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Nethods applied in biological oceanoôraphy are of prime importance

for they determine the general orientation of a research project. This fact

is not arrived at by an intuitive approach but through experience alone. All

samples collected at stations of the R.V. "CORIOLIS" were drawn by means of

two nets made fast to the same rope: a 10-foot MIT (4 and 1 mm mesh sizes)

and 50-cm diameter plankton net (0.33 mm mesh size). Examination of the res-

pective catches of each trawl towed eimultaneously and for the same length of

time was highly instructive: the samples were totally different (cf. also

Banse,-1962; Barkley, 1964; Brinton, 1962a). Of less spectacular significance

but nonetheless determining factors were the effects of the traction speed of

the net, the laboratory sorting techniques, the amount of water squeezed frosa

the biomass before examination, etc. (cf. Gehringer and Aron, 196$; Bour-

dillon,-1971).

The second reason why pelagic biology is highly dependent upon a sound

methodology is the total impossibility of observing facts: biologists cannot

make corrections through direct observations on an estimate that 100 indivi-

dual E'zphausiids are found per cubic metre at a depth of 600 metres in the

Central Pacific (cf. Lamotte and Bourliére,.1971).

Given this two-fold evidence, namely the significant effect of methods

upon results and the total absence of empirical verification, both the col-

lecting and laboratory techniques must be described with utmost accuracy.

Improvin; the techniques over the course of some 1500 sampling stations was

attributable mainly to ^Iessrs R. Grandperrin and A. Michel, biologist-ocean-

ographers at the O.R.S.T.O.M. Centre at idumea f-•New Caledonia. We shall



ireceently refer to their work in this chapter. 

A. COLLECTING TECHNIQUES 	- 

Figure 20 is a diagram of the sampling gear.used at all stations of 
the R.V. "COLIOLIS". 

1. SA1PLIN".1 GEAR 

1.1. The Isaacs-Kidd Midwater Trawl was designed (Isaacs and Kidd, 

1953), by its very size and design speed, for capturing macroplankton and 	16 

micronekton. The gear was approved without modifications by the UNESCO No. 4 

Working Party (Fraser, 1966 and 1968). 	 • 

With the exception of stations 10 to 39 on the "Alizé"  expedition which made 

le0:0£ a 5-foot IKMT (mouth opening of approx. 2.2 m
2  ) 1  , a 10-foot model 

(mouth opening of approx. 8.5 m
2

) was used for all IKMT stations. The fore- 

net was in 4 mm mesh covering a length of some 9.5 m; the cod-end was an ordi-

nary plankton net, 50 cm in diameter (1.80 m long) in 1 mm mesh (No. 000). The 

end of the entire net consisted in a very large plastic collector (20 cm 

60 cm long) with "windows" covered in No. 000 mesh. At the opening,.the lower 

part of the net was equipped with a V-shaped metal depressor giving the gear 

its special feature (cf. below). 

The 5-foot IKMT was identical, almost to scale, to the 10-foot model 

and had the same cod-end (plankton net, 50 cm ç4, No. 000 mesh size); however, 

the depressor and forenet (4 mm mesh) were smaller and the mouth opening 

was approximately 2.2 m2 . 

Plankton  Nets (FCO)  

Given their poor performance in collecting large Euphausiids, very 

little use was made of these nets during the course of this project. 

(1) As the opening of the IKMT is not retained-within a rigid frame, its 
surface can vary by approximately 10% depending upon operating conditions. 
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Fig. 20. — Engins utilisés pour les prélèvements de zooplancton-micronecton (BK : bathykymm•aph. FCO : 
filet conique ordlnaire. IKLIT : chalut pélagique Isaacs-Kidd. DDR : depth-distance-recorder). 

Fig. 20. — Sampling gear used on board R. V. CORIOLIS for Plankton-Micronekton collections. FCO:  Plankton 
net- IKMT : Isaacs-Kidd Ilidwater Trawl (10 foot) —13K Bathykymograph. —DDR: Depth-Distance-Recorder. 

at the 
In fact, only/10 stations of the "Bore" expedition were eamples col— 17 

lected to compare the respective catches of a plankton net (FCO) and an IKMT 

10 (Roger, 1968 a). The net, using 1 mm mesh, (No. 000) had a 1—meter dia-

meter (opening to 0.8 m2 ) and length of 3.60 m. 

1.3. The Neuston Net  (êf. David, 1965) is a net mounted on a frame 

and used to draw samples of the fauna found in the first few centimeters 

immediately below the surface. The gear was towed by a vessel travelling 

at a speed of approximately 5 knots, an asymetrical crowfoot keeping it away 

from the wake of the vessel. The Neuston net used on board the R.V. "CORIOLIS" 

was in a No. 2 mesh size (0.33 mm). Euphausiids from 35 samples drawn on 

the "Cyclone"  1  expedition were examined. 

1.4. Tne Larval Net  (L .N.) (Omori, 1965) is a closing net, 160 cm 

in diameter equipped with a double trigger system: the net is shot out 

closed, opens by means of one trigger device and closes by means of the other 



when the catch is completed, then hauled in. Two nets, one in 1 mm mesh 

("Caride" III expedition), another in 0.33 min mesh ("Maruru" expedition), 

were used to determine vertical distributions with greater accuracy than 

was possible by using the IKMT. 

1.5. Accessory Gear:  Part of the gear was strictly routine equip-

ment, used either for sampling purposes or subsequently to identify certain 

definite characteristics. 

- an OLYMPIC rope-meter to measure the length of rope paid out. 

- a DILLON tensiometer to control rope tension during a station. 

- T.S.K. flowmeters to estimate distances travelled in the water by 

the trawl. On the first few expeditions ("Alizé", "Bore"), the flowmeter was 

placed, in the case of the IKMT, at the mouth of the 50 cm e plankton net 
serving as the cod-end. The turbulence occurring within the gear resulted 

in later placing the flowmeter outside the net, i.e., either directly under 

the IKMT depressor or, to provide better buffer, rigged independently within 

a circle 50 cm in diameter and fastened under the depressor (cf. Fig. 20). 

Given the fact that the IKMT is made in two different mesh sizes, one cannot, 

strictly-speaking, refer to a filtered volume, this volume being dependent 

upon the size of the animals (Aron, 1962a). Our objective was merely to 
the 

measure/distance travelled by the net with respect to the water during each 

tow. 

Intercalibration between readings on the flowmeter, placed either 

independently within the circle or under the depressor , or, in the cod-end, 

indicated that readings in the latter case - were approximately 20% lower than 

in either of the two first cases. 

- a Bathykymograph (BK) (Hester, Aasted and Gilkey, 1963), fastened 

to the towing cable of the trawl a few metres before the latter and recording 
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the depth of the net in terms of tinte, was used on most expeditions. Towing

depths given in the appendix were obtained from readings on that instrument.

(Fig. 21). Values followed by an asterisk indicate theoretical estimates

for stations during which the BK was out of order.

-- On the "Caride" III expedition and subsequent expeditions, in addi-

tion to the instruments mentioned above, a Depth-Distance Recorder (D.D.R.)

was rigged within the 50 cm circle net to the flowmeter. This instrument 18

recorded the distance travelled at each depth; the data obtained is shown on

a curve (Fig. 22) plotted on a ET plotter. This curve gives an estimate of

the volume of filtered water (or distance travelled) by a net at each given

depth, as opposed to the BK which indicated only the innersion time and not

whether the net had actually been working. Total readings on the BK and the

DDR also gave for each depth the working speed of the trawl (DDR filtered

volume/BK time), i.e., one of the basic parameters. The speed of the net in

relation to the water can vary by a fraction of a knot while the net is being

shot and by as much as 5 knots when the net is hauled in; the net obviously

perfornls differently in either cases. Fig. 23 gives the course of the MIT

during a typical oblique tow, with indications of the mean working speeds of the

net at various stages.

•
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Fig. 23. - Profil d'un trait de chalut IKItiT, avec
indication des vitesses moyennes (en nœuds) du filet
par rapport à l'eau au cours des différentes phases

(d'après GRANDPERRIN et MICHEL, 1070).
Fiti. 23. - Course of thp IK11IT during a typical
Oblique tow, With indications of the mean working

époeds of the net during the different stages.
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d'un trait réalisé au filet ouvrant-fer ►nant Larval

Net (voir texte).
Fig. 24. - DDR graph of a tow carried out with
the closing-opening Omori Larval Net - 1: paying
out, net closed. 2 to 5: net working (open) with
several successive horizontal stages. G: hauling in,

net closed.
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2. SAMPLING METHOD 

2.1 , IKMT 

We refer the reader to an excellent'analysis by Grandperrinand Michel 

(1970) describing and commenting upon every detail Of the operating techniques 

followed in using the IKMT on board the R.V. "CORIOLIS" from 1964 ("Alize" 

expedition) to 1969 ("Caride" IV expedition); we therefore consider it irre-

levant at this point to repeat the details of the operations. The reasons 

for selecting this particular type of samplingmethcd, i.e., the deep oblique 

tow, are given later in the chapter dealing_ with . 	nychthemeral varia- 

tions in catches. 

Figures 21, 22 and 23 give a rough idea of the results obtained (cf. 

Aron et al, 1965; Backus and Hersey, 1956). In spite of successive improve-

ments to the towing techniques, all had three inherent drawbacks attributable 

to  the equipment itself: 

- a definite,almost horizontal strata (cf. Fig. 21) at the greatest 

depth resulting in too many samples being drawn from that depth in comparison 

with other depths. 

- irregular filtering speed (speed of net in relation to the water ) 

(cf. Fig. 23) which, in extreme cases, varied from a few fractions of a knot 19 

when the net was shot to as much as 5 knots or more when the net was hauled 

in (Aron and Collard, 1969). 

- definite lack of accuracy concerning the maximum depth reached, 

known only subsequently froa BK or DDR readings, the critical factor being 

the difficulty in controlling the speed of the vessel at speeds of less 

than 5 knots. 

2.2. Larval Net (LA) 

The operating technique of the Larval Net (cf. Omori, Marumo and 

Aizawa, 1965) is simpler, theoretically speaking at least, than that of the 
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II41T. The closing-openin.; Larval Net operates only periodically; the actual

towing time is therefore irrevelant as the net is opened only during a given

period of total towing time.

Use of the Larval Net on board the R.V. "CORIOLIS" having been intro-

duced at a later date, the basic salr.pling procedure, described hereunder.and

applied on the "Maruru" expedition, must therefore be considered as having

served as a témporary measure.

- approximately 2/3 of the rope length estimated necessary at a

given depth was paid out;

- the device for opening the net was triggered; the rope was no longer

paid out so as to know when the net would open;

- once the net was opened, the remainder third of the ropP was run

out, progressively more slowly, in order to compensate for the sharp upsurge

when the gear opened;

- the gear was left at three different horizontal levels within the

strat.a to be investigated for some 5 to 15 minutes;

- the device for closing the net was triggered and the closed net

was hauled in.

During the entire time, the vessel maintained a speed of 4-5 knots.

Fig. 24 shows a DDR graph of a tow carried out with the Larval Net at depths

of $00 to 380 metres: (1) paying out, net closed; (2) upsurge when net opens;

(3) (4) (5) net working (open) at several successive horizontal levels; (6)

hauling in, net closed.

Without instruments indicating the position of the net during the 20

tow, the ;reatest difficulty consisted in estimating the precise time when

opening or closing should be triggered; the exact time could be known only

subsequently from readings on the DDR.

3. ANALYSIS OF THi I144T SAMTLLNGS

We again refer the reader to the work of Michel and Grandperrin
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(1970) giving an analysis of the theoretical and practical aspects of the 

selection made by the trawl in the populations investigated. We shall dis-

cuss only the salient points and special problems related to Euphausiids 

(Roger, 1968 a and b). 

3.1. General Considerations 

The IKMT is a type of gear designed for catching specific kinds of 

organisms given the fact that two different mesh sizes are used: 4 mm mesh 

for the forenet and 1 mun  mesh for the cod-end. As Michel and Grandperrin 

(1970) demonstrated very clearly, a two-fold selection is therefore made: 

one by the 4 mm mesh, the other by the 1 mm mesh which further selects from 

the population previously selected by the forenet before reaching the cod-

end. Two different samples are therefore obtained; however, given this 

essentially single procedure, care must be taken to avoid assigning the popu-

lations a false biological origin. Nonetheless, among available types of 

gear, no other better technique appears more satisfactory for capturing 

large varieties of organisms of the plankton and micronekton categories 

(cf. Aron, 1958 b). The first thought that comes to mind when considering 

an investigation of large quantities of organisms is the use of gear using 

a single mesh size. Michel and Grandperrin (1970) demonstrated that an 

IKMT made exclusively of 4 mm mesh would capture a much smaller variety of 

animals; on the other hand, a net made exclusively of 1 mm mesh offers con-

siderable resistance to the water therefore requiring a slower towing speed 

and preventing large organisms from being captured. Conventional plankton 

nets are unsuitable for fast-swimming plankton (cf. Clutter and Anraku, 

1968; Hopkins, 1966; Jerde, 1967; McGowan and Fraundorf, 1966; MacKintosh, 

1934; Ponomareva, 1963) among which Euphaimiids are included. Lasker (1966) 

•noted that Euphausia pacifica was capable of swimming for a few seconds at 



speeds of 18 cm/sec; assuming that a net moving at a speed of 4 knots could 

be detected from a distance of 5 metres by the animals, the latter are able 

to move 45 cm before being caught. The chapter on Vertical Distributions 

mentions how few Euphausiids larger than 2 cm were collected with a Larval 

Net having a diameter as great as 1.60 m and towed at a speed of approxima-

tely 5 knots. Michel and Grandperrin (1970) have also shown that an IKMT 

using two different mesh sizes collects a much larger number and larger 

variety in sizes of organisms, than the total sum captured by both nets 

working independently, i.e., an IKMT made exclusively of 4 mm mesh and a 

plankton net of 50 cm e, 1 mm mesh. Under these conditions, the IKMT 

appears as the best possible compromise given the types of gear available 

for collecting micronekton, the younger forms of these being included with 

plankton, i.e., Euphausiids are in this category. This observation agrees 

with that of the No. 4 Working Party (UNESCO-Zooplankton Sampling, 1968). 21 

Researchers must therefore find newer and more satisfactory means and mean-

while,continue using the IKMTwhUerecognizing its particular performances. 

Researchers view certain observations  as  sheer enigmas, explanations 

of which become obvious only subsequently. For instance, we noted that the 

day/night ratio of the average number of individuals captured at each station 

for a given species was significantly smaller when the specimens were smaller 

in size. This fact is difficult to explain by conventional hypotheses: the 

animals could not possibly be found during the day at depths greater than 

that reached by the net (1200 m); furthermore, if the trawl was more easily 

detected by day than by night, it was nonetheless inconceivable that the 

smaller organisms systematically escaped the net more readily than  larder 

 ones. Michel and Grandperrin (1970) finally proposed a satisfactory expla-

nation: the cod-end, made of finer mesh, offers strong resistance to the 

water and at the net opening, causes a pressure wall to form with associated 

back flow and turbulence; the animals avoid this area and whirl about the 

part of the net in 4 mm mesh during a good portion of total towing time, 
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the
thus cornimô into contact with/sides more frequently as the duration of the sta-

tion increases and eventually escape because of their smaller size. For ins-

tance, 10 mm specimens collected at night near the surface remain in thd net

for only a very short time before being hauled in; the same animals captured

during the day at a depth of 600 in are largely lost when the net is hauled in.

As their size increases, fewer animals are able to escape with only negligib le

numbers of the 25-30 rram specimens escaping through the 4 rnm mesh. The daY/

night ratio therefore remains constant by reason of the very size of the or-

ganisms. In spite of such serious drawbacks in using this type of gear for

collecting a large number of specimens, there are still few other alternatives.

Researchers must therefore estimate as accurately as possible the bias of the

sample obtained in relation to the actual population. The basis of selection

made by the IKMr is sufficiently complex that it is difficult to apply it di-

rectly to actual stocks. Instead, we preferred to deal with the problem by

examining the facts. Two methods were successivelysuggested: a comparative

analysis (cf. also Grandperrin, 1967; Friedl, 1971) between catches of an IT

and that of another type of gear (i.e., a plankton net, 1 m diameter, 1 mm

mesh size) used under identical conditions (Roger, 1968 a), and secondly, a

correction of the populations by applying coefficients derived from biological

considerations (Roger, 1968 a).

3.2. Comparative Analysis of Catches by a 10-foot TK14T and a 1-meter
Plankton Net (FCO - 1 ma mesh size) (cf. Roger, 1968 a).

C

The comparison dealt with catcries obtained on the "Bora" II expedition

for 10 stations during which an Ili;•IT tow was immediately followed by an iden-

tical tow with a plankton net (FCO). All stations were occupied at night

between 2000 and 2300, oblique tows having been carried out between the surface

and a depth of 300 metres.

The catches were divided into 6 size groups (from 0.9 to 3.0) according

to the procedure described hereunder (cf. Roger..and Wauthy, 1968). Two facts

,, °-^!^nr .^;^^^•r, C,MMan;;9 .r.... e71r ?T
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were particularly noticeable: 

- the IKMT collected a greater number of Euphausiids than the plankton 

net (FCO), i.e., on the average, 984 per 5000 metres travelled as opposed to 

• only 420; 

- individual specimens captured with the IKMT were larger on the aver-

age, i.e., the ratio of the Number of individuals collected by the IKMT/Number 22 

of individuals collected by the plankton net increased as the size of the or-

ganisms increased, as shown in Fig. 25. Also of importance was the two-fold 

selection made by the IKMT and the effectiveness of the plankton net in collect-

ing smaller organisms (0.9 size group). The mean size index of each species 

(calculL:tion described hereunder) indicates that the advantages of the IKMT 

over the plankton net are greater as the size of the organisms increases 

(fig. 26). 

Nombre d'individus 
récoltés 

Fig. 25. — Nombres d'Euphausiacés récoltés au tours de 
10 stations par un chalut IKMT 10 pieds et par un filet 
à plancton (EGO) de 0 1 m, en fonction de la taille des 

organismes. 
Fig. 25. — Numbers of Euphausiids collected during 
10 stations by a 10-foot IKMT and a one meter plankton 
net (EGO), related to the size of the animals (0,9 to 3,5 
size groups = thoracic diameter of animals, in millimeters. 
Equivalence between size groups, mean individual length 
from the tip of the rostrum to the tip of the telson, and 
mean individual wet weight, is indicated in § 9.2 of the 

Summary). 

0,9 1,2 	1,6 2,0 	2,5 	3,5 

110,1i  
Norntirt FC0 

Fig. 26. — Rapports des nombres d'Euphausiacés capturés 
par le IKMT 10 et le EGO 1 m en fonction de la taille 

moyenne des organismes (1 point par cspèce). 
Fig. 26. — Ratio between the numbers of Euphausilds collec-
ted by the 10-foot IKNIT and the one-meter plankton net, 
depending on the mean Individual size of animals. 90 to 270 
mean size index of species. Each point represents  one  species. 

Indict de 111111 ontytnnc 
0 	 —1 	 • 

t 0 110 130 130 1 70 300 010 230 300 070 
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These general principles having been set forth and taking into account

the difficulty of-estimatinLI, the bias for each catch from theoretical consid er-;-

ations, we might, when the purpose is to compare two different types of gear,

merely intercalibrate them by towing them one alongside the other (Banse and

Semon, 1963). In this case, the "useful" surface of the M^^T opening, made

to vary according to the size of the given species, can be determined; large

animals are captured as soon as they penetrate into the opening of the TKMT

,("useful" surface: 8.5 rc2); very small animals which escape through the 4 mm

23

mesh

are captured only in the cod-end of 50 cm diameter and 1 mm mesh size ("use-

full' surface: approx. 0.25 m). Generally speaking, in relation to the 1-meter

plankton net, the IKMT can be used to capture any species provided the "useful"

surface of the gear is as follows:

Sm 2 = 0.8 X Number collected by IKMT
Number collected by 1-m FCO

where .8 is the opening surface of the plankton net (1 m/) in m2. Table I

indicates different values of S for the main species of Euphausiids.

TABLE I
"Useful surface" of 10-foot IiCP4T in comparison with a 1-meter Plankton Net

Species

T.Iricuspidala .............................
T. peclinala ...............................
T. crislala .................................
N.seyspinosus .............................
T. monacanliia .............................
T. oblttsifrons ..............................
T. orienlalis ...............................
T. aequalis ................................
lV.lenella .................................
N. microps ................................
N.boopis .................................
S. abbreuialttm ............................
E. paragibba ..............................
E. diomedae ...............................
V. gracilis ......... . . . . . . . . . . . . . . . . . . . . . . . . .
S. elongalum ..............................
E. breuis . .. ...............................
S. carinalum ..............................
S. longicorne ..............................
S. affine ..................................
E. lenera ..................................

Number IKMT "Useful surf^ce"
Number FCO of IKMT in m

37,5 (1)
10,3
7,1
7,0
6,3
4,5
4,3
4,3
3,6
2,8
2,8
1,6
1,6
1,6
1,4
1,2
0,8
0,4
0,4
0,2
0,2

(1)
8,2
5,7
5,6
5,0
3,6
3,4
3,4
2,9
2,2
2,2
1,3
1,3
1,3
1,1
1,0
0,6
0,3
0,3
0,2
0,2
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A comment is necessary at this point: the "useful surface" of the 

IKMT is determined according to the theoretical  "useful surface" of the plank-

ton net (0.8 m2.  ), 	that of the  plankton ig considered as being 100%, 

which is evidently inaccurate. The useful surface is therefore not the actual 

surface otherwise obtained by multiplying the useful surface by the efficiency 

of the plankton net, i.e., obtained not by using the value of 0.8 m
2 

(opening 

surface of the 1-meter plankton net), but rather the section of the water 

column actually filtered by the 1-meter plankton net (0.64 m
2

, for instance, 

in the case of a net efficiency .of_80%)._______ 

Fig. 27. — Composition en tailles des échantillons 
IKMT pour des espèces de tailles moyennes diffé- 

rentes. 
Fig. 27. — Size distribution of animals in the 
samples for 3 species having different mean indi- 

vidual sizes. (0.7 to 3.5 	size groups). 

Fig. 28. — Artefacts introduits par la sélection du 
IKMT. — composition en tailles de l'échantillon; 
— — — population réelle estimée ; 	 fraction 
de la population ayant. échappé au travers des 

mailles. 
Fig. 28. — Bias introduced by the IKMT: — — 
size distribution of animals in the actual population 
when the entire duration of the biological cycle of 
the species is considered. 	 size distribution 
of animals in the samples.  part of the popu-
lation which escapes through the meshes. (escape-
ment increasing as the animals size decreases). The 
evaluation of this parameter allows to calculate 
corrective factors to estimate the actual population. 

3.3. Minimum estimate of actual population (cf. aoger, 1968 d) 

On the "Cyclone" expeditions samples were drawn from the same region 

over a period of six months, all samples being collected by the same method. 

An examination of the samples collected from some 89 stations, all conducted 

under essentially identical conditions, demonstrated how the sampling gear 

definitely influenced the spedies being captured. Fig. 27 snows that the 

curve for animals of different size groups captured over the entire period 
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is essentially bell-shaped for each species, the bell curve leaning either

to the right or left according to the mean individual size of the species.

In an equatorial environment, six months is sufficiently long from a biolo-

gical standpoint to have met all phases of a biological cycle. We can there-

fore assume that the curve for the total number of each species, for a• given

period, was necessarily a fraction of a hyperbole with a negative slope,

given the fact that for an entire cycle there are naturally more larvae than

young, more young than adults, etc. We might therefore safely consider the

part of the curve located to the left of the mode as the reflection of a

bias due to the selective ability of the fishing gear (shown on Fig. 28):

A is in reality At, the fraction A-A' having escaped the net; likew;.se, B is

actually B14B-B' having escaped, etc. For each size group, vie are thus led

to estimate a minimum corrective factor based on the following reasoning: "C"

is a.tleast as abundant as "A"; if the stock is half as plentiful, this means

that, at best, the sample is only half as representative, etc. According te

Fig. 28, it becomes immediately obvious that this reasoning can be pursued

further provided only one spocies is involved; on the other hand, if curves

are available for a range of different size groups, corrective estimates for

all size groups can be obtained by a step-by-step process. For instance

(cf. Fig. 27), T. tricuspidata would indicate that the 1.6 size group is, at

best, sampled 1200/300 or 4 tia,ies rilore po0r1y than the 2.0 size group; T.

aegualis would indicate that the 1.2 size group is sampled 1000/330 or 3

times more poorly than the 1.6 size group, etc. In practice, among the

sampled species, the one species providing the highest corrective factor bet-

ween two ôiven size groups will be used to determine that corrective factor.

Table 2 and 3 give the minimum corrections applied to the various size groups

to corapensate for bias in the sajr.plàng, established from specimens of 89
occupied

stations/on the "Cyclone" expeditions.

25
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The drawbacks and limitations of this procedure are self-evident: 

the estimates are minimal, i.e., there is no possibility of obtaining accurate 

knowledge of actual stocks in any given locatioh; only an estimate of the min-

imum population can be made. lurthermore, the basic assumption is that the 

largest size group is a 100% sample, which is of course inaccurate, although 

the error is minimal if the gear is capable of capturing animals of that par-

ticular size. Note also that no margin is allowed for the progressive in-

crease in the percentage of losses in terms of time spent by the organisms 

in the net; e.g., the estimated 20% remaining in the net of the 2.0 size 

group represents the mean of the highest percentage of night catches (animals 

swimming near the surface are unable to escape) and the lowest percentage of 

daytime catches (animals captured at greater depths are more likely to escape 

as the net is hauled in). 

The calculation of corrective factors requires very complete data, 

more particularly data on a period equivalent to at least a complete cycle; 

otherwise, the very basis of the method must be rejected because one could 

no longer claim that the actual population of any given location during the 

entire period can be shown as a curve decreasing progressively according to 

individual size. In addition, the stations must have investigated the entire 

, vertical biotope of the species and not only those layers occupied by certain 

size groups. Finally, it is assumed that the species being examined are suf-

ficiently related morphologically that even the size of the individual 

animals is . refleoted -  in the samplesdrawn from the net, as established earl-

ier for Euphausiids 	26). 

The advantages of this method are nevertheless significant: the cor-

rective factors although calculated by a negative approach considerably reduce 

the possibility of underestimating the stocks as a result of poor sampling 

. of smaller organisms, shown on Table 3. On the other hand, if the conditions 
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necessary to determine those factors must be rather rigid, these factors

are estüblished once and for all for all given size groups and all types

of gear. Finally, as the reasoning is based on actual observation and.

not on theoretical selection considerations, all contingencies unpredict-

able beforehand are automatically taken into account.

Finally, we must point out that the sampling procedure followed on

the "Cyclone" expeditions did not meet all required conditions. In particu-

lar, only a six-month period was covered,which even in a tropical environ-

ment, is somewhat short; furtheri,iore, for several species, only a few speci-

mens were collected. The calculation described above is given more^as an

example than as an accu-rate method for determining corrections which must be

applied to Euphausiid specimens captured-with a 10-foot IKPiT.

•

•



Tailles et 
% capturé 
size - 
captured 

S. longicorne 	  

E. diomedae 	  

E.  para  gibba 	  

N. tenella 	  

T. aequalis 	  

N. boopis 	 

T. tricuspidata 	 

T. orientalis 	  

T. monacantha 	 

T. peclinata 	  

0,7 à 1,2 

0,65 % 

58 000 
(374) 

1 547 000 
(9 979) 

	

83 000 	83 000 
(535) = (1 468) 

	

131 000 	127 000 

	

(845) 	(2 276) 

	

24 000 	19 500 

	

(153) 	(347) 
8 100 

	

(52) 	(145) 

	

17 000 	6 100 

	

(111) 	(109) 
- 

	

(14) 	(41) 

- 

	

( 7 ) 	(29) 

	

( 1 ) 	(14) 

1,6 à 2,0 

5,4 % 

(30) 
110 000 

(5 972) 
400 

(452) 
32 000 
(1 712) 
19 500 
(I 060) 
6 200 

(283) 
6 000 
(328) 

2 000 
(106) 
- 

(85) 
- 

(38) 

2,0 à 2,5 

20 % 

0 

2 000 
(378) 

( 1 ) 
1 200 
(241) 

7 300 
(1 438) 
2 300 
(459) 

6 000 
(1 191) 

630 
(132) 
730 

(144) 
625 

(103) 

> 3,5.. 
100 % 

(hypo- 
thèse) 

0 

0 

0 

0 

0 

(36) 
- 
(22) 
143 

(143) 
295 

(295) 
193 

(193) 

Species 

Espèces 

8 400 
(150) 

644 000 
(11 507) 

•■■■ 

••■■• 

2,5 à 3,0 

26%  

3,0 à 3,5 

59%  

1,2 à 1,6 

1,8 % 

0 

(8) 
- 

(8) 
- 
(16) 

1 500 
(383) 

1 400 
(374) 

5 700 
(1 491) 

680 
(178) 
700 

(184) 
- 
(76) 

o 

o 

0 

0 

(13) 
280 
(166) 
740 

(433) 
620 

(247) 
700 

(407) 
193 

(113) 
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TABLE 2 

Total number of Euphausiids, according to species and size, collected during 
89 stations, and corrective factors (coeff.) calculated. Samples of less 
than 100 were diSregarded (given in parentheses). 

opecies 	Taille* 	0,7 à 	Coeff. 	 0 à 	
Coeff. 	Coeff. > 3,5 

1,2 à 	 2 5 à 	3,0 à Coeff. 	1 ' 6 à 	Coati'. 	2, 	Coeff. 	' 
Espèces 	Size 	1,2 	1,6 	2,0 	2,5 	3,0 	3,5 

S. longicorne 	374 	- 	150 	- 	(30) 	- 	(0) 	- 	(0) 	- 	(0) 	- 	(0) 
E. diornedae 	 9 979 	1,15 	11 507 	- 	5 972 	- 	378 	- 	(8) 	- 	(0) 	- 	(0) 
E. paragibba 	535 	2,74 	1 468 	- 	452 	- 	(1) 	- 	(0) 	- 	(0) 	- 	( 0) 
N. lenella 	' 	845 	2,70 	2 276 	- 	1 712 	- 	241 	- 	(16) 	- 	(0) 	- 	(0) 
T. aequalis 	153 	2,28 	347 	3,05 	1 060 	1,36 	1 438 	- 	383 	- 	(13) 	- 	(0) 
N. boopis 	- 	(52) 	- 	145 	1,95 	283 	1,62 	459 	- 	374 	- 	166 	- 	(36) 
T. tricuspidata 	Ill 	- 	109 	3,01 	328 	3,63 	1 191 	1,25 	1 491 	- 	433 	- 	(22) 
T. orientalis 	(14) 	- 	(41) 	- 	106 	1,25 	132 	1,35 	178 	1,39 	247 	- 	143 
T. monacanlha 	(7) 	- 	(29) 	- 	(85) 	- 	144 	1,28 	134 	2,21 	407 	- 	295 
T. pectinala 	(1) 	- 	(14) 	- 	(33) 	- 	103 	- 	(76) 	- 	113 	1,71 	193 

Coef 	2,74 	3,05 	3,63 	1,35 	2,21 	• 	1,71 

Total coeff. 	 40 
applied 	155 	56 	18,5 	5,1 	3,8 	1,7 	(hYP.) 

Estimate of % 0,65 	 100% 

captured 	% 	1,8 % 	5,5 % 	20 % 	26 % 	59 % 	(hYP.) 

* Thoracic diameter in mm. 

TABLE 3 

Number of specimens  (figures in  parentheses) and estimated actual popula-
tions (total for 89 stations). Samples of less than 100 specimens were 
disregarded. The sign indicates categories used to calculate correc-
tive factors. 
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B. LABORATORY METHODS 

Given the wealth of material, it was necessary to develop new methods 

as the old ones were designed to handle only small amounts of material. A 

selection was necessary and, given our objectives, we considered that less 

information would be lost if a large amount of data were processed by means 

of less accurate techniques than  by deliberately disregarding a major portion 

of the material and examining in detail only part of the catches. 

We shall describe only briefly the methods for sorting the plankton, 

discussed in other sources (cf. Michel and Grandperrin, 1971), and only mention 

how the Euphausiids were treated prior to scientific examination. be shall 

discuss at greater length the procedure followed in examining the organisms. 

1. SORTING THE PLANKTON 

The general principle adopted in the laboratory sorting of the spec-

imens was to mechanize the operation insofar as possible in order to minimize 

the workload of the sorters given the extensive volume of material. The 

catch was therefore run successively through a cylinder isolating categories 

of organism according to density, then through a series of sieves with paral-

lel bars at the bottom, spaced at graduated distances, which separated the 

animals into a certain number of size groups. These sieves were like those 

designed to divideEuphausiids into size groups (cf. following paragraph; 

also Roger and Wauthy, 1968). For details of the operation, we refer the 

reader to Michel and Grandperrin (1971), the main points of which are given 

hereunder: 

The haul was successively run through: 

— a sieve with parallel bars spaced at 10 mm which collected the 

largest organisms, considered as having been captured by chance and not 

generally included in catches of the IKMT ("fraction A"). The following 

• chapter will discuss how these sieves selected according to the smallest 

dimension of the animal: width in the case of—fish, thoracic diameter in 

the case of crustaceans, etc., i.e., the sieves selected only very large 
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animals. Euphausiids were never included among these, the largest being

the giant species Th;=sanopoda cristata or T. e;re€;ia which never exceed

7 mm in thoracic diameter.

- a cylinder 1.60 m high, 20 cm in diameter, in which a rising cur-

rent of watEr drew the animals upwards in such a way that animals with the

lowest density were drawn to the upper levels; the organisms could thus be

further sub-divided. The main purpose of this operation was to separate the
anima s

gelatinous/which considerably hampered manual sorting.

- asieve with parallel bars spaced at 2.5 mm, selecting "fraction Brr

or organisms considered as having been adequately sampled by the IKMT;

- a sieve with parallel bars spaced at 1 mm, selecting "fraction C'r

or organisms of which many escaped through the mesh of the net., This part of

the catch is referred to as "fraction D" or "remaining plankton" composed of

very minute animals, only a small number of which remaisaiii the net.

- each fractio:i was weighed as a total unit (wet weight after water

was squeezed out for one minute at 56 g., (cf. Grandperrin and Michel, 1969a);

fractions B and C were then sorted with pincers and separated into some twenty

taxa.

2. Ti3LATIi4G THE EUPHAUSIIDS 28

•

For any one group, size classification strictly by means of the sort-

ing procedure described above was obviously inadequate. A finer breakdown

was necessary to subdivide the organisms into smaller size groups making it

possible to roughly estimate (cf. Pargmann, 1945) the age of the populationa

(Kurata, 1962; Lasker, 1966; Fonomareva, 1963).

As mentioned earlier, the very volume of material led to mechanizing

the operations as much as possible; in particular, special measures could be

applied only to small sub-samrIes which, other than the difficulty in doing

so with fairly large organisms, meant that an appreciable amount of data

would be lost by hi^ving unreasonably small samples for several species.

The Euphausiids included in fractions B. C and D, selected as men-

tioned earlier, were all put through a series of sieves with glassrods

spaced at 3.5/3.0/2.5/2.0/1.6/1.2/0.9/ 0.7 mid"iahich successiveliT selected the

animals according to thoracic diameter. The sieves, 10 cm in diameter, could
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handle 400 to 500 individuals at once. The catch was introduced into elec-

trically-driven shaking sieves rotating every . 10 minutes (rotation of approx. • 

35 rpm) (cf. Photo A). Details of the operations and efficiency tests are 

described in Roger and lauthy (1968). Photo B shows the 8 size groups (8.G.) 

in actual size. 

The specimens within each size group were then identified even more 

specifically; these results are given in the form of a station sheet tabula-

ting the animals according to species and size groups. 

By this method, large samples could be handled quickly without any 

hand-sorting being necessary; i.e., results were easily obtainable. The 

major drawback was a sorting of orgaà.isms according to a single parameter 

(thoracic diameter), necessarily a limited one, such that the results were 

less accurate than if individual measurements had been taken. Table 4 gives, 

for-various species,  the  relationship between size group and mean individual 

wet weight in mg (on formolized material: cf. Ahlstrom and Thrailkill, 1963; 

Grandperrinaid Caboche, 1968)/length from tip of rostrum to tip of telson 

in mm. Variations noted between species depended naturally upon the indivi-

dual morphology of the species, an "elongated" species being longer than a 

shorter species within the same size group. On the other hand, certain mor-

phological characteristics sometimes altered measurements to some extent; 

for instance, mature? (ovaries at stage IV) frequently causes swelling of 

the thoracic region with the result that these organisms were classified in 

a larger size group than that of immature eor 	of the same length. 

Uhen Euphausiids were considered as a whole unit, we adopted a size 

and weight equivalence for each size group, i.e., the mean value for each 

species given on Table 4, The mean values are as follows: 
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TABLE; 4 	 • 	29 

Uelationship between size groups (S.G.), mean individual wet weight, in mg. 
(1st figure) and lengths, from tip of rostrum to tip of telson, in mm (2nd 
figure) for the different species. Each figure represents  the average  of a 
minimum of 10 measuremnts with the exception of figures indicated in paren-
theses. 

SpeCieS 	Q.T. 	
3,5 	3,0 	2,5 	2,0 	1,6 	1,2 	0,9 	0,7 

Espèces 	S. Tt. 

T. cristata 	744/—. 	(181)— 	95/— 	(50)/ — 	(16)/ — 	— 	— 	— 

T. tricuspidata 	—/33 	116/30 	85/26 	65/21 	38/17 	17/(13) 	5/10 	—19 
T. orientalis 	421/(37) 	209/33 	127/ — 	63/ — 	36/ — 	(20)/ — 	(8)/ — 	(2)/ — 

T. monacantha 	287/35 	196/30 	100/24 	59/19 	35/(16) 	— 	(13)/(9) 	— 

T. pectinala 	- 	 377/34 	240/(32) 	130/25 	72/20 	(48)/18 	— 	— 	— 

T. oblusifrons 	— 	 (171)1 — 	 — 	 (79)1 — 	 — 	 — 	 — 

T. aequalis 	— 	 — 	 70/20 	53/18 	34/16 	18/13 	6/9 	WV) 
T. egregia    (1162)/— 	— 	— 	(54)/ — 	(28)/ — 	— 	— 
S. carinalum 	— 	 — 	 — 	 — 	 — 	 — 	 3/8 	2/7 
S. abbrevialum. 	— 	 — 	 (44)1(19) 	40/18 	24/15 	14/12 	6/9 	2/— 
S. maximum 	238/— 	153/(29) 	95/24 	56/21 	32/18 	15/13 	(9)/(10) 	— 
S. elongalum 	— 	— 	— 	— 	— 	11/(13) 	71— 	(2)1 — 
S. longicorne 	— 	— 	— 	— 	(17)1— 	12/(10) 	6/9 	2/(7) 
S. affine 	— 	— 	— 	— 	— 	41— 	317 	217 
E. diomedae 	— 	 — 	 (38)/(19) 	35/18 	29/16 	19/13 	9/9 	3/7 
E. paragibba 	— 	 • 	 — 	 (28)/ 	26/17 	18/14 ' 	8/10 	OM) 
E. tenera 	— 	— 	— 	— 	— 	(11)1— 	4/9 	3/8 
E. gibboides 	— 	— 	—125 	— 	 — 	 — 	 — 	 — 

N. tenella 	— 	 — 	 (55)/24 	40/23 	31/19 	20/16 	9/14 	3! - 
N. microps 	— 	 (90)/ — 	62/(23) 	49/20 	32/17 	16/15 	8/10 	4/8 
N. gracilis 	— 	 — 	 — 	 —/17 	23/16 	14/14 	9/12 	— 
N. Ilesipes 	— 	 — 	 —124 	(65)/20 	(30)/18 	—/15 	(8)/11 
N. sexspinosus 	 (305)/— 	184/ — 	— 	(36)/ — 	( 34)/ — 	— 	— 	— 
N. boopis 	(201)/— 	144 1 (27) 	102/(23) 	66/(20) 	37 1(18) 	21/(13) 	(9)/— 
B.  amblyope 	(218)/— 	141/(24) 	86/23 	(58)/21 	(36)/(17) 	(19)/(13) 	(10)/(11) 	— 

0.7 S.G. (mean values): 8 mm and 2 mg 
limit 	 9 mm and 4 mg 

0.9 S.G. (mean values): 10 mm and 4 mg 
limit 	 12 mm and 11 mg 

1.2 S.G. (mean values): 13 mm and 16 mg 
limit 	 15 mm and 20 mg 

1.6 S.G. (mean values): 17 mm and 31 mg 
limit 	 18 mm and 37 mg 

2.0 S.G. (mean values): 20 mm and 54 wg 
limit 	 22 mm and 65 mg 

2.5 S.G. (mean values): 23 mm and 84 mg 
limit 	 26 mm and 120 mg 

3.0 S.G. (mean values): 29 mm and 140 mg 
limit 	 33 mm and 220 mg 

3.5 S.G. (mean values): 35 mm and 310 mg 

By classifying the species into size groups, a "mean size index" could 

be quickly calculated by simply adding the products of each size group and the 

percentage of individuals within a given species.. Thus, a species representing 30 
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8% of the 3.0 size group, 14% of the 2.5 G.S., 21% of the 2.0 S.G., 38% of 

the 1.6 S.G., 17% of 'the 1.2 S.d., 2% of the 0.9 S.G. will have a mean size 

index of : (3.0 x 8) + (2.5 x 14) + (2.0 x 21) .4 (1.6 x 38) + (1.2 x 17) + 

(0.9 x 2) 184. 

By using this index, not a rigidly accurate one, a species can be 

quickly located by the size of its individuals. However, this index does 

not qualify only the species being considered, but also the type of gear, i.e., 

the index is not based on actual populations, but rather on a biased image 

produced by the type of net being used. 

Hauls with the IKMT (excluding specimens collected with the planktcn 

net (FC0), Larval Net and Neuston Net), yielded over 400,000 specimens. 

Classification of this material according to genus, species and geographical 

origin will be discussed in detail in the chapter on Zoogeography. 
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C H A P T E R 3 . Zoogeofjraphy, Characteristics of Distributions 31

and SeL4sorial Variations'

•

E

As we noted earlier, the major distribution patterns of various species

inhabiting the Pacific are relatively well imown (Brinton, 1962 b). One

must bear in mind however the vastness of the zone investigated which, in

comparison, makes the number of stations occupied to date seem ridiculously

small. The material obtained from expeditions of the R.V. "CORIOLIS" rep-

resents a wealth of information unavailable until now on these regions and

calls for a detailed study of distributions on a scale unattempted as yet.

in terms of zoogeography, the catches havè made it possible to iden-

tify five major population zones (fig. 29.):

- Zone A : Western Equatorial Pacific ("Cyclone" expeditions, northern
section occupied on "Bora" expeditions, westernmost section
on "Alizé" expedition) - 170°E -- 5oPd to 5oS.

- Zone B : Southwest Tropical ôacifico(southern section of "^Bora" expedi-
tions) - 170011; - 20 S to 5 S.

- Zone C Central Equatorial Pacific ("Caridô" expeditions, central sec-
tion of "Alizé" expedition) -- 135 W to 155 W on the equator.

- Zone D : South Central Tropical Pacific ("Atoll" and "Brisants" expedi-
tions ) -- 1300 tiv - 145oW/15oS - 25oS.

- Zone E : Eastern Equatorial Pacific (easternmost section of °Alizs" expe-
dition) -- 920W to 140011 on the equator.

The following points shall be successively discussed:

A. Use of statistical methods for analyzing the quantitative elements fonfl--

i^ig the basis of this part of the work.

B. Various species sampled, their relative abundance, measurements particu-

larities influal.cing representative sanpling of the catches.

C. Major population zones, density and specific compostion of each zone.

D. Some distribution characteristics of main species, especially swarmming

and nycthemeral variations.

E. Seasonal variations.
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Fig. 29. — Les 5 régions étudiées. 
Fig. 29. — The five areas investigated. 

A. COMAMTS ON THE USE OF STATISTICAL TESTS 

Colebrook (1969) observed, in a somewhat cynical manner:that to date 

researchers who did not apply statistical methods have contributed more to 
of 

the knowledge of plankton than those who didule use/them. The fact is that 

plankton distributions do not fit within the "urn -schemata" highly respected 

by statisticians; the researcher who observes such unusual distributions is 

therefore left completely at a loss. This author further mentions that 

planktonic populations are controlled by several factors (movements of masses 

of water, nutrition, reproduction, social behaviour patterns, migrations) 

governed by laws other than mere chance and to which conventional statistical 

methods cannot be applied any more than in the case of loaded dice or 

We must further add that essentially random variables are considered  and  

that the cause-effect relationship is obtainable only in exceptional cases 

and only if supported by assumptions other than statistical analysis; most 

frequently,  trie  researcher must resign himself to simply observing facts. 

The mathematical interpretation of phenomenon observed in planktology 

is in full development at the moment (cf. Daget, 1967; Ibanez, 1969; Fron-

tier, 1971), but will not be considered in this project. We shall merely 

give very brief explanations of the following operations: 
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l. Standardization of distributions.

1.1. Standardizing transformations.

1.2. Normal distribution tests.

1.2.1. Graph tests: Henry's line (probit graph) and rankit graph.

1.2.2. Ca^culation of coordinates of normal curve and Pearson's

X test.

1.3. Examples of applications.

2. Comparison of means and analysis of variance. Test F, test t, normal'

deviate. Examples of applications.

3. Comcarison of'ncrirnormal distribution Wilcoxon Test. Examples of appli-

cations.

4. Remarks on variability. Over-dispersion coefficient.

T. STAII:DARDIZATIOIù OF DISTRIBUTIONS

1.1. Standardizing Transformations

The great majority of statistical tests assume that data to b e processed

will comply with normal frequency distributions and, in comparing two distri-

butions, the Variances will be essentially equal.- However, this is seldom

the case with planktonic samples. Distributions are generally far from the
pattern

normal distribution /and variance increases with the number of samples. Con-

sequently, if a hypothesis is to b e supported with a statistical test, the

actual distribution must invariably be transformed into a normal distribu-

tion. Standardization is performed by applying an arbitrary mathematical

transformation selected solely for its ability to standardize: it is an ex-

pedient designed to temporarily modify the form of the distribution in order

that tests may then be applied to it. The conclusions must therefore be

drawn from the original data and not from the standardized values which have

no real significance.

In practice, once'it is known that the real distribution is not a

normal one, the point is to find the transformation that will b est bring

about a standardization by testing the norm,al. distribution of the series

33
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obtained (see following paragraph). The most commonly applied transforma-

tions are y log x, y log (x+ k), y log2 x and y (cf. Fron-

tier, 1969). 

1.2. Normal Distribution Tests 

1.2.1. Graph Tests 

A normal distribution can be quickly tested on a graph; the much more 

tedious calculated test is applied only if the normal distribution obtained 

seems rather dubious. Tne principle of the graph test is to transform the 

real curve into an S representative of the cumulative percentages, the char-

acteristics of which are difficult to evaluate on a straight line (enamor-

phosis). 

The most widely used method is the probit transformation which consists 

in plotting the cumulative percentages of the various types of samples on a 

probit ordinate graph on which any normal distribution, regardless of mean. 

and variance, will result in a straight line, called Henry's Line. Invers-

ely, any series of points which does not form a straight line will not give 

a normal distribution and will deviate from the normal distribution in as 

much as the curve differs from a straight line (see further on for Examples 

of applications). Another graph test can be applied on small samples 

(N<50) if no special probit paper is available and is also more rapidly 

obtained  than  the probit transformation. This is the rankit test. 

1.2.2. The Pearson X2 Test 	 • 

When the points plotted on the probit or rankit graphs amrather 

doubtful, the distribution must be tested more accurately to determine 

whether or not it can be considered as a sufficient approximation of a 

normal distribution if the test is to be at all meaningful.  This  can be 

done by applying the Pearson X
2 Test and comparing the distribution to 
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the theoretical normal curve with the same mean and variance, the cooeùi-

nates of which are calculated beforehand.
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Fig. 30. - Test graphique de Normalité, échelle
Probit.

Fig. 30. - Graphie tests of Normal distributions.
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Fig. 31. - Test graphique de Normalité Ranisit :
log. des etTectirs totaux d'Euphausiacés récoltés

dans la région B.
Fig. 31. - Graphie test of Normal distributions.

1.3. Example of applications

We mentioned that the distribution of a series of planktonic samples

seldom follows a normal distribution except by means of a transformation

applied to the actual distribution. The case does occasionally occur how-

ever: fig. 30 shows that the specimens of E. diomedae drawn from 0-600 m

daytime tows follow an almost straight line on probit coordinates. The

same figure also shows that samples of T. tricus ip data drawn during the

same tows déviate considerably from the normal curve: if statistical tests

are applied to this series, the distribution must be standardized. As an

example, we briefly explain how standardization is obtained:

- classify the specimens (in this case, 11 classes reduced to 6 after

combining classes at either end of the range of which the theoretical num-

);ber should be at least equal to 5 for calculating ?C 2

- verify the extent of deviation . from the normal distribution according

to the probit test (fig. 30);

- apply the standardizing transformations by testing the series obtained

on the probit graph. Inthis case, the transformation y= log x provides

a satisfactory standardization (fig. 30); -
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- if in spite of the probit transformation, there is still doubt about 

the quality of the standardized distribution, verify the latter by calcu-

lating the Y2 between the series assumed as normal and the _ordinates of 

the normal curve with the same mean and variance. 

UNote that the highest ordinate of the theoretical normal curve is: 

Yo e  0.39894 N.C/S 

where 	C is the class interval 

N is the number  of  observations 

S is the standard deviation. 

The ordinate of each point on the curve is equal to a certain percent-

age of Yo, indicated by the table of ordinates of the normal curve in terms 

of the value of the ratio (m 

where m . the mean 

mi.' the ordinate of point i] 

The normal distribution of the curve thus calculated can be verified 

by checking whether it can be plotted as a straight line in probit ordi-

nates. 

In our particular case, we obtain 

u 2.05 

As the X 2 table indicates a limit of 11.07 at the 5% threshold for 

5 d.d.l. (6 classes), we might conclude that the distribution of specimens 

of T. tricuspidata drawn from 0-600 night tows is essentially a normal log 

and that statistical tests can be applied to the logarithms. 

We pointed out that, in the case of small samples, the rankit test 

was more useful than th•:probit test. Figure 31 shows the verification, 

by means of this test, of the normal distribution of the logarithms of 

the total number of Euphausiids captured during 23 stations occupied in 

region B (grouped into 6 classes). 

2. COMPAMSON OF MEANS  AND VARIANCE 1NALYSIS 

In spite of the extreme caution whiCh must be exercised when applying 

the tests,  even simple tests of lesser importance, to series as statistical-

ly unusual as planktonic specimens, the point is nevertheless to attempt 

understanding certain results by means of these techniques. For instance, 
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(cf. Table 8 ),the  average number of Euphausiids captured per station in 

regions A to E was respectively 710, 450, 1032, 115 and 5446 or the num-

ber of -buphausiids captured at 2000, 0000 and 0400 hours on the "Caride" I 

expedition was 1334, 1213 and 1163 respectively on the average per station. 

Are these differences significant? This question can be answered oply by 

statistical analysis. 

Before applying statistical tests to these series, one must ensure, 

by means of the methods described in the preceding paragraph; whether the 

distributions from which the means were drawn were normal, standardize 

them when necessary and verify whether the variances are not significantly 

different. An additional difficulty arises because the distributions which 

are compared against one another will necessarily be submitted to the same 

standardizing transformation. For instance, it seems rather difficult to 

apply a log transformation to specimens from the "Cyclone" II expedition 

and a rtransformation to those of "Cyclone" III in the hop e of possibly 

finding seasonal variations. In this case, not only must the distributions 

be standardized or made to approach a normal distribution, but a procedure 

applicable to all distributions that will be compared must be found. 

We briefly explain how such problems can be dealt with. 

2.1. Average Number of Individuals Captured per Station in Regions A to E 

Are the samples drawn from the 5 zones (710, 450, 1032, 115, 5446) 	36 

significantly different? 

- Having ascertained by the probit test that the distribution is not 

normal, a standardizing transformation must then be found; 

- The transformation y .--. log x standardizes approximately 4 distributions 

(fig. 32). However, the rather doubtful standardization of the series for 
2 

Zone C must be tested by the A. 

X2 . 13.93 for a limit of 16.9 ut the.. 5% threshold. 
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The standardization is therefore acceptable.

We therefore obtain:

Region A B C D E

Number of observations n....... . 89 23 125 58 16

Mean L11o ..... ...............
2g

2,75
0640

2,54
0800

2,93
0,068

1,97
0,106

3,55
0,201

log .................SVariance , ,

- test selection: a comparison of two means appears more interestinô than

a comparison of all means: in fact, geographical evidence would*indicate

that regions A and E, for example, have no direct relationship between one

another and that the significant difference between these two means would

be overshadowèd, in m overall comparison, by the presence of an intermediate

region C.

Likewise, the great difference between région P. (mean: 115) and region

E (mean: 5446) is sufficiently obvious to consider any statistical evidence

unnecessary; furthermore, this difference would definitely alter the result

of a g^neral test. A more interesting point of view is to establish whether,

in the western Pacific, the equatorial zone A(mean:710) is significantly

more inhabited than tropical zone B (mean:450). We shall therefore compare

the following couples which seem to bear some significance:

A-C / A-E / A-B / B-D / D-C / C-E

The test F= S^/S^ (where SA is the value of the greatest variance)

will enable us to verify whether the -wariances differ significantly at the

5% threshold if F<Fs given in the table "point 2.5%"for the values (nA - 1)

and (n„ - 1) :

A-C A-E A-B B-D D-C C-E

F= ................. 1,05 3,14 1,25 1,3=1 1,56 2,96

n" - 1 .. . . . . . . . . . . . . . . . . . . 124 15 22 57 57 15

nD- 1 .................... 88 88 88 22 124 124

Fs .................. 1,50 2,0 1,85 2,14 1,56 1,93

•
Note that the couples includin., region L do riot meet the condi-

tion of equal variances. The means can'r,ot therefore be compared statis-

tically which, in practice, is of little importance. In spite of pro-

nounced variability, region L(eastern hc'uatorial Pacific) is the only



- 32 -

• zone for which'the number of specimens stands out among all the others to

make any statistical analysis unnecessary. ,e,l;e are therefore left to compare

the following couples:

A-C ^ A-B / B-D / D-C

fI

•

II
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Fig. 32. - Test graphique de Normalité, échelle
Probit : log. des effectifs capturés dans les différen-

tes régions.
Fi^. 32. - Graphic tests of Normal distributions.
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Fig. 33. - Graphie tests of Normal distributions.

As certain series of the.pairs A-B and B-D include less than 30 measurements,

test t must be applied
mA - MD

S'

SA,
+ ^ ^

nnu

where S2 is the variance common to both series, estimated according to the

formula Si _ :5-r (X-MA), -i- :^: (X-mg)'

nA-{-nB-2

ior couples A-C and D-C, on the contrary, all series include over 30 measure-

ments and the normal. deviat e_ can therefore be applied

Cr
mw -- mB

^/SA + B

nA nB

According to Table 5, all the pairs are._composed of significantly
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different means, in fact far beyond the 5% threshold. Disregarding the 

fact that we dealt with logarithms and not with the actual number of 

specimens, all distributions having been submitted to the same transfor-

mation, we might safely assume that the actual means are significantly 

different at a 5;<.,  risk. 

TABLE 5 	 38 

Comparison in terms of «pairs of specimens drawn from 
n'ions  A to D 

A.-C 	A,B 	B-D 	D-C 

St __,. 	(x-rnA.) 1  + 	(x-m  — 	0,068 	.0,102 	— . 
nA  A- n il  — 2 

mA  — 
t . 	 - 

/ 	
3,44 	7,12 	_ 

\ nA 	, 

limite 
tn,4.n„ — 2 (à 5 %) 	 — 	1,96 	1,96 	— 

mA  — MB 
C --- 	  

5,29 	— 	. 	— 	19,20 

(limite à 5 %: 1,96) —  
.4. uan we assume tnat  trie  catcnes  01  upnausilos carrieo out e 

night at the average time of 2000, 0000 and 0400 hours on the "Caride" 

expedition (respectively: 1334, 1213, 1163) can be directly compared 

against one another, or must a corrective factor be applied to take into 

account the time when the specimens were being drawn? 

According to fig. 33, the specimens in the three series are essentially 

distributed along a normal curve. The actual specimens can therefore be 

used. 

- The variances are verified as being less  than  the limit F= 2.5. 

F 00 h  =1.06 	F 04 h 1. 44 
F 20 h 	 00 h 

F 04 h 
F 20 h 1.53  

The distributions being fairly normal and the variances fairly close, 

the means can therefore be compared. 

- selecting the test: Test I  will be used to determine whether the over-

all means differ significantly: 	 *: 01/110 Tem 
C 1  F 	 

N — C 
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where ni -- number of stations in series i 

N 	 = total number of stations 

Ti -- total specimens in series i 

T0 ---Ti .total specimens 
2 = sum of the squares of  specimens 

C 	number of series 

The means will differ significantly as a whole at 5% risk if F exceeds 
-1 the value FC  read in the table of F "point 5f" for the degrees of freedom N-C 

(C-1) and (N-C).. 	 - 

By applying this formula, we determine that F*0.001. This value is 

extremely low (table F point 1% gives a limit value of F=5.10 for the de-

grees of freedom 2 and 42), which implies that the variance from series to 

'series is negligible taking into account the variance within any of the givOn 
series. We might therefore quite safely conclude that the catches (total 	39 
number) obtained at 2000, 0000 and 0400 hours during the "Caride" I expedi-

tion do not significantly differ from one another. 

3. COMPARISON OF NON-NORMAL DISTRIBUTIONS 

Statistical methods are still lacking in this field and, most often, it 

is still necessary to follow the tedious standardization procedure previously 

described in order to apply the conventional tests. In spite of its limita- 

tions, we might mention one of the few tests which can be applied to non-normal 
by 

distributions. This is the Wilcoxon rank test/Which two distributions can 

be compared against one another without the use of the mean. 

The test consists in classifying all measurements of both series in 

either increasing or decreasing order such that the lowest total rank order 

is obtained for the shortest series if the.  series are not of equal length. 

When two measurements have the same number of specimens, the mean of their 

rank order is used. Only the lowest total rank order is taken into consi-

deration. If it is less than the value read in the Wilcoxon table for the 
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number  of "values  corresponding to both distributions, the difference between 

them •is.. significant at the given threshold. 

Example  

i.e., Comparison of distributions of T.  tricuspidata in the equatorial sta-

tions (0-3°S) of "Cyclone" II and III. 

C II 	 C III 
No. of qDSCilileMS 	Cla.i fi  cation (rank) 	No. of Specimens 

	

20 	 4 	 7,5 	 26 

	

22 	 5 	 17 	 54 

	

26 	 7,5 	 15,5 	 52 

	

28 	 10 	 13,5 	 41 

	

18 	 3 	 11 	 37 

	

152 	 23 	 18 	 68 

	

52 	 15,5 	 9 	 27 

	

75 	 19 	 12 	 39 

	

41 	 13,5 	 1 	 13 

	

89 	 21 	 2 	 14 
88. 	 20 	 6 	 25 

	

100 	 22 

	

N, = 	12 	 N, = 11 

Ibtal of rank Ord, 
TOTAL de rang.. ... 	163,5 	 112,5 

Comparing  N1  11 and N2  12 at the 5% threshold on the Wilcoxon table, we 

find the value 99.8. As our own value of 112.5 is greater, the distribu-

tions are not significantly different at the 5% threshold. The respective 

means of 59 and 36 were not taken into account. 

4. COMMENTS ON MEASURM THE HETEROGENEITY OF DISTRIBUTIONS 	 40 

This point will be discussed at greater length in the section on "Dis-

tribution Characteristics". However, it should be mentioned at this point 

to draw attention to the necessity of using, when examining the variability 

of planktonic specimens, a method for measuring heterogeneity which does 

not depend upon the number of specimens. It was generally noted that the 

variance S2 increases as mean m increases. Therefore, the over-dispersion factor 
factor • 

C S2Ari andthavariation/V Stm, which cause the square of the deviations 
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from the mean to enter into the calculation, increase as the value of in

increases whenever over-dispersion (S2> m) occurs. On the other hand, the

dispersion factor a ^ S
-72M

by being virtually independent of m, provides more information by stating

whether or not there is over-dispersion and also evaluating its extent.

B. 'SFECTI S SAMPLED

The 34 species collected from the total hauls are briefly commented

upon in the following pages. A few words will suffice to situate them within

the context of this study: excellent sources (cf. especially Boden, 0ohnsori

and Brinton, 1955) give a full description of each species; it is therefore

redundant to do so here. We shall merely point out the number of specimens

included in our samples, the major distribution patterns and characteristics

which may have affected representative sampling. It is extremely important

to have an idea of the average size of the species in order to estimate

how the particular species was sampled: we noted that the percentage of

animals entrapped in the net varied by approximately 65ia for the 0.7/1.2

size groups and by as much as 100:') (tneoretical) for the 3.5 size group.

Table 6 gives a size distribution for each species and the mean size index

deduced according to the procedure ùescribed earlier. Figure 34 gives the

mean size index of the species (70 to 270) and an evaluation of the mean

percentage of the actual populations caught by the ïYa^ir. This data serves

only as a guide as the size of organisms within one species can vary slight-

ly from one expedition to the other. The size distribution given hereunder

was crahn after exalia.ni.n^; all hauls on the "C3-clone" expeditions, with the

exception of N. fle;ci es samples drawn durin,, the "Caride" I expedition.

Closely related species of identical size were grouped together.
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(T. orientalis, T. monacantha, T. peçtinata / T. obtusifrons,  T. aeoualis, 

T. subaegualis / E. diomedae,  E. brevis,  E. muticà  / N. tenella, N. microns, 

N. gracilis).  

. Only six genera are represented as no specimens of Nyctiphanes, Meganye-

tiphanes, Thysanoessa, Tessarabrachion or Pseudeuphausia  inhabit the zone 

covered by our studies. In decreasing order of number of samples, the 

400,000 individuals were classified as follows (fig. 35): 

TABLE 6 
Size distribution of various species and Mean size indices 

	

G.T. 	 Mean 
Specfes 	s. .G 	 0,7 	0,9 	1,2 	1,6 	2,0 	• 	2,5 	3,0 	3,5 	S i Ze 

Espèces   index  

T. Iricuspidala 	1 % 	2 0/0 	3 % 	9 °A . 	32 % 	41 % 	12 % 	1 % 	226 
T. orienlalis 	  
T. monacanlha 	  • 	1 % 	1 % 	3 % 	9 % 	15 % 	17 % 	30 % 	25 % 	269 
T. peclinala 	  
T. aequaliq 
T. oblusifrons 	1 % 	4% 	10% 	31 % 	42% 	11 % 	1 % 	 180 
T. subaegualis 	 . 
S. cari nalum  	50 % 50 % 	 SO 
S. abbrevialum 	3 % 20 % 	60 % 	17 % 	 120 
S. maximum 	6 % 	16 % 	24 % 	32 % 	14 % 	6 % 	2 % 	187 
S. elongalurn. 	4 % 67 % 	29 % 	 98 
S. affine 	60 % 40 % 	 78 
S. longicorne 	1S c,'., 50 % 	27 % 	5 % 98 
S. microphlhalma  	100 % 	 70 
E. diornedae 	 
E. brevis 	7 % 29 % 	41 % 	21 % 	2 % 	 118 
E. mulica 	  
E. paragibba 	3 % 19 % 	60 % 	IS % 	 120 
E. fulcra 	80 % 20 % 	 74 
N. lenella 	  
N.- microps 	1 % 15 % 	45 % 	34 % 	5 % 	I % 	 135 
N. firacilis 	• 	  
N. flexipes 	4 % 	15 % 	40 % 	20 % 	18 % 	3 % 	 172 
N. boopis 	1 % 	3% 	10% 	19 % 	30% 	25% 	11 % 	2% 	208 
B. arnblgops 	 1 % 	4 % 	12 % 	17 % 	20 % 	31 % 	15 % 	254 

- the genus Z,up1.1.Eallia, with its 261,000 representatives, was by far 

the largest sample (6e of total); amng the  9 species, E. Diomedae inthe 

west and E. eximia in the east were most abundant. Note that  the minute 

size of certain most abundant animals (E. diomedae,  E. tenera) resulted in 

highly under-estimating their actual numbers in the catches, such that the 
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actual population of this genus is possibly even greater. 

- the genus Thysanopoda comes in second place with 53,000 organisms 

(13%). The large size of most specimens and their deep-water habitat re-

sulted in an excellent sampling of this genus which, numerically occupies, 

in reality, only the 4th place following Euphausia, Stylocheiron  and 

Nematoscelis.  'Among the 10 species of this genus, T. tricuspidata and T. 

aequalis  were moàt common. 

- the genus Nematoscelis, represented by only 3 main species (N. 

tenella,  N. microns,  N. gracilis),  included 46,000 individuals '(11%) of 

average size, moderately under-estimated according to the techniques used. 

- the genus Stylocheiron (41,000 specimens or 10% of total catches) 

which, like the genus Euphausia, included meny individuals but very minute 

in size (S. affine, S. carinatum, S.  microphthalma),  such that the popula-

tionl'as grossly under-estimated. Only S. abbreviatum,  which in fact dis-

plays amazing swarming habits, was very abundant. Numerically-speaking, 	42 

this genus should with very little doubt occupy the second place immediately 

after the genus Euphausia. 

- the genus Nematobrachion (8000 organisms or 2%) can be considered,. 
large 

as the genus Thysanopoda  and for the same reasons (particularly the/size 

of animals), as having been well samnled; actual populations can reason-

ably be deducted directly from our data. 

- the genus Eentheuphausia, including only one species B. amblyops, 

was well represented in our collections. Ve collected no less than 1200 

specimens of this bathypelagic species considered as rare, or 3% of our 

total collections. 

In conclusion, it might be interesting to compare the respective 

number of specimens in each genus, i.e., Speclmms collected . and actual 43 



- 39 -

•
STYIOCHEIBON (25)

•

`f,MAT933ACH10N (2 )
3E4THfUPHaUSIA;033)

THYSANOPOOA (3)
tlEMATOBBACHION ^(0,4)
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Fig. 35. - Composition moyenne des récoltes Fig. 36. - Composition estimée de la population réelle
(en (en %) : moyenne des régions A à D.

Fig. 35. - Average composition of samples (%). Fig. 36. - Average composition of the estimated actual
population (%) (nlean values for the 5 areas).

populations (Table 7 and fig. 35 and 36), estimated by applying to the
actually

nulrber of specimens of each species/collected the factor calculated ac-

cording to net efficiency for each species (Roger, 1968 d).

By making such comparison, the basic role of sampling and sampling

bias introduced by each particular technique was brought out. This must

be born in mind while reading the part dealing with the quantitative

aspect of this study.

The total number of specimens collected as given for each species

will in fact differ slightly from the..aotual coiznt. : the latter was

corrected for the "Alizé" and "Atoll" expeditions to take the sampling

gear into account. Stations occupied during the "Cyclone" I expedition

and designed for a special programme were not considered. The figures

quoted nevertheless give a highly adequàte approximation of the number

of specimens collected for each species (shown on fig. 37).

0
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TABLE 7 

Order of species according to number of specimens 

Older 	 In heuls 	In reality (estimate )* 

1 	 Euphausia 	64 % 	Euphausia 	 . 	 63 % 
2 	 Thysanopoda.. . . 	 13 % 	Stglocheiron 	25 % 
3 	 Nemaloscelis.... . 	 11 % 	Nemaloscelis....  	9 % 
4 	 Stylocheiron 	10 % 	Thysanopoda.. . . 	 3 % 
5 	 Netnalobrachion 	2 % 	Netnalobrachion.. 	0,4 % 
6 	 Bentheuphausia 	0,3 % Bentheuphausia.. 	E 

* These percentages vary appreciably from one region to 
another throughout the zone investigated. 

Indice de 
taille  moyenne 

Fig. 34. — Indices de taille moyenne des espèces, et estimation de la fraction de la population réelle gill est. retenue 
en moyenne par le Ili.MT 10. 

Fig. 34. — Mean size index of species (70 to 270) and evaluation of the mean percentage of the actual population 
caught by the IN.mr" 
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Fig. 37. - Nombres totaux d'individus récoltés (effectifs <100 non fIgurés).
Fig. 37. - Total numbers of specimens collected.
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1. ThSrsanopoda cristata, G.O. Sars. Exceptionally large bathypelagic

species. While Boden, Johnson and Brinton (1955) ascribed a maximum total

length of la.8 mm to this species, we collected even larger specimens,some

of which were as long as 59.5 mm from tip of rostrum to tip of telson.

(Roger, 1968 b). These measurements place this species somewhat beyond

the range of size groups used for the other species as only the young of

this species enter that range. Adult specimens were therefore classified

in a special range including the 3•5/5.0 and 6.0 size groups. As a result

of its deep-uater habitat, the stocks were under-estimated for all tows

at a depth of less than 600 m by night or 900-1000 m by day. Nevertheless,

626 individuals were collected on the "CO,tI0L1S" expeditions; this is a

much larber sample than any other drawn•to date. Brinton (1962 b) in

describing the distribution of the species in the Pacific according to

specimens of the Scripps Institution of 0ceanography, had only 68 speci-

mens, of which only 20 adults. In spite of its bathypelagic characteris -

tics, which would lead one to assume that the species is widely distributed,
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this species.is  not found in the eastern Pacific (Zone E); the specimen 

collected furthest to the east was captured at 143°09 W on the "Caride" 

expedition. 

2. Thysanopoda tricusoidata, Eilne-Edwards. This species, one of 

the most widely sampled, is constantly found in relatively high numbers 

except in •one E where it was considered scarce. Given a rather hetero-

geneous distribution, the species is sporadically found in large concen-

trations (Hansen, 1916). Its large size (adults: 20 - 30 mm) places it 

precisely within the range where the sampling gear works most efficiently 

(mean size index: 226). 	e  collected approximately 28,000 specimens 

(general average: 70 per station). Although Boderh Johnson and Brinton 

(1955) had qualified this species as "essentially equatorial", we shall 	45 

question their statement in the chapter on Ecology. 

3. Thysanopoda orientalis,  Hansen. Adults measured as long as 40 

mm (mean size index: 209) and the IKMT was therefore able to capture an 

adequate sample of this rather rare species: some 2000 specimens were 

captured or an average of 5 per station. The species is fairly evenly 

distributed although found.less frequently in zones D and E. Brinton 

(1962 b) considered it as being closely related to T. monacantha and T. 

pectinata. 

4. Thysanopoda mona cantha, Ortmann. Resembling the preceding spe-

cies very closely, this species k; as  also well sampled with some 6000 in-

dividuals (average: 15 per station). It inhabits the entire zone inves-

tigated with a high density noted in the West and Central Equatorial 

Pacific (Zones A and C). 

5. Thysanopoda pcctinata, Ortmann. Closely related to the two 
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preceding species, T. pectinataa3  perhaps slightly less well sampled: 

1600 organisms or an average of 4 per station. 

6. Thysanopoda aequalis,  Hansen, was oneof the species most commonly 

and most constantly found, i.e., over 12,000 specimens (again, to mention 

the abundance of our material, we might point out that Brinton (1962 h) 

established his charts for the entire Pacific on the basis of 614 indivi-

duals). On the average, 31 specimens were captured per station. The size 

of the species would indicate adequate sampling, perhaps slightly under-

estimated, by the IKMT (mean size index: 180). 

7. Thysanopoda subaequalis,  Boden. ThisSpecies was only recently 

distinguished from the preceding by Eoden and Brinton (1957). Their mor-

phology is indeed practically identical with the only real difference be-

ing -that,-in-the-case of T. ,.subaequalis,  ..(3' of the propodite of the 3rd 

pair of thoracic legs is transformed into a tail. Although according to 

Boden and Brinton (1957), other characteristics make it theoretically pos-

sible to differentiate both species, namely the shape of the rostrum, these 

criteria are highly uncertain in practice. Only adult males were counted 

separately, the young and females being included with T. aequalis.  Such 

ambiguity does/Peer estimates of T. aequalis  stocks as T. subaequalis  was 

found only in Zone B at the northern limit of 08°38 S and, furthermore, in 

very small numbers; i.e., only 54 males were collected. The species was 

totally absent in zone D (South Central Tropical Pacific) and throughout 

the Equatorial Pacific (Zones A, C and E). Its presence to the south of 

Zone B (15-20°S on 170°E) would extend the distribution charted by Brin-

ton (1962 b). 

8. Thvsanopoda  obtusifrons,  G.O. Sars, is also part of the T. aequalis/ 



6.J T. subaequalis group in which morphology and size are highly similar. T.

obtusifrons is an antiequatorial species which Brinton (1962 b) considered

as being totally absent from 5°N to 5°S. It appears, in fact, that there

is some coàiununication between the communities of the northern and southern

hemispheres in the western Equatorial Pacific given the fact that specimens

were collected on the equator on the "Bora" II and IV expeditions (170°E).

No individuals having been captured further to the east on the equator, we

might believe that the north and south distributions of the species are res-

pectively inclined along -. iVE-SW and SE-111W axes and join on the equator at
of

the western lioundary/the Pacifie.

with

9. Thysanopoda egregia, Hansen, forms;/ T. cornuta, Illig, and T.

spinicaudata, Brinton, the group of giant bathypelagic Euphausiids. Adults

.,are as -long as 70 - mm -and their habitat-bar•elST -ri5es .above 1000 ni. Thirty-

three individuals were collected over the course of all expeditions; their

bathypelagic nature would imply that their habitat zovbrs a vast area.

10. Thysanopoda cornuta, lllig, is, it would appear, an inhabitant of

even greater depths than T. egregia; distributed equally widely, only 3

specimens were collected which led us to assume that, either the species is

very scarce or that more likely the adults are seldom found above 1200 m.

11. Stylocheiron carinGtura, G.O. Sars,v.es one of the species least

well sampled by the II&IT. Mean size index is 80 or generally a majority

of individuals 8 mm long and 0.8 mm in thoracic diameter, i.e., most of

the animals escapedthrough the meshes of -the satplin^ gear. Very widely

distributed throughout the ^?acific from !^0°IJ to 1^0°S, we collected no fewer

than 11000 specimens (average: 26 per station) which likely accountExifor

only 1% of the popuh,tion actually occupying the volume of water filtered

46
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by the trawl.

12. Stylocheiron abbreviatum, G.O. Sars, is one of the four species

displaying pronounced swarmming hLbits (cf. below), implying that caution

must be exercised when giving.a-•.qu4ntitative interpretation of their num-

bers. For instance, it was rather bewildering to note that of the total

11,000 individuals captured over the 89 stations of the "Bora" expeditions,

7,90$ were collected only at station 16B on "Bora" II. Interpreting the

means is rather critical in this case. Over 18,000 individuals were col-

lected (average: 47 per station); the mean size index of 120 would lead

one to assume that populations were rather grossly under-estimated.

It should also be noted that the identification of young individuals

of S. abbreviatum frequently gave rise to difficulties due to their resem-

blance to S. maximum. An intermediate species, S. robustum (Brinton, 1962),

was also recently identified further adding to the difficulty of recognizing

juvenile stages. As this work has not yet been entered as systematic re-

search, S. robustum was not considered and a certain percentage of uncer-

tainty was accepted for the juvenile stages of S. abbreviatum and S. maximum.

13. Stylocheiron maximum, Hansen, is one of the rare species found

from the Antarctic to the northern boundary of the Pacific. Due to its

fairly large size (mean size index: 187), the species was well sampled by

the IYMT. We collected over 3,000 individuals or an average of 8 per sta-

tion. As in the case of the preceding species, identification of the juve-

nile stages was rather dubious.

14. Stylocheiron elongaturn, G.O. Sars, Only 900 specimens of this

species were collected w;lich indicated that the species is indeed scûrce

and that only a small nuwnLer was captured by the IKl,IT (mean size index:

98). The deep-water habitat resulted in undt^P-estiraating tht species for
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tows carried out at depths of less than 500 m. Practically no specimens 

were collected to the east of 140°W. 

15. Stvlocneiron affine,  Hansen, is even sMaller than the preceding 

species (mean size index: 78). The 5000 or more individuals captured in 

spite of techniques highly unsatisfactory for such minute animals would 

indicate that the populations are indeed great. 

16. Stvlocheiron longicorne,  G.O. Sars, Only 1500 individuals were 	47 

collected, its small size (index: 98) rating the species among those least 

well sampled. 

17. Stvlocheiron microphthalma,  Hansen, is the very smallest material 

which can be captured by an MKT; all of the 500 specimens captured fall 

into the 0.7 size group (hence, by definition, a mean size index of 70) 

which makes this species the smallest of the 34 species collected. The 

ridiculously low proportion (in the orderof 1 2g ) of the actual population 

captured by the IKMT lefl us with no other alternative than to mention its 

presence without any possibility of discussing its distribution. 

18. Euphausia gibboides,  Ortmann, is, with E. eximia  and E. distin-

guenda, characteristic of the eastern Equatorial Pacific. Although Brinton 

(1962 h) had defined its limit to the west at 132°W on theEquator, speci-

mens were found on the "Alize expedition as far as 148007S (Roger 1967 a). 

We might therefore assume that this species, although definitely inhabiting 

the basin, can survive sporadically when drawn even into the Central Paci-

fic. Specimens were collected much more frequently in zone E than in zone 

C, i.e., over 90% of the 5000 individuals originated from the eastern sec-

tion of the "Alize expedition; the species14s found regularly only to the 

east of 140°W. 
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19. Euphausia eximia,  Hansen, as E. gibboides,  is limited to the 

eastern Pacific; according to Brinton (1962 h) it is not found beyond 

118°W on the equator. However, as in the case of the preceding species, 

isolated specimens were found on the "Aliz" expedition in the middle of 

the Central Pacific at 164°15W or nearly 2,700 miles to the west of the 

boundary considered until now as its distribution limit (Roger 1967 a). 

However such incursions remain quantitatively negligible; the species be-

comes common only to the east of 135°Wwhere it forms over 802 of the Eu-

phausiid fauna to the east of 110°W. In this latter zone, the species is 

found in considerable densities: or the 1/A1izé" expedition, 5000 m tows 

with the 10-foot IKMT produced as many as 6,000 specimens. 

We were also brought to further specify a hitherto false diagnostic 

choracteristic: according to Boden, Johnson and Brinton (1955), the inner 

protuberance of the 2nd segment of the antennal peduncle is bifid; how-

ever several of our specimens had a protuberance with 3 or even 4 spine-

shaped denticules (Roger, 1967 a) (cf. photos C and D). 

20. Euphausia diomedae,  Ortmann, is the species numerically predo-

minating throughout the Equatorial and Tropical Pacific with the exception 

of the eastern Equatorial Pacific where L. eximia is most common and of 

the south Central Tropical Pacific (Zone D) where it is outnumbered by 

E. brevis.  Swarming was observed, particularly on the "Bora" expeditions 

(Zones A and B). Almost 150,000 specimens were captured (average per sta-

tion: 368) or 357 of the total specimens collected. Due to its relatively 

small size (mean size index: 118), the actual populations were seriously 

under-estimated by the type .cf gear used. 

21. Luphausia  brevis, Hansen, as J1,. mutica is an antiequatorial 
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species collected only in regions B and D; Morphologically very similar 

to E. diomedae and of essentially identical size (mean size index: 118), 

it is however much less abundant; fewer than 400 individuals were cap-

tured. The northern boundary of the speciesme located in the vicinity 

of 9o13S ("Bora"  I  expedition). 

22. Euphausia mutica,  Hansen, presents the same  type of antiequator- 48 

ial distribution as the preceding species with a tendency to be more plent-

iful to the west rather than to the east. While E. brevis predominates in 

region D, E. mutica was more common in region B from where were drawn vir- 

tually all of the 500 individuals collected (northern boundary: 04o30S). 

The mean size index is essentially the same as that of E. diomedae  and E. 

brevis  (118). 

23. Euphausia  paraeibba,  Hansen, is a member of the "gibba group" 	48 

(Hansen, 1910) and is essentially identical to the three other species. 

Consequently, as for the group S. maximum/à. abbreviatum  and the group N. 

microps/N. gracilis,  we accepted a certain percentage of uncertainty in 

determining distributions. As mentioned earlier, we deliberately chose to 

disregard closely observing very plentiful samples: individual dissection 
any 

of male organs (which did not remove/uncertainty related to females or 

juveniles) is an example of a tedious operation which could not be applied 

to a great many specimens; we did not perform this dissection although it 

is the only criteria for definite identification. Furthermore, E. pare-

gibba being the only species of that group found on the equator (Brinton, 

1962 b), any possible confusion with one or the other of the "sister-

species" could only occur with regions B or D. Nearly 11,000 individuals 

were collected in this category (average per station: 27); the mean size 

index was 120. 
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24. Euphausia tenera, Hansen, was the samllest species collected

with the exception of S. microphthalma, its mean size index being only 74.

The actual abunciance of the species was therefore considerably under-esti-

mated; Brinton (1962 b) considered the species as being almost constantly

present on the equator, i.e., over 500 individuals per 1000 m3. Our own

estimates, assuming that barely 1; of the actual population was captured

by the IKMT (Roger 1968 d), based on 20,000 specimens actually captured

would indicate such an abundance (315 and 931 organisms per 1000 ra3 for

Zones A and c respectively: cf. Table 9).

25. Euphausia distin?uenda, Hansen, presents a distribution similar

to that of E. exemia and E. gtiibboides, i.e., limited to the eastern section

of the Equatorial Pacific. The animals being minute in size, identical or

s.lightly..larser than E. tenera, only 60 sp.eci-mens were collected, exclusive-

ly during the first stations of the "Alizs" expedition (Zone E).

26. Luphausia fallax, Hansen, is siinilar to E. ^ibboides with the

exception of the male copulative organ; however its distribution appears to

be entirely different: The presence of E. fallax is as limited in the west-

ern Pacific as E. gibboides :is in the eastern Pacific (Brinton, 1962 b).

one
This distribution characteristic was the only/applied to identify both

species; our findin;s can therefore be used neither to support further

assumption of their separated biotopes, nor to further substantiate their

specific validity. t>11 180 specimens collected originated from Zone b

where they were found as far north as O^028 S.

27. ivem,--toscelis tenella, G.O. Bars,, was regularl,y- collected on all

0
cxpeditions. Given its mean size of 136, it was relatively well sampled

by the TKItiIT; nearly 12,000 specimens were captured (average per station: 29).
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28. Ivematoscelis microps, G.O. Sars, was represented by over 12,000

individuals in our samples (average per station: 30). The mean size in-

dex was 135. This species was found inhabiting all five regions. Some

confusion, particularly r-egardirrg juvenile stages, with N. xracilis re-

sulted in some uncertainty in iderrtifyinô individuals, without for that

matter altering significantly any quantitative estimates: dubious cases

account for only a small percentage of the specimens.

29. Nernatoscelis gracilis, Hansen, is closely related to the preced-

ing species in terms of both morphological (confusion of juvenile forms of

both species; sarae mean size index: 135) and ecological aspects as P3. ra-

cilis was also captured very regularly on all expeditions. However, the
that of

habitat of Iy. racilis appears to be somewhat deeper than^lyT. microps. Over

21,000 specimens were collected (average per station: 53).

30. Nematoscelis at.lantica, Hansen, is very difficult to differentiate

from N. microps. The species is antiequatorial, however, and confusion

could only arise at the southernmost sections °f.7Ane.s E,D and only regard-

ing a small number of specimens as only 400 individuals were collected.

None were captured further north than 13°05 S.

31.iVematobrachion flexines,(Ortmann) Calhian, was found in rather small

numbers throughout all regions with a definite tendency to be more abundant

in Zones C and h. The average size of 172 lcd us to assume that the 4000

specimens collected (avera^e per station: 10) represented a fair proportion

of total populations.

32. ;Jematobracnion sexspinoaus, Hansen, was both more scarce and less

ubiquitous than N. fl.exiues: Printon (1562 b) confined its habitat on the

equator to the west of 170°1^; Gnd, in fact, none of the 700 organisms
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were found in regions C and L. The mean size index, which could not be 

calculated, would be approximately 200, placing this species among the 

largest collected. 

33. Nematobrachion boopis, Càlman, was the most regularly distri-

buted of the three species of that genus due likely to its deep-water hab-

itat. Over 3000 specimens were collected (average per station: 8); the 

mean size index was established at 208 ..  These organisms are generally 

fragile and a large percentage were injured when we collected them; the 

species was nevertheless veryreadily identified and Was absent only to-

wards the eastern boundary of the Pacific (Zone E). 

34. Bentheuphausia amblyops, G.O. Sars, is considered scarce only be-

cause of its bathypelagic habitat seldom reached during routine sampling. 

Examination of the deep-water stations on our expeditions indicated that, 

on the contrary, the species is common in its biotope as over 1200 organ-

isms were captured (mean size index: 254). 

Note that Stylocheiron suhmii was not included among our samples al-

though the species inhabits the Tropical Pacific (Brinton, 1962 b). How-

ever no specimens were retained in the sieve sorting the smallest size 

group considered in this study (0.7 mm thoracic 0). A few individuals 

collected on recent expeditions will be used in examining vertical distri-

butions (cf. Chap. IV). 
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C. MAJOÂ POPULI,TION ZONES 

Although we had the relatively large number of 600 samplings to work 

with, they were concentrated in certain zones, very vast zones for that 

matter, and did not cover the entire Equatorial and South Tropical Pacific. 

If distribution charts cannot be established, the samplings can neverthe-

less be used to make a comparative study of the faunistic regions each one 

having been identified by a great many observations. 

As mentioned earlier, we identified five major population zones, geo-

graphically defined earlier in this chapter. We shall also consider two 

special radials very clearly describing the transition between two or more 

faunas, namely: 

- the entire area covered On the "Alive expedition, i.e., the Equa-

torial Pacific from the Galapagos to New Guinea (Zones A, C and E); 

- the entire area covered on the "Bora" expeditions (20°S to 5°N on 

170°E), which included Zones A and B, demonstrating in the western Pacific 

the transition between the tropical and equatorial zones. 

The material used for the quantitative examination which follows ori-

ginated from 311 stations occupied on the following expeditions: 

Zone A : "Cyclone" II, III, IV, V, VI expeditions: 89 01200 M. stations,. 

• 	6 every 24 hours. 

Zone B : southern sections covered on the "Bora" I, II, III, IV expeditions: 

'eleven 0-350 m night stations, five 0-650mmight stations, seven 

0-1200 night stations. 

Zone C : "Caride" I, II, III, IV expeditions: ten 0-emnight stations, 

eighty-four 0-500 to 0-1200 m night stations, thirty-one 0-500 to 

0-1200 m day stations. 

50 
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Zone D : "Atoll" and "Brisants" expeditions: forty-four 0-350 m night,

fourteen 0-800 m day stations.

Zone E eastern section of "Alizé" expedition: sixteen 0-350 m.night

stations.

A few remarks are in order at this point:

- all tows•carried out by day at depths less than 500 m have not been con-

sidered as such depths are undeniably above the layers inhabited by the

great majority of animals. For the remainder we deemed it preferable, given

our intention to define each zone as a whole, to group a large number of sam-

plâ.ngs. although they miôht be somewhat unrelated. This approach resulted

in appreciably over-estimating the populations of Zones B and E where only

night stations were carried out, such stations always producing a much lar-

ger number of samples than day stations, even those at great depths.

- stations 10 to 39 on the "Alizé" expédition and all stations on the

"Atoll" expedition having made use of a 5-foot IKIiT, the number of specimens

was multiplied by 4 to make them comparable to all other samplings drawn

with a 10-foot IKMT.

- Luphausiids in Zones A and C were retained as specimens provided their

thoracic diameter measured a minimum of 0.7 mm, in Zones D. D and E a

minimum of 0.9 imn.

Another point may appear puzzling at first glance: approximately 30,000 m3

of water are filtered during a 0-350 m station, 45,000 m3 per 0-650 m tow,

70,000 m3 per 0-900 m and 85,000 m3 during a sampling at 0-1200 m. Yet,

we shall directly compare the number of individuals captured per station

without applying any corrective factor. The reason is as follows: 90% of

the animals were collected by night in the 0-350 m layer; the 30,000 m3

of water filtered in that layer for a 0-350 m station was, in reality,

"efficient" filtering; on the other hand, during a 0-1200 m.night station, 51

only the first 350 mwere "efficient" (or the first 30,000 m3), the remainder

of the volume being in a zone that was practically deserted or li7htly

populated at that time. 'ihe sawe applied for 0-1200 m day tows which

scanned the first 400 m unproductively. Therefore, as a first approxima-

tion, we migiit consider that all these samplings roughly correspond to a

filtration of a similar volume of "populated" water in the order of
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30, 000 to 40j,000 m3.

- The "filtered" volume was defined earlier in Chapter II, i.e., the

volume of water entering the 8.5 m2 opening of the IK14T. Most of the

minute organisms escaped through the 4'nun mesh of the forenet and a much

smaller percentage was actually captured. However, as this fact was con-

sidered when estimating the percentage of animals collected by the IKMT

in terms of size of animals, the final estimate of these small species,

whatever their size,was related to the total volume of water entering

the midwater trawl.

- Before examining the quantitative aspects of the distributions, we

again bring to mind the fact that the fauna collected by means of the II^.^4T

is actually involved and therefore likely bears little relationship, at
in these same regionp

least on a quantitative level, with a fauna which might have been captured%

by means of a fine-mesh plankton net or a high-speed sampler with a small

opening.

1. COMPARISO\1 01' NUIEPER OF SPECIMENS COLLECTED IN
THE DIFFEREIvT REGIONS

Zone A : 710 individuals per station

Zone B : 450

Zone C : 1032

Zone D : 115

Zone E : 5450

u n n

Ir Il Il

i^ o n

- The dearth of specimens drawn from Zone D (South Central Tropical

Pacific) is i.mmediately obvious. This zone appears to be û typical oli-

gotrophic region contrasting sharply with the density of Zone E. The

abundance of aniT,tals is in fact obvious throughout the equatorial zone
from

as, on the same longitude, the figure increases/ 450 to 710 individuals

per station in the western Pacific and from 115 to 1032 in the Central

Pacific. hote that the estimate of 450 ihdividuals per station for Zone

B is likely over-estimated as, contrary to other zones, specimens were

drawn only during night stations when hauls were, necessarily more abundant.



Region A 	 Region C I 	 Region E 

Region B 
450 indiv/st 

Region D 
115 indiv/st 
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In the aapter dealing with the use of statistical tests, we mentioned 

that the five population zones were significantly different, quantitatively 

at a 5% threshold. The following diagram shows the variations in popula-

tions among the various zones: those adjacent to region E are indicated, 

with a broken line to bring forth the fact, though evident, that it was 

not supported by the tests. 

r_ --------  

been 
Regions which do not seem to have/logically matched (A-D/D-E/B-C/ 

B-E) were not compared. 

In conclusion, a general look at the number of specimens collected 

indicated that the density of population in the five zones considered was 

highly dissimilar. By taking the mean, and arbitrarily applying the 

factor 1 to the least dense zone (Zone D), the following relative abun-

dance indices mire obtained: 

Zone D (South Central Tropical Pacific) 	1.0 

Zone B (Southwest Tropical Pacific)   3.9 

Zone A (Western Equatorial Pacific)   6.2 

Zone C (Central Equatorial Pacific)   9.0 

Zone E (Eastern Equatorial Pacific)   47. 

52 

2. SPECIFIC COMPOSITICN OF THE FFINA IN THE DIFFERENT  ±EGI0NS 

Perhaps even more so than for giving a quantitative estimate of 

the populations, the influence of the sampling gear had certain 

• 
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repercussions -on the specific distribution of the specimens: quite evi-

dently, only approximately 1`$ of such minute species as E. tenera were

sampled by the IIüMr while some $0,% of larger species such as T. monacantha

were captured. We shall therefore firstly consider actual numbers of

specimens and then attempt to estimate, from the estimated percentage of

each size group captured by the IYilMT (estimate obtained according to method

described in Chapter II; see also Roger, 1968 d), the number of each species

in the actual population.

On Table 8 this data is given for specimens collected by the IIU4T for each

zone and species. However, S. ni.icrophthalma, which virtually completely

escaped the IKP1T, as well as T. egregia and T. cornuta, both very scarce

bathypelagic species, are not given; all three species were present only in

negligible numbers.

Attention should be drawn to certain observations:

- Firstly, the number of species is essentially equal throughout

the differnnt regions with a tendency to the species being slightly more

numerous in the less abundant tropical zones (28 species for Zones B and

D) than in the more abundant equatorial zones (25 species in Zones A and

C). The fewer number of species found'in Zone E is undoubtedly due, at

least in part, to a less intensive prograirr;ie having been pursued in that

region. Among other considerations, the absence of the deep-water species

S. elongatum, N. boopis, T. cristata and B. amblyops should not be consi- 53

dered significant as no tows were carried out at depths greater than 300 in.

- Secondly, only a few species predominate in number: E. diomedae

representinâ 44;n of total specimens for Zone A; 20;^ for Zone B and 36;^ for

Zone C. The three species T. aec.{ ualis, T. obtusifrons and T. tricuspidata

accountsc; for 6i3/lo' of the specimens drawn 3'rom Zone D while L. eximi.a alone
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TABLE 8 

Specific composition of fauna in the various regions: average number per 
station and % of each species collected by the IKMT (The+sign indicates 

sporadic presence in very small numbers). 

Zo le A 	Zone B 	Zone C 	Zone D 	Zone E 

T. crislala 	2,7 	0,4 c,'‘ 	1,3 	0,3 % 	0,4 	- 	1,0 	0,9 % 	- 

T. iricuspidala 	41 	5,8 ?C, 	75 	16,7 % 	78 	7,6 % 	22 	19,1 % 	15 	0,2 % 

T. oricnialis 	9,7 	1,4% 	4,7 	1,0% 	1,6 	0,2% 	0,1 	0,1 % 	12 	0,2%  

T. monacanlha 	13 	1,8 % 	7,1 	1,6 % 	23 	2,2 % 	0,4 	0,3 % 	1,5 	- 

T. peclinala 	6,1 	0,9 % 	5,3 	1,2 % 	4,2 	0,4 % 	2,1 	1,8 % 	2,0 	- 

T. oblusifrons 	± 	- 	13 	2,9 % 	- 	 23 	19,7 % 	- 

T. aequalis 	• 38 	5,4 % 	22 	4,9 % 	28 	2,7 % 	33 	28,8 % 	5,3 	0,1 % 

T. subaequalis re 	- 	 2,3 	0,5 % 	- 	 - 	 - 

S. carinalum 	4,1 	0,6 % 	11 	2,4 % 	78 	7,6 % 	2,1 	1,8 % 	- 

S. abbreuialum 	16 	2,3 % 	53 	11,8 % 	44 	4,3 % 	7,0 	6,1 % 	2,5 	- 

S. maximum 	16 	2,3 % 	4,3 	1,0 % 	6,3 	0,6 % 	1,4 	1,2 % 	8,0 	0,1 % 

S. elongalurn 	3,2 	0,5 % 	8,7 	1,9 % 	0,3 	- 	0,9 	0,8 % 	- 

S. affine 	11 	1,5 % 	3,3 	0,7 % 	33 	3,2 % 	- 	 - 

S. longicorne 	6,1 	0,9 % 	6,0 	1,3 % 	4,3 	0,4 % 	0,7 	0,6 % 	- 

E. 9:5boides 	- 	 - 	 1,9 	0,2 % 	- 	 298 	5,5 % 

E. ezimia 	- 	 - 	 4 804 	88,2 % 

E. diornedae 	313 	44,1 % 	92 	20,4 % 	369 	35,8 % 	- 	 102 	1,8 % 

E. breuis  	- 	 6,0 	1,3 % 	- 	 3,9 	3,4 % 	- 

E. mulica 	- 	 21 	4,7 % 	. - 	 + 	- 	- 

E.  para  gibba 	28 	3,9 % 	29 	6,4 % 	44 	4,3 % 	0,2 	0,2 % 	3,0 	- 

E. lenera  	43 	6,1 % 	1,8 	0,4 % 	127 	12,3 % 	+ 	- 	- 

E. fallax 	- 	 7,9 	1,8 % 	- 	 - 	 - 

E.-dislinguenda 	- 	 - 	 - 	 - 	 3,7 	- 

N. tcnella 	57 	8,0 % 	15 	3,3 % 	17 	1,7 % 	1,2 	1,0 % 	66 	1,2 % 

N. microps 	48 	6,8 % 	21 	4,7 % 	41 	4,0 % 	0,5 	0,4 % 	4,5 	0,1 % 

N. gracilis 	31 	4,4 % 	5,2 	1,2 % 	115 	11,2 % 	0,1 	- 	78 	1,4 % 

N. allanlica 	- 	 8,4 	1,9 % 	- 	 3,8 	3,3 % 	- 

N. flezipes 	+ 	- 	4,4 	1,0 % 	6,6 	0,7 % 	2,6 	2,3 c,';„ 	44 	0,8 % 

N. sexspinosus 	1,2 	0,2 % 	6,7 	1,5 % 	- 	 6,5 	5,7 '3/0 	- 

N. boopis 	17 	2,4 % 	14 	3,1 % 	4,3 	0,4 % 	1,6 	1,4 (3;) 	- 

E. amblgops 	4,9 	0,7% 	0,9 	0,2% 	4,6 	0,4% 	0,5 	0,4% 	- 
-- 

. TOTAL 	  710 	- 	450 	- 	1 032 	- 	115 	- 	54-46  

Note: T. egr_ezia and T. cornuta,  very scarce bathypelagic species, 
are not included in this table as well as S. microphthalma  which virtually 
completely escaped the IKMT because of its very minute size. 

3. ESTIMATES OF ACTUAL POPULATIONS 

Estimates of actual populations will be deduced from this data by 
actual 

correcting the/number of specimens by the percentage of specimens collected 

by the IKMT in terms of mean size of organisms. Thus, T. tricuspidata,  for 54 

example, which has a mean size index of 226, is considered to have been 

sampled at 20% (cf. fig. 34): the number of specimens collected of this 

species will therefore be multiplied by 5 to- obtain an estimate of the 
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TABLE 9 

Estimate of actual populations og main species throughout the various zones: 
number of individuals per 1000 m3  and percentages (The 1- sign indicates 
sporadic presence of species in very small numbers). 

Zone A 	Zone B 	Zone C 	Zone D 	Moyenne 

• 
T. Iricuspidala 	6,8 	0,4 % 	13 	1,5% 	13 	0,4 % 	3,7 	3,5 % 	9,1 	0,6 % 
T. orientalis 	1,3 	0,1 % 	0,6 	0,1 % 	0,2 	- 	+ 	- 	0,5 	- 
T. peclinala 	0,8 	- 	0,7 	0,1 % 	0,6 	- 	0,3 	0,3 % 	0,6 	- 
T. monacanlha 	1,7 	0,1 % 	0,9 	0,1 % 	3,1 	0,1 % 	+ 	- 	1,4 	0,1 % 
T. aequalis 	25 	1,5 % 	15 	1,7 % 	19 	0,6 % 	22 	21,5 % 	20 	1,3 % 
T. oblusifrons 	-1- 	- 	8,7 	1,0 %- 	 15 	13,9 % 	5,9 	0,4 % 

T. subaequalis e 	- 	 1,5 	0,2. % 	- 	 - 	 0,4 	-- 

TOTAL THYS.ANOPODA 	36 	2,1 % 	40 	4,7 % 	36 	1,1 % 	41 	39,4 % 	38 	2,6 % 

S. carinalum 	22 	1,3 % 	59 	6,9 % 	416 	13,0 % 	11 	10,6 % 	12.7 	8,6 % 
S. abbreoialum 	43 	2,5 % 	141 	16,7 % 	117 	3,7 % 	19 	18,3 % 	80 	5,4 % 
S. maximum 	8,0 	0,5 % 	2,2 	0,3 % 	3,2. 	0,1 % 	0,7 	0,6 % 	3,5 	0,2 % 
S. elongalum 	16 	0,9 % 	43 	5,1 % 	1,5 	- 	4,3 	4,2% 	16 	1,1 % 

S. affine 	 73 	4,3 % 	22 	2,5 % 	220 	6,9 % 	- 	 79 	5,4 % 

S. longicorne 	31 	1,8 % 	30 	3,5 % 	22 	0,7 % 	3,5 	3,3 % 	22 	1,5 % 
TOTAL STYLOCHEMON 	193 	11,2 % 	297 	35,0 % 	780 	24,4 % 	39 	37,0 % 	327 	22,2. % 
E. diomedae 	835 	48,4 % 	245 	28,8 % 	984 	30,8 % 	- 	 516 	35,1 % 
E. brevis  	- 	 16 	1,9 % 	- 	 10 	9,9 % 	6,5 	0,4 % 

E. mullet:  	- 	 56 	6,7 % 	- 	 0,1 	0,1 % 	14 	1,0 % 

E. paragibba 	75 	4,3 % 	77 	9,0 % 	117 	3,7 % 	0,5 	0,5 % 	67 	4,6 % 

E. lenera 	315 	18,2 % 	13 	1,5 % 	931 	29,1 % 	0,2 	0,2 % 	315 	21,4 % 

TorAL EUPHA USIA. 	 12-25 	70,8 % 	407 	47,9 % 203-2 	63,5 % 	11 	10,7 % 	919 	62,5 % 
N. ienella 	114 	6,6 % 	30 	3,5 % 	34 	1,1 % 	2,4 	2,3 % 	45 	3,1 % 
N. microps 	96 	5,6 % 	42 	4,9 % 	82 	_2,6 % 	1,0 	1,0 % 	55 	3,7 % 
N. gracilis 	62 	3,6 % 	10 	1,2 % 	230 	7,2 % 	0,2 	0,2 % 	76 	5,2 % 
N. allanlica 	- 	 17 	2,0 % 	- 	 7,6. 	7,2 % 	6,2 	0,4 % 
TOTAL NEM_4TOSCELIS 	272 	15,7 % 	99 	11,7 % 	346 	10,8 % 	11 	10,7 % 	182 	12,4 % 
N. flexipes 	-1- 	- 	2,9 	0,4 % 	4,4 	0,1 % 	1,7 	1,6 % 	2,2. 	0,1 % 

N. boopis 	4,0 	0,2 % 	3,3 	0,4 % 	1,0 	- 	0,4 	0,4 % 	2,2 	0,1 % 

TOTAL NEMATOBB.A- 

	

CHION 	4,0 	0,2 % 	6,2 	0,7 % 	5,4 	0,2 % 	2,1 	2,0 % 	4,4 	0,3 % 

B. amblyops 	0,7 	- 	0,1 	' - 	0,6 	- 	0,1 	0,1 % 	0,4 	- 

	

TOTAL 	  1 731 	- 	849 	- 	3 200 	- 	104 	- 	1 471 	- 

actual density of T. tricuspidata.  The figures thus obtained will then be 

brought to 1000 m3 of water, by assuming (cf. earlier) that for each zone 

the "efficient" volume of water filtered was 30,000 m per station. 

In Table 9 the estimated density of individuals per 1000 m,3 of 

water is given for each species and zone. 

Note: 	 •  

- Size - groups were not establisned for the "Alizé" expedition and there-

fore, no mean size index could be assigned to the species particular to 

Zone E (E. eximia, 	ibboides)  and no estimate can be made of actual 

populations. 
ar' 

- Other species which do not appear in this table occurred only in very 55 

• 
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limited number:s; their mean size index was difficult to determine and their.e 

absence virtually does not alter the estimate of actual populations. • 

The first observation is that the actual density of Zones A and D 

follows the same order indicated in 1, but that the difference between the 

regions is more pronounced than could be established by merely examining 

the specimens collected; by again applying the arbitrary factor of 1.0 to 

Zone D, a relative density index of ea - is-obtained for Zone B, 16.6 for 

Zone A and 30.8 for Zone C. This  would indicate that our samplings under-

estimated actual populations even more when density was greater, i.e., the 

denser the population, the greater is the percentage of minute slecies. 

This fact could be expressed as follows: we shall calculate the percentage 

of the population, for each region, which makes up the species having a 

mean size index lower than 100 (S. carinatum,  S. elongatum,  S. affine, S. 

longicorne,  E. tenera) and those having an index greater than 170 (all 

species of the genera znymnploill and ï‘lematobrachion, in addition to S. 

maximum and B. amblyops). 

By classifying the 4 zones in increasing order of density, the 

Zone D 	Zone B 	Zone A 	Zone C 

% indéx <100 ( --z- sméll 
species)  	18,3 % 	19,5 % 	26,5 % 	49,7 % 

% index >170 ( .-- large 
species)  	42,1 % 	5,7 % 	2,8 % 	1,4 % 

It is readily  obvious that the proportion of small organisms in-

creases as population density increases and that lerger animals are more 

abundant in less dense zones. The significance of this fact will be out-

lined when the position of Luphausiids in the food chain will be discussed. 

Individuals 1 cm long or those 3 cm long are definitely not prey to the 
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same predators and hence, the trophic definition of a given population

depends to a certain extent on the size of its individuals.

It was rather interesting to compare our estimates of the density

of species against those obtained.by authors who had used other techniques.

The point was not to verify figures as it is extremely difficult to accu-

rately deter;Ane the actual density of a pelagic population. We believe

that the estimates of other authors are, for other reasons related to method-

oloQ7y, as inaccurate as our own; we merely wished to check whether similar

conclusions were reached by applying basically different methods and deduc-

tions. We applied data made avàilable by Brinton (1962 b), given in the

form of distribution charts; we compared our own results for Zone C against

the charts for the central equatorial region for those species for which

this author gave quantitative estimates. Figures indicate the number of in-

dividuals per 1000 m3 (Table 10). Taking into account the inherently gross

made
inaccuracies/in giving quantitative estimates of planktonic populations, 56

we noted that both series generally aôreed'with one another, except perhaps

for the rather dreat dispa'rit,y with respect to T. tricuspidata, this large

species having/fâirly well sampled by the IId-1T. For his part, Ponomareva

(1966) estimated a density of 100-500 Euphausiids per 1000 m3 at a depth

between 0 and 10 m in the Equatorial Pacific.

Fi7ure 38 is a;raph shaaing the estimated actual numbers of indi-

viduals per 1000 m3 of water for the various species: the figures used were

the means for Zones A to D. A comparison with 37 will point out the

influence of the samplin; gear on the tÿpe of data made available. Taking

into account only those species for which actual populations were estimated,

Table 11 gives in numerical order both the number of specimens collected and

actual Populations.
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in

We established earlier that/the Equetorial Pacific, where popula-

tions were denser than in the tropical zone, density considerably decreased

as one progressed from east to west (cf. also Desrosiéx's;s, 1969, Voronina,

1964 b); furthermore, specific composition varied appreciably from Zone E

to Zone C and to Zone A. These facts were established at the beginning of

this chapter from data obtained on the various expeditions for each zone

and selected on the basis of numerous and varied samplings required to pro-

perly establish satisfactory means. Nevertheless, one expedition carried

out from the Galapagos to New Guinea over the full width of the Pacific

was more likely to result in homogeneous samplings and in better observaticn of

the transition from east to west. This was the purpose of the "Aliz-5"

expedition carried out from November 1964 to March 1965 on the equator

between 920201' and 162°1+5E. Thirty-three IIQRT stations were conducted,

by night, between 0 and 350 m approximately (Roger, 1967 b). Examination

of the specimens collected brought several facts to light:

- The great density of the Equatorial Pacific decreases progresg-

ively as One moves westward, this fact confirming previous observations.

- A marked difference in specific compositions. Three well

58
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Number of individuals per 1000 ID calculated for Zone 0 and 
estimates given by Brinton (1962 b). 

Zone C 	 BRINTON (1962 b) 

T. tricuspidata 	 13 	 50 à 500 
T. orientalis 	 0,2 	 s rare f 
T. pectinala 	 0,6 	 s rare » 
T. monacantha 	 3,1 	 s rare » 
S. carinalum 	 416 	 50 à 500 
S. abbrevialunz 	 117 	 1 à 50 
S. Maximum 	 3,2 	 s rare r 
S. elongalum 	 1,5 	 s rare » 
S. affine 	 220 	 50 à 500 
E. diomedae 	 984 	 50 à 500 
E. paragibba 	 117 	 1 .  à 50 
E. lenera 	 931 	 plus de 500 
N. tenella 	 . 34 	 1 à 50 
N. microps 	 82 	 1 à 50 
N. gracilis 	 230 	 50 à 5C1 
N. flexipes 	 4,4 	 1 à 50 
N. boopis 	 1,0 	 s rare * 

TABLE 11 

Species in numerical order according to number of specimens, from 
IKMT hauls and estimates of actual populations, for the entire zone 
investigated. (Species for which no actual density could be esti-
mated are not included). 

	

IKMT hauls 	Estimated actual pop. 

E. diomedae 	 1 	 1 
T. tricuspidala 	 2 	 14 
N. gracilis 	 3 	 6 
E. (encra  ' 	 4 	 2 
S. abbreuialum 	 5 	 4 
T. aequalis 	 6 	 11 
N. microps 	 7 	 8 
N. tenella 	 8 	 9 
E. paragibba 	 9 	 7 

. S. carinalum 	 10 	 3 
T. monacantha 	 11 	 21 
S. affine 	 12 	 5 
N. flexipes 	 13 	 20 
N. boopis 	 14 	 19 
S. maximum 	 15 	• 	 18 
T. orientalis 	 16 	 23 
T. obtusifrons 	 17 	 17 
T. pectinala 	 18 	 22 
S. longicorne 	 19 	• 	 10 
B. amblyops 	 20 	 25 
S. elongatunt 	 21 	 12 
E. mulica 	 22 	 13 
N. alla:inca 	 23 	 16 
E. breuis 	 24 	 15 
T. subaequalis ô'  	 25 	 24 

4.= 
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Fig. 39. — Évolution faunistiquc Est-Ouest dans le 
Pacifique équatorial. 

Fig. 39. — East-West faunistic evolution on the equator, 
and definition of the Western, Transpacific and Eastern 

faunas. 

differentiated faunas were identified: 

• an eastern fauna, numerically very dense, including few main 
to the 

species seldom found/West of 14001 ! (corresponding to Zone E defined ear- 

lier): E. eximia,  E. gibboides,  N. flexipes. 

• a western fauna, less dense, including a greater number of spe- 

cies: T. cristata,  S. elongatum,  N. boopis,  T. pectinate, E. paragibba,  T. 

monacantha,  N. microps,  T. aequalis,  T. tricuspidata,  E. diomedae,  S. abbre-

viatum. 

• a trans-Pacific fauna, found throughout the whole length of the 

expedition, which tended to display a bimodal quantitative distribution, with 

fewer specimens being collected in the ,Central Pacific: N. gracilis,  N. 

tenella,  T. orientalis,  S. Maximum. 

This faunistic distribution is shown on figure 39. 

If the physical environment iu characterized by a simple parameter 

o . 
outlining evolution along a longitude, e.g., depth of 15 Isotherm (cf. 
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Chap. :[), the quantitative distribution of the three faunas defined above

follows a distinct pattern (fig. 40).
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Fig. 40. - 8volution faunistique Est-Ouest dans le
Pacifique équatorial : abondance des ditférentes faunes

en fonction de ]a profondeur de l'isotherme 15".
Fig. 40. --- Quantitative distributions of the Transpacific,
Western and Eastern faunas on the equator as regard to
the. depth of the 15 °C isotherm, choosen as to represent

the evolution of the environment (see fig. 5).

5. CHANGE:Dq•E_:AUNA-FH;OM N.ORTH TO SOUTH PirHE VY.ESTEM PACIFIC

•

Likewise, the transition from a tropical to an equatorial fauna

in the western Pacific becari,e obvious when examining specimens collected

during the "Bora" expeditions which drew samples from 20°S to 4oN on

1700E (Zones A and B). There again, faunistic variations in terms of

both numbers and species were extremely pronotuiced. (Roger, 1968 b). The

transition between the tropical zone (Zone B) and the equatorial zone

(Zone A) occurred between 4 and 80S and was characterized by three very
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definite conditions: a change in the specific composition of the faunas, 

a sharp increase in overall density (cf. also Le Bourhis and Wauthy, 1969) 

and different distribution characteristics. 

5.1. Specific Composition of Fauna 

the expeditions progressed from south to north,  the following 

species disappeared or became scarce: T. obtusifrons,  T. subaequalis, S. 

carinatum,  E. fallax,  E. bre'vis, E. mutica,  N.  atlantica, N. flexipes,  N. 

sexspinosus. These species are essentially or exclusively tropical. 

They were replaced by other species, fswerin number, but represented by a 

great many more individuals:  T.  monacantha t  E. diomedae,  N. gracilis, the 

tropical affinities of which are obvious. Figure 41 shows numerical vaaa-- 

tions in these tropical and equatorial faunas as a function of latitude. 

Other specieswere distributed somewhat more evenly throughout the region 

and tended to generally benefit from the greater density of the equatorial 

environment. 

5.2. Comparative Density of Both Zones 

Results agree with those established at the beginning of this 

chapter and indicate a considerable increase in the number of specimens 

collected as the expeditions progressed northward (fig. 42). Taking only 

night stations into account, an average of 510 individuals were collected 

o, 	o, 	 ° per station between 20 o and 4 end 1916 between 4S and 4°N. 

5.3. Distribution Characteristics 

Examination oi the number,of individuals captured at each station 

indicated that the species sampled remained rather constant from one tow 

to another in the tropical zone, but that the samples were markedly less 

homogeneous, for certain species in any  cale, in the equatorial zone: 

61 
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Fig. 42. — Répartition Nord-Sud des bio- 
masses d'Euphausiacés dans le Pacifique 
ouest (170 0  E). Diagramme cumulatif des 

croisières « Bora » I à IV. 
Fig. 42. — Quantitative distribution of the 
whole Eupliausiid biomas (grams) collected 
irom  20°S  to 40. 	(IS-Western Pacific 
(170 0  E) 	Cumulative  diagram for the 
4 cruises «Bora I to IV (0- 300 to 0- 1200 m 

oblique night hauls). 
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Fig. 41. — Evolution faunistique Nord-Sud dans 
le Pacifique ouest (170 0  E) : abondance des 
faunes tropicale (—) et équatoriale (- - - -) en 

fonction de la latitude. 
Fig. 41. — Quantitative distributions of the 
Tropical (—) and Equatorial (- -) faunas 
from 20 0  S to 40  N in the western Pacific 
(1700 E). (Average numbers of animals per 

standard haul). 

this was particularly the case for T. tricuspidata,  E. diomedae,  S. abbre-

viatum.  We mention this fact at this point only as one of the character-

istics distinguishing both regions: swarming will be discussed in greater 

detail in the following section; the heterogeneity of distributions will 

be tested by applying a dispersion factor.' 

As with the east-west transition in the Equatorial Pacific, the 

north-south faunistic evolution in the w'estern Pacific will again be exam-

ined in the chapter on Lcology in the light of data obtained by calculating 

a diversity index. 
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f401TH TO s oii rH
6. CHANGE IN. FÀUNA FROM/ IN THE CF,i.ûTRAL PACIFIC

We noted a very pronounced north-south gradient in the South Cen-

tral Pacific between the very sparsely populated region D(15-25° S) and

the much denser equatorial region C. Two research programmes were recent-

ly conducted by the R.V. "COHIOLIS" in the zone located between these two

regions, essentially at 100 S and 1420 5Y, some hundred miles off the idar-

quesas Islands. Initial examination of the data, processed insufficiently

to be included in this study, definitely confirmed a north-south evolution

in Euphausiid populations in terms of both overall density and specific

distribution. The characteristics of this region, as compared with Zones

C and D, are given in Table 12 hereunder.

Table 12

North-south faunistie evolution in the Central Pacific
(Change in fauna from north to south in the Central Pacific)

Zone C
(équateur)

I1es Marquises! Zone D
( 10° Sud) ( (15 à 250 S)

1^iean number of individuab pEr statim 1032 438 115

Nombre total par 1000 m' .. . . . . . . : . . 3200 1000 104

0 % Thysanopoda ...................
R iE

1 %
64 %

11 %
44 %

39 °ô
11 %a .....................% up aus

% Siyloclieiron ...... . . .. . . . . . ... ...
% 1Vemafoscelis . . . . . . . . . . . . . . . . . . . .

24 %
11 %

37 %
- 7 %

37 %
I1 %

% R'emaloGracAion . . . . . . . . . . . . . . . . . 0,2 % 1 % 2%

There are striking faunistic similarities between this region and

its homologue, the western Pacific (Zone B); it appears, however, that the

abundance of species, due to equatorial divergence, becomes apparent fur-

ther south in the Central Pacific than in the western Pacific. In compar-

isonwith Zone D, Euphausiids were definitely more plentiful at 10° S while

in region B, abundance due to proxiniity to the equator was not noted before

reaching 1^° S(fi;. 42). In other words, we confirmed that even in the
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case of macroplanktonic organisms, the latitudinal extension of the rich
62

equatorial belt becomes sparser as one progresses westward.

In the chapter on trophic relationships, we shall mention that

these particularly latitudes (10-20o S) are in fact major tuna (Thu,niius

alalunga) longline fishing zones.

D. DISTRIBUTION CHAAACTERISTICS

In using the data forming the basis of this study, two characteris-

tics have constantly interfered with the estE.blishment of means.
One of

those factors introducing non-normal distributions was the heterogené.ity of

distributions, of which the swarmning habits displayed by certain species

is an extreme case; nychthemeral variations constituted the other factor

(cf. also Franqueville, 1970).

1. HETERCuENEITY OF DISTRIBUTIONS AND SWAI0"77Iidt1

The heterogeneity of distributions is a known constant of the plank-

tonic world (Aron, 1958 a3 Cizhing', 1962; Griffiths, 1963; Hardy, 1955, Omaly,

1968; Wiebe, 1971... ).
More p^rticularly in the case of huphausiids, suchparticularly

distribution patterns are considered colmrtion (Brinton, 10/62 a; Casanova-

Soulier, 1968 and 1970; Einarsson, 1945; Fisher, Kon and Thompson, 1953;

Forsyth and Jones, 1966; Komaki, 1967 b; MacKintosh, 1934, 1967 and 1968;

Zelickman, 1959 and 1961...).
Measuring the extent of the heterogeneity

remains nevertheless a delicate procedure, the actual distribution being

of course closely related to the methods that were applied. Although a

major concentration of organisms observed visually near the surface of the

water could be inuaediately recognized as a"sw4rla", it was much more diffi-

cult when processindata to detect whether swari;aitin^; had occurred as col-
C.3

the specimens had involved filtering millions of cubic metres of

water; it was therefore extremely difficult, if not utterly impossible,
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to detect whether the sampling gear had at any given time passed through

a particularly dense concentration of izdividuals.

Oiven those observations, what size of swarm were we likely to

notice -qhen we examined our data? Our sampling method was essentially the

filtering of volumes of water at each station. if we assuxned in first ana-

lysis that the distribution of individuals was a random selection

(dispersion'factôr-- a (S2 -- m)/(m = 0) both within a swarm and out of

it, the danger of falsely arriving at a homogeneous distribution decreases

as the volume of filtered water increases because thè chances of encounter-

ing a swarm or completely by-passing one are considerably diminished (Aron,

1958 b). The inverse possibility does exist however, i.e., filtering a

volume of water in proportion much more considerable than the size of the

swarms. If we assume that a group of 500 individuals occurred in every

1000 m3, a tow filtering 30,000 m3 will include such extensive material that

the heterogenity of the distribution will be entirely overlooked. However,

if such a*tow were carried out in a zone where a species is distributed on

the basis of one large swarm of 5 x 105 individuals in every 106 m3, the

nature of the distribution will become apparent. We therefore readily admit

that our results, obtained by filtering great volume of water, did not enable

us to estimate the type of micro-distribution of species, but should, how- 63

ever, have made it possible to detect the presence of large swarms.

Our own definition of a"swarm" was both empirical and arbitrary

insofar as it w as related to our sampling method. We classified as "swarms"

collections of specimens greater than m+ 3 S(where ni is the mean of all

values and 3 is the standard deviation) and greater than 10 m' (where m'

is the mean of observations Gfter elii;iination of values > m+ 3 S). In

other terms, we considered as expressing possible swdrinniing phenomena only
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those values differing widely from the normal number of specimens collected 
much 

for the given species (>m4-3 S) and consisting in an inherently/greter 

abundance of specimens than those collected at other stations (> 10 mt). 

Examination of Tables 14, 15 and 16 will indicate that these two quantities, 

namely mi-3 S and 10 ml, are independent values, one or the other being 

the greater depending upon the sampling series being considered. Hence, 

the importance of bearing in mind the extent of such phenomena: whenever 

we mention that "no swarms were encountered" the reader must assume that 

there weremno concentrations of individuals greater than .M4-3 S ora0 min 
matter 

without for that/implying that smaller concentrations did not exist. 

After discussing the problem of swarming, we shall attempt to de-

termine how the organisms, other than those in swarms, were distributed. 

To do so, we shall consider only mean values for which coefficients of 

dispersion will be calculated; this will give an idea of the greater or 

lesser tendency of individuals to form groups according to species, time 

of day, depth, etc. Finally, we shall comment on the form of distributions. 

Table 13 gives a summary of the data used to study the nature of 

distributions. 

1.1. Swarillling 

Examination of specimens revealed that only four species displayed 

swarming habits, swarming being understood as defined earlier: E. eximia, 

E. diomedae,  T. tricuspidata,  S. abbreviatum.  Swarms of the first species 

were encountered only on the "Alizà" expedition and even then, the material 

wasinadequate for a thorough study. We shall therefore examine the distri-

butions of L. diomedae,  T. tricuspidata  and  S. abbreviatum  as obtained 

. from several different tows: 0-350 m, 0-650 m, 0-900 m, 0-1200 m daytime 
J 
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tows and night tows at the identical depths (the few-speciaens collected 

during the 0-350 m'daytime tow were disregarded). We could not reject an 

a priori hypothesis that a given species formed widely different groups 

depending upon time of day or depth and it was therefore necessary to exam-

ine each sample separately. Other factors such as age, sex, sexual matur-

ity, etc. also came into play; however, too many categories would require exa-

.adning samples too mall to be representative. We might also point out 

that E. fallax,  an important prey for surface bonito, very likely also 

. forms into swarms; its limited geographical distribution (WeSt Tropical 

Pacific) meant that we collected only a limited number of specimens and 

therefore, the behaviour patterns of that species will not be discussed 

at this point. 

The distribution characteristics of E. diomedae,  T. tricuspidata 

and S. abbreviatum are given in Tables 14, 15 and 16 for all 249 stations 

mentioned in Table 13. 

E. diomedae 	 • 

Considering night tows only, which appeared more heterogeneous, 

and taking into . account the fact that the number of nocturnal observations 

was twice that for daytime stations, we recorded 6 swarms (defined by the 

two-fold requirement>m+3 S and >10 m') on a total of 165 observations. 

Assuming that each station represented some 30,000 m3 of water being effi- 

ciently filtered, we concluded that a large swarm was present approximately 

every "inhabitated" 8 x 105 m3 for this species (by night). Given the 

mean percentage of L. diomedae captured by the IKMT (fig. 34), we might 

estimate the actual population at 4 x 106 organisms for every 5 x 106  m.3 

inhabited, on the basis of the night hauls, or a density of 0.8 individual 

per cubic metre, broken down as: 

66 
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TABLE 13

Stations used to examine Distribution Characteristics

350 m nui►^^ 600 m ' ut_ 600 i 1,_^1 900 m j8u 900 ^,^^^t 1 200 m' p 1 20o f i1 ^
BORA I 6.10.14. 9.13.17. 7.11.15.

18.22.25. 21. 19.23.
26.

BORA II 7B.SB.10B. 9B. 9A.10A.
11B.12B. . 11A.13A.

•13B.14B. 14A.
16B.17B.

BORA III 12.16.20. 10.14.18. 32.
24.28.37. ^2 .2G.30.
40. 34.42.

BORA IV 20. 21.23. 9.11.13. 9.10.12.
15.18.22. 14.16.17.

19.

CYCLONE II ' 3.4.9.10. 1.6.7.12.
15.16. 13.18.19.

CYCLONE 111 3.4.9.10. 1.6.7.12.
15.16. 13.18.19.

CYCLONE IV 3.4.9.10. 1.G.7.12.
13.

CYCLONE V I.6.7.12. 3.4.9.10
13.18. 15.16.

CYCLONE VI 3.4.9.10. 1.6.7.12.
15.16. 13.18.

CARIDE I 24.54.55. 27.44.45. 31.32.48. 26.28.70. 30.35.36. 33.34.38. 41.42.43.
68.61.88. 46.6 #.65. 49.50.67. 71.95. 73. 74.75. 39.40.72. 109.113.
89.94.126. 81.97.99. 68.69.83. 101.102. 76.77.78. 114.115.
127.1 *28. 116.117. 84.103.120. 107.108. 104.105.106

118. 121.122. 110.111.112

CARIDE II 38.39.40. 44.77.79. 45.114.
71.73.108. 113.115.
109.

CARIDE III 54.56.58. 116.117. 68.69.70.
102.104. 118.150.
153.185. 152.202.
189.

CARIDE IV 27.29.61. 26.28.30.
63.65.97. 62.64.66.
99.101.133. 70.98.100

Total no. cf statj 1S
137. 131.136.138

Nombre total de
stations....... 27 19 48 16 40 49 50

.{d
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TABLE 14 

Particulars of E. diomedae  Distributions (all values) 

0-350 m 	0-650 ln 	0-650 m 	0-900 in 	0-900 m 	0-1 200 in 0-1 200 m 

	

nuit 	jour 	nuit' 	jour 	nuit 	jour 	nuit 

.Nizrb er of ob:ervaticos 
Nombre d'observations n 	27 	19 	48 	16 	40 	49 	50 
Effectif E. no..Clç q)ecinens 	10 605 	2 701 	46 824 	1 996 	19 272 	9 411 	24 601 
Moyenne ni.. . ..VJ.eEll 	393 	142 	975 	125 	482 	192 	492. 

:E e a  Variance S 1  —  	292.814 	10 503 	4 210 720 	18 814 	484 736 	334 237 	818 270 
n- 1  

1 
_e c a r t, type S .-- 	 541 	102. 	2 052 	137 	696 	578 	905 
bt&nU deria 	n  --- I 
m-1-3 S 	2 016 	548 	7 131 	536 	2 570 	1 926 	3 207 
10 ni' 	 2 980 	1 420 	5 580 	1 250 	3 760 	1 090 	3 270 

Nb of sans ob,cr-frved 
Nomnre cressaims observés 

	

> m+3 S et > 10 in' 	1 	0 	2. 	0 	1 	1 	2 

TABLE 15 

Particulars of T. tricuspidata Distributions (all values) 

0-350 in 	0-650 in 	0-650 m 	0-900 in 	0-900 in 	0-1 200 in 0-1 200 in ' 	 nuit 	jour 	nuit 	jour 	nuit 	jour 	nuit 

11■Poeme .(Ileseis ens n 	27 	19 	48 	16 	40 	• 	49 	50 
Effectif E 	1 ‘.° 2: e-1  S.PeCninen•S 	7 192 	1 528 	3 183 	1 810 	3 540 	1 618 	3 019 
Moyenne in...Me.b.t1 	266 	80 	66 	113 	89 	33 	60 

Variance SI — 	Ce   	215 373 	45 790 	7 027 	17 032 	21 854 	414 	5 512 
n— 1 

q6/Alnlpft..— 	
e: 

464 	214 	84 	130 	148 	20 	74 
n — 1 

m+3 S 	1 658 	722 	318 	503 	533 	93 	282 
10 in' 	  1 860 	300 	560 	847 	703 	320 	526 

eilin93çfflOiniés 
> m+3 S et > 10 m' 	1 	1- 	(I) 	0 	1 	0 	0 

(1) Haul of 551 individuals 

TABLE 16 

Particulars of S. abbreviatum Distributions (all values) 

	

O-350 in 	nuit 	 0-650 m 0-650 m 0-900 in 0-900 m 0-1200m 0-1200m 

	

( 1 ) 	(2) 	
jour 	nuit 	jour 	nuit 	jour 	nuit 

brigeCeigiva es n 	27 	26 	19 	48 	16 	40 	49 	50 
Effectif E..P.0,..Or S.poz,inkns 	9 062 	1 154 	. 334 	1 857 	560 	1 740 	644 	1 687 
Moyenne m 	1..Lean 	330 	44 	18 	39 	35 	44 	13 	34 

-e,...i 
Variance S 2  — ---   2 207 2.07 	1 862 	294 	1 899 	4 243 	4 500 	285 	1 816 

n —1 
SterlalXi delLictly:..—. 7 	 . 
Écart type S ----, t 	_.'''-' e . 

	
1 490 	43 	17 	44 	65 	67 	17 	43 

\ n — 1 
m+3 S 	4 806 	173 	' 	69 	171 	230 	245 	64 	163 

10 m' 	440 	380 	180 	320 	210 	310 	110 	250 

:1\14 m9fréleélamCSi:ezrelies 

	

> in+3 S et > 10 m' 	1 	0 	0 	0 	1 	1 	0 	0 

	

( 3 ) 	( 3) 

(1) All values. 
(2) After eliuinating 7908e 
(3) Low count, rather doubtful. 
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-- 2.5. 106 specimens for 4.7 x 106 rn3 or 0.5 individual/m3 for the zone

where no swarms were supposedly encountered

--- 1.5. 106 individuals for all six swarms which include some 40% of the

population or an average of 250,000 individuals per swarr,l.

We were unable to estimate the size of these swarms on the basis

of our data. Assuming that they iqere identical to those occurring in cold

or temperate waters,(cf. Burukovskiy, 1967; Hardy, 1965; Hardy and Gunther,

1939; Nemoto, Ishikawa and Kamada, 1969; Ozawa et al, 196$...), which still

remains to be proven, i.e., the average volume of a swarm is in the order

of 30 m3, the density of the animals within the swarm would reach 10,000-

16,000 individuals per cubic metre approximately. Although it may appedr

somewhat high, this estimate is rather conservative by.c:ertain.évalua=- -

tions.and corresponds to a biomass of 150-250 grams per cubic metre:

Nemoto (1966) estimated the biomass of E. superba in the Antarctic at 10-

100 kg/m3; ILiauchline and Fisher (1969) estimated the density of swarms at

30,000 individuals/m3. Swarms in equatorial zones are therefore both

smaller and less dense than swarms inhabiting colder waters.

The above figures are of course only approximations and the reader

must bear in mind the _phenornena which we attempted to define: quite evi-

dently, in addition to these large swarms, other smaller groups of varying

sizes also occur; however, our techniques could not detect their presence.

Furthermore, it is not entirely impossible that what appeared to b e a single

swarm was in reality the sum ol several smaller groups : Hurukovskiy (1967)

and Zelickman (1961) noted the existence of such "swarm zones" no more than

a few metres in diameter.

T. tricuspidata

We shall apply to this species the same criteria and method'of

67
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deduction to the data given in Table 15 as we did earlier for È. diomedae,

but without developing these criteria.

Similarly to the preceding species, on the average night hauls ap-

peâred more irregular than da.-time hauls (except for the 0-650 in tows) as

we noted three preswned swarms among specimens collected at night against

only one in the day stations. Here again, we shall consider only the noc-

turnal distribution which is the more.hetero;eneous. Swarms were encoun-

tered on the basis of one every 1.7 x 106 in3 approximately (i.e., meeting

the two-fold condition of m.4.3 S and 10 m' which iwe considered satisfac-

tory for the methods we applied; use of a small net filtering somè hundred

cubic metres at each station would have resulted in our selecting an entire-

ly different scale of reference and the'refore in examining different pheno-

mena and reaching different conclusions).

The estimated percentage of animals of this species captured by the

IMT being in the order of 20/lo (cf. fig. 34), the actual population would

reach 85 x 103 organisms for every 5 x 106 m3 or approximately 0.017 indi-

vidual/m3. As the zone where no swarms were encountered accounted for ap-

proximately 66 x 103 animals or 0.013 specimen/m3, we arrived at an esti-

mate of 19 x 103 individuals, or 20N of the population grouped into swarms

each including approximately 6000 T. tricuspidata on the average; the very

small number of organisms in the swarirswould suggest that the swarms-.were

rather small.

S. abbreviatum

The situation is mucn more definite (Table 16) in the case of this

species than for the other two as only one swarm (7908 individuals at the

"Eora" II station 16E) could be safely considered as such. Although

values 273 (st. 17, "Dora" II) and 312 (st.-_107, CA I) only slightly exceed
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their respective limits m.+3 S and 10  ni t,  because they indicate only limited 

abundance, these values were rather doubtful and were not considered. - 

By applying tO S. abbreviatum the same reasoning as to E. diomedae  

and T. tricusoidata, the following estima tes were obtained; again, only 

figures for night hauls were examined. Only one swarm was noted during fil-

tration of 5 x 10
6 
m
3

, its population being estimated.at 5.8 x 105 indivi-

duals or 0.12/M3 on the average, broken down as: 

- swarms: 3.2 x 105 organisms 

stesladdu0s : 2.6 x 105 individuals or an average of 0.05/M3 . 

. Over half of the population appeared to be part of a swarm, a rather 

large swarm insofar as the available data enabled us to judge: such swarms 

were encountered so infrequently that their actual frequency could be accu-

rately established only on the basis of data obtained from several hundred 

stations. 

There is mention in the chapter "Nutrition" that S. abbreviatum  is 

typically carnivorous; the occurrence of swarming in this species would 

therefore contradict, at least for a tropical environment, the suggestions 

of Zelickman (1960) and Ponomareva (1963) that swarming is due to a tro-

phic stimulus proper to phytophagan. 

Does swarming actually occur under certain well defined conditions? 68 

Durukovskiy (1967) examined all the hypotheses set forth to explain 

the formation of swarms and came to the conclusion that uncertainty prevailed: 

trophic stimuli (Zelickmanï 1958 and 1961; Ponomareva, 1963), sexual stimuli 

(Ponomareva, 1959 a and 1963), passive acCumulation due to currents (Rusted, 

1930), or a combination of several of these factors (Naumov, 1962; Tonolli, 

1958). 

Table 17 indicates stations during which, among all 600 samplings, 

the presence of swarms was ,undeniably recorded. Numerous other probable 
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cases were noted, but we preferred to restrict ourselves to observations 

of which we were certain. According to that table, it would appear that 

the season, depth (insofar as we could judge by using - an open net) and 

weather conditions play no significant part in causing the formation of 

swarms. However, we noted the following: 

1.. .All swarms were observed in the immediate vicinity of the equa-

tor and only in the western Pacific; no definite swarming was noted during 

the 200 or so samplings carried out in the Central Pacific ("Caride" expedi-

tions). The location of those swarms neither contradictsnor Supports the 

hypotheSis proposed by Zelickman (1961) who claimed that swarming was par-

ticular to a highly stratified environment; all swarms were found in the 

Equatorial Pacific and not in a more homogeneous tropical environment and 

all were also found in the western Pacific which is less stratified than the 

eastern Pacific(1). 

2. The great majority of swarms were noted during the night, only 

one during daytime. Contrary to a conventional hypothesis, it would appear 

that visual motivation is not a prime factor causing swarming. There would 

therefore be greater justification in seeking a trophic, biological (repro-

duction) or.ecological (cf. Casanova-Soulier, 1968) stimulus. Among the six 

stations during which the lunar phase was noted, for five of these the moon-

light was very dim (LQ and Ni); the only observation at a full moon phase 

occurred under heavily overcast skies. . 

(1) However, although no swarms were noted among the 200 samples 
drawn in the Central Equatorial Pacific, during the 800 other tows that 
were not exaiidned in detail a swarm of T. tricuspidata  was observed during 
station 41 on tne "Caride"III expedition (0-230 m, 1930 hours). Swamping 
therefore does oCcur in the Central Equatorial Pacific but, it would appear, 
less frequently than in the l',esterr. Lquatorial Pacific. 
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3. For 4 out of the 10 stations, strong currents were detected by 

a sudden pull on the towing cable of the net. Relating this observation to 

point 1, we might suggest the possible influence of dynaMic factors in the 

formation of swarms, without attributing them 	a definite cause-and-effect 

relationship. Komaki (1967 b), Cassie (1959) also stressed the importance 

of the physical environment. 

4. Independently of hauls carried out in the open sea, on several 

occasions we noted that a great number of 1;uphausiids had been run aground 

on the shoresof the Isle of Pines (to the south of New Caledonia) and that 

swarms were noted nearby some 400 m above the ocean floor. These observa-

tions (points 1, 3 and 4) suggest a defense reaction of the organisms 

against a hostile environment or one different from their usual one and into 

which they were drawn. 

5. AU the foregoing observations suggest that swarms might be the 70  

result of complex stimuli, i.e., the response of organisms in a given biolo-

gical state to certain environmental conditions. The "why" of this particu-

lar mode of behaviour nevertheless remains unknown: Mauchline and Fisher 

(1969) attributed to swarnning a major role in preserving the integrity of 

populations; Durukovskiy (1967) on the other hand considered that, rather 

than being beneficial, such behaviour contributed considerabl y  to their 

being ready prey to predators. Applying the same reasoning, Ponomareva (1963) 

infered that only a seXual motivation would be strong enough to incite the 

organisms to adopt such a costly behavioural pattern; he also acknowledged 

the role of nutrition in causing this phenomena. 

1.2. Heterogeneity_pf  distributions 

We described in the foregoing section the large concentrations of 

individuals cmmnonly known as "swarms". To'describe the distribution of 
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TABLE 17

Data pertaining to Stations during which Swarms were noted.

BORA I 23 7.12.65 00°28' N 1700 E 000 22h23 4 500 718-PL E. diomedac 4 500

BORA II 12 B 15. 3.66 00°35' N 170° E 440 20 h42 4 500 200 218-DQ Forts E. diomcdac 2 870
cotirants T. lricuspidata 2 362

BORA II 16 B 24. 3.66 00°16' S 180° 230 20 h 45 5 500 150 618-NL Forts S. abbrevialum 7 908

courants

BORA III 26 22. 6.66 00000 170° E 590 20 h 48 4 500 E. diomcdac • 11 703

BORA III 34 25. 6.66 02°01' N 170° E 620 20 h 31 4 500 218 E. diomedae 9 450

BORA IV 17 5.10.66 00°09' S 170° E 1 160 22 h 42 4 400 80 à 250 6/8-DQ Forts E. diomedac 5 322

courants

BORA IV 19 6.10.66 00°57' N 170° E 1 160 22 h 02 4 450 80 à 200 718-DQ Forts E. diomedae 3 594
courants

CYCL. I 25 23.11.66 00°52' S 170a E 160 02 h 18 4 300 170 518 E. diornedac 12 513

CYCL. I N 26 23.11.66 00"52' S 170° E 15' en 23 h 05 4 300 80 à 180 E. diomcdae 2 260

surfaco

CYCL. II 9 30. 3.67 02°05' S 170° E 1 200 09 h 36 4 200 318-DQ E. diornedac 4 081

rl

* Figure indicates maximum depth reached by the net, not depth at

which the swarm was located.
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individuals living outside such swarms, we shall now consider the mean values

of distributions. We shsll eliiii.nate the most abundant hauls (16%) and exam-

ine £34% of the data obtained from the less abundant stations. This limit is

based on the fact that, in a normal distribution, 84,"3' of the values are less

than m+ S(r (rager and McGowan, 1963). The quantity m-S cannot be taken into

consideration because it is negative in most cases.

First of all, two major preliminary questions must be answered.

The first consists in determining the measurable quantity that will

be used for heterogeneity; if na is the arithmetic mean, S2 the variance and

S the standard deviation, the choice rests among three simple and commonly

used coefficients:

-- the coefficient of over-dispersion C=S2/m which expresses a

random distribution if it aPproaches 1 (Poisson's Law), a- -s.ub-dispersion

(distribution more regular than random) if it is significantly less than 1,

an over-dispersion (tendency of animals to gather in groups) if it is signi-

ficantly greater than 1. It is known that a population randomly distributed

essentially falls into a Poisson distribution characterized by the mean and
2

variance being equal (S := m). The drawbackof the C coefficient is-._abvious:

if the population is randoraly distributed, then C:^1 regardless of the num-

ber of individuals because, by definition, S2- m .'in this case; however,

there is always over-dispersion (527 m). Under these conditions, the value

C depends upon the number of individuals. In fact, in the formula C- S2/m,

the deviations from the mean affect the numerator by their squares with the

result that, for an abundant species, S2 becomes infinitely greater than m,

while for a species including few individuals, 5 2 remains very small (cf.

1'ager and ;•Iclowün, 1963). illerefore, the coefficient C can indicate only

whether or not there is over-dispersion without measurin.-, the over-dispersion
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number of 
if the/individuals in the distributions to be compared are not the same. 

In the case of Luphausiids, where over-dispersion always occurs, calcu-

lating the coefficient C contributes little information. 

-- the coefficient of variation V ----S/m, although applicable only 

to smaller values, presents the same drawbacks aà the C coefficient: it is 

not independent of the number of.individuals. 

---we therefore chose to charaCterize heterogeneity by the 

	

dispersion. 	a:=(S
2 

- m)/ifl
2 hi w 

	

_ 	 ch, because the square of the mean 

enters into the calculation, is essentially independent of the number of 

.individuals (cf. Cassie, 1959). For any  value. a>0, over-dispersion occurs 

and the value of a increases in termo of heterogeneity. 

The second question involves knowing whether the heterogeneity 

actually measured does indeed solely represent the distribution of the 

given populations. In Table 13 we indicated the total 249 stations used 

to study distributions. To work on rather homogeneous samples, we consi-

dered only samplings drawn from the equatorial zone (Zones A and C) by 

means of a IKMT 10, either by day or by night, and excluding dusk and dawn 

which are apparently periods when rapid vertical migrations occur. 

We noted however that each category, defined according to time of 

day and depth of tow, included stations widely spread out in terms of both 

geographical and seasonal conditions. The obvious drawback.of this method 

1/ to introduce "interference" due to variations in space and time. This 

was the only reasonable alternative, however, as it was necessary to have 

a fairly large number of observations which could not be obtained from a 

single expedition. To give an idea of such interfering variations, the 

average number of individuals per station for h. diomedae  increased from 

185 for "Cyclone" V to 476 for "Cyclone" IV,Ltime variation) and from 



S. diaphane: 

n = 36 
2 
= 103 

E re 750 m = 21 

a 	0.19 
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313 for all "Cyclone" expeditions to 369 for all "Caride" expedition (geo-

graphical variations). The fact that all categories are represented by sta-

tions from several expeditions partly minimizes this drawback, the "inter-

ference" being the same for all; any doubt would affect absolute estimates 

of dispersion, not relative estimates. Under these conditions, the over-

dispersion obtained can be "calibrated" only by analogy: we shall calculate, 

for instance, for 0-1200 m daytime tows having a rather low coefficient a, 

the over-dispersion noted for these same stations ("interference" will there-

fore be identical) for a population known through experience as being one 

of the most evenly distributed, in this case micronectonic fish. We shall 

seleôt two of the most abundant species that we collected: Sternoptyx  dia- 

p& and Cvclothone pallida (identified by J. Rivaton, laboratory assistant). 

Considering even extreme cases where the species are randomly disr 

 tributed, the coefficient a would be a measurement of parasitic "interfer-

ence" attributable to the methods applied and the geographical and seasonal 

spread of the hauls. As we might reasonably think that this is an ultimate 

hypothesis  and  that, in fact, the•species are slightly over-dispersed, the 

coefficient a calculated for the species will exprem the maximum  value of 

any possible bias: any value greater than a calculated for the Euphausiid 

population can be considered as expressing an actual bver-dispersion of the 

population. 

For thirtY-six 0-1200 m daytime stations distributed over the "Bora" 

IV, "Cyclone" II, III, IV, V, VI and "Caride" I expeditions, we obtained 

the following values: 



C. pallida: 

n = 36 

S
2
=9.327 

E =  9.383 m= 261 

a = 0.13 
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According to these values of a, we estimated the highest value of the 

"interference" 	geographical and seasonal variations in the semples) 

at 0.20. Any value greater than a for any given species will therefore be 

considered as indicating a definite heterogeneity in the distribution. 	72 

In tables 18, 19 and 20 are given the distribution characteristics 

of E. diomedae,  T. tricusnidata, S. abbreviatum,  after elimination of 16% 

of the highest values for each species. Table 21 gives the distribution 

characteristics of T. aequalis, considered as being representatile of the 

type of distribution particular to species which did not present swarming 

habits; all values were used. 

Note that, with the exception of one case, the coefficient a is al- 73 

ways greater than 0.20. According to the maximum value of the interference 

estimated by calculating a for S. diaphane and C. pallida„  we can state that, 

in the case of Euphausiids, there is always over-dispersion. 

The values of a were plotted (fig. 43) for the four species examined 

and for various depths and time of day. Values for night hauls are not si-

gnificantly greater than those for daytime hauls, a situation contrary to 

that noted in the case of swarmming. 
ULM 18 

Particulrs of Ld_s.511Lp_ distributions (all values) 
O-350 m .-  0-650 m 0-650 m 0-900 in 0-900 m 0-1 200 m 0-1 200 m 

•
nuit 	jour 	nuit 	jour 	nuit 	jour 	nuit 

leinge Mienfrinm s n 	23 	16 	40 	13 	34 	41 	42 
Effectif E....L■o..of.speciriErs 	5 245 	1 757 	17 088 	830 	10 137 	2 627 	8 794 
Moyenne rn 	.i.• . eall 	228 	110 	427 	64 	298 	64 	209 

el  Variance S —  	23 000 	2 884 	45 290 	2 470 	29 343 	1 884 	20 974 
n — 1 

DiSterSiCT1 fa ctcr 	sl — n1 
Coeft. de dispersion a —    	0,44 	0,23 	0,25 	0,59 	0,33 	0,44 	0,48 
Ovela-ctistrrsicn factorns'‘, 
Coeft. de surdispersion C — in  	100 	26 	106 	39 	98 	29 	100 

• 

	

3taylazd d(pia o-ine7  	152 	
, „.. 

r..eart. type D == 	 54 	213 	50 	171 	43 	145 
n — 1 

\krizticn fidor 	s 
Coeft. de variation V — 	-  	0,67 	0,49 	0,50 	0,78 	0,57 	0,67 	0,69 

in 
in+3 S 	 084 	272 	1 066 	214 	811 	- 	193 	644 
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TABLE 19

Particulars of T. tricuspidata Distributions (£^.;bofvalues).

0-350 m 0-650 m
nuit 1 jour

0-650 m
nuit

0-900 m
jour

0-900 m
nuit

0-1 200 m
jour

0-1 200 in
nuit

l^o ^ QÎ ^Ic^i.1fX^
Nombre d'observations n ............. 23 16 40 . 13 34 41 42
Effectif E. .itip,of.SpL3Ci1TiCnS ... .. . 2 665 411 1 656 824 1 365 1 064 1 525
Moyenne in........ 11.,fm ............. 116 26 41 63 39 26 36,
Variance S' _ ^ e . . . . . . . . . . . . . . . . 4 749 210 578 2 435 1 073 127 581

n-1
Disr.crsinn fdcts)r SI - m
CoeTf. de dispersion a = ....... 0,34 1 0,27 0,32 0,69 0,68 0,15 0,42I
Crer-èispe^sâa'1 fator s,
Coeff. de surdispersion C=-.. .. ..... 41 8 14 39 28 5 16

îc1t•i `"C'^e^' `^ e ....... .... ..
}p

69 11 24 49 33 11 24
n-1

tiQ1 facVa`la
'

S..
Coeff. de variation V=-............

i
0,59 0,54 0,59 0,78 0,85 . 0,42 0,67

m
m+3 S .............................. 323 68 113 210 138 59 108

TABLE 20
Darticulars of S. abbreviatum Distributions (84% of values)

0-350 ni
nuit

Î 0-650 m
jour

0-650 in
nuit

0-900 in
jour

1
0-900 m 0-1 'l00 in

nuit jour
Î 0-1 200 in
, nuit

7̂ ti r ^ôl^ia^^iô^ mb ? ae s n ............
f C

23 16 40 13 34 41 42
SP^??n . ......Effectif E. .Al. 9 727 187 880 163 655 284 739

Tioyenne-m...... Ieieil ............... 42 12 22 13 19 7 18
.

Variance S= =
t el

................. 515 100 358
,

199 356 39 181n- 1

Di.•^rersim factor s= -- m
Coe'1•f. de dispersion a ...... 0,27 0,61 0,69 1,10 0,93 0,65 0,50I
Over--(-b.spersim factcr m,
Coeff. de surdispersion C = ... .... .. 12 9 16 15 19 ! 6 10

m

. ^^ ^^ ^^ es
jscai^l tÿpé•S = .............

1
23 10 19 14 19 6 13

n-
Varieal fi Il r

^Coeff. de variation V= ............ 0,55 0,83 0,86 1,08 1,00 . 0,86 0,72
m

m-i-3 S .......:..................... 111 42 79 55 76 25 57

Tr1BLÙ 21
Particulars of T. aegualis Distributions (all values)

Li

0-350 ni
nuit

0-; 50 ni I
jour

0-650 in I
nuit

0-900 in I
jour

0-900 m
nuit

0-1200200 ni ^
jour

0-1 200 m
nuit

i^o. of observ&',iarB
Nombre d'observations n . ..... ........ 27 19 48 16 40 49 50
Effectif E. .. PS. ;p^GUO.. ...... 1 247 717 1 466 766 1 096 1 500 1 888
Moyenne ni...... ^'1ea11 .............. 46 38 30 48 . 27 31 38

Variance SI =^ CI . . .. .... ...... ... 678 722. 497 1 423

j

529 4-29 439

1 SI- MDissic^l f'^ta
' 470 0 60 0 69 0 41

^0 8. de dispersion a- ........Coc 0,30 , 0,52 , , , ,..

0v>ür-d.isjwsicxl fi^cbr n'1 .
Coeff. de surdispersion C ......... 15 19 ^ 17 30 20 14 12

in

LcUrt La1 0^ü1
11- I

26 27 22 38 23 21 21

Variati.an 1ict
Coeff. de variation V= S ............ 0,57 0,71 0,73 0,79 0,85 0,6S 0,55

M.
ni-{-3 S ............................. 124 119 96 162 96 94 101
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Fig. 43. -'= Valeurs du coefficient de dispersion a. pour
4 espèces dans les différents types de prélèvements (traits

0-350 m à 0-1200 in, de jour et de nuit).
Fig. 43. - Values of the dispersion factor a for 4 species
in the different categories of stations (0- 350 m to 0- 1200 m,

day and night).

In 7 out of 8 cases, maximum values of a were recorded with the 900 m tows;

as this fact can be verified for both daytime and night hauls, as well as

for both migratory ( T. aequalis) and sedentary (S. abbreviatum) speciés, we

would suggest that it is likely due to the very nature of the towing tech-

nique rather than to a biological or ecological cause. It therefore bears

limited significance.

There appears to b e no definite relationship between a and m; i.e.,

it would appear that groups of individuals are not denser when the population

is greater. This is true, however, in two cases which we shall point out in

order to qualify their significance:

--- when the coefficient C= S2/m is used to measure dispersion, there

•

is a significantly positive relationship established with in. Such correla-

tion, as we demonstrated earlier, results from a bias of the calculation

inherent to the definition of the coefficient C, the latter being dependent

upon the number of specimens.

-- when all values are used, there is a positive correlation between

a and m in the case of species displaying swarniming characteristics. This
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correlation is the expression of a definite fact: swarms, which represent 

an ultimate case of 'over-dispersion, result in lal having a high value, and 

the great number of specimens collected whenever swarms were encountered 

caused the value of m to increase considerably. 

The significance of a possible correlation between population den-

sity and over-dispersion should therefore be carefully examined. 

2. NYCHTHEMEUL VARIATIONS  Ii  HAULS 

It is well known that the greater majority of planktonic and micro-

nectonic .  organisms migrate vertically within every twenty-four hour period 

with the result that the surface layers are virtually deserted during hours 

of sunshine except for very minute organisms which remain there.(cf.  Vert!- 75 

cal Distributions). Consequently, samples drawn from those layers, by day 

and by night, were quite dissimilar and present nychthemeral variations re-

flecting the vertical displacements of the animals (cf. Aizawa and Marumo, 

1967) or their greater or lesser ability to avoid the sampling gear if aided 

by the ambient lighting (Brinton, 1967 a and b; Taniguchi, 1969). 

• When planning an expedition, the fact that nychthemeral variations 

do occur must be.contended with: if daytime and night hauls cannot be com- 

pared against one another, only one of these two categories must be used when 

examining data for a given programme (usually night stations for which tows 

need not be so deep). This implies that either there is a rather long time 

interval between two consecutive stations if the vessel travels during the 

day, or the expedition °avers very little territory if the daily route is 

limited to  th  D «feSiree distance between two stations. To avoid such con- - 

straints, a sampling method must be found which minimizes  or if possible, 

eliminates the difference between daytime and night hauls. l'he first altern-

native consists in towing at progressively deeper depths so as to obtain a 
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Day/Night ratio . 1, where the net would pass through the entire vertical . 

layer occupied by the animals, both by day and by night. This was the pro-

cedure followed on the "Bore" expeditions when both day and night stations - 

were carried out at depths of 0-300 m and 0L:-.900 m on "Dora" I and II, 

0-600 m on "Bore" III and 0-1200 m on "Dora" IV. 

Table 22 lists mean values of the Day/Night ratio of individuals 

from various species collected at various depths. In examining the data, we 

arrived at the following conclusions: nychthemeral variations are the result 

of a combination of biological conditions (daily vertical migration of or- 76 

ganisms) and methodological contingencies related to the sampling method. 

Infect, if we can provide explanations to the fact that the ratios are less 

than 1 for 0-600 m tows, because part of the population is found at greater 

depths during daytime, and if the frequency of ratios approximating 1 for 	. 

0-900 m tows confirms that thia is the maximum  depth inhabited by most spe-

cies during daylightand also supports the fact that the initial reasoning 

was well founded, then why, in first analysis, would the very great majority . 

of ratios be definitely less than 1 in the case of 0-1200m tows? We noted 

that the ratio for 12 out of 17 species was included -between 0.8 and 1.2 for 

the 0-900 m tows, for which only three species have a ratio of less than 0.8; 

on the  other hand, 10 and 11 species had a ratio less than 0.8 for the 0-600 

m and 0-1200 m tows, respectively (Roger, 1968 b). 

What actually occurs? Two technical particularities of the sepling 

method are involved. We discussed earlier (cf. chapters on Methods) that 

during part of the station the net passes.through a horizontal "level" when 

it reaches its greatest depth, i.e., 12 tà 18,' of total towing time, with 

the result that there is over-sampling at that particular depth. In addi-

tion, the cod-end (a plankton net in 1 mm mesh size) causes a pressure wall 



$7

TABLE * 22

Day/Night ratio of mean nwnber of indiyiduals captured per station
for the given towing depths ( according to 40 stations on "Bora"

Species Espèces 0-650 m 0-900 m 0-1 200 m

T. iricuspidata' ..................... 0,40 0,58 0,49
T. aequalis ......................... 0,80 1,14 1,12
T. orientalis ........................ 1,76 1,00 1,07
T. monacanllza ...................... 1,15 1,22 0,58
T. peclinafa ......................... 1,29 1,14 0,80
S. abbreuiaiurn' . . . . . . . . . . . . . . . . . . . . 0,14 0,50 0,16
S. maximum ....................... 0,45 0,80 0,47
S. elongaium ....................... ' 0,30 1,00 0,42
S. longicorne ....................... 0,78 0,47 0,53
E. diomedae' ....................... 0,11 0,91 0,20
E. paragibba ....................... 0,55 1,06 0,81
N. ienella ................... ....... 0,85 1,08 0,71
N. gracilis ........... ....... ....... 0,65 1,06 0,60
N. microps .............. ........... 0,48 1,54 0,51
N.sexspinosus .................. ... 0,66 1,00 0,29
N. boopis .......................'... 0,77 1,17 1,14
B. amblgops ........................ 0,08 4,00 0,78

(1) Species displaying swarmzning habits.

41

0

to form; -after cond.ng into contact -with this wall, the organisms then whirl

about the net before entering the finer-mesh cod-end. The animals tend to

be*progressively eliminated according to the time spent in the 4 mm mesh

forenet. Given the foregoing, the situation is as follows:

-- in the case of 0-600 m tows, night stations cover the entire

vertical layer inhabited by the animals, while day stations do not reach

the apparently great portion of the population found below that depth du-

ring huurs of sunshine. Day/Night ratios equal to less than 1 are there-

fore most frequent.

-- in the case of 0-S00 m tows-thehorizontal level is located in the

very zone where most of the organisms are found by day, which results in
and

over-estimcting the population/therefore compensating for the great number

of animals escaping during the long hauli.n.; in procedure. The animals be-

ing closer to the surface at night, this level is therefore located in a

j 1
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deeper virtually deserted layer. However; as the organisms then-^sac_cupy the

upper layers, those•which are captured spend less time in the net and fewer

are able to escape. The combination of both factors results in the majority

of D/N ratios being close to l.

-- in the case of 0-1200 m tows, both by day and by night this level

is located at a greater del-th than that inhabited by most organisms and

there are no other factors compensating for the fact that, the animals being

deeper down by day,a greater proportion escapes during hauling in than at

night: D/iJ ratios are therefore usually considerably less than 1,

We wish to add three further remarks:

-- organisms escaping the net, often considered as occurring more fre-

quently during the daytime than at night, is generally held to be the prime

factor causing differences between the number of specimens collected by day

and by night (Brinton, 1966; Aizawa and i-iaruirio, 1967...). This does not ap-

pear to be the case with Luphausiids-Midwater Trawls. If this were the case,

we would obtain on the average, for any given species, a lower Day/Night 77

ratio for large organisins than for small ones. According to Table 23, the

converse is generally true: this would indicate that the prime factor is

indeed the fact that organisms escape through the net, more so in the case

of minute animals. It is readily conceivable that, in the case of Euphau-

siids--Midwater Trawls, the organisms avoid the net no more by day than by

nigYit for the two reasons that very little light penetrates into their

daytime deep-water habitat and that tiie very size and speed of the gear

give them little opportunity to escape.

-- the low Day/1Ag}lt ratios obtained for species displaying swarm-

ming habits do not necessarily i.,iply a cause-and-effect relationship between

the group behaviour of the organisms and the efficiency of the gear; this
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can more likely be attributed to the simple fact that swarming generally 

occurs at night. 

— finally, it should be noted that results vary widely in spite 

of a relatively great amount of data having been examined. For instance, 

the Day/Night ratio for T!, monacantha for the 0-1200 m tows was estimated 

at 0.58 according to "Dora" IV (Table 22) and at 1.34 according to results 

from the "Cyclone" expeditions (Table 23). Under these circumstances, 

only general facts can be stated. 

In conclusion, we might assume that Day/Night ratios essentially 	78 

equal to I can be obtained under the following conditions: 

(1) carrying out oblique tows for which the horizontal level is, 

both by day and by night, below the vertical layer occupied by the organisms. 

(2) using a net of relatively fine mesh iftiorderto pmnrellt excessive 

losses while the gear is hauled in. In first approximation, we might assume 

that a mesh will retain 50% of animals of a size equal to the mesh size 

(cf. Saville, 1958); this percentage could vary considerably depending upon 

the morphology of the organisms and the time spent in the net. Use of a 

very fine mesh causes strong resistance requiring a slower towing speed 

which increases the possibility of large organisms escaping the net. The 

final option is in fact a compromise. In practice, once à given type of 

sampling gear is selected, the interpretation of data should bear only on 

animals sufficiently large that only a negligible number of them escape 

through the mesh. 

E. SEASONAL VAaIATIONS 

In this section, we shall deal onl.&-  briefly with an aspect that is 

surely a major subject in the biology of marine organisms; we shall only 
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TABLE 23 

Day/Night ratios of mean number of individuals captured per station on 
"Cyclone" II to VI expeditions (0-1200 m tows) (28 day, 31  night  stations) 

Effectif 
 SpecieS Espèces 	 total 	 Taille des individus 	Rapport J/N 

Sire of iril irirlIzil, 	rsi N 	rat-in  
• of s'seaulee 

T. iricuspidata 	2  372 	small petits 	(G.T. 0,7 à 2,0) 	-- 0,60 
large grands (G.T. 2,0 à 3,5) 	-- 0,86 

Total   	0,73 

T. monacaniha 	698 	small  petit  t (G.T. 0,9 à 2,5) 	- 1,28 
large grands (G.T. 3,0 à 3,5) 	-- 1,37 

Total 	434 

T. aequalis 	2 417 	small petits (G.T. 0,7 à 1,6) 	-0,79  
large grands (G.T. 2,0 à 3,0) 	-- 1,03 

Total 	0,92 

ll E. diomedae* 	14 322 	
enul petits (G.T. 0,7 à 1,2) 	' 	-- 0,28 
large grands (G.T. 1,6 à 2,5) 	-- 0,24 , 

Total  	0,28 

E.  para gibba 	1 650 	small petits (G.T. 0,7 à 0,9) 	-- 0,88 
large grands (G.T. 1,2 à 2,0) 	-- 407 

Total 	403 

N. lenella 	' 	 3 504 	smell petits (G.T. 0,7 à 1,2) 	- 0,77 
large grands (G.T. 1,6 .à 2,5) 	-- 401 

• Total 	0,85 

Swarm of 4081 individuals at station 9 on "Cyclone" II (day 
station) not included. 

discuss the overall seasonal variations of various species: annual develop-

ment in the biological characteristics of the population (size groups, 

ovarian stages) will be discussed in Chapter VI. This is indeed a funda-

mental point: seasonal variations affect the biology of the animais more 

than environmental features. In the same manner as the sequence of seasons 

is the prime motivator of biological phenomena particular to cold and tem-

perate seas, the absence of consecutive seasons is responsible for the es-

sential properties of tropical waters. 

Numerous authors have pointed out how determining biological cycles 

in a tropical environment, where no or few seasonal variations occur, is 

difficult and virtually impossible: Blackburn (1966) claimed that quantitative 

variations of zapoplankton in the eastern Tropical Pacifie was not subject 

to pronounced seasonal changes; he stressed the importance of examining the 

species themselves when attempting to recognize biological cycles. During 



-  91  - 

• 

the éxpedition.of the "SIE03A", Hansen (1910) noted the presence of larvae 

of T. tricuspidata  throughout the year and concluded that the species was 

in a permanent reproductive state. Brinton (1960), Heinrich (1961, 1962 a 

and b and 1963) observed that the age structure of Euphausiid and Copepod 

populations inhabiting warmer waters varied little, the result of continu-

ous reproduction eveu when seasonal fluctuations occur in the physical en-

vironment (Brinton, 1963). Ponomareva (1969) reached the same conclusions 

regarding the Indian Ocean, King (1954) and King and Iversen (1962) for the 

Central Equatorial Pacific and King and Hida (1957 a) for Hawaii. Istoshin 

(1966) commented that, as the sun passed over the zenith twice during the 

year at the equator, from a climatic point of view there -are "two summers 

and two winters"; for his part, Bogorov (1960) claimed that from a biologic-

al standpoint, there is no winter and that summer lasts 2: for eight months. 

Vinogradov, Gitelzon and Sorokin (1970) admitted that seasonal variations 

in tropical seas are negligible and that factors causing population density 

(upwelling and divergences) are permanently present which is not the case in 

temperate waters where climatic fluctuations are the prime factor. 

Certain authors have however introduCed  variants  into  an  otherwise 	79 

monotonous theme : Ponomareva (1969), speaking about the tropical Indian 

Ocean, claimed that although reproduction was going on at all times through-

out the population, such permanent state was due to the fact that the repro-

ductive cycles of the individuals were not synchronous. The same idea was 

set forth by Drobysheva (1967) concerning Euphausiids in the Barents Sea 

during the summer and by 3iese (1959) regarding marine invertebrates in 
(1962 b) 

seneral. Brintoniclaimed that in equatorial regions faunistic variations 

were  due to movements within the bodies of water. 

Upon closer examination, certain agtiors observed, in spite of very 
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few variations occurring from year to year, a certain seasonal alternation

related to tradewind patterns. Rebardinô the South Equatorial current with

which we are concerned here (centered on 00), milder winds from November to

March (southern summer) cause equatorial divergence and consequently, an in-

crease in planktonic life (Bogorov, 1941; King and Hida, 1957 b; Boborov,and

Vinogradov, 1960); on the other hand, zooplankton is most abundant during

the southern winter (July-November). However, equatorial divergence which

is a seasonal occurrence in the western Pacific is essentially a permanent

fact in the Central Pacific. Owen and Zeitzschel (1970) detected significant

seasonal variations in the primary production in the eastern Tropical Pacific.

Any attempt to locate any variation affecting population density at

any given time is of prime importance for the*time factor is indispensable

when examining growth patterns.

Our data concerns only the equatorial zone: firstly, because these

are the populations examined from a biological point of view and secondly,

because the tropical zone was investigated by means of ill-assorted techniques

which may have failed to uncover minor biological changes. Our material was

obtained as follows:

--- at 170° E, stations from 0 0 to 3° S on the "Cyclone" II to VI ex-

peditions, i.e., a total of 52 samplings centered on the following dates:

March 30, May 5, June 14, July 20, September 3. Stations further to the

south than 30 S were disregarded as they were too far away from the equator-

ial zone for purposes of this study. Only deep-water tows were carried out

(0-1200 in), six within every twenty--four, hour period.

--- at 135-155° W, 0-500 in to 0-1200 m niôht stations on the "Caride"

I to IV expeditions and fifteen 0-250 m to 0-950 m night stations on the

"Caride" V expeditions, i.e., a total of 99 tows centered on the following

^ J
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dates: October 1, December 5, February 25, July 1, September 24.

In spite of the relatively great numbér of available stations and

consistency in the methods applied, this material is still wanting : a six-

month period was barely covered at 170 0 E, while at 135-155° W, where sam-

plings were drawn over the course of a whole year, two consecutive expedi-

tions were separated by a fairly long period of time due to the vast geo-

graphical area covered. Furthermore, as only one vessel was available to

cover such an extensive programme, the samplings at 170° E were carried

out in 1967, those at 135-155° W in 1968-69, in an equatorial environment

subject to few noticeable seasonal cycles, such atime lapse can indeed be

serious. We must not exclude the possibility under such conditions that

aperiodic fluctuations may be the factors determining biological variations;

if such is the case, it is then impossible to combine two series of obser-

vations carried out at different and more or less irregular dates. Such

problems will stand out most prominently when we attempt to determine bio-

logical cycles. Regardless, in spite of inherent limitations, this data 80

represents to our knowledge the most coherent seasonal observations conduct-

ed as yet in these regions.

Results are shown on Tables 24 and 25, i.e., the mean number of in-

dividuals of each species captured per station during the various expedi-

tions, those at 170° E and those at 135-155° W. For the "Caride" (CA) ex-

peditions (135-155° h'), the number of specimens collected was corrected

according to flowmeter readings and adjusted for a tow of 10,000 ►..etres;

noticeable differences in towing procedures from one expedition to another

resulted in an average tow of 8650 m per station for CA II and 2963 m for

CA V, or a difference wnich can be expressed as the factor 2.9. On the

"Cyclone't (C) expeditions, taking into account the fact that the flowmeter
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was placed in different positions during 	and C III on the dnehand, and 
mean 

during C IV, C V AM C VI on the other (cf. Appendix), the/difference in 

towing distance per station between two extreme cases does not exceed the 

factor 1.1 and no corrections were therefore applied to the nuber of spe-

cimens actually collected. 

Table 26 gives the extent of seasonal variations for various species 

by giving for each species the ratio of specimens collected during the most 

successful expedition and those captured during the least successful one. 

The following conclusions are reached upon examination of this data: 

there appears tote an inherent difference between variations observed at 

1700  E and those at 135-155°  

— at 1700  E, few variations were noticeable within the species 	81 

themselves, but the variations were synchronous such that their effects were 

cumulative and became apparent in the populations as a whole : a definite 

lower population density in May was noted for virtually all species: the 

TABLE 24 

Seasonal Variations at 1700  E in the Equatorial Pacific. — Mean number of 
individuals collected per station. 

nee7 	at767 	jffie67 fjullitelf, 67 ,iget7 effine 
( C II) 	(C III ) 	( C Iii) 	( C \r) 	( C VI ) 	( m) 

T. crislala 	2,3 	2,0 	2,1 	2,0 	1,4 	2,0 
T. iricuspidala 	59 	37 	21 	24 	27 	34 

. , 	 13 	11 T. orienlalis 	8,9 	11 	9 8 	14 
T. monacanlha 	17 	11 	8,6 	17 	15 	14 
T. peclinaia 	5,2 	3,2 	3,2. 	5,3 	5,2 	4,4 
T. aequalis 	41 	27 	27 	58 	46 	40 
S. abbreoialum 	17 	2,5 	17 	10 	25 	- 14 
S. elongalum 	 3,6 	3,5 	4,9 	4,3 	5,3 	4,3 
S. affine 	13 	6,3 	14 	10 	17 	12 
S. 	longicorne 	5,6 	2,9 	5,2 	7,1 	4,1 	5,0 
E. diomedae 	574 	344 	418 	303 	374 	403 
E. paragibba 	29 	23 	22 	42 	39 	31 
E. lenera 	74 	44 	• 	85 	47 	69 	64 
IV. lenella 	67 	66 	46 	63 	62 	61 
N. microps 	68 	35 	31 	40 	63 	47 
N. gracilis 	41 	28 	IS 	33 	14 	27 
N. boopis 	19 	16 	17 	19 	25 	19 

	

TOTAL 	1 045 	662 	750 	699 	805 	792 

"IZI-FEFFTr) 	-.61")tCleS > in 	 
Nombre d'espüces > in 	13 	3 	,.,.. 	7 	8 	12 	-- 
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TABLE  25 

Seasonal variations at 135-155°  W in the Equatorial Pacific. - Mean number 
of individuals captured per 10000m trawled. 

UCL.  

	

oct. 68 	6fec. t8 	te? 139 	iiiiin9 eeff.tm I■ itileae 

	

 	 (CA I) 	(CA II) (CA III) (CA IV) 	(CA V) 	(m) 

T. cristata 	« 	1,0 	0,3 	0,1 	0,1 	0 	0,3 
T. tricuspidata 	117 	65 	46 	50 	17 	59 
T. orienlalis 	 1,9 	2,0 	1,6 	2,1 	2,7 	2,1 
T. monacanika 	 34 	38 	16 	17 	16 	24 
T. pectinala 	4,5 	7,4 	4,5 	7,3 	2,2 	5,2 
T. aequalis 	37 	35 	31 	18 	17 	28 
S. abbreuialurn 	110 	15 	31 	18 	6,5 	36 
S. 	elongalunz 	 1,0 	0,5 	0,1 	0,1 	0 	0,3 
S. affine 	26 	69 	82 	45 	14 	47 
S. longicorne. 	 8,6 	3,5 	4,9 	3,2 	7,6 	5,6 
E. diomedae  	434 	727 	657 	511 	728 	611 
E.  para  gibba 	66 	52 	31 	• 70 	23 	48 
E. lenera 	180 	121 	126 	236 	458 	224 
N. ienella 	 22 	18 	19 	33 	20 	22 
N. microps 	 62 	64 	. 	40 	36 	8,5 	42 
N. y...aeilis 	187 	. 	126 	92 	80 	43 	106 
N. Ilecipes 	 3,9 	29 	14 	3,8 	3,4 	11 
N. boopis 	5,8 	3,6 	4,9 	4,2 	1,7 	4,0 

	

TOTAL  	1 302 	1 376 	1 201 	1 135 	1 369 	1 277 

S-Tfin1-717; of species > in 	 - 
Nombre d'espèces > m 	12 	12 	5 	5 	5 	___. 

total number of Euphausiids was twice as less as that recorded two months 

earlier. During C II, 13 species were more plentiful than their annual 

mean while only 3 species were present in greater numbers during C III. 

Population figures rose slowly during the course of C IV, C V.  and C VI 

during which 7.8 and 12 species respectively were more abundant than their 

annual mean. 

In the western Pacific, an abrupt fall in population occurs during 

May likely due (cf. chapter on Ecology) to the intrusion of waters origin-

ating from the north of New Guinea; this ecological factor affects and syn-

chronizes biologicalrhythms. 

-- at 135°- 155°  W, on the contrary,. quite paradoxically we noted . 

rather pronounced seasonal variations within the species themselves and a 

remarkably constant overall population as the average number of individuals 



• 

- 96-a- 

per standard tow of 10,000 m totalled 1302 (Oct. 68), 1376 (Dec. 68), 

1201 (Feb. 69), 1135 (June 69) and 1369  (Set,  69). This point confirms 

that this environment does not change as a function of time; furthermore, 

this fact gives no support to the statement whereby in this region, popu-

lations are denser from December to June than from July to November (Bo-

gorov, 1941; King and Rida, 1957 b; Dogorov and Vinogradov, 1960). With- 

out environmental fluctuations tending to synchronize cycles (suffice it 

to recall, however, that Owen and Zeitzschel, 1970, admitted that signifi- 

cant seasonal variations in primary production did occur), the various spe-

cies seem to develop independently of one another, with peaks appearing in 

one season or another depending upon the given species. 

Note that such rhythms can only be qualified as seasonal by analogy 

with the situation prevalent in temperate waters, without such rhythms fol-

lowing a seasonal chronology. We noted in particular that, during CA I, 12 

species were more abundant than their annual mean, 8 of these being in their 

most plentiful numbers; on CA V, on the other hand, carried out the following 

year at the same date, 13 out of 18 species recorded their lowest population 

densities. 

Whatever the case, taking into account major sampling discrepancies, 

it is readily noticeable that any attempt to determine changes in the Equa-

torial Pacific in terms of a time factor will result in uncertainty: the 

task would involve making several assumptions and looking for concordant 

series (e.g., size groups or ovarian maturity) before proposing a hypothesis 

which, under all circumstances, must be tested against facts. 
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•

Extent of seasonal variations in the Equatorial Pacific (means of most
abundant•and least abundant expeditions).

Species Espèces 135-155otiV 1700 E

S. abbreulatum ................. 17* 10'
N./lexipes ..................... 8,5 (absent)
N. microps .................. . 7,5 2,2
T. fricuspidala ................. 6,9 2,8
S. affine ....................... 5,9 2,7
N. gracilis ........... .......... 4,3 2,9
E. tenera ...................... 3,8 1,9
T. pectinaia ................... 3,4 1,7
N. boopis..:..........:......:. 3,4 1,6..
E. paragibba .................. 3,0 I,9
S. longicorne .................. 2,7 2,4
T. monacantha ................. 2,4 2,0
T. aequalis .................... 2,2 2,1
N.tenella ...................... 1,8 -I,S
E. diomedae ................... 1,7 1,S
T. orienlalis ................... 1,7. 1,6
T. crislaia ..................... ** 1,6
S. elongatum .................. ** 1,5

ToTar. . . . . . . . . . . . . . . . . . . 1,2 1,6

* High values owing to widely varying distributions.
k* Very few specimens.
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C H A P T E R 4. VERTICAL DISTRIBUTIONS

1. THE PROBLI:iA -

83

1.1. Extent and Significance of Vertical Distributions

The fact that nychthemeral movements have been associated with the

great majority of planktonic organisms has been known ever since the initial

studies in this field were undertaken during the last century. Such beha-

viour, virtually an ecological feat, brings the organisms daily through a

.series of different physical environments. The Equatorial Pacific which is

highly stratified is the extreme of such diversified environments; figure 44

gives the vertical distribution of temperatures at 140 0 W and 1700 E. Con-

sidering only the most easily measured parameter, this diagram indicates how

an individual migrating only some 100 to 300 m will be subject within a few

short hours to variations in temperature of ten degrees and more.

The vertical distribution of the organisms implies other Laportant

ramifications. Note that, accordin^ to figure 2, depending upon depth, the

organisms are drawn into one direction or another by currents flowing in

opposite directions at speeds frequently exceeding 3 knots. Therefore, if

a certain stage, size group, sex, pt3ysiological state, etc. corresponds to

a mean vertical level, all population distribution patterns are then possible

in terms of biolojical parameters.

The trophic requirements of a species are also as dependent upon

vertical distribution as size or nutritional value. Luphausiids are a prime

example of this: an examination of the stomach contents of tuna fish (refer

to chapter on Predators) indicated that Lupfiaussids are merely accessory food

for these fish, contrary to Amphipoda for in*t;ance. It appears that one of
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major reasons can be attributed to the vertical distribution of the animals: 

tuna feed only during the day below the surface (0-400 m) while large Euphau-

siids, more likely prey, inhabit that layer only at night when the fish are 

not feeding. 

On the basis of these few remarks, vertical distributions present 

major ecological and biological implications. 

. 
• 

	

170'E 	 140'W  
	 n. 	 .../.____ 	 — / 	 --N.  r— 	 \ e 	 1966 - 1967 	 1968-1969 

--- — 	Nov. 	Mars 	Mai 	Juin 	Juill. 	Sept. 	Sept. 	Déc. 	Fév. 	Juill.. 	Sept. 
e:- 

84 

Fig. 44. -- Stratification thermique dans le Pacifique équatorial  ()lice (170 0 E) et central (140 0  W). 
Fig. 44. — Vertical chs" tribution of temperature at different times of the year in the Western (1700E) and central 

(1 40. NV) muatorial Pacific. 

1.2. Papers relating to this subject 

Establishing a bibliography on this subject is rather difficult due 

to the volume of publications as well as totàeïr generally abstruse, vague 

and even contradictory contents. General principles can nevertheless be 

drawn from them. 

1.2.1. Cause and Effects of Vertical ;.ligrations 

The influence of light is so obvious as to be generally regarded as 

the main direct cause of nychthemeral migrations : Boden and Kampa (1967), 
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Boden, Kampa and'Abbot (1959 and 1961) noted that the DSL follows a given 

isophote; Backus, Clarke and Asa Wing (1965), Sherman and Honey (1970) ob-

served a sudden rise of the organisms during an eclipse of the sun, similar 

behaviour having been noted when the skies became suddenly overcast (Grand-

perrin, 1969). Ringelberg (1961) claimed that DSL movements were controlled 

by variations - ( I/I) in light intensity. Bogorov (1946) observed that in 

polar regions nychthemeral migrations occurred only during seasons when day 

and night alternated. Several authors have attempted to determine the opti-

mum light conditions (Cushing, 1951; Itoh and Anaoka, 1968; Itoh, 1970) 	' 

while the predominant influence of light, in combination with other factors, 

has been recognized by many: Clarke and Backus (1956 and 1964) agree that 	85 

factors other than light are also involved; Harris and Wolfe (1956) suggested 

that light intensity affects phototaxis; Foxon (1940), Ghidalia and Bourgois. 

(1961), Harris (1953) suggested a geotaxis-phototaxis association; Lewis (1954) 

Moore (1952 and 1962),  Moore et al (1953), Moore and Corwin (1956), Teal (1966), 

Teal and Carey (1967 a), Mauchline and Fisher (1969) stressed the joint action 

of light and temperature; Knight-Jones and Morgan (1966), Rice (1964) claimed 

that pressure played a certain role; this fact was rejected by Pearcy and 

Small (1968), Teal (1966), Teal and Carey (1967 a). Regarding pressure, 

Kazuo Sano (1959) observed that Eryozoans, Mvtilus  and Balanids survived 

a plunge of 3000 m while clinging to the hull of a bathyscaphe. 

The deep-water habitat of certain•migratory species does not appear 

to contradict the hypothesis of the definite action of light intensity : 

daylight has been detected at depths of 800 m and even at 1090 m in ocean 

areas where the water is clear (Waterman et al, 1939;.  Clarke, 1966; Clarke 

and Backus , 1964) ;  Kampa (1965) noted that the eyes of Euphausiids are par-

ticularly well adapted to very low light, their dreatest sensitivity 
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corresponding to that part of the spectrum (blue-green) reaching such d epths

(Kampa, Boden and Abbot, 1959). 1•icA aught and Hasler (1964.) studying Daphnia,

claimed that there was a linear relationship between activity and the light

intensity logarithm, the slope of.this curve bein.g proportional to tempera-

ture.

Without necessarily causing such behaviour, other environmental char-

acteristics appear to affect the vertical migrations of certain organisms

which do indeed appear to be halted or slowed down by strong gradients, espe-

cially temperature gradients (Aron, 1962 a ; Hansen,'1951; Lance, 1962; Brin -

ton, 1967 b); Harder (1968) noted that organisms accumulated in the inter-

faces, density being the determining factor. Lacroix (1961) established, for

Euphausiids in Baie des Chaleurs, that the speed at which the orpanisms rise

to the surface and the tirfie during which they remain there are greater when

there are fewer changes in temperature.

Although several authors attribute major causes to physical environ-

mental factors, others rate endogenous rhythms as playing a significant part

(Hudjakov, 1970) with the sequence of day and night only synchronizing the

migrations (Lnright and Hamner, 1967; Harris, 19,63). Finally, others suggest

that vertical displacements are merely a means by which individuals move

about using the motion of currents to find a better environment (Woodmansee,

1966) or better fond sources ( Bainbridge, 1953). lvhenever the various stages

are not found at the same mean depth, the individuals are scattered and

drawn even considerable distances away ( Roger, 1967 b and c; Scheltema, 1966;

Eurukovskiy, 1967; Orr and Marshall, 1969). According to Voronina (1964 a),

the great biomass of plankton and ;,iicronecton found at the equator is due

to a combinUtion of currents caused by equatorial divergence and the nychth,-

meral mi^rations of the organisms.
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Due to the very size of the migratory populations and the extent 

of their vertical displacements, such behavidur accelerates the rate at 

which pigments synthesized in the subsurface and organic matter produced 

in the rich surface layers are brought into the deeper strata. (JOrgensen, 

1966; Tchindonova, 1959; Vinogradov, 1961 and 1962). 

The concept of a two-fold motivation has often been proposed-, i.e., 

the animals rising to the upper layersbynightt and seeking refuge by day in 87 

zones where predators are least likely found (Pearcy, 1970; Bainbridge in 

Waterman, 1960, etc.), thus benefitting from optimum conditions during the 

various physiological phases.  By  using mathematical models, McLaren (1963) 

demonstrated that feeding in high temperature areas and assimilating the 

food in low temperature areas gave the migratory species extra energy which 

increased asfeeding -  temperature increased; the extra energy was used for 

other vital functions (growth, sexual maturation, etc.). Small, Hebard and 

McIntyre also expounded this idea. 

Finally, the most direct result of vertical migrations is to submit 

the individuals to considerable environmental changes. We mentioned temper-

ature levels earlier in this chapter; Longhurst (1967 a) noted that E. eximia 

in the eastern Pacific goes daily from an environment of 5 m1/1 of oxygen to 

one of 0.2 ml/i. The effects of vertical displacements are felt differently 

by different specis : according to Teal (1966) and Teal and Carey (1967 a), 

miduater species are capable of adapting to a deep-water habitat (the increase 

in pressure accelerates the breathing process slowed down by lower tempera-

tures) while surface species are unable to do so. Childress (1971) demons-

trated that deep-water organisms had a much slower breathing rate than sur-

face organisms, such more "economical" metabolism enabling them to survive 

in a more impoverished environment. 



TABLE 27 -- Vertical Distributions (in raet-res)

The sign indicates a species considered as non-migratory)

'Auteurs
Espèces

A E C D E F G H I J IC L M N

E.lenera......... 0-280 300-500 50 .150-500 0-300 0-500 0-150 0-300 0-700
(1500-2100)

E. gibboides...... 0-700 300-500 0-200 200-400 0-200 0-500 100-500 25-100 300-500 50-250
(400-500)

E. exiircia ........ 0-700 '-'00-600 0-20 0-500
E. divmcdae....... 0-700 1Ci0-300 0-150 0`Z00 0-2000 0-300

(700-1500)
E. paragibba...... 0-500
7'.lricuspidala.... 0-700 400-700 0-400 400-1000 0-600 0-600 0-300 200-1000 0-25

(700-2100)
T. acqualls ou 0-700 350-700 0-1.160 500-700 100-400 200-800 0-300 0-2000 100-500 25-700 300-940 0=250
subacqualis (380-G20) (
N. microps........ 0-700 600-800 300-400 100-300 0-300 0-2000 Plus de 25-700 50-950 50-910

150 (470-610) (170-460)
tv.gracilis........ 0-700 300-700 0-300 0-2000

S. affine.......... 0-700 0-500 0-400 400-800 0-500 Moins de 0-25 0-500 0-500
300 (70-130) 1 (70-130)

S. carinafum...... 0-700 50-300 0-300 0-300 0-300 50-500 0-100 0-100 0-500 0-150 0-100 0-40 0-700
(700-1500)

S. abbrevialum.... 0-700 100-300 100-300 0-600 0-500 0-100 0-500 85-410 100-500

N./lemipcs........ 0-700 200-300 200-300 150-700 0-300 0-500 100-300 90-600 100-250
(90-250)

S. longieorne...... 140-700 100-500 100-500 400-600 200-500 150-700 100-500 25-700 50-950 50-800
_ _ (100-280) (180-2S0)

S. elongafum...... 140-1000 Profond Profond 300-500 200-500 150-1000 150-1000 0-100 0-300 150-590 150-700
(220-360) (240-380)

S. maæimum...... 140-1000 _ 0-2000 300-700 250-570 220-580

N.ienella......... 140-1000 300-600 100-400 600-800 300-500 150-1000 150-1000 0-500 Plus de 25-700 200-900 50-580
200 (400-600) (220-360)

T. orienialis....... 140-1000 500-4000 150-4000 0-500 25-300

T. peclinafa....... 140-1000 300-3000 300-3000 100-300

T. monacaniha.... 140-1000 400-800 100-700 150-3000 150-.1000

Ih'.boopis......... 140-1000 300-G00 300-600 300-1000 150-1000 Plus de Plus de Plus de
400 360 360

N.sexspinosus..... 280-1000 0-2000 300-700 300-410 250-410

T. crisiala........ 280-1000 300-3000 300-3000

B. amblyops..... . . Plus de 500=4000 500-4000 500-5000 700-2000
1000

A : Drinton (1;62 b), Pacific •
B,C : Brinton (1967 b), California Current (B: Day; C: Ught).
D,E •: Haucnline 8- Fisher (1969), according to Lewis (1954) K

Florida Current (D; Day, E: Night). . L
F,û : Nelioto (1965), Duros•rlio (1': Day; G: Night). 14,14
H : Ponomareva (1968), Hed Sea.
I : Poncmareva (1963), Pacif'ic.

0

.

ob

: Le Leste (1969), Indian Ocean. i•aiZht stations (Values
in pa-rentheses indicate maximum secondary- depth).
Loden (1961), Atlantic, 35o Id to l0o S.
Leavitt (1935), ^tlanti c 35o N t0 4U° X.

. Baker (1970), Canary is. (Z': Day; i^`: I^i^'r,t) (Values i-r1
parentheses indicate most populated layer).
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1.2.2. Available Data

Disregarding possible errors and inaccurate methods of which avail-
data

able/is not entirely free, it appears that vertical distributions within any

given species are not similar in every region, either because individuals

must adapt to special local conditions (Boden and Kampa, 1965) or because

the water conditions differ; several authors have noted, for instance, that

the organisms do not inhabit great depths in upwelliug areas (Heinrich, 1960;

Banse, 1964; Vinogradov and Voronina, 1966). Erratic fluctuations of very

short duration may also occur as a result of essentially undetermined para-

meters causing changes in the vertical distributions of some one huridred

metres from one day to another within a given species (Trdaterman et al, 1939).

In conclusion, it seems somewhat hazardous to rely upon available data whèn

looicing for accuracy; insofar as possible, the study of vertical distribu-

tions should therefore be repeated for each particular study, the major reason

being that results largely depend upon the methods applied : use of small nets,

for example, will result in a great difference between the ability of organ-

3:tims to escape the net by day and by night and will lead to making wrong

estimates (Brinton, 1966 and 1967 b; Aizawa and Marumo, 1967).

In spite of the fact that the foregoing does not speak in support of

geineralizations, a few major characteristics might nevertheless be drawn.

Firstly, it would appear that migratery populations remain at a given depth

only for a few hours during the day and move abcut vertically during the

remainder of the time (ûrandperrin, 1569; Franqueville, 1970), but that, as

a whole, mi;;ratin;; individuals represent. only a fraction of the entire popu-

lation: populations are most dense in the subsurface layers,re^ardless of

sampling time, if we ccnsider minute plankton.. Johnston (1962) established

that there was an almost linez;r relationship between depth and the logarithm
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of the number of animals; Dense (1964) estimated that 50% of the individuals 

captured in nets of 0.3 mm mesh size, and all smaller planktonic organisms, 	80 

never leave the euphotic zone; this fact was also supported by King and Hida 

(1955), Blackburn (1 

that only part of the population migratesdaily : as the larvae remain on the 

surface, migration accelerates with age (Brinton, 1962 b; Ponomareva, 1963; 

Baker, 1959...); even among adults, a great number appearsto remain at the 

same depth during certain physiological phases (Herman, 1963; Baker, 1959; 

Mauchline, 1960; Ponomareva, 1963) associated mainly with sexual maturity. 

Certain authors have not given any evidence on differences in vertical dis-

placements as a function of age or sexual state (Lacroix, 1961; Mauchline, 

1966 b). Ponomareva (1963) believes that even individuals in a migratory 

phase do not move vertically every day, but rather at the most every other 

day when their nutritional requirements will force them to seek the upper 

layers where they are at the mercy of predators. In fact, it has frequently 

been noticed that, in the vertical distribution of a migratory species, the 

species is most dense in the upper layers and reachesth3second greatest den-

sity level at the greatest depths where the proportion of older individuals 

is generally greater; between these high-density areas, there is a vast zone 

that is deserted or in any case less dense, including the thermocline which 

seems to be a particularly impoverished zone (Le Reste, 1969; Aizawa and 

Marumo, 1967; Angel, 1968; Baker, 1970; Leavitt, 1935 and 1938; Tregouboff, 

1958). 

With respect to Euphausiids in particular, it is often stated that 

they can be divided into two separate groups: the anatomically specialized 

non-migratory species (;,Jematoscolis, ;ematobrachion, Stylocheiron),  and the 

. poorly specialized migratory species (Euphausia, Thysanonoda)  (Baker, 1970; 

966) and Nakamura (1967). More and more authors agree 
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Drinton, 1966 and 1967 b). The latter grôup is closely related to the DSL, 

composed essentially of Luphausiids in the upper layers and of micronectonic 

fish in the lower layers, both groups being linked by a predation relation-

ship (Boden, Nampa and Abbot, 1959 and 1961). Note, with respect to this 

matter, that laboratory experiments and actual observations agree in giving 

the DSL and Euphausiids essentially similar vertical migration speeds (Water-

man et al, 1939; Hardy and Bainbridge, 1954; Grandperrin, 1969). Direct ob-

servations in bathyscaphes as well as tows with midwater trawls have localized 

the greater proportion of Euphausiids at the level of the DSL; located by day 

at 400-600 metres, while only a few individuals reach much greater depths, at 

least 2000 metres (Aron, 1959; Bernard, 1955 and 1958; Peres, 1958; Tregouboff, 

1958). 

Figure 27 gives a summary of major observations by certain authors 

on the vertical distribution of species in the Equatorial and Tropical 

Pacific. 

2. MLTHODS AND MATERIAL 

2.1. Sampling Method 

If the literature dealing with vertical distributions often appears 

to be rather confused, the fault lies both with inherently difficult sam-

pling techniques and the very complexity of the subject matter itself. Al- 

though for small plankton, relatively simple vertical tows can determine 	89 

with relatively good accuracy the depth at which the organisms are found, 

this sampling method is entirely inadequate for capturing fast-swimming 

organisms; in the latter case, it it necessary to revert to horizontal or 

oblique tows which are less accurate, but which will capture the desired 

fauna. 
e 

The problem is further complicated when attempting to capture animals 
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such as Euphausiids which readily escape the net; larger gear, for which no 

adequate closing device has yet been found., must be used, e.g., the Isaacs-

Kidd Midwater Trawl. At the moment, proposals to make the latter a closing 

type gear suggest using a closing-opening device at the trawl cod-end, either 
Be 

a Catch Dividing Bucket (Foxton, 1963) or the/M.P.S. (Pearcy and Hubbard, 

1964). lae mentioned earlier (cf.. chapter on Methods) that the cod-end causes 

a pressure wall to form at the opening; the animals are therefore held back, 

then whirl about during a good part of the trawl at this opening without en-

tering it. We might therefore believe that the plankton does not enter the 

• open cod-end immediately when it is captured, but isinstead accumulated Lithe 

bellies and falls into the cod-end only when the gear is hauled in. An ex-

periment was conducted at the Numea laboratory in 1967-68 by using a 30 cm 

Be net (1962) on its side as a cod-end. The results were very revealing: 

almost the entire haul, including deep-water species, was -found in the surface 

net even during daylight hours at which time the surface layers explored by 

the conventional IKMT was almost void of micronectonic fauna. 

Direct observation by means of bathyscaphes, other than being very 

difficult to achieve, leads to cbt,ical problems in identifying the animals 

and estimating the number of such minute forms (Bernard, 1955 and 1958; 

Peres, 1958; Tregouboff, 1958; Franqueville, 1970). 

The material used to study the vertical distributions of Euphausiids 

in the .Equatorial Pacific was obtained by means of three types of gear: 

— the greatest portion of specimens was collected by means of an 

ordinary 10-foot MIT, i,e., without a closing device (cf. above). As the 

subtractive method can be applied only to surface tows because of the varia-

bility of samplings, a fact which Leavitt recognized as early as 1935, this 
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sampling method will make known only the highest limits of distributions.

- the Larval Net (Omori, 1965), an 160 cm diameter closing net, is

perhaps one of the best compromises available at the moment : relatively

reliable functioning, capable of being towed at high speeds are two of its

major features; it collects small quantities of micronectonic organisms,

less than the II,24T, but pernaits making good estimates of vertical distribu-

tions. Its use is unreliable in the case of deep tows (over 300 m) as a

cable longer than 1000 in slows down the trigger 1:iechanism causing it to

function unsatisfactorily.

- the Neuston Net (David, 1965) was used to draw samples in the

first few centimetres immediately below the surface.

Table 28

Gear used to examine vertical distributions (INumber of
stations examined).

9o

if

gear IKMT Larval Net Aeuston
highest (closing- Net

Location and time limits only opening) (surface)

Central day 7 -
Equatorial
Pacific night 16 15

Western day 24 - 6
Equatorial
Pacific night 22 --- 8

Southwest
TropicGl
Pacific (24-hour 16 18
series)

2.2. Svailable i-laterial

Table 28 outlines the material used in the bdthynletrical studies

forming the basis of this chapter. To this must be added the initial

results obtained from recent expeditions in the South Central Tropical
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Pacific off the Marquesas Islands (10o S- 142o VJ), which will be briefly

discussed (R 3.2) so as to give an estimate of the upper vertical limits

inhabited by tlie species during the day in these reoions where longline

tuna fishing is carried out; these elements will be required when examin-

ing trophic circuits (cf. Ciiap. VII).

This material is quite obviously wanting. We mentioned earlier that

use of the IrL^^iT resulted in obtaining knowledge of upper layers only, any

estimate of populations inhabiting deeper layers, obtained by subtracting

figures for the upper layers, being virtually impossible by reason of the

great variations in samplings. The more reliable data obtained from samples

drawn with the Larval Net originated from 15 stations only, all night sta-

tions and all from the same period; the possible effects of seasonal or cy-

clical factors (lunar phases especially) could not be detected. Finally,

as no tows were carried out within the thermoclin.e (100 to 160 m approx.),

no estimates were made of populations inhabiting this supposedly deserted

layer.

A further comment is necessary regarding samples drawn with the

Larval Net. The material collected by ;neaizs of a single fine net (0.33 mm

r.iesh size) was sorted quité differently than that collected by the IKMT.

As minute plankton was most abundant, Euphausiids were included only in

fractions B and C, the smallest size corresponding essentially to the 1.2

size group. The 0.9 and 0.7 size groups were therefore not included among

specimens collected with the Larval i1et, contrary to .tKkT specimens.

3. RI^S ULTS

On the basis of the available data outlined above, the following

points will be discussed:

-- vertical distributions by night in the Central Equatorial Pacific

- upper vertical âistr#ution limits by day in the South Central
! J

91
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Fig. 45. — Distributions verticales nocturnes dans 
le Pacifique équatorial central (1500 W). 

Fig. 25. — Vertical distribution of Euphausilds 
during the night in the central equatorial Pacific 
(150 0  W). A : percentages of the total number of 
animals in the different layers. B : percentages of 

the whole biomass in the different layers. 

0.1000 	Couche 160.3000 	Coebe 300.0000 

:( en biomasse 

Fig. 46. — Distributions verticales nocturnes des 
groupes de tailles dans le Pacifique équatorial cen- 

tral (150 0  W). 
Fig. 46. — Percentages of the different size groups 
(GT) of Euphausiids in the water layers 0- 100 m, 
160-300 m, 300-800 in, during the night. A:  numbers 

of animals. B : biomass. 

Tropical Pacific 

— comparison with the western Equatorial Pacific: surface, length 

of stay in subsurface layers during the night; differential ver-

tical distributions among size groups; vertical distribution of 

minute plankton. 

3.1. Vertical Distributions of Euphausiids by Night in the Central 
Equatorial Pacific 

The relevant data was mostly obtained from hauls on the "Maruru" 

expedition (Larval Net) from which, we might recall, only individuals having 

a thoracic diameter equal to or greater than 1.2 mm were considered. 

samples were used as the control samples. Furthermore, when estimating 

IKMT 

d 
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populations in the various layers, the thickness of the layer:mas taken 

into account. For instance, if therewere. 10,individua1s of one species per 

1000 m3 in both the 0-100 m layer and the 160-300 m layer, the population 

of the latter are considered as being 1. 4  times greater than that in the 

0-100 m layer. 

3.1.1. Distribution in terms of Number 

Figure 45.A is a diagram showing the bathymetrical distribution by 

night of the total Euphausiid populations. There is definite stratification 

as 86% of the individuals are found between 0 and 100 m, 11% between 160 

and 300 m, 3% between 300 and 800 m. In ternis of number of organisms per, 

1000 m3 , these percentages correspond to 163 for the 0-100 m layer, 22 for 

the 140-300 m, 1.5 for the 300-800 m layer. Note that no data is available 

for the 100-160 m layer which is the thermocline. 

3.1.2. Distributions in terms of Size Groups 

Figure 46.A gives the proportions of the various size groups making 

up the population of the various bathymetrical strata. There is a definite 

gradation,with the proportion of minute forms (e.g., 1.2 and 1.6 size groups), 

although still a sizeable portion, decreasing with depth; minute organisms 

represent 98% of the total number between 0 and 100 m, 89% between 160 and 

300 m, 73% between 300 and 800 11-4. 14xpressed as a biomass, this tendency is 

of course further emphasized. 

3.1.3. Vertical Distribution of Biomasses 

By applying to the number of individuals within each size group a 

coefficient proportional to the mean individual weight of each size group, 

an estimate of the vertical oistribution of the biomasses can b e obtained 

(fig.45L). As the number or minute forms decreaseswith depth, the corollary 

follows that the biomass falls less abruptle-with depth:  75 ', of the biomass 
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is found (by night) between 0 and 100 ai (against 86% in terms of numbers),

19% between 160 and, 300 m(against ll,^) and 61/-4 between 300 and 800 m (against

3%). In rv/1000 m3, these percentages correspond to 4494 for the 0-100 m

strata, 699 for the 160-300 m and 68 for the 300-800 m strata.

3.1.4. Vertical Distribution of Species (Fig. 47)

In terms of species, hauls with the Larval Net gave us a fair idea

of distributions by night, confirmed on the whole by data from IKidT speci-

mens. We noted that in this region almost all Euphausiids vcre found in the

upper 300 m during the night and that the most abundant speciés were those

reaching the uppermost layers (T. tricuspidatÛ, E. diomedae, r.. tenera, S.

carinatum); we did not exclude the possibility of a cause and effect rela-

tionship with the numerically predominating species being those having access

to the most plentiful food sources concentrated in the subsurface. Beyond

300 m, there are very few Euphausiids found during the night.

3.1.5. Specific Composition of Different Layers

It is rather interesting to note what species are found at a given

level to determine whether any of them play a definite part in a given bio-

tope, i.e., are prey to a certain category of predators, for example.

Figure 48 gives in diagram form the specific compositions of the

different layers at night. Positions are strongly marked: in the 0-100 m

layer, E. dio:nedae alone accounts for 91,.;^ of total numbers; this species

disappears entirely in deeper zones where it is replaced by N. ,gracilis

which accounts for 62;, of the total between 160 and 300 m and 501"C' between

300 and 600 m. Note also that the predoininance of the main species is less

Tronounced at deeper levels than at the surface, ^_rogressivel;T decreasing

from 94,4' to 62;t' to 50%. At the 600-800 ia depth, only two species, B. am-

blyops and N. booUis, occupy ti,is biotope during tiie ni„ht.

94
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Plus de 902. de la population est 	au 	Une 	partie 	seulement 	de 	la 	population 	 • 

Ne 	traversent 	pas 	la 	tbermetline. 

	

dessus ou dens la thermocline. 	traverse 	la thermocline ( %de Celle 	• 
traction ) 

T. triruspidata 	— 	E. diomedae 	S. afline (701 
T. aegualis 	— 	E. paragibba 	N. 	microns (41%) 

, S carinatum 	— 	E. tenure 	 I 	«  T. pectinate ( 27 z) 

	1 	7 HERMOCHNE 	i  	T. monacantha ( 24 t.) 	I 	Env. 	15 a 	25 	C. 	
T. orientalis( 22 f..) 

	

I I 	
S. abbreviatuni (15;) 	S. longicorne 

N. 	gracilis(loz) 	S. maximum 
N. Ilesipes (101) N. 	toilette 

I . 	 S. elongalum 

• 	
T. cristata 

I 

N. boop.is 	......1......  
--.—..r......■  

. 	I 	

B. amblyo 

Fig. 47. — Distributions verticales nocturnes des espèces dans le Pacifique équatorial central (150 0  W). 
Fig. 47. — Vertical distribution of species by night in the central equatorial Pacific (150 0  W). Percentages indicated 

in the second group represent the estimated fraction of the population  crossing the thermocline at night. 
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Fig. 48. — Distributions verticales nocturnes dans le Pacillque .éqnatorial central (150 0  W) : composition spécifique 
de la population dans les différentes couches bathymétriques. 

Fig. 48. — Specific composition of the populations inhabiting by night the different layers in the central equatorial 
Pacific (150 0  W). 
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3.2. Preliminary Data on Upper Vertical Limits of Distributions 
by Day in the South Central Tropical Pacific 

Although these recent samplings have not yet been fully processed, 

some one hundred IKMT stations carried out at 100  3/142°  W have madeit pos-

sible to outline the major daytime distribution patterns of the species, one 

of the factors determalgthe structure of trophic circuits (cf. Chap. VII). 

What species, biomasses and size groups are available to daytime predators 

at various bathymetrical levels is indeed a fundamental fact. 
mest 

The/obvious situation is illustrated in figure 49: only minute or- 

ganisms remain in the subsurface during the day, larger animals having left 

these levels. In the 100 uppermost metres, only individuals less than 15 mm/ 

20 mg remain; from a depth of 200 m, 15-22 mm (20-65 mg) individuals appear 

while the largest organisms (over 22 mm and 65 mg) are found below 400 m. 

In ternis of species, Table 29 indicates that only the small or average size 

species of the genus nylocheiron  are plentiful in the first 400 Metres. 

All other genera are represented in these layers only by their juveniles 

and a few adults, the mass of the population being at greater depths. 

It would appear that the organisms occupy deeper zones in these 

stable and impoverished regions where the water is very clea .r than do the 

species found in the equatorial zone. According to our estimates, animals 

in the latter area are some 50 to 150 metres closer to the surface. 

3.3. Comparison with Data on the Western Equatorial Pacific 

We were unable to note any striking differences in vertical distri-

butions between the western and central Equatorial Pacific. Note however 

that no hauls were made with a closing net in the western Pacific and that 

therefore only IKMT figures Were available, i.e., only major differences 

. were brou3ht to lidht. It is highly possible that minor differences between 
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east and west, which may have considerable ecological or biological signi- 95

ficance because the environment is highly stratified, may have been entirely

overlooked.

3.4. Surface

Examination of 32 tows with the Neuston Net (dragnet for surface

fishing) resulted in the data appearing in Table 30. Note that very few

species reach the first few centimetres imaediately below the surface.

Juvenile and larval forms are most coi,unon, withdrawing further down only

during midday; adults are found at this level only by night. The species

occurring most frequently (L. aragibba, ï. dior;ledae, L. brevis, E. tenera,.

S. carinatum) were captured only in small numbers, except for possible

swarms (E. diomedae). T. tricuspidata was occasionally noticed. The pres-

ence of S. elon;atum near the surface should be considered accidental as

this species definitely prefers a deep-water habitat; in fact, only one spec-

imen was collected with the Neuston Net. We noted also that, in terms of

both numbers and frequency of occurrence, population density at the surface

was greater in the tropical zone than in the equatorial zone.

3•5• Length of Stay in Subsurface Layers during the Night

Inasmuch as the two biotopes of the migratory species, subsurface by

nioht and deep waters by day, differ fundamentally and affect the individuals

in a completely different manner (environment, transportation, nutrition,

predation), it is important to estimate the time spent in each biotope by

the various species. Once again, our methods lacked sufficient accuracy

and a first approximation was obtained by examining shallow tows carried

out in 24-hour series. In this ptirticular case, we used a series of sam-

plinüs iii the 0-200 ca zone in tfic: southwestern Tropical Pacific, the results

J J
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. of which are given in figure 50. The time at which the species arrived and 

left the 0-200 m layer, which generally includes the isotherm and thermocline, 

are clearly indicated. Several categories were identified according to time 

and length of stay in the subsurface. 	 • 

(1)Species permanently present, little migration : S. carinatum 

S. longicorne. 

(2)Species present throughout the night, from 1900 to 0600 hours, 

or.approximatelyll hours: T. aequalis,  E. paraibba, N. microps,  E. diomedae 

N. sexspinosus,  N. flexipes, N. tenella  (the latter being most abundant in 

the late night) 

• 	(3) Species particularly abundant during the early hours of the 

night, from 1900 to 0100 hours approximately, or 6 hours: S. abbreviatum, 

tricuspidata, T. obtusifrons,  T. pectineta,  N. atlantica. 

(4)Species present during the middle of the night: 

T. cristata:  2200 to 0500 hours or 7 hours 
T. monacantha:  2100 to 0100 hours or 4 hours 
E. fallax:  2200 to 0100 hours or 3 hours 
T. orientalis: 2300 to 0100 hours or 2 hours 

(5)Species present in the late hours of the night: 

N. crracilis: 0300 to 0500 hours or 2 hours 
N. tenella  similar to the preceding but occurring over a 

longer period of tinte. 

(6)S. affine  is in a category of its own as it appears to have an 

entirely different migration pattern and disappears completely from 1800 

to 0600 hours approximately. 

As a whole, the occurrence of Luphausiids followed a regular curve 

with the peak at 2030 and 0030 hours. From 0600 to 1800 hours, they are 

found in negligible numbers in the 0-200 m strata. 

Larval Net stations 52 and 54 on the "Maruru" expedition carried 

out in the 50-120 m level demonstrated in a most spectacular fashion the 

98 
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Fig. 49. — Limites supérieures diurnes de pré- 
sence des Euphausiacés en fonction de leur 
taille, dans le Pacifique tropical sud central 

(100  S-1420  W). - 
Fig. 49. — Upper vertical limit of occurrence of 
the different size groups during the daytime, in 

. the central south tropical Pacific (10° S, 1420W). 

400 

Fig. 50. — Évolution nycthémérale du peuplement des 200 premiers mètres dans e Pacifique tropical sud-ouest 
(170° E) nombres d'individus récoltés par station (o : récolte nulle. • : récolte positive). 

Fig. 50. — Species inhabiting the upper 200 m at the different times of the day in the southwestern tropical 
Pacific (170° E): numbers of individuals per station. 

• • 

0-2.00 m 	 200-400 m 	 > 400 m 

S. carinatum 	S. abbrevialum 	 T. crislata 
S. microphlhalma 	S. maximum 	 T. Iricuspidata Species found 	S. sulunii. 	 S. affine 	 T. monacantha 

in great 	 S. longicorne 	 T. pectinata 
numbers 	 T. obtusifrons 

T. aequalis 
S. elongalum 

(Espèces 	 E. diomedae 

abondantes ) 	
E.  paragibba E
E. lencra 
N. lenella 
N. microps 
N. gracilis 

_ 	 N. flexipes 
N. sexspinosus 
N. boopis 
B. amblyops 

Species found 	S. longicorne 	T. trictispidata 
only spora— 	 E. diornedae 	 S. elorigalum 

E. diomedae dically 	—f-JUVNILES Of : 	E. tenera 
(Espèces présentes 	S. abbrevialum 	N. tenella 

S. maximum 	N. microps 
sporadiquement) 	/V. in icrops 	 '-' 

T. tricuspidata 	+JUVÉIVILES Of  : 

T. monacantlza 	T. crislata 
T. monacantha 
N. flexipes 

TABLE 29 
Bathymetrical distributions of species by day in the South Central Tropical 
Pac 



- 117 -

TABLE 30
Neuston Net: frequency of species captured in siirfacè.hsuls and mean
number (m) of individuals per station.• Western, Pa ëiîic•(170° E).

0 c+,, r0 c 1 iU ++; .

•

12h 16h 20h 00h 04h OSh

R. paragfbba ................. 0 0 3/5 1/2 1/2 0
m=20 m=12 m=1,0

E. breuis .................... 0 0 1/5 2/2 112 0
m= 3,0 m = 4,0 m = 0,5

E. icriera . . . . . . . . . . . . . . . . . . . . * 0 0 0 1 /2 1 /2 0
m=0,5 m=1,5

S: carinalunt ................ 0 0 1/5 2/2 0 0
m=0,6 m=1,5

T. iricuspidaia ............... 0 0 1/5 0 0 0
m = 0,4

S. elongaium ................ 0 0 115 0 0 0
m=0,2

indéterminés... .. .. .Larves et 0 1/3 3/5 . 2/2 1/2 313.
Larvae and undeter.;tined m=0,3 m = 10 m= 1G m=4,0 m=3,0

TOTAL ................: 0 1/3 4/5 2/2 lrZ 3/3
m=0,3 m=34 m=34 m=7,0 m=3,0

^^iT.. Mh')T r.T r7nt^1
•,Cr V VLL1 'L v '

20h 23h 02h30 12h-14h

E.ienera ....................... 0 1/4 0 0
m--0,5

E. diomedae . . . . .. . . . . . . . . . . . . . . . 0 1 /4 2/3 0
• m = 0,6

arves et indét.erminés. ...........
^

0 1/4 1/3
1 0

1/6
6m= 0arvae and undetermined.... m= 0,2 ,m = ,

swarm of 2260 adult individuals.

"ernptyin b" of the surface layer at dawn: at 0430 hours (station 52), M

Euphausiids (including 944 L. diornedae) were captured over a short distance

of 370 m. At 0730 hours (station 54), the net was towed over a distance of

1110 metres and no Luphau5iids were collected.

Note that we were concerned here only with individuals longer than

10 mm or so. Srnaller organisms (cf. 3.7.) remain in the subsurface during

the day.
necessary

Two further comments-are/at this point:

the situation described above was o>:,served in the Southwest Pacific•at a

given time. It is highly probable that these same species behave quite

differently in different regions. For instance, the inverse mi;;ration of

S. affine was not noted in the Equatorial Pacific. This situation should
11
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therefdre not be censidered as a bathymetrical description of the species, 

but rather as an illustration of a particular situation. 

• as the ordinates on figure 50 indicate the number of individuals collected 

between 0 and 200 metres at different, hours, and not depths, the curves 

indicate the migration of animals. It is quite possible, for instance, 

that the entire population of S. carinatum  is found at all hours above 

200 metres : if by day, this species occurs between 100 and 200 metres, 

more individuals are loSt as they rise than by night if the species is 

then concentrated between 0 and 100 metres, hence fewer individuals in-

habiting there during the day. 

3.6. Differential Vertical Distributions among Size Groups 

We mentioned in 5 3.1.2. and 3.2. that larger individuals were 

generally more numerous in deeper layers,without suggesting whether this was 

due to a difference in the specific composition of the population according 

to depth (larger species preferring deep-water habitats) or whether, within 

a given species, older organisms tended to dwell - deeper down than yoUng ones. 

Papers reviewed on this subject would indicate that several authors maintain 

the latter view which should indeed be further examined : this view would 

imply that the populations were scattered according to age groups whenever 

movements in the water were not consistent throughout the biotope. 

Data on distributions by night obtained on the "Maruru" expedition 

led us to draw the following conclusions: 

— 8 species (T. tricuspidata,  T. aequalis,  S. carinatum, S. elon-

gatum,  S. affine,  S.  longicorne,  E. diomedae,  P. amblyops)  were represented 

by one single size group or occurred only in one layer, i.e., our samplings 

were carried out on too large a scale to . purmit detecting possible differ-

ences in size group distributions, these species Leing scattered over a 

limited vertical distance. 

— among the 10 other specius, only 	tenclla seemed to show a 
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Fig. 51, — Distributions verticales nocturnes dilTér3ntielles des groupes de tailles pour 9 espèces du Pacifique 
équatorial central. 

Fig. 51. — Vertical distribution of size groups for 9 species of the central equatorial Pacific during the night, 
showing that older  animais tend to dwell in deeper layers. • 

higher percentage of young individuals in the deeper layer; the 9 others 

(fig. 51) showed a tendency towards larger individuals being.found deeper 

down. We might therefore assume that our data confirms the general opi- 	99 

nion that, within a given species, there is a correlation between the age 

of the individuals and the depth at which they dwell. 

The available data is too limited to allow us to determine whether 

differences in vertical distribution are also a function of sexual maturity. 

Accurate information can be obtained only by examining specimens captured 

with the Larval Net; however, this net captures very few individuals at the 

reproductive stage.. 

3.7. Vertical Distribution of kinute Plankton 

This point must be discussed under a two-fold consideration. Firstly, 

approximately two-thirds of the largest organisms of this category, large 

individuals being generally from 4 to 10 mm long according to sorting of 

Larval imet material, are Luphausiids. These_organisms are the larval and 



juvenile staQes of the species discussed in detail in this study or repre-

sentatives of very small species (E. tenera, S. suhmii, S. microphthal,-na).

Secondly, the smallest among these, individuals 0.3 to 4, min long, are like-

ly what we ini^ht assume as being the food source of Euphausiids.

Table 31 gives the vertical distribution of the biomasses of both

these cate^ories in the Central Equatorial Pacific.

Note that the 0-100 ni'layer is by far the most plentiful where the

i

(0

density of minute plankton is 10 to L0 times ^reater than in deeper layers.
in the subsurface

Although our data on daytime phenomena/is lacking, we might assume, given

the absence of minute plankton deeper down during the day, that these small 100

individuals remain at the surface even during hours of sunlight.

We might therefore conclude that:

1. the juvenile or larval forms of Euphausiids never leave the eu-

photic zone and any vertical displacement is very minimal.

2. predatory Euphausiids, like the phytophaga, depend largely on

the subsurface for food; species which do not miÛrate to the upper layers

are very often detrivorous. Regarding this point, we in fact noted (Michel,

comn. pers.) that specimens of minute plankton collected in the subsurface

were generally in good condition, the animals being, generally orange-pink;

those collected in the 100-300 in layer were browner and rather damaged,

more so than the length of their stay in the net would warrant; specimens

from the 300-800 in depth varied from dark brown to grey in colour : the

debris of dead organisms and animal wastes were jaost plentiful, the "flood

of detritus" corning from the surface.

4.. 6li:24hIIY

iiccording to the research outlined above and dealing with vertical

distributions, the following can be established:
J1
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-- the distribution of species during the night in the Central 

Equatorial Pacific, shown in figure 47, from which the following can be 

directly deduced: 

• the type of th  w required to capture a given species 

• the ecological and dynamic conditions favourable to the various 

species in their nighttime biotope 

• the food sources of nighttime predators (total biomass, specific 

composition, size of organisms) consisting of Euphausiids dwelling 

• at different bathymetrical levels. 

— the upper daytime limits of distributions. This point is funda-

mental as we shall later discuss when dealing with 'e,rophic relationships: 

in fact, the various species of Euphausiids are included in different food 101 

chains depending upon whether they make themselves available to surface 

predators (0-400 m) which feed mostly during the day and are in turn eaten 

by the large tunas, or whether they escape the predators by inhabiting the 

deeper layers by day. According to our data, in this respect concerning 

mainly the South Central Tropical Pacific where longline tuna fishing is 

actively pursued, only the species of the genus Stylocheiron (with the ex-

ception of S. elongatum)  remain plentiful during the day in the upper 400 

metres. Other genera are represented only by their . juveniles and a few 

adults (cf. Table 29). We might assume that the saine  situation occurs in 

the Equatorial Pacific (zone of divergence) but that the species are found 

some 50 to 150 metres deeper. 

-- a classification of species  in. ternis of their vertical biotope 

and the extent of their nychthemeral migrations (given in Table 32). 

41. 
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TABLE 31

Vertical distribution of minute plaYilcton: biomass in nr1g^1000 m3

Organisms 4 -10 nm long
(approx.30i FuplF-a.siich)

IJi aht
Nuit......

0-100 m
160-300 m
300-800 m

25
1,3
0,7

Day
Jour......

0-100 m
160••300 m
300-800111

Grganisms 0.3 - lkmm long
(food sotmct for Luphausiids)

30
2,5
r,o

pas de données
0,5 no ¢iata 1,0
0,5 I 0,5

TALILE 32

Vertical biotope of species in the Central Pacific

Equatorial Tropical

Type of Vertical Behaviour Species Zone Zone

No or little migration
S. aulrmii........ 0-100 in 0-150 m
S. micropiithalma. 0-100 m 0-150 m

(extent of migration Surface S. carinatum..... 0-150 m 0-300 m

less than 100 lït). Ex- S. afflne......... 50-150 m 50-300 in

cept for S. elorigatUlll S. abbrcviatum... 50-300 m 50-300 m

and N. bO^iS, a large :. S. longicorne..... 100-300 m 200-400 in

portion of the popula- ^ N. tenella........
Iiidwater

160-500 in 200-500 in

tion remains in the S. maximurn.... . 160-500 m 200-500 in

upper 400 in during the Deep-water S. elongatum.....
{

250-600 m 300-600 m

day. N. boopis........ 350-800 m 350-800 m

- ay? ïvi=;il
i

Day
J

vit
uitou^ ;Nu t our

-

Almost entire pCp- ( E• Icncra...... 200-500 0-160 350-800 0-200

ulation ço^lcentra 1 T. tricuspidata.
E i

300-600
600300

0-160
0 160

350-800
800400

0-200
0-200. d omedae...ted by ni^ lt aboV - - -

or in the thermo-^ T. aequalis.. .. 300-600. 0-160 450-800 0-200

Cline... ...... .. E. paragibba.. 350-600 0-160 450-800 0-200

Rigratory species
Lar;^e portion f N. microps....o

(relGted more or less
250-500 100-300 250-500 100-300

0 300i T. monacantha.population rema 350-600 50-300 450-800 -5

to the DSI,). even at ni -11t N. Jlesipes.... 350-600 100-300 350-600 150-400

below the t116rm N. gracitis..... 350-600 100-300 450-800 200-400

cline. .. ..... .. T. pectinata... 350-600 100-300 450-800 200-400
7'. orientalis... 350-600 200-500 450-800 200-400

Deep-water T. cristata..... 400-800 160-600 450-800 200-600

àpecies I B. amblyops.... 600-1000 350-800 600-1000 350-800

(-) Depths indicate layers of „laxilaum concentration; isolGted specimens
generally found closer to the surface, especially specimens of E. diomedae
or T. tricusi-,idata found there during the day at approx. 100 m below the

surface.



CHAPTER 5 . REGIONAL ECOLCGY 

AND INTERSPECIFIC ECOLO.UCAL  AFFIN  ITIES  

1. NATURE OF THE PELAGIC ECOLOGY 

Relationships between the distribution of organisms and that of 

the physico-chemical parameters of the environment, in the case of animals 

near the top of a food chain (Euphausiids, for instance), are rather dif- 

ficult to define clearly because of time and space factors. With this par-

ticular group, two other factors further hamper research into ecological 

considerations: firstly, extremely heterogeneous distributions impede the 

presentation of reliable data and the observance of rules in statistical 

analysis; secondly, these migratory or deep-water species, forming a large 

portion of our material, are rather cosmopolitan given the fact that the 

former must face great environmental changes within a very short period of 

time, which would imply a relative insensitivity to environmental conditions, 

and that the latter occupy a habitat that is very homogeneous tnroughout a 

vast area. 

There are clear deramstrations of this in scientific literature: if, 

under well-defined local conditions, where widely different masses of water 

come into contact, species-environment relationships can be observed (Wil-

liamson, 1956; Furnestin, 1957, 1964 and 1970; Bary, 1959 a, b, c; Anraku, 

1962 and 1964 a; Soulier, 1965; Thiriot, 1965), such relationships are gen-

erally applicable to a vast stretch of an ocean environment (Bary, 1970; 

Erodskiy, 1959; King and Demond, 1953; King and Doty, 1957; Dogorov, 1959 b; 

Aron, 1962 a; Beklemishev, 1966 a and b; Ebeling, 1967; Heinrich, 1968 a; 

103 
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Lubny-Gertzyk, 1968; Bogorov and Vinogradov, 1971; Timonin, 1969) and there-

fore make it possible to outline the biotopes of 'various,species (cf. Bieri,

1959 for Chaetognatha, Drinton, 1962 b for Euphausiids). Beklernishev (1959)

noted that the uniformity of the oceanic habitat leads to very vast distri-

bution zones, especially in the homogeneous tropical environment; Dimov

(1962) further observed that marine currents formed very stable entities,

i.e., masses of water remaining consistent over vast expanses and supporting

the same planktonic life.

Hence, attempts to establish relationship between species and a given

body of water over a smaller scale have invariably been fruitless (King and

Hida, 1955 and 1957 a; Vinogradov and Voronina, 1966, Roger, 196$ b); with

respect to Euphausiids, Chiba, Tsuruta and Maeda (1955) noted that T. tricus- 104

pidata and S. carinatum did not vary sipnificantly in density according to any

particular zone in equatorial waters. Furthermore, although surface organisms

are to some extent sensitive to their environment (Baker, 1965), mid- or deep-

water species are cosmopolitan and any knowledge of their ecology is there-

fore rather difficult to grasp (k'onomareva, 1963; Nemoto, 1969). Even when

a relationship can be established between a certain species and a body of

water, its significance is somewhat doubtful as the similarities between bio-

lôgical and physico-chemical distributions may have a common source, perhaps

one of dyna,i,ic origin (Erinton, 1960).

t'.mong environmental factors affecting distributions, temperature,

salinity and oxygen content are most frequently mentioned (Drobystieva, 1963;

Roger, 1966, etc.), the first two fz:ctors.possibly causing os,notic effects

on cells and tissues (Schlieper, 1959). tiowEver, many authors maintain that

pl-an}:tonic orCanisms are highly resistant to changes in t.heir environment

which they encounter daily durin:; their vertical mi;;rations; these same

authors rather doubt that such chan.les affect distributions (Hopper, 1960;
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Vinogradov and Voronina, 1961; Kinzer, 1966; Longhurst, 1967 a; Teal and

Carey, 1967 b). We must bear in mind, however, that temperature, salinity

and oxygen content are mentioned most frequently because these parameters

are most easily measured; they are not necessarily more important than

other more subtle ones (Rae, 1960; lurnestin, 1970). Among these, trophic

conditions are often considered as being.primarily responsible for distri-

bution patterns (Vinogradov, Voronina and Sukhanova, 1961; Vinogradov, 1966;

Vinogradov, Gitelzon and Sorokin, 1970; Timonin, 1971); other authors define

conditions in a pelagic habitat in such vague terms as "sufficient food" or

"tolerable temperature" (Johnson and Printon, 1963).

Present ecological trends emphasize the importance, when examining

relationships between organisms and environment, of considering smaller taxo-

nomic units than the species, e.g., subspecies or geographic race (Brodskiy,

1965; Fleminger, conm. pers.), which implies extensive preparatory work.

In this chapter, we shall examine the ecological characteristics of

the various regions investigated (regional ecology) and the ecological ten-

dencies of the various species according to their response to the environ-

ment (specific ecology); finally, we shall attempt to group the species

according to ecolo^ical affinities.

2. HDGTIQNAL ECULOûY tàJD DIVERSITY

2.1. Characteristics of the Diffèrent Regions and their Populations

The five re^ions defined in the chapter on Zoo;eography each have

fairly pronounced individual features, although some among them are related

by a space factor (adjacent zones) or a time factor (the same masses of

water successively cross Zones L, C, A). The area investigated has made

it possible in particular to confirm the distinction between the populations

of the stable, more irupoverished zones (tropical waters) and those dwelling
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in waters benefitting from a source of abundance, upwelling or divergence 

(equatorial zone) (cf. Heinrich, 1962 b; Longhurst, 1967 b). 

Zone E is biologically the "youngest" being closest to the source 

of the South Equatorial current, doubly enriched by the Peru current which 105 

is one of the most productive regions on the globe and by intensive equator- 

ial divergence; consequently, there is a very large planktonic biomass domi-

nated by very abundant species (little diversity), mainly herbivorous spe-

cies. The westward movement of the water and regular change in biological 

characteristics cause a depletion of the surface waters (according to a pro-

cess described by Vinogradov, Gitelzon and Sorokin, 1970) and "agine.in-

population structures, From Zone E to Zone C to Zone A, the biomass gra-

dually decreases in size while diversity and the proportion of carnivorous 

organisms increase. 

A different -type  of transition  occurs from north to south in the 

western Pacific between regions A and B where only distance cornes  into play, 

the fauna changing from tropical to equatorial species : there is no longer 

a succession of structures from east to west as in the Equatorial Pacific, 

only a transition from one environment to another, these environments being 

adjacent to one another without one being the biological evolution of the 

other. The contrast between Zone B, a homogeneous impoverished tropical en- 
meaning 

vironment, and the richer, less diversified Zone A does not bear the same/ 
as the 
/apparently similar phenomena observed between regions E, C and A. 

The very isolated region D, located in the subtropical "gyral" of 

the Southeast Pacific, seems far removed from any enrichment phenomena (uP-

welling and divergence); an extremely stable stratification prevents nutri-

tive salts from deeper layers from risin g  to the surface. This is therefore 

a tnpical oligotrophic tropical region with a highly diversified but very 
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small planktonic biomass made up mainly of carnivorous species. 

The trophic structure of the populations throughout the various 

zones will be further discussed in the chapter on nutrition. 

2.2. Diversity 

2.2.1. General Comments and Selection of an index 

Diversity and its significance were developed at great lengths by 

certain authors.(cf. especially to Margalef, 1957 and 1969; Timonin, 1971); 

any repetition would therefore be redundant. However, we must justify our 

choice of index, namely the Shannon-Wiener index: 

Is  m 	pi.1og2pi (in bit/species) 

where 	pi r,  nib] 

ni = number of indiViduals of given species 

N = total number of individuals 

The greatest diversity occurs when  ail  species are represented by the same 

number of individuals; this will be expressed as: 

Imax = log2n 

where n 	number of species 

Both the Shannon-Wiener index (Is ) and the Margalef index (Im) take into 

account both the number of species and their distribution within the commni-

ty, i.e., the abundance of each species. Gueredrat, Grandperrin and Roger 

(1972) demonstrated that I s  could bé substituted for Im  whenever there were 106 

large numbers of individuals (in practice, more than 100). Note that Im < IS 

because, in calculating Im, we took into account the signals (sic) taken for 

calculating the information given by the following.(sic): the mean quantity 

of information per signaltherefore decreases regularly  and equals zero for 

the last signal wnich is perfectly determined. Uhen calculating I s  (its 

practical aspect being the use of Stirling's approximation for calculating 
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factorials), 1,e assumed that each signal gave the same quantity of informa-

tion regardless of preceding numbers (cf. Irontier, 1969): the deviation 

between Im  and s is greater when density is lower. As we collected over 

100 specimens in most of our hauls, we thought Is  would be acceptable for 

• measuring diversity. 

2.2.2. Value of the Index of Specific Diversity according to Change in 
Geography 

be mentioned in 2.1. that changes occurred from east to west in the 

case of regions E—› C 	A, and from north to south (different changes) in 

regions A—D. We shall examine these two series in terms of diversity and 

conclude by examining the oligotrophic tropical region D. 

2.2.2.1. Changes from east to west in the Equatorial Pacific (cf. Gueredrat, 
Grandperrin and Roger, 1972) 

111, 	 We calculated the index of diversity for each of the 33 stations 

on the "Alize expedition, the greatest diversity and the ratio Is/imax;  

this data is given in Table 33. Figure 52 shows a graph of the distribution 

Is , which is essentially identical to that of Is/Imax . Note certain unusual 

measurements (stations 23, 27, 36, 38) expressed as a rather low index of 

diversity as compared with other stations; this was due to the appearance of 

swarms (E. diomedae)  resulting in one species predominating, thus causing a 

drop in the value of the index. 
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Fig. 52. — Évolution Est-Ouest de Pimlico de diversité spècillque  dans  le Pacifique équatorial. o : Essaims do 
E. diomeclue. 

Fig. 52. -- Values of the SFIANNON-WIENI.:11 index of specific diversity (I s) from East to West in the equatorial 
Pacific. (o: swarms of I?. (I ionteilile). 
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LibLE 33 

Diversity along the equator ("Alizé" expedition). 

Station 	 Longitude 	 Is 	 WInmx 

Z 	 92020'W 	 1,03 	 51 % 

	

3 	 95028' W 	 1,07 	 43 Iv 

	

4 	 98 0 18' W 	 0,62 	 20 e 

	

5 	 101°14'W 	 1,15 	 35 % 

	

6 	 103°48'W 	 1,02 	 34 % 

	

7 	 106°45'\V 	 1,06 	 33 c,),', 

	

8 	 109°10'W 	 0,62 	 20 % - 

	

10 	 115°40'W 	 0,54 	 16% 

	

11 	 118°27'W 	 0,77 	 .25 	
15 

'' 
12. 	 120°45'W 	 0,45 	 17 % 

	

13 	 123 035'W 	 0,39 	 12 % 

	

14 	. 	125°53'W 	 0,77 	 23 °;„ 

	

15 	 128°26'W 	 1,36 	 41 % 

	

16 	 131°42/W 	 . 2,17 	 72% 

	

17 	 134°46'W 	 1,12 	 35 % 

	

18 	 137°45'W 	 1,74 	 49% 

	

23 	 145°06'W 	 0,38* 	 13 % 	' 

	

24 	 148007' W 	 1,29 	 39 % 

	

25 	 151°15'W 	 1,13 	 68 % 

	

26 	 154°38'W 	 2,23 	 75 % 

	

27 	 158°10'W 	 . 0,41* 	 11 % 

	

28 	 . 	161006' W 	 1,39 . 	 53 0,.,; 

	

29 	 164°15'W 	' 	- 1,68 	 49 % 

	

30 	 167°30'W 	 2,42 	 76 % 

	

31 	 170°30'W 	 1,90 	 58 % 

	

32 	 174°10'W 	 2,74 	 73% 

	

33 	 177°30'W 	 2,37 	 66% 

	

34 	 179°00'E 	 2,17 	 66 c,'„ 

	

35 	 176 006' E 	 2,65 	 74 % 

	

36 	 172°30'E 	 1,54* 	 45% 

	

37 	 169000' E 	 2,28 	 60 0,()  

	

38 	 166 000' E 	 0,84* 	 24 ;If, 

	

39 	 162045' E 	 2,68 	 67 cyc, 

* abnormal, duc to swarms of E.  diomedae  

Analysis of diversity distribution along the equator was developed 

by Gueredrat, Grandperrin and Roger (1972,); we shall repeat only the main 

points. According to figure 52, there is: 

(A) to the east, from 900  W to 125°  W, little diversity, between 

0.4 and 1.2. 
• 

(P) from 1250  W to 1800 , a regular increase in Is , which runs from 

0.4-0.6 to 2.2 to 2.7. 

(C) to the west of 180° , great diversity (Is  2.2 to 2.7). 

The definite increase in the value of the index of specific diversity 

corresponds entirely to our description of the environment and the expected 

107 
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• results of the latter upon the planktonic populations : the rich environment

to the east (large biomass, little diversity).becarnes progressively depleted

as it progresses westward (smaller bio.mas's, greater diversity). 10$

1°^e might conclude that, in introducin,i?, the notion of diversity, we

obtained a very coherent description of the equatorial system by ;,ieasuring

population characteristics, chan^es from east to west in population struc-

ture being equated with changes in the environment.

4.0
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Fig. 53. - Évolution Nord-Sud de l'indice de diversité spécifique dans le Pacifique ouest ( 170o E). o: Essaims

de E. diomedae.

Fig. 53.'- Values of IS from South to North in the Western Pacific ( 1700 E) - (o : swarms of E. diomedae).

2.2.2.2. Changes from north to south in the western Pacific

The calculation of Is for the sixteen 0-1200 in stations of the "Eora'I

IV expedition (from 20° S to 4 o Iy on 1.70° E) was plotted on a diagram, shown

as figure 53. Note:

(A) rather great diversity in the impoverished tropical zone (200 S--

7o S) : mean Ts = 3.74

(B) less diversity in the rich equatorial zone (70 S- 4 0 N): mean

I 2.39, %Those values agree entirely with those (Is= 2.2 - 2.6) obtained

for the same region on the "Aliz-6" expedi•tion (cf. preceding § and fig. 52).

(C) a sudden drop in diversiti,- causcd by swarrts (at 00 and l0 10•
out.

As we pointed/earlier, the change in diversity from north to south

differs from that observed from east to west: while the latter was a change
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Fig. 54. - Geographical distribution of Is.
probably underestimated owing to insufficient data).

within an ecosystem, in this case the change occurs between two biotopes.

unrelated by any ecological succession. Note, in fact, on figure 53.the.

sudden drop at approximately 7 0 S(chGnge from tropical to equatorial en-

vironment) and not the gradual change occurring from east to West at the

equator (fig. 52).

2.2.2.3. Diversity in the South Central Pacific (Zone D)

We qualified this region as being a stable, oligoticPhic tropical

environment supporting a very small planktonic biomass. We can therefore

expect to find a highly diversified population. In fact, the mean Tss 2.69

for all 0-350 nI night stations on the "Brisants" expedition, this value
values

correspondin,^ to the highest/noted for Zone A. The fact that there is less

diversity in Zone D than in Zone E il>ight be questioned. This may be due to

inadequate sampling during the "Prisants" expedition, especially a serious

of
under-estimation/ small organisi,,s and thErefore identification of fewer

species than those actually present.

2.2.2.4. Conclusions on F;eo;;raphical variations of the index

of specific diversity

Figure 54. sunun«rizes the observations ,;.entioned in the three

109



O  preceding paragraphs. In particular, it points out: 

(A)the contrast between the ,;reat diversity of tropical regions 

and 	low to average diversity of equatorial regions 

(B)the increase in diversity from east to west at the equator. 

Finally, we might again point out that these values of diversity 

agree remarkably well with the population -  structures we obtained in examin-

ing the distribution of biomasses (cf. chap III, § C). 

3
, 
 SPECIFIC ECOLOGY 

3.1. Environmental Influences on Species Distribution 

We mentioned earlier in this chapter that Luphausiids have certain 

consistent characteristics (high trophic level, deep-water habitat or migra-

tory habits) making it difficult to establish clear relationships between 

their distribution patterns and physico-chemical parameters, which in effect 

can be established only on a wide scale. Examination of our material defi-

nitely confirms this fact. Note: 	• 

— the obvious differences between the faunas of highly divergent 

regions which are considerable distances apart (e.g., Zones A/E/D); 

the little influence (on a short term basis at least) exerted by 

environmental changes on the distribution of species. Our material.contains 

two definite examples of this: 

(A) In the Central Equatorial Pacific ("Caride" expeditions), the 

South Equatorial Current appears to meander semi-permanently, such that sta-

tions carried out during the middle of the expedition were located in a North 

body of water different from that where samples were drawn at the beginning 

and end of the expeditions. This was especially noticeable during "Caride" 

I (Hisard, comm. pers.). Although our hauls indicated a slight increase in 

the number of individuals for 4  out of 22 species and a decrease for one 
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species during the middle of the course, none of these variations were signi-

ficant and 17 species were collected in rather constant numbers along the

entire radial.

(B) in the western Equatorial Pacific ("Cyclone" expeditions), there

was a marked chanhe, linked to the intrusiôn of waters originating from north

of New Guinea, noted on the "Cyclone'l III expedition.Al.thouôh 12 out of 17

species were less abundant than their yearly average, for 10 of these this

variation is not significant and -there was no apparent radical change in the

specific composition of the fauna.

•

:7

3.2. Vertical Lcology

Knowled.ge of vertical distributions of both the organisms and envi-

ronmental factors enables researchers to make approximations of the daytime

and nighttime biotopes occupied by the organïsms. This data is given in the

chapter entitled "Vertical Distribiu.tions". It would be superfluous to list

the various environmental factors when theiraction. upon the animals remains

unknown; for that reason, we have listed only temperature in Table 34 to

give an idea of the degree of change to which the organisms are submitted

within a 24.-hour period, temperature being a parameter of great biological

importance (cf. especially Fowler, Small and Keckes, 1971). These distri-

butions apply to the equatorial zone; species migrating little were included

with sedentary species; temperature estimates were deduced from data obtained

during an expedition when heat conditions were considered average ("Caride"

V). With respect to migratory species, we Li;ht believe that their length

of stay in each biotope, daytiwe and nighttLiie, is in the order of 8 to 10

hours with the 2 to 4 hours remaining for 'eacY, half-day spent on rapid des-

cent or ascuit.

In Table 34, note:

--- the ereGt difference between the living conditions of surface

species surviving in ter,pf:ratures of 16-25o C, and those of deep-water
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dwellers permanently submitted to temperatures of 5-12 0  C, with the probable 

ramifications of such contrasting environments on the biology of their res-

pective inhabitants. 

secondly, temperature variations to which heavy migrators are sUI:)- 

ject daily reach 13 to 18°, implying an eurythermal behaviour. 

TABLE 34 

Biotopes occupied by different species. 

(A) Sedentary species or species migrating little : 
, 

Espèces 	 Prof.ondeur (m) 	 ;Keppératli ir je 
uer 	

t, e  
iwl'r  r  F  Species 	 tn 	e - 	 ,  

S. carinalum 
S. microphlhalnza 	 0450 	 2546° 

S. 	affine 	 50-150 	 25-16° 
S. abbreuialum j 

	

50-300 	 2542° S. 	longicorne 	j 
S. maximum 1 
N. lenella 	.. . 150-500 	 16-7° 

S. elongalum 	 250-600 	 12-7° 
N. boopis 	350-800 	 11-5° 

(B) Migratory species : 

JOUR DAY 	 NUIT 	NIGHT 
SpecieP 	Espèces 

Profondeur 	Température 	Pr. on  -eur 	TIrleeri,ppépli_g_g 
_ 	

e 
Dop-t,-h-- —T-ezAp-c.;-r-é-4,44.e c 

E. diomedae 
T. IricusPidala   	(100) 300-360 	(23) 12-7° 	0460 	2546° j 
T. aequalis 	 300-600 	12-7° 	0-160 	25-16° 
E. paragibba 	350-600 	11-7° 	0-160 	25-16° 
N. microps 	 250-500 	12-7° 	100-300 	23-12° 
T. monacaniha 	 350-600 	11-7° 	50-300 	25-12° 
N. gracilis 
N. Ilexipes 	 350-600 	11-7° 	100-300 	2342 0  j 
E. gibboides 	350-600 	11-7° 	160-300 	16-12° 
T. orientes 
T. peclinala 	 350-600 	11-7° 	200-500 	13-7° j 
T. crislala  	ov er4Ceeel  less -LIY-50, 	350-800 	11-50 
B. ambluops 	plus de 600 	moins de 7° 	350-800 	11-5° 

3.3. Characteristics of the Different Species 

The study of the zoogeographical ffld ecological aspects of our 

material being almost completed, we are now able to attribute certain cha-

racteristics to each species. In the prec,eding chapters, for each species we 

discussed the following: 
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•

•

•

- how eacti species was represented in our samples (Chap. 2 A.3);

-- morphological characteristics (especially size) and major dis-

tribution patterns (Chap. 3.B);

- distribution in terms of number in the various zones investi-

gated (Chap. 3.C).

-- distribution characteristics (Chap. 3.D); 112

-- the extent of seasonal variations (Chap. 3.E):

-- vertical distributions and nychthemeral variations (Chap. 4),

from which we deduced the nature of both the daytime and nig.Yttime physico-

che-mi.cal and dynamic environments.

4. TNTER.SEM;.à TC AFFITvIT.iDS

Having described the quantitative distribution of the species through-

.out thevarious r.egions, we will now,.determinewhether anyof the species

display similar ecological tendencies, i.e., whether any of them prefer the

salae regions.

4.1. Criteria Selection

The criterion consistel in selecting a parameter expressing most

satisfactorily the "prosperity" of organisais or the ecological "fitness"

between species and environment. In practice, we could choose between the

intrinsic abundance of the animals ( e.g., 1aean number of individuals col-

lected per 5000 m tow) and the percentage of the given species in comparison

with the total population. The latter was selected on the basis of two

major considerations:

(A) The Gbuzdance of the equatorial region as co;apared with that of

tropical regions was such that most species were foLnd in ;;reater numbers

there than in the other zones: although one species may have accounted for
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only a small fraction of the total population, because of the general rich- 

ness of the environment, more specimens were collected than in an otherwise 

more impoverished zone where the species formed a major portion of the total 

population. In this case, considering the number of individuals would have 

that 
falsely led to assuming/the equatorial environment was most favourable for 

most species. 

(B) Independently of the first . problem, it would appear more logical 

merely by intuition, to assess "fitness" between species and environment by 

estimating the total resources available to the given species. This is per-

fectly well expressed by use of the percentage of the species in terms of 

total population, the parameter which Moore qualified, as early as 1952, as 

indicating "prosperity" most satisfactorily. 

According to the ecological criterion described above, we listed the 

species and for each one classified the regions in decreasing order accord-

ing to percentage of the given species occupying each region.(Table 35). 

Species limited to a certain biotope were not considered, knowledge of their 

distribution patterns being unnecessary in this analysis: E.  gibbcides, E. 

exelia  and E. distinguenda limited to the eastern Equatorial Pacific, T. ob-

tusifrons,  T. subaeoualis,  E. brevis,  E. mutica,  E. fallax  and N. atlantica  

which are exclusively tropical species. The major  criticism against this 

procedure, common to all rank-order tests, lies in the fact that all final 

values depend upon the signification of classifying regions by the "prefer-

ential" order shown by eacn species. For instance, T. tricueidata  accounted 

for 19.1;t; of thé total population in Zone. D and 16.7% in Zone E, the latter 

being classified after Zone D for tnis species; we therefore implicitely 

assulae that 19.1% is sinificantly diffrent from 16.7%. Determining the 

level of significance for all 600 stations investigated would have required 113 

means of calculation which we did not have on hand; we resigned ourselves 



Density of species in the different regions (as %, in decreasing order). The / 
sign separates two regions for which the same percentage was obtained for the 
given speci 

• Species 	 Regions (% decreasing) 

T. crisiala 	DA 	13CE 
T. iricuspidala 	  ... 	DBC 	AE 
T. orienlalis . 	ABC/ED 
T. monacantha 	 C 	AB 	DE 
T. peclinala 	DB 	AC 	E 
T. aequalis 	DABCE 
S. carinalum 	CB.DAE 
S. abbreoialurn 	 • BDC 	AE 
S. maximum 	ADBCE 
S. elongalum 	13 	D 	A-C•E 
S. affine 	C 	AB 	D/E 
S. longicorne 	BADCE 
E. dionzedae 	 ACB.ED 
E.  para  gibba 	BC 	ADE 
N. lenella 	 ABCED 
N znicrops 	ABC 	DE 
N. gracilis 	 C 	AEBD . N. flexipes 	 _ 	

D . 13 - EC 	A' 
N. sexspinosus . 	DB 	A 	C/E 

•N. MmpM 	 B 	ADC 	E 
' 
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TABLE 35 

• 

to checking whether our classification agreed with zoogeographical data in 

available papers. 

Using Table 35, we expressed similarity and difference between dis-

tribution of species throughout the various regions by applying a very  simple 

method which we called "Misfit Ciuotation". The method measured classifica-

tion differences between two species according to the number of intersections 

obtained by joining homologous regions. Hence, between 

T. tricusnj.data : D E 

and  T.  aequalis 	: D 	A"><-1-3 	C 	E 

there is a Misfit 2 (2 intersections). 

Evidently, two species given the same classification, i.e., inhabit-

ing the different regions in the saffle order of preference, will be rated 

Misfit 0 (no intersections); 
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•

•

T. orientalis : A F C E D

N. tenella . A B C E D

while the highest ^.dsfit value (1), equal to 10 in the case of 5 regions,

was obtained when two species had an inverse classification. The highest

i•iisfit value we'encountered was 9 (between E. diomedae: ACBED and N. flex- 114

ipes . DBIECA).

it SPFAaMAN

/ 1 t 1 t 1 1 1 1

0 t 2 3 4 5 6 7 i
1_1
9 10

Fig. 55. - Relation entre Ia cotation MISFIT et le coefficient
R de SPEARJfAN.

Fig. 55. - Relationships between the i\iisIIt Quotation and
the Spearman's R index.

This lnethod is extremely rapid for joining only a few points (approx..

8 points); when a longer series makes up the classification, a calculated

test such as Spearmants may be more convenient. The Spearman method may in

fact be applied to shorter series by altering the classification such that

the difference in rank between two points does not take into account the ab-

solute values of these points (inversion of the two regions must be measured

by the saille nuïnber regardless of the number of. the regions, point A not hav-

ing an intrinsically greater value than point B, for instance).

The Spearman R index is expressed. as:

6 2-dz

^^- 1--n3-n

where n is the number of points in the classification (in this case, 5 from

wllich n3 --- n= 3.20) and d is the differences in rank.

Hence, in the couple T. s. au-'].is ^ tricust^idata, the Spearjaan test gives

(1 ) The greatest ,•ii.sfit is equal. to the suiu of the (n-1) i'i st--1hole nuaibers,

where n is the nu;aber of points to be joined. i'^,lüx ^ rIr 2̂
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the following: 

-- classification of regions:DABCE 

T. aequalis 	— 	 rank: 1 2 3 4 5 

d:0  1 1 2 0 

rank: 1 3 4 

{ 	

2 	5 (with respect to 
T. tricuspidata  — 	 T. aequalis) 

-- classification of regions:DB 	AE C  

Hence d2  = (1)2  + (1)2  -4- (2)2  = 6 

6 x 6 

The advantage of this test is the possibility of calculating the 

level of significance, which is not the case with the Misfit Quotation which 

could only qualify this level as "low" from 0 to 3, "average" from 4 to 6 

and "nigh" from 7 to 10 (when 5 points are being classified). 

To test the validity of our Misfit Quotation, we also calculated the 

Spearman R index for 9 couples of species with Misfits ranging from 0 to 9. 

The Spearman/Misfit-reIationship is given in figure 55; the-essentially 	115 

linear function led.. us to believe that our Misfit Quotation was valid and 

particularly convenient in our case because it could be used very rapidly. 

TABLE 36 • 

Misfit values for pairs of species. 
.> 

.--- 	E 	.., 	„ 	 e , 	 t, 	2 	ri 	11 .', 	d 
t' 	• ^ ■ 	 S. 	g 	'È 	. -. 	• ig 	» 	r = 	"e3 	c ' 	. t/ 	• - • 	::.1 	2 	:"«.z,'  -e, 	L:. 	g 	c) 	-z. 	2 	.. 	• :1 	e . , 	"' 	• 2 	.E. 	%-, 	̀È 	..J 	t><  

t' - 	,;;"' 	1-1 	2. 	t• 	es 	t"' 	c 	L. 	L) 	,..... 	L-  
u 	c, 	2 	̀e  
..; 	' 	

t'  
.Y 	 , 	cii 	• 	c,3cii 	eii 	c' 	..i E-.■ E 	E- 14  

T. crislala 	2 	4 	5 	1 	0 	5 	3 	1 	2 	5 	3 	5 	5 	4 	3 	7 	4 	3 	1 
T. Iricuspidala 	• 	 6 	5 	1 • 	2 	3 	1 	3 	2 	5 	3 	7 	3 	6 	5 	7 	2 	3 	1 
T. orientalis 	 3 	5 	4 	5 	5 	3 	4 	3 	3 	1 	3 	0 	1 	3 	7 	315  
2'. monacaniha 	 6 	5 	2 	4 	4 	5 	0 	4 	2 	2 	3 	2 	2 	7 	4 i  6 

T. pectipala 	 1 	4 	2 	2 	1 	6 	2 	6 	4 	5 	4 	8 	3 	2 I 1 

7'. ae.qualis 	 5 	3 	1 	2 	5 	3 	5 	5 	4 	3 	7 	4 	3 	1 

S. carinalurn 	 2 	6 	3 	2 	4 	4 	2 	5 	4 	4 	5 	4 	4 
S. abbrcuiaIum 	 4 	1 	4 	2 	6 	2 	5 	4 	6 	3  T 2 	2 
S. maximum 	 3 	4 	2 	4 	4 	3 	2 	6 	5 	2 	2 
S. clongattnn 	 5 	1 	5 	3 	4 	3 	7 	4 	I 	1 
S. aftine 	 4 	1 	2 	2 	2 	1 	7 	4 	6 
S. Ion  gicornc 	 4 	2 	3 	2 	6 	5 	0 	2 
E. dionzelae 	 4 	1 	2 	2 	9 	4 	6 

E. paragibba 	 3 	2 	4 	5 	2 	4 
/V. tenclla 	 1 	3 	8 	3 	5 
N. inicrops 	 4 	7 	2 	4 

N. gracilis 	 8 	6 	8 
IV. ficxipcs 	 5 	2 

N. boopis 	 2 

N. sexspinosus 	 
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Table 36 gives hisfit values obtained for 20 species. 

4.2. Ecological Groups 

By grouping couples with a low Misfit value (0 to 3), we obtained 

ecological groups, each one made up of species inhabiting the.same regions 

by preference (low intra-group misfits). thereby obtained three ecolo- 

• gical groups: 

Group  I : species most abundant in tropical waters, the Uotope where 

they make usaof most of the available resources. In the equatorial zone, 

they occur only in negligible numbers, but increase in numbers as they pro-

gress westward. 10 species: N. boonis, S.]ongicorne,  S. maximum, S. elonga-

tum, S. abbreviatum,  T. cristata,  T. tricuspidata,  T. pectinata,  T. aeoualis, 

N. sexspinosus. 
TABLE 37 

Misfit values, within and between groups. 

Misfit with spe-
cies of Group I 

Misfit with species 
. of Group II 

T. peclinala 	1.1.1.1.1.2.2.2.2. 	 5.5.6.6.6.8. 
N. sexspinosus 	1.1.1.1.1.2.2.2.2. - 	 5.5.6.6.6.8. 
T. fricuspidaia 	1.1.1.2.2.2.3.3.3. 	 5.5.6.6.7.7. 
T. aegualis 	0.1.1.1.2.2.3.3.3. 	 4.4.5.5.5.7. 
T. cristala 	0.1.1.1.2.2.3.3.3. 	 4.4.5.5.5.7. 

I 	S. elongatum 	 1..1.1.1.1.2.2.2.3. 	 4.4.5.5.5.7. 
S. abbrevialum 	1.1.2.2.2.2.3.3.4. 	 4.4.5.5.6.6. 	' 

0 to 
•ri 	a) , 	 S. maximum 	1.1.2.2.2.2.3.3.4. 	 3(a).3(5)4.4.4.6. 

'rii -::: 	5 	N. boopis. 	0.1.2.2.2.2.3.3.3. 	 3(a).3(b)4.4.4.6. 
tn 	m .1,14 	, S. longicorne 	0.1.2.2.2.2.3.3.3. 	 3(a).3(5)4.4.4.6. 

--FJ---eil 

	

4.1 - 	 N.lenella 	3(c).3(d).3(e)4.4.4.5.5.5.6. 	0.1.2.3.3. 	' 
T. orienlalis   	3(c).3(d).3(e)4.4.4.5.5.5.6. 	0.1.3.3.3. 

II 	T. rnonacanlha 	4.4.4.4.5.5.5.5.6.6. 	 0.2.2.3.3. 
E. diomedac 	4.4.4.5.5.5.6.6.6.7. 	 1.1.1.2.2: 
S. 	affine 	4.4.4.4.5.5.5.5.6.6. 	 0.1.1.2.3. 
N.gracilis 	6.6.6.6.7.7.7.7.8.8. 	.1.2.2.3.3. 

E. paragibba   	0 .2. 0 : 3.3.4.4.4.5.5. 	 2.2.3.3.4.4. 
III 	N. ndcrops 	2.2. 0 .3.3.3.4.4.4.5. 	 1.1.2.2.2.4. 

S. carinatum. 	0 .3.3.4.4.4.4.5.5.6. 	 2.2.4.4.5.5. 

-- 	N. flezipes 	0 .2.3.3.4.4.4.5.5.5. 	 7.7.7.8.8.9. 

(a) with .;._bl,nella 
(b)with T. orientalis 
(c)with S. maximum  

- - 
(d)with N. boopis  
(e)with S. lomicorne 
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GROUP II : species poorly adapted to oligotrophic tropical biotopes; 116

thrive in the divergence, high productivity waters (equatorial zone). Six

species: N. tenella, T. orientalis, T. monacantha, E. diomedae, S. affine,

N. gracilis.

GROUP III : 3 species ranging between the two preceding groups, i.e.,

low Riisfit values with certain species of Group I and with others of Group

II: E. paragibba, N. riLi.crops, S. carinatum.

N. flexipes is an isolated case: linked only with the most typical

species of Group I and separated from species of Group II by very hi;h ^;:is-

fit values.

Table 37 gives all Misfit values after species were grouped as des-

cribed above. According to this table:

there are low (0 to 3) Hisfit values within species of the same

group (with the exception of S. maxifnufa/S. abbreviatum rated a I1ii5fit 4); 117

these species differ from others by high Iisfit values, 4 to 9.

- Group III is indeed an intermediate group, having the sarne range

of I1ïisfit values as Groups I and II.

- N. flexipes is far removed from Group II (high Misfit values)

and is related to Group I only by the Liost typical species of that group.

- finally, Groups I and II are joined to one another by links or

average i,Iisfit values with S. maximum. S. longicorne and N. boopâs (Group

I) formi.ng the transition with zroup II by rather low 1.1isfit values (3)

with N. tenella and T. orientalis.

These observations rnake it possible to show on a diagram the eco-

logical trends applicable, accord.;n^ to our data, to all Euphausiids of

the Lquatorial and South Tropical Pacific (Fig. 56). This is only a general

outline with errors possibly occurring as a result of difficult sampling
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Fig. 56. — Groupement par tendances écologiques des espèces d'Eupliausiacés du Pacifique équatorial et sud 
tropical. 

Fig. 56. — Ecological affinities. 

conditions; nevertheless, this diagram  cives a fairly accurate idea of 

the ecological communities determining population structures. 
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C H A P T E R . IZLP?30DUCTIOIJ, 'TR0In; TH AND LIFE SPAN 119

I. INTRODUCTION

Researchers conducting studies on the biology of Euphausiids have

met with serious difficulties drastically reducing the number of studies

which might oth.erwise be available on'the subject.

The initial problem involves following the movements of a pelagic

population which escapes observation: a study of life cycles would imply

that samples must be drawn from the saine population.of individuals at dif-

ferent seasons. However, in actual fact, reliability of sampling becomes

hampered by great variations in hauls, long intervals of time between sarrr-

.plings, difficulties in capturing comparable quantities of individuals

ranging from larva to adult, difficulties in estimating spawning periods

because most organisms simply drop their eggs into the water. The above

all create further impediments.

A further problem arises when hauls are examined to identify the or-

ganic development and sexual maturity of individuals in order to follow

the rate of maturity and aging of a population. At this point, a compro-

mise between accuracy and practical observation is imperative: it is quite

impossible to carry out measurements on thousands of individuals, although

this procedure would seem the only valid solution if significant data is

to be obtained.

This is the extent of problems encountered when dealing with the

populations of cold or temperate waters where the seasons are responsible

for imparting a definite pattern to life cycles : spawning generally
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occurs in the spring or summer, is virtually interrupted during the winter; 

generations are therefore highly differentiated fi.om one another and it is 

possible to follow their pattern of growth. 

Not so in a tropical and equatorial environment where biological 

changes occur at an uninterrupted rate. According to samplings drawn from 

these waters, the same percentage of mature individuals is present at all 

seasons; likewise, the proportion of individuals forming each age group dif-

fers very little from one season to another: spawning is an almost semi-con-

tinuous process. At first glance, it would appear aImost impossible to 

identify differen t .  generations and to follow their development. - 

These facts were well pointed out by Hansen (1910), Mauchline (1960 120 

and 1968), Mauchline and Fisher (1969), Blackburn (1966) who recognized the 

continuous reproductive process of tropical species wherebyiUbe.c.pmesdiffi- 

cult to identify biological phases and cycles; these authors nevertheless 

stressed the necessity of pursuing studies into the matter. For such obvious 

reasons as those, mentioned above, available material on the biology of Euphau-
mainly 

siids dea>/with populations of colder regions where climatic variations are 

very pronounced, such regions being often protected seas limiting any possible 

migration of the organisms (North Sea, Barents Sea and Sea of Japan). Major 

research on biological cycles and reproduction was conducted by Zelickman 

(1958 and 1960), Drobysheva (1963), Ponomareva (1963), Komaki (1967 a) for the 

noramestemPacific, the'Sea of Japan and the Barents Sea; Smiles and Pearcy 

(1971) for the northeastern Pacific; Ruud (1932), Fraser (1936), Bergmann 

(1937 and 1945), Marr (1962), Baker (1959), Ivanov (1970) for the Antarctic; 

lacDonald (1928), Einarsson (1945),  Adams (1966),  Mauchline (1960, 1966 a, 

1968), Jones (1969) for the North Sea and the North Atlantic. 

Virtually no such research has been done for tropical waters due to 
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the biological implications created by the lack of distinct climatic fluctua-

tions; to date, the only studies available are those made by Ponomareva (1969) 

on Euphausiids in the Indian Ocean. Mauchline and Fisher (1969) commented 

that there were no estimates available of the growth curve of tropical spe-

cies, still fewer of meso-pelagic speciesshich  have  been captured only in 

very small numbers. In speaking about the -Iediterranean, Casanova-Soulier 

(1968) noted that practically everything remained to be done on development 

cycles. However, since then, Franqueville (1971) has proposed a few diagrams 

illustrating the life cycles of major species found in the Mediterranean. 

Certain authors view the apparent continuity of spawning in a tropical 

environment merely as the result of unsynchronized cycles: each individual 

ceases to spawn at certain periods, but as these periods do not occur at pre-

cisely the saine time for all individuals, the proportion of larvae, juveniles, 

adults, _reproducers remainsessentially the same throughout the seasons (Giese, 

1959). Ponomareva (1969) set forth a rather interesting finalist interpreta-

tion of the reproductive process of Euphausiids in the Indian- Ocean: he claimed 

that the depleted tropical seas offer few resources such that, were spawning 

to occur at consistently the same period like in a temperate environment, a 

dearth of food and a high mortality rate among larvae would arise at the time 

.of the phytoplanktonic bloom. If, on the other hand, spawning occurs through-

out the year with the females releasing eggs at several different times, re-

sources are better utilized. The author concluded that this process made 

it impossible to detect spawning periods in a tropical environment. Although 

certain aUthors (Giese, 1959) claimed that with reproduction going on conti-

nually it should be possible to detect periods of more intense activity, 

research into the life cycles of plankton inhabiting warm waters nas met 

with very great difficulties. 
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2. APPMCIr;TIGi^ OF hVtiILtiELt P•IxTF:i,IAL

A two-fold criterion must be met when evaluating available data:

2.1. Sexual Characteristics of the Species

It is not necessary to knoti•1 the life cycle of each different species

to determine the number of eggs contained in a mature ovary (fecundity) or

to know the size of the individual required before ovarian rriaturity can

occur; any representative sal-i^pling should provide answers to such questions

for a wide variety of species (cf. 4).

121

2.2. Cycles

'[nihen attempting to determine biological cycles, on the other hand,

the criteria for judging the sufficiency of the material will be much more

restrictive for the very reason that there must te some consistency in both

the time and location of samplings.

We mentioned earlier that one of the problems involved in examining

the seasonal aspects of a pelagic population was precisely the difficulty of

finding the same population over--several successive samplings. No coherent

description can be given of individuals of population A captured in January

and individuals of population p collected in Itiarch; any interpretation will

most likely be inaccurate. Currents in the Equatorial Pacific flow from east

to west, with minor alterations unimportant at this point. That same direc-

tion must therefore be followed when drawing samples so as to remUin within

the same mass of water while coveriiig a certain distance. Any other route

might seriously distort the facts. This major point is outlined on figure

57: let us assume a population beinb drawn westward with individuals of var-

ious ages having been spread around by the action of the current such that

the larger individuals become ,dore concentrated to the east (plausible situa-

tion in equaturial currents). If samples are drawn along a north-south
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direction (1st case), a type of "stroboscoNy" apparently accelerating the

cyclezwill be noted: the first expedition records,a maximum number of speci-

mens in the 1.2 size group, this number becoii-dng the 1.6 size group on the

5econd expedition carried out further westward and class 2.0 is the one ob-

served. We m.i.âht falsely conclude that, between both observations, the 1.2

size group has become the 2.0 group, while in actual fact, it is the 1.6

size group, i.e., the individuals developed more slowly than anticipated.

On the other hand, if in a similar situation., samplings follow..bhe displace-

ment of the water (2nd case), it becomes ina-nediately,obvious that the risk

of error is considerably reduced.

On expeditior.s of the R.V. 11 C0ftI0LIS", 'the "Cyclone" and "Bora" (norHh-

south) series were carried out according to the first instance, the "Carid0

(east-west) according to the second. Only the data obtained from the latter

will th-erefore be exauiined ;%c deter„iine. biological cycles. Use of data

obtained from gear trawled perpendicular to prevailing currents is usèfl.il on3^'for

identifyirig certain characteristics present at the time (e.g., percentage of

mature females in a given age group, number of eggs in the ovaries, etc.),

but must be definitely rejected for examination of the biological evolution

of the populations. The material available to study life cycles is there-

fore limited to that obtained on the "Caride" I to V expeditions (135-155° W

on 0°), respectively centered about the following dates: October 1, 1968;

December 5, 1968; February 22, 1969; July 2, 1969 and September 24, 1969.

Althousli an entire year was covered, the frequency of samplings remains un-

satisfactory as the interval of tii;le between two consecutive series of ob-

servations varied from 2 to 4 months. In, an equatorial environment where

one rii;;ht expect cycles to succeed one ar•,otiier very rapidly, these conditions,

due strictly to üeo.^raphical àistances, cannot b e considered satisfactory
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as major developmental changes may have gone entirely unnoticed between two 122 

• successive expeditions. 

In terms of method, other than the inaccuracies mentioned in the 

. chapter on Methods, changing certain towing techniques could result in con-

siderably altering the type of specimens being collected. Aron and Collard 

(1969) demonstrated that increasing towing speed resulted in a greater num-

ber of large organisms being captured (fewer are able to escape) and fewer 

small ones (a greater number of these escape). When studying seasonal 

changes in population structure according to age groups, false conclusions 

might be drawn if there are major technical disparities between one expedi- 123 

tion and anàther. 

In view of the foregoing, for this part of the work we selected 

material drawn from 109 stations of the "Caride" I to V expeditions, all of 

which were carried out during the night. Among these, 89 stations were car-

ried out at a depth of at least 550 m; 20 other stations included between 

250 and 550 m :mere: disregarded in terms of deep-water species. The 

"Caride" I to IV expeditions covered the equatorial region from 135 to 155
o 

Wr, "Caride" V at 140°  W only and therefore having the sanie limitations men-

tioned in the case of the "Cyclone" expeditions (fig. 57, 1st case). 

. Finally, representative saraplingwas a. further consideration, i.e., 

the number of specimens available for each species which further limited the 

number of species which coMdbe examined to determine biological cycles. 

Speciea poorly represented in the zone selected for this part of the study, 

(species with tropical affinities or species confined to the eastern Pacific), 

species too minute to be adequately sampled by the I•IT, those for which the 

juvenile stage could not be properly.  identified (confusion between  i.  raci1is-

N. microps and S. abbreviatum-S.  maximum)  were  ail 	rejected. kmong 
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remaining species, determining  biological.  cycles  required that several cri-

teria hattobe taken.  into consideration (establishing 8 size groups for each 

of the 5 expeditions resuItedin 40 categories) such that only those speciea 

that were very well sampled had a sufficient number of individuals in each 

size group. On the basis of those requirements, only the 5 most abundant 

species were examined:  T. tricuSpidata  (7013 specimens), T. monacantha  (2031), 

T.  acqualis  (2747), E. diomedae  (42740) and N. tenella  (1806), to which we 

added, in spite of few specimens being available, two species of particular 

interest by reason of their deep-water habitat: B. amblyops  (347) and N. 

boopis  (318). 
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Fig. 58. — Size structure of 'the populations of T. monacanlha in the samples of successive seasonal cruises in 
the central equatorial Pacific : — on tile left, percentages of the different size groups, relative abundances of 
which are principally determined by the selection of the net. — on the right, the percentage of each size group 
is expressed in terms of its mean annual value. Modal classes become obvious and allow to suggest a possible growth 

mmve. 
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3 . DESC:ZIP`'ICh' OF STUDv :•^i:.T::ODS i,0 CC-VMX,1EidTr,1Y

The determination of biological cycles is.essentially based on the

study of seasonal chün.^es in the population structure in terms of age groups

( i.e., size groups) and ovarian stages.

3.1. Size rroups

The procedure for establishing size groups was described in the chap--

ter on i,ethods. ;,,^e mentioned at that point that, although the technique se-

lected was useful for sorting very productive hauls, the results were not as

accurate as individual measurements would have otherwise given; uncertainty
accurately

has therefore prevented us from/establishing growth curves for è.âch species

and from defining an equation of this growth. Although in the case of crus-

taceans, the size of the, organisrms is fairly indicative of their approxirnate

age „ the relationship between both parameters is not a rigid one: Mauchline

(1960) noted differences in size and weight from one year to another; ï3arg-

mann (1945) claimed that size could only vGÔuely sudgest age. For such rea-

sons, we will. lijnit ourselves to finding the salient features of biological

cycles ôf.- which, we mig'rrt recall, no par«;;^eters are known; contrary to many
have

other studies, which might/further contributed'to this study,(cf. especially

Garcia, Petit and Troadec, 1970), we were unable to refer to earlier re- 124

search and select plausible solutions arr,ong various hypotheses.

Nevertheless, fcr each expedition we prepared 'nistograms givinô size

distributions for eacri species. For instance, the left portion of figure 58

are histo-rams for T. monacantha for all 5"Caride" expeditions. It is i.ume-

diatelf obvious that, throuühout the yeG'r; the 3.0 size broup-is most highly

represented in this species; from CA I to CA V. the five distributions are

irüctically identical and, if we li,.:it ourselves only to this data, we shall

conclude that there is no evidence of seasonal changes, that reproduction



is continuous and that a growth curve cannot be established for this species. 

The reason for this situation is obvious: duu to the selection of certain 	• 

size ;1-oups made by the sampling gear, minor seasonal fluctuations within the 

population become unnoticeable. As we cannot entirely do away with bias in-

troduced by the methods applied, we must therefore examine relative abundance 

rather than the actual number of specimens. Thus, for instance,  the 2.0  size 

group of T. monacantha  over the 5 expeditions accounts respectively for 7.7%, 

8.5%, 6.1%, 12.4% and 10.0% of total specimens, or an average of 8.9% for the 

whole year. In order to determine whether this size group undergoes signi-

cant seasonal variations, these percentages must be brought to their average 

of 8.9%. For the 5 expeditions, we therefore obtained relative abundances 

of 7.7/8.'9= 87, 8.5/8.9 = 96; 6.1/8.9 = 69; 12.4/8.9 139; 10.0/8.9 = 112 

respectively. Ey proceeding in this manner for all size groups, possible 

seasonal fluctuations in size distributions are brought to light and compen-

sation is made for biased selection by the sampling gear (fig. 58, right hand 

portion): determining biological cycles is therefore made possible by esta- 

blishing relationships between modal classes. 
as being 

The major drawback to this procedure is to consider all data/equally 

reliable regardless of the actual number of specimens. In the case of T. 

monacantha, for example, the number of individuals in the 3.0 size group 

captured during the 5 expeditions was respectively 409, 223, 108, 115 and 33; 

these figures are fairly high and might therefore be considered as represen-

tative. For the smaller individuals, which largely escapedthe IKKT, a much 

lower number of individuals . was collected: for the 0.9 size group, for ins-

tance, we collected 7, 3, 4, 0 and 0 or 0.7%, 0.7%, 1.8%, 0% and 0% of total 

specimens on each respective expedition or an average of 0.6% of hauls over 

the entire year. Ey applying the mean percentage, the relative abundance 

for this group becomes 117, 117,  333,0  and 0; tnere is nothing to indicate 
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that these estisnates are based on only 14. specirnens having been collected

for all samplings. 16hen considering,tiie validity of a relative value, it

is therefore necessary to consider the actual nuraber from whicn it was

üerived.

Evaluation of the reliability which rii,;ht be granted to the proposed

deductions will be discussed in ^ 6, Conclusions.

3.2. Ovarian Stages

Examination of the extent of ovarian maturity gives certain indica-

•

tions on the intensity of spawning activity at different seasons, i.e.,
from

confirms observations obtained/population structures established according

to age groups.

We identified 4 stages of ovarian maturity which we shall describe

in detail for one typical species, T. pectinata (photos E to K). Variations

from this typical species will be pointed out when each species is considered 125

individually. Photo E shows the 4 stages given to scale and suggests the ex-

tent of ovary enlargement.

Stage I(pl^oto H): the ovary is small, thin, contains very numerous

transparent eggs, all of the saine size.

Stage II (photo I): The eggs at the centre of the ovary increase in

size, but remain transparent. Those on the periphery (germinal layer) are

unchan^ed from ^tage I.

Stage III (photo J): The eggs at the centre of the ovary further in-

crease in size, lose their transparency and become polygonal in shape due to

their being closer toUether. At this stage, the ovary resenables an opaque

mass surrounded by a fine -,erini:.ül layer of s,:iall transparent eggs still at

Stage I.

Stc,E;e IV (photos F, :3, K): The largest eggs increase consiaerably in
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gle size, resume a sub-spherical shape and their cytoplasm becomes again trans- 

parent. The large opaque nuclei are perfectly visible. The smaller eggs 

on the periphery which remain unchanged are being reabsorbed. Very frequent-

ly, the entire thoracic area of the organism appears swollen and translucent. 

This classification is essentially similar to that of other authors, 

with a few variations, however; in particular, the fact that the eggs again 

become transparent in Stage IV was seldom mentioned. Zelickman (1958) div-

ided Stage IV into two phases, distinguishing the stage when a few.  eggs are 

ripe (St. IV) and when all the eggs are ripe (St. V), with the exception of 

the outer eggs which are being reabsorbed. Fonomareva (1963) described 

essentially the same classification. Ruud (1932) identified onl‘; 3 stages 

of maturation with Stage IV representing the empty ovary after spawning has 

occurred; we considered this state as being too difficult to separate from 

Stage II, the latter very closely resembling the state of the ovary a few 

weeks after spawning. According to our observations, the ovary does not 

return to Stage I after the ripe,eggs are released: aIl males observed at 

that stage were smaller than those at Stages II, III or IV. The sequence is 

therefore as follows: 

. Stage I-4.  St. II St. III 	IV--> spawning--> St. II- > death or 

new maturation. 

The distinction between'stage II" and "the empty ovary" is considerably 

easier to make for organisms inhabiting cold or temperate seas for the simple 

reason that these stages occur at different times of the year, the first 

occurring before the spawning season, the second afterwards. In a tropical 

environment, spawning occurs throughout the year such that both stages are 

found at all times and cahnot be ic.entified on the basis of definite charac-

teristics. It is likely relatively easy to identify an empty ovary immedia-

tely after spawning has occurred, but after a few weeks or months, it resumes 
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the appearance of Stage II, hence the difficulty in differentiating either.

^ranted, all the intermediate stages between the four major stages

were also observed with the result that identification of a ôiven stabe is

somewhat subjective. For that reason, it was very important to group the

observations on a given species, thus avoiding that an ovarian structure

identified as a Stage III on one expedition was not classified Stage II on

the followinb expedition or vice versa: it was of prime importance to collect

all the material and to examine ovarian development for one species only when 126

all sampling series, preferably for the entire 3,ear,. coti7..d bé examined with-

out interruption.

4. CERTAIA SaL'hL CHh_tACT.^:ZI^TTCS OF r-'aJC.:^ SFï^CI^.S

(The greater portion of this work was based on material obtained

during the "Cyclone" expeditions; quantitative results ma^- therefore differ

slightly from those used for determining cycles (9 5) which w ere obtained

on the "Caride" expeditions).

4.1. Fecundity

Ponomareva (1963) defined the fecundity of a species by tize.averabe

number of eg.-s contained in the ovary at Stage IV. .'Ls several authors pointed

out, this results in greatly over-estimating fecundity as not all the eggs

are rele,:.sed, a certain number of them beinü reabsorbed in the final process.

i;auchline (1966 a, 1968) therefore proposed another ;aEans of ineasurin, fecund-

ity which consists in esti„,ating- the total volume of spawned eggs (= ovary at

Stage IV -- empty ovary after spawning) and estir.lLti.n;; the number of these

by dividi.nd this value by the meL.n volu;ae. occupied by a ripe e;;^. ^iven tne

rGtizer dubious ic;entification of the ovar3-" sta,^e, we co7sidk.red :.ne

;cLetiiod set forth by ;:auchline rather diff'icult to apply. i'urttlernlore, we

considered that it was relatively easy to distinc7^uish the vcry sa,all outer
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larger 
eggs remainin; unchanged, that will be ultimately reabsorbed, frcm the/hi3hly 

developed eggs which will certainly be spawned. Ey counting only the latter, 

a good estimate of fecundity is obtained. 

Table 38 indicates the number of ripe eggs in the ovary at Stage IV 

for 11 different species, and  the  weight bf the mature ovary in relation to 

the weight of the entire organism. Note that the fecundity of these tropical 

species is very low, the maximum number or eggs being in trie  order of 80 

(ds. diomedae, N. tenella);  all species of tile genus Thysanopoda  present very 

similar fecundity (40 to 54 eggs depending upon the species), with the excep-

tion of T. aeoualis  (24). Fonomareva (1969) claimed that the small number 

of eggs spawned by tropical species displayed an adaptation to a particular 

environment, namely one having limited food supplies and few predators. Deep-

water species (A. boopis,  B. amblyops)  seem particularly less productive. 

Note (column 1, figures in parentheses) that the observations remain relatile-

ly constant within a given species; Zelickman (1958) stated that T. raschii  

carried an average of 398 ripe eggs, but that this figure varied from 83 to 

1185 depébding upon individuals. 

Numerous authors (Zelickman, 1958; Mauchline and Fisher, 1965; McLaren, 

1963 and 1965; Jensen, 1958; Komaki, 1567 a; Aemoto, armada and Hara, 1972...) 

noted that the number of eggs spawned by a female of a given species increased 

considerably with the size of the animal: Zelickman (1958), for instance, 

claimed that a female of T. raschii  of 28 mm spawned three times as many eggs 

as one of 22  mm. The situation is likely somewhat different in warmer seas: 

in a colder environment,  a  well defined spawning season spurs all females to 

release their eggs at approximately the same time; for example in the case 

of T. raschii,  two-year old females (22 'mil) as well es three-year old females 

. (28 mm), each gem has a rate of fecundity in proportion to its size. In 



Avere nul' T„.eight of 
of ripe eggs entire 
in ovary IV animal (mg) 

-i:eight of 
ovary IV 

(mg) 

% of ovary 
in 

weight 
Species 

T. crisiala. 	 • 
T. Iricuspidata 	  
T. orientalis 	  

•  T. monacaniha . 
- T. peclinala 	  

T. aequalis 	  
N. flesipes 	  
N..boopis 	  
B. amblyops 	  
E. diomedae   	

40 (20-76) 	1 088 
40 (20-82) 	97 
54 (38-74) 	302 
54 (32-72) 	240 
54 (30-82) 	369 
24 (16-31) 	55 
19 (12-39) 	61 
9 (4-12) 	155 

3,5 (1-7) 	« 113 
80 (estimé) 	— 

96,0 

28,2 
22,7 
21,4 
4,6 . 
5,1 

14,2 	' 
9,8 

8,7 % 
5,4 % 
9,3  % 
9,5  % 
5 , 8  % 

.8, 5  % 
8,3  % 
9,2 cy 
8,7 °/°0 

N. lenella: 	Average  number of eggs on the outside (estimate): 5()-80. 
Average diameter of external egg 	 : 0.50 mm. 

• 

• 
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TAEU 38 

Average number.of ripe eggs contained in the ovary at Stage IV (minimum and 
maximum numbers observed are given in parentheses) and comparative weight 
of entire organism 'and ovary at Stage IV (wet weight in mg) for different 
species. All  figures are trie  means obtained from at least 10 measurements; 
except for T. cristata  and E. diomedae. 

a warmer environment, no imperative circumstance compels the animals to spawn 

at a given period and, it would appear that, reproduction occurs only when 

• the organism has reached a certain stage of development. 

In any case, thezlegœe , offecundity recorded for cold or temperate-

water species is_ considerably higher than those we observed: 350 ripe eggs 

in the Stage IV ovary of T. raschii  (Zelickman, 1960), 800 for E. supfrba 

Ckauchline, 1968), for instance. Very low fecundities were recorded for 

tropical species: 3 to 20 for the genus Stylocheiron  according to Mauchline 

and Fisher (1969). However, the sexual characteristics of a given species 

may vary considerably depending upon the environment. Voronina (1964 h) 

claimed that reproductive activities for several species in the Equatorial 

Pacific differed greatly between the more abundant eastern section and the 

depleted western section. Laucnline (1968) attributed a fecundity of 170 to 

N. flexiPes  while our own findings for the warmer environment of the Equa-

torial Pacific indicated a fecundity of 19. Einarsson (1945) considered 

127 



that cycles within a given species differed in the coldest and warmest re-

gions of its h^bitGt; this was also the opinion set fortn by tillen (1966),

Jensen (1958), 1•iar,^Glef (1567 a). irinton (1;69) pointed out that the re-

productive periods of r^. difficilis and L, pacifica were lir.ri.ted to the

spring-summer season in the sub-arctic regions, while spawning occurred al-

'continually in the more stable environment othe California Current.

Regarding the size of the mature ovary in relation to thebody of the

organism, our data (Table 38) gives values ranging from 5.4"' to q..5;' of

total body weight; these figures are somewhat lower than estimates of 8;ô to

12% suggested by hauchline and Fisher (1;69).

•

4.2. Level of ^,iaturittT aizon-7 Fernales _ 12$

Table 39 gives the percentage of females at each ovarian stage in

terms of size groups for different species. In spite of certain inaccuracies

attributable to the fac.t.tha.t we examined size groups rGther than take indi-

vidual measurements, these figures give an estimate of the maturity of indi-

viduals according to age. Note that figures are not available for all ovar-

ian stages and for all species; Stage I(ilnraature individuals) occurs main-

ly in organisms smaller than those used for this analysis. In the case of 129

E. diomedae, we could not identify a Stage IV correspondin6 to the descrip-

tion given in § 3.2. i^ote also that the percentage of individuals at each

given stage varies from species to species. No intrinsic significance

should be att4ched to this fact due entirely to the duration of the stage

being considered. For instance., it would appear that the ovarian structure

correspondin; to our definition of Stage III is of very short duration for

N. flexipes, wnile Stage IV whicii appears very long for P. aiii1yops seems

very brief for T. pectinata.

This data will be discussed at greater len,;th when each species is

dealt with irldividuz:lly.
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TABLE 39 

Ovarian Maturity according to size. 

liumbercf 	Size 	Stage of maturity 

	

Species 	females 	Groups  	
examined . 	I 	II 	III 	IV 

T. cristata 	84 	3,5 	89 % 	9 % 	2 % 	0 % 

	

5,0 	0 	36% 	28% 	36% 
- 	6,0 	0 	8% 	21 . % 	71% 

T. tricuspidata 	985 	2,5 	14 % 	48 % 	30 % 	7 % 

	

3,0+3,5 	0,4 % 	42 % 	43 % 	15 % 

T. orientalis 	184 	3,0 	47 % 	9*% 	9 % 	6 % 

	

-3,5 	3 % 	15 % 	18% 	62% 

T. monacaniha 	356 	3,0 	17 % 	41 c'/' 	25 % 	17 % 

	

3,5 	3 % 	30 ' c'/°0 	28 1)/  ', 	38 % 

T. pectinata 	178 	• 	2,5 	100 % 	0 	0 	0 

	

3,0* 	63 % 	11 cr 	24 % 	0 

	

3,5 	3  % 	25 °2 	59  % 	9  % 

T. aequalis 	678 	2,0 	— 	61 % 	18 % 	20 % 

	

2,5+3,0 	— 	32 % 	21 c/: 	48 % 

IV. boopis 	340 	2,5 	. 8 % 	19 c/ 	35 % 	31 % 

	

3,0+3,5 	7 % 	11 cy: . 	29 % 	53 % 

E. diomedae 	4 006 	1,6 	— 	58 % 	42 % 	— 

	

2,0+2,5 	— 	33 % 	67 % 	— 

N. tenella 	1 077 	1,6 	— 	75 % 	15 % 	10 % 

	

2,0+2,5 	 50 % 	35 .  % 	15 % 

E. gibboides 	200 	2,0 	— 	29 % 	62 % 	10 % 

	

2,5 	 16% 	64%. 	20% 

	

3,0 	— 	40% 	22% 	38% 

N. flexipes 	212 	2,0 	— 	55 % 	11 % 	34 % 

	

2,5+3,0 	 33 % 	. 8 % 	59 % 

B. amblgops 	 101 	2,0 . 	— 	57 % 	15 % 	29 % 

	

2,5 	— 	17% 	4% 	79°,  

	

3,0+3,5 	— 	2  go 	8  % 	90  % 

Note: 1) For all species, observations dealt with material obtained 
on the "Cyclone" expeditions, except for .L_I;i1.21221.des, N. flexines  end B. 
amblyops, specimens of whicn originated from the "Caride" hauls. T. cristata, 
eLspecies. poorly sampled, w as  examined during both expeditions. 

2) The sum of the percentages for all four ovarian stages does not 
equal 100% Ihenever the stage of certain females could not be identified. 

3) For N. tenella, percentages in column "Stage IV" actually corres-
pond to females bearing eggs externally. 

4.3. Level of Fecundity amon,,;; Females  

Estimate of the percentage of iMpregnated,fernalee according to size, 

ovarian stage or season is relatively easy to establish for Euphausiids by 

counting females bearing one or more spermatophores. In a cold or temperate 

environment, the most intense reproductive periods can thus be determined: 
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Zelickman (1960) noted that, in the Larents Sea, the number of females bear-

ing spermatophores depended upon the season and not on the ovarian stage. 

For a tropical or equatorial environment, the only observation was that 

sexual activity goes on at a constant rate throughout the year. Table 40 

gives the percentage of females bearing spermatophores for different size 

groups, according to the entire material obtained on the "Cyclone" expedi-

tions (89  stations  carried out over a six-month period). Note th:at: 

-- females at Stages III and IV (late maturation) in all species 

had almost all been impregnated; this wotild confirm the continuous nature of 

reproduction, all mature females having been impregnated, regardless of the 

season. Locating any seasonal fluctuations in sexual activity must rest 

therefore on variations in the percentage of reproducing individuals (mature 

females) within the population, and not on the intensity of impregnation (% 

of females bearing spermatophores). 

— the percentage of females bearing spermatophores is very high • 

(70 to 99%) at the onset of ovarian maturity (Stage II), while the number 

of immature impregnated females (Stage I) is very low. This would imply: 

* that sexual attraction is linked with ovarian development and is 

exhibited at the onset of maturity, or, that spermatophores can become at-

tached only at such time (structure of the thelycum); 

* that the permatozoa retain their imprepating ability for a long 

period of time, the eggs being fertilized only several weeks after sperma-

tophores are introduced (rargmann, 1937 and 1945; Zelickman, 1958; kauch-

line and Fisher, 1969). 

-- in most cases, the proportion of impregnated females, which in-

creases with ovarian maturity, also increases with the age of the female; 

for the same ovLrian stage, the percentage of females bearing spermatophores 
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Ttd~LE 40

I,evel of impregn'atibp: percenta^e of females beûrin ; spermutophores according
to size group and ovarian stage (fro:u material obtained on the "Cyclone't
expeditions).

cipecies
Size

uroup
St. 1 St. II St. III St. IV I kean

I 3,5 0 % 66°fo 100 % -

-

10%
5 0` - 75 % 100 % 100 % 92 %,T. cristala ( ) 6,0 - 100 % 100 % 100 % 100 %

Moyenne 0% 78 % 100 % 100 % -

2,5 •
^

17 % 83 % 06% 06% 79 %
3,0-{s3,5T. tricttspidata . . . . . . . . . . . . . . . - 98 % 99 % 1.00 % 99 %

l Moyenne 17 % 87 % 97 % 98 % -

3,0 0.1/1, 331/)o 1.00% 100% 22%
T. orienialis .....:.. .... ...... 3,5 0 % 88 % 100 % 100 % 98 %

Moyenne 0% 73 % 100 % 100 % -

3,0
^

0% 99 % 100 % 100 % 83 %
3,5T. monacaniha ............... 0% 100 % 10.0 % 100 % 97 %

Moyenne 0% 99 % 100 % 100 % -

2,5 0% - - - .0%

T. peclinata ...... . ............ 3,0
3,5

14 %
50 %

78 %
05^ /0

100 %
98 % 100%

41 %
96 %

Moyenne 9 % 90 % • 98 % 100 % -

`2,0 - 99 % 99 % 100 % 09 °ô
T. aequalis ...................} 2,5-I-3,0 - 99 % 100 % 100 %. 99 ô

Moyenne - 99 % 99 % 100 % --

( 2,5 0% 81 % 91 % 100 % 84 %
N. boopis ..... .............. ` 3,0-}-3,5 0% 53 % 88 % 100 % 85 %

C Moyenne 0% 70 % 90 % 100 % -

r 1,6 0% 88%• 94% 100% 00%
E. diomedae . . . . . . . . . . . . . . . . . . ` 2,0+2,5

^
- 100 %

90
100 %
94

100 %
100 %

100 %
91 °ôMoyenne , 0% % % ,

(") Very few specimens.

was higher among older females.

4.4. Remarks on the Sex ^Zatio

Most authors having dcne research into the biology of pelagic crus-

taceans consider fluctuations in the sex ratio as having no obvious rela-

tionship with cyclical phases and, for that reason, are very Cifficult to 130

interpret (Pono,nareva, 1963; Omori, 1969; Eurukovskiy, 1967). in theory,

there should be a drop in the sex ratio (males dying) after impreghation.

and a rise (fe;,iales aying) after spawnihg (mauchline, 1;60; Ponomareva, 1968;

I,iauchline and Fisher., 1969); in practice, this pattern has seldom been seen.

Our observations, obtained from hauls on the "Cyclone" expeditions,

are given in Table 41. ^iote tnat the sex ratio (iaale/female ratio) does in



•

TAELE 41

Distribution of sexes accordin;; to size.

Species
iliurabEr of
individuals

exami.ned

S,ize
-,roup,^

i^ia.les Fe^ales

( 3,5 54 % 4U °ô
T. crisiafà ........ . . . . . . . . . . . . . j 197 5,0 78 % 22 °iô

( 6,0 25% 75 °ô

T. iricuspidala . . . . . . . . . . . . . . . . . ^ 1 935 2'5
3,0}3,5

51 °%
34 /

49 %
66 /

T. orienlalis . . ... . . . . . . . . . . . . . . ^ 384
3,0
3 5

70 %
22%

30 °,ô
78 %,

T. monacaniha . . . . . . . . . . . . . . . . . ^ 692 3 ,0
3,5

57 %
37 %

^ 43 °,,é
63 %

2,5 52% 48 °ô
T. peclinala ... . . . . . . . . . . . . . . . . j 378 3,0 57 % 43 %

( 3,5 51 % 49 %

T. aequalis..... ... ............ ^ 1 073 2,0
2 3 05

45 °o%
8/

55 iô
92, ,-4- 0

N. boopis. . . . . . . . . ... . . . : . . . . . . i 490 2,5
0 3 53

46 ô/o
6/

54 ôô
94} ,, 0 io

E. diomedae ..................
'

4 754
€

1,6
2,0+2,5

17 %
1 %

83 %
99 %

. . . . . . . .. .tenellaN # . 1 117 1,6 4 % 96 %.... . . . . . . ...
l 2,0 } 2,5 1% 99 °ô
r ,02,0 52 % 4Soiio

E. gibboides ..... .... .. ....... 1 365 2,5 48 % 52 %
3,0 29 % 71 %

N. /Iexipes .......
.
......... .

... .
^ 457 2,0

02 35
63 %
45 %

37 °ô
55 °ô, ,-{-

2,0 53 °ô 47 °ô
B. amblgops. . . . . . . . . . . . . . . . . . . ^ 155 2,5 37 % 63 %.

3,0-f-3,5 20 % 80")/'

fact drop from the smallest to the larger size groups, except for T. necti-

nata where no apparent chanbe is noticeable. We might conclude:

-- that females reach a larger size than males (note, however, that

our method for measuring size accentuates this feEture, mature fer,iales üis-

playing not infrequently a swelling of the thoracic region which places

them in a larger size group than males of similar length)

--- that the sex ratio obtained for a series of samples will depend

upon the ran;e of size groups collected: for a minute species of wnic'ri only

large individuals were collected, t^^e percentage of females will be very

hi-ii (E. (1ioit ►edae, N. tene7.la ); for a larger species, on the ccntrür;.•, the

adults of which were well sam-pled, th® 5ex ratio will be :,pproxim&tu1y

131
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the same (T. cristata, T. tricuspidata, T. orientalis,  T. monacantha). 

4.5. Vertical Distributions  according to Sex and Ovarian Stages  

It is particularly important to locate any possible differences in 

the vertical distributions of individuals according to sex or sexual matur-

ity, this being the only explanation to the distribution of a given species 

whose individuals are subject to different drifts. In the Equatorial Paci-

fic in particular, the stratification of contrary currents causes a popula-

tion spread that merely reflects displacements imposed upon the organisms 

by the usual depth of their habitat (Roger, 1967 c). A similar situation 

was described in several instances for E. superba  in the Antarctic (Fraser, 132 

1936; Burukovskiy, 1967; Orr and Marshall, 1969); Ponomareva (1963) claimed 

that reproducers ceased to migrate to the surface, while the larval and juve-

nile stages remained there; 1,;argalef (1967 a) admitted that pelagic species 

relied on currents to move about horizontally,according to the cyclical phase 

of each individual. 

Unfortunately, our datjis insufficient to allow us to delve further 

into this matter: hauls with the closing Qmori net, giving the only accurate 

material, produce too few specimens for separation into several categories 

(sex and ovarian stage). At this point, we shall only point out the two 
that 

foregoing observations, namely/ the depth of the habitat increasingwith the 

age of the organisms (Chap. IV, § 3.6), and a higher percentage of mature 

females among larger organisms (Chap. VI, § 4.2) would indicate the likeli-

hood of a mean vertical distribution closer to the surface for immature 

individuals than for reproducers. 

5. STUDIES ON LIFE =LES 

S 
As mentioned in s 3, we shall attempt to determine, from data 
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obtained during the "Caride" expeditionsi whether the seasonal distribution 

of size groups (i.e., ovarian stages) cause certain categories to predominate 

thereby making it possible to follow their development. If so, firstly, 

periods of intense reproductive activity can be identified and secondly, a 

first approximation of growth curves of the species can be made. Beforehand, 

however, we shall repeat characteristics proper to each species (level of 

maturity and fecundity) or describe the ovarian stages whenever they differ 

from that of the typical species. 

Suffice it to recall once again that no previous work on tropical and 

equatorial pelagic Euphausiids was available to us and therefore we could not 

select between two alternatives how modal classes should relate to one another. 

We adopted the following procedure: we selected the species for wilich  the 

 least confusion could arise and established its probable growth curve; using 

this estimate as reference and proceeding by analogy, we determined growth 

curves for the remaining species on the assumption that species belonging to 

a rather homogeneous family such as Euphausiids and occupying the sere bio-

tope would most likely follow a similar cycle.  ie selected T. tricuspidata  

as the standard species. Details of how we determined its growth cycle is 

outlined below, this being essentially the procedure followed for all other 

species. 

5.1. Thysanoboda tricuspidata  

5.1.1. Preliminary  otes 

7013 individuals of this species, grouped according to size, were 

identified in the material collected over 109 stations. Out of this number, 

6055 were included in the 3.5/3.0A2.5 mm size groups and used to establish 

the development towards ovarian maturity. ao individual presented a parti-

cularly developed Stage IV, the most advanced stage showing a few large 



- 164 -

•

TAILLE 42
humber of specirnens, percenta;es and relative representativity U of nz^)
of age groups (size groups) for T. tricuspic'ata in the Central Equatorial

Pacific.

Lxpedition Tailles
i^ . i.Croisières

3.5 3.0 2.5 2.0 1.6 1.2 0.9 0.7 Total

Nb • 186 1 642 2 340 485 101 18 18 6 4 796

ICA
.

% /o3,9 ° :3=1,2 % 48,8 % 10,X °,ôl 2,1 % 0,4 °ô 0,4 % 0,1 % -.
(Oct.) 0/' m%

,
2•79 9-1 100 160 62 36 20 17 -

Nb 10 ! 224 442 39 I 21 7 30 12 785

IICA
.

% 3 %1 28,5 % 56,3 % 5,0 °,ô 2,7 % 0,9 °,/0 3,8 °,,•ô 1,5 % -.
(laéc.) % rn %

,
93 79 115 79 79 82 190 250 -

(Dec.) Nb 8 221 279 47 38 18 19 6 636

IIICA

.
3 °^1 34,4 % 43,9 % 7,4 °,ô 6,0 % 2,8 % 3,0 % 0,9. % -

.
lf^`,^ % m%

.,,
93 96 90 117 176 255 150 150 -)

Nb 4 134 . 497 25 27 10 21 4 722

IVCA
.

% 0 6 % 18,6 % 68,9 % 3,5 °ô 3,7 % 1,4 % 2,9 % 0,6 %. -
.

3t;i11.) %°m %
,
43 51 ] 41 56 109 127 145. 100 -

July )
Nb 0 48 20 4 2 0 0 0 74

CA. V
.

% 0 s`le9 % 27,0 % 5,4 0j0 2,7 0ô 0 0 0 -

t(^sept. % n1 % 0 179 55 86 79
0 0 0 -

)l^ep
:.Total Nb. 208 2 269 3 578 600 189 53

I
88 I 28 7 013

. . .
% li 4 %1 36,2 % 49,0 % 6,3 % 3,4 % lol % 2'0 °ô 0,6 % -,

TABLE 43

T. tr LXpeditionroisières 911 III ^ IV. Sex Ratio

.CC1;........ .CA. I (oct.).. }( 41 % 27 % 31 % 0,86,
. . . . . .: ê . )CA. 11 (déc.). .1^ %3 ^ % 17 % 1,04^ :.

CA. III ( fév.). . . !. . . - . . • %9 %2 %23 1,10

CA. IV .....
)t

77 % 15 %
41

7°ô
32 %

1,42
970... . . . . . .CA. V (sept..). (^!QP 27 % % ,

•

t'ranslucent eggs in the midst of amajcrity of eggs still at the opaque staSe.

133Stages I, II and III seemingly ccnfôrm with tl-o3e given earlier. In fact,

according to Table 39, there were few individuals at the Stage ]^V level. Over

the entire cycle, 37',r of fer,iales 26-30 mm long were mature or in late matura-

tion (Stages III and IV), this percentage increasin] to 5$% for females over

30 rwn in lengt:r; prE^ctically all feruales having reached this stage had been

fecundated (cf. Table 40). The number of speciraens, percentages and mean

represcntativity of size ;;roups over the year are given in Table 42; figures

on ovarian development and the sex ratio appear in Table 43.
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Repr6eou6vitfr rsHtives des groupes d. toiIlu

Ttl ^II
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i r 4^ 7.y. '/ 3II:r>•R^l /. iY:7i5:

. 0. M D I J. F. M. A. M. J. J. A. S.
1966 1969

Fig. 59. - Évolution saisonnière de la structure d'àge (tailles) do la population de T. iricuspidaia da.-.s le Pacifique

équatorial central, et filiation suggérée des ciasses modales. ^- - Ponte.

Fig. 59.-Seasonal age (size) structure of T. iricuspidata populations in the central equatorial Paci[ic, and suggested

evolution of modal classes. - ••• - : period Of maximum spawning activity.

0.7 , -Pl •-
• CA1 Ci12 . CA3 CÂ4 C5

.,..T-I
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5.1.2. Determining the. life cycle 134

We outlined earlier (cf. Fig. 58) the method applied to show possible

fluctuations in percentages for each age group; similarly, from the data

given'in Table 42, seasonal chan ^es in the age structure of the popul4tion

can be pointed out b^siaply using relative representativity of the4

different size groups over the 5 sampling series. ry joining maximum values

(the reliability of this operation will be discussed in § 5.1.3. and 6), we

from

--- early October 1968, we noted the presence of many large adult

individuals (3.5 size group) among which were mature females (31p at ^ita^,e

IV). We mi,,,ht therefore ccnclude that spawning was imminent or nad begun

only shortly as there were few ^-cun; individuals (few in the 0.7-0•9 size

oroups). The presence of an inter,.,,ediatc ;eneration (2.0 size) was also

noted.

had an idea of the development of the dominant categories (fig. 59)

which the cycle of the species tiii.ght be described as follows:



-  166  - 

— early December 1968: A great number of juveniles confirmed the 

fact that spawning had indeed occurred during October and iovember. Repro-

ductive activity had considerably slowed down, the number of adults, among 

which a low proportion of mature females (17% at Stage IV), having greatly 

dropped. The intermediate generat,ion belongs roughly-to the 2.5 size group. 

— late February 1969: The two generations observed on the preceding 

expedition now belong to the 1.2/1.6 and 3.0 size groups respectively. Al-

though the latter is less obvious, the total number of reproducers (sizes 3.0 

and 3.5) is rather high with a high proportion of mature females (32% at 	135 

Stage IV); the development of this generation.into the reproductive stage  would 

Sugges .c. that spawning is again  imminent  (April). 

-- early July 1969: The smallest specimens are in the 0.9-1.2 size 

groups, likely the new generation from the April spawning. The small number 

of reproducers (highest  modal  class is only 2.5) and the limited number of 

mature females (7% at Stage IV) indicate a decreased reproductive activity. 

— late September 1969: A very high proportion of adults (3.0) and 

mature females (32% at Stage IV) forecasts another period of intense repro-

ductive activity. The absence of small individuals would suggest that no 

major spawning period has occurred since April. 

5.1.3. Comments on the Cycle of T. tricuspidata  

The cycle described above was deduced from analysis of figure 59; 

the reliability of this operation rests on two postulates: 

— the modes observed are accurate and do not originate from un-

usual variations in the sampling. 

— the saine population was investigated during the five expeditions 

(possiblesituation in equatorial currents) and consequently, these modes 

which follow a certain sequence can be related among one another. 

Hence, there are two possibilities: 
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-- either the actual sequence is the one described in ligure 59

-- or the cycle is a very rapid one and the modal classes observed

on one expedition were already replaced by another generation on the follow-

ing expedition.

The second alternative would imply that the entire cycle (from iiatch-

inb of the egg to death) covers a six-month period, which seems very brief;

we shall therefore assume that the cycle outlined in figure 59 is the most

probable situation, without entirely rejecting the assumption that the cycle

is half as long, the time between observations preventing us from observing

such a situation.

Values of the sex ratio, given in Table 43, are not particularly

indicative. At best, we noted that there were fewer males when spawning was

in process (CA. I---• October 1968: S.R.r! 0.86) or iuminent (CA. V= Septernber

1969: S.'R. -• 0.97); the proportion of males was higher wr,en spawning was not

expected in the iru-nediate future (CA. III=, February 1969: S.a. : ^.;1.10) or

when reproductive activity had decreased (CA. II -Deceuber 1568: S.I.= 1.04;

CA. IV =July 1969: S.^,. -1.IF2 ).

In ihrms of a:horizôntal distribution of size groups, we might expect, in

a highly stratified environment with superimposed contrary currents, a certain

spread of the population according to age groups if each group does not dwell

norr;.ally at the same depth. In fact, we noted a definite tendency of the

largest (3.0-3•5) and s;:iallest (0.7-0.9-1.2-1.6) size groups to gather in

the eastern portion of the region (around 1400 1:), wnich appeared to be the

zone preferred for reproduction; iliter;aediate sizes occurred more to the west.

The horizontal distribution of iiioc;al classes is given in Figure 60. tigain,

the reason why samplings cannot be curritd out ;,erpendicular to the currents

to determine biological cycles is r<«.de evident; expeditions in a north-south

direction along 1500 W, for instance, would have meant that we could not
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estimate the evolution of age groups over'a period of time. 

5.1.4. Conclusions.  on the Cycle of T. tricuspidata  and Estimate of its 	136 
Growth Curve 

We therefore noted a period of intense spawning activity . from Oct-

ober to April, with a certain drop occurring during January-February; on 

the other hand, reproductive activity appearaito be very low from  May  to 

September. The beginning and end of the cycle coincidedparticularly well 

as the situations observed in October 1968 (CA. 1) and in September 1969 

(CA. V) are very similar. Note that periods of intense spawning occurred at 

the end of  seasons of maximum primary production, defined by Owen and Zeitz-

schel (1970): August-September and February-March. illthough it is impossible 

to determine whether or not there is any significant coincidence, note that 

such synchronization has been previously pointed out (Einarsson, 1945; Ze-

lickman, 1960; Ponomareva, 1963). Considering certain reservations as to the 

reliability of the situation actually observed, we might propose the follow-

ing characteristics for the cycle of T. tricuspidata: 

-- spawning at approximately one year of age, followed very closely 

by death; the life-span would te from 13 to 14 months for females; judging 

by the small number of Males included among large individuals (cf. Table 41), 

the life-span of males is no more than 12 months. 

— the age of each size group, equivalent lengths and weights are 

given in Table 14. 

TABLE 44 

3rowth of T. tricuspidata  

Size Group 	Age 	Length 	1:eight 
 	Cmontns ) 	(mm) 	(rir:) 	I 

	

0,7 	 1 	 9 	r....,  (eIlV. 2) 

	

0,9 2 	 10 	 5 ' 

	

1,2 	 3,5 	 13 	 17 

	

1,6 	 5 	 17 	 38 

	

2,0 	 7 	 21 	 65 	- 

	

2,5 	 9 	 26 	 85 

	

3,0 	 11,5 	 30 	 116 

	

3,5 	 13 	 33 	e-si (env. 250) 
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From this data, we might directly infer the estimated growth curve 

of the species (fig. 61). Assumaing an essentially linear function of size 

increase versus time, the average growth rate of T. tricuspidata  is approx-

imately 2 mm per renth. 

5.2. Thvsanonoda ennacantha 

5.2.1. Preliminary Notes 

For the entire 109 stations, the number of individuals collected of 

this species totalled 2031 organisms divided into 8 size groups (0.7 to 3.5). 

The 3.0 and 3.5 sizes (adults), the only ones considered to examine ovarian 

development and sex ratios, were represented by 1425 specimens. Ovarian 

stages corresponded to those described in § 3.2. According to Table 39, on 137 

the average 42% of females 30-35 nun long'were mature or in the late ovarian 
66% for females longer than 35  mm. 

maturation stage (Stages III and IV);/ Table 40 indicates that 83 4 of females 

30-35 mm long, and 97% of those over 35 mm were bearing one or several sper-

matopnores, only immature females not having been fecundated. Number of 

specimens, percentaEes and relative representativity for each age group are 

given in Table 45; Table 46 gives the distribution of ovarian stages and the 

sex ratios for a one-year period. 

5..2.2. Determining the Cycle 

Ey proceeding  as for T. tricuspidata,  we established from the data 

given in Table 45, a growth pattern for the modal classes (fig. 62). Ue 

therefore inferred that the probable cycle of this species was the following: 

— early October 1968: There wem a very great many large individuals 

(3.5) among which females at 3tage IV: it would appear that spawningleies in 

progress. Tnere was dso a hie , 11 proportion of very young individuals (0.7- 

0.9) indicating that a major spawnin;; period had occurred a few weeks prior. 



l,':e therefore concluded that September and October 1968 were periods of active

spawninj,. ',:e also nôted the Presence of an intermediate :^-enerat- on (1.6

•

•

size group).

-- early December 1568: Our observations suggested decreased spawn-

ing activity: the larÛest specimens (3.0); of uncertain origin, were immature

(St. II) and spawned likely only in late December-early January. The sniallest

individuals, or the 0.9-1.2,were the 0.7-0.9 groups of Cctober; the 2.0-2.5

groups were possibly f'rom the 1.6 ^;roups on the previous expedition; nowever,

this development was uncertain.

-- late 11,ebruary 1969: The peak number of individuals in the 0.9 size

groups confirmed that intense spawn;_ng had occurred in January, as the situa-

tion described for CA. II had su^-ested. The largest individuals (3.0-3•5)

were already sexually mature (St. IV) implying imminent spawning (1,4arch). 138

The 1.6 individuals were the 0.9-1.2 of December.

-- early July 1969: The absence of juveniles (0.7-0.9) led us to

believe that intense spawning had not recently occurred: the smallestsize

group (1.2) most likely originated frotrL the March spawning mentioned earlier.

The largest organisms were not yet mature (St. III) indicating that intense

spawning was not imminent.

-- late September 1969: There were no individuals smaller than 2.0

suggesting that the last spawning period had occurred some time before, i.e.,

last llIarch. Spawning may have occurred a few weeks earlier, but any such

larvae and juveniles, which would be smaller than 0.7, were not captured by

the trawl. ;^,iotner possibility was that the largest specimens had not yet 139

spawned and would do so only in October; however, most of them were not yet

mature. 1^1atever the case, the presence of many large organisms (3.0-3.5)

of reproductive ability implied that September-October 196-9 would be a peak
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(Longevity approx. 13 months!.

MIE 45

iltu^lber of specimens, percentage and relative representation ( ;b of m^) of
age groups ( size groups) for T. aonacantha in the Central Equatorial

•

Jci l:.L.L1V •

Croisizres
Tailles 3.5 3.0 2.5 2.0 1.6 1.2 0.9 0.7

-

Total

Nb. 347 409 124 80 55 10 7 2 1 034
CA.1 % 33 6 °ô 39,6 °ô 12,0 0,/0 7,7 % 5,3 % 1,0 % 0,7 % 0,2 % -
(Oct.) % m%

,
146 86 74 87 133 100 117 500 -

Nb. 91 2-23 • 87 39 9 5 3 0 457
CA. II % 19 9 0/ô 48,8 % 19,0 % 8,5 % 2,0 % 1,1 % 0,7 % 0 -
(déc.) %i%

,
87 106 1'17 96 50 110 117 0 -

Nb. 59 108 27 14 15 • 1 4 0 228
CA. lII % 25,9 % 47,4 % 11,8 % 6,1 % 6,6 % 0,4 % 1,8 % 0 -

m% 113 103 72 69 165 40 300 0 -

Nb. 21 115 59 30 11 6 0 0 242T
C:\. I^ o/ô 8,7 % 47,5 % 24,4 % 12,4 % 4,5 % 2,5 % 0 0 -
(juill.) % m% 38 103 150 139 113 150 0 0 -

Nb. 19 33 10 7 1 0 0 0 70
C:\. V % -27,1 % 47,1 iô 14,3 °ô 10,0 %. 1,4 % 0 0 0 -
(sept.) % m% 118 102 88 112 35 0 0 '0 -

Total . . \b. 537 888 307 170 91 22 14 2 2031
. i

io m 23 0 % 46,1 % 16,3 iô 8,9 % 4,0 % 1,0 % 0,6 % q,04 % -, ^

T. monacantha:

TnELE 46

Sex ratio and ovarian stage (3.0 and 3.5 size
;roups ) .

11xpedition ^ II ^ III $ IV Sex Ratio

CA. I (oct.)..^C:^t . . . . . ... 42 % 24 % 34 % 0,74
C:\. II . ... . .. .. 52 % 23 % 24 % 0,90
C:\. III (ttv.). 1^.

^ ^ ^
35 %
41 %

20 %
35 %

45 %
24 %

1,00
960. .. . .....C.\. IV (juill. ). ,

C:\. V(sept.).(: r~Dt..j....... 44 % 30 % 26 % 0,93

O

O

#

O mg
- 120

-100

-80 -

-60

- 20
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• Fig.  62..  — Évolution saisonnière de la structure d'ke (tailles) de la population de T. monacaniha dans le Pacifique 
équatorial central, et filiation suggérée des classes modales. 	■•■ 	Ponte. 

Fig. 62.—  Seasonal age (size) structure of T. monacantha populations in the central equatorial Pacific, and supested 
evolution of modal classes. 

spawning period, imminent or in progress, as in the sanie  months one year 

earlier. .V;'e might point out, however, that we inferred the situation of 

September 1969 only from samplings in one location, as "Caride" V was car-

ried out at a stationary point and not along an east-west axis as .on the 

other expeditions. Our comments regarding fig. 57 therefore apply in this 

case and there is some doubt as to how well the population was sampled: 

it is highly possible that juveniles (0.7-0.9) originated from a spawn dur-

ing August-September, but that they were located further to the west or to 

the east. 

5.2.3. Comments on the Cycle of T. monacantha 

There is great similarity with the cycle of T. tricuspidata,  in terms 

of both rate of growth and spawning periods. Taking into account the time 

intervabbetween expeditions, once again.we cannot entirely disqualify the 

possibility of a very short. cycle (6 months) of which the modal classes we 

100 	 lc 100 	 100 

I 

I 
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Fig. 63. — Croissance estimée de T. monacanlha dans 
le Pacifique  équatorial central (o : en longueur ; * : 

en poids). 
Fig. 63. — Estimated growth of 7. monacanlha in 
the central equatorial Pacific (Longevity approx. 

15 months): 

observed gave only a picture "in slow motion" caused by a stroboscopy effect. 

Variations in the sex ratio (cf. Table 46) were not clear. Note, how-

ever, that the male/female ratio, with respect to reproducers (3.0-3.5 size 

groups), was 0.74 in October 1968, a period when spawning was in progress; 

for the other expeditions, all of which preceded intense spawning activity, 

the sex ratios were established at 0.90/1.00/0.96/0.934 This fact, without 

being definite, suggested that a high percentage of males die after the eggs 

have been fertilized. 

As in the case of the species descrIb'ed previously, the various age 146 

groups were found at different locations on the horizontal plane. For ins-

tance, the generation having originated from the spawn of September 1968 

was found mainly to the east (135-142 0  W); in December 1968, most of this 

group (now the 0.9-1.2 groups) was found at the centre (142-147°  W) and to 

the west (147-155°  11); in July 1969, these same organisms having developed 

into 2.0/2.5/3.0 size groups showed a tendency to return to the eastern sec-

tion where spawning would occur. 

5.2.4. Conclusions on the Cycle of T. monacantha  and Lstimate of Growth 
Pattern 

In the Central .mluatorial Pacific, this species appears to have two 

particularly intense spawning periods (in fact, spawning occurs throughout 

the year, but to a greater or lesser extent): September-October and january-

March, separated by a lessening of spawning activity during November and 
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December. There is a long period of  less.  intense reproductive activity 

from April to August. The full cycle coincided very well with the beginning 

and end of the sampling series, as the situation encountered in September- . 

 October 1969 was highly similar to that of September-October 1968 (spawning 

imminent or in progress), with perhaps a slight delay of 1969 over 1968. 

Considering the generation originating from the spawn of September-October 

1968, the following might be stated concerning T. monacantha: 

-- spawning occurs when the organisms are approximately one year old; 

— the organisms likely die shortly afterwards, as the 3.5 group 

disappeared after spawning. The life-span of females was in the order of 15 

months, of males no morethan 12 months; 

— the growth curve of the organisms is essentially a straight line 141 

(fig. 63) and amounts to 2 mm per month on the average. The age of the dif-

fèrent  size  croups  is given in Table 47. 

TABLE 47 

Growth  pattern of T.  monacantha 

	

Age 	Length 	Weight Size Group  	(r-nnths) 	(ram)  
. 	oy 	 1 	 8 	 3 

0,9 	 2 	 9 	 13 
1,2 	 3,5 	 13 	 20 
1 ,5 	 6 	 16 	 35 
2,0 	 8 	 19 	 59 
2,5 	 10,5 	 24 	 100 
3,0 	 12,5 	 . 30 	 196 
3,5 	 14 	 35 	 287 

A linear growth curve would imply an exponential increase in weight 

(fig. 63), i.e.,A p/p--Cte. From the size group/length/Weight equivalences 

(cf. Table 4), we obtained the following weight increases: 

10 1.25 between 1 and 2 months 
P 	8  

	

0 • 31 	 2 	" 3.5 16 —  

	

tu 0.22 	 3.5  it 	6 
27 



U _12 = 0.28 between 6 and 8 months
p 47

16 - 0.20 8 10.5
$0

L8 = 0.32 il 10.5 ,l 12.5
150

602k0 = 0.25 ' Il 12.5 Il 14

•

We might therefore consider that, until'.approximately 2 months, the animal

doubles its weight each month; then, for the remainder of its life, its

weight increases by approximately 1/4 each month (q p/p =^. Cte.-.1, 0.25).

5.3. Thysanopoda aequalis

.5•3•1. Preliminary Notes

We collected a total of 2747 individuals of this species, of which

1033 were used to establish ovarian stages and the sex ratios (2.0 and 2.5

size groups). The ovarian stages were essentially identical to those of T.

tricuspidata. However, we frequently noticed highly developed eggs that were

not translucent, thereby implying that this criterion is not necessarily in-

dicative of maturity for this species.

Accordinü to Tables 39 and 40, on the average for the entire cycle,

38% of females 18-20 mm long were in the late maturation stage (St. III and

IV), this percentage increasing to 69% for females over 20 nmi long; all were

bearing spermatophores. Table 48 gives the data concerning the relative re-

presentation of size groups, Table 49 on ovarian stages and sex ratios.

5.3.2. Determining the Cycle

The available data is given in diagram form in figure 64. The situa-

tion is less defined than with the two precedin,-;species; in particular, it

is difficult to relate the situation of lleceriiber 1968 to that observed in

September (û certaLi gap was in fact noted for T. iionacantha between "Caride"
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TABLE 48 

Number of specimens, percentages and relative representativity (% of 1.7; of 
age groups (size groups) of T. aequalis  in the Central Lquatorial Pacific 

Expedition 	Tail1es 	2 
, 	

- 

5 	2,0 	1,6 	1,2 	0,9 	0,7 	Total 
,140,X4  Croisières 

Nb. 	89 	544 	597 	198 	121 	12 	1 561 
CA. I 	 % 	' 	5,7 % 	34,8 % 	38,2 % 	12,7 % 	7,8 % 	0,8 % 	- 

(oit.) ) 	
%iii % 	116 	110 	96 	89 	91 	73 	- 

• 
Nb. 	10 	140 	172 	59 	32 	7 . 	420 

C.A. II 
0/0 	2,4 % 	33,3 % 	41,0 % 	14,0 % 	7,6 % 	1,7 % 	- 

(déc.) 	
% Eff % 	49 	105 	. 104 	99 	88 	155 	- 

Nb. 	19 	125 	129 	64 	80 	4 	421 
CA. III 	% 	4,5 % 	29,7 % 	30,6 % 	15,2 % 	19,0 % 	1,0 % 	- 
(fév.) 

 (Feb . ) 	
%% % 	92 	94 	• 77 	107 	221 	91 	- 

Nb. 	3 	69 	12.2 	49 	23 	5 	271 
CA. IV 	0 ,  

 (juill.) 	 /0 	1,1 % 	25,5 % 	45,0 % 	18,1 % 	8,5 % 	1,8 % 	- 

% fa" % 	22 	80 	114 	127 	99 	164 
(July) 

Nb. 	8 	26 	32 	8 	0 	0 	74 
CA. V 	0 ,   /0 	10,8 % 	35,1 % 	43,2 % 	10,8 % 	0 	0  
(se)pt  . ) 	% 	% 	220 	111 	109 	76 	0 	0 	- 	- 

Total 	Nb. 	129 	904 	1 052 	378 	256 	28 	2 747 
% in 	4,9 % 	31,7 % 	39,6 % 	14,2 % 	8,6 % 	1,1 % 	- 

TABLE 49 

T. aegualis:  sex ratio and ovarian stages (2.0 and 2.5 size groups) 

Expedition 	 ? II 	? III 	9 IV 	Sex Ratio 

. 	. 
CA. I 	(oct.). 	(. Oct •  	36 % 	21 % 	43 % 	0,53 
CA. II 	(déc.).. , Ds̀ ‘'-P...3  	40 % 	20 % 	40 % 	0,45' 
CA. III (fév.).....Yeb  . )  	41 % 	20 % 	39 % 	0,29 
CA. IV  (juill.)../U.1:)., 	49% 	24%. 	. 2.7% 	0,19 
CA. V 	(sept.).. >s"%Pt... J 	35 % 	10 % 	55 % 	0,50 	« 

and "Cariden II). The salient features are as follows: 

- early October 1968: Ii%:e mainly noted the presence of a high pro-

-portion of reproducers (2.0 and 2.5 size groups), among which most of the 

females were fully mature (43% at Stage IV). Active spawning was therefore 

in progress or imminent; a lesser peak of juveniles (0.9)  indicated that 	142 

reproduction had begun a few weeks earlier. 

-- Early December 1968: The situation differed rather considerably 

from that encountered on the preceding expedition, except for the presence 

of juveniles (0.7) originating from the Cctober-November spawn: the maximum  

size groups of 1.6,2.0 could not be foreseen in October. There were few 
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reproducers, although the very high percentage of mature individkals (40%

at Stage IV) suggested that spawning was still in active process.

-- February 1969: There was still a high proportion of adults; 39%

of -females-^were mature: there was no sign of •any lessening in spawning ac-

tivity. The largest group in terris of numbers was the 0.9-1.2 group, like-

ly originating from the 0.7 individuals of Decer,^ber.

-- early July 1969: Conversely, there was a low percentage of adults

very few among tl^;em being mature: this would indicate that spawning activity

was definitely less intense than during the two previous periods. riowever,

the slowdown was of recent date giveiz the presence of very young organisms

(0.7): we miÙht assume that spawning proceeded until .1-June. I•^odal classes

corresponded to the mean size groups (1.2-1.6) originated fron, the recently

ended very long spawning period and therefore, several ^;enerations were pres -

ent: while the lardest individuals originated from spawns in late 1968, the

younger ones were the eggs which hatched in 1',jarch-hpril 1969,

--- late Septer;^ber 1969: A hiç;l; proportion of mature adults ( 55,- at

Stage I'1) implied that spawnin; was again in pro;;ress or would occur shortly.

o

o
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The change in the large composite group of July (1.2-1.6 size group) created 

a confusing situation, slightly bimodal. The absence of small individuals 

(0.9-1.2); which should have been the 0.7- group of July, can be explained by 

the short geographical distance covered bn the "Oaride" V expedition. 

5.3.3. Conclusions on the cycle of 1.1_1,..e.guAlis and Estimate of Growth Pattern 

The situation is even less clear than for the preceding species, 

likely due to practically continuous spawning. In fact, we noted a slower 

reproductive activity only in July-  and August such that it would appear that 

active spawning occurs for 10 months of the year. Assuming that the species 

does not have a very brief cycle (5-6 months), which time intervals . between 

expeditions would not have pointed out, the most likely situation, shown in 

figure 64, would lead us to attribute  io  T  aequalis  a life-span of 10 to 

12 months. Individuals would spawn when they have reached 9 or 10 raotiths of age 

and would die a few weeks later. Growth in length appears to be slightly 

asymptotic (fig. 65) reaching an average of some 1.2 mm per month. Approxi-

mate size group/age/length equivalences are given in Table 50. 

TABLE 50 

Growth pattern of T. aeoualis  

Size group 	Age 	Length 	Ueight 
 	(months) 	(mm) 		(111-?;)  

0,7 	 0,5 	 7 	 1 
0,9 	 2 	 9 	 6 
42 	 3,5 	 13 	 18 
46 	 6 	 16 	 34 
2,0 	 9 	 18 	 53 
2,5 	 12 	 20 	 70 

5.4. âematoscelis  tenella 

5.4.1. Preliminary Notes 

The 109 stations selected for tnis study resulted in 1806 individuals 

among which 930 from size groups 1.6 to 2.5 used to examine the sex and ovar-

ian stage. Similarly to other species of this genus, N. tenella  carries its 
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eggs for a certain time after spawning, undoubtedly until hatching of the 

nauplii. This characteristic makes it possible to positively identify any ' 

spawning period, contrary to other species for which identification of Stage 

IV is partly a subjective process. Ue noted (Table 52) that the percentage 

of females bearing eggs remained rather cOnstant throughout the year: we can 

therefore state that spawning occurs almost continually for this species. 

However, jolting during hauls caused most of the females to lose their eggs: 

seldom more than a ddzen or so remained between the legs of the animal, thus 

contributing little to further knowledge on the fecundity of the species. 

Females carrying eggs always presented a poorly developed ovary, cor-

responding to stages I-II described earlier; this provided further evidence 

to the fact that the ovary did indeed assume this structure after a spawn. 

The ovarian stages were essentially of the type described previously. Tables 

51 and 52 give 'respective seasonal distributions for size groups and ovarian 

stages. Note very low values for the sex ratio, the number of males in the 

size groups examined appearing to be 4 to 5 times fewer than the number of 

females. 

5.4.2. Determining the Cycle 

Figure 66, established from data given in Table 51, does not express 

a definite situation, which we expected given virtually uninterrupted spawn-

ing activities (rather  constant  percentage of females carrying eggs). The 

result Imsrather confusing: in particular, it was difficult to determine the 

reproducers from which the juveniles (0.9-1.2) of December 1968 had origin-

ated, or those (0.7-0.9) of iebruary 1969. However, the evolution of the 

modal classes was coherent: the 0.9-1.2 individuals of December 1968 could 

only develop into the 1.6 group by February (very few 1.2 and 2.0), then into 

. 2.0-2.5 by July (again excluding the possibility of very rapid growth having 
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TABLE 51

Ivuinber of specimens, percenta,^es and mcan representativity (% mjo) of age
groups (size groups) for N. tenella in the Central Equatorial :acific.

.^:pedition
Croisières

Taitl,es
`' •'-` •

2 ,5 2,0 1,6 1,2 I 0,9 1 0,7 Total

Nb. 25 105 208 296 I 125 8 767
CA. 1 o^

.
3 3 % 13,7 % 27,1 °'0 38,6 °0 16,3 ^^o 1,00

m%
,

66 70 84 125 144 100 -

Nb. 11 44 66 77 30 2 230
CA. 11 % 4,8 % 19,1 % 28,7 °,ô 33,5 °ô 13,0 °ô 0,9 %
(déc.) • o° m o°

/ /
96 98 89 108 115 90 -

(Dec.)
Nb. 17 40 86 64 35 5 247

CA. III
°/ô 6,9 % 16,2 % 34,8 °,•ô 25,9 % 14,2 %

2 ,0 °o

(fév.) % m% 138 83 107 84 126 200 -
(Feb. )

Nb. 25 101 136 160 45 6 473
CA.IV

% 5,3 % 21,4 % 28,8 % 33,8 % 9,5 °,ô 1,3 °ô
(juill.) % m% 106 110 89 109 84 130 -
(Ju1y)

Nb. 4 24 38 20 3 0 ^ 89
CA. V

% 4,5 % 27,0 % 42,7 ^â 22,5 ô
'

3,4 °
"

0 .^
(sept.) n 90 138 132 73 30 0 -
(S ea^t . ) -----

..Total ....... Nb. 82 314 534 617 238 21
1

1 S06

% n`1 5,0 % 19,5 % 32,4 % 30,9 °ô 11,3 % 1,0 %

TABLE' 52

N. tenella: Sex ratio and ovarian stages (1.6 to 2.5 size groups).

Expedition ^ ^ II ^ fII I 9 IV Sex Ratio

CA. I (oct.). CCt. .....
^ ^

55 % 22% 6 % 17 % 0,19
CA. II (déc.).. :1.ç, . . . . . . . 58 % 25 % 0 17 °0 0,19
CA. III (fév.)..

^
64 % 20 % 4% 1`z °^0 0,25

•.......CA. IV (juill.). cTL111:
^

54 % 18 % 4 % 24 % 0,18
-Sefiii..) ......CA. V (sept.). 44 % 12% 17 % 27 % 0,20

gone unnoticed owing to the time interval between observations). Judging by

the development of that generation, we might estixaGte the ürowth pattern of

the species.

5•4•3. Conclusions on the Cycle of N. tenella and Estimate of srowth Pattern

Considering the generation having hatched from the spawn of October

196$, vie r,Li.^ht ^.ttribute to N. tenella a life-span of approximately one year.

As in tiic case of the oti;er species, it appears likely that each feàAale

spawns only once and dies shortly thereafter. Table 53 indicates the size
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Fig. 66. — -Evolution saisonnière de la structure d'àge 
(tailles) de la population de Y. tenella dans le Pacifique 
équatorial central, et filiation suggérée des classes 

modales. 
Fig. 66. — Seasonal age (size) structure of N. tenella 
populations in the central equatorial Pacific, and 	• 

suggested evolution of modal classes. 

TABU, 53 

Growth pattern of A. tenella 

	

Size group , Age 	, 	L ngth 	Ueight 

	

 	(months) 	mm) 		Ung)  

	

0,7 	 l' 	 8 	 3 

	

0,9 	 1,5 	 14 	 9- 

	

1,2 	 3 	 16 	 20 

	

1,6 	 5 	 19 	 31 

	

2,0 	 7,5 	 23 	 40 

	

2,5 	 11 	 24 	 55 

group/age/length/Weight relationships from which a growth curve can be in- 
. 

ferred (fig. 67) which appears to be asymptotic for length. Over the entire 

cycle, the mean monthly growth amounts to 1.6 mm. 

5.5. Euphausia diomedae  

5.5.1. Preliminary Notes 

Given the exceptional density of this species in the region investi-

gated, we collected 42,740 specimens over the five expeditions, among which 

7595 belonging to the 1.6 and 2.0 size groups examined (as sub-samples) for 

sex and ovarian stage. Th, sheer number of specimens would ensure reliable 

sampling. 

The ovarian stages only slightly agreed with the description of the 

typical stages described earlier. In particular, the structure and transpar-

ency of the eggs did not appear to be strictly related to the degree of 	. . 
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TAELE 54 	• 
Number of specimens, percentages and relative representativity (% 1%) of age 
groups (size groups) of L.  diomedae in the Central Equatorial Pacific 

Tailles 	2,0 	1,6 	1,2 	0,9 	0,7 	' 	Total 
elWesi°n  

	

Nb. 	263 	. 	2 231 	5 492 	5 385 	959 	14 330 
CA. I 	 - 

	

% 	1,8 % 	15,6 % 	38,3 % 	37,6 % 	6,7 °' 

(U./U. ) 	% MI % 	82 	91 	• 	106 	101 	91 	- 

	

Nb. 	369 	1 335 	3 173 	3 211 	721 	j 	8 809 
• CA. 11 

(déc.) 	 °A 	4,2 % 	15,2 % 	36,0 % 	36,5 % 	8,2 % 	- 

(Dec . ) 	%iri % 	191 	89 . 	99 	98 	114 	- 

	

Nb. 	49 	743 . 	2 854 	4 608 	705 	8 959 
CA. III 	. 	w 

 (fév) 	 /0 	0,6 (9/0 	8,3 % 	31,9 % 	51,4 % 	7,9 (y 	- 

(Feb.) 	%rn-  % 	2'; 	49 	88 	13'8 	11 0 	- 

	

.Nb. 	137 	1 546 	3 095 	2.017 	605 	7 400 
CA. 1V 	% 	1,9 % 	20,9 % 	41,8 % 	2.7,3 % 	8,2 % 	- 
(juill.) 	

% WI % 	86 	122 	115 	73 	114 	- 
(July) 	 ' 

	

Nb. 	. 	88 	834 	1 062 	1 097161 	3 242 
CA. V 	 % 	2,7 % 	25,7 0/0 	32,8 % 	33,8 % 	5,0 0" 	...... 
(sept.) 	% fi 	 _ 
(Sept. ) 

Total 	Nb. 	906 	6 689 	15 676 	16 . 318 	3 151 	I 	42.740 

	

%iii 	2,2 % 	17,1 % 	36,2 0,;, 	37,3% 	7,2 % 	I 	- 

TABLE 55 

E. diomedae:  Sex ratio and ovarian stages (1.6 and 2.0 size groups). 

Expedition. 	 9 II 	9 III 	9 IV 	Sex Ratio 

CA. I 	(oct.).. (Let . 	42% 	57% 	1 % 	0,02 ' 
CA. II (déc.).ac :  	42% 	48% 	11 % 	0 
CA. III (fév.).. le,  	37 % 	55% 	8% 	0,01 
CA. IV (juill.).(.Juiy)  	45 °,/ 	51 % 	4 % 	0,01 
CA. V 	(sept.)..Ç.: tapt.... )  	75 °/: 	25 % 	___ 	0,02 

development. Under such circumstances, we had to be content with estimating 

the maturity of an individual according to the volume occupied by the ovary; 

however, the most mature individuals, i.e., having reached Stage IV, were 
the 

distinguished by swelling of the thoracic region caused by/considerable size 

of the ovary. The seasonal distribution of . size groups, ovarian stages and 

sex ratio appears in Tables 54 and 55. Note that, throughout the year, very 

few male specimens were collected. As suggested earlier, this was partly due 

to the fact that only feniales developed into the sizes which we examined for 

studying the sexual characteristics of the species. 
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Fig. 68. — Ëvolution saisonnière de la structure d'Age 
(tailles) de la population de E. diomedae dans le Pacifique 
équatorial central, et filiation suggérée des classes 

modales. 
Fig. 68. — Seasonal age (size) structure of E. diomedae 
populations in the central equatorial Pacific, and sugges- 

ted evolution of modal classes. 

147 5.5.2. Determining the Cycle 

Figure 68 was established from the data given in Tables 54 and 55. 

Note: 

— a consistent percentage of mature females or females in late matu-

ration, except in September 1969 at which date the impending arrival of an 

abundant generation in the size groups of reproducers led us to assume that 

spawning would occur in the near future. 

—. the evolution of modal classes appeared to establish itself rather 

naturally as follows: 0.7 of December->0.9 of February-11.2/1.6 of July 

1.6/2.0 of September. 

In addition, we noted two characteristics previously noticed for 

certain of the other species: 

— a zap between "Caride" I end "Caride" II. 

— very few  sall individuals collected on "Caride" V, a stationary 

148 

station. 



5.5•3. Conclusions on the Cycle of L. dioinedae and LstimGte of Growth Pattern

This species is almost in a purmanent state of reproduction, with pos-

sibly a lessening of reproductive activity during August and Septernber. Ac-
t

;cording to the generation observed from December 1965 to Septe:nb.or 19,69,, :- ...

dioraedae would have a life-span of approximately 12 months, with spawning

occurring when the individuals are 10 to 12 months of age. Table 56 gives

the size group/age/length/weight relationships from which we derived the

growth pattern of the species (fig. 69). The mean individual growth in lèngth

does not exceed 1 mm per month.

TABLE 56

Growth Pattern of E. d iomedae

Size group
hge

(months)
Length
(rnm)

Ÿfelght
(m:r)

0,7 0,5 7 3
0,9 • 2,5 9 9
1,2 5 13 19
1,6 8 15 29
2,0 11 1S 35

•

5.6. Nematobrachion boopis and Eentheupiiausia amblyops 149

In spite of the very few specimens (318 and 347 respectively for all

109 stations) collected of these two species, it was rather interesting to

study whether certain characteristics of their biology were related. In

fact, with the exception of seldom collected giant bathypelagic species, they

dwell at much greater depths than the species previously examined: in Chapter

4, we mentioned that most of thein only on rare occasions rise above 300 m,

even by night, such that their biotope, with teraperatures always lower than

12-130, differs considerably from that of the other species which rise to

the subsurface at ni,^;jt (temperatures iii_;iier than 250).

lie might recall that tiiese deep-water spc;cics have a very low fecund-

ity (cf. Table 38) given the, fact that the mature ovary of L. amblyops con-

tained only 3.5 eggs on the average, and that of N. boopis only ;. Ior both
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Fig. 70. — Évolution saisonnière de la structure 
d'âge (tailles) de la population de N. boopis dans le 
Pacifique équatorial central, et filiation suggérée des 

• classes modales. 
Fig. 70. — Seasonal age (size) structure of N. boor:is 
populations in the central equatorial Pacifie, and 

suggested evolution of modal classes. 

Fig. 71.— Évolution saisonnière de la structure d'âge 
(tailles) de la population de B. arnblyops dans le 
Pacifique équatorial central, et filiation suggérée des 

classes modales. 
Fig. 71.— Seasonal age (size) structure of B.ornblyops 

populations in the central equatorial Pacifie, and 
suggested evolution of modal classes. 

species, Stage IV was readily identified; the ovarian structure of N. boopis  

agreed with that of T. pectinata  while in the case of E. amblyops,  the gran-

ular cytoplasm of the eggs was bright yellow in late maturation (the nucleii 

remained white) contrary to the eggs in Stages II and III which were white 

and opaque. E. amblyops  displayed a very particular arrangement of the eggs 

in the ovary: two parallel rows with the ripest eggs in the middle. Figures 

70 and 71 give the seasonal distributions of size groups for N. boopis  and 

E. amblyops  respectively, and the percentage of mature females which appears 

to remain constant in both cases. 1;;e might therefore assume that the intens-

ity of reproduction does not significantly vary during the year. 

Inasmuch as the number of specimens enabled us to obtain reliable 

figures, the situation for both species would be as follows: 

— There is no basic'difference between the cycle of h. boopis  and 150 

. those of other species described earlier. In fact (cf. fig. 70), the most 
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probable modal development would mean that the 1.2 size group of December 

1968 was the 2.5 group of July 1969, corresponding to an average growth of 

1.4 mm/month over a 7-month period. Given the fact that this species growà 

from 9 mm to 30 mm during the course of its existence, this average rate of 

growth would give the species a life-span of approximately 15 months. 

-- In the case of D. amblyops,  on the contrary, ti.ere are two pos-

sible alternatives: 

* either this species has a very short cycle, with a rate of growth 

of 2 mm/month and a.life-span of 8 months. This hypothesis seems unlikely 

in the case of a species permanently inhabiting a relatively cold environment» 

* or the specàes has a very long cycle and the 25 mm increase in 

length would occur over a two-year period. Given the biotope of this species, 

the second interpretation appears to be the more reasonable. 

6. CONCLUSIOÀS 

6.1. Reliability of Observations 

For the reasons mentioned at the beginning of this chapter, determining 

the life cycles of pelagic populations is rather difficult and many uncer-

tainties therefore still prevail. Even with relatively well known species 

of colder environments where seasonal changes are well defined, there is 

stilra possibility of error: Ivanov (1970) has questioned the life cycle of 

E. superba  in the Antarctic, a species to which a dozen or so serious studies 

have been devoted over the last half-century; recent findings by Smiles and 

Pearcy (1971) on L. oacifica do not agree with those of Lasker (1966) and 

Ponomareva (1563). 

In the case of tropical or equatorial populations, we demonstrated 

that the situation is even less well defined due to additional difficulties 
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created by the unchangin; quality of the environment as well as to the lack

of previous research which r;Ligiit furtiier contribute to the credibility of

observations should they agree. For such' reasons, we must empLiasize the

fact that the hypotheses set forth in this chaptér must be viewed as an ini-

tial atteiii,pt at interpreting observations. This hGving been said, how re-

liable is our data? At the outset, the reader must assume two postulates:

1. Modal classes were actually observed and were not the product of

erratic samipling' fluctuations. In that respect, we rai-ht point out that the

modes correspond, for a given expedition, to different sizes for different
no

speciEs; we might therefore believe that therewere/inherent differences due

to di2ferent methods having been applied from one expedition to another, ex-

cept for ":,aride" V, carried out at a stat7nnary point and characterized by the

consistent absence of small individuals.

2. The sanle population _was_sampled throughout thesampling series

(plausible hypothesis given the stable east-west equatorial currents).

Under these conditions, the modes set forth follow from one another

and may therefore be related to one another. --xamination of the data for the 151

different species indicated that, in most cases, it was impossible to consi-

der a::longer cycle than the one suggested. riowever., we must admit that too

infrequent observations has meant that we could not uncover cycles half; as

long. ',;e can therefore state that the life cycles, all of which were one-

year cycles (except for B. ar. ►blTrops) are definitely not any longer; but, it is

not entirely in ossible that they are in fact twice as short and extend only

over a six-month period. Oni.'inorc frequent expeditions could prove this.

In conclusion, we wish to add two further co._a;ents:

--- firstl.y, we noted in sevurC:l `nstcncas a gap between two cc^nsecutive

expeditions for certain speciczi; the ^,,acies obtained on one expedition could

not possibly have evolved tro,., t„c,3e of the prc;vious expedition. This 1.ed us
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to believe, in certain cases at least, that the postulates established at 

the outset were not respected. 

— secondly, the lack of accuracy in the methods applied (size groups) 

did not enable us to determine details for the growth curves, because the 

precise position of the modes was uncertain. It was generally impossible to 

state whether the growth pattern was linear or slightly asymptotic. 

6.2. Summary of Observations 

Our objective was to determine the salient features of the life cycle: 

life-span, average rate of growth, fecundity, spawning periods; we might re-

call that these parameters were hinerto unknown for equatorial huphausiids, 

no research having so far been done to ascertain whether these organisms 

lived for a few months or a few years. These uncertainties implied that it 

was impossible to establish any energy balance whatsoever for such popula-

tions. We do-not claim to have neither a definite, nor a complete answer, 

only indications of a certain probability. 

iùevertheless, recalling again that the possibility of cycles twice as 

short cannot be rejected, the main characteristics of reproduction and growth 

for the species examined are summarized in Table 57. It would appear that 

females live through one spawn only, except perhaps for B. amblyops; with 

the exception of the latter, the life-span of the organisais  is approximately 

I year, i.e., shorter than species of cold or temperate waters which live for 

2 to 4 years (Zelickman, 1960; iZuud, 1932; Fonomareva, 1963; Mauchline, 1960 

etc). However, most of trie  species we examined were rather large and prefer-

red a midwater habitat. The smaller epipelagic species (E. tenera, S. affine, 

S. ca.rinatum,  etc.) permanently submitted to very high temperatures (20-25 0 ) 

may well have even shorter cycles, from 4 to 6 months. 
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TtiF,LE 57

Kain characteristics of life cycles.in the Central Equatorial Pacific.

Species

:jstimûted
life-span..-
('in rridn t hs)

^Irowth
rate

(in mralmo )

Peak spawning period

October-Uecember
T. iricuspidata............ . 12-14 2,0 i•iarch-April

T. monacantha............ . 13-15 2,0 SeptemLer-October
January -1uarch

10-12 21 continuous (perhaps
T. aequalis .. . . . ... . . . . . . ,

slower in Ju1y-J^u^7ust )
N. tenella ................ 11-13 1,6 eoritinuous

continuous (perhaps
E. diomedae ... ....... .... 11-13 1>0

slower in ku^ust-3ept. )

N. boopis ................ 15 1,4 continuous

B. amblgops .............. 24 1.0 continuous

TAPLE 58

Average growtiz rate of a few species of cold or temperate regions.

•

Author Species Location
hverage

growal rate
iin nrnLmo h

ZELICiCMA`, 1960 .............. T. raschii, T. inermis :.arents 0,7

T. torigipes Earents 1,25
PONOMAREVA, 1963 ....... .... E. paai/ica w. â'ac. 0,83

i11AUCIILI\E et FISHEi^ 1969. .. .. T. aculifrons L^. 1.11tl• 1,46

h'IAUCHLI`IE, 1960 .. . . . . . . . . . . . . . M._.noruegica ( adult,: 'i) SeaNorth l ,0

BARCnI Avvy 1945 . . . . . . . . . . . . . . E. superba AA 1,88

E. pacifica ( juVenxjes ) Calif . 1,5
LASKEIÿ 1966 . . . . . . . . . . . . . . . .

^ ^aCiults ^ liui l'ent 0,5

N. difficilis Calif . 2,5
BRINTO`r, 1969 . . . . . . . . . . . . . . . . E. paci fca CUr r t`;i7t

S>iILES et PEaRCY, 1971 ........ E. pacifica Oregon 20

Spawning undeniably occurs at all seasons. However, certain peak

periods were noted for certain species (ml. tricus Eiûf ta, T. monacanthG); in

such cases, intense spawnin- activity appeared to concide with the end of the

seasons of maximum priiaary production, defined by Owen and Zeitzschel (1970).

Fecundity is much lower than for species-inh4biting cold or temperate re-

gions (cf. Table 38). This is largel^^ compensated by earlier sexual ;,E.tur-

ity reached by b to 12 ;^,onths. Growti, generally follows a lisieGr pattern,

perhaps faster for ^uveniles, Ülthou^i ► in certain cases the ;rowtli seems to

take a sli6htly asy,aptotic pattern. Lost authors have ;,it:^ntioned s:ua:i.lar 152
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characteristics (Zelickman, 1960; Ruud, 1932; ronomareva, 1563; ',esker, 1966; • 

Mauchline, 1960; «Bergmann, 1945), but in  cold or . temperate environments the 

growth rate tends to slow down during winter, thereby resulting in a curve 

resembling a flight of stairs; in a tropical or 6quatorial environment such 

fluctuations virtually do not occUr and growth follows a generally linear 

pattern. Average monthly rates of growth (cf. Table 57) are on the whole 

someWhat higher than those of species of cold or temperate regions, estimates 
being 

for the latter/given in Table 58. 

Finally, we must point out that our data applies to the Central Equa— 153 

tonal  Pacific and we do not exclude the possibility that these  sanie  species 

' prescrit  different characteristics in other regions: several authors have 

pointed out the influence of environmental factors on the rate of growth, 

life—span, fecundity and maximum size (Lasker, 1960 and 1966; McLaren, 1963 

and 1965; Allen, 1966; Margelef, 1967 a; Heinle, 1969; Regnault, 1969); 

Smiles end Pearcy (1971) recently suggested that E. pacifica,  benefitting 

from more abundant resources off the coast -  of Oregon, apparently grows twice 

as fast than in the California waters. We might even conceive that future 

research might uncover significant disparities in the biology of one species 

between populations in the east and west of the Equatorial Pacific. 

• 
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CHAPTER 7 • TROPHIC SITUATION 

Trophic relationships form the prime factor of biological balance, 

the density of any population at any given location resulting from a parti-

cular nutrition-predation relationship (available food supplies/predation 

which a population is able to support). The ecology only defines for each 

species the range within which sucl-L balance is possible. 

Only thorough knowledge of tropnic relationships between the various 

parties occupying a given biotope could lead to a full understanding of pel-

agic biology. Any research in this field, even partial or inaccurate due 

to the great difficulties involved, will contribute some knowledge on the 

causes of the situations observed. 

We shall attempt to give details on the following: 

— the trophic level of the different species and conditions under which 

they feed (Chap. 7 A). 

- the quantity of food which Luphausiids represent and the form under wnich 

it is available.(Chap. 7 E (I). 

— major predators of the tropical and equatorial environment and their role 

in the economy of these regions (Chap. 7 D (II). 

A. NUTRITION 

1. Available Data 

155 

• As in the case of many other groups of invertebrates, attempting to 
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determine the food soun6es of ïuphausiids is indeed very difficult. Le must

necesaarily- examine stomach contents, the larger part of which is a shape-

less mass without recognizable structure: food having been finely broken

down before ingestion, any recognizable pGrticle accounts for only a small

fraction of the total mass. Furthenaore, such particles do not necessarily

form the greatest portion of ingested food, but shows only the r,iost resis-

tant organisms, which we therefore tend to over-estimate (Ed monson, 1957); 156

for instance, traces of diatoms (frustule remains) can certainly be seen for

several hours in a stomach, while ingestion of-:a large quantity, of flagellates

will not be detected. Likewise, it appears that Euphausiids "suck in" Cope-

pods throu^h their oral parts, then cast off the empty shell (3vïa^:ahline and

Fisher, 1969): few traces would therefore remain when the stomach contents

were examined. In consequence, available data describes only the type of

food in^ested by hupizausiids, mostly in the form of lists stating which ani-

mals were present or absent in the stomach contents of a given species.

IyI'auchline and Fisher (1969) claim that phytoplankton is never their

main source of food, except for L. superbe in the Antarctic. Animal food

sources most frequentl;,r quoted are Tintinnids, :tadiolarians, F oraminifers,

Glob:igerinae, Chaetognaths and Copepods (Fisher and :loldie, 1959; Lebour,

1924; i•^acDonald, 1927; iJiaucnline, 1960 and 1967; Nemoto, 1967; Ponomareva,

1963; Poiio m areva, ivaumov and Zernova, 1962; Tchindonova, 1959; lv,etmann,

1970). Detritus is often mentioned as a nutritional source for certain spe-

cies and cannibalism is consiàered to occur frequently in the event of famine

(Fisher and Ûoldie, 1959). Several authors mentioned bacteria as a food

source for zooplankton, particularly i,;;erebates of bacteria (Seki, 1966;

Favlova, Petipa and Sorokin, 1971; Petipa et al, 1971; Fonoinareva et al) 1971;

Sorokin, 1971).
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Simply stated, we generally agree with Âauchline (1967) that primi-

tive Euphausiids (single pair of- eyes, unextended.legs, migratory, not car-

rying their eggs : Euphausia, Thysanopoda, Dentheuphausia) feed themselves 

through filtration and predation; more developed'Euphausiids (double pair 

of eyes, one or two pairs of extended legs, non-migratory, carrying their 

eggs : Nematoscelis, Nematobrachion, Stylocheiron)  are predatory and detri-

vorous, their ability for filtration being very limited. 

Tropical.  Euphausiids are generally considered as being more carni-

vorous than temperate species (Marshall, 1954; Ponomareva, 1963 and 1971; 

Petipa et al, 1971), while in fact, lack of resources compels them to be some-

what euryphagous (Ponomareva, Naumov and ZernoVa, 1962; Timonin, 1969; Petipa, 

Pavlova and Sorokin, 1971; Pavlov, 1971); therefore, in principle, there are 

fewer trophic differences between species in a tropical environment and, al-

though animal food predominates, almost all stomachs contained at least 

traces of phytophanktonic pigments, either chlorophyll "a" for surface fee-

ders or broken down pigments for deep-water species (Wemotà, 1968 and 1970; 

Nemoto and Saijo, 1968); only strictly carnivorous species (e.g., Nemato-

brachion boopis) were completely void of any plant matter. In their tro-

phic research, certain authors classified various species of tropical Eu-

phausiids as being either "herbivorous" or "carnivorous" (Timonin, 1971) 

which appears as a rather gross approximation. 

Nevertheless, our own knowledge in this field remains very fragmen-

tary, even entirely lacking in teni,s of quantities. We considered it extreme-

ly important to specify the trophic level . of the species; rather than esta-

blish, by painstaking analysis, another list of debris identified in stomach 

contents, we deemed it preferable to make an attempt at determining generally 

to what extent phytoplankton and zooplankton were the food sources for the 
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46 adults of various species.

2, IvMTriOD OF EXA^iIïdA T IO;d

Each stomach content was the subject of a-two-fold examination:

--- fullness..: 0 indicating an empty stcmach,-r- a stomach half-full,

Lâ

++a stomach more than half-full;

--- nature of contents: V if phytoplanktonic matter accour.ted for over

$On of total contents; A if animal matter was included in this percentage;

VA if phytoplanktcn and zooplankton were present in comparable proportions.

Animal or vegetable matter in stomach contents :was. easily identified

under,the'microscope, even under low ma.gni.ficption (xlO or x 20). Phytoplankton

resembled a very recognizable greenish mass (verification under the microscope

confirmed an abundance of plant debris); animal matter appeared as whitish

aggregates or, much less frequently, blackish-brown matter. Determining the

origin of stomach contents was therefore relatively simple, although assess-

ing the proportion of each was necessarily inaccurate.

With respect to our method of examination, a major point must be

pointed out. During the course of our work, we noticed by chance that the

appearance of stomach contents changed with time, under the influence of

Formol or light. With time, plant matter progressively lost its green color

becoming whitish, thereby making it unidentifiable. According to our system,

stomach contents had a greater proportion of animal matter increasing with
having

the ti1.i%apsed since the saiaplinü. Consequently, we saw the importance of

working on recent material, all species having been examined after a similar

time interval.

This discrepancy appeared during our analysis of the nutritional

habits of E.,gibboides. Specimens collected on "Caride" I (October 1968)

and examined in October 1969, i.e., after a one-year period, had 89A1 of
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their stomach contents rated as type V; a ,check carried out at the same time 

on specimens of the saine  species collected in 1964 indicated stomach contents 

of type V being only a few percent of the total mass. Given such obvious 

breaking down of stomach contents, we carried out systematic examinations on 

specimens of different ages for several species. We reached the conclusion 

that, under our conditions of work (specimens preserved in 10% Formol, kept 

away from direct light), stomach contents changed little during the first 

year; after 1 or 2 years, aging of the material leads to over-estimating by 

10% the proportion of category A to the detriment of category ,V; discolora-

tion accelerates thereafter and after 4 or 5 years, the original color has 

completely changed. 

This situation led us to carefully select good specimens which had 

been collected within the previous 18 months; as shown in Table 59, this con-

siderably limited the material available for certain-species. On the other 

hand, stomach repletion which does not change with time was examined in a 

great many more specimens. 

Finally, note that we examined only stomach content. Certain authors 

(Ponomareva r  1963) claimed that food being ingested should also be taken into 

consideration, e.g., food caught between the thoracic legs ("basket'); we 

agreed with Mauchline (1967) that such material could well be artificial food 

and could be merely debris caught by the animal during the haul while it was 158 

entrapped in the net. 

3. TROFHIC LLVELS 

From the A/VA/V ratings established for the different species, we 

determined their respective trophic level which can be more conveniently 

expressed as a single number obtained by adding either: Al-(VA/2)% or 
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TABLE 59
Trophic levels (species classified by decreasing order of proportion of ani-
mal matter present in stomach contents :A-i-(VA/2) % decreasing).

Species
i•d ur.iber of
indivi.c
examined

p I
empty

stoJnacns
% A %vA % v

A^.-
(VA/2) %

T. aequalis ......... ....... . ... . 844
131

2 %
13 %

98 %
97 %0

`Z %
1 %

0
2 %

99 %
98 %!V. boopis ..... ..... ..........

abbreuialum .... ... .........S 14 (env. 50 %) 93 % .7 % 0 96 %.
orientalis ..................T 51 10 % 87 % 13 % 0 93 %.

Al. gracills ... . ...... .. ... .. .. 37 '' - 84 % `2 % 14 % 85 %
V. Texipes .................... 57 21 % 78 % 4 % 18 % 80 %

monacantha .................T 1 115 ` 9% 59 % 38 % 3 % 78 %
.

T. pectinata ................... 110 3 % 53 % 40 % 7 %
35

73 %
65 %

cristata ....................T 36 44 % 65 % 0 %.
N. microps ... . . . . . . . . . . . . . . . . 20 " - 60 % 0 40 %

23
60 %

57E. diornedae ..................
542 *

%
35 %

37 %

%
40 %
4 %

%
46 % 52%

N. lenella . ... .. . .. . ... . .. . ...
T. iricuspidata ................. 1 556 * 7 % 17 %' 42 % 41 % 38 %

B. amblgops ................... 66 8% 7 % 31 % 62 % 22 %
E. paragibba .................. 48 ''

199
-
4%

2 %
4 %

10%
7 %

88 %
89 %

7 %
7 %E.-gibboides .................. .

On sub-sam,_:les in the case of most abundant stations.

%`-t' Excluding empty stomachs.

• V4-(VA/2), both b ei.ng complementary to one another, and stating the respect-

ive proportions of animal and vegetable matter.

The overall results are shown in Table 59 and figure 72. Analysis

of this data led us to draw the following conclusions (suffice it to recall

that this study dealt only with adult specimens):

-- although most species are euryphagous, their feeding habits indi-

cated a wide range of carnivorous and herbivorous species. Grouping the

species into categories, we mi:,ht therefore consider that:

. T. aegualis, I^i. bool.s, S. abbreviatum, T. orientalis are strictly

carnivorous.

. N. gracilis, N. flexipes, T. iionacantha, T. pectinata appear to

be mainly carnivorous, but complete their diet with plant matter.

. T. cristata, N. ifticrots, E. dioraedae, N. tenella are typically

eurypha^ous; phytoplankton and zooplankton contributin;; equally to their

nutritional requirements.
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Fig. 72. — Niveaux trophiques des espèces 
(adultes) : pourcentages d'animaux dont le con-
tenu stomacal est principalement de nature 
. animale (A), végètale (V) ou mixte (VA). 
Fig. 72. — Trophic levels of species (adults) : 
percentages of specimens whose stomach contains 
principally animal food (A), vegetal food (V) 

and mixed food (VA). 
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... in T. trl.cuspidata and B. amblyops,  plant matter was definitely 	159 

more prominent, but zooplankton nevertheless accounted for 1/3 to 1/5 of the 

total food ingested. 

• E. paracibba and E.  gibboides  are strictly herbivorous. 

— Note that, on the whole, animal food sources are more prominent, 

12 out of lb species using them for more than half of their total nutrition-

al requirements. 

— Although included among the group of predatory Euphausiids, spe-

cies of the genus Nematoscelis were far from being exclusively carnivorous, 

N. tenella  in particular which depends upon phytoplankton for half of the 

food required for its subsistence. On the other hand, species of the genera 

Stylocheiron (S. abbreviatum)  and liematobrachion  (N. boopis  and N. flexipes) 

are definitely predatory. 

— Note that certain animals had a high percentage of stomach con-

tents rated VA, i.e., containing both animal and plant matter (T. tricuspidata, 
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T. monecantha,  T. pectinate, E. diomedae,.E. amblyops);  others, on the contrary, 

had stomachs Containing either animal or vegetable matter, aeldaà both (T. 

cristata, N. tenella,  N. ELmops, N. flexipes).  It is possible that these - 

two types of euryphagous species have different feeding habits. 

— Analysis of the stomach content of E. diomedae  was particularly 

difficult: the constant texture and pale green color suggested that the spe-

cies was highly euryphagous. Animal matter predominated, but always mixed 

with a small amount of phytoplankton. 

— We noted no correlation between the trophic level.of a species 

and the. percentage of empty stomachs. In theory, predatory species should 160 

have shown greater fluctuations in the repletion rating than phyophagous 

species, but in the case of Euphausiids, their trophic levels are undoubtedly 

too poorly developed to bring out this factor. 

Trophic levels did not appear to be strictly related to the bio-

tope occupied by the species. We noted, in fact, that species rising to the 

surface layers at night, -such as T. aequalis,  can be carnivorous, while 

other bathypelagic species, such as B. amblyops,  nourish themselves to a 

great extent on phytoplenkton. Regarding this species, the presence of 

vegetable pigments in their stomach contents has frequently been mentioned, 

the authors finding it difficult to explain the compatibility between this 

type of nutrition and the deep-water habitat of the species. Nemoto (1968) 

and Nemoto and Saijo (1968) demonstrated that the pigments found in the 

stomachs of bathypelagic species were broken down and originated from the 
dead 

ingestion ofiphytoplankton sinking to the bottom of the sea. In the case 

of surface species, on the contrary, pigments in stomach contents origin-

ated from living phytoplanktonic cells; analysis of the pigments contained 

in the stomach of T. tricuspidata  (surface feeder) indicated a proportion 

of lOic; chlorophyll "a"; this percentage dropped to 1.5% for T. monacantha, 
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0.£3% for N. ;tracilis and 0.01% for E. amblyops. Hence, the importance of

distinguishing several categories a.nong herbivorous and euryphagous species

becomes readily obvious.

-- Although very few examinations were made to determine the origin

of the food ingested, Copepod debrris was frequently noticed in the stomachs

of N. boopis and T. cristata, which also appear to be the usual predators
(19 54)

of such organisms. F'urthermore,-as Zarshall/recorded for T. acutifrons,

the large specimens of certain species very frequently carry fish scales in

their basket. As we mentioned earlier, we believe that the basket contents

are artificial and were caught by the animal entrapped in the net in which

numerous fish scales whirl about. Nevertheless, we noted a very definite

correlation between the size of the Euphausiids and the frequency at which

fish scales were found in their basket (Table 60): this observation would

to a certain extent.support.the possibility that Euphausiids are ichthyo-

phagous.

TABLE 60

Percentage of individuals holding fish scales in their basket, on the basis

of size of individual.

Species Tailles
Espèces S..r.

3,5 3,0 2,5

T. monacaniha ..............
T. tricuspidata ..... . . . . . . . . .
T. orientalis... .. . . .. . . .. . . .
T. pectinata ................

57 %
-
52 %
70 %

38%
40 %
27 %
58 %

-
27 %
-
29 %

4.. FL<'EDIA.:T C0i1DITI0NS

The data resulting from analyses carried out for this part of the

work enabled us to examine whether variations in stojnach repletion and the

nature of the stomach contents were related to any of the following para-

meters: time of haul, size (age) of orgariis:,1, sex, ovarian stage and season.
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4.1. Variations according to Time of Day in Stomach Fullness 	161 
and Nature of Stomach Content 

As a sizeable portion of the specieS carry out daily vertical migra-

tions, to the upper layers during . the night where phyto- and zooplankton 

are very plentiful while their deeper daytime habitat has much less to offer, 

one would logically expect to find a striking differenbe between stomach con-

tents by day and by night in terms of both repletion and.ingested food (Pav-

lov, 1971; Ponomareva, 1971). However, analysis of our own data partly con-

tradicted this assumption. 

An initial study was conducted on material obtained on the "Cariden 

expeditions by examining night hauls (2000 - 0400 hours) and daytime hauls 

(0700 - 1700 hours) separately. More intensive feeding at night was appar-

ent only for T. tricuspidata,  E. diomedae  and N. flexipes,  while we noted no 

significant difference in stomach repletion for T. monacantha,  T. orientalis, 

pectinata, N. boopis,  N. tenella,  E. gibboides.  In terus of type of food 

ingested, only N. tenella  presented a definite difference between day and 

night (shown in Table 61). This lack of variation would confirm other re-

search carried out on M. norvegica by Fisher and Goldie (1959) and on T. 

raschii  by Mauchline (1966 b). 

TABLE 61 

Difference between day and night in nature of stomach content of 
N. tenella  

A 	 VA 	 V 

Jour 	p  E,y. 	90 % 	 2  % 	 8 % 
Nuit 	•  I\  j,et.. 	54 % 	 G % 	 40 % 

In fact, a more detailed analysis was carried out subsequently on 

material obtained on the "Cyclonen expeditions for which we had 6 samplings 

drawn within twenty-four hour periods, rather than only day and night hauls. 

It would appear that the peak feeding time for most §pecies does not occur 
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at ni;;ht, such that the definite break between day and night does not coin-

cide with feeding ticne. Unfortuna,tely, these samples were examined only for
have

stomach repletion and consequently, we did not/sufficient data to determine

any possible hourly fluctuations in the nature of stomach contents.

Figure 73 shows peak feeding time for different species. Note that

variations in the percentage of empty stomachs (C 3 0) and full stomachs

(CS ++), very obvious in most cases, take the form of a sinusoidal curve.

Values of CSO and CS-,-4-were centered about their respective means; the extent

of daily variations in the fullndss. factor r

mean .f-ul.lness.' is also shown. Considering that feeding is most intense bet-

ween the time when the percentages of C3+ + and CSO respectively increase and

decrease, and the tire when the inverse occurs, we obtained the following
each of

peak feeding time for/the different species:

-- T. tr.icusnic^ata : 1500 to 0600 hours

--- T. ]Tionacantha : 2000 to 1000 hours

-- T. Pectinata : 1300 to 0600 hours

-- T. orientalis : 2100 to 0600 hours

- T. aequalis : 1200 to 0000 hours

-- T. cristata : 0$00 to 2000 hours

-- N. boopis : 1300 to 0000 hours

-- N. tenella : 1300 to 0200 hours

162

These feeding periods are far from corresponding to strictly day or night

hours and do not appear to be clearly related to trophic levels; note, how-

ever, that T. cristata feeds mostly during the day as its deep habitat is

practically deserted at night.

The extent of variations in stomach fullness is rather minimal for

these bath,ypelagic or mesopelagic migratory species. i-iaximum values were

noted for predatory species feeding on relatively large prey (Copepods)

T. cristata, N. boopis. Cn the contrary, more phytophagous species or those
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feeding on animal matter composed essentially, it appears, of small organ-

isms (Foraminifers, Radiolarians, Tintinnids...)Nary less in terms of full-

ness of stomach. 
the 

Cri the whole, we might therefore conclude that/feeding intensity of 

these species follows a certain cycle, never very rigid and generally not in 

keeping with either day or night. The phases of such cycles do not appear 

to be related to trophic levels and do not imply (except perhaps for N. ten-

ella) a change in the type of food ingested. 

4.2. Variations in mean stomach fullness and nature of stomach 
contents in terms of size of organism 

Larvae and juveniles were not examined and our data therefore bears 

only on adult specimens; consequently, we might expect only minor differences 

between various size groups. 

No significant differences were noted in the mean stomach fullness 

for the following species: 

T. monacantha: (3.0 and 3.5 size groups) 
T. pectinate : (3.0 and 3.5 " 	) 

T. tricuspidata: (3.5/3.0 and 2.5 size groups) 

N. tenella 	: (2.5/2.0 and 1.6 	 It 	) 

E. gibboides : (3.0 and 2.5 size groups) 

• Mean feeding intensity appears to increase with size for: 

T. orientalis : (Cs--+ 71% for the •
48% for the 

T. aequalis 	: 	79% for the 
• 63% for the 

N. boopis 	: (Os-1-4 38% for the 
28% for the 

E. diomedae 	:  (OS-i-+ 95% for the 
81% for the 

3.5 S.G. 

2.0 S.G.) 
3.5/3.0 S.•. 
2.5 s.d.) 
2.5/2.0  3..1. 
1.6 S.G.) 

We might therefore conclude that there is a positive correlation 	163 

betweem variations in feeding intensity and the size of the organism when-

ever such situation occurs. 
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Fig. 73. — Variations nycthémérales du rythme nutri- 
tionnel : pourcentages d'estomacs vides (o : CSO) et plus 

de demi-pleins (• : CS++) aux différentes heures. 
Fig. 73. — Fluctuations of the fullness of stomachs at 
the different times of the day : percentages of animais 

 showing empty (-- o 	CSO) and more than half- 
full (— • — : CS + +) stomachs. 

Fig. 74. — Variations saisonnières de la réplétion 
stomacale moyenne pour 8 espèces du Pacifique 
équatorial ouest (1700  E) : pourcentages d'esto- 
macs vides (o : CSO ) et plus de demi-pleins 

(• CS ++) aux différentes saisons. 
Fig. 74. — Seasonal fluctuations of feeding 
intensity for 8 species of the western (170 0  E) 
equatorial Pacific : percentages of animais  sho- 
wing empty (— o — : CSO) and more than 
half-full (— • — : CS ++) stomachs at the 

different seasons. 

21 1 30 

Regarding the type of food ingested, we noted a slight increase in 

the amount of animal matter ingested as the size of the organism increased; 

this was true in the case of T. tricuspidata,  E. diomedae  and U. flexipes  

(although very few specimens were available for the latter) as Table 62 in-

dicates. 

Such difference might have been more pronounced had we also examined 

larvae and juveniles which likely depend more on phytoplankton as a source 

of food. The adults of other species examined did not show any appreciable 

change in their diet related to size; this fact was previously observed for 

M. norvegica  (Fisher and Goldie, 1559) and T.  raschii  (Mauchline, 1966 b). 



-  204  - 

TABLE 62 

Type of food ingested as related to size of organism 	 164 

' 	 A 	 VA 	 V 

	

3.5/3.0 	23 % 	51 % 	26 % 
T. iricuspidala 

. 	2.5  	18% 	47% 	35%  

	

2.5/2.0 	42 % 	35 % 	23 % 
E. diomedae 

	

1.6  	28% 	50% 	22 % 

' 	2.5  	92% 	8% 	0 
N.  flesipes 

	

2.0  	62% 	19% 	19%  

4.3. Variations in stomach fullness and nature of stomach contents 
in ternis of sex and ovarian.maturity 

There was no obvious difference in the mean stomach fullness or in 

the nature of stomach contents between males and females. Any disparity 

noted occurred between the different species and changed according to the 

expedition being considered. 

On the - other hand, for all species we noted a very slight tendency 

to more intense feeding and increased preference for animal matter during 

ovarian maturation. However, the only obvious correlation was noted for 

N. tenella. Females of this species carry their eggs after spawning and it 

appears that this behaviour very seriously hampers them in their search for 

food. The following percentages, related to stomach fullness and shown in 

Table 63, were noted for the various stages of ovarian maturation: 

TABLE 63 

Mean stomach fullness as related to stage of ovarian maturation for 
N. tenella 

',-7. 	beiva St 1-II 	St 111-1V 	j'earie  

CS 0 	53 % 	14% 	 66%  
CS -F -F 	28 % 	70% 	 14%  

iote the intensification of feeding during ovarian maturation, followed by 

a sharp drop after spawning when the females carry their eggs. 
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4.4. Seasonal variations in stomach fullness

Our data on seasonal variations was obtained only on the "Cyclone"

expeditions, as only CA I of the "Caride" series was used to study X-eeding

habits. i-fence, only a six-month period was covered. Furthermore, as the 165

type of food ingested was not examined in the material drawn during the

"Cyclone" expeditions, the only available data concerns stomach fullness

(shown in figure 74). We noted a very definite, but very low, fluctuation

in stomach fullness for T. tricus-pidata, T. orientalis, L. boopis, T. cris-

tata and T. aequalis. The situation was rather confused in the case of T.

monacantha, T,._peét?nata and N. tenella. On the whole for these £i. species,

more intense feeding appears to occur from April to July than dïrirg March and

August-September, as shown in Table 64..

TABLE 64

Seasonal variations in.ra.te of stomach fullness for 8 species of the western

Equatorial Pacific.

Month

IJumber of species having a
higher rate of stomach full-
ness than the mean

March ................... 3

April ................... 6
May ..................... 7
June .................... 6

July .................... 6
August .................. 4
September . .............. 2

Given the fact that the period considered was much too short, it is

difficult to know whéther these facts apply to the actual situation or to a

random one.

5. sut•lïv:A:jx OF FLLDI.ju HK7.1T5

Le defined earlier 0 3) the trophic levels of the species and there-

fore have a general idea of their source of food. ^;e also discussed peak
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Fig. 75. — Schéma spatio-temporel de la nutrition pour 9 espèces du Pacifique équatorial ouest. 
Fig. 75. — Depth-time nutritional diagram for 9 El ecies of the western equatorial Pacific (black symbols : active 

feeding. — White symbols : slackened feeding). 

800 
Prof.( al 

SOO 	  

hot (m) 	 Nombre d'individus ( par 1000m 3 ) en phase de nutrition active: 

CUM mo woe rsM5.1 so à 100 llQàS0 	0, }.11 à 

Fig. 76. — Intensité globale de la prédation exercée par les 9 espèces. 
Fig. 76. — Depth-time diagram of the intensity of the predation exerted as a whole by the 9 species : numbers 

of individuals, per 1000 m 3  of water, showing active feeding. 

feeding times ( 4.1.). Finally, in Chapter 4 (Vertical Distributions) we 

identified the habitat of each species. For 9 of the species, we now have 

all the information required to outline the space and time factors affect-

ing their feeding habits (fig. 75). In order to evaluate the degree of pred-

ation carried out by all 9 species, the relative density of èach  species 

(shown in Table 5, 	C - Chap. 3) must also be taken into account: 
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E. diomedae,  for example, represented by. 984 individuals per 1000 mi3  forms 

a much larger group of predators than T. pectinata the density of which is 

only 0.6 individuals per 1000 1P. Taking this factor into account, we may 

then estimate the amount of predation which populations can support within 

the different layers during the course of a day (fig. 76). Note two well 

defined preying periods: during the afternoon (1200 - 2000 hours) in the 

intermediate layers (300-600 m) and at the surface (0-100 m) during the night 

(2000 - 0600 hours); however, note also that predation during the night in 

the subsurface is ten times more intensive that that which populations found 

in the. intermediate layers are subject to during the latter part of the day. 166 

Few:species are feeding, not only in the upper layers during thc, day (0-300 

m; 0600 - 2000 hours) and at greater depths by night (300-800 m; 2200 - 0600 

hours),which is logical as at such times these zones are relatively deserted, 

but also during the first part of the day (0600 - 1200 hours) in the deeper 

strata. We might recall that we are concerned here only with migratory spe-

cies, whether mesopelagic or bathypelagic, and not with the smaller surface 

organisms (for instance, of the genus Stylocheiron) which perhaps have dif-

ferent feeding habits. 

6. TUOPHIO STRUCTUnS OF POPULATIONS IN THE DIFFET 	 167 
GEWRAPHICAL ZONES 

The trophic level of the main species being known, itWe then pos-

sible to specify that of the populations or Euphausiids observed in the 

various zones investigated, by determining for each one for example, the ex-

tent to which the total population preys upàn minute zooplankton. This was 

done by adding the products of trophic levels for each species by the size 

of its population (in %) compared with the total population of the zone in- 

vestigated. This amounted to somewhat estimating the percentage of carnivorme 
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TABLE 65

Trophic structures of populations
p= percentage in rel&tion to total population

Trophic p [A+(VA/2))

Levels
Species Zone A Zone B Zone C Zone D

A-{-(VA/2)
P P P P

T. iricuspidata........... 38 0,4 % 15,2 1,5 % 57,0 0,4 % " 15,2 3,5 % 133,0

T. orientalis............ . 93 0,1 % 9,3 0,1 % 9,3 - - - -

T. peclinala ............. 73 - - 0,1 % 7,3 - - 0,3 % 21,9

T. monqcantGa........... 78 0,1 % 7,8 0,1 % 7,8 0,1 % 7,8 - -

T. aequalis ............. )
T. subaequalis...-. . . . . . . .'• 99 1,5 % 148,5' 2,9 % 287,1 - - 35,4 % 3 504,6

T. oblusif'rons. . . . . . . . . . . . S

S. abbreoialum........... I 96 2,5 % 240,0 16,7 % 1 603,2 3,7 % 355,2 18,3 % 1 756,8

E. diomedae . .. . . . . . . . . . . .^

E. breuis ..... . . . . . . . . . . . 57 48,4 % 2 758,8 37,4 % 2 131,8 30,8 % 1 755,6 10,0 % 570,0

R. mutica . . . . . . . . . . . . . . .

E. paragibba.......... .. 7 4,3 % 30,1 9,0 % 63,0 3,7 % 25,9 0,5 % 3,5

N. '•:riella ........... .... I 52 6,6 % 343,2. 3,5 % -182,0 1,1 % 57,2 2,3 % 119,6

N. microps ..... . ..... ...
60 5,6 % 336,0 6,9 % 414,0 2,6 % 156,0 8,6 % b16,0

N. allantica ........ . . . . . .

N. gracilis. . .............. 85 3,6 % 306,0 1,2 % 102,0 7,2 % 612,0 0,2 % 17,0

N. neaipes .............. 80 - - 0,4 % 32,0 0,1 % 8,0 1,6 % 128,0

N. boopis ............... 98 0,2 % 19,6 0,4 % 39,2 - - 0,4 % 39,2

B. amblgops............ . 22 - - - - - -- 0,1 % 2,2

TorwL .............. - 73,3 % 4215 80,2 % 4 936 49,7 % 2 993 80,8 % 6812

species within the different populations. We used the data on the fauna of

each zone given in Table 9 which indicates estimated actual populations. Re-

sults appear in Table 65. No estimates are available for Zone E because only

one species F. eximia makes up gg% of the total population; the trophic level

of this species is unknown. For other zones, vie obtained trophic levels for:

73.31p of individuals in Zone n
80.2;5 11 It 11 Zone B

49.7 ;o' " " " Zone C
$0. 8' n " n Zone D

The trophic levels of Zones ti,.B.and D are well defined, while half 168

of that of the population inhabiting Zone C could not be determined. However,

all the species from this region for which the trophic level remains unknown

are very minute species: E. tenera, S. carin4tu;a, S. affine, S. longicorne,

and S. elonatum, and therefore, these species very likely feed mostly on
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vegetable matter. According to calculations, the mean trophic level of 

these 5 species 5"r. [A-r(VA/2)]must be greater than 50 if the order in which , 

regions A to D in Table 65 is to be altered. Considering this as an unlikely 

possibility, we assumed that the data given in Table 65 expresses the most 

probable situation. Therefore, for the,entire Euphausiid population, the 

amount of animal food ingested decreases progressively from Zone D to Zone B 

to A to C; in other terms, the number of carnivores in the populations of 

these zones decreases according to the same order. 

Our knowledge of trophic levels therefore completes and confirma our 

assumption discussed in the chapter dealing with zoogeography and further 

defined in our study on the ecol%y (Diversity). Zone D (Central Tropical 

Pacific) offers indeed the fewest resources and is inhabited by many species 

(high diversity) among which carnivorous species predominate; these charac-

teristics are less pronounced in Zone B and are completely:the reverse in the 

equatorial region which is much more plentiful and supports a few species of 

a low trophic level represented by numerous individuals, The density of 

the equatorial populations, their low diversity and low trophic level becomes 

more pronounced as one progresses from west (Zone A) to east (Zone C); it 

would appear logical to assume that these characteristics are even more pro-

nounced in Zone E, i.e., that the most prominent species E. eximia is essen-

tially phytophagous. 

In any case, the zoogeography, ecology and trophic structures dis-

cussed in the foregoing pages give a very coherent description of Euphausiid 

populations in the Equatorial and South Tronical F 

a summary of the data can te expressed as follows: 

acific. In diagram form, 



# Zones • A- B A C E

Density of populations

Diversity

Mean trophic level

+

These results agree with recent research carried out in the tropical

environment (Petipa, Pavlova and Sorokin, 1971; Timonin, 1)71)•

0
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1. EUPHAUSIIDS AS A SOURCE OF FOOD 

I. IMPORTANCE IN TEaMS OF NUMBER 

In certain oceans, Euphausiids may be considered as the vital organ-

isms upon which rests the entire biological balance. The :Jost obvious situa-

tion occurs in the Antarctic Ocean where Lupluusl'La superba  which feeds di-

rectly on phytoplankton, is the prime source of food for whales, seals, pen-

guins, birds and very possibly for many fish (Ruud, 1932; Hardy.and Gunther, 

1939; Nenoto, 1964 Burukovskiy and Yagarov, 1967, etc.); due to the excep-

tional position of E. suPerba, all authors considered this species as the key 

organism in the Antarctic. To these predators may perhaps shortly be added 

the one predator who will prove to be most efficient of all: this species 

viewed as a phenomenally . large biomass, of which apparently some 100 to 500 

million tons could be commercially hauled in annually (as compared with the 

pre'sent annual world haul of 70 million tons), its high food value presented . 

in the form of an economically profitable high-quality flour useful as live-

stock feed, has led  man  to closely study the possibility of directly using 

this resource (Eurukovskiy, 1967; Sasaki, Inoue and Marsuike, 1968; Marty, 

1969; Braxton, 1971). 

Disregarding the ultimate situation existing in the Antarctic Ocean, 

Euphausiids are also considered as a prime source of food for many fish of 

commercial value such as herring and cod, as we shall discuss in the follow-

ing chapter. Their commercial role in tropical and equatorial seas is much 

more difficult to define because considerably less investigation has been 

carried out in these environments and because pelagic fish are less sought 

in commercial fishing, their feeding habits therefore remaining relatively 



unknown. Although Knox (1970) claimed that the South Pacific undoubtedly 

contained the largest undeveloped reserves of the world oceans, nothing or 

very little is actually known about these- pelagic populations (Clupeidae, 

Carangidae,  etc.), with the exception of deep-sea tuna (Japanese and Korean 

fishing industry) and especially Of anchovies found along the coasts of 

South America, which alone provide 16% of world supplies (Kasahara, 1970). 

Under these circumstances, no precise figures can be estimated, but 

it is nevertheless possible to determine fairly accurately the potential 

food source created by Euphausiids in these regions. Given the total amount 

of material collected during the "Cyclone" expeditions, for each 0-1200 m 

• obliue IKMT tow, Euphausiids formed on the average 7.7% of the total bio-

mass, the remainder being micronektonic fish (55%), other groups of crusta-

ceans (22;g) and other taxa (15%). The composition of IKIIT hauls from this 

region is.given.in  figure 77.  Our  estimate agrees closely with that of 

other authors (King and Demond, 1953;  Blackburn, 1966  and 1968; Timonin, 

1969). In terms of number, Ponomareva (1966) stated that, between 0 and 10 

14 the density of Euphausiids per 1000 m3  amounted to 100-500 in an equator- 170 

lai zone, but was less than 100 in tropical zones; according to our own 

estimates for the entire 0-1200  ni layer,  there are 2465 and 476 Euphausiids 

per 1000 m3  in the equatorial and tropical environments respectively (cf. 

Table 9, Chap. 3, mean for regions A-C and B-D). lie might recall however 

that the greater productivity of warmer seas (rate of growth, virtually per-

manent end faster reproductive cycles) minimizes the differences in relative 

abundance between tropical and frigid zones, which appear considerable when 

considering only biomasses. 

Uhatever the case may be, density of population is only one of the 

parameters deterLdning the position of an organism within its habitat: its 

value as a source of food and conditions whereby it is available or 
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Fig. 77. - Composition moyenne des récoltes du

chalut pélagique IIi111T, en biomasse (organismes

gélatineux non compris).

Fig. 77. - Average composition in biomass of
IKbIT samples (excluding gelatinous organisms).
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Fig. 78. - Répartition en tailles de la biomasse
des Euphausiacés.

Fig. 78. - Size distribution of the biomass of
Euphausiids (0.7 to 3.5 = Size groups).

unavailable to possible predators must also be taken into consideration.

2. S^T-Q.:3.TA:vC.lt Ili TEM3 OF FOOD VALUE

Recent studies by Soviet and Japanese scientists (IFurukovskiy, 1967;

Sasaki, ïnoue and ivjarsuike, 1968; ï.iarty, 1969) have demonstrated the high

food value of llkrill" which can be processed into a flour of excellent qua-

lity useful for feeding livestock. Human consomption does present a few

problems, however, due to the amount of chitinous material; nevertheless,

it has already been produced in the form of paste or powder (called "sea

spice") which can provide a valuable source of protein in the human diet

(Braxton, 1971). it has also been known for some time that Euphausiids are

exceptionally rich in Vitanai.n A (Fisher, ICon and Thompson, 1953 and 1955)

and Vitamin L^2 (Hirano et al, 1964).

3. AVAILtlILITY

i-iaving discussed the quantities of Euphausiids available and their

value as a source of food, the conditions under which they can be used by

possible predators must be exaillined.
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The relationship between the size of the predator end that of its , 

prey is one of the prime factors required to establish trophic relation-

ships. We shall discuss in the following chapter that it is indeed possible 

in most cases to draw a direct correlation between the length of the predator 

and the type or size of organism used as its source of food. It is therefore 

important to determine the distribution of the Euphausiid biomass throughout 

the various size groups in order to estimate which predators will prey upon 

each individual size group. We shall also mention which species are most 

abundant within each size group; i.e., important to a given type of predator. 

3.1.1. Distribution of biomass within individuel size groups 

Table 66 gives the estimated biomass of Euphausiids per 1000 m3 , 

TABLE 66 

Estimated biomass per 1000 m3  (in mg), from data obtained from 89 stations 
on the "Cyclone" expeditions (Zone A: western Equatorial Pacific). 

Species 	Tailles , 	r;es 	3.5 	3.0 	2.5 	2.0 	1.6 	1.2 	0.9 	0.7 . 	Total 	(1) 
Espèces 	,..,..À. 

T. crislala 	32 	3 	4 	1 	— 	— 	— 	— 	40 	0,3 % 
T. iricuspidala 	1 	24 	138 	110 	63 	29 	11 	3 	379 	2,9 % 
T. orienlalis 	 ' 17 	25 	25 	12 	20 	13 	2 	— 	' 114 	0,9 % 
T. nionacaniha 	24 	39 	19 	12 	16 	10 	2 	— 	122 	0,9 % 
T. peclinala 	21 	13 	11 	11 	10 	5 	— 	— 	71 	0,5 % 
T. aegualis 	— 	1 	29 	109 	190 	100 	23 	1 	453 	3,5 % 
S. carinalum 	 17 	23 	40 	0,3 % 
S. abbreuialum 	— 	— 	1 	9 	69 	104 	29 	6 	218 	1,7 cy 
S. maximum 	12 	28 	36 	27 	19 	10 	3 	— 	135 	1,0 °/: 
S. elongalum 	— 	— 	— 	— 	— 	13 	37 	1 	51 	0,4 % 
S. affine 	 37 	57 	94 	0,7 % 
S. longicorne 	— 	— 	— 	3 	29 	49 	11 	92 	0,7 % 
E. dionzedae 	— 	— 	— 	19 	914 	3.504 	2 086 	320 	6 843 52,9 % 
E. paragibba 	— 	— 	— 	— 	63 	416 	74 	11 	564 	4,4%  
E.  (encra 	— 	— 	— 	— 	— 	— 	271 	543 	814 	6,3 % 
N. lenella 	— 	1 	13 	280 	736 	200 	11 	1 241 . 	9.6 ()/ . 	.0 
N. microps 	— 	— 	8 	GO 	175 	256 	254 	40 	793 	6,1 % 
N. gracili 	— 	— 	— 	1 	27 	400 	174 	— 	602 	4,7 ()/ 
N. sesspinosus 	5 	3 	1 	— 	1 	1 	-- 	--. 	11 	0,1 °/°,, 
N. boopis 	2 	12 	41 	43 	53 	48 	11 	1 	211 	1,6%  
B. amblyops 	4 	10 	S 	6 	10 	5 	2 	— 	45 	0,3 % 

TOTAL 	118 	158 	322 	433 	1 913 	5 679 	3 282 	1 028 	12 933 	— 

(2) 	 0,9 % 1,2. % 2,5 % 3,3 % 14,8 % 43,9 °,/,) 25,4 % 7,9 % 	— 

(1) Percentae of total biomass represented by each species. 
(2)Percentage of total biomass represented by each size group. 



according to species and size groups, obtained front material drawn during

eighty-nine 0-1200 m stations on the "Cyclone" expeditions (Zone A). In

terms of species, note that E. diornedGé âlone accounts for over one half

of the total biomass. With respect to size distribution, note that 43.9°0

of the total Euphausiid biomass is composed of animals of the 1.2 size 172

group, i.e., 12 to 15 mm long and weighing 11 to 20 mg; 25.4% are organ-

isms of the 0.9 size group (9 to 12 mm long and weighing 4 to 11 mg) and

14.8% belong to'the 1.6 size group (15 to 18 mm long and weighing 20 to 37

mg). On the whole, huphausiids ranging in length from 9 to 18 mm and weigh-

ing from 4 to 37 mg account for 84% of the Euphausiid biômass in this region

of the Pacific.

The distribution of the species within the biomass is given in

figure 78.

•
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TABLE 67

% (in bior.iass) of each species within different size groups.

3.5 3.0 2.5 2.0 1.6 1.2 0.9 0.7

T. crisiala .................
T. peclinala ...............
N. se.cspinosus .............
T. orienlalis ...............

2y,1
17,8

4,2
14,4

1,9
8,2
1,9

15,8

0,1
3,4
0,1
7,8

-
2,5

2,8

-
0,5

1,0

-
0,1

0,2

--
-

0,1

-
-

-
T. monacanllra ............. 20,3 24,7 5,9 2,8 0,8 0'.2. 0,1 -

S. rnaæimuni ............... 10,2 17,7 11,2 6,2 1,0 0,2 0,1 -

B. am blyops ................ 3,4 6,3 2,5 1,4 0,5 0,1 0,1 -

N. boopis .................. 1 7 7,6 12,7 9,9 2.8 0,8 0,3 0,1

T. h•icuspidala ............. 0,8 15,2 4?,9 25,4 3,3 0,5 0,3 0,3
T. aequalis ................ - 0,6 9,0 25,2 9,9 1,8 0,7 0,1
N. microps ................ - - 2,5 13,8 9,1 4,5 7,7 3,9

S. abbreuialum .........:... - - 0,1 l,1 3,C 1,8 0,9 0,6
V. tenella .................. - - 0,1 3,0 14,6 13,0 6,1 1,1

E. paragibba .............. - - - -- 3,3 7,3 2,3 1,1

N. nracilis .................

E. ctiornedae ...............

-

-

-

-

-
0,.1

-
4,4

1,^1

47,8
7,0

61,7

5,3

63,6

-

31,1

S. elonqalum ..............

S. longicorne ..............

S. carinalum ..............

S. affine ...................

E. icncra ..................

-

-

-
._

-

-

-

-
.-

-

-

-

-

--

-

-

-

-

-

0,2

-

-

0,2

0,5

-

-

1,1

1,5

0,5

1,1

8,3

0,1

1,1

2,2

5, 5

52.8
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3.1.2. Proportion of each species within each size group 

Table 67 indicates, for each size group, the proportion of each spe-:' 

cies within the total biomass. Note that, depending upon the size of the 

organisms, a small number of species, in the order of 5, accounts for the 

greater portion of the total biomass. . Figure 79 shows the distribution of 

the species according to size groups expressed as a percentage of the total 

biomass; depending upon the size of prey chosen by a given predator, the 

abundance of the different species for•theparticular predator can be deter-

mined. Note the two well defined groups: the genera Thysanopoda  and Nemato-

brachion in addition to Stylocheiron  maximum and Pentheuphausia amblyops  

which predominate among larger sizes up to the 2.0 size group. Beginning 

from the 1.6 size group among smaller species, note the predominance of the 

genera Euphausia, Nematoscelis  and Stvlocheiron  (except for S. maximum). 

Fig. 79. — Importances relatives deS espèces, en biomasse, dans les différents groupes de tailles. 
Fig. 79. — Relative importance of species (in biomass) in the different size groups. 
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3.2. Piotope overlapping 173

The overlapping in time and location of the habitats of both pred-

ators and their prey is obviously a necessary condition to establishing

predation relationships.

With respect to Euphausiids, Pononlareva (1963) noted that migratory

species largely escape their most active potential predators: large plank-

tivorous fish appear to locate their prey visually and therefore do not

search for food in the deeper layers, nor during the night. i•;any species

have thus only to contend with the less active preying of ineso- or bathy-

pelagic fish. According to studies being conducted at present at the Numea

laboratory as well as to other studies dealing with the feeding habits of

tunas (excluding perhaps Euthtrnnus (I_atsuwonus) pelarni.s or3ldpjack), Euphau-

siids are very seldom found in their stomachs, while other organisms of sim-

ilGr morphology and size, Amphipods in particular, are found in large quan-

tities. It would appear that this is due to the fact that tuna feed mainly

in the subsurface layers (0-400 m) during the day at a time when large Eu-

phausiids, seemingly a desirable prey, have deserted this zone (cf. Chap. 4,

fig. 49). We shall also demonstrate in the following chapter that migratory

species, dwelling by day at depths greater than 400 m(cf. Chap. 4, Table

29), escape surface feeders which are in turn eaten by tuna. Euphausiids

therefore occupy an important position in food chains depending upon their

vertical distribution during the day. 174

By referring to vertical distributions described earlier (cf. Chap.

4), an estimate of the species and Euphausiid biomass available during the

night within each layer (Table 68) can be obtained. Note that 75" of the

biomass is concentrated in the 0-160 m layer, 23,k) between 160 and 300 m;

beyond 300 in, only 27;; of the Luphausiid bionaass remains at this depth dur-

inj^ the night (note that these estimates, partly obtained from hauls on the 175
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TALLL 68 

Vertical distribution, according to species .ed size, of the biomass during 
the night in ternis of depth (in mg per 1000 m'). 

% 
pré- 	3.5 	3.0 	2.5 	2.0 	1.6 	1.2 	0,9 	0,7 	Total 	% 
sents 

E. diomedae 	100 % 	- 	- 	- 	19 	914 	3 504 	2 086 	320 	6 843 71,0 % 
;..1  E. paragibba. 	 100 % 	- 	- 	- 	- 	63 	416 	74 	11 	564 	5,8 % 
1,) E. Mura 	 100 % 	- 	- 	- 	- 	- 	- 	' 	271 	543 	814 	8,4 % 
? T. tricuspidala 	100 % 	1 	24 • 	138 	110 	63 	29 	11 	3 	379 	3,9 % 

1.--e 	T. aegualis 	100 % 	- 	1 	29 	109 	190 	100 	23 	1 	453 	4,7 % 

^ S. carinaium 	 100 % 	- 	- 	:---- 	- 	- 	- 	17 	23 	40 	0,4 % 
o 

S. affine 	70 % 	- 	- 	- 	- 	- 	- 	26 	40 	66 	0,7 % 

N. microps 	40 % 	- 	- 	3 	24 	70 	102 	102 	16 	317 	3,3 % 
li 

 -z. 	
T. monacantita 	25 % 	6 	10 	5 	3 	4 	3 	- 	- 	31 	0,3 % 

-, 
e T. peclinala 	25 % 	5 	3 	3 	3 	2 	1 	- 	- 	17 	0,2 % 

tç..; T. orientes 	25 % 	4 	• 6 	6 	3 	5 	3 	- 	- 	27 	0,3 % 

S. abbrevialtun 	15 % 	- 	- 	- 	1 	10 	• 15 	4 	1 	31 	0,3 % 

N. gracilis 	10 % 	.--7 - . 	- 	 - 	 .- 3 3 	40 	. 	17 	- 	60 	0,6 % 

mg 	- 	16 	44 	184 	272 	1 324 	4 213 	2 631 	958 	9 642 	75  % 
TOTAL. 	- 

% 	̂ 	0,2 % 	0,5 % 	1,9 % 	2,8 % 	13,7 % 43,7 % 27,3 % 9,9 % 	- 

. 	. 
b S. affine 	30 % 	- 	- 	- 	- 	- 	- 	11 	17 	28 	1,0 % 

N. microps 	60 % 	- 	- 	5 	36 	105 	154 	153 	24 	477 16,3 % 

H T. monacantha 	75 % 	18 	29 	14 	9 . 	12 	8 	1 	--s- 	91 	3,1 % 
e 
-- T. peciirtala 	75 % 	16 	10 	8 	8 	8 	4 	- 	- 	54 	1,8 % 
o 
•zs 	T. orienialis 	75 % 	13 	19 	19 	9 	15 	10 	1 	- 	86 	2,9 % 

cl S. abbrevialum 	85 % 	- 	- 	1 	8 	59 	88 	25 	5 	186 	6,3 % 

N. gracilis 	90 % 	- 	- 	- 	1 	24 	360 	157 	- 	542 18,5 % 

1•-...>  S. longicorne 	100 % 	- 	- 	- 	- 	3 	. 29 	49 	11 	92 	3,1 % 

b' S. maximum 	 100 % 	12 	28 	30 	27 	19 	10 	3 	- 	135 	4,6 % 

L) N. lenella 	100 % 	- 	- 	1 	13 	280 	736 	200 	11 	1 241 	42,3 % 
- 	 

TOTAL. i mg 	 59 	86 	84 	111 	525 	1 399 	600 	68 	2 932 	23 % 

% 	2,0 % 	2,9 % 	2,9 % 	3,8 % 	17,9 % 47,7 % 20,5 % 2,3 % 	- 

e-f 
EaS. elongalum... 100 % 	- 	- 	- 	- 	- 	13 	37 	1 	51 	14,7 % 

crislala 	100 % 	32 	3 	4 	1 	.__ 	 - 	• 	40 	11,5 % 

r1V. boopis 	100 % 	2 	12 	. 41 	43 	53 	48 	11 	1 	- 211 	60,8 % 

% B. amblgops 	100 °A, 	4 	10 	8 	6 	10 	5 	2 	- 	45 	13,0 c),, 
	 - - u ..«, 

t., 
 TOTAL 	

mg 	 38 	25 	53 	50 	' 63 	66 	50 	2 	347 	2,7  % 
(9 	.  

C.3 	 % 	 11,0 % 7,2 % 	15,3 % 14,4 % 18,2 % 19,0 % 14,4 % 0,6 % 	- 

"Cyclone" expeditions carried out in the western Equatorial Pacific only 

slightly differ from those given in Chap. 4 obtained from material collected 

with the Larval Net in the Central Lquatorial Pacific: our estimates were 

then 75, 19 and 6% for each bathymetrical layer respectively). In the 

western Equatorial Pacifie (Zone A), these percentages correspond approxi-

mately to 10 g/1000 m3  (wet weight) between 0 and 160 m, 3 g/1000 m3  between 
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Fig. S0. - Répartition nocturne en tailles de la bio-
masse des Euphausiacés dans les différentes couches
bathymétriques (en % de la biomasse de chaque couche)

dans le Pacifique équatorial ouest ( 1700 E).
Fig. 80. - Size distribution of the Euphausiid biomass
occupying by night the different bathymetric layers
(0-160 m, 160-300 m, 300-800 in) in the western equa-
torial Pacifie, tvith indication of the dominant species
and of the value of the whole Euphausiid biomass

(in mg/1000 ma) in each layer.

Espéees dominanles:

E. diomedae 71%

F. tenera 8°/.

E. parapibba 6%

0.7 0,9 1.2 1,6 2,0 2,5 3,0

Couche 0_160m (Biomasse totale: 9642mpi1000 ms)

0F i^' .

3,5

♦Taillss

0,7 0,9 1,2 1,6 2,0 2,5 3,0 3,5

V. Couche 160_300mIBiomasse totale :2c32mp7I000ma1
4

Espices dominantes :

N. tenella 42%

N. qncilis 19%

N. miaops 16%

S. abb:evialum 61/.

S. maximum 5%

S. elonpalum 151/.

B. amblyope 131/.

T. cristata 12%

...^:.. ^_....:.___._,..
0.7 0,9 1.2 1,6 2•0 2,5 3,0

Couche 300-800M (Biomasse 1011e:34)mp/1000ms)

♦
3.5

160 and 300 m, and 0.3 g/1000 0 beyond 300 in. r,e noted furthermore that

the most prominent species and the niodal size groups differed according to

depth: while the genus Luphausia accounted for $5q2p of the huphausiid bio-

mass between 0 and 160 m during the night (E. diomedae, B. tenera, E. para-

gibba), the genus Nematoscelis (N. tenella, gracilis, N. microps) forms

77.1% of the biomass in the 160-300 m layer; figure $0 gives the range, ac-

cording to size groups, of these organisms available to predators in these

three bathyrnetrical zones. This diagram l:,ight be compared aÜainst that

shown in Chapter 4 (fig. 46B), established from samples drawn in the Central

Equatorial Pacific among which individuals smaller than 1.2 were not included

(hence, the absence of minute species such as N. tenera).

Y. Biomasse

3.3. Distribution characteristics

A1ti:ough less important than the two preceding factors, the type of

distribution particular to aiven species affects to an appreciable extent

their potential use as a source of food: swarlrulling species (L. diomedae,

EspEces dôminenfes: N. boopis 61%



T. tricuspidata, S. a:.breviatum and possibl,- E. exirAa and L. fallax) form

a concentration of individuals encouraginE fast and mass attacks by preda-

tors. To mention again the situation of the Antarctic Ocean, authors have 176

often pointed our that only large swarms of L. superba enable animals such

as whales to find sufficient amounts of food; likewise, only such behaviour

will enable man to capture these organisms under economically viable condi-

tions.

•

A spread of individuals therefore results in less intensive preda-

tion while, on the same token, it minimizes the contribution of the species

to the economy o-f their biotope.

II. Ii.(1ù0:? PREDkT0R5 ON :liUPHAUSIIDS IN THE EQUATORIAL A:N'D SOUTH TROPICAL
PACIFIC AND CONTRIBUTION OF EUPHAUSIIDS TO TiiL ECOAOIY OF THESE 1W-OIOîdS

In this last section we shall attempt to determine the contribution

of Luphausiids'to the e'conomy of the .ûquatorial'and Tropical Pacific, i.e.,

to define, in terms of both quantity and type of food, where huphausiids

belong in the food chains of pelagic species inhabiting these regions.

The difficulties involved in such research readily co.ae to mind:

there are hundreds, possibly thousands, of marine species likely to use iuphau-

siids as a source of food; even a brief analysis of their feeding habits would

imply examining several dozens of stomach contents. Furthermore, these preda-

tors cover a wide range of organisms, from minute plankton such as Chaeto-

gnaths to large pelagic species such as Skipjack tuna Euthynnus Itatsuwonus

pelami.s. It would therefore be difficult to cover the entire range. Our

own material was adequate for organisms at either end of the range of poten-

tial predators: macroplcnkten-rnicronekton and the laraer tuna and bonitos.

There is a;;ap in our data for thE. intermediate fauna of cephalopods and fish

10 to 50 cm lonü, among wnich some would likely be collected by m:i.dwater



trawls larger than an IKMT 10 and among which we might expect, 13:: analogy with 

the situation described in papers on temperate seas, a high proportion of 

predators on Luphausiids. 	 • - 

Regardless, we . shall proceed with our study of Euphausiids and their 

relationship to two important elements of food chains in the Equatorial and 

Tropical Pacific: micronekton and tuna, extending our study on the latter to 

include the feeding habits of fish.upon which tuna themselves feed. 

1. REVn7e OF PAPERS ON PREDATORS OF LUPHAUSIIDS 

Similarly to the subject itself, literature on this topic is both 

very extensive and very scattered; in most cases, Euphausiids are mentioned 

only in a study on one of their predators and an appreciation of their own 

contribution can be obtained only by gathering a large amount of scattered 

and fragmentary information. We shall not mention either their relationship 

to hales, seals, penguins or birds of frigid zones or their potential use by 

man: we briefly mentioned these points earlier which, in fact, do not apply 

to the regions with which we are concerned. 

1.1. Zooplankton to some extent feed upon Euphausiids; given their 

generally minute size, we might assume that such organisms only occasionally 

prey upon Euphausiids. Marshall (1954) and Fraser (1962) pointed out that 

Siphonophores, Ctenophoran end Chaetognaths feed upon Euphausiids; Eieri 

(1961) noted that their eggs and larvae form 12," of the food of Velella. 

1.2. •icronekton  use Luphausiids as a source of food even more ex-

tensively. Among them, three main categories of predators were identified: 

-- large decapod crustaceans, Sargestides and Carides, certain among 

which (Fandalus jordani, Fasiphaea_pacifica, Sergestes  similis) appear to use 

Euphausiids as one of their prime sources of food (Renfro and Pearcy, 1966; 



• 

Pearcy, 1970; Lagardère, 1971; Judkins and Fleminzer, 1972). 

micronektonic fish (2-10 am) the preying activity of which is  ex-

tensive  given their great numbers. Paxton (1967) examined the contents of 

204 stomachs of Myctophids and concluded that 72% of the organisms ingested 

were Euphausiids; Collard (1970) noted that Euphausiids were present in 62% 

of the stomachs of 1087 mesopelagic fish belonging to 42 species, for 20% of 

these Euphausiids constituting the only food. Marshall (1954) mentioned 

them as a source of food for the micronektonic ichthyfauna; Beebe (1935) and 

Beebe and Crane (1936) considered them as one of the common prey of deep-

dwelling Apodes. Several authors mentioned them as constituting the food 

of micronektonic fish eaten by tunE, thus indirectly contributing to the 

food source of the latter (Legendre, 1940; Dragovitch, 1970; Aloncle and 

Delaporte, 1970). 

Cephalopods,are.somewhat an enigma: they,participate significant-

ly in pelagic food chains (large portion of food for tuna), but virtually 

all escaped our sampling gear. Furthermore, they grind their prey so much 

that very few food particles are recognizable. However, it would aLpear 

that crustaceans, among which Euphausiids might be included, are a common 

source of food, at least for larger individuals (Marshall, 1954; Akimush-

kin, 1963; Voss, 1967). Other authors even consider EuphausiidS as the 

main source of food for many species (Squires, 1957; Fields, 1965; -Murata 

- and Araya, 1970). 

1.3. Kekton,  which should also include certain Cephalopods, concerns 

mainly fish of commercial value caught in temperate and frigid waters; most 

of these are from 20 to 50 cm long and consider Euphausiids as one of their 

favourite prey: Gadids (aitt, 1968 a and b; Alton and I\Jelson, 1970; Davies, 

. 	1949; Dexter, 1969; Kohler and 1,itzgera1d, 1969; Micheyev, 1967; Sidorenko, 
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1963; Zelickman, 1960); Clupeids (Berner,. 1959; Frost, 1932; Hend and Berner, 

1959; Hardy, 1924; . Hickling, 1925; Kohler and Fitzgerald, 1969; Lebour, 1924; 178 

Lewis, 1929; Ogilvie, 1934; Rudakova, 1959; Scott,.1924; Zelickman, 1960);: 

Scombrids (Kramer, 1969; Labour, 1924); Triglids (Holt and Tattersall, 1905; 

Taberly, 1949); Carangids (Carlisle, 1971; McGregor, 1966; Nepgen, 1957; 

Reuben, 1968); Gempylids (Blackburn, 1957; Mehl, 1969); salmon is consideredes 

depeinding largely on Euphausiids (Bakkala, 1970; Allen and Aron, 1957; Man-

zer, 1969; Ueno, 1968; Okada and Taniguchi, 1971; Kann° and Hamai, 1971), as 

well as many other fish (Major and Shippen, 1970; Davies, 1949; Micheyev, 

1967; Sheard, 1953, etc.) which led Lacroix (1961) to state that the main 

species of commercial fish depend at one time or.another on the .21bundance 

of Euphausiids. 

Finally, Euphausiids occupy a significant position in the food chain 

leading to tuna, the main pelagic resource  of the inter-tropical Pacific at 

present. Although constituting a very secondary prey for the Yellowfin 

Thunnus (Neothunn1.11) albacares and the Albacore Thunnus (Germo)  alalunga  or 

the Eigeye Thunnus .(Barathunnus) obesus,  they form, as we shall mention 

later, a major source of food for fish eaten by these large predators (Dra-

govitch, 1970; Aloncle and Delaporte, 1970; Hiyama and Yasuda, 1957; Iver-

sen, 1962; King end Ikehara, 1956; Legendre, 1940; McHugh, 1952; Reintjes and 

King, 1953; Rossignol, 1968; Kubota, 1971), Furthermore, certain tuna, among 

which the Bluefin tuna Thunnus maccovii (Sheard, 1953), small tuna Euthynnus  

affinis  (nlliamson, 1970) and especially the Skipjack tuna (striped-bellied 

tuna) Luthynnus (Katsuwonus) pelamis (Alverson, 1963) directly consume large 

quantities of Luphausiids. 

,s we mentioned earlier in this chapter, our data enables us to 

specify the position of Euphausiids in the food chains of micronekton 



cauôht with the IIu•iT and of tuna.
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2. F^D^,TC:i,3 GI' ;iIC:tG1 E11TV.d CAFTli ^LD -^,ITi: T1-1h IKAT

2.1. iZeview of micronekton captured with the :LIla4T

We nti;;ht briefly recall the composition of IKi•iT hauls because the

abundance of each catebory must be borne in mind when establishing food sources.

For instance, on an average expedition such as the 20 stations of the "Cyclone"

III expedition, the total biomass (excluding gelatinous oroanisms) was general-

ly divided as follows:

. fish and fish larvae ................................................. 55%

. large crustaceans (Carides, Sergestides, Fenaeids, Anphipods,
Euphausiids, à,iysidacids) .............................................. 30%

. other groups . . . . . . . . . . . . 00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15%

huphausiids alone formed one-qua•rter of the biomass of large crus-

taceans, or approximatel^r 7.5;`^') of the total bionlass of a haul. ?vote that fish

were by far the most abundant category and are, btr -their very size and swiri-

niing abilityl, most capable of preying upon Eùphausiids. We shall therefore

stress trophic relationships existing between these two groups and merely men- 179

tion those existing with other potential predators.

2.2. Predators on micronekton other than fish

We mentioned that such predators were iaainly- Cephalopods and large

crustaceans.

Although no traces of Luphausiids-were noted in the very finely

ground stomach contents of the former, we could not conclude that Euphausiids

had not been ingested. During certain expeditions of the H.V. 11CCAIOLI311, we

observed Cephalopods obviously chassint; sniall swarl«s of 'Luphausiids which had

ô^:thered under the li.;ht durin,; ni-ht i'isllin; (tancurel_, pers. corru^i.).
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Studies by Henfro and Pearcy (1966); Pearcy (1970), Laâardére (1971)

and Judkins and rleminger (1972) stressed the importance of Euphausiids as a

source of food for Carides and Sergestides. We examined the stomach contents

of 60 individuals (excluding those with empty stomachs) collected on the "Bora"

I, II and III expeditions. Ten of these côntaà.ned small fragments of Euphau-

siids accounting for only a small portion of the stomach contents. Our aata

does not confirm statements set forth by other authors as ElZphausiids made up

only 5% of the food ingested by the 60 individuals exarii.ned. There are very

likely major differences between species and regions in the feeding habits of

these organisms; only a study specifically dealing with this subject would

clarify this point.

2.3. Fish included in the micronekton captured by the IIüAT

2.3.1. Identification of the ichthyfauna captured by the MïT

Table 69 indicates the average composition of the ichthyfauna captured

by the Ii`uiT on 282 stations carried out in the Equatorial Pacific; most of

these fish were between 30 and 50 mm long.

The predominance of two families is immediately obvious: Gonostomidae

and Ilyctophidae, which account for 97.3;7-'of the total; the only other family

represented to some extent was that of Sternoptychidae. Note the extraordi-

nary abundance of the genus Circlothone (61.8;9 of total) which creates certain

problems of interpretation. In fact, the ;enus Cyclothone is distinguished

from other Senera by characteristics placing then somewhat aside from other

micronektonic fish: they do not r,iiggrate and permanently remain at greater

depths, beyond 400 r:i, and do not rise to the upper layers during the night

like most other species. The proportion of such individuals in the hauls is

therefore a direct function of the depth being investibated; their presence

would have been virtually negli6ible had we established Table 69 on the basis
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TABLE 69 

Ichthyfauna captured by the IKMT. % in number. Percentages given in paren- 

theses were obtained after excluding the genus Cyclothone. 

FAMILIES, GENEàA, SPECIES (*) 	 0/ /0 	(V 

GONOSTOMIDAE 
Cyclothone  	61,8 	- 
Vinciguerria 	 8,2 	(21,3) 

•  Gonostorna 0,7 	(1,9) 
Danaphos 	1,0 	(2,7) 

MYCTOPHIDAE 	 . 	
, 

Lampanyclus 	5,0 	(13,5) 

	

dont : L. hubbsi  	2,3 % 	(6,0 %) 
amon g IdniciL. niger  	2,2 % 	(5,9  %) 
Diaphas 	 4,6 	(12,1) 

	

dont : D. termophilus 	1,1 % 	(3,0 %) 

	

among D. regard  	0 , 8  % 	(2,2  %) 

	

-.whic h :  D. lutkeni 	0 ,7 c'iô 	( 1 , 9  %) 
D. fulgens.  	0,7  % 	( 1 , 9  %) 
D. theta 	0 , 3  % 	( 0,9  %) 
D. schmidli 	0 ,3 c,';3 	( 0 , 9  %) 
D. lucidus 	j  	0,4 % 	(1,1 0/0 ) 
D. splendidus 

' 	  Notolychnus 	 3,9 	(10,2) 
Tripholurus 	3,4 	(9, 0 ) 
Lepidophanes 	3,1 	(8,1) 
Symbolophortz- 	1,7 	(4,6) 
Ceraloscopelas 	 1,4 	(3,6) 
Hygoplzum 	1,3 	( 3, 3 ) 
Myclophurn 	 0,6 	(1,6) 

	

dont : M. affine 	0, 3  % 	( 0,8  %) 
among With:V. aspersurn  	0 ,2  % 	(0,5  %) 
Diogenichthys 	 0,6 	( 1 ,6 ) 

STERNOPTYCHIDAE 
Sternoplys 	 1,7 	(4,6) 

CHAULIODIDAE 
' 	  Chauliodus 	 0,3 	( 0,8) 

13nEGmAcEnoTIDAE 
Bregmaceros 	 0,3 	(0 , 8) 

NEMICIITHYIDAE 
Nemichthys *, 
Serrivonzer 	'  	0,2 	( 0,5) 
AvocetUna 	‘ 

DIVERS 	Others 	0,1 	( 0,2) 

(*) Identified by J. àivaton, laboratory technician, and J.a. Praxton, 
Curator of Fishes at the Sydney huseum. 
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of tows carried out between 0 and 300 metres, for exaraple. In addition,

these fish are never large; this fact restricts the size of their prey.

For these reasons, we indicated in Table 69 the composition of the entire

ichthyfauna (lst column) and percentages obtained-after excluding the genus

C,yclothone (2nd column). Note findlly that, because of its relatively small

size, Cyclothone as a biomass represents a smaller portion of the ichthyfauna,

undoubtedly less than 40;.

The category "Others" includes a large number of species which appe•ared

sporadically in the hauls, generally individuals larger than average. The

isola.ted specimens collected would very likely indicate that most of these

•organi3ms escape the gear and that our samples are not a true indication of

their actual numbers. We therefore conducted a few observations on these

large species (ï^Ielanostorniatidae, hver,nannellidae, ivialacosteidae, St,ylophori--

dae, Astronesthidae, Paralepididae...) in order to gain some knowledge of a

fauna which would undoubtedly be normally captured by a net larger than the

ZKY1T 10.

On the whole, we noted that the ichthyfauna captured by midwater

trawls were composed almost exclusively of migrator^T species (a^:iong others,

3,iyctophidae) or bathypelagic species (Cyclothone, Sternoptyx); the fast-

swirnmi-ng surface species, on the ccntrary, are almost entirely absent while

they form, as we shall discuss in the following section, virtually the en-

tire micronektonic iciithyfauna found in the stomachs of tuna captured by

longline fishing.

2.3.2. Food of micronektonic fish captured by the IKi;.LT

2.3.2.1. Preliminary remarks

ïdentifyin,; stomach contents being a rGther difficult task, we cannot

claim to have deter.niined with great accuracy to what extent Luphausiids were

1$1



ingested; we believe that 2 0 of the stomach contents we identified are rather 

doubtful. A particle of food well preserved in the stomach gives rise to yet, 

another doubt: the food may have been "artificially" ingested while the animal 

was entrapped in the net. li;ide variationsin stomach contents can make it very 

difficult to interpret observations: for instance, 30 stomachs of Vinciguerria  

nimbaria  may have been examined without having found a single trace of Euphau-

siids; then, in a series of 10 fish Euphausiids were found to form the sole 

type of food. Under such conditions, it would be difficult to assess to what. 

extent Vinciouerria use Euphausiids as a source of food. An accurate estimate 

would imply examining a large amount of material, practically incompatible 

with a proper analysis of other speies of the ichthyfauna that would also be 

required if the actual situation is to be known. The solution is to select 

specimens of each species originating from several different hauls thereby 

avoiding making generalizations from isolated bits of data. 

2.3.2.2. Euphàusiids as prey for micronektonic fish captured by the 
IKMT 

Table 70 is a summary of all the observations conducted for this 

study. Note that the stomach contents of 1923 fish were examined; depending 

upon whether or not the genus Cyclothone is included, the percentage of the 

IKMT ichthyfauna whose diet was examined amounts to 95.9% or 90.3%. For the 

most numerous species, at least 60 stomach contents were  examined.- We shall 

therefore assume that our data was sufficient. 

By adding the products of columns (3) and (6) or (4) and (6) in 

Table 70, an estimate of the extent to which Euphausiids conditute food for 

these fish can be obtained: considering all IKpiT-collected fish, including 

Cyclothone,  -1à1phausiids account for approximately 8% in volume of the food 

eaten by the ichthyfauna; excluding Cyclothone, their contribution rises to 183 

21%, this figure representing fairly well their importance as a source of 



30 
34 
81 
32 
34 
35 
47 
87 
37 
55 
32 
39 
51 

64 

19 
39., 
26 
16 

120 
67 

262 

Cyclothone sp 	  
Vinciguerria nimbaria (13) 	  
Gonosloma rhodadenia 	  
Tripholorus inicrochir 	  
Lepidophanes pholothorax 	  
Lampanyclus hubbsi 	  

•  Lampanyclus .niger 
Lampanyclus festivus (8) 	  
Diaphas termophilus 	  
Diaphu.s regani 	  
Diaphus lulkeni 	  
Diaphus fulgens 	  
Diaphus theta (8) 	  
Diaphus malayanus... ; 
Dia phus elucens. 	 

	

(8) (9) 	 Dia phus lucidus.. 	 
Dia phus splendidus.... 
Notolychnus valdiviac 	  
Symbolophorus evermanni (13) 	  
Ceraloscopelus warmingi 	  
Sternoplyx diaphana (13) 	  
Chauliodus sloanei (10) 	  
Bregmaceros 	  
Nemichthys... 
Serrivomer.... 	(8) (10) 	  
AvocetUna.... 
Melanostomias.. 
Eustontias 	 
Leptostomias 	 
Flagellostomias 	 
Pholonectes 	 
Echiostoma 	 
Melamphaes  (8)..  
Evermannella (S). 
Malacosteus (8) (10) 	  
Stylo phorus (8) 	  
.Astronesthes (8) 	  
Paralepis 	PARALEPIDIDAE.... 

.Macroparalepis 	(8) 

MELANOSTOMIATIDAE.. 

(8) ( 10) 

Euphauiids as iooa 

( 3 ) 

i\iumber 
(%) 

importance 

(6) 
(4) occurrence 

(5 ) 

12 	117 

7 	« 52 
7 	76 

12 	100 
5 	194 
3 	156 

14 	120 

56 	42 
15 	51 
13 	30 

0 à 80 % (7) 
48 % 
48 % 

. 8 % 
73 % 
47% 

 64 % 
42 % 
41% 

 31 % 
14 % 
50 % 

74 % 

5 % 
61%  
11 % 

5 à 80 % (7) 
0 

78 % 

0,5 

(11) 

0,2 

(12) 

TOTAL 	 1 1 923 1 	- 90,3 95,9 

Amber of Average 
stomachs length 
examined  (mm) 

( 1 ) 	(2 ) 

Iish , 

21,3 
1,9 
9,0 
8,1 
6,0 
5,9 
1,1 
3,0 
2,2 
1,9 
1,9 
0,9 

1,9 

10,2 
4,6 
3,6 
4,5 
0,9 
0,7 

C■ 1,8 
8,2 
0,7 
3,4 
3,1 
2,3 
2,2 
0,4 
1,1 
0,8 
0,7 
0,7 
0,3 

0,7 

3,9 
1,7 
1,4 
1,7 
0,3 
0,3 

Collybus... 
Pleraclis... 
Taracles.... 

BRAMIDAE (8) 	  

1-19 
113 
121 
75 
63 
75 
88 
15 
62 
73 
71 
76 
12 

30 

71 
100 
89 

461 
7 

23 

20 % 
20%  
45 % 

 5 % 
60%  
25% 

 50*% 
25%  
15%  
20% 

 5 % 
20%  

.35%  

50% 
 5 % 

25% 
 ,0 

75%  
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TALLE 70 • 

Euphausiids as source of food for micronektonic fish captured by a 10-foot IKMT 

(1)excluding empty stomachs. 	• 
(2)suggested value, significance depending upon morphology of fish: 

A 30 mm Cyclothone  can capture only prey smaller than a 16 mm Sternoptyx.  

(3) for the entire IhMf-collected ichthyfauna. 
(4)eIcluding the genus Cyclothone.  
(Colulms (3) and (4) were obtained from Table 69). 
(5)percentage of strmachs containing .uiphausiids, excluding empty 

stomachs. 
(6)overall estimate of importance of Luphausiids as a source of 
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TABLE 70

•

LI

(Notes - conttd)

food for fish (;ÿ in volume of total food )=^- product obtained by % (mean)
of stomach contents consistin,^-, in.huphausiids. This estimate is less than
that obtained when considering weight.

(7) hiôhly variable de?,dndinü upon size of fish bein-; considered.
(8) large individuals only.
(9) related species, the cescription of which is under review.
(10) very high percentages of empty stomachs (60 to 85::^').
(11) large fish most of which escape the IKi1T; gives anidea of

the fauna which rmi,;ht be captured by larger gear. Few stomachs being avail--
able for exa7r>j.nation, no general statements can be made; refer to text for
discussion.

(12) the few specimens collected by means of -the MIT were exar.tined
with those originating from stomachs of tuna and Paepisaurus (cf. 3 3.1.3.).

(13) these three species all bein; eaten b:^ tuna, we added specimens
.found in stomachs of tuna to our own I3ü•^ 1̂ material.

74 27 30 33 36 39 42 d5 aBmm'Ô7 Ô9 1;2 -1.6
Eongueur Vinciguerria . G. T.

A - Oceurrence des Euphamiacls en fonction B-Tailles des Euphausiac8s
dt la taille. consommés.

/ Y ss---

--

100 - 50 --o-+- Dsc65mm

EC •-.-- moyenue
BO 40 /\` •-.,__ ps>65mm

• ^
60 % ^i^ •\ 30-

20 -40 -

20-

0,

flf ` o
` ^., • 10 \^ \^_ -_-

- ^_. a_ -0-r- --
20 50 80 110 sâ0 170 200mm 0•7 0.9 1.7 1,6 2,0^

longueur Gonostoma 0. T.

A_Occurrence des Euphausiacfs en 6-Tailles des Euphausiaeis consommés.
fonction de la taille.

lps y

90Fiô. 81. - Les Euphausiacés dans la nourriture de
Vinciguerria nintbaria (G.T. : groupes de tailles). .o
Fig. 81. - Euphausiids as food for Vinciguerria so

n(mbaria. A : percentages of stomachs containin, 70 .^' 20

Euphausüds, dependin^ on the size of lislies. tt :
60 07 0.

-^,
9 ^2 1--,6 t+ oon^^'ôôh ô- ôéhi i F

sizes (GT : size groups) of Euphausiids in;eslyd.
C_R=Ation des failles 0_Yatiations horaires de l'occurrence dei

ptddatrun - ptoiea. Euphsusiacis dans les estomacs.

Fig. S°. - Les Euphausiacés dans la nourriture de Conos(orna rhor/adcnia (ps : poissons. Lps : longueur des poissons).

Fi;. 82. -);uphausiids as food for Gonostoma rAodadenia. A : pereeutages of stomachs containing Luphausiids,

depending on the size of fishes. E: Sizes of I.uphltusiirls inge:sleit by small (-- ---- o -- -- :<65 mm) and large

(- - A - - - - : > 65 mm) fishes. -- • - : average. C : relationships between the length of fishes (Lps)
and that of their preys. D: percentages of stomachs containing Euphausiids at the diffrrent times of the day.
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food for the genera Vinciguerria, Gonostoma, Triphoturus, Lepidonhanes, 

Lampanyctus, Dianhus, Smbolophorus, Sternontyx  and Ereumaceros. In addi-

tion, for 6 species of fish, we actually weighed their various preys. This 

operation brought to light the fact that, in term of weight, Euphausiids 

consist in a definitely larger  proportion of  their total food sources than 

an estimate of volume would indicate (cf. â 2.3.2.4.). 

. Euphausiids alone therefore account for nearly one-tenth, in volume, 
the 

of the food resources for/ichthyfauna collected by the IKMT, and for many of 

the main genera, they account for one-quarter or one-fifth of the total food 

ingested, and even more if the amount is considered in terms of weight. 

Depending upon the extent to which they consume Euphausiids, the spe-

cies of fish can be divided into certain categories: 
sloanei 

Cyclothone sn., Notolm.Inus valdiviae  and Chauliodus/ingest hardly 

any: the first two because of their small size which brings them to prefer 

copepodophagous sources, the latter being essentially ichthyophagous because 

of its large size. 

— for Lepidonhanes photothorax, Diaphus fulgens and Ceratoscopelus  

warmirvri, Euphausiids form only an occasional source of food : approximately . 

5% of total volume ingested. 

Vinciguerria nimbaria  (older individuals), Gonostoma rhodadenia, 

Lampanvctus  nier, Diaphus  termdphilus, Diaphns rePani, Diaphus lutkeni, 

Diaphus theta, Sternoptyx diaphana consider Euphausiids as an important prey 

i.e., 15 to 25% of the total volume of food ingested. Diaphus malayanus, 

D. elucens, D. lucidus, D. splendidus should also most likely be included 

in this category as the estimate of 35 for these species can be attributed 

to the fact that only large specimens were examined. In the following sec-

tion, the discussion on how Luphausiids are preyed upon by various species 
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will bring out the fact that these estimates are only ar.proximations; in

fact, in most cases, the proportion of Luphausiids included in the total

food sources of micronektonic ichthyfauna increases. with the size of the

fish; in particular, juveniles of V. ni,nbaria and S. diaphana never or

hardly ever eat Euphausiids, while older individuals consider them one of

their favourite prey.

-- finally, for Triphoturus rniçroçzir, Lararanyctus hubbsi, L•ainpae-

tus festivus (large specimens only), S^^nnbolophorus ever^^ianni. and Fre;;maçeros,

sp., Euphausiids account for at least one half of the total volumè of food

ingested.

The predator-prey relationships existing between the various species

should now be examined to determine their characteristics.

2.3.2•3. Predator-prey relationships existing between the main
species of the TKï•iT-collected ichthyfauna and Euphausiids

For each given species of fish, we snall examine, whenever Euphausiids

are considered as a source of food: their occurrence in terras of size*of

predator, quantity available to the species, size of Euphausiids indested

by various size of fish, species captured and the possibility of nychthemeral

variations in predation (occurrence and specific distribution of prey). In 184

our opinion, this procedure is necessary to specify the general charûcteris-

tics of predator-prey relationships; because it is a rather lengthy proce-

dure, however, we limited ourselves to examining major predators of huphau-

siids, others being studied only briefly.

. Vinci?uerria ni lbaria : we exar. ►ined first of all 39 stor.iach con-

tents (S.C.) of large `Jinci ;uerria (average length: 37 1:m0 found in the sto-

inachs of tuna; 80.,,) of them contained 11,uphausiids. A second series of obser-

vations dealt with 52 sraaller fish (average lenüth: 30 riun) collected with



• 1,2 	1,6 

26% 	13%  
41% 	6 % 
24% 	33%  

0,9 

58 (V. 
51% 

 43 % 
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the IKMT; only one of these had ingested Euphausiids. We therefore assumed 

that the frequency of Euphausiids being ingested was proportional to the 

size of the predator. To verify our assumption, we selected 22 fish collect-

ed with the IKET, chosen among the largest collected (average length: 38 mm): 

Vinciguerria from 5 stations out of 8 had captured Euphausiids. In total, 

we had stomach contents of 113 fish of this species, covering a wide range 

of sizes. 	 • 

43% of the total 113 stomachs contained Euphausiids. In fact, we 

noted a very definite correlation with the size of the predator: 

occurrence of Euphausiids in Vinciguerria  less than 32 mm long : 3% 
Il 	 Il 	 tt 	 from .32'to 38  mm  long : 47% 

over 38 mm long : 81% 

The foregoing figures are shown in figure 81. It would appear that 

once the fish reaches a length of approximately 35 ffm4 its diet changes 

quite significantly. In terus of quantity, it was rather difficult to esti-

mate the total proportion of Euphausiids found in V. nimbaria: none whatso-

ever for the smallest individuals and approximately 50% for individuals over 

38 mm long. Therefore, this species generally considered as copepodophagous 

does in fact rely heavily upon Euphausiids, insofar as older individuals are 185 

concerned; the latter are prey for tuna. All specimens had also ingested 

Amphipodes, Chaetognaths and various types of crustaceans. Ingested Euphau-

siids belonged mainly to the 0.9 and 1.2 size groups (fig. 81 n). 

Although the presence of Euphausiids in the stomach of V. nimbaria 

is very definitely related to the size of the latter, as we have mentioned, 

the relationship between the length of the. fish and the size of organism 

captured as prey is not definite. Vie obtained the following figures: 

Euphausiid 

LenEth of fish 
0,7 

3% 
 2 % 

0 

<36  mm 	  
36-10 nun 	  
> 40 mm 	  
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in size 
e noted therefore only a tendency to a parallel increase/bf fish 

and prey. 

The species of Euphausiids that were ingested appeared to vary.  AU 

 Vinciguerria originating from tuna stomachs had captured Stylocheiron (26 S. 

longicorne, 14 S. abbreviatum).  On the other hand, those collected with the 

IKMT contained only Euphausia diomedae. Although we had too few specimens 

to determine whether tnis was an actual or an accidentàl difference, we wish 

tO propose the following explanation: almost all Vinciguerria collected with 

the IKMT were captured at night, at a time when this species is generally 

found between 50 and 300 metres (Legand, pers. comm.), a layer where E. dio-

inedae also dwells. However, we shll discuss in section 3.1.  that we have 

definite indications leading us tobelieve that, in the Tropical Pacific in 

any case, longline tuna feed mostly by day; under these circumstances, we 

might assume that the Vinciguerria  found in their stomachs, distributed bet-

ween 200 and 500 m during daytime, feed at such time on Stylocheiron  which 

occupy the upper portion of those layers. Hence, it is not entirely impos-

sible thet V. nimbaria  preys upon species of Luphausiids found near the sur-

face during the night (Luphausia) and on those found in the intermediate 

layers during the day (S. abbreviatum). 

. onostoma rhodadenia : We examined 121 fish collected during 62 

IKMT stations. On the average, Euphausiids were found in 48% of the stomachs. 

Here again, we found appreciable differences depending upon the size of fish 

being considered (fig. 82 A): while julphausiids accounted for 70, 55 and 62% 

of the food ingested by 3onostona of average length of 50, 70 and 110 mm res-

pectively, these percentages are only 24 and 27 ,  for fish 30 and 190 nmilong. 

It would then appear that Euphausiids are ingested mostly by individuals of 

average size; smaller individuals depend largely upon Copepods, larger ones 
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upon other fish. The proportion of huphausiids in the stomach contents of

Gonostoma was rather difficult to estimate as the contents were composed

mainly of debris; however, we estimated that they accounted.for approximately

20,10 of the volume of food ingested by this species.

Fi.Sure 82 B gives a size distribution of ingested Euphausiids; in 186

addition, the relationship between the size of the predator and that of the

Euphausiids it captures is particularly well defined (fig. 82 E).

.cI o a s a G. .

Length of fish
0,7 0,9 122 1,6

2,0 et
plus

<48 mm . . . . . . . . . . . . . . 22 % 67 %' 11 % 0 0
48A 65 mm ............. 23% 27% 4Y% 0% 0
65 à 82 mm ............. 28 % 21 % 24 % 17 % 10 %
> 82 MM ............. 9 jô 26 % 30% Y!% 17%

•

This relationship can also be shown by calculating the average

length of fish in which Euphausiids of different sizes were found; this corre-

lation is very definite in the case of Sonosto:na, as shown in figure 82 C.

Species of Euphausiids ingested were as follows:

Nematoscelis microps
it gracilis 45%

St 1oc17eiron Gf4.4ne 2,4$
lon,=Licorne
carinctum la^

EMhausia diomedae 22%
Il tenera

Th,ysanouoda tricuspicïata 5%

However, we noted appreciable differences according to the size of

fish being considered: the smallest fish captured mostly Stylocheiron, the

largest mainly Eur.hausia, Thysanopoda and iye.aatoscelis; the numbpr of indi-

viduals found in stoinach contents were as f ollows:

Len--,th of fish

huphausiids
< 60 n1m 60-80 mnl > 80 mm

Slylocheiron . . . . . . . . . . . . . . . . 11 4 4

..........Euphausia 6 12 7...
Thqsnnopoda

Ncntaloscel is . . . . . . . . . . . . . . . . 5 11 12



-236- 

Examination of fluctuations in the feeding activities of Gonostoma  

indicated that the species fed much less during midday (fig. 82D). Fur-

thermore, all specimens found in the stoMachs of the fish caught between 

1000 and 1400 hours were Kematoscelis; at other times, all species were 

present. leath reference to fig. .82D, note that the fish prey again in late 

afternoon (1600 hours); it was earlier noted that Euphausiids are also feed- 

- ing at this time. 

. Triphoturus microchir  : 75 full or partially full stomachs were 

examined, originating from 19 different hauls. On the average, Euphausiids 

were found in 48% of  stomachs, without any direct relationship seeMing to 

exist between size of predator and size of prey: 

Fish 26 to 28 mm long' : 50% 
" 29 to 31 mm long : 59% 
" 32 to 34 mm long : 38% 
" over 35 mm long : 56% 

We therefore assumed that adult Triphoturus,  25 to 40 mm long, gen-

erally prey upon Euphausiids; whenever the latter were present, they normally 

famedapproximately 45% in volume of total amount of food; (72% in weight) 

ingested by the species which also preys upon Copepods and other small crus-

taceans. 

Almost all ingested Euphausiids belonged to the smallest size groups 

(fig. 83A); however, in this case, there was a certain correlation between 

size of fish and size of prey (fig. 83A): 

Luphauslid  J.$.  
0,7 	0,9 	. 	1,2 	1,6 et 

Lengt11 of fish 	 plus 

26-31 min 	64 % 	36 % 	0 	0 
32-34 mm  	45 % 	21 % 	9 % 	.18 % 
> 35 mm 	31 % 	38 % 	15 % 	15 % 

187 

89% of the specimens ingested were of the genus Euphausia, divided 

somewhat equally between E. diomedae  and E. tenera.  The vertical distribution 
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of T. micrôchir, 500-700 m by day and 50-200 m by ni^ht (Leband, pers.. comm. )

and its relatively constant preying activity which intensifies around mid-

night (fig. 83E), would indicate that this species follows the huphausiids

upon which it preys. The peak preying time durin- the middle of the niQht

might coincide with the time when the fiah meet the i;reatest density of

these small organisms in the subsurface layers.

Lampanyctus hubbsi : 75 full or partially full stomachs oriüin-

ating from 16 different stations contained on the average 73;"5 Luphausiids.

We notqd a regular increase in the presence of Euphausiids related to the

; to stabilize with fish 40 mm longs^ze of the fish, such increases tendine

(fig. 84A). We assumed that Euphausiids account for approximately 60% in

volume (85;'o in wei,-)ht) of all food ingested by L. hubbsi, which also feeds

upon Copepods and other small crustaceans.

The sizes,of Euphausiids in^;ested are shown.in fig. $lrE: there ap-

pears to he no definite relationship between size of predator andsize of

prey; in fact, only fish over.. 40 rnm long captured speciniens of the 1.6 G.S.

or larger, while all sizes of L. hubbsi inâested.large quantities of the

smallest individuals (0.7 and 0.9 such that the average size of prey

remains somewhat constant.

The ^enus I^uphausia accounted for 94*,'! of the ^;uphausiids found in

the stomach contents (E.. àioi:iedae: 49:6;. L. tenera: 22;6; undetermined Luuhau-

sia, very likely.bèlonüing to either of the preceding speçies: 23;0.

Analysis of hourly fluctuations in the occurrence of huphausiids 188

in sto;.:ach contents indicated a rather rèr,iGrkable invariability; unfor-

tunately, we have no data for the 1000-14JJ tiours period and therefore could

not establish whether tnerewas a drop in feeding, activity in midday:

2000 h : 70;Û 0800 h : 83%
0000 h : 71," 1200 h : no data available

0400 h : 69N 1600 h: 77,,')
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A -Teilles des Euphausiacis consommit. 	5 - Variations horaires de l'occurrence  du 
Euphauslacis  dans  Ins estomacs. 

Fig. 83. — Les Euphausiacés dans la nourriture de 
Tripholurus microchir (ps : poissons). 

Fig. 83. — Euphausiids as food for Tripholurus micro- 
chir. A : sizes (GT) of Euphausiids ingested by small 
(— o — < 31 mm) and large (- - A - - - : > 
31 mm) fishes. — • — : average B : percentages 
of stomachs containing Euphausiids at the different 

times of the day 

Fig. 84. — Les Euphausiacés dans la nourriture de 
Lampanyclus hubbsi (Lps : longueur des poissons). 
Fig. 84. — Euphausiids a food for Lampanyclus 
hubbsi.  A : percentages of stomachs containing 
Eupbausiids, depending on the size (Lps) of fishes. 

13 : sizes (GT) of Euphausiids ingested. 

According to Legend (pers. comm.), L. hubbsi is found between 600 

and 800 mby day and between 50 and 300 ra by night; the species ingested 

(huphausia) and 

closely related 

case. We might 

a rather constant preying activity indicate feeding habits 

to those of T. microchir, as regards Euphausiids in any 

suggest that both species follow the nychthemeral migra- 

tions of their prey and feed equally well in the subsurface layers during 

the night and at greater depths during the day. 

Lampanngtus niger  : Examination of 88 full or partially full 

stomachs originating from 22 different stations led us to assuMe that, on 

the average, 47;:; of stomach contents were composed of Euphausiids and that 

the latter account for 25% of total volume of food ingested by the species, 

which also feeds upon Copepods, Amphipods and other small crustaceans. In 

terms of size of fish, we noted a much more frequent occurrence of Euphau-

siids among stomach contents of fish over 50 mm long (fig. 85A): 

This would indicate that feeding habits change when fish of this 
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Fig. 85. — Les Euphausiacés dans la nourriture de 
Lanzpanyclus niger (ps : poissons. Lps : longueur des 

poissons). 
Fig. 85. — Euphausilds as food for Lampanycius.niger. 
A : percentages of stomachs containing Euphausiids, 
depending on the size (Lps) of fishes. B : sizes (GT) 
of Euphausiids ingested by small o — : 
<50 mm) and large (- - - A - - - : > 50  mm)  fishes. 

e : average. C : percentages of stomachs 
containing Euphausiids at the different times of the 
day, in small (— o — : <50 mm) and large 
(— - A - - : > 50  mm)  fishes. — • -- : average. 

C- Variations horaires de l'occurrence des Euphausiacés dans let estomacs. 

species reach a length of approximately 50 mail; other characteriStics of the 

preying of L. niger  upon Euphausiids would confirm this assumption. We 

noted in fact that the size distribution of ingested organisms (fig. 85E) 

was somewhat bimodal with the greatest proportion being the 0.7 (33%) and 

0.9 (25%) size groups and the second greatest being the 1.2 (18%) and 1.6 189 

(19%) size groups. Py separately examining the various sizes of fish, we 

noted that this bimodal tendency was due to a direct correlation between 

the size of the predator and that of its prey; note in particular that 

fish less than 30 mm in length capture only Euphausiids in the 0.7 and 0.9 

size groups, while only fish over 50 mm long ingest individuals of the 1.6 

size group. 

Eup bUSiid J.i. 
- 	 co 	0,9 	42 	1,6 et  

Lencth of fish 	 plus 

< 30 min 	55% 	45% 	0 	0 
31-50  mm 	33 % 	33 % 	33 % 	0 
51-70 nun 	42 % 	25 % 	8 % 	25 % 
> 70 min 	13 % 	13 % 	30 % 	44 % 
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fiy calculating the average size of fish having ingested Euphausiids

of the different size groups, the same distinction into two different lots

x^.^ obtained:

Average size of fish havin,, in:;ested individuals of 0:7 S.G. : 50 mm
0.9 S.G. : 49 rnm

n n n n n ,' u 1.2 S.G. : 67 mm
n if it It it n 1.6 & over: 72 mm

This bimodal tendency was also noticeable in the particular species

captured; the large variety of species of t^uphausiids found in stomachs, 190

shown in the following table, was partly due to the fact that L. ni^er less

than 50 rmr: in length feed mainly on Stylocheiron while tt;iose over 50 mm in-

gest mainly Huh susia and Nematoscelis.

Species idumber %

N. inicrops-N. gracilis .................. 9 27

S. affine ............................... 7
S.rnicrophihalma ....................... 2 30
S. longicorne ........................... 1

E. diomedae ........................... 10
E.tenera .............................. 2
T. aequalis ............................ 1 43
T.lricuspidala ......................... 1
T. monacanlha ......................... i

Hourly fluctuations {.fig. 85C) indicated a peak preying time around

0000 and 0400 hours (68% and 62;"); feeding activities dropped during the day

from 0800 to 1400 (25;J) and resumed again more intensely in late afternoon

(50;^ at 1600 hours). Another drop occurred around 2000 hours, at the time

when both predators and prey rose to the surface. Again, there was a dis-

tinction between the two groups of L. niger, differentiated essentially by

whether the fishv,txe under or over a lenoth of 50 mm, which displayed dif-

ferent feedin;; habits; hourly feeding activities of both roups were as

lows:

Time 20 h 00 h 04 h 08-12 h 16 h
Length of fish

<50 mtn ................. 9 % 66 % 50 % 20 % 25 %
>50 mm ................ 43 % 78 % 86 % 33 % 75 %
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Note that I. nicer juveniles ingest large quantities of Euphausiids 

only at night (0000 to 0400 hours) in the subsurface, which is logical as 

the small ptylocheiron (0.7-0.9) upon which they feed do not migrate to 

deeper layers during the day. Those over 50 mm, on the other hand, which 

hunt larger prey (1.2 and 1.6 Euphausia and Nematoscelis) encounter them 

both by night in the subsurface and by day (1600 hours) in the intermediate 

and deeper layers, although in lesser quantities in the latter instance. 

For both groups of fish, however, preying activities considerably lessen in 

midday and also, but to a lesser extent, when the organisms rise to the sur-

face (2000 hours). 

. Diaphus termophilus : Examination of 62 stomachs selected from 

22 different hauls led us to assume that Euphausiids were present in 42% of 

stomachs on the average; we also noted that the occurrence of Euphausiids 

was again a function of the size of the fish (fig. 86A) : 

fish (;„ 25 mm : 27%  occurrence 
n 26-35 mm : 23% 
H 36-45 mm : 50% 

• > 45 mm : 58% 

Ne  noted an appreciable difference between Diaphus less than 35 mm, 

among which only 25% had captured Euphausiids, and those over 35 mm for 

which this figure rises to 54% on the average. For the entire species, we 

believe that Euphausiids account for approximately 25% in volume (39% in 

weight) of total food ingested, which otherwise includes mainly Copepods. 

Figure 86B gives a size distribution of ingested organism.s, centered about 

the 0.9 and 1.2 S.G.; note the tendency of larger fish to ingest larger 

prey: 

Euphausiid S•j• 	0,7 	
0 ,6 	42 	46 	2,0 

Length of  fish 	 .  

	

40 mm 	22 % 	44 % 	22 % 	11 % 	0 

	

>40 mm 	11 % 	37% 	37% 	10% 	5  % 

191 



5pecies Number %

Nemafoscefis microps ....................
Nemaloscelis gracilis.... ... .............. .. 10 65 %
Nemafoscefis lendla ........ ... . ..........

Stylocheiron longicorne 2
Stylocheiron maximum ................. . 1 23 %
Stylocheiron affine . . . . . . . . . . . . . . . . . . . . . . 1
Slylocheiron indéterminé . . . . . . . . . . . . . . . . 1

Euphausia diomedae . . . . . . . . . . . . . . . . . . . . 2
Euphausia tenera ...... . .. . . . . . . .. . . .... .. 1 . 32 %

. . . . . . . .Euphausia indéterminé. . . . . . . . . . . 3

Thysanopoda aeguafis ...... ............. •1

•

•

A wide range of species are ingested as the following table would
consuined

indicate. Fish less than 45 mm- indifferently/the various species while

those over 45 rnm prefer Nematoscelis almost exclusively.

Hourly variations (fig. 86C) indicated firstly, no preying activity

upon Euphausiids during the entire first half of the day and secondly, a 192

pronounced increase in preying durin.^ the latter part of the day conti-

nuing throughout the ni^ht. Note the difference in the particular species

being ingested: from 2000 to 0000 hours, Eunhausia predominate, the fish

being in the subsurface (100-200 m) at this time (Legand, pers. comm.); on

the other hand, at either end of the active feeding period, 1600 hours and

0400 hours, there is a predominance of hematoscelis which might be captured

when Diat)hus migrate from their daytime habitat (400-600 m) to their ni,,jht-

ti;ae environnent or inversely.

piaphus reani : ExaiAnGtion of 73 stomach contents ori;inGtinb fron.
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Fig. 87. — Les Euphausiacés dans la nourriture de 
Diaphus regani (ps : poissons. Lps 	longueur des 

poissons). 
Fig. 87. — Euphausiids as food for Diaphus regani. 
A : percentages of stomachs containing Euphausiids, 
depending on the size (Lps) of fishes. B : sizes (GT) 
of Euphausiids ingested by small (— — o — — 
<60 mm) and large (- - - A - > 60 mm) fishes. 

----- • — : average. 

• Fig. 86. — Les Euphausiacés dans la nourriture de Dia  phus terrnophilus (Lps : longueur des poissons). 
Fig. 86. — Euphausiids as food for Diaphus lermophilus. A : percentages of stomachs containing Euphausiids, 
depending on the size (Lps) of fishes. B : sizes (GT) of Euphausiids ingested. C : percentages of stomachs 

containing Euphausiids at the different times of the day. 
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23 different stations indicated 21 1 occurrence of Euphausiids or an average 

of 15% of total volume of food ingested by the species, other sources in-

eluding Copepods, Amphipods and Sergestides. 

As in the case of most other species, there was a correlation bet-

ween the size of the fish and the occurrence of Luphausiids in their sto-

machs, in fact a very definite correlation (fig. 87 A): 

fish .:-"; 45  mm : 18% occurrence 
n 46-65  mm  :  36 	u 

> 65 mm : 71% 

The size distribution of specimens ingested showed a fairly pro-

nounced bimodal tendency (fig. 8713) related, it would appear, to the rela-

tionship between size of prey and size of predator: fish less than 60 mm 

in length inested mainly Euphausiids of the 0.7 S.G., those over 60 mm main-

ly those of the 1.2 S.G. This relationship expressed as the average length 

of fish having ingested organisms from each different size group indicated 

that individuals of the 0.7 and 0.9 S.G. were found in the stomachs of 

predators of 57 mm average length, while individuals of 1.2 were the prey 

of fish 70 mm long. 

A large variety of species of Euphausiids were found in the stomach 

contents: 

Species 	 Number 	% 

Euphausia diornedae 	17 
Euphausia lerzera 	• 	 3 
Euphausia  para  gibba 	1 	61 % 
Euphausia indéterminé 	4 ' 
Thysanopoda monacaniha 	1 

Nernaloscclis microps 	 3 
Nemaloscelis gracilis 	 12 % 
Nemaloscelis lenella 	 1 

Siglocheiron  affine 	11 	27 % 
Siglocheiron longicorne 	1 

. However, the particular species selected differed with the category 



of fish, as pointed out by calculating the aver2ige length of fish selecting

a given species

Average length of fish having ingested indiv. of Stylocneiron : 55 mm.
it 11 It It rr rr Nematdscelis : 61 mm
u u rr rr n rr -L'uphausia : 71 nun

Analysis of average preying activities gave the following results:

2000 hours : 50%
0000 hours : 47%

O1r00 and 0800 hours :: 44%
1200 and 1600 hours : 21%

Note that this species of fish feeds upon Euphausiids mostly during

the niQht. Note also that different species are captured depending upon

time of day:

Species ingested

Slylocheiron . . . . . . . . . . . . . . . . . . . . . .
Tsuphausia . ... ..................
Nemaloscelis . . . . . . . . . . . . . . . . . . . . .

^ight
(20 - 04 h)I

11
17
4

Day
(Ob 0 1.6 h)

1
9
1

The figures obtained for this species sugâest that its feedin,, habits

are siinilar to those of Lailpantrctus niger: Diaphus reF;ani juveniles which

feed mostly on small Stylocheiron encounter this species only during the night

in the subsurface, but not in the deeper habitat of the fish (400-600 m) dur-

ing the day; the larger fish, however, share the same habitat with Eu_phausia

upon wnich they feed, both by ni"ht in the subsurface and at greater depths

by day with the result that hourly•fluctuations in preying activites are less

noticeable.

. Biaphus lutkeni : Amon-, the 71 full or partially full stomachs

exaniined, originating from 22 different hquls, 22 contained huphausiids or

31;Û. As is generally the case, the presence of huphausiids was afunction

of the size of the fish (fig. 88A):

fish < 25 nun : 15,^ occurrence
n 26-35 min : 27 ',S' if
it > 35 nun : 56 ') It

194
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Fig. 89. — Occurrence des Euphausiacés dans les 
estomacs de Diaphus fulgens en fonction de In  

longueur (Lps) des poissons. 
Fig. 89. — Percentages of stomachs of Diaphus 

fulgens containing Euphausilds, depending on the 
size (Lps) of fishes. 

• 
Fig. 88. — Les Euphausiacés dans la nourriture de Diaphus lulkeni (ps : poissons. Lps : longueur des poissons). 
Fig. 83. — Euphauslids as food for Diaphus lulkeni.  A:  percentages of stomachs containing Euphausiids, depending 
on the size (Lps) of fishes.  5: sizes (GT) of Euphausiids ingested by small (— — o — 	: <40 mm) and large 
(- - - A - - - >  40 mm) fishes. — • — : average. C : percentages of stomachs containing Euphausiids at 

the different times of the day. 

On the average, Euphausiids accounted for approximately 20% in volume 

(22% in weight) of the food ingested by the species, the remainder being made 

up mainly of Copepods. A size distribution of the specimens ingested (fig. 

88 B) indicate, the highest proportion belonged.tothe 0.7 and 0.9 S.G. How-

ever, size also varied with the size of the given predator (fig. 88 B): 

Euphausiid S.G. 	0,7 	0,9 	42  
[ 	

1,6 
Length  of fish  

• 
<40 mm  	62 % 	38% 	0 	0 

	

40 % 	20 % 	0 % 	10 % >40 mm 	 3 

Examination of the particular species ingested revealed a predomin-

ance of small organisms dwelling in the upper layers, belonging to the genus 

Stylocheiron  (S. affine, S. longicorne, S. cerinatum,  S. microphthalma),  cap-

tured during the night (2000, 0000, 0400 hours); during the latter part of 

the night.(1600 hours), the genus Luphausia constituted the prime prey. Thus, 
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preying follows the usual pattern (fig. 880 : active preying upon small 	195 

surface feeders (Stylocheiron)  during the night, decreased feeding activ-

ity during the earlier part of the day (0800, 1200 hours) and intensified 

feeding in late afternoon (1600 hours) at the expense of species (Luphausia) 

dwelling in the deeper or intermediate layers during the day. 

. Diaphus fulgens : Although 76 stomach contents of fish of this 

species were examined, Euphausiids were found in only 11 stomachs, i.e., 14%. 

This low proportion was due to the fact that small fish (less than 40 mm 

long) were examined, a stage when D. fulgens is essentially copepodophagous. 

Subsequently, fewer Copepods are found and more Euphausiids, the latter rep-

resenting some 40% of ',;otal food sources of specimens over 50 mm in length; 

the curve showing the occurrence of Euphausiids (fig. 89) well shows this 

change, from 0 for fish less than 35 min to 63% for those over 50 mm. 

The small number of stomachs containing Euphausiids did not enable 

us to establish a relationship between size of predator and size of prey. 

However, we noted that fish less than 50 mm long had ingested only individuals 

of the 0.7 and 0.9 S.G., while individuals of the 1.2 and 1.6 size groups 

were most prominent in the stomachs of fish 50 mm and over. Various species 

appeared to be selected (N. microns:  3; S. abbreviatum:  3; TE. diomedae:  3; 

E. tenera: 2; S. longicorne:  1; S. suhmii: 1), but here again, a detailed 

study was not possible for want of more specimens. 

. Symbolophorus evermanni : Ue examined 100 stomach contents col-

lected from 41 different stations. On the average, Euphausiids were found 

in 61 of stomachs and represented some 50 A; in volume (65,;IJ in weight) of 

food sources for the species, other sources including Copepods, Amphipods 

end various crustaceans. 

The occurrence of imphausiids in the stomachs as related to size of 
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fish (fig. 90A) indicated a regular increase ranging from 44;^ for fish 20-

25 mm to 52% for tnose 25-30 rnra, then to 85;ô for those 30-40 mm and finally

75>; of S. evermanni 40 to 70 mm long feedïng upon Eupiluusiids. The size of

organisms ingested was distributed as shown in figure 50E. The relationship

between size of fish and size of Euphausiid ingested is clearly defined (fig.

90E) :

'Euphausiid S.G.
Lenth of fish

<25 mm ..... . .. . . . . . . .
25-50 mm .. .. .... ... . . .
>50 inm ..... . . .. . .. ...

0,7

53 %
39 %

0

0,9 r l

33 %
41 %
14 %

1,2

14 %
16 %
41 %

1,6 et plus

0
4%

45 %

•

This correlation can be equally well expressed by calculatinb the

average length of the fish having ingested specimens from the various sine

groups (fig. 90C): the results are as follows:

Average length of fish having ingested àndiv. of 0.7 S.G. : 31 mm
q It tt ^^ ^ ► ^^ 0* 9 S.U.r: 33 mm

it It 1'2 S.G. : 44 rarir
it it n ^^ ^ ► n 1.6&over:53mm

All individuals belonged to the genus Euphausia, especially E. dio- 196

medae. Given rather uninterrupted preying upon Euphausiids (at 2000 hours:

57%; 0000 hours : 59,-Z; 0400 hours : 66%; 0800 hours and 1200 hours: 57;^; 1600

hours: 83;), we might assume that S. evermanni, having a similar distribution

to that of its prey (day: 600-800 rn; ni.;ht: 0-200 rn), hunts E. diomedae in

the subsurface by night as well as in the deeper layers during the day.

. Sternopt,vx diaphana : A few cor^vaents are necessary concerning

•

this particular species. Firstly, it was one of the few, together with V.

nimbaria and S. everrl,anni, to have been collected in fairly large quantities,

in both IIv:`^^ hauls and in the stor:.achs of large predators caught with the

lon^line (tuna, Alepisaurus). i^urtherr,:ore, S. oiaphGna does not migrate to

tne upper layers durint the night; most individuals rer:,ain in the 400-800 m

layer both by day and by night (Le"L:nd, pers* coma. ); its behaviour is therefoie
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Euphausiids, depending on the size (Lps) of fishes.
B : sizes of Euphausiids ingested by small (- - o -- :
<50 mm) and large (--- A - - - : > 50 mm) fishes.

• - : average. C : relationships between
the length of fishes (Lps) and that of their preys.

different from that of the other species considered so far. In addition,

its particular morphology (sor.leiaha.t diamond-shaped, hence its name of "hat-

chet fish" or "hache d'argent") implies that "length" in this case bears a.

meaning different from that of other species; thus, a 30 rmi SternoptVx is a

much larger fish generally than, for instance, a C,yclothone of similar

length.

First of all, we examined the stomach contents of 82 large indivi-

duals (average length: 32 mm) found in the stomachs of 30 Alepisaurus (Lancet

fish or II') cau;ht with the lon^line; for 82,"o' of the fish, Euphausiids were

the main food component. Secondly, we exarr:ined the stomachs of 379 much

smaller specimens (average length: 12 rnm) collected during 18 Mir stations;

Euphausiids were present in onl47.16,Z' of the cases. Once aCain, we noted a

very definite correlation between size of fish and the proportion of huphau-

siids ingested (fic.• 91A). Our results 1vere as follows:

Fish 3 to 12 ran : 6;6 occurrence
" 12to20mm:12^, ►

20 to 30 mm : 36;^o'
over 30 nu,i . 54;o

Fs̀2,-^ " ^ C^ • LI^

1huphausiids are therefore very seldom iricluded as a food source 197
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Fig. 91. — Les Euphausiacés dans la nourriture de 
Sternopigx  dia  phana (Lps : longueur des poissons. 
— • —: sur Sternoplyx pochés au chalut. IKMT.: 
sur Sternal)tyx trouvés dans des estomacs d'Alepi- 

saurus). 
Fig. 91. — Euphausiids as food for  Sternop tyx  

diaphana. A : percentages of stomachs containing 
Euphausiids, depending on the size (Lps) of fishes 
(— • — : fishes caught with II{MT trawl. A : 
fishes found in Alepisaurus stomachs). B : sizes of 

Euphausiids ingested. 
A -Occuttenee des Euphausiacês en 	8 -ladles des Euphausircés cescn•tnis 

fonction de la ladle. 

for individuals of S. diaphane  less than 10 mm long are ingested progressively 

more frequently as the fish increase in size and account for some 50% of the 

total volume for the largest individuals (30-50 mm); the remainder of food 

sources include Copepods, Amphipods, Carides, Annelids, fish larvae and Chae-

tognaths. 

The size and species of Euphausiids used as food were examined only 

in large Sternoptyx found in the.stomachs of LF where they were present in 

large amounts. Small 'KM specimens had ingested only very small prey (0.7 

S.G.) among which E. tenera  and -13.  diomedae  iere most prominent. From our 

examination of stomachs of Sternoptvx  ingested by the LF, we drew the follow-

ing conclusions: 73% of the stomachs containing Euphausiids inCluded Stylo-

cheiron,  27% Nematoscelis and 9% only Euphausia.  In addition, while the two 

first genera were regularly present in the form of very few individuals be-

longing to the 0.9, 1.2 and 1.6 S.G., Euphausia  appeared only in a few fish 

in the form of large swarms of large E. fallax  (2.0 S.G.). The two cases 

must therefore be considered separately (fig. 9113): 

Species 	 Size 	Number 

S. abbrevialunt-S. maximum 	 . 	90 
S. longicorne 	 84 
N. nzicrops-N. gracilis 	0,9/1,2/1,6 	54 
S. carinalunz 	 14 
S. elongalunz 	 3 

E. fallax 	  1 	2,0 	 56 

Ue noted also that Stulocheiron and  ierntosce1is  were ingested mainly 

by fish 20 to 42 mm long; on the other hand, the much larger E. fallax were 



present only in fish 46 to 57 mm long. It would then appear that the very 

large S. diaphana  prefer a different type of prey. ,qote also that the deep 

habitat (400-800 m.) of this non-migrator3; species of fish offers it at all 

times of day, and particularly during daytime, stocks of Stylocheiron and 

Nematoscelis  which are also sedentary or migrate little andremail3 mostly bet-

ween 300 and 500 m; E. fallax which migrates to the upper layers during the 

night is likely the victim of night preying. 

The material obtained from the stomachs of Alepisaurus  did not make 198 

it possible to specify hourly fluctuations in preying activities for the 

simple fact that we did not know at what time the LF had ingested the Ster-

'poP4vx. According to the IKMT hauls, variations in stomachs containing -11;u-

phausiids were as follows: 

0000 hours : 52% 
0400 hours : 38% 
0800 hours : 33% 

1200 and 1600 hours : 52% 

noted therefore that Sternoptvx ingested Euphausiids rather unin-

terruptedly, which would appear logical as the biotopes of predators and 

prey somewhat coincide; there was nevertheless a certain drop from 0400 to 

1200 hours and the intensified preying activity noted time and again in late 

afternoon (1600 hours). 

. Other species  dependent upon Euphausiids : Isolated specimens of 

certain other species occasionally appeared in IK.T hauls, but their numbers 

did not justify a detailed study. 	e  therefore attempted only to determine 

whether or not these species preyed upon Luphausiids. 

The specimens were generally large; the number of stomach contents 

examined end the proportion of Luphausiids found in the contents are given 

in Table 70 for Dimhus  theta, D. lucidus, D. splendidus, D. malayanus, D. 

elucens, Lampanyctus festivus and Flsegmaceros sp.; we might also add the 
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species 14elamphaes  from which 7 stomachs were examined. All were large con-

sumers of Euphausiids; species of the genus Diaphus  relied upon them for 20 - 

to 35% (in volume) of their food. This figure would appear even higher for 

Eremaceros and Melamphms, their stomach contents showing Euphausiids as ' 

forming 75% of the total volume; this groUp was in fact 50% of the volume of 

food found in the stomachs of 15 Lamnanvctus festivus. 

. 2.:ention should be made of the large micronektonic species; we com-

mented earlier (cf. Table 70, note 11) that the Ina ichthyfauna included 

few large fish due, at least in part, to the fact that they easily escaped 

the sampling gear. In spite of their having been caught in few numbers, a 

study of them Éas  rather interestin ‹; in that they providedcertain information 

on the fauna immediately following, in terras of increasing size, that nor-

mally captured with the IKMT. Paralepididae  and Bramidae are included among 

these, but will be discussed later as they form an important food for tuna. 

We had a total of 51 full or partially full stomachs of which 30% 

contained Euphausiids; in fact, there was:a high percentage of empty stomachs, 

from 50 to 85%, among these large species (cf. Table 70 for average length 

of fish) so that we actually examined 120 stomachs. .Depending upon species, 

we noted highly different feeding habits: 

* Chauliodus  is strictly ichthyophagous; Euphausiids did not appear among 

their prey. 

* Stylophorus appears to b e exclusively copepodophagous. 

* Malacosteus  consumes Euphausiids as 3 out of 12 stomachs included some 

tenera,  S. e1on7,atum):  they also feed upon Copepods and fish. 

* Astronesthes:  one of the three stomachs exah.ined was entirely filled with 

3 large E. diomedae_ (2.0.3.J.); the other two showed only fish debris. 

* .Llanostomiatidae (elanostomias,  Eleomias, Leptostomias, Fla7el1ostomias, 
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Photonectes, ïchiostorla) are mainly ichthyophagous; however, 4 out of 12

stomachs contained Luphausiids (E. diomedae: 1.2 to 2.0 S.G.) accounting

for approximately 10% of total volume. A few Carides and Sergestides were

also present.

^ Evermannella also preys upon Luphausiids: 3 out of 7 stomachs examined

were almost entirely filled with large E. diomedae (1.6 and 2.0 5.^ .).

* NemichthZTidae (L^emichthys, Serrivomer, rivocettina ) are major predators of

Euphausiids (Beebe and Crane, 1936); however, 85;ô of the stomachs were empty

and we had only 5 sto,nachs of wi-,ich 4 were filled exclusively with large T.

monr:cantha and T. orientalis (2.5 and 3.0 S.^x. ). These large prey are often

thicker than their predators with Apodes havins a diameter of only a few

millimetres and a length of over 30 mm; the ingestion of a large crustacean

(Euphausiid or Serge3tide) causes distension of the stomach which explains

why the fish often ruptured when the prey was being removed.

. Other fish of the rnicronektonic ichthvfauna : Other than Diaphus

fulgens and certain other large micronektonic fish, which we mentioned ear-

lier, only 1^ species t-lLi.bht be oonsidered as relying little upon Xuphausiids

for food (cf. Table 70): Cyclothone sp. and î^otovçlunus vdldiviae, both small

fish, are mainly copepodophagous (however, small Lupnausiids of the 0.7 S.S.

such as E. tenera and S. lon^;icorne form 6;,^4) in weiEht of the food of Notoly-

chnus); Ceratoscopelus warmin ri ünd i,e ^',o ,̂^hsrles photothorax consider Euphau-

siids only as accessory to ti,eir food renuirements.

22.3.2-4. Su.nuùar,,- and ;;tnera cn&rccters.s„-ics of IIü,T-collected
micronektcnic fisii preyint; upon --uphausiids.

^.re have just ciiscu.3sed the I^re;• inJ activities of the main species

of rii:;ratory or c:eep-awellin:; i..icronektonic fish (over 90;.) of :Ch.•,T-collected

fish) and, at tue i,e^innin:; of tAs ch:,}.-ter, we esti;:iated that Luphausiids
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accounted for approxiinately 8;: in volume of the food sources of this fauna

(21;!' if the genus ^yclothone is excluded). Furthermore, we might recall

that if weight rather than volume is considered, Euphausiids form an even

larger proportion of their food. ?^.,e weighed the various components of the

stomach contents of 6 species of fish and obtained the following figures:

Proportion of Luphausiids i
relation to total food ingasia

Fish
In volume In weight
(estimate)

T. microchir ... .. . ... .. .. . .... . 45 % 72 %
L. hubbsi ..................... 60 % 85 %
D. iermophilus ................. 25 % 39 %
D. lulkeni ..................... 20 % 22 %
N. ualdiuiae.................... e . 6 %
S. euermanni .................. 50 % 65 %

200

Having estimated the quantity of Euphausiids contributing to the

food supplies of fish collected with the IEAff, the next step consists in

giving a summary of the feeding relationships arid pointing out the general

features of the predation.

Table 71 gives a distribution of species and size of Euphausiids

found in the 1 923 stomach contents which vie exaaiined. Note (fig. 92A)

that the genus Euphausia (especially E. diomedae and E. tenera) provides45%

of the individuals in;ested, the ^enus Sttrlocheiron 1.N0^^ and the ^enus idema-^ 201

toscelis only 13%. Note also that specimens of the genus Thysanopoda are

almost completely absent because their large size makes them undesirablé

for such s;na1l predators; specimens of lyematobrachion are absent for the

same reason in addition to their being seldom in this environment. It was

rather interestin- to note that the order in which the various -yenera were

found in stomach contents is identical to the order of their actual density

(cf. chap. on ZooÜeo;;raphy, 'fable 7). ^;].thoui;h predator-prey size ratio

and the overlapping of their biotopes, hiiether or not vertical Migrations



(B) Size groups (S.G.) 

	

S..:1. 	Number 	0, /0 	.  

	

0,7 	204 	20 % 

	

0,9 	310 	30 % 

	

1,2 	234 	23 % 

	

1,6 	170 	16% 

	

99* 	10 %* 

	

2,5 	 8 	0,8% 

	

3,0 	. 6 	0, 6  % 

	

3,5 	 0 	0 

TOTAL... 	1 031" 	• 	— 

* swarms of E. fallax  
(2.0 S.G.) captured 
by 3 SternopIyx .. 

** among which 130 unde-
termined Euphausiids. 
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TAELL 71 

::upnausiids as preyed upon by the IKI,3-collected ichtnyfauna : individual 
species and size of specimens found in stomachs. 

(A) Species 

Species 	Number 	% 

E. diomedae 	 296 	33 % 
E. lenera 

E. fallax 	 56 	6 % 

Euphausia indéterminés 	54 	6 % 

N. rnicrops 
N. gracilis 	 118 	13 % 
N. lenella 

S. a bbreviaium 	 115 	13 % 
S. maximum 

S. affine 	 159 	18 % 
S. longicorne 

S. carinalum 
S. elongalum 	 29 	3 % 
S. suhmii 
S. microphlhalma 

Slylocheiron ill.ii_éKrme.  sin e,  ,1  ,1 	54 	6 % 

Thysanopoda 	 i 	20 	2  % 

TOTAL 	901 	— 

make such overlapping possible, arelpoth factors determining predation, the 

density of the species in the environment ultimately determined their use as 

a source of food by the migratory or deep-dwelling ichthyfauna captured by 

the ILe. 

EXamination of the size of Euphausiids ingested (fig. 92B) indicated 

that this ichthyfauna, generally fish from 30 to 50 mm long, captured indi-

viduals of the 0.7 - 1.6 S.G. (the apparently large number of the 2.0 S.G. 

is due to ingestion of a large number of E. fallax by 3 specimens of Sterno-

ptyx),  i.e., from 6 to 18 mm long. Larger Luphausiids are considerably 

less accessible to these fish. .hen examining each particular species of 

fish, we demonstrated how a close relationship existed between the size of 

the predator and the occurrence and size of its prey; although it was 
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Thysalopo d a 

Nematoscelis 	j 2% 

A.. Importances relatives des 
genres captures. 
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0 	  
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8.  Tailles  des Euphausiacés consommés. 

C Variations horaites de roccurrence des 	0. Variations horaires des espèces consomnées 
Euphausiatés dans les estomacs. 

Fig. 92. — Bilan de la prédation exercée vis-à-vis des Euphausiacés par les poissons rnicronectoniques migrateurs 
ou profonds capturés au chalut pélagique IKMT. 

Fig. 92. — General fe.a lures of the predation exerted toward Euphausiids by the mizrating or deep-living 
micronektonic fishes caught with the Isaacs-Kidd midwater trawl.  A:  specific composition of Euphausiids ingested. 
13:  sizes (GT) of Euphausiids ingested. G: percentages of stomachs containing Euphauslids at the different times 
of the day. D : fluctuations in the nature (genus) of Euphausiids ingested, depending on the time of the day. 

generally the case, this fact could not be stated in actual figures because 

length held a different meaning when fish with very diSsimilar morphologies 

were involved (for instance, a Cyclothone of 30 mm preys very little while 

a Sternoptyx of similar length can capture large prey). 

Hourly fluctuations in the occurrence of Euphausiids in the stomachs 

of migratory or deep-dwelling micronektonic fish were highly indicative: 

92C, established from examination of 800 full or 

shows three distinct phases: 	• 

— peak preying activity during the middle of 

partially full sto- 

the night  (2200- 

0200 hours) progressively decreasing at 0400 and 0800 hours. 

- general slump in preying activity during midday (1030-1400 

hours). 
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-- very definite increase in preying activity in late afternoon (1600

hours) occurring almost generally among both fish and Luphausiids (cf. Chap.

7 A). A sl.i:;ht drop around 2000 hours very likely coincides with the time

when the organisms rise to the upper layers.

The species of Euphausiids ingested was also subject to hourly fluc-

tuations (fig. 92D): note that Luphausia is attacked during the night in the

upper layers and in the deeper layers by day. _iematosceli.s is preyed upon

most heavily when the fish migrate either upwards (2000 hours) or downwards

(0400 hours); this species is also a nrime victim in late afternoon when prey-

ing intensifies. The case of Stylocheiron is less clear, but we might assume

-thctsli^nt variations are due to the inconsistent habits displayed by thi^.fisn

spec^es. Too few specimens were collected to produce relUable data. It would

appear that the smallest orôanl.sms (5. affine, S. lon_;icorne, S. c^rinotum,

S. S11I1TTtll, S.^ raicrophthalma) are in^;ested at the surface durinâ the night,

while the larger, deep-dwelling (200-500 m) speciès (S. iaaximum, S. abbrevia-

tura) are attacked most heavily when the fish cross their biotope (2000 and

0400 hours ) .

As a conclusion to this study on the trophic relationships existing

between huphausiids and the mi_;ratory or deep-dwelling micronektonic ichthy-

fatuza captured with the IILI4T, we wish to point out the main features of their

feeding patterns: sn:zall fish consume small or^;anisr^tis (0.7-0.0, S.G.) mostly

by night in the upper layers (S. carinU^turnrn, S. affine. S. lon.;i.corne, S. micro-

I^thalma, S. tenera); by day, very few Lupi^.ausiids are found in

their deep habitat and therefore little preying activity goes on. Larger fish

have a much wider choice of prey, froi_, the migratory fauna ( especially L. dio-

medae) found in the subsurface at night and at greater deptns durin,; the day,

to the rather stationary species (iù. tenella, S. abbreviatu,a, S. ►naximul,i)

dwéllin^ in the interriediate layers (2:)0-5J0 m) which they encounter curing



their mi:grations upwards (2000 hours) or downwards (0400 hours), as well as 203 

in . late afternoon (1600 hours); There were fewer hourly fluctuations in the,. 
_ 

occurrence.ofEuPhausiids in stomach contents when the predator being consi- 

dered was a large fish. 

However, these general tendencies . did. not imply that they were always 

valid: for instance, the case of T. microchir  and L. photothorax demonstrated 

that similar species may have dissimilar > food preferenceS. 

3. EUPHAUSIIDS IN THE FOOD CHAIN LEADIUr TO TUNA 

Tuna are practically the only pelagic resource being exploited at 

present in the Tropical Pacific.  W  shall consider in.turn the major species 

(Germon, Yellowfin...) captured by longline fishing as well as the bonitos 

caught by troll fishing along the coasts. 

Given the confusion existing at the moment in the nomenclature of 

tuna (cf. Postel, 1966), we specify hereunder the terno we shall use in this 

study: 

- Germon 	Thunnus  (Germo) alalunga  (white tuna) 

- Yellowfin = Thunnus (N'eothunnus)albacares (yellow tuna) 

- Bigeye 	Thunnus (Parathunnus)obesus  (obese tuna or Patudo) 

— Bonito or Skipjack= Euthynnus  (Katsuwonus) pelamis  (striped-bellied tuna) 

3.1. Fish caught by longline fishing 

3.1.1. Identification of fish 'caught by longline fishing and general features 
of their feeding habits 

As a guide, hereunder is a list of fish caught by longline fishing 

during the 26 stations of the "Calmar" I to V expeditions carried out by the 

q.V. "CO:IIOLIS" in the South Tropical Central Facific (Polynesia): 

* G   116 
* YE 	Yellowfin . 	  37 
* n 	Eigeye 	  11 
* Sh 	Skipjack  	5 
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LI (Lancet Fish) ^1eisGurus ......:... .. . ... . .... . .............. 8_. f'_-----
FBii (Pacific j . 6 . . . . . . . . . . . . . . . . . . . . . 6

y Other species (Scolnc_rolaL--ax, L-ractes, Iiias, ÿ_etrapterus,
xc2nthoçibiur,z, etc ..............................................24

Note that tuna forned the oreatest proportion of the hauls; how-

ever, the relative abundance of the-two main species (G and YP) depended

upon the depth of the fishing line, the latter species beino found closer

to the surface.

The species hle issurus merits a brief conment. Although these

fish are of no commercial value, a study. of them was extremely valuable for

two reasons. Firstly, they appear to compete with tuna for the same prey 204

(Le-;and and Ir."authy, 1961, Parin, 106E3; 71randperrin and Legand, 1970; Four-

manoir, 1969) and are also a source of food for tuna which appear to consume

large quantities of juvenile Alepisaurus. Secondly, while the stomach con-

tents-of -tuna were -;enerall.y highly diüested making the identification'of

their prey very difficult, the stomach contents of Aleps.saurus were always

perfectly preserved; these fish are excellent collectors of micronekton and

provided us with samples of food in^ested by tuna in a state which made exazr^-

ination particularly easy. 1,or these reasons, we used mainly the stomach

contents of A1.episaurus for this part of our work.

TALLE 72

Food of fish captured by lonrline fishing (,'b in weight), from expedi-
tions of the A.V. "JG:^1GLïS", 1956-69.

Fredators
Prey

G YF• SK LF Others

X'isll ....... . .. . .. .. ... 50 °ô 70 % 2% 53 % `^0 %
i;epi181opoGS . .. . . . . .. . 33 % 23 % 38 °^ô 2Z % 48 %

Crtistacesns(1) ......... 7 °/Ô 3 % °o

/

3
F °/Ô l!

Jo
%

Cthers (2) and debris .
10 °^ô

`^ % 0 % 19 % 3 %

( 1) Ahrohipods ^,,v.d I-hroniraa, Carides, etc.
( 2) Heteropods, I'teroroc:s, etc.
(3) (7ily one storizicn content containing a large nur,^ber of Carides

30 to 40 ami 1on ;.
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. Table 72 indicates the type of food ingested by the main species 

caught by longline fishing. Note that, except for bonitos in occasional 

cases, fish and cephalopods account for two-thirds of the total; in order 

to specify the contribution of Euphausiids in this food chain, the feeding 

habits of these two groups must be examined. 

We briefly mentioned earlier the food sources of Cephalopods. At 

the moment, the difficulties encountered in this research have not yet been 

overcome; we can merely point out that'crustaceans, wnich include Euphausiids, 

are part of their food, at least at certain periods during their lifetime; 

but we could not ascribe definite figures to their contribution. Identifying 

•the food of fish ingested by tuna was possible however; we shall examine 

these food sources after briefly discussing where Euphausiids belong among 

the direct prey of large predators captured by longline fishing. 

3.1.2. Euphausiids as direct prey for tuna caught by longline fishing 

Table 73 gives a list of Euphausiids found in the stomachs of 218 

fish caught by Longline. 

Note that Euphausiids are found very little in these large species, in 

7 to 11% of tuna stomachs, none in stomachs of Alepisaurus; furthermore, Lu-

phausiids consist in no more than a negligible fraction of the total volume 

of stomach contents and its direct contribution to the food of tuna can there-

fore be considered as insignificant, even though large individuals were 	205 

TAELE 73 

Euphausiids found in the stomachs Of fish caught by Longline on the "Calmar" 

D:O. 01 r1201-Ç.DI:Zi 

Predators 	stomacns 	Ctcurenceof 	Species 	S.G. 
 	examined 	Lubhausiid.  

G 	107 	 7 % 	. 	T. Iricuspidala 	 2,0-2,5 
T. cridala 	 3,5-5,0 

T. Iricuspidala 	 2,0 - 3,0 
YE 	49 	 8 % 	E. fallax 	 2,0 -2,5 

T. crislala 	 5,0 
SK 	7 	 0 	 -- 	 — 
BE 	9 	 11 % 	T. crislala 	 6,0 
LE 	23 	 0 	 -- 	 — 
Divers 	23 	 4 % 	T. lricuspidala 	 2,5 
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ingested (2.0-6.0 S.G.). However, we frequently found other crustaceans 

(Carides and Amphipods) similar in size to -Wiese large Luphausiids in the 

stomachs of tuna; we therefore assumed that Euphausiids and tuna do not 

share the sanie biotope when the latter are feeding. King and Iversen (1962), 

Parin (1968) claimed that tuna hunt only'by day which unsuccessful nighttime 

fishing by the Numea laboratory would confirm. Parin (1968) also pointed 

out that tuna generally catch fish inhabiting the lower portion of the upper 

layers (Paralepis, Chiasmodon, Alepisaurus, Bramidae, Gempylidae...)  but sel-

dom those related to the DSL, which occupy nevertheless the same biotope 

during the night. Therefore, it appears very likely (cf. Legend et al, 1971 

h) that tuna, distributed between 0 and 400 m, can prey only upon the species 

remaining at such depths during the day.  As  we mentioned earlier (cf. Chap. 

"Vertical Distributions"), large Euphausiids, especially those of the genus 

Thysanopoda,  are located below 400 m during the day and reach the upper layers - 

where tuna are found only at night when the ]ter are not feeding; the fact 

that their biotopes do not overlap must therefore be viewed as the prime 

reason why no preying relationship exists between both groups. 

3.1.3. Euphausiids as a source of food for fish captured by tuna 

Certain authors have often pointed out (cf. in particular King and 

Iversen, 1962; Legand et al, 1971 b) that the fish consumed by tuna bear 

practically no relationship with those captured by midwater trawl in the 

same regions. 1:e have discussed above  flow the fact tnat the biotopes do not 

overlap partially accounts for tnis disparity; nets capture mostly the ichtny- 

fauna related to the DSL which infact. sharesthe relatively superficial 
latter 

habitat of tuna during the night when the/ are not feeding; IIGIT hauls did 

produce a few juveniles of species consumed by tuna; adults escaped the gear 

because of their swimmin abilities. Another characteristics of fish 206 



Ilb consumed by tuna is their wide diversity ranging over some 100 species (Four- 

manoir, 1971). 

We examined the stomach contents of 299 fish caught by longline (107' 

G, 104  Li,  49 YF, 11 FBM, 9 FE, 7 SK and 12 others) in which we found 606 i-

dentifiable fish; to these 606 fish, we added 587 specimens of S. diaphana, 

V. nimbaria and S. evermanni  collected with the IKMT in order to have more 

samples, brinegto 1 193 the total number of fish belonging to species in-

gested by tuna of which we examined the stomach contents. Table 74 lists the 

main species of these fish and indicates also the number of individuals of 

which the stomach contents were examined, their average length and their rela-

tive abundance in the ichthyfauna iagested by tuna, on the one hand, and by 

Alepisaurus,  on the other. 

Note that only 3 species, S. diaphane,  V. nimbaria and S. evermanni 

. are common to both Longline and IKKT hauls (cf. Table 69), the latter collect-

ing only juveniles of the other species and only in very small numbers. Note 

also that many fish are preyed upon by both tuna and Alepisaurus;  however, 

the latter consumes a large quantity of a Gempylidee (Diplospinus multistria-

tus), a species which tuna do not seek particularly. 

Figure 93 gives a size distribution of the fish. Note that tuna feed 

mainly upon small individuals (10 to 60 mm), similar in size to those collect-

ed with the IKMT, to which must be added larger prey (60 to 130 mm) in a pro-

portion of approximately 10. The size distribution of Diplospinus multi-

striatus is given separately; this species is consumed mostly by Alepisaurus 

which generally selects prey larger than that of the tuna; in fact, Diolo- 208 

§enus  and Altniumnia juveniles account for nearly Le‘:: of the fish they in-

gest. 

Table 74 also indicates the contribution of Euphausiids to the food 

supplies of fish preyed upon by Longline tuna and Alepiseurus;  a general 
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TABLE 74

Fish ingested by Lon^line tuna and rlepis&urus : quantity in;;ested by
their predators and contribution of Luphausiids to their food sources

Fish I^^umber of Average Importance
Luprlausiids as

(idei;tified by stomachs len-:,th food

P. ;burmanoir) examined mm •
tuna LF coo-urmor irrprtence

(1) (2) (3) (4) (5) (6)

GETt1PYLIDAE

Diplospinus multistrialus..... 134 114 ' 28% . 80 00 50 °,ô
Nealolus tripes .. . . ... . . .... . . 18 64 28 % 2%
Le.pidocybiurn /lauobrunneum... 3 68 (7) (7)
Gempylus serpens....... ..... 3 115 7 % 5 % (7) . (7)
Prornetl:yclliys prometlleus..... 3 95 (8) (8)
eslarclus nasulus.......... 0 - -- -

NASIDAE : (lŸaso). ........... 11 27 9^^o - 0 0
13RA1,fIDAE

Collybus drachme ............ 56 42 57 % 20 %
Taracles asper ............... 13 30 11 % 2°io 33 % 15 %
Pleraclis carolinus... ....... . 15 51 67 % 20 %

LATILIDAE

(Latilus, Caulolalilus, Hopla••
laiilus) .................. 20 31 11 % - 0 0

OSTRACIONIDAii

(Lactoria diaphana, Osiracion,
Rhinesoinus) .............. 1 14 9 % - (8) (8)

CHAETODONTIllAE

(Heniochus, Chactodon, Cen-
iropyge) ................. 23 20 6 % - 0 0

CAPROIDAE (Antigonia)...... 4 29 3 % - (8) (8)

CHIASIt1ODONTIDAE

Chiasmodon ................ i1 39 3 o/0 - 0 0
Pseudoscopciccs ............. 12 81
PARALEPIDIDAE

• Paralepis et lllacroparalepis.... 14 120
Siemonosudis ....... . . . . . . . . . 1 168 i 2 % 2 % 86 °iô (8) 70 % (8)
Lesiidiops ................. '/ 110

A.LEPISAURIDAE

(Alepisaurus juvéniles)..... .. 24 101 2 % 12 % 8% 2%

t1NOPLOGASTRIDAIS (AIIOplO-

gaster•) ... . .. . . . . . . ... ... 23 28 2% 5 % 4
(irONOSTODfIDAE ( Vinciguer-

ria) ..................... 113 (9) 33 - 7 % 40 % 20 %

STERNOPTYCIIIDAE (Sternop-

lfx) .................... 46t ('J) 16 12% 16 % 28% 25 °ô

11{YCTOPIIIDAI; (Slf/nbolopllo-

rus).... .... . ........... 100 (9) 28 3% - 60 % 50 %

Autres espèces (10)..... ..... 130 -- 20 % 23 % 21 % 10 °,ô
Otiter species -r -"

TOTAL ............... 1 193 - 100 % 100 % - -
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Fig. 93. - Répartition en tailles des poissons trouvés clans les estomacs des thons et des Alepisaurus (Lps : lonGueur

des poissons). La répartition en tailles des Diplospinus, provenant presque uniquement des estomacs d'fllepisaurus,

a été figurée séparément.

Fig. 93. = Size (Lps) of the fishes found in the stomachs of Long Line tunas and Alepfsaurus. Size distribution

of Diplospinus is shown separately (cumulative diagram) as these fishes originate almost uniquely from Afepisaurus

stomachs.

NOTES to Table 74

* otoliths of Diplospinus were found in tuna stomachs; however, the
highly digested storiacil contents did not enable us specify any quantity.

(1) excludin.., empty stomachs.
(2) average length in nun.
(3) and (4) percenta, ge of the various species in relation to the

total number of fish ingested by tuna and Alepisaurus ( Tuna -- G, YF and BE).
(5) percentage of occurrence of Euphausiids in their stornachs.
(6) estimate of percentage of total food represented by Euphausiids

(in volume). This estimate is lower than that obtained when considering

(rj) Too few specimens. huphausiids present.
(8) Too few specimens. •huphausiids absent.
(9) including specimens captured with the MET.

(10) among these various species:
--- we found Euphausiids in (number of stomachs containing Euphau-

siids/total nu^̂ nber of full or pLrtially full stomGchs examined)
L=Pin- (1/1), 1'^ctin.obervx (1/2), inthias (2/30), ^p1alio,_us

(2/3), Fenthodesraus Caranx ( 1%2), Cubiçe s(6%12), Les-

modema l, LE), t^u^,elichth^ s 2 2, I'riacanthus (1/2), Pristipomoiaes (2/3),

13cornbro_labrax 1 5 , Scopelarchus (5/5 ) , StolelJiiorus TlT2), ^^na^rops (1/2).
-- we did not find ^uphausiids in (nunber of erapty stomachs exam-

ined):

Ecanthurus ( 1), ':rethrorl ( 2), j^alistes ( 9), Caristius (4),

Champsodon ('ecapterus (1 7, j:iretmus (j , Ltelis ( 1), •'.ephyroberyx (1),

:ïraiin^,tonutus (1 , i:diacrntilus ( 1 , Lophius ( l^)c.ontoraacrurus (3^, i l^a1a-

comrcrûrus ^l), i ontirlus71), I risti^e^ni.s (1), Psennes 6, ^Zanzania_(T),

teiâôrG ScorlLrôspi^^,^raena J , 'l'etraouon (2), l'rachichtoàes M. Urano-

scôpus (1), Ur^spis 1 .

.weight.
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estimate of quantity is obtained by adding columns (3) and (6) or (4) and (6). 

When considering this sum, the reader must take into account the fact that 

Euphausiids were actually found more frequently in large .Vinciguerria, 3ter-

noptyx  and Symbolophorus  consumed by tuna than among specimens of these spe-

cies most of which were small individuals collected with the IKMT. 

On the whole, the examination of 1 193 stomach contents led to the 

conclusion that Luphausiids form approximately 10% in volume of the food of 

fish upon which tuna feed; this amount increases to 20% for prey of Alepisau-

rus given their important contribution to the food sources of Diplospinus. 

Among the ichthyfauna captured by tuna and Alepisaurusj  the major 

 predators of Euphausiids are: Diplospinus multistriCals, Eraffddae (Collylus, 

Taractes, Pteraclis), Faralepididae (Paralepis, Macroparalepis), Vinciguerria, 

SternoPtM and P2-42212Phorus. Other species (cf. note (10) in Table 74) also 

ingest Euphausiids, but in aMounts too small to warrant a detailed study. 

The preying habits of Vinciguerria, Sternoptvx and Symbolophorus 

having been examined earlier, those of Diolospinus, Bramidae and Paralerd-

didae should now be considered. 

. Diplospinus multistriatus : 1;:e had the stomach contents of 134 fish 

removed from the stomachs of 20 Alepisaurus; 108 among them contained Euphau-

siids or 80%, perhaps less frequently among Diplospinus less than 100imn long 

(fig. 94A). On the average, we believe that Euphausiids account for some 50% 

in volume (70% in weight) of the food of this species which also feeds upon 209 

Copepods, Amphipods, Cephalopods and fish. The size of the specimens in- 

gested was distributed as shown in figure 9e; note also that the larger 

fish tend to prey upon the larger Euphausiids (fig. 940: 

Euphausiid 3..;. 	0,7+0,9 	1,2 	1,6 	2,0+2,5  • Luek;t:a  of  

<100 mm 	20 % 	44 °,/ 	21 % 	15 % 
101-110 mm 	5 % 	47% 	41 % 	• 7 % 
11l - 120 mm  	14 % 	19 % 	48 (),' 	19 % 
121-130 mm 	12 % 	32 % 	28 % 	28 % 
>130 mm 	7 % 	15 % 	41 (Yo 	3'7 °A 
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A.. Occurience des Euphausiasés en B _ Tallies des Euphausiacés Consommés. 
fonction de la taille. 

Fig. 94. — Les Euphausiacés dans la nourriture de 
Diplospinus mullistrialus (ps : poissons. Lps : longueur 

des poissons). 
Fig. 94. — Euphausiids as food for Diplospinus 

mullistrialus. A : percentages of stomachs containing 
Euphausiids, depending  on the size (Lps) of fishes. 
B : Sizes (G.T.) of Euphausiids ingested by small 
(— o — : < 120 mm) and large (- - - A - - - : 

> 120  mm)  fishes. — • 	: Average. 

30 

15 

0,7 0,9 	1:2 	1,6 2,0 	2:5 
C.. Reletion des tallies prédeteurs:proiet. 

• 

• 

Fig. 95. 	Les Euphausiacés dans la nourriture des Bramidae (ps : poissons. Lps longueur des poissons). 
Fig. 95. — Euphausiids as food for the Bramidae. A : percentages of stomachs containing Euphausiids, depending 
on the size (Lps) of fishes. 13 : sizes (GT) of Euphausiids ingested by small (— — o — 	: <50 mm) and large 
(- - - A -- 	>50 mm) fishes. — • — : average.  G: relationships between the len2th of fishes (Lps) and 

that of their preys. 

A closer look at the species ingested indicates that 957 of them 

belong to the genera Stvlocheiron  and Nematoscelis : 

Species ingested 	 Number 	% 
, 	 

S. abbrevialum-S. maximum 	156 	58 % 
S. longicorne 	25 	 9 % 
S. carinalum 	 12 	 4 % 
SIglocheiron indnerminés 	 9 	 3 % 
N. microps-N. gracilis 	56 	21 ?i)  
E. fallax 	7 
E. diomedae 	 1 	 3 % 
T. lricuspidala 	1 	1 

In other words, Diplospinus feeds almost exclusively on species 	210 

migrating the least to deeper layers; this would suggest that they prey upon 

Euphausiids only dUring the day and in the uppermost 250 metres, In fact, 

by calculating the specific distribution of the fauna within the size  range 

of  prey selected by Dinlospinus (Table  75), it becomes readily obvious that: 

* all Euphausiids found in the stomachs of Diplospinus  belonged to 

• species inhabiting the uppermost 250 me;t;reo by day; 



ie..conversely,  ai]. .B;uphausiids dwelling by day in the uppermost 250 . , 

metres were preyed upon by Diplospinus,  with the exception of N. tenella  

which may have been confused with N. microps,  these specimens being at times 

difficult to differentiate in the stomach contents. 

TABLE 75 
Distribution of species of Euphausiids included in the size range of 
prey selected by Diplospinus  (according to increasing depth by day). 

I 	 Upper 	in S C /0 	• 	• 
Species 	 vertical 	in 	 of 

	 iirdtbv- day (111 	environment 	Diriosninue  

S. cmrinalum 	 0 	 0,2  % 	 4 % 
S. •affine 	50 	 0,5  % 	 s 
S. abbrevialtun 	50 
S. maximum 	200 	 5  % 	58 	% 
S. longicorne 	200 	 0, 5  % 	 9 % 
N. lenella 	200 	 10 % 	 0 
N. microps 	• 250 	 13 % 	21 % 

T. lricuspidala 	100 à 350 	 7 % 	 c 
E. diomedae 	100 à 400 	43 % 	 c 

S. dongalum 	300 	 0,3  % 	 0 
E. Mnera  . 	 350 	 1 % 	 0 
N. tro op M 	350 	 3 % 	 0 
T. aequalis 	 450 	 0 % 	 0 
B. paragibba 	 450 	 4 % 	 0 • 

- T. monacanliza 	450 	, 
T. orienlalis 	450 	 3 % 	 0 
T. peclinala 	- 450 
B. amblgops 	609 	 0,5 % 	 0 

Paralenididae  : The genera Paralepis  and Macroparalepis  of this 

family must definitely be considered as consuming large quantities of Luphau7  

siids. However, the very small number of stomachs examined did not enable 

us to carry out a detailed study. Any of these fish over 80 mm long escaped 

the IMT, such that we were able to examine only 14 specimens removed from 

tuna stomachs. 12 among them contained Euphausiids or approximately 80% in 

volume of the stomach contents; ail  belonged to the species S. maximum, S. 

abbrevintum  and K. microps-N. -racilis. This led us to assume that, like 

Diplospinus, Paralenis  and ,;acroparalepis  prey mainly during the day in the 



uppermost 200 or 300 metres.

•

. I3rainidae : Euphausiids form some 20 â in volume (22ï^ in w eight) 211

of the food of this important family; their contribution to the food sources

of the 3 main genera Co11ybus, `1'Grac_tes and Pteraclis is shown in Table 74.

Given the few number of specimens, the data applies to all three genera as

their preying action upon Euphausiids appeared to be highly similar.

I-e'e had a total of $4 stomachs of fish found in 44 stomachs of tuna

and Alepisaurus caught by Longline fishing; 46% among them contained Euphau-

siids or an average of 55% with a hi^her frequency noted among average size

predators (fig. 95A).

A size distribution of ingested organisms (fig. 95B) brings out a

bimodal pattern with peaks centered about the 1.2 and 2.0 S.O. &amination

of the size of the predators indicates that there is a relation between

both distributions:

Eupnausiiu S.U. 0,7 0,9 1 "2 1,0 2,0 2,5
3,0

Len^^iS2^f,7 5 h3 ^-- ----
Î. <30 mm ......... ... ..

...31-40 min
29 %
15 %

7 %
24 %

57 %
35 %

7°1°
G% 18% 3 %°..........

Î
41-50 mm . . . . . . . . . . . . . 12% 12, % 30 % 15 %

0
23 °'ô
72°ô

8 %
10%

+ >50mm ..............
I -----

0
-

12% 6%

By calculating the average length of fish having ingested Euphau-

:;

siids of the different S.G. (fig. 95C), we also noted

of fish longer than 50 rmn :

a change in the diet

Average length of fish having ingested Euphausiids of
It 11 11 It It u

,t ^t tt tt tt
tt tt it tt it

Il il Il Il il

il il il il il

S.G. 0.7 . 34
0.9 : 43
1.2 : 35
1.6 : 39
2.0 : 70

2.5-3.0 : 56

Lxaminr_tion of the species in,;ested confirmed this change in diet;
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Species 	 Number 1 	%  

S. suhmii, S. carialum 	  
20  S. affine, S. longicorne 	 i 	36 oh, 

' S. abbrevialum, S. maximum 	2.4 

N. microps, N. gracilis 	12.  

T. tricuspidata 	 57 
T. monacantha  	• 	2 
E. diomedae, E. tenera 	5 
E. fallax 	3 

10 (3,/, 

54%  

— 268 — 

the table hereunder gives a distribution of all species of Euphausiids con- 

sumed: 

However, we noted a definite difference between the small fish whic13 212 

consumed mainly nylocheiron and Nematoscelis and large fish which preyed 

upon the larger Thysanopoda 

Length of fish <30 min 	31 -40  mm 	41 -50 nun 	>40 nun 
Species ingested  

Slylocheiron 	64 % 	63 % 	• 	69 % 	15 % 
Nemaloscelis 	  

. Thysanopoda 	. 	 36 % 	37 % 	31 % 	85 0i)  Euphausia 	  
• 

All the data on the predation by Dramidae upon Euphausiids tends to 

establish a distinction between fish less than 50 mm long, which hunt mainly 

Nematoscelis  and Stylocheiron of the 0.7/0.9/1.2 S.G. as well as Copepods, 

Amphipods, Ostracods and other small crustaceans, and fish over 50 mun long 

which rely even more upon Euphausiids as a source of food, especially larger 

individuals of th  è genus Thvsanopoda (T.  tricuspidata).  

3.1.4. Contribution of Euphausiids to the food sources of Longline tuna 

In concluding this study, the species and numbers of Luphausiids 

contributing to the food chain leLding to 1Lrge pelagic tuna must be spec-

ified. 

The 919 Euphausiids identified in the stomach contents of fish 
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A_Importancés relatives des 0,7 0,9 1,2 106 2,0 2,5 3,0
genres capturés. G.T.

B_ Tailles des Euphausiacés consommés.

•

Fig. 96. - Bilan de la prédation exercée vis-à-vis des Fuphausiacés par les poissons micronectoniques trouvés
dans les estornàcs des thons et des Alepisaurus. Les Buphausiacés ingérés par les Diplospinus, qui proviennent

presque uniquement des estomacs d'Alepisaurus, ont été figurés séparément (diagramme cumulatif). ,

Fig. 96. - General features of the predation exerted toward Euphausiids by the fishes found in the stomachs
of Long Line tunas and Alepisaurus. A: specific composition of );uphausiids ingested. B: Sizes (GT) of Buphausiids
ingested. L'uphausiids found in the stomachs of Diplospinus muliistrialus, which oriôinate almost uniquely from

Atepisaurus stomachs, are shown separately (cumulative diagram).

in,;ested by tuna and Aleaisaurus were distributed as shown in Table 76.

Note that (fig. 96A) the genus Stylocheiron i^as most prominent fol-

lowed by the genus Nematoscelis (155); Euphausia and Thlrsanopoda accounted

for only 12,o' and 9% ^espectively, In other words, fish I>reyed upoh by tuna

hunt mainly organisms which remain near the surface during the day when 213

migratory species related to the DSL (Euphausia especially) are not acces-

sible to them by reason of their deep habitat; this situation leads the fish

to depend mainly upon carnivorous species (StSTlocheiron) while the ichthy-

fauna related to the DSL feeds largely on oiinivorous species (Euphausia).

A thorough analysis of huphausiids consumed by micronektonic fish

brings to light a certain ilzdependence between the food chains leadinô to

Longline tuna and those of u,igratory micronekton responsible for the DSL:

the former affect surface feeders feeding in the uppermost 300 or 400 metres

and hGvSng little relation with the l:.i ,ratory fauna, captured by nets or mid-

water trawls, which dwells at greater depths during daytime.

A size distribution of these r:uphausiids (fig. 96E) indicates a pre-

dominance of organisms 10 mm (0.9 to 20 mm (2.0 5.^i. ) long. Larger

generEll,y smaller fish (cf.individuals aupe^.r to be less accessible to the --



Species 

S. abbrevialum 	  
S. maximum 	  
S. longicorne 	  
S. carinalum 	  
S. suhmii 	  
S. elongalum 	  
S. affine 	  

•	  S. microphlhalina 

. Total Stglocheiron 	  

N. microps-N. gracilis 	  
N. tenella 	  

Total Nematoscelis 	  

E. fallax 	  
• E. diomedae 	  

E. 'encra 	 
Total Euphausia 	 

T. Iricuspidata. 	  
T. monacanlha 	  

Total Thgsanopoda 	  

oh  

35,3 
3,2. 

18,6 
4,4 
1,4 
0,6 
0,4 
0,1 

64,0 

14,8 
0,4 

15,2 

9,9 
1,5 
0,6 

12,0 

8,3 
0,4 
8,7 

TABLE 76 

Specific distribution of Euphausiids ingested by fish found in the 
stomachs of tuna and Alepisaurus.  

• 

fig. 93) consumed by tuna. 

Figure 97 shows the quantity of Euphausiids contributing to the 

food . chains leading to Longline tuna : although Euphausiids are only a 

negligible source of food for tuna(q, they account for some 50% in volume 

of the food of Diplospinus multistriatus  which alone forms 15% of the prey 214 

of Alepisaurus. We estimated that they form some 10% in volume of the total 

dietary resources of fish which are in turn captured by tuna, providing the 

latter with nearly one-half (45%) of their source of sustenance. Although 

Euphausiids contribute directly to only an insignificant proportion of the 

.food of Lon,aine tuna, they indirectly contribute an important part  to tne 

food chains leading to tune. 
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Fig. 97. - Bilan schématique de la position des

Euphausiacés dans les chaînes alimentaires qui abou-
tissent aux grands thonidés pélagiques du Pacifique
intertropical. Les pourcentages indiquent le montant

de *la participation d'un groupe à l'alimentation du

maillon suivant.
Fig. 97. -- Diagram tentatively suggesting the role
of Euphausiids among the food webs leading to the
large subsurface Long Lino tunas. Percentages indicate
the quantitative contribution of a group to the food

resources of the follotiving link.

3.2. Bonitos caught by trolling

Skipjacks, Euthynnus ( Katsuwonus) -pelamis, are one of the major

resources of the Pacific and offer definite commercial prospects. in New

Caledonia, bonito fishing is sL-ill poorly developed and is carried out only

by a few bonito fishermen from Polynesia. Schools are found near the sur-

face off the large reef ( approximately 22° S-166° E) and are cau^ht with

fishing rods during the morning ( 0900 to 1200 hours). The fish in these

schools are still in the initial stages of sexual maturity (Grandperrin,

pers. comm.) and measure from 40 to 52 cm in length (weight: approximately

1.5 kg); they are appreciably younjer than fish captured by Longline fish--

ing (50-70 cm).

lie examined the stomach contents of 407 bonitos caught durinô 7

fishing excursions carried out from 26/1 to 16/3/71 ( Table 77). Significant

differences appeared alnon;, the various samplings

-- excursions of 26A and 2/2 : The stomachs were very full (fig.



98D); little digestion had occurred. In section 1 (distal part), there were 

only Euphausiids; in 2 (mesial part), a mixture of Euphausiids, fish and 

Cephalopods; in 3 (proximal part), only the two latter groups. The stomach 

contents were being digested in 3, very little digested in 2 and still fresh 

in 1. 

TOU 77 
ielaterial used to study the feeding habits of bonitos 

Approximate 	immber of 	 . 
tiae 	of 	full or par- 	Luphausiids in S.C. 

Date 	beginning 	tially full 	  
of 	stomachs 

imDortanco , 

	

fishing 	examined 	
occurrence 	

1_11 wei,Tit, 

	

26.1.71 	09 h. 	 91 	 100% 	90 %  

	

2.2.71 	10 h. 	 86 	 100 % 	66 62 

	

9.2.71 	12h. 	 15 * 	 0 	' 	0 

	

18.2.71 	12h. 	 23 	 39 % 	 2% 

	

24.2.71 	11 h. 	 65 	 11 % 	 1  % 

	

3.3.71 	 12 h. 	 60 	 8 % 	 1 % 

	

16.3.71 	 12h. 	 67 	 36 %. 	3 ciô . 

	

— 	 - 83% of stomachs were empty 

On the whole, Euphausiids formed 90% and 66% respectively of the 

food ingested by the bonitos caught during these two samplings (in weight). 

— excursions of 9/2, 18/2, 24/, 3/3 and 16/3 : The stomachs were 

much less full (fig. 98D) and sections 1 and 2 which did not contain any 

food were constricted. Very well digested remains of food, mainly from fish 

and Cephalopods, were still in section 3. Euphausiids, present in the form 

of debris of eyes and legs, formed only from 1 to 3% of the total amount of 

food. 

All Euphausiids found in bonito stomachs belonged to the species 

E. fallax  and T. tricuspidata,  of the 1.6 to 2.5 S.G. (average length: ap-

proximately 20 mm). 

From our observations, we concluded that bonitos followed the fol-

lowing feeding  pattern (in cooperttion witn Grandperrin; cf. fig. 98) : 

Euphausiids are ingested during  tue  latter part of the night (around 0400 
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Fig. 98. 	Schéma de la nutrition chez les bonites. 
Fig. 08. — Diagram tentatively suggesting, the feeding, mechanisms 

in Sldpjaelt tuna (Eullzynnus (I(alsuwonus) pclarnis). 

hours) before migrating to lower depths and 

are stocked in sections 1 and 2 (fig. 98A). 

After daybreak, prey still present in the sub-

surface (fish and Cephalopods) are accumulated 

in 2 and 3 (fig. 98B); this stage occurring 

from 08000900 hours was noted during our 

first two fishing excursions. As prey . becomes 

more scarce, the rate of ingestion slows down 

and digestion of stored food intensifies, espe-

cially in section 3 (fig. 980 and D); the sto-

mach contents then come up from the constric-

tion in sections 1 and 2. During this stage, the few fish and Cephalopods 

which are captured are digested in 3 as they are ingested: this stage was 

noted during the last 5 excursions carried out at about 1100-1200 hours. 

Differences in type of prey according to time of day can be explained 

by the rapid digestive process : Nakamura (1961) estimated that the intestinal 

trensit of Skipjacks lasted 90 minutes. Euphausiidswere found in the stomachs 

at 10 o'clock in the morning only because they had been stored; when digestion 

intensified because  food as  scarce, they disappeamdvery rapidly; around noon 

practically no traces of themizre left. 

We might therefore consider Luphausiids as being a prime source of 

food for bonitos which consume them in large quantities, especially during 

the latter part of the night, it would appear. Although an estimate of ac- 	216 

tuai  quantities was difficult to obtain from our data, we believe that they 
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account for 30 to 50;.. of the total food sources of these tuna, for indivi- 

duals caught at present off the -'ireat Caledonian Reef in any case. 

4. CONTRIDUTION OF EUTHAUSIIDS TO OTHER COMiAERCIAL SPECIaS 

As we mentioned earlier, the deep.-sea resources of the South Pacific 

are still highly unexploited and, in most cases, the extent of these resources 

remains unknown. As a result the habits, especially feeding habits, of pel-

agic fish which could be of some commercial value are virtually unknown. The 

contribution of Euphausiids to these species cannot be specified accurately, 

but their contribution to the food sources of the counterparts of these fish 

inhabiting temperate waters (herring, cod, salmon, etc.) would imply that the 

Clupeids and Carangids of tropical seas also largely depend upon them for 

their subsistence. 

Examination of data, unfortunately very limited, concerning the feed-

ing habits of a Carangid caught in Polynesia, Selar crumenophthalmus (common 

Tahitian name depending upon stage: "ature" for individuals 15-21 cm; "ara-

mea" from 21-29 cm; "orare" over 30 cm), confirmed our assumptions. Out of 

26 full or partially full stomachs,.8 contained Luphausiids; from these 8 

stomachs, we removed 500 large T. tricuspidata (1.6-2:0) as well as a few 

E. diomedae. Although no definite conclusions can be drawn from these ob-

servations, they nevertheless support the fact that Euphausiids occupy a 

certain position, probably an important one, in the food chains leading to 

certain fish of commercial value. 

5. CONCLUSIONS  ON Ta EARTICIPATIOI; 	EUPHAUSIIDS IW 100D CHAINS 
TN,LUiTGUu 	raOPICAL PACIFIC 

-- In terms_of speCis, the examination of Euphausiids found in 

the stomachs of fish led us to assume that, beginning with the relatively 



low trophic levels of zooplankton, there exists a certain independence bet-

ween food chains affectin;

firstly, the rLi^ratory (T_arraivctus, Dia^hus, 'Pri Î.oturus, Le^ido- 217

nhanes, ^yrnbolophorus, etc. ) or deep-dwelling (C,yclotjiione, âternotvx) micro-_

nektonic ichthyfauna providing almost all fish caught with the TKi;T (total

length generally between 3 and 5 cm), responsible for the deep scatterinü

layer (llSL), which feeds equally upon migratory hupiiausiids (especially hu-

•

p,hausia) found in deeper layers by day and near the surface by night and upon

sedentary species ( especially S. ati.breviatum) encountered during vertical r.ii-

grations; these fish prey mainly upon small organisms (0.7 to 1.6 s.x.).

secondly, Longline tuna ( Cermon, xellor4fin, Bigeye) V,und betweEn

0 and 400 metres, which directly consume only a ne^li^;ible amount of :^uphau-

siids because it appears that, in the Tropical Pacific, tuna feed mostly dur-

ing the day, i.e., at a time when the large ^uphausia or Th:Ÿsânopoda, seem-in g-

ly desirable prey, are located at sreater depths. These tuna feed mainly on

the ichthyfauna found near the surface ( 0-300 ni), fast-swir:-iming fish which

escaped the M:T. The Gemp,y-lidae, F'ra.-nidae, ParGlepididae, etc. prey essen-

tially during the day on sedentary species (mostly of the genus Sttrlocheiren)

found nearer the surface by day than migratory species. These Euphausiids

are of average size ( 0.9 to 2.0 S.G.).

F'inr:lly, large migratory Euphausiids ( ^ll_^ano poda, LuyhÛusia fallax)

of the 1.6 to 2.5 S.û., are consumed especially in the latter part of the

ni,^ht before they inibrate to lower depths by predators ranging in size bet-

ween the micronektonic fish (2-10 cm) and the large Lon.-line tuna ( over 60

cm): }:anitos, Cnrangrids and undoubtedly other fish of coc.irnercial value not

yet exploited.

-- In teras of auantity, we demonstrated that Luphausiids accounted

for :



. approxim4te].y 8;o in volume (more when considering wei;ht) of the

total food resources of the rnicronelctonic ichthyfauna of the deep scattering

layer (DSL), captured by the TKIiT. Other elements of the ini.cronekton

(Carides, Cephalopods) also depend upon them.

. approximately 10% in volume of the food of surface feeders which

form over half of the prey of Longline tuna.

. from 30 to 50i'S' of the food of bonitos caught by troll fishing.

. an undoubtedly important source of food for other fish of commer-

cial v^-^e, Carangids amonô others.

•

D
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GENMAL COe:CLUSIONS 

Very little is known about the biology and even the zoogeography 

of plankton inhabiting the Equatorial and South Tropical Pacific. The one 

hundred odd 'stations carried out during various expeditions using different 

samplings techniques are entirely insufficient. Tho expeditions of the a.v. 

"COMMIS" from the Numea 0U3TOi1 Centre undertaken since 1964 have added 

considerablY to the data available to date by their very number (some thirty 

major expeditions) as well as by a consistency in techniques, research pro-. 

grammes  established on a permanent basis, the number of samplings and the 

great number of parameters obtained by methods ranging from physico-chemical 

measurements to tuna fishing. 

From this wealth of material, we selected over 600 hauls of plank-

ton and micronekton which we then used to examine the distribution and bio- 

logy of one of the major groups, Euphausiids, These organisms are of parti-

cular interest because of their density (almost 10% of the total macroplank-

tonic biomass) and their contribution to the economy of equatorial and trop-

ical regions. 

Methods 

Due to the difficulties involved in sampling a pelagic group belong-

ing at once to both plankton and micronekton, we initially sùbmitted our 

sampling methods to as critical an examination as possible. Once the sani-

pling gear offering the best possible con.promise was selected (a 10-foot 

isaacs-hidd midwater trawl or MIT), we then : 
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— firstly, established with utmpst accuracy the particular features 

of the stations, such as the depth reached (by means of a Eathykymograph), 

towing profile (by Depth-Distance Recorder), speed of filtration during - 

various towing stages, etc. 

-- secondly, determined the sampling bias in relation to actual 

populations. To do so, we defined the sélective process of the IKMT bymàdng 

comparisouswith hauls with conventional plankton nets and referring totheo-

retical biological considerations which aaabled us to estimate  corrective 

factors that were then applied to estimate actual populations. From this 

analysis, we concluded that although large Euphausiids were well sampled 	220 

by the IKMT, only a very small fraction of the smallest individ'uals (ap-

proximately 10 mm long), barely 1%, was collected; we estimated the per-

centage of each size group that was captured by the net. 

In the laboratory, we devised a method for automatically determining 

size groups which gave us a clear idea of the size (age) structure of the 

populations; given the very abundant samplings, we could not possibly con-

sider taking individual measurements of the organisms. This method enabled 

us to classify a wealth of material, i.e., over 400 000 specimens identified 

according to both species and size. 

Examination of the samples pointed out that, in most cases, we were 

not dealing with normal distributions; it was therefore generally necessary 

to standardize the distributions before applying statistical tests. 

Zoogeography 

We identified a total of 34 species the distributions of which have 

been specified, althou3h to date only in terms of major distribution pat-

terns. Using the corrective factors mentioned earlier, we estimated the 

proportion of each specit,s within the total population: Euphausia  was by 
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far the most prominent species (63;;), followed by Stvlocheiron (25;o'), iema-

toscelis (91), Tliysünonoda (3`^) and i^eraatobraéhion (0.4; ); the -enus penth-

euphausia (T. ainblyops), although our hauls produced 1 200 specimens, was

ôroup• of
only a minimal fraction of the entire%rganisr.is

The classification of saizples into size groups enabled us to calcu-

late ai«ean size index for each species; this index was directly responsible

for the mean percentage of individuals captured by the IIAT.

Using our material, we thorouahly exë.'lined the fauna of 5 major

regions -- western hquatorial Pacific (Region A) : 170 0 L.

--- southwest Tropical Pacific (He;ion E) : 170° E-15/250 S

-°- central Equatorial Pacific (Region C) : 135/155° W

-- south central Tropical Pacifi.c (Region D) : 130/11~.5° INr-1-5/25° S

--- eastern Equatorial Pacific (Region E) : 92/140° 14

We noted that more species inhabited the equatorial zone than the

tropical regions; furthermore, we also noted that the density of the popu-

lations increased from east to west in the tropical zones, and from west

to east along the equator. There was a striking contrast between the.im-

poverished regions (Zone D: 115 individuals per station) and those benefit-

ting from sources of enrichment such as equatorial divergence (Zone C:

1 032 individuals per station).

In terri,s of the species themselves, we noted a twofold change in

the fauna

--- as we pro^ressed from south to north, we noted that species with

tropical affinities were gradually replaced by species characteristic of

the equatorial system;

--- along an east-west axis aloqg the equator, the transition in

the specific composition of the populations was sufficiently clear to enable

us to identify a western fauna, an eastern fauna and a trans-Pacific fauna.
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'V'e also established that the proportion of small individuals was 

greatest when the region was most abundent in resources; this fact would 	221 

imply differences in the trophic levels of the various populations. 

Heterogeneous Distributions 

We defined two types of distributions : 

lirstly, we determined the nature of swarms formed by E. diome-

dae, S. ebbreviatum  and T. tricuspidata. The first two species appear to 

form very large groups, some hundreds of thousands of individuals which at 

certain time include almost one half of the total population. T. tricuspi-

data gathers into much smaller swarms, a few thousand individuals which 

never exceed one-fifth of the total population. E. eximia and E. fallax  

also form swarms, but our data concerning these species was inadequate. 

Other species follow more normal distribution patterns. However, our sam-

plings techniques (filtering of large volumes of water) did not make it pos- 

sible to specify the nature of the microdistribution. 

Although the precise cause of the formation of swarms remains un-

known, we encoUntered swarms generally at night, in a physically stratified 

(equatorial currents) or disturbed (along the coasts) environment. The fact 

that such carnivorous species as S. abbrevietum  were observed in swarms 

would indicate that such behaviour is not peculiar to phytophagous species 

only. 

5econdly, an atteiapt to deterLdne the distribution of means 

among our specimen populations demonstrated that, aside from the ultimate 

case presented by swarms, Luphausiids are always over-disÉersed (a=-(32 	m)/ 

m2 = 0.15 to 1.10). 
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Nychthemeral Variations in Hauls

The observation that hauls were consistently more abundant at night

than during daytime, regardless of the towing derth, led us to deteri-aine the.

cause of this disparity. We concluded that this fact could be attributed to

two different factors: the daily vertical migrations of the populations which

dwell at much greater depths by day than by night and secondly, escapement of

organisms through the mesh in the forepart of the net where the organisms

whirl about during a major portion of sampling time. Escapement increased in

proportion to the time spent by the organisms in the net; the percentage of

losses was therefore greater during deep daytime hauls than durin.; ni.ght tows

carried out in the subsurface. Certain factors overshadowed these facts at

times; in particular, the existence of a horizontal level at the greatest tow-

ing depth which resulted in over-sampling the organisms, conipensated-, whenever

a densely populated layer was being sampled, for the loss of organisms while

the net was hauled in. This analysis enabled us to determine the conditions

under which nychthemeral variations in hauls would be void or minimal. We

also dei^nonstrated that, in the case of ^uphausiids and the S1üiT, the factor

which introduced a bias sampling as compared with actual populations was the

escapement of organisms through the mesh, while the avoidance of the trawl

by lar^er organisms was undoubtedly of minor importance.

Seasonal Variations

Seasonal fluctuations in the density of populations are considerably 222

less pronounced in a tropical or equatorial environment because siiGrp cli-

iiiatic changes do not occur. àeveral authors consider any such fluctuations

as bein-, 1.nStlnilZcant. Our observations of species nevertheless indicated

tile.t variations do occur, the extent of. w'r,ich could generally be assigned a
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factor ranging from 1.5 to 8.0. In addition, we pointed out differences 

in variations observed in the eastern  and western parts of the li,quatorial 

Pacific: 

— to the west (1700  E), fluctuations in the  density of each spe-

cies were minimal, but synchronous,such that the curve showing overall den-

sity presented definite seasonal differences. A lower equatorial divergence 

and the intrusion of water originating from north of i,iew Guinea, which ap-

pear during the austral summer, can be held responsible for trie  simultaneous 

development of the various species. 

— to the east and at the centre, we noted a paradoxical situation: 

firstk., greater variations within each species'and secondly, a remarkable 

constance in the curve of the overall population density. This apparent con-

tradiction arises from the fact that the stable climatic environment does not 

cause changes within the overall population, only within each individual spe-

cies as determined by its own biology. As the variations are not synchronized 

among the different species, the overall population density remains somewhat 

stable. 

(o, 

Vertical Distributions 

In terms of vertical distributions, the nychthemeral migrations 

peculiar to most macroplanktonic organisms are of particular significance 

due to the very-  density,of alphausiids and the extent of their vertical 

movements and to their highly stratified environment (equatorial currents 

in the Pacific). Ramifications arisin,-; from such behaviour are particularly 

significant in two respects : 

— the depth of Luersion of the organisms conditions their distri-

bution given the fact that they are submitted at different depths to currents 
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flowing in opposite directions; whenever the age groups within a given popu-

lation presented different mean vertical distributions,  we noted that the 

generations were spread about differently; it was absolutely necessary to 

take this fact into account when interpretating biological phenomena. 

— the trophic level of a specie depends closely upon its vertical 

distribution, determining whether or not there exists a prey-predator rela-

tionship with other members of the food Olain. 

7;.e demonstrated that in the Central Equatorial Pacific : 

— by night, 75% of the huphausiid biomass is concentrated between 

0-100 (or 160) metres, 19% between 160-300 m, 6:,; beyond 300 m. The specific 

composition of each bathymetrical  Layer  is clearly defined. 

— by day, Euphausiids account for only a very small fraction of 

populations found near the surface; only the smallest species remain in the 

uppermost 200 or 300 metres. 

The species were classified into certain well-defined groups : 

— sedentary species or those migrating little 

• epipelagic: inhabiting the first 300 metres (S. suhmii, S. micro-

phthalma, S. carinatum, S. affine, S. abbreviatum, S.lonP;icorne). 

• mesopelagic: distributed between 160 and 500 metres 	tenella, 

S. maximum). 	 • 

• bathypelagic: located beyond 300 metres (S. elormtm, A. boopis). 

migratory species, generally related to the deep scattering layer 

(DU) and found in great numbers during the day only beyond 300 or 

400 metres. Certain species gather almost entirely above the ther-

mocline during the night (E. tenera, T. tricuspidata, L. diomedae, 

T. aeoualis,  L. paraiLba);  part of the population of other species 

remain Lelow the thernocline  microps, T. monacantha, N. flexipes, 



racilis,  T. 	pectinate, 	orientalis);  others do not rise above g   

200-300 metres, even at night (T. cristata,  • amblyops). *  

In the more stable, more depleted tropical v.ohes where the water is 

clearer, vertical distributions appeared to be on the average from 50 to 150 

metres deeper than in the divergence equatorial region. 

1-:e also demonstrated that the average size of the organisms increased 

with depth due to the fact that : 

-- firstly, within a given species older individuals dwelled at 

greater depths; 

secondly, most deep-dwelling species (T._cristata, N. booris, E. 

amblvops) were larger than the surface dwellers (S. microalthalma, S. suhmiil  

S. affine, S. carinatum)• 

The major point brought forth during this study was the existence 

of two main categories defined by their vertical distribution during the day 

and having very different trophic relationships. Distinction must be made 

between : 

-- species which remain accessible during daytime to predators in 

the upper layer (0-300 m) which feed essentially by d ay  and which are in 

turn consumed by large pelagic tuna. Species belonging to the food chain 

leading to tuna include all species of the genus Stylocheiron  (except for 

S. elorgatum)  plus N. tenella, to which must be added the surface inhabit-

ants of L. tenere,  i.  microps,  E. diomedae, T. tricipidata. 

-- migratory species related to the deep scLtterin2; layer (DSL) and 

located by day between 400 and 830 metres as well as deep-dwelling species, 

both of which are not accessible to surface feeders; they belong to other 

food cnains, independent of triose  leading to Lon,;line tuna. This group 

includes T. aegualis,  b.  raragibba,  T. pectinLta,  T. monacantha, T. oriantilis, 



i^. flexihes, 14. •racil is, S. elon -;atur.i, N. boopis, T. crist^.ta, to which

must be added the ii.ajority of E. tener,, T. tricusnidGta, h. dio;iiedae and

40

•

N. raicro,p,s.

Ecoloüy

Examinction of the distribution of the orÛanisms in terms of envi-

ronmental factors demonstrated that Euphausiids are lar;;ely independent of

their environment, for tnree major reasons

-- with the exception of a few surface dwellers, they belong 224

either to species carr^^^ing out extensive vertical migrations which imply

a re^ative indifference to the environment because they are subject to

considerable differences in environmental conditions within a short period

of time; e.g., a tez_Zperature drop from 13 to 18 0 C. or to mesopelagic or

bathypelagic (over 300 in) species occupying a biotope where conditions re-

main stable over vast stretches;

-- Euphausiids occupy a relatively high position in the food chain

to which they belon,, and fluctuations in available resources affect them

only indirectly, a drop in food sources having been minimized by lower mem-

bers in the sequence;

-- finally, the fact is now widely accepted that relationships

between taxa and body of water generally appear only at a taxanomic level

lower than the species (variety or 6eo^raphic race).

An ecological analysis of the 5 regions outlined earlier was based

on a calculation of specific diversity characterized by the Shannon-vtiiener

index :

Is = - rpi.lo,-2 Pi

Application of this index made it possible to define the charac-

teristics of the various populations taking into account the deductions
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obtained from the study on zoogeo^raphy. The equatorial region is consider-

ed as being a coherent sy stem pro gressivel^^ çhangin^; from east to west; the13

eastern region is biologically the youngest and benefits from enriciunent

sources such as the Peru Current and active divergence; there is a large bio-

nlass and a low diversity (0.4 to 1.2). Fôpulations change to the west; the

size of the biomass gradually drops and diversity gradually increases (Is=-

1.2 to 2.2 between 125° Il and 180°, 2.2 to 2.7 to the west of 1£30°).

Diversity is considerably higher in the tropical regions, reaching

3•7 in Zone B(western Tropical Pacific); the relatively low value of 2.7

obtained for Zone D (Central Tropical Pacific) was lik.ely due to inadequate

samplinô.

We defined a rating, which we called the Hïsfit ^uotation, describing

whether or not the species preferred the saine environment. L-y taking the

percentage of the total population represented by each species in each dif-

ferent region, we classified the species according to decreasing order of

preference; a comparison between the rank order of two species gave a 14is-

fit Quotation the value of which was highest when the species occupied bio-

topes according to a different order.

An intercalibration of the i-lisfit Quotation and the Spèarmzn. 3

gave an essentially linear relationship.

From the ^:isfit values obtained by comparing two species, we esta-

blished ecolojical affinit^- groups such that species within the same ;roup

had low ^ji.sfit values, but hi;;h values if co,«pared with species of another

group. 1,e thereby identified three ecolo^icc.l -;roups

L.-- species with equatoriEl affinities 3. affine, iv. ;;racilis.

dio,c,edae, L. j^on,cantlia, L. tenella, T.orie.ntalis (the latter two providing

the transition with the followin; group);
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-- species with tropical affinities : S. maximum, S. lonzicorne, 

N. boopis (transition with the equatorial group); T. pectinata, 	sexspi- 

nosus, T. tricuspidata, T. aeoualis,  S. abbreviatum, T. cristata, S. elon- 225 

gatum.  To this group we added  I.  flexipes,  T. obtusifrons, T. subaesuelis, 

L.  fallax, h. brevis, L. mutica,  N. atlantica  which are exclusively trop-

ical species. 

— intermediate species : N. microps,  L. p6ragibba, S. carinatum..  

Reproduction 

-No data was available until now on the reproductive cycles and the 

life-spans of planktonic organisms inhabiting the -rjquatorial Paci.fic. The 

lack of climatic fluctuations resulting in virtually uninterrupted biologic-

al activity, the vasness of the area and its remoteness from research cen-

tres limiting the possibility of frequent observations are all major obs- 

tacles to obtaining such information. Most authors, having had access to 
now 

only fragmentary bits of information, concluded until/that reproductive ac- 

tivity was continuous, thus preventing any further examination being made 

of changes in the age structure of a population over a period of time. 

We established first of all the sexual characteristics of the main 

species by describing ovarian development and dividing it into four major 

stages. Fecundity, measured by the number of ripe eggs contained in the 

ovary during Stage IV, was found to be much lower than that of species of 

cold or temperate regions : 80 for E. diomedae  and A.  tenella,  40 to 54 for 

all species of the genus Thvsanopoda  except for T. aequalis  (24), less than 

10 for the deep-dwelling species, N. boopis  and F. amblyops.  The maturity 

level of feAlales was estimated by calculating  trie  percentage of mature in-

divic:uals within each different size group; we determined the period of 
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impregnation (percentage of females bearing spermatophores) according to 

individual size and Ovarian stage. Males tieing generally smaller than fe-

males, we noted that size was to be taken into account when determining 

sex ratios. 

In attempting to determine life cycles, based on changes in the age 

structure of populations and the percentage of mature females at different 

periods, we encountered the same obstacle mentioned earlier, i.e., uninter-

rupted reproduction in the equatorial environment (females having reached 

ovarian maturity all bear spermatophores regardless of time of year). How-

ever, by altering the data (i.e., considering the percentage of each size 

group in relation to its average number of individuEls over a one-year period), 

we were able to demonstrate that  changes. occurred over a period of time and 

to tentatively suggest a certain life cycle obtained by examining the devel-

opment of modal classes. 

T. tricusnidata,  T. mcnacantha,  T. aequalis, N. tenella,  E. diome-
and N. boopis 

dae/appeared to have a life-span of approximately 1 year (10 to 15 months); 

E. amblyops  one of approximately.  2 years. These life-spans are less than 

those of species of cold or temperate regions, most of which live from 2 

to 3 years. Growth followed an essentially linear pattern, slightly asymp-

totic at times; the average monthly growth in length amounted to 1.0 mm for 

E. diomedae and P. amblyops,  1.2 mm for T. aequalis,  1.4 mm for N. boopis, 

1.6 for N. tenella  and 2.0 mm for T. tricusnidata  and T. monacantha.  These 

rates of growth are generally higher than hose of temperate species (0.7 

to 1.5 mm/Month in general). Spawning occurred throughout the year with 

peaks having been noted for certain species from September to April; females 

appeared to spawn only once and to die 81iortly afterwards. 



226 Trophic Situation 

Trophic relationships are a prime factor of biological balance 

given the fact that the subsistence and density of a given population de-

pend upon a particular food-predation element. 

- Food  sources of Euphausiids  

Major difficulties encountered in identifying stomach contents ex-

plain why the data available to date was limited to lista describing the 

type of debris found in the stomachs and representing only a minute frac-

tion of the total food inested. This data was totally insufficient for 

a study on trophic relationships; we therefore devised an arbitrary rating 

by which we estimated the proportim of material of animal (A) or vegetable 

(V) origin in the stomachs, the rating VA being used whenever both were 

found in equal proportions in stomach contents. Categories A and V were 

readily identified under the microscope provided fairly recent samples 

were examined: we demonstrated that, after the specimens had been preserved 

for 1 to 2 years, plant matter became discolored and could not be easily 

identified. 

For each species we therefore had an estimate of the percentage of 

'individuals with stomach contents of "A", "V" or "VA", i.e., we defined 

their trophic level identified by either of two complementary sums 

,5fil-;-(VA/21  or 	V+  (VA/21 . After dissecting over 3 000 specimens, we 

established that : 

— T. aequalis,  N. boopis,  S. abbreviatum  and T. oriéntalis  are 

strictly carnivorous; N. gracilis,  N. flexipes,  T. monacantha  and T. pec-

tinfLti appear to be essentially carnivorous, but complete their diets with 

plant matter; T. cristata,  N. microps, E. diomedae,  N. tenella  are typical-

ly eurypnagous consuming both phytoplankton and zooplankton in • equal pro-

portions; T. tricuspidata  and E. amblyms  ingest mainly vegetable matter 
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(living phytoplankton in the case of T. tricuspidata and dead phytoplankton

with broken down pigments in the case of F. arablLops), with zoopl.ankton

still accounting for 1/3 to 1/5 of their total food sources; E. paragibba

and L. gibboides are strictly phs-tophagous.

-- on the whole, we pointed out that i^upt:ausiids inZested more

animal matter than plant nnatter, as 12 out of 16 species relied upon animal

sources for over one-half of their food requirements.

-- the classification of more developed species having extended

legs (iiematoscelis, l^ematobrachion, Stylocheiron) as "predators" is a oross

oversimplificntion. Although S. abbreviatum, N. bobpis and N. flexipes are

in fact carnivorous species, N. microps and especially N. tenella depend

largely on phytoplankton. Likewise, niany species belonging to less devaloped

genera, considered as phytophaga obtaining their food by filtration, depend

to a large extent on zooplankton (T^aegualis,, T. rrionacantha, T. pectinata).

li:e also examined variations in stomach fullness in order to deter-

mine feeding habits and drew the following conclusions: the feeding pattern

of rriost species did not coincide with the nychthemeral rhythm. In fact, we 227

frequently noted that feeding activity intensified in the becond part of the

day (1200-2000 hours) in the intert,,ediate and deeper layers (300-600 in).

By integrating the data obtained for 9 species, we outlined two peak feed-

ing periods: one in the latter part of the day (14.00-2000 hours) in the 9.n-

ter.mediate layers (300-600 ni) and another at the surface during the ni-lit

(0-100 in, 2000-0600 hours); however, the second peak period was subject to

preying activity twice to ten times more intense than the first : from 100

to 1 000 indivi6uals per 1 000 m3 in active feeding being located there at

such time as opposed to 50 to 100 in thè first instance. No individuals

were feedin^ durin^ the day in the deserted sut;surface zones (0-300 m;
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0600-2000 hours), and very few in the deeper layers (300-800 m) both by

night and during the forenoon (2200-1200 hours ). I-e irii;;ht recall at this

point that we examined only mi,,ratory, mesopelagic and bathypelagic spe-

cies and excluded the siaall surface dwellers (those belonging especially

to the genus Sty_locheiron) whose feeding habits are perhaps different.

I^ith knowledse of the trophic levels of most species, tiie defined

the trophic structure of populations witnin the different zones. _v:e pointed

out that the percentage of carnivorous species was inversely related to

population density. Thus, feeding habits both confirm and complete the

outline obtained in the study of zoogeographic populations and of-the eco-

logy (diversity) in the order of regions k;, C, A, E, D in the Equatorial

and South Tropical Pacific, the populations becofae less and less dense,

more and more diversified and have a hi^rher and higher proportion of carni-

vorous species.

Euphausiids as a source of food

C:e deterrAned precisely what huphausiids represented as a source

of food for their predators :

--- in terms of value (source of Vitamins A and B12)

-- in terms of quantity (£3;'Dof the total micronektonic biomass)

- and examined the form and conditions under which tïiis resource

was :,lade accessi'lle

given a definite relationship between size of predator and size

of prey, we established the size distribution of the Luphausiid biomass.

s:e d%.onstrated that 44,', of the total iuphausiid biornass was formed of or-

ganisms belon,;inLr to the 1.2 size ;roup (12-15 mra/11-20 m-), 25;' to the 0.9

(9-12 mmA-11 mb), 7.5/6' to the 1.6 S.J. (15-18/20-37 mg)-



In terms of species, we noted that species of the genera Th^'sano-

poda and i4ematobrachion in addition to S. maximum and E. ambly2l?s provided

•

the r.ia2ority of organisms over 18 Ir,rn long and weighing over 40 rc^; smaller

individuals belonged essentially to the genera ûùphausia,

Stylocheiron (with the exception of' S. maximum ):

ideinatoscelis and

.;;e demonstrated in the study on vertical distributions how these

distritutionsdeterinined whether or not Luphausiids were accessible to po-

tential predators. As a source of food, huphausiids form two major groups:

those remaininS accessible to surface feeders (0-300 ra) during the day and

participating in food chains leadin^ to tuna and those dwelling at greater

depths durin; daytime tizus belon^in^ to other food chains.

. Finally, we claimed that the formation of swarms by certain spe- 228

cies pro;cioted their potential use by predators; a spread of the organisl.rts,

on the contrary, protected the species but, by this very fact, limited its

contribution to the economy of its biotope.

i^ïaJor predators and tiartici,nation in pelagicf.ood. chai.ns in the
h cLatorial and `rrooical E'acific

In analyzing the data required for this latter part of our work,

we met with difficulties related to the very large variety of predators of

Euphausiids which are included among large fish or in the plankton-rnicro-

nekton cate^ory. ;s^xaniinrtion of stomach contents of CaranÛids (Oelar crwii-

eno-phthalIIlus) caught in Polynesia and especially those of bonitos (f:uthy-nnus

(I_atsot,onupj_2.^ lrr.iis ) caught by trolling off the coasts of idew Caledonia

specified the contribution of iuphausiids to species of cormiercial value;

however, the type of available material led us to examine particularly:

firstly, the position of ^upizaus:iids in the food chains affecting micro-

nektonic fish, ,,enerally niic,rator,, or deep-duelling, species captured with
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the midwater trawl, and secondly, their relation with respect to surface 

feeders (0-306 m) which escaped the trawl because of their swimming abilities 

but which consist in a source of food for the large tuna caught by Longline. 

(1) Predators of the IK-1:d-collected micronekton 

Aside from Cephalopods and large crustaceans (Carides, Sergestides) 

which also.ingest a certain amount, we determined the quantity and species 

of Euphausiids contributing to the food sources of migratory or deep-dwelling 

micronektonic fish (generally 3-5 cm in length), forming the deep scattering 

layer  (ESL) and over one half of total IKMT hauls. After examination of 

1 923 Stomach contents selected so as to represent from 96 to 95% of this. 

particular ichthyfauna, we demonstrated that : 

Euphausiids providedsome 8% in volume (more in terms of weight) 

of the total food of these fish, 21% if the genus Cyclothone which forms a 

special category is excluded. They consist in one of the most common prey 

of Vinciguerria nimbaria (large individuals only), Gonostoma rhodadenia, 

Triphoturus microchir, Lamoanyctus niger, L. hubbsi, L. festivus, Symbolo-

phorus evermanni, Diaphus termophilus,  D. regani,  D. lutkeni,  D. theta,  

D. elucens, D. malayanus,  D. lucidus, D. splendidus, Sternoptyx  diaphana 

and Eregmaceros  sp. 

— in terms of species, 45 of the Euphausiids ingested belonged 

to the genus Luphausia, /16 to the genus Stylocheiron  and 13% to the genus 

dematoscelis.  The .genera Tnvsanopoda, 4ematobrachion and Eentheuphausia 

were practically absent, likely because of their larger size. We noted 

that over 90 .% of the Euphausiids consumed were of average length, from 6 

to 18 mm. 

be also determined the particular preying habits of these fish : 

-- we noted that for most species of fish there was generally a 
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linear relationship between size of predator and occurrence and size of 

Euphausiids selected as prey; 

— from our analysis of hourly  variations,  we observed three well 	229 

defined phases of preying activity : 

• • a peak occurrence of Luphausiids in stomachs during the night, 

from 2200 to 0200 hours, then a drop from 0200 to 0800 hours; 

• the lowest occurrence at the beginning of the day and during mid-

day, from 0800 to 1600 hours; 

• a definite increase in preying activity during the latter part 

of the day (1600 to 1800 hours), followed by a slight drop coinciding with 

• the •;ertical migration of the organisms to lower depths (2030 hours). 

Furthermore, we noted that these fluctuations marked a change in 

the species being consumed : Euphausia  was consumed both by night at the 

surface and at greater depths by day; small .St'vlotheiron ingested mainly 

by night at the surface; Aematoscelis  and S. abbreviatum essentially during 

the upward (1600-2000 hours) and downward (0400 hours) vertical migrations 

of their predators. 

• Our overall observations led us to suggest the typical preying 

habits, as regards Euphausiids, displayed by migratory or deep-dwelling 

fish, generally related to the deep scattering layer (DSL) and captured 

by the IKMT : 

-- small fish (less than 40 mm long) consume the smallest Euphau-

siids almost exclusively (Eupnausia tenera, Stvlocneiron carinatum, S. af-

fine, S. licorne,  5. microphthalma, 3. suilmii) and capture them mainly 

by night in the subsurface. 

-- larger fish (over 40 mm long) are able to prey upon  the  larger 

migratory species (especially Luphausia diomedae) which they hunt both by 

night near the surface and by day at greater depths, as well as upon the 
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species inhabiting the intermediate layers (Stvlocheiron abbreviatum in 

particular) which they encounter during their vertical migrations. 

(2) Euphausiids in the food chain leading to Longline tuna 

Due to the fact that their biotopes do not overlap, Luphausiids 

form only a negligible food source for these large predators (Germon, Yellow-

fin) : it would appear that tuna jn-fact feed by day between 0 and 400 m . 

where the large Euphausiids which they might possibly consume are not found. 

However, Luphausiids form an important portion of the food of fish ingested 

by tuna; these fish, slightly larger than those captured with the IrKilT, be-

long to different species as only V. nimbarria, S. evermanni and S. diaphana  

were frequently found in both IKiiT hauls and in tuna stomachs. • While the 
fish 

IKMT-collected ichthyfauna included mainly migratory/related more or less to 

the deep scattering layer or deep-dwelling species, tuna feed upon semi-

sedentary species remaining in the uppermost 300 or 400 metres during day-

time, most of the adults of which escaped the trawl. Examination of 1 193 

stomach contents of specimens of this fauna led us to draw the following 

conclusions : 

Euphausiids account for approximately 10 in volume (more in 

terms of weight) of the food of fish ingested by tuna. Major predators are 

the Dramidae (Collvbus,  Taractes, Pteraclis), Paralepididae  (Paralepis, 

MacroParalepis), Vinciguerria, Symbolophorus  and Sternoptyx.  To these must 

be added a Gempylidae, Diplospinus multistriatus,  which forms the most  corn- 230 

mon prey of Alepisaurus,  the juveniles of which are eaten by tuna. 

-- in terms of apecies, these.Euphausiids are somewhat larger than 

tnose selected by the IKi-d-collected fish (9-20 mm long) and the species 

111, 	
are distributed according to different proportions. 	e noted a predominance 

of the genus Stylocneiron  (64), while the lematoscelis (15), Euphausia  

(12A and Tnvsanopoda (9) were found only in small numbers. 

• 
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Fish in-,,ested by tuna therefore feed mainly upon sedentary Luphau-

siids ( Stylocneirori) wiiich are found nearest the surface durin:-- dayti:lie,

and not on mi.^ratory species (Lupnausia) whose habitat is too deep during

the day and which reach the subsurface only at night when tuna are not feed-

ing; as à result, tliese fish depend main.ly upon carnivorous species (Stylo-

cheiron) while the ichthyfauna related to the deep scattering layer (DSL)

prey more upon omnivorous species (Isunhdusia).

the
low this fauna to recuperate part of that energy from/migratory fauna.

These results would indicate that, be;innin^ with relatively low

levels, there is a certain independence between the food chains affecting

surface feeders (0-400 m), aliionb which tuna are included, and the migratory

or deep-dwelling fauna related to the deep scatterinlayer (DSL) and cap-.0

with the midwater trawl. In fact, if the migratory fauna draws its

resources from the subsurface during the night (feeding activity of Luphau-

siids and DMIT-collected fish in the subsurface at night), tiiereby being

prey for the deep-dwelling fauna during the diurnal phase, it would appear

on the contrary that the surface feeders, including tuna, have little op-

portunity to utilize the migratory or deep-dwelling biomass because they

feed mainly by day.

In other words, energy transfers operate effectively only along the

surface-depth plane because the feeding habits of surface feeders do not al-

On a broLder basis, we hope to have successfully demonstrated during

the course of this work that :

-- the bathymetrical distributions of the faunas, their nychthem-

eral mi; rations and feeding habits, form in a pelagic environment the fac-

tors which determine the structure of food chains which, in turn, were to a
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large extent responsible for the situations we observed; 

-- an analytical approach to problems concerning a given  taxonomie 

 group is an effective means of identifying broader mechanisms affecting the 

entire pelagic world. 

Manuscript submitted for publication on August 30, 1972. 


