O s i m I . ‘rite I : m r ’ g m ’ m m t  d i  1s ’ m’ I ’ I ’ m u m s ’y l a - I  ween t ime

‘m :t I mm i m i I I s ’mm s ’ 1’ t ime  t - m ’ m m m m . - m es ’ 1 m m  mind t ’ m m m m , i o n m m  m m m m m m m p  h’ wa m m 1 ,  pm ’ r ’ec rm I w im I u ’h I: :

m m s ’t  m i : u l l v  v~’rv I I t  I I c ~5 t m i m :  i sim ’m ’iuig l iii’ d i  I ’ I ’cm ’ m ’ n i s ’m ’ in  met  imo ~io L - , ’cy . ‘l’ ’t m , 1

a m ’ m ’ m m  of ‘ m s t m  ~s ’o 1 1:: mu I mIS p t ’ e m a - m m t  ‘ i  iii Tub Ii ’ I ~~ .

‘
i
’
~~
’. A p p e n d i x  0 se nt m t i n t : m  mmi tm i t :m ot ’ l i i i ’ 5 i l m m t r i  l ’ iu t  i s ’m m 01 ’ t i n ’  m mm:u ,15 ’m’

m i t t ’ ~n m ’ m ’ m : ’ s i  p~l : i n m t  m m  1 m m  (h e  I m ike . ‘l’in ’ : : t -  mmn i  1 5 m m  wer e  i l r m m w n i  11 mm 1 m m - ’ s I m i  1 mm I ’mn ’ : m :

( I i i ’ n’ m i m m , h ’ mmm m :mlnm i l ’  I ’ • t , m ’ : m m n m : ’s ’t  m , p l o t m m  , m~r m s j  i i  m m u i u l , ‘ I s m m i ’ m ’ v : i t  i o m m m m

!i~ir 1 1 Ia

E~mtlii1Sfli :miLT ti I l 1 e . i i’m’d i ’ l l I m m tm m m m m  m m I m ’s i i — m i m i  I I ’ o l ’ mi  1 : m I  , ‘ m m m m  I mu Ill - mm I

:1 ’mt t ii • mi tisi I’lmmm:t }‘ s t ’ l  m m w I t - h li~’ m ’t’ m i 0 m - m : t  : i m m s i  l u g  ~‘ m ’ s ’p m m  s ’l ’ , ‘‘)~s~ ) mn ~~~

mu ’ • m imi 1 ‘.t’ c / n m ’ ovm ’m ’ mml 1.  l i i i ,  !‘ m ’ ’ s~u i e n m s ’y s ’I  s ’s’s ’Um ’n’ i ’mV’ ’ w m im m ‘
~~
, 
‘

~m ’mmt • ih . t ’  Pcrs ’m ’ m n t  :mm i si i~. “ pi ’ u ’ e m ’ m m t  m ’ - m m i ’ ’ ’ t  I \ a ’l v  . ‘l ’h c m’ m m m i i , ’m:: m m m i m m m i - 1  e s l i d

rus t s j m ’ I m ’ i ’t  im ’~’ sir 1 1 1 m m lmi Mi~l l It ’ i ’ smo i , iis ’w ’~’em ’ , I t  1 m m  pu ’~’’, mi ’mi t 1 m m  mm I’c ’w

_ _ _ _  - — — - ‘ - - —  ‘—  — ‘ ~~~~~~~~~~~~~~~~ 
——

~~~~~~~
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Imo la ted  areas. }Iydrilla was the dominant plant Iii Wi-s t l’ooi e m i l y  and

1 m m  on I - i t t ’ v em’ge 01’ becoming a a i -v t ’m ’e p r obie mm m. ‘ l i i i ’ sov e r ’ u m g t ,’ it t~ hydr  1 11 a

in desist -n ’ waters is much higher. hlydri 1 la m t m ’O u t  p 1 cm: 7 p i ’ m ’ O t ’ I i  I~ of I~}i~
14~ ~~ t o  ‘—m d e p t h  Interval in West 1 ‘ossi and ‘ ( ‘ ‘ .8 i i ’  rm -i - ’n m t - I m i g a i t - } i  l’ s ’sc I

Ilydri ila wu:m the only plant found growl rug s lo t - l i e ’  r I i i m u m m  t ’ nm 01w Is s i t : :  I y

- 
I hydrilla 1mm mmmore csmm m imc t I t - lye In l i i i ’ si e m ’ i s m ’ u’ water~s where I t ’ mmmm I i  g u t  1 m m

p m’ i ’ mmcmm I -  . hlyd r lila W h O  moat uncommuon In the 0— t o  : ‘—m m m mi l ’ t- mt . I ’m ‘n m m p t ’ t I t  ion
with otimet’ mm i’es c 15 mm 10 gn ’e l i t em m I in  titi i’- rt - g l _ t i t .

‘ i’l m . i’r&umsee I m m m ~ pj ~I cm m . Tlitm pema’t ’rit I’m’ m ’qmi t-n iey lit ~1omitli I’ ooi V I i l ~ I em :

m :ea: :on:ti l y  from 10 to  ~~ pe em ’ i mit , • I ’ t o  ~‘1 pt- m ’ c t - n m  t - i mi 11:1:; t - I’ ee I and 1’

0 ~l m p~-r ’s t ’ n i t .  itt West l’ooi . The m m e m i m m o t i : i l  I ’mi t - t ,u’r’ nm 01’ t’m’ t’m~mtt -r i o y  s i m n u i g i ’ 1 m m

- - - mm m m: 11 mu’ i ru e : ieh i  pool — ‘I’Iie occur m’e mm ct ’ 1 m m  i i i  glit ’mmt in mid—winter  but
s led 1 1 m m ’:: Ifl I m i t - i ’ winter’ t o  I to h e w  In  mm~’i’ I ng and ( l i t ’ s  I iii ’ i’ i ’ m t m : e m m  agal mm .

The h i  g l i  l ’rt - s~m mt ’m m m ’y in wi n t - i ’ r ’ mum ay l’s a m’t- mm ;’ onim m e by hydr IiI m i t o  t ire i n —

e r i ’mt se , i  w i n t e r  w:i i t ’ i’ clam- i ty t hus m u l l  ow i mi g th e  ml ee pi ’  r ’ m m u ’ t ’mm,m: t o  i ’ m ’  ‘ s i  i s —

n l ed . Time pcrct’rm t-agt- e t ’ hydr  lila i m i  1 m t m m t and Wt - m: I -  I’ om ’ 1mm it :  u r i e l i m i n m g ~-~i

mu t ’t -em ’ emit- V O m i t ’ ’ :: m m m m m m m l ’  I mug . l’ht ’ s l l m m  t - m ’ i I sa I I onm lm m i: m inc  r ’ e m m m m i - sI mm 1 I g u t  i v  in

ii I’m m ol. I’
7 ‘ . The mm t - a r tml  I ut g  crop (Ar) valu i-mm n’ammg ,e fu’omn a mmmi flu ninth 01 ’ 1 s g / n t m

I s ’  a mnax imum ot ’ i~Ii~ - g/n’ l i m  ~I m s m i t ,  I i  I’ oo I . • isO g/mim ’ to ii - ‘is g / m u ’ i ii I’Im rmm I- l’oe I ,

arid I ~‘I’ g / n m l to 15’ s , ’ g/nmi ’ in Wem ;t too l . Al l. I i i i ’ i ’t ’ pool mm m : i i o v  i’m -ak dt ’ m ’p

values in Jw’ie or _ 1 u_t y . A comi s  i s l e  m’m il ’  I i ’ siet ’i Iii ’ .i ii  w i -i g u t  Os ’ s ’i m m ’ m m it f t  ci’

the I m i t t ’ o um mm m mme r I’~-~tk i n  each pool m u m  ‘~m u : :  lie t - i ’ml by Iit ’u’ g. ‘ Wi’m : I- i ’oe .l

s trows t. he n m i om m I- d ramat ic  g u’owt ii curve cxi i  I it I t -  i ’d by i my d m’ i lint . Time m m m’ t ’m i

r’emm e m i t -  ( AP) s,’ m’oj ’ valuemm Cm sm t mm I m l i ’ t ’  the mu— ott oo~-mu p i i ’d or I  I ,’,’ by t - h i m ,’ s i t - c  I i ’m :

( i l  r i g  m : t . u m i i m ’sl arid Is not affected by m ’ l i m m n i g ’ m m in  t’i’c ’qimi ~t is ’,\’ am: 1 mm t int ’

total “rca (TA ) o u’ ss l s  est inmate.  Phus a l  I m m t mtnsi  I m ug ~‘ m ’op vu I mm i - m : wit i e l m

‘I  low wi l  I ha ’ (Al’) ‘ t sp : :

‘ ( I - . l’ m’ os i u e t -  i on .  ‘r Im e gn ’c:m. t t m m t  - m u - s t - m t m i  I g r s t w t . l m  ( n m ’ c/ m m on ’ ~ ‘t . ’s g/nr’ ’

sh iV 
1

) o e e i m r u ’ u ’ml in We st ,  I’ool in May . The g m ’ c m i t - t ’ m m t  m’ i ’l m i t -  l v i ’ m ’ I m : i m t gt ’ ( ~en

~
‘ -  n ’e i -m i t . ) I m m i p p e r m t ’ d  i n  l ’ l m u m m  t ’ l’ool 1 m m 1”ebm’uary when mi m i u i n m r :m u m d  m i d — w i  nt  t -

g r o w t h  peak om ’c imn ’m ’ i’ml — N m ’g m u t -  ly e net  pn ’ o d m m e t  b u m  gt ’ m m t ’ n ’ m m l 1.y s’s’cimm’ ru’d l’u ’ommm

mul so mi t - August through Mit r eh on ’ Apr’ 1 1. The 1 m m  u ’ gm ’mm t m m ’ I at I Vt’ mu i d is ’ t m m m i  I

(leo m ’ m ’mi mm cm m were four m ( I I mu t h e  t ’:mi I m ic e I I n i t ’ . i~h’ut,Iu arid I-li m m t I ‘oo 1 m m imhcmwe d
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sl ight  annual overall irmc r ’ea m ;e m m (81 and 75 g lu m ’ r ’ m ’ :m i s e ’~ t i v e ly ) .  West

Pool shoved a tremendous overall i nlm -retu m mt - i s I ’ ts ’( ~ g/mmn ~

Potaiumogeton

77. Random sample. Pondweed it: found cormuuronly In all p ool s .  I t

occurs in ~‘‘ s percent or ’ ~ou t i i  I’ ois l , ~‘i) p o r o c t i t -  of Middle Pool • ~‘‘ pm ’r—

cent of 1’Sts t Pool arid IQ i’e u ’sent of W i - m m  t l’oo I . The ave m’lLgu ’  m m t - u n t i l  i rug

crops are i ’ ’  g /mm m ’ in ~l o iu t -  li  I ost 1 -n g/nmm ’ 1mm Middle h ’ i’ol , ~it g lum ’ In
East I’ oo I , mi nd i ’1 m g/n ’ tim Wem; I Pi s o 1 . l ’ l i t m m t- I ‘oei • t’m-cm ru m m t-- i t t ’ I t  m m ’- i n t l  low

- 
- depth , has the grm ’ m L t m - mm t er- eu’ 0!’ p i n u s lwt -c ’sl , with—h 1 m m  itoml rtartt In that POO l
— l oudw eed 1:: most common lii the 0— t.o ~‘—nu d,-pt ii :mmtn m t ’ and common • but I t - m m : :

so , 1m m t he ~
‘. 1— to 1m— m ~‘,0 t i t ’  . I t  ocoup 1c~t (~t . ~s pe t’i’e~~t it t ’ t i i i ’ 0— t ~

~ ouit ’ in South Pool • i-u i’) 
~~ 

re eni  t 1 mm t i m e  Mi mid It ’ I’ omt l , (5 ’ . 5 percen t lit the

East Pool , and lg~ i) pem ’cent in  time We:: I Pool . Tire bboimtass vi th i  mm the

shallow zone is n i l s o  fu r ’  gm’ t ’ m t t , e m ’  t han t h a t ol ’ the  other art -am -:

~8. Transect - m mi u mt ,p lem: . The percent t’re qm me nie y of p on md weed v an- i  em:

from a low of 10 pei’eent to a high or ’ i~’( percent In Oout  ii l’oo 1 . 1 t-

var lc:m from 18 per - ’ent to ~ percent in Middle Pool • ~0 pers,’e m m t  to

1i2 pei’cent in i-Si mm I. Poo 1 arid 1’n’onmi 13 percent t-o fl pm ’r’ m’t ’mi t in West i ’ool

South, Middle , and Wi-t m t- i’omtls show a putt t -m ’ i ’ i i  I n  pondweed t’r’equenim ’y WI Li t

a mid—winter peak simmm ilar to t h a t  shown by hydm- i h a .  The psepu 1 m e t  Ion

dis t r ibut ion is remarkably mutable in East- i’ oo I . tllhmei.e vms: mU m:o l i t .  t I s

or no change i i i  the ’ coverage in South and We m : I Pool Middle  l’oo I showed

a def in i te  Increase in the occurrence se t’ pondveed .

79. The standing crop (Ar ) o t ’ p or m dwe t ’d van e~l t’u’omnu me low of 1)0 g / mm u ’

to a hi gh of’ 637 g/m 2 In South Pool , t’ro mnr I s , ’ g/mmu ’ to l i i ’l ’  g ’ nmm ’ in  Middle

Pool, from i4~ g/m
2 to  886 g/mmm ~ i n  East i’oel , and t’m’omm i ts(  g ln mi ’ to

84o g/n2 in West Pool. Trends Iii pom m~Iwt ’’~- sl gm’owtir are I m m sonm mm I m m I - emit , among

the pools. South , East • and W u ’ m : I i’oo 1:: mml iowi ’d umax i mniurmu growt,h In time

spring to eam-ly summer . A lesser late fall or cit-sly winter gi -owt l i  peak

is evident In all pool m : . South and Wes t Pools mm liow defi nit-c w in t e m ’

declines , but Middle and East Pools show m n i d— w in t e r  i m t e m ’ e n m m e m m  I n  stand-

i n g  Crop.

80. Product ion. l’ondwee ’d m m h m e w t - d  erratic Increases and dc-c r’ m ’ mu: m em:
In  .1 tn standing crop . The greatest mit - ( m m m i i  I mis  t ’eaot’ ( ~~~‘~~‘ g lum’ m m ’

40 
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11.7 g/m
2 .day~~~) caste in June in West Pool . East Pool also had two very

large increases of’ 3314 g/um or 10.8 g/m’’day and 332 g/m ’ or 10.7 g/m ” ’
day~~ for May and July. The largest actual declines were —689 g/m

2 or
- 2 —l 2 2-,‘‘.2 g/m ‘day in West Pool in January and —511 glum or —16.5 g/m

in Max-cit in East Pool. Time greatest relative increases occurx’ed

in Decem ber in South Pool (190 percent) and Middle Pool (31 percent) ,

in May in East F ool (153 percent) and In April in West Pool (30 pe rcen t) .

Middle and West Pools showed negative annual net changes in standing

c r ’ct p of —72 g/ns2 and 132 g/um2 respectively . East Pool shoved an in—

crease of 188 glm2 over the year and South Pool showed a very large

increase of 1450 glum2 .
Nitella

81. Random sample. Nitella is by far the most common inacrophyte

in South and Middle Pools covering 39 percent and 42 percent of’ those

pools respectively . It is less common in East Pool (n percent) and West

Pool (7 percent) .  The average standing crops of’ 658 g/um
2 

in Middle Pool

and [~6i g/um in South Pool exceed the average crop values attained by
any of the other species anyi~here m l  the lake system . Nitella is most

prevalent In the deeper areas of time lake , although it is also common

in shallow areas . It occupies 90 percent of the 2 .1— to 14—nm t zone and

33 per-cent of the ii .l_ to 6—nn zone In South Pool. It is found over

73.7 percent ari d 87 .5 percent of’ the 2 .1— to 14—nn and 14.1— to 6—m zones ,

respectively, in Middle Pool.

82. Transect samples. The percent occurrence along transects

varied from a low of 7 percen t to a high of ~l percent in South Pool ,

2t s percent to 142 percent in Middle Pool, 12 pereertt to ~b percent in

Fl i t -m t. Pool, and 2. 5  percent to 20 percent in West Pool. The f requencies

of nItel la in Middle and West Pools are quite st a b L e ;  South and Eas t

Pools show some fluctuation. Minor declines were notisesl in Middl e  and

Eas t Pools; however , in Middle Pool n i tella appea rs t m -s he recovering.

No conm: mi st,ent seasonal tm- en d:: in distribution are evident among the

pools. However, seasonal trends in the standing crop are ve ry  apparent .

I an ’ge  peaks in the crop cum ’ve occur between April  and June aiim! drop

steeply after  that  period.  The staridinug crop remains low through time
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summer and then all pools show another large grow tim peak in the fall

just before the winter decline in December. The s tanding cr-op values

range from 1040 g/um2 to 3069 glum
2 i n South Pool , l’T:’ 3 g l u m’ to 314)49 g/rmn ’

in Middle Pool, 1175 g/m
2 to 3282 g/um

4 in East Pool, and 765 g/um2 to

2918 g/m2 in West Pool.

83. Production. The highest actual Increases measured were L ‘((-s

g/n 2 (4 2 .5  glm 2
’day~~~) in West Pool arid I I O Q  g/nmm ’ (14o.o g/m2’day~~) in

South Pool. Both of these increases occurred in September. The greatest

relative growt h was 112 percent which occurred in S m s m m t i m  Pool in 2m’ptenm:—

ber . The h ighest production was usually in the  early sp r ing  mm md again

In the early fall. The g r t - m t  t - i - m m  1 slec 1 j u t e  ( — , ‘t~, ”~ g / nmi ’ ’ 
or’  — 8) 4 .7 g/nm m ’ ‘ml:ey 

1 ) - -
-

occ urred -in the West Pool in Pe s t -n i m bi - n ’ . Thi m m wa~’m c 71 perce nt du’ oh s in

the crop and was the h : m n ’ g e s l  r e l a t i ve  slss ’ line r’eeon’de’d for ni te l l a .  ‘Phic ~

largest nitella dec l imm i - , which  occ urred consi s t en t ly  throughout the lake ,

occurred in July . P e rm t ’eun ls t  m m u m - m p m ’ c t m ’d that lower’ swnnme r pr ’oduct ioni , w h i c i m

is common in aq ua t i c  plants , 1m m caused by a l i lg ime r ’  m ’ e m m l s  j r - m i t  i 0mm rat e which

occurs at hi gher sunmxumer tenniperatur es. ‘1imer’ e 1 m m  also ~c mid—s urmm rmr eu ’ drop

in the average amount of solar radia t ion  in Or ’lando (Figure  8) .  M I s i s I l i ’

and East Pools show substantial annual net losses se t ’ — t s e~) g/m ’ and

—1272 g/um
2 respectively . South and West Poolm: showed inisrsam :m’s of

77 14 g/m 2 and 686 g/ns2 i’espectively.

Vallisner ia

84. Random sanmmple. American e m ’ l g m ’ m t m : m m  is time only renimni ni rig minis n’ i- s—

phyte which  is common in the lake system . Eel gm’mim m mm was r io t  det e s  t - c ’sl by

the random sample in Middle Pool although i t  occul t ’ :: there . I l i e  plant- i t :

t’ound in only about 2 percent of South -i Pool and also o n l y  c o n n p r i s e m m

about 2 per -cent of ’ the pool ’:: total s t - m i n d  I m ug e m’o I s . i-t’ 1 gn’m m m m : I :: time

1 e:ist impor tan t  of the muma~or specie::  i mm West Pool whex ’e i t  m ) i ’em tr ’ mm in

5 percent of ’ t - Im ~ area and c o n t r i b u t e s  only about 8 ps-r’ m ’ e m m t -  ( “ 2  g / n mm ’ “1’

the mm tunis! i rig crop. I a I-Simm t. Pool , i’s I gm ’as mm I s  second t o  pendweesl w i t  i m a

in  1- i- ri ’ c -n m t - f requency and I 14 g / m i m ’ wh ich i’s t mm :p m ’ 1 m m  em : about- om it ’— fourth ol’

I lie t o I :e I  standing crop . F e I g n - a s s  .j mm a shallow water plant. In Em m -,:t

t’ool the  plan t covers 143.7 percent c-sn’ the m l — t e - ‘— m i m s.s~n uc ’ ant i 2e- s .7 pe n- —

se - m m t. i - s f  the 2.1— I - i s 1m—m ::orm e ’

1~ 2
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Figure 8. Monthly h ori z one t n e ,l insolation fox- Orlando , Flor i si m i

85. Transect smm~p1es. The values obtained for eelgrass in Middle

and West Pools were either so low or variable that graphs or discussion

was not necessary since no trends were evident. In South Pool the per-

cent occurrence and standing crop began at zero in the fir’st sampling

period and increased rapidly aft erwards . The occurrence stabil ized at

about 6 percent , but the standing crop increased to a peak of 1378 g/ns2

in February . The standing crop decreased afterwards and stabilized he—

tween 200 and 250 g/mn - In East Pool the percent occurrence is very

stable at about 26 percent.  The standing crop ranged from a low of

117 g/m 2 to a high of’ 1179 g/m 2 in November . Tile peak standing crops

occurn ’ t ’mi in late spr ing  and again in the early fall .  Eelgx’ass ex h i h i t t ’ si

the same mid—summer decline am: nitella.

~b. Produc t ion .  Tire great est actual monthly increase i’o m - eelgrmiss

was 1062 g/um2 ox- 3~~. 14 g/m ” day~~ which occurred in East - Pool . T h i s  was

m c 908 percent increase relative to the prior month. The gre : c t . em mt  :ii ’ t t m m i l
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-s — 1decline was — t- s l 1m g/ n nm ’ on’ _ li) .8 g/nnm ~ day wIn l i ’li vu: : mc — ‘s 1~ p en’ ct ’ n mt n ’ t-i i i—

t I vs ~‘ hmminmge  - Ti m e per i odmm or ’ negat i vs or’ low produc ti on oi’sur ’ r ’ c - sl between

,Tu,r~e and August and be tween  December and ‘m ” et ’u’u m i n’y . i-Simm t I’ s sol had a sub-
stantial  annual m u s t ,  increase of 803 gin ’

Otlien ’ :mj- e 5 t 5~m

Rmutdonmn srtnnmpls . Cu l - s onmm bmt , naiad and coontai 1 m i r e  t ime on ly other

s ~~~ ism: which wet-e dst cm ’ t t ’it b y the random sample. Caboritba comimpr i sed

1. ’ t - r ’ s e nmt -  of t i m e  frequency and ‘s(~.2 gins2 of the standing crop in East

Poi-s l .  Naiad o s em i p i eti 1.- i
. percent of South 1’ool and contributed 0.53 g/ri~ ‘

t o the m c v e r ’ :cg s st r i n id ini g cn ’op .  Coontail has a 3. 14 percent frequency in

M i  ~I~il e Pool and had a mm t u m i d  i r i g sl’op m 1’ 0.98 g/ns” .
88. Ti’ansect sannml-sismm . Although a number se t’ addi tional species

vex-c tIC t -sc ted by time t ran mm m t ’c t- samples , none or ’ these data were s~o nmm: i t :  t. —

eat enough to show any trends and t h e r e t’om- e are not discussed or shown
- gr’aphical ly . Notewort imy m m i’e the wei gh t- :’- at tained by Caggi ta x- i n i  grantinea

In Luke g:ctlin. The largest (13,172 g/m 2 wet w e i g i m t — $ 2 l 3  g/n ’ dry ) is

time largest value recorded in any sam ple of submerged plants during t h i s

study , nor are we aware ot’ any value reported in the literature that

exceeds i t .  Thi s  d enm m m i ty is , however , attained ’only in m m l imited area.
Total vegetation

89. Random sample. Table 12 allows comparison of the total vege—

t at  ion in each of the  pools. West Pool had a 414 percent t’i’eqm m enic- y of

vegetation which was the least of time nmtajor pools. The lu’n’.’en m t . fm’e—

quency i r m ere a m m es  as one goes down the lake chain to South Pool which

has the highest occurrence of vegetation (hn percent). The average

standing crop is highest in Middle Pool with 71’( g/um” and lowest in

South Pool with 583 g/um , however , t he average 5r 5 - sp m - m l i eu ’ squax-e metre

are nm c- t -  statistically dit’fei-ent. Thus, the actual amount o f plant-s

p roduced by t ime four major pools Is the same in spite of the trenrendous

d i f f erences i n m :pecies composition .

i) O. Trantscct. sainjil.es. The percent occurrence or ’ vegetation as

shown by t h e  transects m ; im c- s wmm a gradual increase in area covered in all
pools . The only consistent drop In the area covered occurred in the

win te r .  The Increasing trend began in the early spring in all pools.
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Diversity

91. The Shannon—Weaver diversity indices for the transects (H’ )

are presented in Table 114. South , East and West Pools have the essen—
tially equal diversity. Middle Pool, which is almost totally dominated

by n it ella , had a much lower diversity . Lake Gatlin , which has l i ttle 
- 

-

stable vegetation , had the lowest divers i ty which often was zero . The

higher values noted in certain pools in October and November were caused

by the occurrence of peripheral emergent plants In the samples . It was

deci ded in December that the transect end—points should sample shallow

submerged plants since the sample number for marginal plants was m ade—

quate to accurately represent them .

92. Diversity is generally higher in the fall and winter : drops

from late winter through the spi-ing and then rises again. The seasonal

trends are not consistant for all pools .

Permanent Plots

93’ The permanent plots , whose locations are shown in Figure 5,

were established to study the changes in the vegetation more intensely

than was possible using the biomass samples . Each plot was located in

a plant community of particular interest. Water quality data is avail—

able at 11 of the sites . Sites one and three contain primarily Nitella.

Site ten contains primarily Hydrilla. Sites 13 and 15 are for the study - 

-

of Potamogeton. Site 18 studies Vallisneria and site 14 is located with-

in the only large Ceratophyllum population in the lake. Although site ‘1

14 is irregular and difficult to sample , it contains the greatest

Utricularia populations available. Plot eight was largely unvegetated

when selected and was intended to show encroachment of vegetation on a

barren area. Plot eleven is also largely barren and is typical of Lake

Gatlin . The remaining plots contain significant populations of two or

more of the major species and are intended to show competition between

them . Each major species will be discussed separately . The numerical

results are presented in Appendix E. The trends are presented graph-

ically in Appendix F.
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and thus germination of propagules of any other species is inhibited.

Nitella does coexist well with other species when its height is shorter

as in plots 5, ri , l~S , and 16.

101. No consistent seasonal trend Is apparent in the frequency ox ’

occurrence. Seasonal trends in stem density at plots 1, 3, 5, 6, and 9,
where nitella is dominant, are evident. A large peak in steam density

occurs during the fall and is followed by a sharp drop in the winter .

A larger peak occurs In the spring followed by a less drastic mid—summer

decline. A winter decline in height occurred in plots 1 and 6 but was
i-tot observed in the other plots. Large changes in the number of plants

present appear to have little effect on time height profile. These

changes in stem density corm-espond well with changes in standing crop

noted in the transect samples .
100. When nmitella is dominant, it and the other species present

are usually quite stable; however, i f  the distribution is even among

species , then there is considerable variation in frequency indicating

interspecific competition for dominance. Nitella is declining in fre-

quency and height at plot 2 amid the density is highly variable. Pond—

weed and hydrilla have apparently taken advantage of th i s  and increased

in frequency . The growth in height of pondweed is evident iii the graph .

Neither species has built up a significant stem density . Nitella t m

also declining at height, density , and frequency at plo t 5 and pondweed

appears to he taking advantage of this. Nitella is -s lmc-sweven-, increasing

rapidly in plot 6. It did not occur when first sampled hut now it

occurs at 100 percent frequency in the plot. It did not occur mi t the

height measuring point until May but has maintained mi s l mom’t  unmderstory

since then. Density is also increasing rapidly , but is still im-n-e seu—

larly distributed . This increase has apparently result-ed in time comnpet—

itive exclusion of eelgrass which formerly occupied 100 pci-cent of time

plot but now is not present. Plot Q has shown a slight drop in height

but is also showing a consistent incr’ease in stem density. There

appears to be considerable competition between nitella and hydrilla in

plot 16. Nitella exhibited a large drop in frequency in this winter mind

hydrilla increased rapidly ; it appeared hydnilla would dominate the s i te .

- -
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However , in the m:~-sn’ ing , nitella showed a great increase in frequency and
}mvdr i 1’La l imi t :  decl inc-si m:t eadl Ly s m ice therm.  Hyd n i l l mm l imi t: shown a steady

inereast - in lie i g b m t  . I t’ i t  ~,m an t am i n n t - m t i n  t i t i  t: t ?‘ t ’flsi , i t  mnray begin to

shade t ime n i tella  and even tually dom i nate the s i t e .

Vallisnei-ia

103. Eei grmmm ms occurre5i in plots s, 9, 13, 15 , and I ~i but was com-

mon oniy in plots t- s mind li~. Initially eelgrass occupied 100 percent set’

u- s lo t  e arid fox-med a low (0.2—n:: heig h t pm- cm t’ile) carpet under the pondweed

cminspy . N i t e l la  rapidly becam e conrnnnron at t i m e  s i t e  and the eelgrass

dec l ined m -m i p idly . Pm ’esem’m t ly ,  ssl gm ’ m mmm s I~: completely absent and ni tella

occupi 5:: 100 pen’cent- c-si’ t lie pls-st  , whe re it forms a low carpet h e n u e m m t  ii

the po :m5iwet’ii. Vallisneria it: the donnminan t plant at plot 18 arid has till

but excluded other species. The eelgra::s at t h i s  simallow locat ion has

alwmiy mm m-eached the surface. Time variation in the height profile is mom-c

reflective of the ohmairget: in water- depth mi t - t he sample pointmm rather

than changes in  growth c- s n’ the plant . The water’ level in Lake Conway is

dropping slowly . The t-ises in spring and lmit - e sunnmnmex- were re t ’lec ted in

a r i se  in water level caused by semiso numill hsmtvv rains. Tire stem density

of eel g rmm~: mm at plot l~ varied frorri c-s8$ to ~ ~ st- exits ,-‘iti~~. The est immi mmt emm

ox’ densitie s were too variable to detect seasonal f luctuat ions if

presen t .

Ceratophyllunn

1014. Coommt -aul is time only remaining species which developed a

:m ut ’t’icient  population to justify discussion . Coontaul is the dom inant

plant at plot t . The frequency vam ied between 50 mmmiii “- pex’i’enmt during

most of the mi ampling year ; however , during August- and Oept -enxmber , a

noticeable inm crsmt: :s  occurred . A slight decrease in height pr -ofile

occurr ed dur i n g the win te r  followed by a slow increase d u n i n u g  the spx -Iumg

and summ er. One on ’ time he ight rmmeasuri ng points showed a rapid imei ght-

i n m c m ’ r - m m :: e  to over one metre. The &t em nn dsnm :it-y si-towed a slow but- steady

increase throughout the year with a large growt h psmmk to i- s ic - s m:t emns /nm m ’

in August followed by a lar’ge decline .

10” . Nit-ella is also present over much oh’ the plot and is appar-

ently increasins slowly . Nitella ’s stem density showed the two

149
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charac ter i s t ic  growt h peaks and has shown an overall increase during
the year. Nitella may become competitive with coontail at this site.
Divers i ty  r

106. Shannon—Weaver diversity indices for the plots ( H ’
%

) are

presented in Table 15. Plots 2 , 6, 9, and 16 consIstently show the
highest diversity . These plots have high pondweed populations . As

previously-mentioned , pondweed seems to coexist readily with other

species. No consistent trends were apparent among the plots.

~1
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107. l i m e  rnmdom ::anp.1 ~
- ( l m i I l -s ’ i ) of I - l i e  1 m m  lu- s ::lmowm ; the actual

m m t : t n i d  L u n g  crc -p  c- i’ v c ’g c - s t - t m  l ion p c- n’ wi lt -  m i r i a m  i t :  e q i m m n l  in the major pee ls ;

however , t ime nm rsm i cc -v ei ’e - sI  I - sy l iii ’ plants it ; grt ’mi t em: t. I it t i n e  South Pool

t imid  dci’ re mi m m e m :  m m:;  onu s  pri -s-sa’ (’dm : m e e t ,  i m w : r n - d  through th e lake chat m m .  Other
tAm V C5t . I~~m i t c - r m t  1 m m  t ime pm’c -l t-et l m m m v - s ’  mmd m mc - no t iced  t l i i : ;  same t n - s r i - s i  of in—

cta~-m tm: i n m g i .v t ’ i i ( - n ’ c - p h i i  ~
‘ cou md i t - i c - i t : :  when pm ’oceedlnig k - s m - i - h  t l m n a . - si ng l m  tIme ‘11mm 1 m m .

Ti m is n’eve l’ m :e cc-n’ m’e m i t -  I c -r i  Uetweenm vegt - s t . m i  t , i c - nm cc-vex’ mm , i i- si eutrophic cond I—

I - l i - s r i : :  1mm ia-c -t m m h  I y due to t his lowem- 1 I g h t I -  p en R-t r at  i c - n m  in the more

‘ ‘c ml. r m p h Is wmmt - e ma:

1 ()0 il v - sln 1 1 1 m m . ,  j- somi -sIwt ’c ’d , n I t eila t u mid c- s i - s i  gn ’ m i : : m ;  mire I - i n s  only n l u i n i —

i1:m n m t -  : :mzbn n mi-r ’ g ~i plants i i i  t im e I m i ke. Three or’ t heta’ ::pct’ let : m ire in time
h i i g in  I v p n’e fen’i’e d s m u t ,  ego m’y of wit I te mu n n ur feed I r i g  pm-st ’s m-encem : g, i vi ’ in

( m i - s i  s 2) mm md should 1-se cc-nd-ro.1 led if I-he :1 c- ’ki im g r t i l e  I s  m i - siequunts .

N i  te 1 I t u  • w i m ic h m i~ l i m e  l ake ’ :; most m u b u m n i d m m n i t -  p1 m u m t -  mm t i -m e mm m o: :t ~ Im lghi 1 c

l’em-rs ci :npca’ i s : : .  It . lint; , h owever , be-s’n ::cmgge: :led that- n i l  tella may not- he

ut I I i :— c ’ I  by t i m e  amnur bestutss I I m l pp - m m n- :m to l i m i v e  mm h i gh ~ m c t - e m ’  cc-n it -end (and

l iii:: mi Ic-w et’ (‘c-ed c en i t e n t  ) . Tim is m’c -hm ib I y It ; nuo t I-rims I nice I m y d i -  lila

and n i t t c ’~I I m u w u’r’e -3lm owmi riot to be cli fferent In  waIst - c c - m i t - e a t  . 1-~e 1 grmi m ms

I: : the lake ’:; only abundant p i. ann - titmit I: ; in i - l ie ‘‘wil l  inc - i - control efl’c- e— .

t lye ly ” e m i t  - g - s  my

I Oc ) i,mike ( ‘o t i w m L .y c - i i i’s had a severe h~~drl l la  probl em . N I l e ]  i n c  W :i m:

l - s n ’ c ’ m ( - m i t  I n  smal l qu ar mt i  I. I so . ~l mm the  fall  of i~ ’f i i , f li t ’  lak e was I - n’emit -ed - -

w I t - h i  “2y m ; t en m m 1 ,” mm see Isc~t lye im ca ’h  ii ’ i - ste w iu i c i m deem: not. .- mt ’fec I mid gas . lit—

ci m i - si I rig nil tel in . A pp :urenni I y , when all, V a s - s’ni  I m um cocimpet I I I  c -nm wnm ; rsmn mc -v c’ii

nitel 1,a wtim : nub Ii ’ to - s i c - m i t t s ]  ~
‘ cc-I c - m i  m’s th e 1 mOo- - Wit - li n; ii I ghm profi 1 e mind

i- ta- n m i i -nm d ommm: : :t eni h - n i : :  I i.y 1 m m  n mi:nniy mm n ’c-:e :  • n i l tel 1 m m  i nn : :  mm lnmnhed I - lie bot t om a m m O

I liii :; laa’vent .sd oilier i m i : in m t:; from m ’es:;l.mib I I t i n  i img t - i m s n i m s e l  ye:: . Thmc’rt-s l i m i t :

h - si - sem i c c - m i s t -m i  t hat t i n t ’ minnur w i l l  rsnro’ie t.Jme t i l t  1 1 m m t’iia’- I. t imid mm l low

i l V O n ’ ,  I i t t  to ~-sc-pit1 mit t ’  I -ti c -m a.’ mc,rsmms — Wi-mc -d st. mm t sm : 1 - lim i t - t ime c ’imm ii’c - p li v t e:: mm l ’e

c - p i - s e r t i i m i i  St .  iS  p1 t i n i i . : m  ( l i m i t .  t&t~ i — c - l o i n  I m a - m i n i  m m m c m i  win l e}i 1t : dl m :tm mm’l- s c— - s h • l aO -

I t i n t - y  run ’ I n a m n e m  I t - i  ; n i m t l  m i m i - s i  m i t— c — i~m ’ m i i h i m m i  I I v  I I  tm~~ I t m ’ ta t  1-sy t - h i  ‘r m t i - s c - c i i ’ : :
01 iL’

i rm i . i  i’m ; : :  t . h i c ’  ‘
—
‘ -s~~iij i t -  I c - n m::  l ’ c ’nima i i i  very m t - m i t - s  I s . • Cc- r i m ;  I - s i t - n —  I t ig  i - l i t  -

-~ 
~~

- 
_____________________________________



- 5- -

compet i t iveness of hydrilla and t he In creases in c-st hut- n ’ species , I !  -
-

I

appears inevitable that nitella would be eventual ly n- c -placed :m , i - s - ; -  m m d

ral conditions .

110. Hydrilla has shown tremendous increases iii m:t murcdi n 1 - ‘t’O~~,

hei ght and stern density In many areas of the lake . Time imy d r i ll a  iuc - i c - m m t

profile was nearing the surface in West Pool during its peak . The plan t
should forum its typical surface mat in that pool n ext year , and should
again eventually become time dominan t plan t in the lake system .
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Table 1

Stock in m~ Rates and Weights of the White Annur

1m m Lake Conway*

Pools
South Middle East West Gatlin Overall

x weight (kg) 0.25 0.25 0.25 0.61 0.61 0.61

# per acre 5.00 5.00 3.00 3.00 3.00 4.00

* From da t -ui  provided by WES .

-~~~ -~~~~~~~~ --5-- 5 - ’ - - - - - —  - -~~~~ —~~~~~~ ---



—
~~~~~~~~~~ —~~ — —  ~~~ -~~ 

t

Table 2

* **~pproximat e Feeding Preferences of the White Anmur

I. Great ly pre fers:
Nitella and Chara spp.
Hydrilla verticillata
Najas spp .
Potamogeton spp.
Duckweeds ( Lemn a, Spirodella , Wolf fia , Woi f f iella , Azolla)
Ceratophyllum demersum
Eleocharis acicularis
Elodea canadensis
Pithophora sp.

II. Will control but does not prefer:
~ rriophyl1um spp.
Bacopa spp.
Egeria densa
Nymphaea spp.
Polygonum spp.
Spirogyra sp.
Utricularia spp.
Cabomba spp.
Fuirena scirpoides
Brasenia schreberj
Hydrocotyle spp.

III. Will not control effective~~~Vallisnerla spp.
Typha app.
Myriophyllum brasiliense
Phraginites spp.
Carex spp .
Scirpus app.
Eichhornia crassipes
Alterrmanthera philoxeroides
Pistia stratlotes
Nymphoides spp.
Nuphar macrophyllum

* Only those species common to Florida are listed.
** List numbers of references used to compile this list are : 614 , 65,66, 67, 68, 63, 69, 70, and 71.
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Table 3
Power Levels of the Paired T—Test at Various Alpha

Levels and Correlation Coefficients for

Three Effect Sizes *

Effect Size
( N = 1 2 )

r Small Medium Large

= 0.01 (2 tailed)

0.25 0.02 0.10 0.30
0.50 0.03 0.17 0.50
0.75 0. 05 0.38 0.72
0.90 0.12 0.72 0.72

= 0.05 (2 tailed)

0.25 0.09 0.27 0.52
0.50 0. 11 0.38 0.7 14
0.75 0. 15 o.6~ 0.90
0.90 0.30 0.90 0.90

= 0.10 (2 tailed)

0.25 0.12 0 .240 0.70
0.50 0.18 0.52 0.83
0.75 0.25 0.77 0.96 -L
0.90 0. 145 0.96 0.96

* The values for effect size are : small (t25); medium ~~55); large

~ 85) (Cohen , Statistical Power Analysis for the Behavior
Scienc es).
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Table 4 - 
-

Depth Distribution

South Pool

Depth Percent - 
-

Interval Area Total Percent
(m) 

- 
ha A. Area Below

Surface 1142.61 352.39 100.00 100.00

0— 1 6.86 16.95 24.81 95. 19
1—2 20.76 51.30 114.56 80.63

2—3 20.96 51.79 14.70 65.914
3—14 19.71 48.71 13.82 52.11

4—5 10.68 26.39 7.49 1414.63

5—6 124.23 35.16 9.98 34.65
6—7 314.31 814.78 24.06 10.59

7—8 0 0 0 l0.5~
8—9 15.1 37.31 10.59 0

Table 5 - -

Depth Distribution

Middle Pool

Depth Percent
Interval Area Total Perce nmt
(m) ha A. Area Below

Surface 301 7141 100.00 100 .00

0—1 11 27 3.65 9h. 3~
1—2 21 52 6.98 8c- .3 7
2—3 33 81 10.96 78.141

3—24 724 183 2 14.58 53.83
31 77 10.3

5—6 20 49 6.614 36.89
6—7 30 724 9.97 2e. 02 - -

7—8 25 62 8.31 18.61
8—9 2424 109 14.62 3.00

9—10 12 30 3. 9° 0 — 
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Table 6

Depth Distribution

East Pool

Depth Percent
Interval Area Total Percent

(rim ) ha A. Area Below

Surface 128.39 317.25 100.00 100.00

0—1 18.71 246.23 14.57 85.43

1—2 12.54 30.99 9.77 75.66
2—3 31.22 77.14 24.32 51.34

3—24 16.43 lno 6o 12.80 38.514

4—5 11.14 27.53 8.68 29.86

5—6 16.86 41.66 13.13 16.73

6—7 20.57 50.83 16.02 Jl

7—7 .5 0.91 2.25 0.7 1 0

Table 7

Depth Distribution

West Pool

Depth Percent
Interval Area Total Percent

(in) ha A. Area Below

Surface 144.245 356.9)-n 100.00 100.00

0—1 5.82 124.38 4.03 95.97

1-2 12.45 30.76 8.62 87. 35
2—3 17.40 42.99 12.05 75.30

3—24 22.56 55.75 15.62

14—5 28.69 70.89 19.86 39.82

5—6 9.73 24.OLn 6.74 33.08

6—7 10.19 25.18 7.05 26.03

7—8 33.22 82.09 23.00 3.03

8—8.5 4.38 10.82 3.03 0

—- --—--~~~~-- —— -- --- -- -
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Table 8
Depth Distribution

Lake Gatlin

Depth Percent
Interval Area Total Percent

(in) ha A. Area Below

Surface 26.59 65 .7 100.00 100.00

0—1 3.16 7.81 lL 88 88.12

1— 2 1.78 4.14 6.69 81.143

2—3 3.245 8.52 12.97 68.46 ‘ 
-

3—24 4.148 11.07 16.85 51.61

24— 5 3.33 8.23 12.52 39.09

5—6 3.1 7.66 11.76 27.33

6—7 6.247 i6.oo 2 14 .33 3.00

- —~ 
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T&ble 9
Flora of Lake Conway

Scient i f ic  N ame Common Name Habitat’ Occurrence”

An dropogon vir ginictims Broom sedge B H
Bacopa car oliniana Lemon bacopa S-E C
Bacopa monnieri Water hyssop S—E- F C
Bidens bi pinnata Water beggar tick E H
Cabomba carolini ana Fanwo rt S U
Ceratop hyl lum demer sum Coontai l S—F U
Chara ~~~~~. Mu skgrass S U
Cladium jamaicensis Sawgrass E B
Colacasta anti~uorum Elephant ears B-E C
Cyperus lecontei Sedge E-B U
cyperue odoratus Sedge E-B C
Cyperus papy~rus Papyrus sedge B-B U
Cype rus pseudovegetus Sedge E—B A
Cyperus rotundus Sedge B-B C
Cyperus strigosus Nutgrass E-B A
Eichornia cransi pes Waterhyacinth F-E C
Eleocharis acleularis Slender spikerush S-B C
Eleocharis balwinii Halrgrass S—B C
Eupatorium capillifolium Dog fennel B C
Fimbristylis ~~~~~. Sedge E-B II
Fuirena scirpoides Lake rush B A
Fuirena squarrosa B C
Kabenaria re~ens Water orchid B B
Hydrilla verticillat a Hydrilla S A
Rydrocotyle umbellata Pennywort B-F A
Bydrocotyle verticulatus Pennywort B—F H
Hypericum petiolatum St. John ’s vort E U
Juncus acuminatus Rush B U
Juncus scirpoides Rush B U
Ludw igia octavalis Primrose willow B—B C
Ludvi gia peruviana Primrose willow B-B C
Mayaca f’luv-iatalja BoWeoss S U

~~~~~ guadalupensis Southern naiad S U
Nitella megacarpa Stonewort S A - -

Nitella ~~~~~. Sto~ewort S N
Nuphar macrophyllum Spatterdock F C
Nymphaea odorata Fragrant waterlily F C —

Panicum hemitomon Maidenc ane F A
PanicuN purp~urascen~ Paragrass B C

Panicum re~ens Torpedo grass F-B A
Pluchea purpurascene Fleubane B C
Polygonum punctatu m Smartweed B U
Pontede r ia lanceolata Pickerel weed B A
Potamogeton illinoensie Illinois pondweed A
Potamogeton puscillus Slender pondweed S N
Rhyncospora cephal~ntha Beakrush B in
Rhyncospora milaea Beak rush B U
Salvinia rotund i fol ia Salvinie F in
Sagittar ia lancifolia Arrowhead B C
Sagittarts graminea Slender arrowhead F-S C’
~~~~~ l*t t folia Cattail H A
Utricularfa ~~~~~~ Bladdervort F—S U
Utricul aria toliosa Leafy bladderwort S—F N
Ut ricularia I n flata Big floating bladde rvort S-B It
Ut r icularia purp urea Purple bladd erwort S-N N
Utriculari a resu~~Ina t a Lavende r bladderwo rt S-F N
Vallisner ia americana Eelgr a~ s S A

‘ Habit  Key: It - bank . F— emergent ; F— floa t ing;  S— submerged.
“ Occurrence Key : A- abun dant C— common ; H- rare Ii— t ncoamsn.

L - -~~~~~~~~~~~~~~~~~~~~~~~~
-

~~~~~~~~~~~~~~~~ - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-- - 5- - 
—-- ~~~~~~~

Fable 10

~~~ ~pun, and. Dry Weight R e l a t i c ’n n s ) m ips

Wel~~tt Re 1 ~tt -  t oitS~m I p~ ____________

- ‘ I lan mt -  ~~i~t’C j t ’s Dry/Wet D~~/~.pwr ~ pwr/We t

Hydrilla
-

~~ percentage 10.0t~ 1’~.7 ) -  t~~. 9Ii
- - Coe C. Var. ~)0. 0(~ 88. :14 . 17

Corr. Cod . 0.~)8 0.~
)i’ 0. Q I

Potamogeton
x percentage 10. 1(~ 1h. 147 ~2. ~1
Coef. Var. 140. 1~ 38.140 18.40
Corr. Coet’. 0.08 0. 00 0. ‘10

N itella
i~ percentage 8. 0’) 1.~. ‘~14 t~T.
Coef. Var. 140. b7 1414.50
Corr. Coet’. 0.8$ O.o8 0.8-i

- : Vallisneria
3~

’ pet e r m t a ~ e 8.79 i.’.O’) 714 . 8Q
Coef. Var. ~0 .. ” 41.44 :1.78
Corr. Coef. 0.8t~ o. $~

Critical Value df 60, ~ =
Two—Tailed Test = 2.000

Plant

~Thec Les Pot Nit Ily d Val

Pot —— 2.781n98** 0 .0 ( 0 ’~0 0. $8’-514
Nit —1.14141437 —14.28214 3**
Hyd 0.022140
Val

* Values o t ’ t—t -es t s  cC wet/dry wei gh t percentages.
** ~ igni f icant 1y  different .

Table 11

Coeff ic ien ts  ot ’  Variation for Weigl m iim ~ P -~-tmniQue s

Plant We i gh i ng  ¶t’e~~h n m I uue

~re’c ies Wet 0p~ini 
_________ —

Hydrilla I ~t’ .77 l14 14 . T ~ I ‘~-~.1’.’
Potanmogeton 114, ’ . 88 ilm ’ . $1 It ’ ~~ .

Nitella 70. 0(~ 7”. t 1 101.
Vallisnerla 1~ ‘~0. 77 1 ~~. 8.’ 1 ‘~2. 
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Table 12

Lake Conw~y Random Sample Results

Total
Pool Vegetation }Iydrilla Potamogeton Nitella Vallisneria

South Pool
Percent 69 19 25 39 2

occurrence - -

crop (g/m2) 583 24 0 65 2461 12
± percent 31 73 76 38 ——

error

Middle Pool
Percent 51 —— 29 242 ——

occurrence -

5~ crop (g/m
2) 717 —— 59 658 ——

+ percent 29 —— 57 32 ——
error

East Pool
Percent 46 9 22 9 19
occurrence

~ crop (g/m 2) 619 16 302 92 1524
± percent 39 76 6i 93 63

error

West Pool
Percent 244 2)-n 19 7 5

occurrence
~~~

‘ crop ( g/m2) 617 297 74 190 52
+ percent 141 57 77 99 157

error

Table 13

Comparison of Sampling Methods

Random
Fathometer Study Sampling Transects

Unvegetated Unvegetated Unvege- Unvegetated
Total Area Area Area tated Area Area

Pool ha A ha A Percent Percent Percent

South 131.9 325.8 4 1.7 103.0 31.6 31 36

Middle 275.9 681.5 115.8 286.0 42.0 49 48

East 12 14.0 306.3 142.1 104.0 314.0 55 140

West 1143.9 355. 14 62.0 153.1 24 3.1 56 244
Gatlin 26.0 624 .2 16.8 241 .S 624 .6  77 62 
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Table Al

South Pool

Depth Zone
Plant Species Overall 0—2 m 2 . 1—5 m 5.i—6 m 6.1 xn+

N 59 114 20 9 16

Hydrilla
Percent frequency 18.6 0 10.0 77.8 12.5
iS. C. 40.3 25.3 205.9 1.7
± percent error 72.8 131.6 82.9 121.6

Potamogeton
Percent frequency 2 5.5 78.6 20.0 0 0
~ S. C. 64.6 228.9 30. 2
± percent error 75.9 86.6 108.6

Nitei.Ia
Percent frequency 39.0 124 .3 90.0 33.3 0
~~S. C. 560.7 91.8 1210.0 187.2
± percent error 37.8 119.7 31.0 132.5

Vallisneria
Percent frequency 1.7 7.1 0 0 0
5~ S. C. 0.05 0.21
± percent error -- —-

Najas
Percent frequency 1.7 7.1 0 0 0
iS .  C. 0.53 0.21
± percent error —— — —

Total vegetation
Percent frequency 69.5 85.7 95.0 88.9 12.5
3~ S. C. 583.3 321.6 1317.85 392.1 1.7
± percent error 30.8 66.9 27.2 93.15 121.6

A2 
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Table A2

Middle Pool-

Depth Zone
Plant Species Overall 0—2 in 2.1—24 xn 4.i—6 m 6.1 m+

N 59 10 19 8 22

Potaiuogeton
Percent frequency 28.8 4o.o 63.2 12.5 0
~~S. C. (gu m2) 59.0 i4o.i 97.8 23.3
± percent error 57.0 126.24 52.7 186.0

Nitella
Percent frequency 52.4 24 0. 0 73.7 87.5 0
~~S. C. (gum2) 657. 9 571.9 970.2 1832.9
± percent error 32.1 79.2 38.2 524 .5

Ceratophyllum
Percent frequency 3.4 10 5.3 0 0
~~S. C. (g/m2) 0.98 31.1 26.5
± percent error 117.5 -— ——

Tot al vegetation
Percent frequency 50.9 60.0 89.5 87.5 0
~ S. C. (g/m2) 716.9 709.0 1071.3 1856.1
± percent error 29.5 62.7 33.8 24 2. 7

A3

L. t - 
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Table A3
East Pool

Depth Zone
Plant Species Overall 0—2 m 2.1~14 in 24.1—6 m 6.1 m+

N 59 16 15 10 18
Hydrilla
Percent frequency 8.5 0 20.0 10.0 0
~~S. C. (gIst2) 15.6 32.7 43.0
± percent error 76.0 103.7 ——

Potamogeton
Percent frequency 22.0 62.5 20.0 0 0

~ S. C. (g/m
2) 301.8 620.4 525.2

± percent error 60.6 73.2 103.2

Nitella
Percent frequency 8.5 6.3 20.0 10.0 0
~~S. C. (g/m

2) 91.5 49.9 286.2 30.8
± percent errror 93.3 —— 116.0 — —

Valli sneria
Percent frequency 18.6 43.7 26.7 0 0

~ S. C. (g/ni~) 153.8 235.6 353.5
+ percent error 63.2 102.5 81.6

Cabomba
Percent frequency 1.7 6.3 0 0 0
~ S. C. (g/in~) 56.2 221.1

~ 
percent error -— --

Total vegetat ion
Percent frequency 145.8 81.3 80.0 20.0 0

~ S. C. (g/m
2) 618.8 905.9 iSi8.6 73.8

4 percent error 39.2 56. 3 47.2 132.0

L 

~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Table A4

West Pool

- 
Depth Zone

Plant Species Overall 0—2 in 2.l-~4 xn 4.1—6 zn 6.i m+

N 59 15 14 8 22

Hydrilla
Percent frequency 23.7 6.7 50.0 75.0 0
3~ S. C. (gum 2) 296.9 130.3 1493.6 1081.14
± percent error 56.8 175.3 91.0 78.3

Potaznogeton
Percent frequency 18.6 142.9 28.6 12.5 0

~ S. C. (gu n2) 714.3 272.2 3 9.5  2.6
± percent error 77.0 90.1 92.1 -—

Nitella
Percent frequency 6.8 0 28.6 0 0
3E~ S. C. ( gIst2 ) 190. 1-4 802.4
± percent error 99.2 98.8

Vallisneria
Percent frequency 5.1 1.1 l~.3 0 0

~ S. C. (g/m
2) 51.9 3.0 215.5

± percent error 156.8 176.1 167.1

Total vegetation
Percent frequency 44 .1 57.1 78.6 87.5 0

~~S. C. ( gIst2) 617.1 430.24 1550.6 10824.0
± percent error 41.3 75.1 52.3 77.9

L 
- 
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Table Bi

South Pool

Perce nt
Unvegetated Oct  Ncv r’~—~- Jan Feb Mar Apr May Jun Jtt i Au~t O.~js 

—

Area ______ 
c - I  n ’0 ______ j~~ ol _~~~~~~, ~2 ~5 ~t - I 

-

Total vegetation
Percent frequency III ~7 111) 42 n ’2 110 W 4” ti~ n’t’ n’L. ~ 1.
Z stan ding ~rop 911 il e lO T’~ 9 6 6  lOt-I Sn’? lOll 14’ -4  14 2: 753 ~. ilSo

( Al’) (g/u. )
1 standing crop 470 “ 11 30.’ Wo 788 11e T 4.59 n.lIi c~S.5 I~’)l~ 359 7’.l

(TA ) (gJ a )
Hy drilla

Percent frequency 29 10 20 21 31 .‘O 15 15 it ’ 6.5 3n’ In ’

~ stan.t in 1~ cr9p 210 49.’ 614 1 4 6  16” iI~1 157 ‘.1~.5 .54n’ 336 .5 ~~~~~
I A P ~ ~ t - a-~

~ standing crop So n’ 3 39 42 3t’ 214 83 13n’ ilen ’ 1014 130

~TA) (g/m~~ )

P ota~~~get on
Percent fre~luen cy 2 3  10 20 18 22 23 18 i~ 16 22 21 O r
i ~t a n d i n~t cr ~ p 2t.2 94 273 90 220 2n ’2 ‘~I7 2n’Q 301e :‘I~ 671 n’ 3?

1AP ) ~.~~m” 3
x tcuIJLng crup 9 “S Ic’ 1e8 bi ‘)l~ lu 1e9 ¶1.le 80 114

~TA )  ~~

N i t el l a
Perce nt fre quen cy in ’ J 7 27 31 10 21 21 in’ 2’ 1” iS
~ standing crop 1518 21911 ibie l 1040 19”9 2200 1528 21n ’$ 60c~9 12$t’ 1073 2272

(AP ) (g/ m 2) - 
-

* standing crop _‘iS 1 1 6 9  109 2Sle n’12 220 3214 459 l’f - .70  1n’3 414
(TA ) (g/~~~)

Vallts ner ia
Percent f requency 0 1 10 6 6 13 o 9 3 n’ h n’
i standing crop 0 291 ?“ 1 916 1378 228 lot ’ 341e 24’- 381 149 21’

(AP I (gfm ’~)

~ standing crop 0 20 75 “ n’ 86 30 1e6 31 8 ‘L i i~
(TA ) (g/a2)

P. repens
Percent frequency 3 .2 0 0 0 0 0 0 0 0 0 0 0
i sta ndi ng crop t ’73.3 0 0 0 0 0 0 0 0 0 0 2

(*P) (g/m2)

~ standing crop 21.7 2 0 0 0 0 0 3 0 0 2 0
(TA ) ( g e l J )

Hyac inth -

Percent frequency 3. 7 0 0 0 0 0 0 0 0 2 2 2

~ standing crop 1297 .2 0 0 0 0 0 0 0 0 0 0 2
(Al ’) (g/a 2)

~ standing crop 111.84 0 0 0 o 0 0 2 0 0 0 0
(TA) (g/ e2)

P~. scirpoidis
Percent frequency 3.2 0 0 0 0 0 0 2 2 0 0 0
1 standin g crop 108.3 0 0 0 0 0 0 0 0 I~ 0 2

(Ar ) (g /w? )
i standing srop 22.84 0 0 o o 0 0 0 0 0 0 2

(TA ) (g/ m ’~
P. herLit000n

Percent frequency 0 0 0 1. 1  2 0 0 0 2 0 0 0

~ stan ding crop 0 0 0 2 3  0 0 0 0 0 0 0 2
~~p ) (g/ 2)

~ . standing crop I) 0 0 0 .7 1  0 0 -2 0 o o o o
(TA) (g/ 2)

t~sJ as
P er cent frequency 0 0 0 0 0 0 6 .1  0 2 2 -0
i st andi ng crop 0 0 0 0 0 0 31 . 1. 3 2 ~l 0 0 0

(AP ) (g/a2) 4
~ standing ~rop 0 2 - 0 0 0 2 2. 4 1 0 0 2 o 0

(TA) (g/a’)

--- -—

~
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Table B2

Middle Pool

Perc ent
Unvegeteted Oct Nov Dec Jan P’eb Mar Apr May Jun Jul A~g Sep

Are* 42 54 53 _j ~~_ 58 53 ~ , 53 _j ~ __ j ~~ 48 Ii
Total vegetat i~~Percent frequency 58 46 47 46 1e2 47 45 47 55 51 52 59

I standing crop 1954 1870 1522 1335 1911 1698 2930 1843 2235 1341 132 3 1270
(Ar ) (g/e2 )

i standing crop 1135 861 725 616 794 928 1312 864 1222 68i 691 754
(TA ) (g/a2)

lI3rdrilla
Percent frequency 2 2 5 5 2 2 0 2 0 2 0 0
P standing qro p 82 3 105 3 Pr Tr 0 Tr 0 fr 0 0

CAP ) (g/a~ )
P standi ng crop 1 Tr 5 Tr Pr Tr 0 Pr 0 Pr 0 0

(TA) (g/ ~2)

Pote.aogeton
Percent frequency 19 24 23 28 24 23 18 28 20 25 30 30
P standing crop 333 289 380 405 360 348 355 247 152 182 214 261

(P.2) (g/e2)
I st anding crop 64 69 86 112 87 78 61u 70 31 45 611 77

(TA ) (gte2)

Nitella
Percent frequency 112 35 30 26 30 32 314 30 41 35 36 36
P standing crop 21162 2163 2070 2890 2248 2509 3449 2658 2856 1796 1723 1793

(AP ) ( g/e2)

~ standing crop 1033 755 627 494 681 809 1184 789 1160 636 6~~~( 6411
(TA) (gIm 2 )

Vallisneria
Percent frequency 0 0 2 3 2 5 0 2 3 2 4 2
a standing grop 0 0 416 1146 687 450 0 83 241 Pr 83 774 - -

(Ar)  (gte 3
P standing crop 0 0 6 4 10 22 0 1 8 Pr 4 12

(TA) ( gte2)

Cera top hyllum
Percent fre quency 2 2 2 2 2 3 3 3 2 3 0 8
I stan ding crop 1454 1.064 18 35 463 555 10711 113 770 fr 0 273

CAP ) ( gte2 )
P standing crop 23 17 1 1 7 18 32 4 12 Pr 0 21

(TA ) (g/e2)
N . acicularia

Percent fre quency 1.6 0 0 0 0 0 0 0 0 0 0 0
i standing crop 185.3 0 0 0 0 0 0 0 0 0 0 0

CAP ) (g/s2 )
P stand ing crop 2.99 0 0 0 0 0 0 0 0 0 0 0

(TA ) (g Ie2)
U. inflat e

Percent frequency 1.6 3 .2  1.5 1.5 1.5 0 0 0 1.6 0 1.5 0
P standing crop 404.8 754.2 12 346 621 0 0 0 682 0 163 0

(1.2) (gte 2)
P standing ~rop 6.53 11.97 0.18 5.3 9.4 0 0 0 11 0 2. Is 0

(TA) ( g/m )
Maya.ce

Percent frequency 1.6 1.6 0 0 0 0 0 0 0 0 0 0
1 standing crop 272.8 499.3 0 0 0 0 0 0 0 0 0 0

(1.2 ) ( g/m2)
P standing crop 44 . 4  7.9 0 0 0 0 0 0 0 0 0 0

(TA ) ( g/e2)
Iyephaea

Percent frequency 1.5 0 0 0 0 0 0 0
I stand ing crop 44 0 0 0 0 0 0 0

(/.2) (g/a2)
I standing crop 0.67 0 0 0 0 0 0 0

(TA ) ( g/e2)

Na,) as
Percent freq uency 1. 6 0 0 0 0
I standing crop 19 0 0 0 0

(Ar) (gte2)
i standing crop 0.31 0 0 0 0

(TA) (gte2)

Bacopa
Pe rcent frequency 1.6 0 0 0 0
I standing crop 48 0 0 0 0

(P.2) (g/s2)
P standing crop 0.77 0 0 0 0

(PA ) ( g/e2)

~

- - - 5 - -

~ 

- - ~~~~~~~~~~~~~~~~~~~~~ - - - - - -- - - -~~~~~~~~~~~~~~~~~~~~~~~~~~



— -;--———-.--- “ ‘ ~~~‘~~~‘ - —,‘ ,  
~~ P~~~ ’~~;? -  - -

~~~
, .__<

~~ —~~~~

Table B3

East Pool

Percent
Un vegetated Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Area 40 1.9 1.0 j ~~ j ~~~ 
58 52 46 36 38 33 140

Total vegetat ion
Percent frequency 6C’ 51 60 50 51 52 58 54 64 62 67 60
I standing crop 1708 2071. 1315 1163 970 1120 1786 2367 1508 1396 1235 1367

CAP ) (gJe2)

~ standing crop 1011 1058 789 570 485 572 1036 1256 965 877 832 820
(TA ) (g Im~)

Hy drilla
Percent freq uency 13 19 16 18 18 13 6 10 12 12 21 10
I standing crop 80 l it ’ 60 80 375 154 171 158 227 1.26 148 155

( A,? ) (g/st2)
I standing crop 10 51 10 14 69 20 10 16 27 51 31 16

(TA ) (g/ ~n.’)

Potainogeton
Percent frequency 40 3]. 38 28 35 30 38 36 42 40 luo 40
i standing crop 620 358 408 403 656 145 218 552 551. 86 538 808

CAP ) (g/st2)
I standing crop 255 112 155 113 228 41. 83 199 233 3514 213 323

(TA ) (g/ st2)

Nitella
Percent freque ncy 29 25 28 28 12 28 36 214 26 16 21 20
x standing crop 21147 2089 1665 1278 1267 11.07 2336 3282 2286 1656 2255 1175

(AP ) (gte 2)
i stan ding crop 7144 522 1166 358 155 398 8111 788 591. 265 1170 235

(TA ) (g Ie 2)

Vallisneria
Percent frequency 21 29 28 30 24 28 26 26 26 30 33 26
i standing crop 117 1179 565 281. 137 390 393 975 426 691 352 920

(A? ) (g/st2)
I standing crop 214 3444 158 85 33 110 102 253 111 207 UT 239

(TA ) (g/ st2)

Pur ina
Percent frequency 0 2.1 0 0 0 0 0 0 0 0 0 - 0
i standing crop 0 1761.3 0 0 0 0 0 0 0 0 0 0

(A? ) (gte2)
I standing crop 0 36.69 0 0 0 0 0 0 0 0 0 0

(TA ) (gte2)

P. hem.itonon
Percent frequency 2.1 2.1 0 0 0 0 0 0 0 0 0 0
I standing crop 887.11 102.8 0 0 0 0 0 0 0 ~ 0 0

(Al’) (g/st2)
I standing crop 18. 449 2.1 14 0 0 0 0 0 0 0 0 0 0

(TA ) (g/ st2)

Naj as
Percent r requency 0 2.1 0 0 0 0 0 0 0 4 . 2  6.
I standing crop 0 9 0 0 0 0 0 0 0 0 19.2 1426

(AP)  (g/ st2)
P at anding crop 0 0.19 0 0 0 0 0 0 0 0 0.8 8.

(TA ) (gist 2)

S. gra stinea
Perc ent frequency 2 .1  0
I standing crop 5.8  0 - I

CAP ) (g/ st2)
x standing crop 0.12 0

(TA ) (g/st2 )

- -_ 0 ~~~~~~~~~~~~~~~~~~~~ - 
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fable ill-.

West Pool

Percent 21 76 ~~~ 20 214 26 27 18 22 i t  18 iR
Uh vegrt*ted Oct Nov p.’~- J an PcI, Mar Apr Nay Jun .Jui Aug Sep

Area Si ~~~~~~ t ’-) iQ ... .i2_ 68 ~~j_ 1.~j ~~~~ j~j_ 46 414

Total vegeta tion
Per cent frequency 4-~ 35 31 ‘.0 61 6. ’ 13 “~ 41. ‘, T “‘ “4’
i stand ing crop 11” 4 897 9* I’ iS 608 6’-:’ 615 1(00 1558 4 1 0 6  1007 4 4 . ’)

(Al’) (g/s t.’)
I st an ding cr . ’4’ ‘.9’- 3114 47 jiu ;‘s.’ 700 .‘~ 5 u is (01 4’ ilu ‘2.4 ‘ru

(TA ) (g/st2)

Hy drilta
Percent frequency I i  20 18 30 34 1(~ iS I I  21. 28 33 29

st an di ng crop i t . ’ 161 171’ 470 3441. 734. ‘s.’ 14~uS 1337 1 - 5 .’ 837 lUsH
(Al’) (g/st2)

.( standing crop ‘.4’ 31’ 21’ 1151 118 116 83 487 620 1.27 .‘t . ’ 21.8
(TA) (gig/ )

Per cent freq uency 1”. 18 2 25 15 13 .‘ 4 3 4  7;’ 20 . 6  17
~ standing crop 777 51,0 84.0 151 133 67 ‘(I. 79” (.67 618 27” 145

(Al’ ) (g/st .’)
I standing cro p 09 91 2 15 38 20 4 o;’ on’ i4:’ 81 0 4  25

(TA) (g/ st.’)

N i t e i l s
Perc ent frequency 70 2 .5  8 13 12 ii 8 18 10 1 1  i i  15x standing ~rop 1’~’ 41’ 3691 1066 1088 889 (4 , ’, 154.6 11.”) 2284 Sot io6:’ .‘olS

(Al ’) ( g / a - )
P standing crop 44 6 92 Bp 136 108 81 116 3 0 4  721 101 206 1.21

(TA ) (g/st.’)

Ys,1iL. ne ria
Per cent fr ec~ u.’n.’y i i  i 7 . s 8 0 10 S 8 .‘ 8 8 10
I standin g ~roi’ ~0, (Q~’ 174 0 66 ‘ft 8’- on,o 1.03 1 . 4 ’  169

(Ar ) (g/ s t’)
standing crop 6 9° 13 0 6 Pr Is 69 10 9 1 . 1 ‘1’

— 
- (TA ) (gte 2)

Na,) as
Pe r cent frequ ency 0 0 0 ‘ . 1 2  2. 1. 0 0 5.1  0 . 5  0 .‘. S
I s tanding  cro p 0 0 0 156 8 0 0 .‘O 0 ‘-( ‘2 0 191

lAP ) (gist.’)
1 stand ing cro p 0 0 0 6.  6 0, los  0 0 o.~ o ji. o 6. 78

(TA) (g/ st.’)

P. repens
Percent frequency .‘. S - 

-
P st andIng crop 621.. 3

(Ar ) (g /st .’)
stand ing crop 15.61 - 

-
-

(TA ) (g/st”)

P. hestitomon
Perc ent freqtsency .‘ .S
x standing crop 110. 9

(Al ’) (gist.’)
P standing crop ;‘.77-

(TA) ( gte- ’)
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Table B5
Lake Gatlin

Percent 6 6 1. 5 ~ ~ £ 6 14 3 5 3
Onvegetat .d Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Area .~L ~~~~ 6’r .JL 4.3 ,~fl. ...~L .iL.. 57 63 _~ft 
63

Total vegetation
Percent frequency 33 33 33 29 57 29 11. 43 63 57 29 57
P stan ding .- -op 138 15 69 668 238 318 2009 2093 2203 1806 613 3586

CAP ) (g/st - ’ )
P standi ng cro p 1.6 5 23 191 136 91 287 897 91.4 1032 118 201.9

(P A) (a /a2)

Hy drilla
Percent frequency 0 17 0 14 29 0 0 11. 0 16 0 i6
P standing crop 0 Pr 0 Tr Pr 0 0 26 0 Pr 0 Pr

(A? ) (g/st2)
I standing ~rop 0 Pr 0 Pr Pr 0 0 1. 0 Pr 0 Pr

(TA ) (glee)

Potamogeton
Percen t frequency 33 0 17 11. 11. 29 ii. 16 jI. 16 jI. 16
I standing crop 129 0 21.91$ 1335 870 319 2007 2361. 899 1315 825 903

(Al’ ) (g is t2)
P standing crop 153 0 616 191 126 91 287 338 128 187 118 ~‘9

(PA) (g/ st2)

Vall ia ner ia
Per cent fre quency 17 0 0 0 0 0 0 jl~ 0 0 0 0
I standing crop 17 0 0 0 0 0 0 3882 0 0 0 0

(A l’) ( g/st2)
P standing crop 3 0 0 0 0 0 0 555 0 0 0 0

(TA ) (g / s t2)-

P it ch .
Percent fre quency 0 0 0 0 0 0 0 0 16 0 0 0 —

I standing crop 0 0 0 0 0 0 0 0 4311 0 0 0
(Al ’) (g/st2)

P standing crop 0 0 0 0 0 0 0 0 62 0 0 0
(PA ) (g/st2 )

L baldvinll
Percent frequency 0 0.167 0.167 0 0 0 0 0 0 0 0 0
x standing crop 0 27.2 136 0 0 0 0 0 0 0 0 0

( Al’) (g/st2)
I standing crop 0 ls.5 1. 22.67 0 0 0 0 0 0 0 0 0

(TA ) (g/st2)

N.J as
Percent frequency 0 0 0 0 0.16 7 0 0 0 0 0 0 ,~, 1 T
P standing crop 0 0 0 0 86 0 0 0 0 0 0 26’)

(A? ) ( gtst2)

* standing crop 0 0 0 0 12.2 0 0 0 0 0 0 68 . 1 . 6
(TA ) (g/st 2)

S. grast inea
Per cent frequency 0.167 0.167 0 0.167
x standing crop “27’) 5915 0 13 .172

(Al ’) (g/.2)
I standing crop 7~ 1.. i6  86~ 0 188i. t1

(TA) (g/e2) 
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Figure Cl. Transect results, South Pool—hydrilla
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Figure C2. Transect results, South Pool-potanlogetorl
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Figure C3. Transect results, South Pool—riitella
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Figure C1Is. Transect results, Middle Pool—potarnogeton
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Figure C5. Transect results, Middle Pool—riitella
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Figure CT. Transect results, East Pool—potarnogeton
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Figure C8. Transect results, East Pool—nitella
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Figure C9. Transect results , East Pool—vallisneria
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Figure Cli. Transect results, West Pool—potamogeton
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Table El

Plot Freguenc1e~

Plot Number Month
Plant ¶~pe Oct ~~~ Dec Jan Feb M.. ~~~ ~~~ Jun Jul ~~~

Plot #1
Hydrilla 17 37 27 37 40 33 33 10 53 57 17 13
Potamogeton 1 3 1 21 20 31 23 10 3 10 7 0
Nitella ioo 100 100 100 100 100 100 100 80 90 100 97
Barren o 0 o 0 0 0 0 0 0 0 0 o

Plot #2
Hydrilla 23 17 10 50 30 43 31 11 57 53 53 1e7
Potamogeton 10 10 43 30 27 37 70 80 27 So 67 53
Nitella 77 90 13 6o 83 87 67 37 73 57 70 53
Najas 0 0 0 3 0 0 0 0 3 0 0 0
Barren 23 10 3 20 7 13 0 3 3 7 0 3

Plot #3

~4ydri11a 17 0 23 10 3 27 13 3 10 17 3 0
Potamogeton 7 7 0 13 0 H 17 0 0 10 10 10
Nitella 87 97 90 ~0 100 100 93 07 93 100 100 100
Ceratophyllum 10 3 7 7 0 0 10 3 7 7 3 7
Vallisnerja 3 0 0 0 0 0 0 0 0 0 0
Utricularla o 0 3 0 0 0 3 0 0 0 0

intlata
Barren 7 3 10 0 0 0 0 0 0 0 0

Plot #5
Bydrilla 37 0 0 0 3 7 7 0 13 7 3 o
Potamogeton 3 0 0 0 0 3 3 3 0 0 0 0
Nitella 33 3 7 27 33 23 13 33 70 57 1e7 43
Ceratophyllum 93 53 77 57 67 77 67 53 67 57 90 87
Nymphaea 0 3 0 0 0 0 0 3 0 0 0 0
Barren 0 43 20 23 17 10 20 27 7 70 3 3

Plot #5
Hydrilla 20 0 7 0 0 3 0 0 0 0 3 0
Potamogeton 87 67 70 10 33 60 90 63 11 97 100 73
Nitella 87 100 3 77 100 100 93 100 100 57 100 73
Barren 0 0 0 0 0 0 0 0 0 0 0 0

Plot #6
Potamogeton 100 100 100 100 100 100 100 100 100 100 100 100
Nitella 0 40 ,7 77 70 57 77 100 100 67 03 100
Vallisneria 100 100 100 100 80 So 77 100 97 83 77 0
Najas 0 0 0 0 3 0 0 17 11 3 7 20
Barren 0 0 0 0 0 0 0 0 0 0 0

Plot #7
Hydrilla 27 43 33 6~ 53 33 0 53 47 77 90 93
POtainogeton 0 0 0 0 10 3 1 3 0 7 13 3
Nitella 0 0 0 0 0 0 3 0 0 0 0 0
Vallisnerta 0 0 0 4 7 0 0 0 0 0 7 10
Barren 73 57 67 37 So 67 67 57 ~3 70 10 7

Plot #8
Hydrilla 13 7 20 57 4~ 7~ 13 0 7 -

~~~ bO
Potamogeton 0 0 0 10 3 3 7 0 0 0 0 3
Barren 87 93 80 30 53 73 80 100 93 67 50 7

Plot #9
Hydrilla 17 10 3 3 0 0 0 3 10 37 10 70
Potasiogeton 60 50 83 33 57 50 33 57 57 57 67 60
Nltella 100 100 100 100 100 100 100 100 100 100 100 100
Vallisneria 0 0 10 0 0 30 3 0 10 1 7 17
Barren 0 0 0 0 0 0 0 0 0 0 0 C’

(Continued)
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Table El (Concluded)

Plot Number Month - _________________

Plant 1~~ e O~t ~~~
Plot #10
Hydrilla 100 100 97 100 100 100 100 100 100 100 100 100
Potamogeton 30 10 23 3 17 3 30 20 0 17 37 50
Vallisneria 0 7 11 7 10 20 17 7 3 43 20 ~T
Najaa 0 0 0 0 0 0 0 20 0 0 0 7
Nymphaea 0 3 0 3 0 0 0 0 0 0 0 0
Barren C) 0 3 0 0 0 0 0 0 0 0 0
Nitella 0 0 0 0 0 0 0 0 0 0 0 3

Plot #11
Rydrilla 10 3 0 13 10 7 3 7 0 7 13 7
Najas 33 3 0 3 3 0 0 3 0 30 20 53
Nymphaea 0 0 0 10 7 3 0 0 0 0 0 0
Barren 63 ~3 100 73 80 90 97 90 100 67 70 ~3

Plot #13
Hydrilla 0 0 0 7 7 0 13 33 50 37 73 60
Potamogeton 87 60 27 53 33 10 7 27 27 57 40 30
Vallisneria 7 0 0 0 0 3 0 13 0 37 3 3
Barren 13 leO 73 53 60 87 80 27 23 10 13 73

• Nymphaea 3
Najas 3

Plot #15
Potamogeton 3 0 10 10 0 10 ~ 27 37 7 17 73
Nitella 10 17 33 50 30 33 50 20 50 30 47 37
Ceratophylltnn 0 0 3 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0
U. Fibrosa 0 0 7 7 3 0 0 0 0 0 0 73

(gibb a)
)Jtricularia 23 30 57 27 37 33 20 27 So 70 73 17

inflate
Caboinba 0 0 0 0 0 0 3 0 0 3 0 7
Nymphaea 13 3 3 1 3 10 6 20 73 30 7 7
Najas -,

Barren 67 50 33 33 So 33 0 23  33 37 47 57
Rydrflla 3
Mayaca 7

Plot #15
)1ydrilla 7 0 0 0 0 0 3 0 0 0 3
Potainogeton 100 100 100 100 97 10’ 100 100 100 100 100 100
Nitella 63 53 37 73 93 100 80 43 83 50 13 100
Ceratophylluin 0 0 0 0 0 3 0 0 0 0 0
Vallisneria 0 0 7 0 3 0 . 0 7 0 0
Bacopa 0 3 0 7 1 7 13 10 10 3 7
Barren 0 0 0 0 0 0 0 0 0 0 0

Plot #16
Hydrilla 61 61 73 37 100 60 03 50 100 57 11 60
Potemogeton 43 leO 53 33 10 53 20 53 31 47 90 43
Nitella 63 90 80 60 20 87 03 50 8~ 01 100 100
Naj as 3 0 0 0 0 0 3 0 3 3 7 10
Barren 0 1 0 1 0 0 0 0 3 0 0 0

Plot #i8
Hydrilla 20 0 11 0 3 7 0 0 3 0 0 0
Potainogeton 13 13 7 10 20 10 7 0 7 7 10 13
Nitella 0 0 23 0 0 7 4 0 0 0 0
Vallisneria 100 100 100 100 100 100 100 100 100 100 100 100
Barren 0 0 0 0 0 0 0 0 0 0 0

L 
_ _ _
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~~b1. 12

N~t ~~~etitLe1
(I/u.)

rIot Keab.r _________-

~~ 

~~~eth ___________________

- ~~ant Tys. ~~~ ~~~~ J~~ r~~~ ~~ r 
~~~

j_ ~~ L~L A~~ 8.p

Plot Il
)ty ,Irtllu 11 181. 11. 10 ~t’ 0
Pot.ao~ .to n I. TO 0 0 0
Nlt.l1. 8t.~ 10 .181. j9’l. 2190 31.1.8 1.161 SI. It. 1.’, l00 I.91~1 1.00. 31.83 5 11. 1

Plot •.‘
t~.1rtl1. 11.1. 110 88 20 0

• Pot. ~Isto n 8 0 30 01. 1.4
• Nt t .11u 61.9 0001. 2006 1.1. .850 T0~ 1011 1166 so imI. 3)0 o

Plot I I
Hy.lrUlu 54 171. 16 106 hO 0 0 0
Potu5o~ .ton 2 8 8 0 0 0
Nlt.l1u 1108 1268 3080 21.1.6 2228 ~ 18 1993 61. w 608? ~t.o.’ 8ot. ’ 6~69

6 1.
Plot ~

H y . tr t t l .  9 1. t’ 191. 10 0 0
}‘ot.aoIet~,n ~‘ 0 0 (I

- • 511.1 1... ‘1 190 11. st 8 t~U. .‘t.o ~1l.
t’.ratoph~ 1l~a 19 .14 83 150 15.’ 10.’ 1s 4 I’jt. 268 0 11’ NON NI’

PlOt IS
• Pot.~~.~ .toui 10 12 1. it’ 1.8 I”0 78 8t

N tt . 1 i.u I~ S 9680 591’O .008 5031~ 12 , 540 601) 2112 .“~~0 1.0 .~016 1$4 ..~
Plot  It .

8.dlttsrl. 10
1.1. 21.0 80 ‘1,1. 288 .“.‘ 238 11.1’ .91 11.1’ 1.11. 551.

• • 511.11. 11 110 411. 01’ l f t I .  1180 2008 298 0’ ’ .t 4’O 1 ~
I. 11.8’.

Va111.a.rI. t.8 301. 1.’ 178 051) ~f8 386 l I t  110 .‘ l t  ‘0
N.j..

Pl ot I’?
Ilydrill.  31. 10 19 50 ‘.4 100

Plot 08
H~st r l l l .  30 10

P1. 1 •‘J
Njdrtll.  10 0 0 0 I.
Polaaog.ton 10 N 10 0 .1 3
511.11. p.”. ¶1996 3S28 311.6 .‘1.to. ‘.1.1.1 1.820 hoot 6911. t o t . ’ s8oo 58t.’,
C.r.topt.rll.a 0 0 () 0

P l ot 010
N y dr l l l s  ‘.11 1590 108 1.0..’ 791. 1 lOt. 1506 .‘708 i t  10 1988 1111.’ 1394’
£otsuo~.ton 111 1. I. 1.8.’ 0 0
111.11. 1’ 0 0 0
Velll.nerl* . 1t48 t O  1.11. 6 0 0 0
C.rst oph 3tI. ~ 0 0 0

so 1. p 0 0 0

Plot 011
N.j .. 1 0 0
Kldrt l l a  8

Plot Ill
I1$.trtIl. 48 •‘t. I. 10 11. 3

1. 11’ 10 1. 14 10

Plot 0 11.
Potauo ~ .t on 00 12 0 Cl 0
N It u i l .  11.5 1191. 11’1’ 770 71. 43’.
5l.o.h.rI. 0.11* 0 0 0

I’ 1.1. 0 0

Plot I ls
Pot.uo~ .ton I’. 1.18 It ..’ ION 116 131 058 110 138 18’) 8.’ 1.1.
5 11.11. 5~ 7 .‘.‘41) r 1)110 1.9s1. 1.51 0 1.”.’ 0 . r t  170 ~l. 18.’.’

Plot lit
113’drllIa 18 1) 1 3958 700 908 118 10? ‘1.1.’ tI l t’ 0 510
Pots~~~ ,1on 1.’ 16 It ’  58 8 0 t’
N 11.11. 101.5 1.t.10 192 1081 1.88)1 ~.‘4I 1100 1..’ l ’0.o I’. It ’  1.o.’ .‘otI I
Vs111u.n.rI. 14.0 11.6 0 0 0
N.j .. 1.4. 2 0 0

P1..t 01)1
H3’drtU. I. 0 0 0

I.’ 0 1. 0 01.
Y.111.n.rla 68)1 980 151.6 81.’ 1991! 1050 081.’ I 196 0)1.8 01101. t’1~. .‘t ~

- ‘— .. —“-.. -———-- —•—..‘.-—‘—~—~.—— ---..——- ---. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - .-- .-•. •
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Table E3

Plot ~‘ixed Heights

• Plot Number Month
Plant Type Point 0~t Nov Dec Jan Feb Mar ~~ !.1~~ ~ a ~~

Plot #1
Nitella 1 0.9 1.0 0.7 0.6 1.0 0.6 0.5 0.5 0.6 0.6 0.6 0.7

2 0.8 1.1 0.9 0.5 0.5 0.6 0.6 0.5 0.5 0.5 0.5 0.5

Plot #2
Nitella 1. o~ I4 0.7 0.5 0.6 0.5 0 .5 0. 14 0 .14 0.2 0.2 0.2

2 0.14 0.5 0.6 0.3 0.6 0.5 0.3 0.3 0.5 0.5 0.2 0.1
Potamogeton 1 1.0 1.0 1.0 1.0 0.5 1.5 2.0 2.5 3.0

2 0 .5 0.1

Plot #3
Nitella 1 0.5

2 0.9 0.9 0.9 0.9 0.8 1.0 o.7 0.6 0.7 0.6 1.0 0.6
Ceratophyllum 1 0.3 0.1 0.2 0.1 0.2 0.1 0.3

2 1.2

Plot #5
Hydrilla 1 0.5

2 0.3
Nitella 1 0.6 1.0

2
Ceratophyllum 1 0.3 0.2 0.2 0.2 0.1 0.1 0.2 0.3 0.4 0.5 0.6 0.5

2 0.5 0.2 0.5 0.2 0.1 0.2 0.2 0.3 0.4 0.3 0.5 1.2 H
Plot #5

Hydrilla 1
2 0.3

Potamogeton 1 0.7 0.5 0.3 0.3 0.3 0.1 0.5 0.3 0.5
2 0.3 0 0.5 0.5 0.5

Nitella 1 0.2 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1
2 0.5 0.5 0.8 o.s 0.6 0.5 0.5 0.14 0.3 0.14 0.3 0.2

Plot #6
Potamogeton 1 1.2 1.3 0.8 0.5 0.5 0.2 0.6 0.5 0. 14 0.6 0.6 0.6

2 1.3 1.2 1.0 0.5 0.6 0.2 0. 14 0.5 0.5 0.9 1.0 1.0
Va].lisneria 1 0. 14 0. 14 0.1 0.2 0. 14 0 0 0

2 0. 14 0.2 0.2 0.2 0.1 0.2 0.2 0.1 0 0
Nitella 1 0.1 0.3 0 . 14 0.2 0.2 0.3

2 0.2 0.1 0 0.1 0.2

Plot #7
Hydrilla 1 0. 14 0.5 0.3 0.5 0.1 0.8 0.5 0.1 0.1

2 0.5

Plot #8
Hydrilla 1 0.2 0.2 0.2 0.1 0.1

• 2 0. 14 0.1

Plot #9
Potamogeton 1

7 0.7 0.5 0.6 0.5 0.6 0.6 0.1 0.3 0.14 0.8 0.1

(Continued)
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Table E3 (Concluded)

• Plot Number Month
Plant Type Point Oct Nov Dec Jan Feb Mar 

~~~ ~~j Jun Jul &~
Plot #9
(Continued)
N itella 1 0.5 0.14 0.5 0. 14 0. 14 0.5 0.3 0. 14 0.2 0.2 0.2 0.3

2 0. 14 0.5 0. 14 0. 14 0.5 0.6 0.14 0.14 0.2 0.2 0.3 0.3

Plot #10
Hyd.rilla 1 1.5 0.3 0.2 0.2 0.3 0.3 0.3 0.8 1.0 1.2 1.0 0.6

2 0.3 0.5 o.6 0.3 0.2 0. 14 0.8 1.3 1.6 1.5 2.3 0.8
Vallianeria 1 0. 5

2 0.3 0.2

Plot #11
• Najas 1 0.1

7 0.1

Plot #13
Potamogeton 1 0.2 0.2

2 ~~1e 0. 14 0.2 0.2 0.1 0.2 0.1 1.5 1.14 1.2 2 .3  1.2

Plot #114
Potamogeton 3. 0.1

2
Utricularia J. 0.3 0.1 0.14 0.1

2 0.1
Nitella 1

2 0.1
Nymphaea 1 0.1 0.1 0.2

Plot #3.5
Potamogeton 1 1.0 0.5 0.5 0.4 0.1 0.3 0.4 0.9 0.2 0.4 0.2 0.4

2 0.7 0.5 0.9 0.7 1.0 0.6 0. 5 0.5 0.14 0 . 14 0.14 0. 14
Vallisneria 1 0.1

2 0.5
Nitella 1 1.0

2 0.6 0.6 0.5 0.3 0.6 0.5 0.2 0.3 0.2

Plot #16
Hydrilla 1

2 0.1 0.1 0.1 0.3 0.8 1.2 0 2 .2 1.2
Potamogeton 1 0.5 0.5 0.5 0.14 0.3 0.6 0.5 0 . 14 0.6 0.14

• Nitella 3. 0.3 0.14 0. 14 0.3 0.3 0.3 0.3 0.2 0.2 0 .2 0.2 0.2
2 0. 0 1.2

Plot #18
Vallianeria 1 0.7 0.14 0.6 0.2 0.2 0.3 0.~ 0.1 0.1 0.3 0.2 0.3

2 1.14 1.7 1.0 0.9 0.8 1.0 0.8 0. 14 0. 14 0. 14 0.7 0.(
Potaaogetcn 1 0.5 0.5 0.6 0.2 0.2 0. 14 0.2 0 .3 0 . 7  

.... ..•.• •. •~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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APPENDIX G: THE APPROXIMATE DISTRIBUTION OF THE
- DOMINANT PLANTS IN LAKE CONWAY
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Figure 05. Approximate distribution of the unvegetated
area of Lake Conway
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In accordance with letter from DAEN—RDC , DAEN—ASI da t ed
22 July 1977 , Subject: Facsimil e Cat alog Cards for
Laboratory Technical Publications , a facsimile catalog
card in Library of Congress MARC format is reproduced
below.

Nail , Larry E
Large—scale operations management test of use of the white

amur for control of problem aquatic plants ; Report 1: Baseline
studies; Volume I: The aquatic macrophytes of Lake Conway, V

Florida / by Larry E. Mall and Jeffrey D. Schardt , Bureau of
Aqua tic Plant Research and Control, Division of Resource
Management , Florida Department of Natural Resources , Tallahassee,
Ma. Vicksburg, Miss. : U. S. Waterways Experiment Station ;
Springfield , Va. : available from National Technical Information
Service , 1978.

58, L642 p. : ill. ; 27 cm. (Technical report — U. S. Army
Engineer Waterways Experiment Station ; A—78—2 , Repor t 1, v.1)

Prepared for U. S. Army Engineer District , Jacksonville .
Jacksonville, Ma, and Office , Chief of Engineers , U. S. Army ,
Washington, D . C., under Contract No. DACW39—76—C—0084.

References: p. 53—58.

I. Aqua tic plant control. 2. Aquatic plants. 3. Ecological V

models. 4. Environmental effects. 5. Lake Conway. 6. White V

amur . I. Schard t , Jeffrey D., joint author. II. Florida.
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States. Army . Corps of Engineers. IV . United States. Army.
Corps of Engineers. Jacksonville District. V. Series: United
States. Waterways Experiment Station , Vickaburg , Miss. Tech-
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