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PREFRCE

Ce document reunit Les principaLes communications des cher
cheurs travaiLLant dans Le programme EICHORNT (EvaLuation de
L'Impact du Comportement en HaLieutiQue et sur Les Observations
Rcoustiques en milieu Naturel TropicaL) presentees a differents
congres ou entre le 1/1/67 et le 30/4/S0. Cette compilation nous
a sembLe necessaire dans La mesure OU ces documents ne sont pas
faciLement disponibLes et ou ces resuLtats ne sont pas pour L'in
stant pUDLies sous une autre forme. En effet, Le programme EI
[HORNT s'est trouve au cours de cette periode dans une phase in
tensive de terrain durant LaQueLLe seuL ce type de pUbLication
etait a La fois possibLe (car rapide) et necessaire (afin de
prendre date dans un domaine en pleine evoLution).

O'autres communications (ou rares pubLications) ont ete
reaLisees au cours de cette periode. On en trouvera la Liste ex
haustive dans le taDLeau presente ci-dessou5. Les travaux ne fi
gurant pas dans la presente compiLation sont, pour L'essentieL,
des communications a des groupes de travaiL du CIEM (ConseiL In
ternationaL pour L'ExpLoration de La Mer; ICES en angLais) qui
ont ete reprises dans des communications presentees Lors des re
unions statutaires de cet organisme. On y trouvera egaLement
queLques travaux situes en marge de La probLematiQue de EICHORNT.

PREFRCE

This document is a reprint of the main contributed papers
presented during congresses by scientists of the EICHORNT program
(EvaLuation of Behaviour InfLuence on Fishery Biology and Rcous
tic Observations in TropicaL Open Sea), from 1/1/1987 to
4/30/1990. The edition of these coLlected reprints was necessary
Decause on the one hand these papers are not easily availabLe
and, on the other hand, the resuLts of our studies are not yet
published eLswhere. The EICHORNT program is still in a period of
intensive data coLLection and the contributed papers give the op
portunity of a fast publication.

Some other contributed papers (or in 50me cases pUbLica
tions) were written during this period. R compLete list is avai
LabLe in the tabLe presented further. The papers which are not in
the present coLLected reprints are mainLy contributed papers to
ICES worklng groups (International ConciL for the Exploration of
the Sea, FRST and FTFB working groups) whose results are usually
reported in the contributed papers presented during the ICES sta
tutory meeting. Some other papers deal with subjects indirectly
reLated to EICHORNT topics.
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TRBLERU DE CLRSSIFICRTION DE L'ENSEMBLE DES

PUBLICRTIONS DES CHERCHEURS DE L'EOUIPE EICHORNT

du 1/ fleT' au 30/4/90

(CLassification tabLe of the whoLe set of EICHORNT

papers from 1/1/67 to 4/30/90)

PRESENTRTION

Le tabLeau ci-dessous presente L'ensembLe Les pubLications
des chercheurs travaiLLant dans Le programme EICHORNT entre Le
1/1/67 et Le 30/4/90 (seuLes deux publications ant~rieures a
1967, mais rentrant dans La problematique du programme, ont ete
rajoutees). Les communications compiLees dans Le present document
sont indiqu~es par un asterisque en marge. De plus, Le tableau
presente cinq entrees:

N - Numero d'ordre dans Le tabLeau (ordre conventionneL).

R - L'action de recherche EICHORNT concernee par la pubLication;

I - Le niveau d'inter@t scientifique de La publication;

o - Le niveau de diffusion du support de pUbLication;

R - La reference scientifiq~ de La pUbLication;

Rctions de recherche EICHORNT

o - Hors programme EICHORNT (7 publications).

R Etalonnage et evaLuation des erreurs et biais en echo-
integration (13 publications).

8 - RdeQuation de la methode d'echo-integration aux biotopes
insulaires (4 publications).

C structure et stabiLite des bancs et agregations (7 pubLica-
tions).

o - Mise au point ou utiLisation de methodoLogies nouvelles
(6 publications).

E - Impact de l'apprentisage sur L'evaluation des stocks (1 pu
blication).

F - InfLuence du comportement sur Les resultats de La dynamique
des popuLations (2 pub ications).
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Niveau d'int~r@t scientifiQue de La pubLication

o - Resultats repris dans une pUblication de synthese, ou tra
vail traduits dans une autre langue (9 pUblications).

1 - Inter~t moyen (12 publications).

2 - Grand inter~t ou synthese (13 publications). Les publica
tions de synthese portent les numeros d'ordre suivants: 9,
18, 24, 25, 28.

Niveau de diffusion du support de publication

o - Litterature grise, diffusion limitee aux demandeurs (rap
ports de contrats en particulier): 4 publications.

1 Communication a des groupes de travail, diffusion limitee
aux experts internationaux des domaines acoustique et com
portement lies a l 'halieutique (exemple: groupes de travail
du CIEM): 14 publications.

2 - Communication a des congres, diffusion assez large au dela
des specialistes (exemple: reunions statutaires du CIEM): 15
publications.

3 - Publication dans une revue: 1 publication.
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METHOOOLOGICRL RPPRORCH TO STUOY BIRS INOUCEO BY FISH

BEHRVIOUR OURING HYORO-RCOUSTIC SURVEY

Oy

Pierre Freon & Fran~ois Gerlotto
Pble de Recherche Oceanologique et Halieutique Caraibe

ORTOM, 8P 81 I 97256 Fort-de-France Cedex,
Martinique (French W.I.)

RBSTRRCT

R methodology IS proposed for studying fish school be
haviour, In order to Quantifv its influence on stock abun
dance estImations using acoustics. Observations take pLace
In SItu or inside a large net, set in shaLLow waters. This
encLosure (up to 70 m diameter) is instaLled In areas where
transparent waters aLLow the use of opticaL devices in addI
tion to the acoustIC equipment.

Les premIeres etudes concerna1ent la structure Interne
des Dancs et ses modIficatIons en fonction de L 'lnt luence du

Les auteurs prespntent une serle d'outlLS metnodoLogl
oues mls au pOInt pour L 'etude du comportement des Dancs a~

u o i s s o n s . a r r n ae uu a n t i r r e r- t v i n r t c e ru e u e ee c omn o r t e men t

sur Les etudes de stocks. en part1culier L'estImation des
lJ I ,j IT! Cl <e) S '" S 0 f? S POD U l a t 1 0 nS ITle sur Eo e 5 Dare c n 0 - 1n t e 9 rat Ion. Le s
oDS fJ f' vat Ionss' et I e c t u e n t 1n SIt U 0 U a L' In t e [' 1e ura' un e [I -

LLLl~ er" i i e t o e grandes o i men s i o n s LpLUS de /u m o e UldlTlf':··
(re). Installe dans une zone oeu protonde. La zone est enoi
Sle en raIson de La transparence de l 'eau, ee qUI permet
L e fTl PLO I 0 ' a n n are I LS 0 e v I sua Lis at ion d ire e t e Lc a mer a sou s 
marInes) en PLUS aes eauIpements aeoustiques.

RESUME

1ne T lrst studies concern the internal school structure
Its mOdIfication wnen Influenced bv a vesseL I the vert1
school avoidance and the mean target stren9th measure
InSide small scnOOlS. Some of the preliminarv resuLts
GIVen in an other communication (GerLotto and Freon,
rn e e t i n q : .

cH' e
t n I s

dno
c a ~

ment



passage d'un bateau, La quantificatIon de L'~vitement verti
caL et Les mesures de TS a L'interleur de bancs de petites
dimensions. Les resuLtats preLiminaires de ces travaux sont
detaiLLes dans un autre document (GerLotto et Freon, ce con
qr es i .

I. INTRODUCTION

Fish behaviour studies in reLatIon with fisheries star
ted many years ago with the aIm of Improving fishery techno
Logy. Rvoidance and escapement observations have been car
ried out for severaL decades making it possibLe to buiLd
more efficient or more seLectIve fishing gear, according to
the needs of fishermen or fishery managers. However, as far
as fishery bioLogv is concerned, the infLuence of the nume
rous behaviouraL parameters nas been considered either very
recentLy or not at aLL I aLthough it IS predominant in three
main fieLds:

(1) Behaviour can be modified by Learning In reLatIon
with a fishery, and tnus introduces a biases in the abundan
ce estimation when c.p.u.e. IS used as abundance index.

(2) Changes in behaviour can be induced by the scienti
fic observer and/or his observation tooLs. This mainly con
cerns the acoustic survey method: the interpretation of
acoustIC data requires quantifIcation of the behaviouraL ef
fects WIth respect to the oceanographic vesseL, first des
crIbed by OLsen (1980) and more recentLy by various partici
pants of the SeattLe meeting (Rnonymous, 1987). The main pa
rameters to identify and meas~re are in this case: the fish
avoidance caused by the stress from the vesseL (noise,
LIght, shadow ... ) and the fish tILt angLe InSIde the acous
tic beam, Induced bY these stimuLI.

L3J Natural behaViour QUantitatIveLy InfLuences the
sCientific observations 01 tne flSherv activity, and then
the vaLidltv 01 production modeLs. rne structure 01 SChooLs
ana concentratIons must be Known, as weLL as theIr temporaL
and spacIaL varIabILity. Studies have already been carrIed
out on thiS tOPiC (Lebedev, 19b7; Radakov, 1973) but LIttLe
quantitative work IS avalLaoLe wltn the exception of some
smaLL schooLs In tanks. For oeslgnlnq ana processing acous
llC surveys, It 15 necessary to nave reLiable KnowLedge of
tne trldimentionaL structure of scnooLs and concentrations,
as weLL as their time evolution. ~uch data prOVlae a better
estimation 01 the o i cm a s s ana 01 Its c o n t i ne nc e t i mi t s lH-

o t e n, '1:3 5:3 ; Ge r Lot t 0 and '::J tea u e r t . '! ::J tl J J. HS Snow n I n t n e
pioneer vu r k or L u 5 n I n9 II ~ i I ) t ne a ens 1 t V ins 1 0 e Large
scnooLs IS not nomogeneous, contrary to the common beLief
resulting trom VisuaL observations on smaLL schooLs. Our
oreLlmlnarv stuoles Indicate that a verticaL density gra
Olent is IrequentLv Observea, well as discontinuity InSIde
the SChOOL (GerLotto and Fr'eon. t n i s meeting).

With the goaL 01 evaluating tne effect

2
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viour on the resuLts of previous traditIonaL studies, the
program EICHO~NT was deveLoped in 1986 in the CarIbbean. For
the tIme being, EICHO~NT (EvaLuation of the Behaviour In
fLuence on Fishery BioLogy and ~coustic Observations in Tro
picaL Open Sea) is carried out on the isLand of Martinique
(French West Indies) and the orientaL part of VenezueLa whe
re the program IS conducted In cooperation with FLRSR (La
SaLLe FoundatIon of NaturaL History). The points (2) and (3)
have onLy been studied at this time and theIr methodoLogy is
presented in this paper. This methodoLogy concerns both In
situ observations and observatIons inside a Large encLosure.

11. METHOOOLOGY INSIOE RN ENCLOSURE

11.1. PLaces of observation and equipment

Off the coast of VenezueLa. a seasonaL upweLLlng aLLows
the presence of a Large stock of SardineLLa aurita, but In
duces a Low water transparency permitting maInLy observa
tions with acoustic devices. Rround Martinique, some bays
provIde good working conditions (hIgh transparency, Low cur
rent, protection from tne wInd) aLLowIng the InstaLLation of
a "mesocosm" for visuaL and acoustIcal observations. ThIS
InstaLlation (fIg. 1) consIsts of a 70 m dIameter, 15 m
height circuLar net, set on shalLow grounds. SmaLL peLagic
schooLs, from 100 kg to severaL metric tons, are encaged In
the net. Underwater camera, aeriaL camera as welL as vertI
caL and horizontaL sonars are used to observe and quantify
schooL behavIour.

The Simrad EYM narrow oeam transducer (22 Q
, 70 kHz) and

an Osprev video underwater camera were supported by a buoy
aL 1 m beLow the surface and m3intalned upon the deepest
Dart 01 the encLosed area. GeneraLLy the excelLent weather
condItIons provIde a reasonabLy stabLe posltlon 01 tne
equIpment. The Rgenor llFREMER/ORSTOMJ ecno Integrator is
used on reaL tIme to provide b mn IntervaL Integrated va
Lues, or Later In the Laboratorv to process transmISSIon by
transmIsSIon tne data recorded on a u~r tape-recoroer In the
i i e t c .

VIsuaL observatIons are made USIng tne Wloe angLe came
ra coupLeo to the transducer as mentIoned aoovt', whlcn IS
connected to a vloeo tape recorder equIpped w1tn a precIse
revoLution counter and alLOWIng a performant slow motIon ana
t ram e Dv r r eme pLaV-OdCI<-. H mi c r oo no n e 1::> e t s o t o nn e c t e n tor'
eventuaL comments and for checkIng the 5vnchronlSdClon Ol::'t
v e e n tape and v i c e o r e c c r o i no . H b meter t u ne e noe o (J1j Cl Uilt:

meter qraduated bar IS used 10r c a t r o ra t i no t ne Size 01 t n e
V1oeo pIctures accorolng to the depttl dnD to tne monItor
screen SIze l I i q . L J. Hnotner me t n oc IS to t ax e Into account
the pnyslcaL caracterlstlcs of the Lens and monItor, as It
nas oeen done for photographIc camera by YarVlk and Mu
rav'yev (1982).
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The array of video cameras set around the net and on
the bottom can provide informations on the fish movements
inside the net. When the fish are schooLed, it can aLso be
LocaLized inside the net by using an omnidirectionaL sonar
or an aeriaL camera (bLue-print project). Other observations
are done by a free diver using a Nikonos V photo camera.

R 60 watt underwater Loud speaker Rquavox can be used
to emIt naturaL or atificiaL sounds in order to stress or to
attract the fish.

RLL the processing equipment is InstaLLed eIther on a
research vesseL anchored cLose to the net or on a Large
instrumented raft, providing a support for the transducer
and the camera WhICh remains more stabLe and shaLLow than it
wouLd be on a vesseL (at Least in the coastaL area where the
experiment was carried out).

PreLiminary information has been coLLected on a smaLL
schooL (100 kg) of CLupeid HarenquLa jaquana and Carangid
Decapterus punctatus in MartiniQue. In VenezueLa, the same
equipment has been used to observe a 5 ton schooL of Sardi
neLLa aurita.

11.2. ExampLes of bias measurement

ThIS instaLLation can be used to study the InfLuence of
externaL parameters reLated to scientific surveys or to fIS
herIes, and to quantify them. For instance, the sound atte
nuation within concentratIons mentioned by Rottlngen (1976)
and observed by OLsen (1987) in schooLs, can be studIed in
detaIL from specifIc schooLs aLready weLL-descrIbed. The in
fLuence of visuaL or auditive stimuLi on the fISh movements
and densIty can aLso be studIed uSIng this approach. More
specIfIcaLLy, the infLuence of the tiLt angle DIstrIbutIon
on tne mean vOlume oackscattering strength CBuerkLe, 1853;
~oo[e, 1~5U) can be measured.

LlrcaDlan rytnms In 'Ish behavIour are well Documented
lRll I 1950; PItcher, 1SBb). Nevertneless, tne common DIsper
sIon benavlour of the schools during the nIght 15 not sup
Darted by aLL observations and It seems that fISh are abLe
to schooL under very Low LIght LeveL (GLass and WardLe,
i956J. For Instance. the 5 ton scnool of S. aurlta oDserved
durlna 20 hours showed stabLe Integrated values durIng the
dav ano extremelv Large I Luctuatlons ourlng tne nlgnt wltn
some values CLose to zero lT Ig. J). Tnese Low values corres
oono ~a d cOlnplete dbsence 01 the school Delow the transdu
cer durIng the b mn recoros, whILe DurIng tne Gay tne scnooL
was permanentlv under the transducer. as IndIcated on the
ecnoorams. rne same benavlour was ooserved on anotner" scnOOL
recorded durIng SIX hours l4.00 D.m. to 10.0U p.m.). The LO
catIon at the schooL durIng tne nIght has nOL De InvestIga
teD. out the most InterestIng pOInt In tnls experIment IS
the the anaLysIs at the very hIgh values ooserveo ImmeDlatly
after tne sunset labout lour tImes the oay values) .fhese

4



vaLues cannot be expLained by a h1gher occurence of schooL
during the 6 mn intervaL. In fact the echogram anaLysis in
dIcated in both cases (day and sunset) a permanent presence
of the schooL. This is confirmed by the anaLysis of the mean
densIties per sampLe above a 50 mv threshoLd, which aLso in
dicates very high densitIes (tabLe 1; fIg. 4), and by the
anaLysis of some sampLes of emIssions. Therefore it is cLear
that the mean density of the schooL Increases dramatIcaLLy
after the sunset. More detaiL on the internaL structure of
this schooL are given by GerLotto and Freon (this meeting).
However, the infLuence of the net, even in SUCh a Large en
cLosure, cannot be ignored and compLementary in situ obser
vatIons must be impLemented.

III METHODOLOGY IN SITU

Ill. 1 TS measurement

Different methods of IS measurement have been aLready
performed on singLe fish (caged, tethered or wiLd in situ)
or on number of Live fish 1n a cage lJohannesson and M1tson,
1983; Foote, 1987). Each method presents ItS own advantage
and Lim1tations. The three main probLems to solve are:

(1) to perform tne measurement on fISh behavIng as Clo
seLy as possibLe to theIr naturaL behaviour and physioLogI
caL conditIon,

(2) to take into account the effect of the transducer
beam pattern,

5

USlnq Jonannesson & Mlt50n's ll~BJ) notatlon, wnere Sv
1:J t: i to:' ,11 e d 11 V I] Lume D Cl c k - 5 cat t e [' 1 r, C.J S t r e n9 t ri . '.I P Il f': t

wne r e IS 15 t ne mean target-strengtn and o. tne mean ne n s i t v
exoressed In number of fish per CUblC meter. 11 certaln con
ditlons are satlsfleO, tne mean denslty ov of a thln flSh
Layer can be estimated uSlng a sounder and a camera. ThIS
can be done conslderlng the voLume V of the truncated cone
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(3) to taKe into account the b1as
flSh oenslty lacoust1c shadow1ng or
school echoes are Integrated.

Durlno the Last decade the scientIfic effort was orIen
ted toward the resoLutlon ot onLy one of these tnree pro
D L e III S cl t 0 nee I by me a sur 1 n 9 ins i t u 1 n d 1 V i d ua L w1 L d f 1 Sh when
dlstrlbuted In Low dens1ty LduaL beam or SplIt beam) or by
measurIng flSh In a smaLL cage. DLsen (1956) Intended to es
tlmate the sound attenuation under a Large herrlng SChooL,
out d S ! cl I' cl S We j( now , ve r v few cl t t emP t S 0 r r S fTI e Cl Co u r emen r. s
na ve 0 e e n 0 0ne 0n W 1 l 0 con c e n t rat ion S r a Lt h0 ua h l tl 1 S see In S

oo s s i o t e when c e r t e i n c ono i t i o n s are s e t i s f i e d . In t n i s Cd

se, the above mentlonned three probLems are aLL overcome.



delimited on the one hand by the camera field of view and on
the other hand by the upper and lower limits of the layer
(d 2 and d 2 ) , obtained from the sounder (fig. 2). So we get:

h = d.1. - d 1

r = tg 8. L d;L
R = tg 8:1. d , .•

h
V = n - (R 2 + r 2 + Rr)

3

If the layer density is likely homogeneous and presents
a fairly constant thickness, and If the mean depth of thIs
layer is rather constant during a few seconds, then some
sampled Views can be used for estimating the mean density
inside the volume V. For instance on a stable 30 second se
quence the sampling frequency could be of one frame each se
cond. The frame by frame system of the video recorder can be
used. or a digitalized picture can be analysed on a compu
ter.

The species composition and the mean fish length can be
estimated either by fishing or by using the video for measu
ring the fish on the monitor and calculating the rising fac
tor from the calibration results and according to the mean
depth given by the sounder. If the layer thickness is too
high and introduces a large variability of the apparent
lengths measured on tne screen, then only the largest fiSh
can be measured. considering tnat they are located in the
upper part of the layer (such a method supposes a narrow
distribution of the body lengths and tilt angles inside the
schoolsi. Other approaches can be developped using stereo
camera or a second video camera tor photo camera) with a
large focal lens providing a narrow depth of field.

In thlS last case, a narrow interval of depth can be
sampleD inSlde tne layer bv measuring only the fish presen
tlng a gooD resoLutlon. lne calibration of this second came
ra must De acnleved under IdenticaL condltlons to tnose ta
KIng PLace durlng the experiment on the school (turbldlty,
Llgnt Intenslty and direction) I uSlng the same graduated
tUDe or better a oead flSh. ThIS will provide both the pre
Clse mean oeptn 01 sampLing and ItS range.

~or Instance, 11 tne transducer and tne camera lens are
prOperLY cnoosen In oroer to have tne angle 8 ot tne Lens
ill u C. n 9 f' e Cl t to' r t n cl fl t ne me a n a ng l e 0 Itn e t ran 5 d uc e r b t a m a t
- ::J a l:i , t ne [. e 1 0 r e I ne Sv va l ue s can 0 e ass u IT! e d t 0 bere p r~ e 
scntatlve of the mean acoustlC response of the transducer
: ::J f dO" '/ e f: G t~ 'J ~ i: , W ne n t ne Layer 1 SOD 5 e r v e don the W' h 0 Le
" (~ [' pen 5 IJ I" 1 i1Cp.

~ome exoerlmentS were condUCteO at ter flxlng the camera
ana tne transoucer on tne raft, but others were reaLIzed
wItn tnese oevlces T lxeo on the bottom ana orlentea towara
(ne surface. ~ccorolng to the oeptn of the layer and to the
water transparencv, one or the other method is suitabLe. If

6



the fish directivlty dIagram IS supposed to present a vertI
caL axis of symmetry -as usuaLLy admitted- then the resuLts
must be consistent. Observations from the bottom present
three advantages: first the camera and the transducer are
absoLuteLy stabLe and provide Less variabLe data, second the
pictures are perfectLy contrasted ("shadow show") and third
there is absoLuteLy no infLuence of the equipment on the
fish behaviour.

Knowing Sv and oV, TS can be easiLy caLcuLated.

The two main advantages of this approach are first the
compLeteLy naturaL behaviour in our experiment and second a
more random dIstribution of the fish wIth respect to the
transducer beam pattern.

This methodoLogIcaL approach cannot be appLIed to aLL
speCIes and biotopes. It is essentiaLLy adapted to some
coastaL peLaglc species (or smaLL demersaL species LIving In
schooLs), LIvIng in transparent water. The foLLowing condi
tions must be satisfIed:

(1) distance between the fish Layer (or schooL) and the
set camera-transducer i ns i d e a 2 to 12 meter i n t e r ve L • 1.e.
the Layer must be cLose enough to the bottom or to the sur
face,

(2) water transparency enabL1ng one to count f1Sh uS1ng
the camera,

(3) Layer or schooL not too thick or too dense

L4) homogeneous density of the fish Layer, w1thout
cuoLes", and presenting a rather stabLe th1ckness,

LS) i t the camera must be used t rom the sur! ace,
Low ground and homogeneous sea beo calor orov1d1ng a
contrast w1th the T lSh.

"va-

5 n a L 

(jOOG

Further exper1ments carr1ed on 1nS1oe the enCLosure on
tne same schooL shouLd prov1de est1mat1ons of the measure
ment var1ab1L1ty and ind1cat1on on the repet1t1v1ty of the
behav10ur 1nfLuence on the TS.

111.2 qvo1dance reactIons

rwc x i no s OT e x pe r i me n t s on e v o i o an c e re e c t i o n s f1Cive
oeen done: 1 lrs( reproduc1ng a standard survey rout1ne ana
c h e no i n o e l t e r n e t r ve t v on parameter tl.e. boat speed, t i o n t
on board) from one ESOU to the other, second, soec1aL expe
rlments on a preLocated schooL or concentration,

t. o o c e r n i no tne i 11~St k i no o r e x pe r ame n t , the i n t Luence
ot the LIght on board has been studled dur1ng 5 hours witn
the main L1ght of the bow aLternatlveLv sW1tched on ana off
every 5 mn LLevenez et aL. 195/). The echograms and anaLys1s
in01cated clearlY a strong vert1caL avo1dance of the fish
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layer WhICh dive 30 to 40 seconds after switching the light
on and exhibited an increase of Its thicknes (fIg. 5). Sur
priSIngly, the integrated values did not IndIcate a signifi
cant difference between the two sets of data, suggesting
that the avoidance reaction IS In this perticular case
strIctly vertical:

-mean integrated values of 40 ESOU with light on: 1995
-mean Integrated values of 42 ESOU with light off: 2057

Rn accessory but interesting result of this experiment
concern the few schools observed at night on the bottom un
der the layer: they apparently also react to the light by a
decrease of theIr high and a probable increase of internal
denSIty.

The second type of experIment IS derived from Dlsen
(1979). Rt nIght, In order to measure an eventual lateral
avoidance of the fish, a smaLL boat was stopped over a large
fISh layer, waiting for the passage of the research vessel
steaming as close as possible to it. The acoustic SIgnaLs
are recorded on both embarcations with periodic signaL of
synchronization communicated by radio. Different trials have
oeen done at different speed for the maIn vessel and with
aLL the possibLe combinations of lIght switched on or off on
each embarcatlon. RlL the data are not yet processed.

By day, The experiments were performed on surface
schools easy to detect with the eyes: a dinghy carrying the
acoustIC eqUIpment (EYM and recorder) was pLaced on the rou
te of a moving school and stopped waitIng for the passage of
the school under It. Then the research vesseL (24 m) was
caLLed by radio ana passed over the same schooL a few minu
tes Later, recording the reactIon of this school when dis
turbed by the vesseL (fig. 6). This methods alLows one to
measure the dIVIng behaviour of the schooL under the vesseL,
whICh in turn permits an estimation of its tiLt angLe lGer
Lotto and Freon, thIS meetIng).

IV. CONCLUSION

it nas long Deen known that fISh behaVIour probabLy has
a great Impact on the reSULts 01 acoustIC surveys. Neverthe
tess. It has oeen necessary to waIt for teChnOLogicaL Impro
vements of tne ooservatlon tOOLS Deiore oelng abLe to suces
s r u t i v measure t n i s Impact. l n e s e tools are of two k i no s :
acoustIC lmuLtl-Oeam sonar, duaL-oeam and spLlt-Deam soun
der~, ete) and optic lphotography as weLL as underwater ca
meras. digitaL process of the pictures, etc). In some favou
rable condItions the use ot both systems IS posslole, tnis
I 5 lJ cl r: tIC U La r Lv t nee cl S e 0 I t r 0 PlC a l wate r S l t ran spa I' e I1c y ,
temperature, 00 en sea conOltlons, etc ... )

Ine methoooLogv presented here nas aLready been appLied
on some peLaglc fish In the carIbbean ana has maae It pOSSI
DLe to obtain some resuLts on the bIases due to behaVIour



changes when the fish are dIsturbed by tne observer. In fact
It seems that these biases are not so important as had been
supposed, and thIS couLd Indicate that the resuLts of former
surveys are not so bad.

Rnother Doint IS that In favourabLe condItions the op
ticaL observations are very usefuL tor confirming the accu
racy of the acoustic data. The routIne use of this equipment
couLd be heLpfuL in tropicaL waters, keeping in mind that it
wouLd be performed with a specIaL methodoLogy that has not
yet been totaLLy reaLized.
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Fig. b - Description of the methodology used to co~pare the posi
tion and movement of a single school under natural and stressed
conditions.
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~BSTR~[T

The study of the internal school structure and beha
viour of pelagic fish provides interesting information in
relation to acoustic surveys, specially when comparing the
undisturbed structure to the structure observed under a ves
se passing over a school. The methodological approach envol
ves in situ observations as well as observations carried out
on encaged fish. It combines visual and acoustic technics,
described in another communIcation (Freon and Gerlotto, this
meeting).

The internal school structure is heterogeneous, inclu
ding vaccuoles, and changes when the school is overpassed by
a vessel by day. In this latter case a compression of the
upper layer of the school is observed. The influence of
this school structure on the variability of the density es
timation has been studied. For the surface schools, the
usual rate of sampling L90 transmissions/s at 8 to 10 knots)
may be too low for some heterogeneous schools. Other cons
equences of the school structure on acoustics has been dis
cussed.

The diving reaction of S. aurita under a vessel seems
rather limited in comparison to herring schools. This reac
tion in only sensible in the first 20 m and its mean ampli
tude is only 5 m. It seems that this amplitude is inversely
proportional to the initial school depth. Such a limited am
plitude allows one to estimate that the fish tilt angle is
lower than 10 0 when the school is overpassed. Therefore the
underestimation of density is probably negligible.

The propeller noise in front of a vessel is attenuated
by the hull and the resulting funnel-shaped acoustic shadow
should be responsible for the limited lateral avoidance
reaction observed when the fish previously located on tne
vessel route is ove r p tiWsTHM is result is confirmed, it



couLd invaLidate the use of LateraL towed body cLose to the
h u L L .

RESUME

L'evaLuation de La precision des resuLtats de prospec
tion acoustiques passe entre autres par L'etude de La struc
ture et du comportement des bancs peLagiques, aussi bien
dans des conditlons natureLLes que Lorsqu'iLs sont perturbes
par Le passage d'un navire observateur. Cette etude est ef
fectuee par L'intermediaire d'observations acoustiques et
optiques, reaLisees sur des bancs Libres ou en encLos.

La structure interne des bancs est heterogene, combi
nant zones denses et vacuoles, et peut changer Lorsqu'un ba
teau passe au-dessus d'eux. Dans ce cas on observe une com
pression de la partie superieure des bancs. L'incidence de
ces structures sur la variabiLite des estimations de densite
est etudiee: dans Les conditions normaLes de prospection, Le
taux d'echantilLonnage (SO emissions/mn, 8-10 noeuds) peut
~tre trop faibLe sur certains type de bancs superficieLs.

Les reactions de plongee de SardineLLa aurita sous un
bateau semblent assez limitees, inferieures d ceLLes des ha
rengs, par exemple. Cette reaction n'est sensibLe que dans
les 20 premiers metres, et son ampLitude moyenne est d'envi
ron 5 metres. Dans ces conditions on a caLcuLe que L'impact
de L'angLe de pLongee sur Les mesures de TS des poissons est
negLigeabLe.

Le brui t de L' he Lice est en part i e masque sur l' avant
par La coque du bateau, formant un c5ne d'ombre acoustique
qui canaLiserait Les poissons et Qui expLiQuerait Le faibLe
evitement lateraL de ceux situes exactement sur La route du
bateau. Si cette observation est confirmee, eLLe peut remet
tre en cause la vaLidite des resuLtats obtenus a l 'aide d'un
transducteur remorQue LateraLement pres du bateau.

I. INTROOUCTION

Different schooL characteristics may have an important
infLuence on acoustic survey results, such as: their distri
bution, shape, behaviour, sound attenuation, shadow effect,
etc.

The study of the internaL schooL structure of peLagic
fish would in these conditions provide interesting informa
tions in reLation to acoustic surveys, speciaLly when compa
ring the undisturbed structure to the structure observed un
der a research vessel passing over a schooL. These studies
are part of the EICHD~NT program where the methodoLogicaL
approach invoLves in situ observations as observations car
ried out on encaged fish. The methodoLogy, combining visuaL
and acoustic technics, is described in an other communica
tion (Freon and GerLotto, this meeting).
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11. SCHOOL STRUCTURE OF UNDISTURBED FISH

11.1. In situ results

Rcoustic observations of two schools of sardine (one of
Sardinella aurita off Venezuela, the other of S. maderensis
off Cameroun) were recorded under a drifting dinghy. The

data of each transmission were integrated separately. The
first school was observed for 87 seconds and 264 transmis
sions were recorded. The school structure presented strong
density variations in space as shown in fig. 1, where each
rectangle represents the density inside a one metre layer
for one transmission. The average density is higher on the
lower part of the school, and some "vacuoles" appear at dif
ferent layers.

The second school of S. maderensis shows a different
structure, more homogeneous in global density, but still ir
regular in structure (fig. 2). The sampling rate was two ti
mes lower than when observing the venezuelian school and
only 86 transmissions were recorded.

One must keep in mind that these results may present
bias owing to some acoustic limitations, such as absorbtion,
sampling overlapping, multiple reflections, fish behaviour
(tilt angle, bubbles release, etc.) which have to be taken
into account (Mac Lennan and Forbes, 1982). The visual ob
servations enables one to overcome some of these limIta
tions.

The reality of apparent vacuum structures inside a
school has been confirmed by visual observations on Harengu
la iaguana observed in free undisturbed schools. In fact the
true observed structure looked more like intricated twisted
columns crossing each other, than real spherical holes. More
over, important density variations were observed on free ~
aurita and Oecapterus punctatus schools appeared neat dif
ferences in the interfish distance between the rear and the
front part.

11.2. Encaqed school structure

Evidently an encaged school may have a different beha
viour than a free one. Considering this fact, the cage was
built as wide as possible, but it is important to keep this
point in mind.

R S ton school of S. aurita, encaged in a 3S m diameter
surrounding net set close to the beach on a 12 m depth
ground were studied for 20 hours in Venezuela. The methodo
logy and the global results will be presented by Freon and
Gerlotto (this meeting). The daytime acoustic data, analysed
transmission by transmission, indicates an heterogeneous
vertical distribution of the fish inside the school (table
1). Visual observations confirm the presence of vacuoles and
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coLumn structures as noted on free H. jaquana schooLs. This
wouLd enabLe one to suppose at a first approximation that
there are no heavy differences, as far as density structure
is concerned between free schooLs and those encaged in a
sufficientLy wide encLosure during the day (night behaviour
has to be studied in more detaiL).

III MOOIFICRTION OF SCHOOL STRUCTURE RNO BEHRVIOUR BY R

SURVEY VESSEL

111.1. VerticaL migration of a disturbed schooL

Five schooLs were observed succesiveLy by a drifting
dinghy and immediatLy after passed over by a research vesseL
according to the methodoLogy aLready described. Their verti
caL distribution is presented in tabLe 2 and figure 3.

87654

UNDISTURBED

SCHOOL 11 Mean !
_________________________________________________________ I

!
!
!

Top 4 2.5 7 4 1 .8 3.85

Bottom I 16.5 13 24.5 31 31 23.20

Extension 12.5 10.5 17 .5 27 29.2 19.35

------------- -------------------------------------------
I

DISTURBED

Top 9.5 10.7 11 .5 9.5 10 10.25

Bottom 18.5 18.5 27.5 33.5 35.5 26.7

Extension 9.0 7 .8 16.0 24.0 25.5 16.45

ME~N DIVE

Top 5.5 8.2 4 .5 5.5 8.2 6.4

Bottom 2.0 5.5 3.0 2.5 4.5 3.5
I
1 Mean 3.75 6.85 4.0 4.0 6.35 4.99
I----------------------------------------------------------

TabLe 2. Location of the top and bottom of the five observed
schooLs tin metres beLow the surface)
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Three concLusions can be drawn from these observations:

aLL the schooLs dived before the boat passage,
without exception, and the mean dive is 5 m;

- The schooL nearest to the surface dived deeper

- in addition to the verticaL migration a com-
presslon of the schooL was observed: the upper part dived
deeper than the Lower part (6.4 m and 3.5 m respectiveLy).
Therefore it seems that the fish reaction foLLows a gradient
of intensity according to the distance of the stimuLus (fig.
4 ) .

~ second measure of the verticaL avoidance is obtained
by processing transmission by transmission the acoustic re
cords when overpassing a schooL at a Lower speed (4 knots)
than the usuaL survey speed. The reaL gravity centres of 9
schooL were caLcuLated from the density by Layer (fig. 5~).

The same gLobaL resuLt as previous was observed: the surface
schooLs present a stronger reaction towards the boat (fig.
58) .

Knowing that the intervaL between to consecutive trans
missions is 0.33 s, the dlving speed of the surface school
has been estimated at 0.1 m/s. ~nother interesting point is
the difference in the dispLacement of the gravity centre du
ring the vesseLs passage: the gravity centre presents Large
ampLitude movements at the begenning of the vesseL passage
and then is more stabLe during the second part.

111.2. InternaL structure of the disturbed schooLs

SecondLy the density inside the schooL was investiga
ted. In order to Limit the infLuence of the externaL shape
of the schooL, we defined the upper part of the schooL the
first Layer with fish detection, and then the foLLowing
Layers received the numers 2, 3, 4, etc. Then aLL the
transmissions having the same number of Layer were pLaced on
a same Line in order to get an homogeneous presentation of
aLL the resuLts (fig. 6). NevertheLess, the densities of the
different schooLs in Layer 1 cannot be taken into account
because this Layer is in generaL compLeteLy unoccupied by
the fishes.

Two different types of density distribution can be ob
served. On figure 7 an unimodaL distribution may be seen
where the highest density was observed in the upper Layers
(with exception of Layer 1). This case concerns 7 of the 10
recorded schooLs, with very simiLar distributions. On fi
gure 8 the density inside the 3 remaining schooLs Looks dif
ferent, apparentLy bimodaL. In fact this Last schooLs repre
sent a particuLar case because their bottom was reaching the
sea bed and then their verticaL migration was naturaLLy Li
mited.
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It is Interesting to compare the results of disturbed
schools to the undIsturbed school of the same specIes obser
ved In the same area. The data of the venezuelian school
presented in figure 1 was processed in the same way and it
can be seen on figure 9 that the density distribution obtai
ned here was completely different. Of course, before dra
wing up any conclusions, further observations need to be
carried out specially on undisturbed school.

IV. DISCUSSION

The heterogeneity of densities inside a fish school has
been already mentionned by Cushing (1977) who studied the
horizontal distribution of the fish inside sprat and sandeel
shoals, using a scanning narrow beam sonar. This heteroge
neity has two main consequences with respect to acoustic
survey: first it increases substantially the confidence li
mits of the abundance estimation if the sampling rate is too
low, second it invalidates some approaches of school biomass
or density estimations based on school size or on average
interfish distance.

IV.1. Influence of the samoling rate

It is well known that during the daytime surveys, most
of the biomass of pelagic species is detected in schools.
Sometimes more than half of the estimated biomass of sur
vey results of the density and dImension measurement from a
few large schools, which only represents a few minutes of
insonification over a cruise of several days. In such cases,
it is important to verify that the sampling rate of the
school is high enough to provide a reasonable confidence li
mit of the schools biomass. This problem is decisive for
schools located close to the surface, i.e. in the upper part
of the selected scale.

In order to investigate this point, we have simulated
different sampling rates on the venezuelian school and stu
died the variability of the results. Considering the high
speed option used on the EY-M in this experiment (about 180
transmissions per minute) and the relatively low displace
ment of the fish with respect to the transducer (between 0.5
and 1 m/s), it can be assumed that the sampling rate was
very high. During a routine survey the sampling rate is ne
cessarily lower owing to the boat velocity and to the lower
number of transmission per second.

The different systematic sampling rates were obtained
by using successively one transmission every 2, 5, 10, 15,
20 of the 264 transmissions data set. The results indicate a
relatively stable mean and standard deviation up to a 1/10
rate of sampling, then the values present a higher variabi
lity (table 3, fig. 10). In usual conditions of an acoustic
survey (8-10 knots, 90 transmissions/mn), the same school
would have been sampled at a 1/10 rate and the estimation
would have been acceptable. Nevertheless this point has to
be taken into consideration for measuring the precision of

6



SChoolIng stock evaluatIons, as we are usuaLLy cLose to si
tuations where data begIns to present a rather important va
rIabIlity.

IV.2. SchooL volume and biomass

In order to overcome the Limitations of the verticaL
sounder when used for acoustic survey (avoidance, Limited
sampLed voLume) different authors tried to estimate the
abundance by using the number and size of schooLs detected
by a LateraL or muLtibeam sonar (Lamboeuf et aL., 1982; Mi
sund and OvredaL, 1988). The combination of horizontaL sonar
and verticaL sounder can aLso be used to estimate the fish
density or the mean voLume back scattering strength when
one of these two parameters is aLready avaiLabLe (Misund and
BeLtestad, 1988). Estimations of fish density inside Layers
were obtained by combining acoustic and photographic measu
rements (BuerkLe, 1987), or using the reLationship between
average interfish distance and average fish Length (Sere
brov , 1976; Misund and BeLtestad, 1982). These methods are
based on the assumption that the mean density of a schooL
detected by a sonar is the same as when detected by a soun
der, and/or on the assumption that the interfish distance is
homogeneous.

Numerous potentiaL reasons of faiLure from these two
assumptIons have been identified by Misund and OvredaL
(1988). Our resuLts confirm the Limits of these approaches,
at Least in the particuLar case of our observations (spe
cies, environment). The homogeneity of interfish distance
was generaLLy observed on smaLL schooLs in a tank (Van OLst
and Hunter, 1970; Weihs, 1973) but it seems that this regu
Lar structure is reLevant in situ onLy at a first order
scaLe of the schooL, which presents severaL Lacunae as men
tionned by severaL authors recorded by Pitcher and Partridge
(1979). The mean density inside a schooL can change accor
ding to the season (OLsen, 1981) or circandian cycLes (Freon
and GerLotto, this meeting), and to externaL stimuLi such as
the approach of a vesseL. In such cases the interfish dis
tance and/or the size of the Lacunae can change. This pheno
menon probabLy expLains most of the differences between es
timations of fish density inside schools or layers based on
homogeneous fish spacing and estimations based on verticaL
sounder data. The first one underestimates the real density
because the vaccuoLes are not taken into account, the second
provides overestimated vaLues because the density artifi
cially increases in the upper part of a disturbed schooL (at
Least during the day). R secondary effect of this contrac
tion of the upper Layer is a probable increase of muLtipLe
scattering effect which may Mshadow· the lower part of the
schooL (Rottingen, 1976; Olsen,1986).

IV.3. VerticaL avoidance, tilt-angLe and bias

The main aim of the study is to identify eventual bias
in biomass estimations by acoustic and then to propose some

7



corrections. The modelisation of fish behaviour with respect
to the vessel distance proposed by Olsen et aL. (1983) is
difficuLt to apply with our data set, due to the lack of in
formation (vessel noise, etc ... ). Moreover the resuLts ob
tained in Venezuela are somewhat different from those of
other authors. If the general avoidance pattern is similar
to the observations made on other Clupeoids such as herring
(Olsen et aL., 1983; Misund, 1987) or sardine (Diner and
Masse, 1987), the diving reaction concerns only the surface
school in Venezuela. Over 20 m the fish reaction is unsigni
ficant, whereas Olsen et aL. (1983) observed fish diving up
to 40 m using a boat similar to ours. Moreover, in our case
the fish reaction is onLy important in the upper part of the
schooL. From these facts the opportunity for a correction of
the data is now envisaged.

In order to estimate the mean tiLt angle of the fish
when diving, this angle has been considered as the result of
its horizontal and verticaL speeds. The maximum horizontal
speed has been estimated at 4 knots from the pelagic net
data and bibliographic sources (Hara, 1987; Misund, 1987).
Then the assumption that most of the school flights are in
the prolongation of the boat route axis was made. This as
sumption is based on three arguments:

(1) if, following Olsen (1979), the propeller noise is
considered as the main stimuLi, the distribution of sound
pressure obtained by Urick (1975) shows that the fish
schools located exactly in front of the boat are -trapped
inside the acoustic shadow of the hulL: when trying to esca
pe lateralLy, they are defLected by an increasing noise gra
dient (fig. 11.)

(2) the previous point is strengthened by the resuLts
obtained by Misund (1987) when measuring with a multibeam
sonar the mean horizontal flight angle of 43 schools 0.5 to
3 minutes before passing them over. ~lthough the schools de
tected by the sonar more than a minute before being overpas
sed were probably not able to detect the shape of the sound
pressure distribution, the mean flight direction fit more or
less the diagram of sound pressure. Moreover Misund (1987)
points out that during the few last seconds preceding the
ship's passage, the lateral avoidance would be very low be
cause only 2 of the 43 overpassed schools were not detected
by the vertical sounder.

(3) Levenez et al. (1987) observed a strong diving
reaction of Sardinella aurita layers due to the lights du
ring experiments by night in Venezuela. Nevertheless this
vertical avoidance was not linked to a decrease of the bio
mass, suggesting that the fish remain inside the acoustic
shadow of the hull.

These observations do not imply that there is no late
ral school aviodance, which may occur relatively far from
the vessel and lead to a complete absence of detection
through the vertical sounder (Olsen, 1987; Diner, 1987). In
fact we have been exclusively interested in the schools
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which were insonified. In these conditions and under the
pervious assumption, the tilt angle 0 of the fish is given
by the simple equation:

Vv
8 = arc tg (--)

Vh

where vh = horizontal flight speed
Vv = vertical diving speed

The relationship between the variables S, V h and V v is
given in the figure 12.

The data presently available does not allow a modelisa
tion of the diving reaction according to the initial depth
of the school, from the vessels noise, vessels speed, etc ..
Therefore, the present analysis is limited to the estimation
of the tilt angle in order to see if it may lead to an unde
restImation of the biomass. The only data already useable
according to our methodological approach are the measures of
the gravity centre displacement (fig. 5R) because we don't
know the time spent by the school diving during the first
experIment. In our observations the maximum instantaneous
speed of diving is around 0.3 m/s. Rccording to the horizon
tal component of the movement, the fish tilt angle would
fluctuate from 17°, for 1 m/s, to 10°, for 2 m/s which is
considered as the maximum flying speed for Sardinella aurita
(one must keep in mind that the gavity centre displacement
represents an indirect estimation of the fish migration,
supposing that an undisturbed school did have an horizontal
distribution of the gravity centre on successive vertical
cross-sections).

Referring to results obtained on herring, whose anatomy
is close to Sardinella aurita, it appears that a 17° tilt
angle led to a 20 dB Lost for a 27 cm fish when using a 120
kHz frequency. ContrariLy tilt angLes lower than 10° led to
unsignificant loss (Foote, 1983).

But if we consider now the mean- values of the gravity
centre movement (instead of it instantaneous vaLues as pre
vious), we can see that even for the surface school the mean
vertical speed is onLy 0.1 m/s. ~t this verticaL speed, an
horizontal speed Lower than 0.3 m/s would be required in or
der to obtain a tILt angLe greater than 10°. The estimated
horizontaL speed of the schooLs leads to a tilt angle lower
than 5°, which has a negLigibLe infLuence on density estima
tions.

NevertheLess, some uncertainty remains on the usual ho
rizontaL flying speed of SardineLLa aurita. Wardle (1977)
noted that outburst speed of small fish can reach 2S body
length which wouLd give more than 5 m/s for a 22 cm fish
(mean size of our fish), while other references recorded by
Holliday (1977) mentionned a range of 8 to 12 body length.
This author measured outburst speeds of 2.4 m/s on a unde
termined school which mean fish Length was estimated at 29
cm.
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IV.4. ~voidance and verticaL schooL distribution

The verticaL mapping of schooL is one of the results of
acoustic survey and can be of primordiaL interest in some
cases. For instance the artisanaL sardine fishery in the
guLf of Cariaco (VenezueLa) uses surrounding nets aLLowing
onLy the catch of coastaL surface schooLs. Therefore the
precise verticaL mapping of the ressource is essentiaL for
stock management purposes. The observed distribution of the
schooLs (fig. 15) suggest that most of the ressource is Lo
cated between 20 and 40 m in depth, and therefore inaccessi
bLe to the fishermen. Before asserting this concLusion, the
infLuence of the verticaL avoidance on the resuLts must be
taken into account.

From our preLiminary resuLts (fig. 3 and 4) it seems
that the dlving reaction is inverseLy proportionaL to the
initiaL depth of the schooL and become negLigible over 20 m.
Even though our data does not aLLow a modeLisation of the
behaviour, we appLied a preLiminary rough correction consis
ting in a reduction of 5 m of the depth of detection for t~e

schooL Located in the 0 t 20 m Layer.

~Lthough these results cannot be generaLized, in the
particular case of the sardine stock of Venezuela the verti
caL avoidance does not seem to represent a major source of
bias. The main probLem now is to investigate if the impor
tance of horizontaL avoidance at a Large distance from the
vesseL is responsibLe for a significant underestimation of
the biomass. The difference between night and day mean den
sity suggests that by day this phenomenon is important, but
probabLy Less in VenezueLa than in other tropicaL areas,
such as western ~frica.

v. CONCLUSION

The observations made on tropicaL cLupeoids schooLs in
dicate some simiLarities and some discrepencies with simiLar
studies carried out on temperate species.

The internaL school structure is heterogeneous, inclu
ding Large vaccuoles, and may change when the schooL is
overpassed by a vessel by day. In this Latter case a com
pression of the upper Layer of the schooL is observed. This
schooL structure has a consequence on the variability of the
density estimation, specially for the surface schools. The
usuaL rate of sampling (90 transmissions/s at 6 to 10 knots)
may be to Low for some heterogeneous superficial schools.

The heterogeneity of the school structure leads to
difficuLty for the estimations of school biomass based on
externaL volume Cmultibeam sonar) and density estimations
using visuaL counting or a distribution modeL.

The diving reaction of S. aurita seems rather limited
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in comparison too herring schools. This reaction is only
sensitive in the first 20 m and it mean amplitude is only 5
m. It seems that this amplitude is inversely proportional to
the initial school depth. Such a limited amplitude allows
one to estimate that the fish tilt angle is lower than 10°
when the school is overpassed. Therefore the underestimation
of density is probably negligible.

~lthough we have not enough data to confirm this affir
mation, it seems interesting for us to present the following
hypothesis: the propeller noise in front of a vessel is at
tenuated by the hull and the resulting funnel-shaped acous
tic shadow should be responsible for the limited lateral
avoidance reaction observed when the fish previously located
on the vessel route is overpassed. This phenomenon could ex
plain the surprising differences between the apparently rea
sonnable detections recorded by night on a fish layer when
the hull transducer is used, meanwhile a lateral transducer
records very poor detections. In this last case it is likely
that the fish previously located inside the vessel route
present a strong lateral avoidance. This hypothesis, if con
firmed, would invalidate the use of lateral towed body close
to the hull.

~ll these observations must be confirmed by further ex
periments. ~n interesting point to examine is the reason for
the specificity of our results. Different speculative hypo
thesis can be made: the environment (clear and warm water),
the species or the low rate of artisanal explotation of the
stock could explain the differences with other areas. In ad
dition to the well documented influence of the visibility
(Pitcher, 1986), Wardle (1977) pointed out a potential in
fluence of the water temperature on the fish outburst speed.
The eventual influence of fish learning (Marler and Terrace,
1987) on the avoidance reaction could be investigated by a
comparative study in Senegal and Venezuela where the same
species of sardine is found in a similar environment but
with a tradition of industrial fishing only in Senegal. In
Venezuela the absence of sardine industrial exploitation
could enable the fish to associate the noise of a vessel to
a danger because the artisanal fishermen use only outboard
engines.
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SHORT-TERM VRRIRBILITY OF SRROINELLR RURITR RGGREG~TION

RNO CONSEQUENCIES ON RCOUSTIC SURVEY RESULTS

DV

Plerre Freon, Marc 50ria and Fran~ois GerLotto
PoLe de Recnercne DceanoLogique et HaLleutlque Caraibe

ORSTOM, BP 81. 97256 Fort-de-France Cedex,
Martiniaue (French W.!.)

RBSTRRCT

R singLe tisn assemDLage of Sardlnella aurita was trac
ked over 24 hours by a research vesseL equlpped witn acoustlc
devices in order to study the short-term variability of its
distribution pattern in the GuLf of Cariaco (VenezueLa).

ObviousLy the studied assembLage did not foLLow the
usuaLLy observed aggregation pattern, considered to depend
mainLy on the Light intensity. Nor did the mean depth of the
biomass correspond exactLy to the usuaL diurnaL cycLe pat
tern. Dense schooLs were observed during the first night in
absence of moonLight; they dove from 15 to 35 m depth in the
morning, but came back cLose to the surface (19 m) earLy in
the afternoon and remained dense during the foLlowing night.

Furthermore the fish assembLage apparently presented a
contagious structure most of the time, with an increasing
density from the periphery (dispersed fish and/or smaLL
schooLs) to the center (large schooLs or aggregation).

PracticaL concLusions are drawn from these observations,
specificaLLy on the survey design (oversampLing strategy on
densest areas) and on the data anaLysis (inaccuracy of the
night/day data spLit in some cases).

1



I. INTRODUCTION

The distribution pattern of coastal pelaglc species, and es
pecially of cLupeoids, is usualLy documented as: deep schools re
grouped In concentrations during the day, and surface layers du
ring the night (Woodhead, 1966). S~Ch a pattern, combined with
tne olflerent aVOidance benavlours observed between day and night
periods, IS generally one of tne main reasons alleged to explain
night-day differences in blomass estimates. Nevertheless, during
acoustic survey thiS usual distribution is not always oDserved,
and the relationsnio between the different distribution modes
(schooL, layer, concentration) is not always cLear, nor are the
factors governing the changes Observed In the structures.

Interpretation of the usual acoustic survey data when dea
Ling with tnis tOPiC is not easy because it is difficult to dis
tingUish temooral effects from the spatial ones. In order to
overcome this difficulty, we tried to fallow the same fish assem
blage during 24 hours, as did Buerkle (1985) on the Nova 5cotia
herring stock. The Objectives of the study were:

try to find any objective acoustic criterium allowing
classification of the echos into different categories (schools,
concentrations, layers, dispersed fish),

following the nycthemeral evolution of the distribution
pattern, in terms of aggregation mode and depth,

- in conclusion, infer from these observations some practi
cal conclusions about the survey design.

11. MRTERIRLS RNO METHODS

In order to facilitate the localisation and the tracking of
tne aggregation, a rich, confined and weLL-known area was selec
ted for the study (Gines and Gerlotto, 1988): the GuLf of Cariaco
(Venezuela), a 30x8 n.m. area, open to the sea by a relatively
narrow mouth and having steep edges and a 50 m mean depth (fig.
1). On 25~h and 27 t h November 1988, a preLiminary 24 hour survey
of the whoLe GuLf located the richest zone. Then a 1.5x3.5 n.m.
rectangular track, located in the middle of this zone was perfor
med 13 times from the 27 t h at 10:00 pm to the 28 t h at 11:00 pm.
Rccording to the apparent horizontaL migration of fish (corres
ponding to similar previous observations) this rectangle was
shifted four times to the south-west and once to the east during
the stUdy, as shown in figure 2.

The R/V La 5aLLe (120 feet) was used for the survey, at a
speed of 6.5 knots. R 5imrad EY-M 70 kHz echo-sounder was connec
ted to RGENOR, a digital echo-integrator. The integrator data
were sent to a computer for automatic storage. R digital audio

2



tape recorder was used for recording the sounder signaL (ORT 50
ny). The transducer was fixed LateraLy to the huLL. R 3 mn time
IntervaL and 10 verticaL Layers (2-5 m; 5-10 m; 10-15 m; 15-20 m;
20-30 m; 30-40 m; 40-~O m; 50-60 m; 60-70 m; 70-60 m) we~e useo
for Integration and a 50 mv threshola was retained. RG~NUR provi
ded the number of sampLes above the threshold per layer Inside
each ESOU, which aLlowed computation of the density oy sampLe
aDove ,tne tnreshoLd (05RT) as described bv MarchaL (1986).

NO fiShing operations were conaucted aurlng the survey, but
according to the commerciaL Landings ana to the echogram charac
teristiCS, the buLk of the Diomass consisted of smaLL 5araineLLa
aurita (fork length: 12 cm), whiLe the scattered bottom targets
were recognized as catfish (8aqre marinus; 15 to 20 cm f.L.).

The detection was cLassified in six groups according to the
echogram anaLysis: dispersed peLagic fishes, dispersed catfishes,
pelagic layers, smaLL schooLs with cLear Limits, Large concentra
tions with uncertain Limits, pLankton. Most of the time, onLy one
dominant group was observed by stratum Ci.e. a 3 mn IntervaL in
one layer). Only on four occasions were two important groups of
detection observed in the same stratum and the corresponding den
sity was arbitrarily spLit in two equal parts.

Ill. RESULTS RND DISCUSSION

Echograms cLassification

In order to check the statisticaL significance of the echo
gram cLassification, the mean 05RTs of dispersed fish, schooLs
and concentrations were compared. These means are significantLy
different (p = .05), before and after Logarithmic transformation
(tabLe 1).

However, the three distributions show important overLaps,
especiaLLy schooLs and concentrations, suggesting that these two
structures have the same internaL density most of the time and
differ mostLy in size and shape. NevertheLess a more detaiLed
anaLysis must be carrried on from recorded signaL, because OSRT
is dependant on the threshoLd retained, on the depth (MarchaL,
1988) and on the ESOU Length. Other objective criteria characte
riZing the dimensions an density of the detection could aLso be
used (RzzaLi, 1982; Rose et Legget, 1988; Souid, 1988). Neyerthe
Less a more aetailed analysis must be carried on from recorded
signaL, because OSRT is dependent on the threshold retained, on
the depth (Marchal, 1988) and on the ESOU Length. Other objective
criteria characterizing the dimension and density of the detec
tion could also be used (Rzzali, 1982; Rose and Legget, 1988;
Souid, 1988).
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Log DSr:lT tor:

SampLe size
r:lverage
Standaro devIatIon
MInImum
MaXImum
SKe..... ness
Kurtosis

DSRT for:

SampLe SIze
Hverage
Minimum
MaXImum

DIspersed

743
-0.B35

1 . '19 B
--2.81B

4.280
0.9BO
0.823

DIspersed

743
1 .202
0.056

72.2667

Concentration

194
'I .2 B
0.B4
O.OOB
3.71:j
0.4BU

-0.523

Concentration

194
5.26
1.00

4'1 .21

SchooL

14'1
1 .57
1 . '12
0.01
4.0b
0.57

-0.71

SchooL

141
9.52
1 .00

59.08

TabLe 1: Summary statistics of the Densities per SampLe r:lbove the
ThresnoLd lOSR1) for dispersed fish, concentrations and schools
(crude and Log-transformed data).

Biomass distribution

The buLk of the biomass (89~) ..... as detected above 50 meters
depth, and ..... as represented mostLy by concentrations and schooLs,
and secondarILy by dispersed sardines, except at the beginning
and at the end of the survey ..... here typicaL deep anchovy Layers
..... ere observed. The biomass detected in the deepest Layers (over
50 m) ..... as cLearly separated from that in the upper ones and re
presented 99~ of the total after removing that of the anchovies
and catfishes. Moreover no significant exchanges bet ..... een the dee
pest layers and the upper ones seemed to occur. Therefore, only
the first 7 layers are considered in this paper.

r:lll the hIgh densities ..... ere first observed close to the
South- ..... est corner, then on the South-east corner as ..... ell, along a
1.5 to 3 n.m. distance. r:ln increase of the mean surface density
by rectangle ..... as observed during the study (fig. 3).

Short-term evoLution of the distribution pattern

The mean depth of the biomass increased from 17 to 35 meters
during the first part of the day, decreased in the afternoon,
then remained more or less stable at 19 meters (fig. 4).
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Tne d1spersed f1Sh were onLy important during the flrst part
ot the flrst nlght, whlLe the schooLs and the concentration re
presented the buLk of the blomass (fig. 5). SurprislngLy the
schOOLS were only predominant durlng the mornlng and were respon
sibLe for the 1ncrease of the mean biomass depth. No apparent
nyctemeraL CYCle appears in the time-pLots of depth or dens1ty,
and tne moonLight variatlon does not expLa1n thlS resuLt.

rne usuaL f1gure ld1spersed at n1ght ana in SChool at day)
was onLy appLicaOLe during the flrst haLf of the study. From rec
tangle n6 (9:00 am) a typicaL macro-structure was observed WhlCh
remained more or Less the same up to the end of the observation
(10:00 pm); a large centraL concentratlon surrounded by schooLs
ana/or by D1spersed t lsh (f1gS. 6a and 5b). Th1S typicaL structu
re was somet1mes uncompLete on one slde (f1g. bc).

Tne 1ncrease of the totaL biomass detected by rectangle
(f1g. 3) can be expla1ned by two factors. FirstLy, an 1ncrease of
the number (one then two) of macro-structure cross-sect1ons by
rectangLe, and secondLy, by a sLight increase of the internaL
density of these detectlons, especiaLLy during the second part of
the StUDy. ln order to give a more reaListic figure of the chan
ges in the aggregative structure, the data have aLso been spLit
into macro-structure cross-sections in figures 7 and B. The num
oer of singLe macro-structures observed remain uncertain (one
Large or two smaLL), but does not seem essentiaL owing to the si
miLarity of the echograms.

~ progressive shift in the position of the cross-sections
durlng the study (fig. 9) may partiaLLy explain the observed
changes in the echograms and mean densities (figs. 3 and 8). The
LocaLisation of the nucLeus of the macro-structure aLong the sur
vey wouLd expLain the predominance of dispersed fish at the be
ginning of the study, then of schools and, finalLy, of concentra
tion.

It remains clear that other experiments are necessary to va
Lidate the reliability of this distribution, and to determine its
Limits of application (fish size, species, area, season, etc). ~

first element of confirmation is yet available. The day following
this stUdy, we studied the internal structure of the main con
centration and observed the same echogram pattern. From 5:30 pm
to 11:00 pm we repeated the rectangle experiment in order to ve
r1fy if schOOLS and concentration were still present as on 27 t h ,

or absent as on 26 t h at the beginning of our first study. We
found similar structures to those observed on 27 t h (fig. 10). Ne
vertheless the increasing tendency of the mean density by rectan
gLe was observed one more time, suggesting that some changes in
the aggregation mode occured.

5



CONCLUSION

ObVIously the observed macro-structure did not follow the
normally observed aggregatIon pattern. Even though our experImen
tal survey desIgn did not completely overcome the problem of dIS
tInguIshIng between spatial and temporal effects, it seems that
during thIS particular observation, the aggregative behaviour was
not completelY depend~nt on the lIght intensity. Possibly it was
governed by a longer tIme period of evolution. Nor did the mean
oeptn of the blomass correspond completely to the usual nyctheme
ral oattern (see Woodhead l1856) for simIlar examples). These ob
servatIons suggest that the usual split of acoustic survey data
In day-tIme and nIght-tIme serIes before processing could be done
uSIng criterIa other than day and night perIods.

[he well-documented contagious structure of fISh dIstrIbu
tIon was agaIn confIrmed, and the increasing density of the ma
cro-structure, from the perIphery to the center, IS an additlon
nal argument In favor of over-sampling the areas of highest aen
slty located auring a routine survey (Gerlotto, this meeting).
Such an oversampllng methodology must be carefully designed In
order to avoid overestimation if the area assigned to the nucleus
IS overestimated, or under estimations if the dense nucleus is
not found. Owing to the usual inversed binomial distribution of
the densIty, It must be noted that the magnitude of an overesti
mation of the biomass would be much more important than the ma
gnItude of an underestimation.

Even though the preliminary survey covered the entire Gulf
twice, by day and by night, using a 5 n.m. inter-transect distan
ce, the highest densities per ESDU were much lower than those ob
served during the rectangle experiment. The data are not comple
tely evaluated but it is obvious that the total biomass estimated
through this preliminary survey for the whole Gulf is lower than
the biomass estimated inside one of the last rectangles. ThIS
confirms the necessity of over-sampling around the highest de
tection after a preliminary survey in this area.
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REACTION OF TROPICAL COASTAL PELAGIC SPECIES

TO THE ARTIFICIAL LIGHTING AND IMPACTS ON THE ESTIMATIONS

OF ABUNDANCE BY ECHO-INTEGRATION

by

Jean-]acques LEVENEZ, Fran~ois GERLOTTO et Didier PErIl

A BST RAC T

Tne study of the fish behaviour in a tropical

and its consequence on the estimates of the biomass from

echointegl ation techniques have been conducted on both sides of

the Atlantic, In Senegal a1ld Venezuela.

experIments realIzed nightly at 15 to 3~ meters depth have

when the lights are lit up on the running researchthat

the fishes dive or/and spread but the consequenCES.

'/Esse L ,

echolntegl-atioll is concerned, depend on the species of 1 st,

on t h speed and the direction of the lightIng (en t h e- boat

the lights are focused only laterally (Senegal the

estimates can decrease by a dramatic factor while, if the light",

enllght 01

less 5 tab 1 1 1 zed before beIng Insonifled, ~ i I 1=[ t

c o n s e q o e nc e s o r. t the tJiomass e v a Lu a t io n .



RES U M E

Des etudes sur le comportement du poisson en milieu

tropical et ses consequences sur les estim~tions de biomasse par

echo-integration ont ete menees de chaq~e Cote de I 'Atlantique,au

Senegal et au Venezuela. Trois series d'observations realisees de

nuit a des profondeurs comprises entre 15 et 30 metres ant montre

que lorsque les lumieres de pont sont allumees sur les bateaux de

en ce qui concerne les evaluations de biomasse,

les poissons plongent et/ou s'ecartent, mais que les

de I 'orientation de I 'eclairage du bateau

vers l'avant <Venezuela) les poissons plongent

I
I
[

Ipar

etre

mais

et

lumieres sont

lampes eclairent

les

insonifies,

les

sique

Quand

tandis

stabilises avant d'etre

<Senegal) les evaluations de biomasse peuvent

vitesse de ce dernier.

sous-estimees,

la

relativement

de

recherches,

lateralement

consequences,

dependent des especes,

et

grandement

focalisees

sont

consequent cet effet ne biaise pas les estimations d'abondance.

I N T ROD U C T ION

The effects of artificial light upon fish concentrations

have been studied from the beginning of the hydroacoustics

research. HODGSON and RICHARDSON (1949). and RICHARDSON (1952)

ha~e shown that the depth of a fish concentration could be

modified using the illumination of a lamp. VERHEIJEN (1959) has

published results of this impact of artificial lights on the

behaviour of sardines, from which it is evident that this

species dives when the lamps are switched on. The same type of
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behaviour has later been observed on other species in a temperate

environment. The tropical environment has been less studied

however, we can find, in OVTHINNIKOV et VOSMITTIEL (1971), the

results of visual observations made from a drifting research

vessel along the west african continental shelf and around the

Canary Islands; they note in particular, for §~[QiQgll~

'!!~Q~[~Q~i~ that "after having switched on the white lights, a big

quantity of fish has disappeared", and for §~[Q1Q~!!~ ~~[i!~

that, "after suddtently having switched on the submarine lamps,

the fish went deeper and a significant time lapse (20 a 25 min.)

was needed before they returned fo the illuminated area.It is

moreover known, and this has in particular been discussed by

OLSEN (1971 an 1979), that certain species have a strong tendency

to withdraw when a boat approaches and this is due to the low

frequency noise generated mainly by the propellers.

In the tropical environment where the echo-integration is

increasingly developing, it was, first in a very global way,

necessary to measure the impact of these different behaviours,

results of visual and auditive stimuli, on the estimations of

abundance by the acoustic method. Three series of experiments

~ave been conducted, two in Senegal and one in Venezuela, and

the results are shown in this paper.

1 • MATERIEL AN METHOD

In Senegal (map 1), the observation have been carried out

from the R.V. Laurent Amaro,

4
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trawl equiped with a Biosonic 120 kHz echosounder and integrator.

Its bridge spoligths <?) are facing backwards and the towed

transducer is at the adge of their direct lighting area (fig. 1).

The first series of o b s e r v a t r o rrs was done during the nights

in the· Goree bay (map with 15 m depths and waters with

abundant juvenile sardines, which serve as bait for the tuna bait

boat based in Dakar.

It needed the technical support from the R.V. Cauri ~Jh i ch

served as assistance versel this latter was anchored and held,

at about 30 m distance, a raft with a week signalling light,

reactions of the fish were observed dlrectly on the echograph and

R.V. Laurent Amaro passed just beside this raft several times at

recorded on cassette for later processing in the laboratory.

installed in order to fix the fish under the raft (fig.

the

The

lamp

2) .

andand with the bridge lit up or not

the 120 kHz transducer and a small diving

speeds

supportedwhich

different

I
~

I
I
1
!
I

The second series of observations took place in the

northern Casamance area (map 1) at depths of 25 m. Wh i le the

vessel advanced at its usual cruising speed, that is 8 knots, the

lights on the bridge were on and off alternatively \'J i th a

minute periodicity, this time lapse corresponding to a distance

of 247 m. The reactions of the fish were on the

echograms.

In Venezuela, the experiments were carried out from R.V.

Capricorne, at approximately 25 m depth, where a control catch

identified anchovies and 15 to 20 The
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vessel, which was equipped with a SIMRAD sounder and an AGENOR

integrator used a speed of 4 and then 7,5 knots. Its bridge

projector (500 w), situated in the front, was alternatively

switched on for 6 minutes and them switched off for 6 minutes,

this time lapse corresponding in this case to a distance of

m. This illumination was not particularly focused towards

1389

the

sea. The other lights on the R.V. Capricorne were turned off or

carefully covered except for the navigation lights. The behaviour

of the fish was observed on the echograms and the echoes

integrated during each of these 6 minutes sequences.

2 • RESULTS

2.1. IN SENEGAL

Approximately 30 minutes after the installation of the

experimental device, the recorded echoes on the sounder abord the

R.V. Cauri showed a stable situation, where the concentration of

small sized fish was very dense and homogeneous between the

beginning depth of observation and 1 to 2 m above the bottom. The

fish were clearly more dispersed near the bottom. (Fig. 3A).

When the research vessel passed without lights just beside

the raft, no apparent reaction of the fish was noted independant

of the speed of the boat (fig. 38 and 3C). The noise did in this

particular case not have any determinating consequences on

6
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behaviour of the fish.

On the contrary, when the vessel had the lights on the

bridge switched on, it was noted that

- when It passed at a speed of 8 knots, and as soon as the

area of direct illumination of the lights of the bridge reached

the observation raft, an immediate decrease of the apparent

densities, characterized by an absence of echoes at approximately

half the observation depth and a strong decrease of the densities

of the other half, was observed.

- When i t passed at low speed (0.5 to k no t ) , the

show the same immediate dispersion of the fish near

rapidly followed by an apparent upwards movement of

1

observations

the surface,

the fish near the bottom. The situation takes much longer to

become stable as though a part of the fish had followed the area

illuminated by the boat (fig. 3E).

This experiment,

of the acoustic surveys,

carried out in the operational conditions

confirms (fig. 4) that the fish have an

immediate reac t ion to the luminous s t i mu I i , and a sudden

illumination causes them to dive accordin~ to our observations 10

to 12 m. which leads to a general concentration of the fish close

to the bottom.

It also shows that, on this type of fish concentrations,

the reactions are reproductible with, the fish diving to the same

7



depth at the arrival of the illuminated vessel as can be noted

from the sequences 14 and 15 of figure 4, or staying at the same

level when the bridge of the boat is not illuminated (for example

: sequences 16 and 17 of fig. 4).

2.2. VENEZUELA

The reaction pattern of the fish is the same in Venezuela

as in Senegal (fig. 5) , that is, they dive when the vessel

switches on the lights, but contrary to the situation in Senegal,

where the reaction is immediate and total, a transition phase

with a duration of 30 to 40 seconds was opserved in Venezuela.

This transition phase is shorter when the speed of the vessel is

high (fig. 6 1 and 2).

On the other hand it can be noted that the fish nearest the

surface dive 5 to 8 m and the part of the fish situated further

down dive 12 to 18 m.The amplitude of this migration also depends

on the speed of the boat (fig. 6 1 an 2> and there is

consequently an apparent increase in the extension of the

concentration which is correclated to a decrease in its density.

If can als 0 de noted, referring to figure 5, that the fish

do not dive all the way to the bottom, contrary to what was

observed about the R.V. Laurent Amaro (fig. 4).

The integrations of these fish concentrations have as

results the following global relative values

mean of 40 "illuminated" sequences = 1995

40 "non-i lluminated"

8

= 2057.



There is flues in this case no significant influence by the

lithting on the two estimations of the density.

On the contrary, a clear alternate change of the values

between the integrated layers during 2 successive sequences was

noted, with a maximum a rnp Lit u d e of 20 m (Fig. 7).

D I S C U S S ION

The small variation of the intensity of echoes recorded

during a passage of the R.V. Laurent Amaro without lights near

the raft seems to indicate that the species of fish o b s e r v e d ,

especially small sardines, have only a week reaction to the noise

of the boat; but the presence of a submarine lamp installed under

the raft to locate the fish could have disturbed their

behaviour.

Thus it is difficult to make a definite conclusion on

point.

this

A big difference between observations done in Senegal and

Venezuela concerns the reaction of fish to light. On the first

case

in

the reaction is violent when the lighting is lateral

the' second case one not ices a response time of 30-40

wh i le

seconds

with lighting directed fowards an orientation which lets une

suppose that the fish has already gone down and is stabilised at

the moment insonified however, this is not the case. A greater

turbidity of the water in Venezuela and/or a weaher power of the

lights of the R.V. Capricorne could explain the apparent sho\-.JIlE'sS

9
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of the reaction,but it probably is due to a slow swimming speed

of the fish.

One sees that the superficial part of the layer goes down

from 5 meters when the boat sails at 7.5 knots, but is sinks at 8

meters when the boat sails at 4 knots. On the other hand, the

lower limit of the layer of fish sinks 14.5 meters in the first

case and only 10.5 meters in the second.

Many hypothses can be famulated regarding the specific

differential sensitivity to boat noise and te sound and light

stimuli combined, but lack of precise information doesn't support

them. Thus, it is difficult to known even though global

estimations of density are identical for illumination and

extinguishing if the fish have had enough time to stabilize their

depth upon the arrival of the boat.

This would intense the accuracy of these estimations. The

geatest density of concentration when the light is turned on only

characteries multispecific detect ions (at least anchovy and

according to results of fishery operations)

hairly swimming speeds and reactions to different stimuli. The

I inked to the boat's of ,the I eater and the power of the

fact that they don't go down to the bottom could be in past

I i gh t i ng

which permits the fish to escape from the bright stimulus before

they teach the level of the bottom.

On the other hand, in conditions observed in Senegal the

light makes these fish bunch up toward the bottom,consequently

the density of the concentrations

10
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meters;the decrease not necEssarily correctated to an

augmentation of density. In this way one can see i t on the

echograms, which means that the fish escaped laberally in

r:elation to the ship and/or that i t h_as an o r i ell tat i 011 in

relation to the horizontal which expresses weake,- index of

reflextion. the f r act ions 0 f f ish (.J hie h do i n 9 tot h e

bottom escape the integration zone which leads to a large

underestimation of densities.

CON C L U S ION

On the three series of experiments presentes the

influence of artificial light on tropical fish behav 1 our- is

considerable.

If in the example of prolonged station,3ry illumination,

fish are generally attracted, a violent illumination makes them

move away from the light source at first. The second case, which

conserns more exactly echo-prospect ion compaigns. should be

seriously taken into consederatin for i t is the case

experiments done in Senegal. It can lead to a serious

underestimation of biomasses. Quantative studies in this area are
I

thus recommended to reduce as much as possible sources of bias in

the evaluation of biomass III stocks of tropical coastal fish. III

the absence os such studies it is undoubledly preferable to do

night compaigns In tropical areas with a minimum of ight on

research vessels.

I 1
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Figure 3.- Echogrammes showing the fish behaviour to the lighting
(See explanations in the text).
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Figure 7.- Example of density changes with depth
With light

~ Without light



BlblloQraDhie

HOOGSON, W. C.and RICHAROSON, ,..1.0. The experiments on the Corrusn
oucnarc fishery, 1947-1948 - Fish. Invest Lond. 1117.2,21 pp

RICHARDSON, I 0 (1952) : Some reactions of pelagic fish to light as
recorded by ecnosounctnq - Fish Invest Lond 11 1~.2. 20 pp

VERHE IJEN, F J (1959) Attract IOn of f Ish by the use of lIght. Modern
Fish Gear, World I, 548 - 549

CUSHI NG, D H (1973)' The detect ion of f lsh pp 132 - 134 Pergamon
Press Ltd London

OVTCHINNIKOV, VV rr VOZMITIEL, E. A (1971) Comportement de
quelques esoeces de ooissons sous ler ret de sources
lumineuses Voprosy Povedenia Ryb Trudy, Bypusk XXXVI.
Kal iningrad At lantniro. Traduct ion Gonzalez Alberdi,
PNUD/FAO - CRODT Oakar

OLSEN, K. ( 1971) Ior luence of vesse1noise on behaviour of herring
pp 291-294 In <rtst jonson, H., Modern Fishing Gear of le World,
Fishing news Ltd, London

OLSEN, K (1979) Observed avoidance behaviour in herring in re lat IOn to
passage of an echo survey vessel Coun Meet mt. Explor. Sea

1979 B. 18, 1-9 (Mimeo)



!'!.QJ, L0 l> e c i t ed ..' i Lh 0 ~1
h_t! t h 0 !-'5_~ ---.-B c I'~i s s i -2r~

Cl Hl/ J CI~S
Fis~}(~rics Acoustic Science

and Techno1ogy Working group
Hoslock, April 1990

INFLUENCE OF TIlE LICIIT OF I\. SUJ{VEY VESSEL
ON '/'S IHSTHfBUTJON

( J nf 1 u onc e dc j' ec I ai rage d' un n av i re de r(:ch(:['c~l(:s

en prospecLiorl a o o u s Li q u o sur la disLribuLiull d o s TS)

by

F. GEllLOTTO r i ) , D. I'H'I']T (2), and 1'. FlnmN (1)

(1): OHSTOl'l, 1W si , ~I'(2.S6 liorL--de-l'I'ance, 1'1arLinique (I·WJ)
(~): OHS'l'OM, centre LFHhf'lJiH, I.W 7], ~8~G3 IJl o ll z C1 11 e , I'ranee

HESUME

Des mesures d'echo-inLegration el de TS "in situ" effecluees
de nuil a l'aide d'un sondeur a faisceaux concentriques onl per
mis de verifier l'effet de l'eclairement d'un navire de prospec
tion sur les distributions bathymetriques des poissons.Deux re
sultals principaux onl ete obtenus:

- les poissons des couches superieures, contrairemenl a ce qu'a
vaient montre d'autres experiences dans la m~me zone, n'ont pas
plonge 10rs des periodes eclairees, mais ont en parlie evite la
teralement le bateau, l'importance de cet evitement elant appa
remment ~ relier a la taille et/ou a l'espece des poissons;

si l'on ne tient pas compte de la disparition des cibles les
p I us Lmpo r t an t e s , I es n i veaux de r e f lect i vi t e moyens n' ont pas
varie entre periodes obscures et eclairees, ce qui confirmerait
l'hypothese que les poissons sont polarises par le bruit d'un na
vire et se trouvent generalelOent en position horizontale lors de
son passage.

ABSTRACT

Some "in situ" measurements performed with a "dual-beam"
echo sounder by night have permitted to evaluate the influence of
the light of a boat on the inclination and avoidance of fish.
Coupled with echo integration data, the results lead to the two
following conclusions:

- the fish of the upper layers, contrarily to former experiments,

.- ....:1



did not dive v c r Li cat l y wh o n the boat p a s s od over them, but LCII-'

ded to avoid I a t.e r al I y her route, the avoidance reaction being
apparently ill r e l a t i o n [() LlH~ length a n d z o r the species of the
fish;

when not l.a.k i n g i n I.o u c c o un L the d is ap p e a.r au c e of the bigge~;L

targets, Lh e me a n b a.c k s c. a t.Lc rLn g cross s e c Li o n did n o L v a ry si·
gnificantly wh c I.h o r Lhv ship light wa s s w i Lch e d 011 or 01'1', 'I'l r i «
p h e no mc uo n c o n Li rm s Lh c: h yp o Lh o x i s l.h u L t.h e fish are jlo];l/,j:-.':'d
h o rr zo n I.u l Ly by th,- II(Ji~,·' h,'f'UI'(.' Lhl~ slli/-! o vc rp a s s c s them,

1NTIWDUCTJ ON

So me fo r-mo r o b s o rv n Lio n s of the behaviour of the fish (l.l·:Vl~

r--;EZ .~~.L..i.!:.J_LI UlB',') shoh'cd l.wo r a t.h o r contradictory phenomena:

Lh e fish reacts VCI'\ s I.ro n g l y l.o I.h c lighL of a s u rv e y Y('~;~;el

by a neal diving b e h a v i o u r, as s ho wn in fig. 1.

1 It S pit e 0 f I.hi s a v 0 i d an c ereact ion, the g loba 1 densit y did not
V<1I',)': t.h o graviLy o c u Lr« of t.h e b i o ma s s may change, but conside-
rin~ I.h e I.o t.a l !"<iLer column, it appeared clearly that. all l.h e
b i o ina s s rc-mai n ed present,

These observations lead to the following hypothesis: the
fish a r o p ro b ab l y po l a ri z e d in horizontal position by I.h e noise
of the ship (warning situation), a rather long lime before she
passes upon I.h cm , and is insonified in this position; in this
condition, if the echo sounder is using a TVG function, the depth
of the gravity centre has no influence on the density evaluation,
and therefore the actual condition of lighting (and noise) of the
ship has no effect on density estimation. Another consequence of
this' fact is that the l'S data of the fish would be similar by day
and by night, the tilt angle of the fish depending probably on
the noise of the ship (and its initial depth) and not on its na
tural behaviour.

We tried to test such an hypothesis using TS measurements on
the fish "in situ". The results of these observations are presen
ted in this work.

i . MATEHIAL AND ME'I'HODS

1.1. Description of the survey methodology

The area of the study was the northern part of the gulf of
Cariaco (eastern Venezuela), where some important sardine (Sardi
nella aurita) concentrations were found during a previous general
survey (fig. 2). The experimental survey were performed using
zig-zag transects. A 500 W light was fixed above the towed body
of the transducer on the left side of the vessel, and alternately
switched on and off every 6 mn, using the same experiment proto
cole as was used in a former experiment (LEVENEZ et al., 1987).
The speed of the survey was around 5 knots, which fitted in the
range of that of the above mentioned experiment. During the sur-

2,



1 , ?. 'l'S M(~asurclllenLs

echoes records from 5 In b e l o w transducer up 1.0 Lhe bo Ll.o m

Table 1. Settings for 1'S measurements
(Tableau 1. Reglages du sondeur lors des mesures de TS)

I
J73.54 I
221 • (e;:1 dB
]00 IIIV l'II1S

50 InV I"IIIS

0,5 rns

O. t illS

O. [) IllS

0.8 illS

0.5 illS

3.0 illS

III i Cl •

IllCiX.

Illax.

111111.

IIlHX.

12 dB

-- ] 8 clB

Icec e i v i ng s e n s i b i l Lt.y (cal. range 40 log Ic )

Source 1 e v e 1
Threshold 1 a"ge b(~alll

narrow beam
Selectioll criteria [or individual targets

G dB 1111 n.

\~c u s e d a dua 1 beam o o h o s o u n d e r t.y p o H j o~;()n i cs I O/:, 1?O I, II:~,

;d)o:u"d U1C I{!V i\ndl"L' r~iZ(:I"Y (25 m sLCI'n Lr';lh:!<"')" 'Ih«: :-:('(1 i!l!-~'-: ,.1'
L h (' ~:; ()11n d (' I" :11' (> p r (. s (" n 1 (~d i n t. <l h .1 r> 1.

v o y 'I'~~ values we r e 1I1<'Clsurcd and processed by () 11111 ES\)Us, (is h'e I I
as echo integration o v al u a Li o n s . The weather \.Jas cloudy, but the
I u l 1 III 0 0 Il " a s vis i b 1 e [r 0 m t. i IfI e L0 L i III e. T h (' e x P e I' i IfI en L too 1\ P 1a
cc 1'1'0111 8:00 pill Lo ]1:45 pm.

We are not able to present in this paper the ab-solute TS va
lues, as the results of the calibration are not yet available.
The results are expressed in relative back scattering cross sec
tion values.

1.3. Echo integration measurements

The echo integrator used was an AGENOK digital echo integra
tor. The data were regrouped in the same 6 IOn ESVUs as for the TS
measurements, using the (20 log K) '1'VG setting of the 102 BioSo
nics sounder. Agenor allows the use of 10 layers, which were ad
justed by 5 meters intervals, from the surface to the bottom, the
9th layer being adjusted from 40 to 50 m and the 10th from 50 up
to the bottom. A 50 mv threshold was selected, with a 0 dB gain.

2. :RESULTS

2.1. Description of the echograms

The first
concentrations,

part of the survey was performed on low density
and were not included in the data processing. We

3



use d the s o c 011 d l' art 0 f the sur v e'y, f r 0 III ~l: 30 pili.

During this survey the fish did not present the usual spa
Lied d i s t.r i b u Li o n , and s o me big schools were recorded (fig. :q.
This unusual behaviour is p ro b a l i l y due to the mo o n Li g h l. co n d i >

L i o n s . Any wa y , ,,<:, we r e 01>1 i g(~d Lo r cmo v e 9 ESOUs f ro iu l.h « d aLa
set (4 ill ]jgIIL-oJI situation, fl ill light-off).

Once Lh i « "c]ealling" of Lhe dal'l p o r I o rm c d , t.h c 2H 1"cllldilling
l':~;[)Us s h o i, ,l r a l.h o r hOIllOgcIH'OU~' sil.'J:I1.ion, l h c- b i otu a s s !>('"illg 1"1'··

p r e s c n Lod by s c a t.Le r c.d fish all 0\1('/' i.h « wa Lo r COlUlIl1I (fig. ·1).
Contrarily Lo l.h e s i t.u a Li o n o b s o rv o d ill 19B'f, 110 o bv i o u s vc rLi ca I
movement is visible 011 i.h « echogralll. It. is also illtel·(':-d.illl..( 10

not.ice that ill the deepest layers the single target. s ho v a "e1jlll
b i n g " tendency, ,·.. h i o h could indicate e i Lh e r an upward Illigratill~~

behaviour OJ' a slight inclinaLion of' the transduceJ'.

??. Echo integraLi on r e s ul t.s

The succession of the g10bal fi s h d e n s i ty for o a o h ESD\J IS

presented in fig. 5, the data of light-on and light-off s e q u e n
c i e s being separated. Except in Lwo couples of data, the lighL
off values are higher than the 1 i g h t.r o n , the me an difference
being 50 % . Nevertheless, wh c-n h'e apply statistical significance
tests on this set of data, we may see that the difference be Lwe en
light-on and light-off data is not considered as significant at
the 95 % level. Considering the lligh degree of variability of
the set of data, and the fact that we do not use real couples of
values, we must be very careful when extracting conclusions from
these kind of observations ..

b). Vertical analysis

The difference on the 28 unpaired values of density in the
upper layer (13 light-off, 15 light-on) is very important (54 %)
but not significantly different from zero (for P = 0.05) owing to
the large variability of the data. A log-transformation was used
to obtain the homogeneity of the variances. A t test on 21 paired
values of contiguous ESDUs allowed for a decrease in the variabi
lity of the difference between means, and therefore indicated
that this difference is significantly different from zero (for p
- 0.01).

Comparing the mean values of integration for each layer,
we may observe that this clear difference between the light-on
and light-off data of the shallow layers (depth less that 20 m)
does not appear in the deep layers (more than 20 m): the biomass
difference already noted appears exclusively in the upper layers:
it seems that the light has no effect at depths lower than 20 m.
The figure 6 shows clearly that in this case there is no vertical
diving avoidance.

2.3. Hack scattering cross section results

4



I
I h'hen c o n s i dori n g all the data f ro m a: 19 pili to J]: 45 pili (rig.

'7), we obtain more or less Lh e same kind of results as in fig. ~)

the n umb c r of individual targets as c o un Le d by the dua l--bealll
system is generally lower in the ]ighL--on periods than d u r i ng the
lir{ht--off. 'I'h i e: could be due o i Lh e r to a escapclllenL of t.h o f'ish
01' I.o it COlllfJiH:ting behaviour which wo u Ld reduce Lhe nUIII1)!'I' "r'
i\\'a] i abl r: i n d i v i d uu I targets for the dual -\)('alll ~'('h()- ~:()'lIId"I', l.JhpJI
c.o mp a rLn g Lh(~ echogl':lIllS, ",'e ina y s u p p o s e t.h a I. "I a i.o r a l '~SC;IP(~III"IlL

is Lhe main responsible factor.

Then we counted Lh e targets w i Lh i n the superior and the in
f(~rior' level (fig. 8): the results are parallel to those of echo
in L('graL i on: I.h e n urnb c r of target decreases in the upper Lay o r (S
Lo ]'/111) wh i le it remains a p p r-o x i ma Le l y constant in the I o wc r
sCI'aLa (17 to 30 Ill).

b. TS variations---------

When considering the average bacle scaLCering cross sections
(fig a), we can see that contrarily to the average densities, the
individual echoes remain lIIuch more constant. There is still a 10"
we r: level of l.h e values wh eri. the light is on, but not so e v i d e n L
and important as on the density measurement;

If ","e observe the data separately by ?- weter layers, we may
scc onc morc time the same difference between the upper and lower"
layers (fig. 10): all the difference between the data of the ES
DUs is due to differences in the upper layer.

It is not yet possible ~o discriminate between the two hypo
thesis above mentioned, i.e. lateral escapement or tilt angle va
riation, which one is responsible of the variations in the densi
ty. In order to make such a discrimination, we draw the frequency
histograms of the backscattering cross sections in the shallow
and deep layers (fig 11): we can see that the modal values are
identical in all the cases, and that the decrease of the mean in
the shallow layers is due to the absence of the biggest targets
(which are suspected to represent a different species, probably
predators, as Carangids, barracudas, etc .. ).

DISCUSSION

The first observation we can extract from this work is that
the behaviour of the fish is depending on many factors: the spe
cies concerned, environmental variables, artificial stimuli, and
may be different from a survey to the other in certain cases. The
usual diving behaviour we have observed several time in this area
(and included a few days after this experiment) was not present
during this small survey. This could probably be linked to the
unusual concentration of big night schools.
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'I'h e ro f o r e t.h e decrease of the global densities could be due
to either lateral escapement or changes ill the tilt angle of the
fish. ]f we consider that on the o n e hand the n urnb e r or p r-e s e n L
target~; decreased in the same way as the global densi Ly , and 011

t.h e o Lho r hand that the observed decrease of the lJIeall b a c l.. scat-
Ler i n g c r 0 s S s o c Lion was In a i n I y due toth e 1 Clc k 0 f Lh e bigg est
targets, IvC call conclude that the d c c. r o a s e of the b i oru a s s ill this
o xp c r-i mc n L i s e x p I a i n e d by lateral (~SCapelllellt, the big fish ('~;ca

ping nio r e Lh a n Lh e small o n e s ,

Fin a I 1 y a Lh i r d conc Ius ion ()11 the seda La I whell C () III P a I' i I j ~( L0

U \(' o the I" i den Liealex per i III e n Ls 1,' t' 11 a v (' (l err0 rill edill Lh j s are a
(vertical avoidance), is that, as there w a s no d i ffo r c nc: o in Lh o
111('(111 back scattering cross s e c t i o n of the fj s h wh e i.h e r Lh o light
we r e s wi t.c h cd on or off (once removed the v al u o s of the b i g Lar
gets), the fish we r e 1II0sL probably a l wa y s in an h o r i z o n t.aI po~;i

tion when overpassed by a survey vesscl: the behavioural scheme
I"OIl Id be t.h e 1'01101.,1 i ng:

- the fish perceives the noise of tlte boaL at <l long distance and
llIoves Lo an horizontal "warning" position .

.,. wh e n the light is percei ved, and according to other b e h a v i o u r a l
parameters (moon light ?), it c h o s e s a spatial secure place",
either by diving or through a La l.e r a I escapment. This b e h av iou r
takes place before the boat passing over the target; when it 06
curs, the fish :is already in this "secure posjLioll", and c o n s :
equently is still horizontal.

CONCLUSION

have
data.

The phenomena described explain why in former surveys we
not seen biomass differences between light-on and light-off

Moreover, it leads to the following conclusion: the 1'5 va
lues obtained with a cage, and the integration constant calcula
ted by this way must take into account the values for horizontal
fish more that those for other tilt angles. In this case, we may
consider that it is prefereable to use the results of cage expe
riments performed by day than by night. The visual control (video
camera) of the position of the fish being evidently indispensa
ble.

lues
them

It allows us also to compare directly the "in situ" 1'S va
obtained by day and by night, without having to apply on

any tilt angle correction (at least for the upper layers).
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Fig. 1. Example of av o i d a.n c o r e a c Li o n s of Lhe fish to the lighL
A = light on E = li~ilL off
(from LEVEI\EZ et al., l~l8'l)

6~.IO k

\
I
\
-,

\
\

10.30 N \

\
L_ <,

\
,.- ~'" /

/ -~ / •.; .
...... .;,.

Fig. 2. Prospection and experiment transects in the
Gulf of Cariaco (Eastern Venezuela)
- - - prospect ion experiment

,I..



-" -,- -I -, I'"

Fig 3. EchogrBm
the area

of
of

some schools observed by nigh!.
experiment (paper' SI;;-'] C 0/:>0 III

11

Fig. 4. Exa.mple of
A := li.ght

some
on E

light-on/light off ESDUs
:= light off (scale 0/70 111)



• I ..••.•.J .1.•.•.•...1....•..•1 , ••_ ••_..1 _..1••_ ••••1. _._.1.••.••_..1 1••••••••• 1 .•.••...1..•...•. 1 1.. .

..·T......

:::u

.'...

"

-,

·······T·····_·f·..·····j

. . /: .'....

.I. 1',::11''','1: ,:::01':."

01. :i 'JI''',i: 0:::>1",

"','•••.• "1"•••••••• , ..•••••• ,.•••_ ••••, ••••

EICHOANT, +eb. 1998

"T

lU

....... ,.:' I '.1. '1.: :i. '.'."r '::' +, +: I"', ':':' +: '::0+: ::~.} -: I,. "', :::. :i. -J:- ':cI

I::'
'-'

Fig. s .

..........1 .1...•••.. .1•.•••••.1..••• _ •.1 ..•... J 1..•.. .1 .••••... I ...•...•. I .••.•••• J .

I .

I I
1 I

1

1

I
11

i I
1

1 I
I I' I
1

1

'1': "I

I

I1 11 ", I

I ',I
.1. .J , .

1

I'I",
\;_-: -_..' ...1'

() :.'; ~.:.;.'.: .

1.:::.

1 .':'
.:..

I,

•.1...•

,,1

I: ...
III

"CI
' ..

d

.1
,'1:;

",
.•...

·::1 ...

1
~

I
I

0'"

0,-

5
<,

---- <,
<,

---- 0,
Aa <,

<,

1
"0

\
·{5 j ,

1 \,
I c

b-: -- -- ---
I ------ .

! ~-,..---,
Z~ ~

,l/
J'.'0

30 1 ;
/ .'

id
35 .: /

/1

40 f
E

50 D

10 So ,eo ISo "lDD

¥ig. 6. Mean variation of the density by 5 meter layers
in relative units.
0- - -0 1 ight on • • 1 ight off



N~

B

A

/- /)\\~/~
/ \ /J\ \

J \ 9"-. /0 0\ •

0/ ~ / 'cl \
<, / 0

° \
\
\
\
\
6

-.
/ r-~·-"""'---

/ 0 ,--0-0.. .
~/ 0 \ / '" o~/ \ J 'y,

if /
\ /

'0-
7

to

50

'].0

50

'2.00

tco

-1(X)

,,AOO

Nb

Nb

bOO

4-00 .
/1'0..... 1

cf \/
\
\
\
\
\
\
btoo1

ES1)U

Fig. 7. Number of individual target observed through
dual-beam r e s u l Ls for each 1.;SDU 1 ! I ,,' , ESDu
0- - -0 light on , , lighL off

Fig. H. Num be r ut' i n d i vi d o n l I.;Jr'~;!'I.~,; ,)I):·~(,I'\'cd l.hl'()11~h

clU Cl. J - be <tIll I' e S u ) l ~j j' Cl t: le' ; 1! 11 \.;:<' ) I i ;\ I 1cl :
;\ f 0 r I h, ~ 11 Jl[J '.'I' 1; 1\ ('] !:; / 1'" Ill)

1:\ ['0]' till: l o wc-r ];\.\")' !'i/:;) Ill)

o 0 ] i (~II I '; ) I •.- ..... - .• ) i ,< 11 I ,) [' I'



scaLLcriIlg cross
Fig. ~J. Va r i <I L i 0 11 0 f Lh I;:~ 11Il; all u. «: li.

for each l':SDU
0- - -- 0 1 i g h L 0 n .,----4. 1 j g h L 0 [ f

section

~ig. 10. Mean value of the mean back scattering cross section
by 2 meter layers (all ESDUs included)

light on light off

,-



%

30

%

Fig. 11. Frequency histogram of the back scattering
crosS sectjons of all the targets observed
A = upper layer (5/17 m)
H = lower layer (17/30 rn)

light on light off

[--



Not to be cIteo wltnout
HutilorS' permlcsion

LIEM/llf_S
Joint FHSf/FTFB

wo r k i o o l~r'Dup

R0 s t 0 c k . l=l Pr i L, " 9 8 I)

I
l

EVRLURTION OF THE INFLUENCE OF VESSEL NOISE BY NIGHT
ON FISH DISTRIBUTION RS OBSERVED USING RLTERNRTELY

MOTOR RND SRILS RBORRD R SURVEY VESSEL.

by

P. FREDN, F. GERLOTTD and M. SORIR

ORSIUM, BP 61, 97256 Fort-de-France, Martinique CFWI)

RESUME

L'infLuence du bruit du moteur d'un bateau de prospect ion
sur Les poissons a ete etudiee en utiLisant aLternativement La
navigation sous vOILe et au moteur d bord d'un voiLier de 16 me
tres equipe d'un moteur dieseL inboard de 115 cv. Trois experien
ces ont ete reaLisees de nuit sur deux types de popuLation de
pOlssons troplcaux: L'une au Large sur des poissons disperses
(probabLement des poissons voLants et des Myctophydes de La OSL),
L'autre sur une couche de poisson peLagiQues cOtiers (probabLe
ment de jeunes CLupeides et QueLQues muLets). Oans Les trois cas
on a observe aucune difference significative de L'infLuence du
bruit du moteur sur La densite, et seuLement une faibLe reaction
d'evitement verticaL (pLongee inferleure d un metre) s'est pro
du i t e .

ABSTRACT

The infLuence of the motor noise of a vesseL on fish distri
bution has been studied by using aLternateLy motor and sail on a
survey vesseL. The vesseL was a 16 meter overLength sailing-ship,
equipped with a 116 hp dleseL inboard engine. Three experiments
were conducted by night on two kinds of tropicaL fish popuLation:
one offshore on an assembLage of dispersed fish (probably fLying
fish and myctophydae of the DSL), the other on a Layer of coastaL
pelagic fis~ (probabLy young CLupeids mixed with some muLlets).
In alL cases no significant influence of t~e engine noise was ob
served on the density and a onLy a weak vertical avoidance (less
than one meter) occurred.
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INTRODUCTION

The infLuence of the vessel stImulI on the fISh behavIour IS
one of the central question adressed to SCIentIsts using acoustic
survey for stock assessment (Olsen, 1857). Such an infLuence is
supposed to be responsibLe tor underestlmatlons of density oWIng
to LateraL or to vertIcaL avoIdance reactions (in thIS Last case
a change in the fish tilt angle, and therefore in its target
strength is incriminated). The vessel noise, and more specifical
Ly the propeller noise, is incriminated as the principal stimulus
governing fish avoidance (OLsen and al, 19B3).

In order to quantify the Importance of thIS behaviour on
density estimatIons, some experiments have been conducted by
nIght with a sailboat using alternately saIL and engine during
the echo survey.

M~TERI~L ~ND METHOD

The boat used was a 15 meter overlength quetch, equipped
with a 116 hp dieseL motor. In order to Limit the heeL, leading
wind saiLing trims were retained. It has been controLLed that the
heeL did not overpass 3 0 (generaLLy from 00 to 2 0

) , and therefore
its effect on TS can be supposed negligible.

~ 70 Khz Ey-M Simrad portative echo-sounder was instaLLed o~

board with its 11 0 transducer mounted starboard, at 7 meters from
the stem and at 1,5 meter under the surface. The signaL was re
corded on a portative digitaL recorder and processed Later in the
Laboratory with a digitaL echo-integrator ~GENOR.

Two kinds of experiments were conducted. One took pLace
offshore in the Western part of Martinique (French West Indies),
during the 27-28 november 1989 night of the new moon. It concer
ned a scattered fish Layer (probabLy fLying fish in the first 15
meters and Myctophydae of the DSL beLow this depth). The two
other experiments took pLace in coastaL waters of VenezueLa (GuLf
of [ariaco and Southern part of Coche isLand) during the night,
from the 22n~ to 23 r d June 1989, and for three nights from fe
bruary 13th to 16th 1990. The moon was at three quarters during
these Last experiments. For the first experiment the moon rose at
the beginning of the observation perIod and the weather was reLa
tiveLy cLear. During the second coastaL experiment, contrariLy to
the fisrt one, most of the observations were done during the
hours of Low moonLight intensity (before moon rised or with cLou
dy weather). The depth of the bottom was around 40 meters in the
first experiment, over 500 meters in the second and from 12 to 21
meters (generaLLy 17) in the third one.

In aLL the experiments, saiLs and engine were used alterna
teLy at time intervaLs varying from, 3 to 15 minutes according to

2



1 11 e va r 1 a b 1 L 1 t y 0 t the de t e c t 1 0 n. R s 1 nn t e t 1 me 1 n t e r va Lot 'i 5 mI:

was us eo Jor tne offsnore experlment conducted along a slnole
transect, meanwhlLe 3 to 6 mn tlme intervals were used tor the
other experiments. in tnese two experlments a snort transect
across tne distriDution area of a Llmited Layer were repeated se
veral tlmes and two methods were used:

in some cases the distrIbution area was crossed USIng al
ternateLY saiLs and motor when saILIng down-wind, and only tne
engIne when saIling head to wind, therefore the experIment proVl
ded more sampLes with motor than with saILs;

-in other cases the whoLe distribution area was crossed only
uSlng saiLs (down-wind) and then onLy the motor (head to WInO),
providIng the same numDer of sampLes with engine as wIth saIls.
Rs far as possIbLe the vesseL speed when uSIng the motor was ad
Justed to the speed of the previousLy elapsed time using saILS
1generaLLv oetween 3 and 4 knots). NevertheLess, for some hours
dur In 9 the n i 9 h t between t he 1 4 U ' - 15 "I • February, a weak win d 1 m
posed a very low speed (1.5 to 2 knots), ImposslDle to sustaln
wIth tne motor.

Owing to variabiLity of the fISh dIstrIbution in the last
experIments, a seLection of the usabLe data set was necessary.
FIrst of aLL I the lOW densities found before entering in the
Layer and after overpassing It were eLiminated from the data set.
In a few cases, some bottom SChooLs were observed and the corres
pondIng data were deLeted.

The first step in data proceSSIng was to compare the mean
density of the whole intervalS with saILs, to the whoLe IntervaLs
with motor. This method presents the advantage of aLlowing the
use of aLL avaiLabLe data, speciaLLy when motor data are more
abundant (see before). Nevertheless, the high spatial variabiLity
may limit the power of such an anaLysis. In order to overcome
this problem, the second step was to compare paired samples of
adjacent oDservations with sails and motor. Rs no obvious engIne
influence appeared from the first analysis or when reading the
echograms, it was deCIded to retain the paired samples when the
echograms Looked simILar and homogeneus, especiaLLy the short
time intervaLs in the middLe of the Layer. This choice is of
course subjective, but a repetition of the seLection by two
scientists has shown a good consistency.

RESULTS

The offshore experiment indicates that the density varied
reasonabLy (factor 2 between, Lowest and highest vaLues) and pro
gressiveLy from one 15 mn time intervaL to the other (fig. 1).
The same remark appLies to the different depth intervaLs. R two
sampLe test considering two independent sampLes indicates no si
gnificant differences between the sampLe where the motor was used
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compared to those where sa1ls were useD,
den eel n t e r va l (R P pen o i cel , tab l e1 ). f4 0 a i r e d t test gave t h e
same results [Rpoend1ce 1, tabLe 2). On the contrary, another ex
periment on th1S same f1Sh assemblage, conoucteo 1n the following
n o ur s . Indicated a s t r onc r e s c t i o n o r t ne T i s n to an a r t i r i r i a t

Light aLternateLy sW1tched on and otf lGerlotto et aL., 1980).

The first experiment on coastaL oelaglc 1 ISh IS not 50 easy
to Interpret because a Larger spatIaL var1abiL1tv was observed
[factor 10; fig. 2). When uSIng a one lactor RNOVR lwnich 15
equIvalent to a two sample test In thIS part1cular case) I a Sl
gniflcant difference appears between tne means of samples with
saIls and those with motor [tabLe 1). Nevertheless, the fish den
sity was highLy variabLe and a two factor RNOVR, IncLudIng a re
petItIon factor in the middle of the exper1ment, shows that the
spatiaL variatIon expLains most of the varIabILIty and that the
motor effect is not SIgnIficant ltable 2).

labLe 1: One-way analysis of varIance for tne 11rSt coastaL
experiment.

Source of variation Sum of Squares d.l . F-ratlo 51g. LeveL

Between groups
WIthin groups

TotaL (corrected)

12367264
28109793

40477057

'I
22

23

9.65 .0051

LeveL Count Mean
Stnd. Error
linternaL)

Stnd. Error
(pooLed s)

99'% Confidence
IntervaLs for mean

SRIL
MOTOR

14
10

2189.1
3645.2

296.5
366.9

302.1
357.5

'1337.4
2637.4

3040.9
4653.0

TotaL 24 2195.8 230.1 230.7 2145.3 3446.3

TabLe 2: Two-way anaLysIS of variance for the first coastal
experiment.

Source of variation Sum of Squares d . f . F-ratio Sig. Level

MRIN EFFECTS 18502400 4 3.595 .027
SRILlMOTOR 9B7036 1 .767 .403
REPETITION 6135136 3 1.590 .229

2-FIKTOR INTERRCTIONS 103103.68 2 .040 .961
RESIDURL 21871554 17
TOTRL (CORR.) 40477057 23
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)n~ second exoerlment on coastal peLaqic fisn DrOVlae~

tne nlghest number of data, colLectea over tnree nlghtslpre-
sentlv
GnlV bO% 01 tne availaoLe data are anaLysed). Rs tne ODserVatlOns
apPlled OOVIOUSLy on tne same flSh layer, the whole set was used
ln a T irst steo l186 observations). The onLy SUbdivision used was
oetween dlspersed flsn and Layer, the latest provlding tne h19
nest aenslties (flg. 3).

The results of the ~NOV~ performed on the total denslty
(rig. 4; table 3 and appendix 2) Indicated that the difference
oetween Intervalswhen using the motor and those using salls IS
small (1.5 ,) and not significantly different from zero (P=.05).
The nomogeneitv of the variance is verifled and the distrlbution
of reslduals is acceptable. R t test on the means of 47 paired
values gave tne same results (difference = 7.4'; P=.05).

TaDle 3: Two factor analysis of variance of total density In tne
second coastal experiment.

Source of variation Sum of Squares d.f. F-ratio Sig. t e ve t

MRIN EFFECTS 14081536 2 20.627 .000
L~YER/OISPERSEO 13534512 1 39.652 .000
SRILS/MOTOR 456432 1 1 .337 .249

2-F~CTOR INTER~CTIONS 61170 1 . 179 .6771

RESIOU~L 62123189 182

TOTRL (CDRR.) 76265895 185

The same analysis was performed for the five 2 meter inter
vals of depth between 1.5 and 11.5 meters (not enough representa
tive data were availabLe for the deepest layers). Even though
none of the differences between sequencies with and without sails
IS slgnlficantly different from zero (P=.05), there is a conS1S
tency in the results, strongly suggesting a downward shift of the
blomass during the sequencles with motor compared to those witn
sails (fIg. 5). R t test on the 47 means of paired data lead to
tne same results for any layer (P=.05).

The two factors ~NOV~ performed on the mean depth of the
biomass does not indicate significant differences between sequen
cies with sails and motor when using the whole data test (fig. 6;
table 4 and appendice 2). Nevertheless, a t test performed on 37
paired values concerning only layers indicated that there was a
difference of -0.52 meter between sequencies with sails and mo
tor, which was significantly different from zero for P=.01 (the
density in dispersed fish sequency was too low for estimating a
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representative mean depth!"

Table 4: Two factors analysIs of varIance for mean depth In
the sec ono coastal experiment.

Source of varIation ':,Uff1 ot Squares d. f . F-ratio 5ig. level

Mi=lIN EFFECIS 9; ."1 ., 'I L .5 .0000L

Li=lYER/OISPER. ~n .4 1 23.4 .0000
Si=lILS/MOTOR 4.9 1 1 .3 .2650

2--Fi=lCTLJR INTERRCTION':J .0720 1 .018 .5935
RESIOU~jL 7 10 .2 152
TOH1L ([ORR.) bO/.3 '155

DISCUSSION

Even though the data processing is not completly acheived,
it IS obvious that in these experiments the influence of the mo
tor and propeLler noise on the density -if any- was very low,
suggesting that no important lateral avoidance occurred, or at
least that the avoidance would be the same with or without engi
ne.

The influence on the mean depth of the biomass is demonstra
ted, but remains limited (less than one meter). It suggests that
the engine nOise was responsible for a vertical avoidance reac
tion, or at least that when sailing with sails if such a reaction
occured, it was accentuated by the motor noise.

The hypothesis underlaying these results are not obvious. On
the one hand, a decrease in the density could be expected when
the motor was used owing to lateral avoidance reaction; Gerlotto
and Freon (1988) proposed an interpretation of such a low avoi
dance by the effect of the acoustical shadow of the hull which is
funnel-shappedi therefore the fish could be funnelled under the
hull. On the other hand, if the fish was stressed when the motor
was used and not with sails, the mean tilt angle should be higher
in this later case and therefore lower densities would be expec
ted (supposing no lateral avoidance). Our results indicated that
the fish were stressed by the noise of the engine and/or the pro
peller because it dived, but as no difference in density was ob
served, it was supposed that the fish were also stressed without
motor noise. The fact that the propeller was freely rotating when
using the sails could explain this fact.

Rn opposite explanation could be that the fishes were weakly
stressed by the motor and propeller noise. Two reasons can be in
voqued.
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~lrstly, the relat1velV low nOlse level of the boat when
uS1ng 1t 110 np motor at hall of ItS POWEI' (500 r.p.m.) which
couLd lead to a Low stress and/or a short durat10n of this
stress. Moreover, the relativelY low speed of tne boat, compared
to the usual speed used dur1ng acoustlcal surveys, coula also Li
m1t the stress intensity. It has been demonstrated (Herlng, 1968;
OLsen, 1969) that the f1sn react to noise according to its gra
dient in tlme (which gives an indicat10n of the speed of the noi
se source displacement) and not only to ItS mean leveL. In order
to control the influence of tnese two factors (leveL and gra
dient) a short experiment was conducted during the n1ght of 16 t h 

17 t h february using alternately two motor "regime": 750 r.p.m.
(around 3.5 knots) and 1400 r.p.m. (around 6 knots). Unfortunate
ly not enough data were available to draw any concLus1on from
this experiment ow1ng to the spatial variabil1ty of the density.

Secondly, the nOlse level at the motor 1S supposed to be
high enough but f iSh are not suff1ciently organised to interact
in group behaviour react1ons. Indeed, durlng the night the fish
were 1n layer structure or scattered. Thus, their visual isola
tion and the Lack of organisation couLd depr1ve them of synchro
nized reactions (flight or avoidance). In this case the "wave of
agitation" described Dy Radakov (1973) inside a schooL shouLd be
impossible. ConsequentLy we couLd obtain the same densities in
the deepest layers when the motor or the saiLs were used. Howe
ver, in the upper Layer the fished SLightLy dived when the boat
used it's motor. It must be recorded that the surface biolumines
cense induced by the huLL in the night represented a strong vi
suaL stimuLus (and may have reduced the LeveL of visuaL isoLation
between fishes). Thus, the fishes have been abLe to associate the
noise of the motor to a visuaL stimuLus as it has not been possi
bLe for the ones of the deeper and darker Layers (the turbidity
was reLativeLy high in this coastaL area).

This Last remark can be connected with the generaL diagram
of fish behaviour to externaL stimuLi presented by GerLotto and
Freon (this meeting) and with the observations of GLass and
WardLe (1989) on the difference of reaction of fish to 'a trawL
according to the Light LeveL intensity. These Last authors men
tionned that the fish in absoLute darkness did not react to the
the noise of the trawL but onLy react by a startLe reaction when
struck by the net. Moreover, experiments on fish conditioning
suggest that fish conditioned by a noise to react to a gear, re
quire the visuaL cLue of this gear, even passive, to react to the
auditive stimuLus (Soria, this meeting).

CONCLUSION

The three experiments using aLternateLy saiL and motor du
ring the night indicated cLearLy that the differences in th~ fish
avoidance reactions -if any- was weak: Less than one meter con
cerning the verticaL avoidance and no significant LateraL avoi
dance. These surprising resuLts couLd appear as good news as far
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as acoustIcal surveys are concerned. NevertneLes5 various inter
pretations are possIbLe and such fIndIngs could result from the
low nOIse Level of the saIler wnen using It's motor, and/or to
the relatIvely Low speeo durIng the experIment. Further experi
ments are necessary to give a del inltlve conclusIon on the avoi
dance reactIon of the fish to a survey vesseL, specIally TS mea
surements (Gerlotto and Freon, thIS meetIng).
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RPPENOICE 1: Results of the offshore experiment

fabLe 1: Two-sampLe anaLysis resuLts at the offshore experIment
(tor Layers from 2 meter to 20 meters depth, and totaL
of t~ese Layers).

Layer 2-5 m

Number of Dbs.
Rverage
Variance
Std. Deviation

SaIL

6
52.93
36'1.26
19.01

Motor

6
58.20
5137.139
24.25

PooLed

12
55.56
474.513
21.713

Difference between Means = -5.27
[onf. IntervaL For Diff. In Means:
(EquaL Vars.) Sail - Motor: -45.14
(UnequaL Vars.) Sail - Motor: -45.65

Ratio of Variances = 0.61
Conf. IntervaL for Ratio of Variances:
SaiL + Motor: 0.0136 4.392

99 Percent
34.61 10 D.F.
35.12 9.5 D.F.

95 Percent
5 D.F.

Hypothesis Test for HO: oiff = 0 Computed t = -0.42
vs I=lLt: NE Sig. LeveL = 0.613

at RLpha = 0.01 so do not reject HO.

layer 5-10 m SaiL Motor PooLed

Number of Dbs. 6 6 12
Rverage 52.37 49.85 51 .11
Variance 267.84 186.14 226.99
Std. Deviation '16.37 13.64 15.07

Difference oetween Means = 2.52
Conf. IntervaL For Diff. In Means: 99 Percent
(EquaL Vars.) SaiL - Motor: -25.06 30.09 10 D.F.
(UnequaL Vars.) SaiL - Motor: -25.26 30.29 9.7o.F.

Ratio of Variances = 1.43
[onf. IntervaL for Ratio of Variances: 95 Percent
SaiL + Motor: 0.20 10.28 5 D.F.

Hypothesis Test for HO: oiff = 0
vs I=lLt: NE

at Rlpha = 0.01

9

Computed t = 0.29
Sig. LeveL = 0.778

50 do not reject HO.



i.e v e r 2-5 rn SalL Motor PooLed

Number of Obs. 6 6 12
Rverage 57 .75 63.84 60.54
Varlance 942.22 1285.06 1113.64
std. Oeviatlon 30.70 35.55 33.37

Dlfference between Means:: -6.18
[anf. IntervaL For Diff. In Means:
(EquaL var s . ) SaiL - Motor: -67.26
(UnequaL Vars.) SaiL - Motor: -67.58

98 Percent
54.89 10 D.F.
55.22 9.8 D.F.

Ratio of Variances = 0.73
[anf. IntervaL for Ratio of Variances: 95 Percent
SaiL + Motor: 0.103 5.240 50.F.

Hypotnesls Test for HO: DIff
vs ~Lt: NE

at RLpha :: 0.01

o Computed t ~ -0.32
Sig. Level = 0.754934

so do not reject HO.

Layer 2-5 m SaiL Motor PooLed

Number of Obs. 6 6 12
Rverage 60.45 66.62 63.53
Variance 1876.48 1633.37 1804.93
Std. DeviatIon 44.46 40.42 42.48

Difference between Means:: -6.18
Conf. IntervaL For Diff. in Means:
(EquaL Vars.) SaiL - Motor: -83.93
(UnequaL Vars.) SaiL - Motor: -84.09

99
71.58
71.74

Percent
1 D.F.

9.9 D.F.

Ratio of Variances = 1.21
Conf. IntervaL for Ratio of Variances: 95
SaiL + Motor: 0.076 19.196 5 D.F.

Percent

Hypothesis Test for HO: Diff
vs RLt: NE

at Rlpha = 0.01

o Computed t :: -0.25
Sig. LeveL:: 0.81
so do not reject HO.

TotaL Layers 2-20m SaiL Motor PooLed

Number of Dbs. 6 6 12
Rverage 223.50 238.603 231.05
Variance 6834.57 5475.03 6154.8
Std. Deviation 82.67 73.89 78.45

Difference between Means = -15.1067
Conf. IntervaL For Diff. in Means: 99 Percent

(EquaL Vars.) SaiL - Motor: -158.69 128.48 10 D.F.
(UnequaL Vars.) SaiL - Motor: -159.08 128.87 9.9 D.F.
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Rat10 of Variances:: '1.2'.:1

[ant. IntervaL t or Rat 10 01 Variances: 8S PercEnt
Sail -:- Motor:

Hypothesis Test for HO: u i r t z: 0
vs ru r . NE

at RLP[1a= U. 01

ComputEd t = -0.33
51g. LeveL:: 0.745529
so do not reject HO.

TabLe 2: One-sampLe anaLYS1s resuLts of the difference 1n tne
paired values of the offshore experimEnt (Motor - Sail).

Number of Obs.
i=lverage
Variance
s t o , Oeviat1on

1 "I
13.23
4"1'14.1
64.14

Confidence IntervaL for Mean: 99
-48.08

Confidence Interval for Variance:
SampLe 1

Percent
74.53

o

100.F.

Percent

Hypothesis Test for HO: Mean = 0
v5"RLt:NE

at Rlpha = 0.01

Computed t = 0.68
5ig. LeveL = 0.51

so do not reject HO.

RPPENDIX 2: Results of the second coastal experiment.

TabLe 1: Means for totaL density In time intervaLs using
sails and motor, classified according to the
detection ~Layer or dispersed fish).

LeveL Count
Stnd. Error

Mean ( i n t e r-na t )
stnd. Error
(pooLed s)

95" Confidence
for mean

LRYER 127 3184.7 177 .2 149.2 2890.3 3479.3
OISP. 59 497.1 59.9 218.9 65.0 929.2

MOTOR 108 2314.5 199.9 161.8 1995.2 2633.9
SRILS 78 2356.8 239.3 "190.4 1981.0 2732.6

LRYER/MOTOR 73 3207.8 229.1 196.8 2819.3 3596.2
LRYERISRILS 5 3153.7 281.5 228.9 2702.1 3605.4

OISP./MOTOR 35 451.5 73.5 284.3 -109.. 5 1012.5
OISP./SRILQ 24 563.7 101.4 343.3 -113.8 1241.1-
----------------------------------------------------------------
TotaL 186 2332.2 23.3 123.3 2088.9 2575.6
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Tab Le 2: 1'1 e a n 5 for the me and e p t h 0 f the b i 0 mass 1 n t i me
IntervaLs using saiLs and motor, cLassified
accordIng to the detectlon lLayer or dispersed
fish).

Stnd. Error Stnd. Error 95'1, Confidence
LeveL L..ount Mean llnternal) (pooled s ) for mean
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

LRYER 127 5.9/ .102 .'175 5.63 6.32
OI5P. 59 1.49 .400 .257 6.98- 7 .99

MOTOR 108 6.60 .203 .180 6.23 6.98
SRILS 78 6.25 .233 .224 5.81 6.69

LRYER/MOTOR 73 6.10 . 136 .231 5.64 6.56
LRYERISr:lILS 54 5.50 .153 .269 5.27 6.33
OlSP./MOTOR 35 7.64 .520 .334 6.98 8.30
OISP./Si=lILS 24 7.26 .637 .403 6.46 8'.05

10taL 155 6.45 . '145

12
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RESUME

L HI r L uen c f.: 0 t: :::. Li rn U L 1 \) 1sue l set a u 01 t Ifs! pro ven ant C ' iJ i,

oateau oe prospeellon OU O~ preoateurs, a ete ODservee ae Jour
sur oes banes oe LLuoeloes troplcaux. [es observations In sItu
ont ete eiiectuees oans certains cas SlmuLtanement aepuls un ny
oravlon lULMJ et en Dlongee sous-marlne. Dans a'autres cas on a
e f fee t ue a Da r t 1r 0' u n v0 1 L1e r ITI 0 tor 1sea e s 00 s e r vat Ion sac 0 u5 t 1 
ques o'un m~me oane lorsque Le oateau se aepla~alt SOUs-vOlle,
puis au moteur. IL en ressort que la structure interne d'un m~me

oanc. sa forme exterleure et Le voLume qU'll occupe peuvent Chan
ger tres raPloement aans aes conaitions naturelles ou en ralson
aes perturbations Drovenant d'un bateau. Neanmolns, II est proca
Ole que, Dour les Danes De surface pour Le moins. La structure
a'un oanc stresse Dar Le Dassage d'un navire ou La presence d'un
pr~dateur presente Certalnes constantes.

RBSTRRCT

lne influencE 01 vIsual ana aUdItIve stimuLI comIng from a
survev vesseL or predators was oDserved by day on tropIcaL llu
peios schOOLS. In some Instances, these in situ observations were
Done simultaneOUSLY trom a ULtra-LIght motorlzeo seaplane and oy
a dIver. In otner Instances a motorized saiL boat was used for
performIng acousticaL observations of a singLe schOOl when ?ver
passed fIrSt using sails and then motor. Rs a resuLt, the Inter
naL structure of a scnool, Its externaL shape and its volume may
Change rapIdlY accorDIng to externaL perturbations WhICh can be
either naturaL or comIng irom a boat. NevertheLess, it seems Ll-
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keLy that for surface schools at Least the structure of a stres
sed school IS rather constant.

INTRODUCTION

rne Internal structure of a fiSh schooL
a e s cri bed by t 1"1 r e e g r 0 ups 0 f par amet e r s :

can be generaLLy

-The mean density of the whoLe schooL (In terms of number of
fish per CUbic meter or Kg/m~).

-The arrangement of individuaL fish inside this structure
Lhomogenelty of the density, variations In the reLative position
01 the f lsn. varIatIon In the relatIve and absoluLe llll angles,
et c ) .

-Ihe externaL snape of the schooL (which is usuaLLy
to the Internal structure).

LInkeD

These parameters are probabLy governed by numerous internaL
factors (I.e. reLative to the fish itseLf, such as maturation
stage) or externaL ones. This Last group of factors can be divi
ded In two subgroups: environmentaL conditions (for Instance,
temperature, Light intensity, avaiLabiLity of preys, etc) and ex
ternaL stimuLi (such as visuaL or auditive stimuLi coming from a
natural predator or from a vesseL).

~LL these InternaL and externaL factors probabLy interact in
a complex way, and therefore modelizing the fish school structu
res and behaviours -or generaLLy speaking pelaglc fish behaviour
represent a challenge which unfortunately is presently out of our
reach. This paper intends to give some pieces of information in
changes in fish school structure of tropical pelagic species ac
cording to two sources of external stimuli: predator and vessel.

This information, even though representing small pieces of
the puzzLe, seems interesting to take into account in the case of
acoustic survey because the internal structure of schools is sus
pected to introduce some bias in the biomass estimation or in the
species identification.

Some hydro-acoustic observations on a school were carried
out by day from a vessel using alternately sails and motor. Vi
sual observations, both underwater and aeriaL, were also made.

I - MRTERIRL RND METHODS

1.1. Hydro-acoustic observations

~ saiL boat of 16 meter overlength, motorized by a 116 hp
inboard diesel motor, was used during this experiment, carried
out on the 15 t h of February 1989 at 9:05 a.m. in the south of

2



Coche Island (Venezuela) were the depth was 18 meters. The same
single school was over passed three times consecutlvelv at a few
minutes interval. This surface school was initially detected by
sight and overpassed at 1.5 knots using sails the first time (in
fact I as tne wind was very weak, the motor was also used for im
pulsing the boat and it was stopped around 100 m before reaching
the school). The second time the school was overpassed, the motor
was running at 800 r.p.m. (around 3.5 knots), and the third time
at 1400 r.p.m. (around 6 knots).

~ E-YM Simrad portable sounder (70 KHz) was used with its
narrow beam transducer (11°) installed starboard at 7 m from the
stem and at 1.5 m under the sea surface. The signal was recorded
on a portable digital recorder O~T (Sony). The power of this
equipment was supplied by a 12 volts battery, and therefore the
electric plant of the boat was stopped in order to limit the noi
se level.

Later in the laboratory the signal was processed
Individual transmission by the echo-integrator RGENOR,
m depth intervals of integration.

1.2. Visual observations

for each
us i ng '1.4

In Martinlque (French W.!.) schools of Harenqula clupeola
are usually observed in coastal areas by day, in shallow waters
over seagrass beds. This structure is considered as defensive
meanwhile during the night the fish emigrate offshore and disper
se for foraging (Silva Lee, 1974). The schools are usually small
compared to other clupeoids (from one to 5 tons). The high trans
parency of the water in the shallow bay of Grande Rnse allows for
visual observations both underwater and aerial (Freon and Gerlot
to, 1988). Rs this species is not exploited and the area is a
seaside touristic resort, the fish are used to the swimmers and
are not afraid of them as long as they keep swimming at the sur
face.

On February 28 t h and May 9 t h , 1989, a school of H. clupeala
was observed and photographed at the same time under water by a
swimmer and from an ultra-light airplane flying between 60 an 90
meters of altitude. R Nikonos V with a 28° lens was used for the
underwater sights and a reflex camera with a 70-200° zoom and a
polarizing filter was used in the airplane. The sensitivity of
the films was respectively 100 and 400 RSR for underwater and ae
rial sights. Even though the relatively high sensibility retained
for aerial photography allowed for high speed of obturation, the
Quality of the photos were not always perfect owing to the unsta
bility of the small airplane during the windy season. Neverthe
less, from these photos taken more or less from the vertical po
sition above the school, it was possible to estimate the surface
it occupied by using the size of the swimmer as a reference in
the calculation of the scaling factor.

3
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11 - RESULTS

11.1. Hydroacoustic observations

The schooL overpassed three times shows a reductIon of its
cross-section, both In the vertical and horizontal dimensions
(after appLying a scaling factor proportionaL to the vesseL
speed). Moreover the mean depth increased, specially from the
tirst cross section to the second, owing to the diVing of the
surface fish (which was visibLe above the transducer from the
boat during the first cross section, and dIsappeared compLeteLy
Later, even around the boat). In the Last cross section the
schooL seemed to spLit Into two "SUb-schooLs" at sLIghtLy diffe
rent depths (fig. 1).

Rs the voLume occupied by a schooL is often irreguLar and as
the sounder provides a distributIon onLy in two dimensions, the
observed differences could be due to a different Location ot the
cross section inside the schooL and/or to a reaL change in Its
shape and Location, during the time elapsed between two successi
ve cross sections. Despite an important saturation of the sounder
(gain 7 on a scaLe of 10), the anaLysis of the signaL aLLowed
confirmation that the schooL reaLLy increased its internaL mean
aensity. The mean density of the sampLes Low-pass fiLtered to
eLiminate the sampLes above a threshoLd (here 50 mV) provides a
good indication of the LeveL of dispersion of the individuaLs
(MarchaL, 1988); it was caLcuLated at 381 (arbitrary units) in
the first cross section and 659 in the third one (owing to a
technicaL problem, the signaL of the second cross section was not
recorded). Moreover, the internaL structure of the schooL shows a
high variabiLity in both figures but in different ways (fig. 2).
During the supposed unstressed cross section the structure pre
sented Large vaccuoLes of Low density, specially in the Left side
of the diagram, which corresponds to the start of the cross sec
tion by the vessel. The right part is denser and deeper. This may
reflect the beginning of a diving avoidance reaction which could
be due to a contagious and fast propagation of "wave of agita
tion" inside the schooL (Radakov, 1973) initiated by the arrivaL
of the huLL and the keel in the field of vision of the first fish
encountered at the surface, after they were overpassed by the
transducer. This phenomenon could be accentuated by the fact that
the boat speed fell during the first cross section (boat forging
ahead).

During the third cross section the distribution of the den
sity was different from the first one. The surface of the area of
low density was smaLler than previously and concerned first of
all the Hneck" between the two "sub-schools" in course of consti
tution (fig. 2). The distribution of the density is mUCh. more
structured, with two maximaL values in the centre of each H~ub

school" and a strong gradient of density around these points, op
posed to the 11 maximal points of concentration (plus 7 secondary
points) in the first cross section.



11.2. VisuaL observations

ExternaL shape of the schooLs

The one hour observation of the first survey of a school In
dicated that the shape of a schooL and the horizontal surface it
occupied is highly variabLe In time, as mentionned by other au
thors (BoLster, 1958; Hara, 1965; Squire, 1978). The surface va
ried from a range of 1 to 4 (fig. 3) and the observed shape can
be subdivided in two types:

-amibolde type when the schooL Looked sLack and unstructured
(fig. 3a to 3c);

-egg-shaped type when the school is homogeneous and dense
(fig. 3d to 3f; photo 1), The simuLtaneous underwater observa
tIons indicated that this type of shape corresponoed to the arrI
val of a group of predators: ELagatis bipinnuLatus (photo 2),

Internal structure of the schools

The second survey of a school gave the same kind of results:
at the beginning of the observation the schooL presented an irre
guLar shape, but in addition the irreguLarities of its internaL
structure were perceptibLe from the airpLane (owing to a better
quality of the photographs) and provided "smoke-Like" pictures
(photo 3). During the middLe of the survey, the school was cros
sing the bay and presented a compact structure and egg-shaped Li
mits, with a denser nucLeus in the centre (photo 4). R few minu
tes later the shape was the same but the internal structure was
at the opposite of the previous sight: irregular with a Low den
sity in the centre and a high density at the periphery, sugges
ting a circular movement (photo 5) typical of the defensive
"mill" structure (Pitcher, 1986). The last sight (photo 6) repre
sents a typical egg-shaped and compact structure.

No predators were observed by the diver in this case but
owing to the limited field of view in the water and to the high
speed of displacement of the school, their presence cannot be to
tally excLuded. Rnother explanation to the change observed in the
schooL behaviour could be the infLuence of the airplane shadow
and/or noise, flying at Low altitude (Hara, 1985). Rt the end of
the one hour survey, the school presented again a typicaL egg
shaped limit and a compact internal structure (photo 7).

Concomitant underwater sights confirm the differences in the
internal structure which was dense and with a regular interfish
distance (at least in the field of view of the camera) or made- of
inter mingled fish columns separated by large vaccuoles (photos 8
and 9).
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Even though these photos were made on another CLupeIOs spe
CIes, they confIrm tne acoustIc observatIons maoe in VenezueLa on
sarOIne or ancnovy.

III - DISCUSSION

The plonneer studIes on the internaL structure 01 schOOLS
were performed in tanks and concerned few exampLars of f ish. From
such observatIons it was concLUded that the reLatIve posItion 01

InOlviduaLs in a schooL presents a dIamond Like structure WhIcn
is supposed to be favourabLe to swimming performances from an hy
drOdynamic pOInt of view (see for exampLe Weihs, 1973; Breder,
"1976). 5 uc n areg u l a r s t r uc t urei s not a Lw ay s con fir me a by .!...D.
situ ooservations of Large SChOOLS, at Least when using a Large
scale of observation for the whoLe schooL descriptIon. In tempe
rate areas, the heterogeneity in the denSIty distribution of WIld
schooLs was aLready observed by cushing (1977) using a multibeam
LateraL sonar. From in vitro observatIons, PitCher and Partrloge
(1979) mentionned that an Increase in swimming speed produces
more compact schools but from the variability of their resuLts
they suggest that the "arousal level can generate equally large
oIfferences", The present results validate this hypothesis.

PreVIOUS observations of the internal structure of stresseo
ana unstressed fish SChooLs were carried out by our team In Vene
zuela USIng a different experImentaL protocoL (Freon and GerLot
to, 1988): the unstressed schooLs were observed using an adrIft
dinghy, and stressed schooLs were observed with a 24 m overLength
research vesseL. The results indicated also that the internal
structure of school was highly variabLe with vaccuoLes of very
Low density and area of high concentration, specially for the
unstressed schooLs. The stressed schools presented generaLLy a
higher density in the upper part (GerLotto and Freon, 1988). Rs
other experiments of the same authors indicated that those surfa
ce schools were diving when the reasearch vesseL was approaching,
it was suggested that the higher density of the upper part of the
schooL reflected a compression in this area in response to a hig
her stress. Some exceptions were observed for the schooLs Laying
near the bottom, and the interpretation was the limitation of the
vertical avoidance possibility for the Lowest part of the schooL.
It seems that in the present experiment using sails and motor,
such a case occured because the Lowest part of the school, when
initially observed, Laid at onLy 3 m above the bottom (if we sup
pose It did not dive at all during the first cross section). The
refore, the same gradient in density was observed in the upper
and Lower part of the stressed schooL. The vertical avoidance was
Limited and associated to a lateral avoidance, probably resuLting
in the constitution of two schooLs.

The heterogeneity of the schools at a Large scale, specialLy
when unstressed, does not mean that the diamond Like structure is
never observed in situ. In fact at a smaLLer scaLe this structure
appears even when vaccuoLes are observed: the fish around the
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empty area seems regularlv spaced (photo 9).

~ recent research fIeld In acoustIC IS the autOmatIc identi
fIcatIon of the species of a school from its characterIstICs mea
surea oy acoustIC (shape, depth, denSIty, etc). rhe fIrst results
whIcn seem promiSIng (Rzzali, 1982; Rose and Legget I 1955; Souid,
,966) I could appear in contradIction with our reSUlts IndIcating
a hIgn variabILIty of the Internal schoOL structure for tne same
species. In fact this contradIctIon could be only appearent: It
we consider that a research vessel always stresses the schools,
their characteristics couLd De much more homogeneous than In na
tural situations.

The consequencies of the heterogeneIty in sChool structure
on the minimal rate of sampLIng was previously studied In uns
tressed schools (GerLotto and Fr~on, 1985). The results indIcated
that the pOSSIbilIties of undersampling was LOW in usual survey
condItions. The fact that stressed schools show a more homoge
neous internaL structure must reduce the confIdence Interval of
sampLIng results. The most Important sources of bIas cy day are
probabLy th~ saturatIon and shadow effects on large and strongly
stressed surface schooL and tneir avoidance reaction.

IV - CONCLUSION

The pre~ent observations confIrm previous results on the
spatial and temporal heterogeneity of the internal school struc
tures. The effect of an acoustical and/or visual stress on a
school by day is not onLy an avoidance reaction (verticaL and/or
lateral) but also an increase in density reSUlting from the coL
lapse of the vaccuoles and the decrease in the Inter-individual
distance. Considering the fact that usually tropical pelaglc
schools are rather small, this last behavioural response is fa
vourable both to sampling and to species identification by acous
tic devices; when schools are bigger, this behaviour leads to un
derestimation due to acoustic shadows and saturations.
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IWSUME

Les reactions des poissons pelagiques tropicaux au passage
d'un navire de recherches sont deerj Les en fonction de l'impact
qu'elles peuvent avoir sur les resulLaLs des prospeetion acousli
ques. Deux composantes principales sont decrites: deplacement du
poisson lateralement ou en plongee, et siLuation dans les trois
dimensions.

Une description empirique des influences des divers sLimuli
d'un navire sur les poissons est proposee: les trois stimuli pris
en compte sont le bruit, l'eclairement d'un n av i r o la n uiL eL la /
vision de la coque le jour, l'importance de la reaction des po is-: "
sons est estimee inversement proportionnelle ~ la portee <iu stj-.
mulus.

AHSTHACT

The reacLions of p e l a g i c tropical fish to the presence of a
survey vessel are 1 i s I.o d and related to the type of stimulus
emitted by the boat. They are descrjbed according to the impact
they present on the result of acoustic surveys. The two main
kinds of reactions are: -laLeral or vertical avoidance (dynamic
behavIour) and instantaneous spatial position of the fish (tilt
angl e I.

All empirical evaluation of the influence of the three prin
cipal stimuli emitted by a boat. i s proJJ()s(~d. I'ho s e s ti mu l i ('u'e
the global noise of the vessel, its jigld.:-: by u i g ht, and the vi
sion of the h u I I by day. The magni tude of Lhe reaction of l.h e
fish seems inversely proportional to t.he range of these stimuli.

I
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INTHODUCTJON

The reactions of the pelagic tropical fishes Loward8 the
crossing of a vpsse:l can show some very di v e r s e as p e c Ls d e p e n d i n a
Oil the species, the type of stimulus, e t.c ... , b u L as far' as their
j mp a.c t. on C1COUS L ie d al.a is' concerned, they present LI"lj . : t'·j lie i p a I
components:

.- t.h e instant position of the fj ~,;h: lljU(h(>;~il j "i,J1d Y : It, I; i I :ijJ

gJe of the fish within t:hree dimension." at the precise moment
whe r e it crosses the ;, <,~ of the aCUll.': Lie beam of a sounder.

- the dynamic of the displacement: represents a Ll Lhe d i s p Lac e-:
men t.s or the fish within three dimensions, which can be attl'iLu"
Led to the irrupt.ion of a survey vessel. Each of these two compo
n e n L.s which can p ro vo k e s omo .i inpo rLu.n l. bi as e s id the density
evaluation will be analysed separately for da.y and night sur
veying in order to take into account t h e i r spec 1 fi city. The ef
fect::> will be studied at different distances from the boat. Fi
nally the e t.ho l og i c a l components having an infl uence 011 the ana-
tomical characteristics of the fishes (swimbladder) wjll not be
studied here, although we know that they can play an important
role in the biases that the behaviour induces ill the acoustic
evaluations.

DYNAMIC BEHAVIOUH

A. NOCTUHNAL BEHAVI0UX

In order to simplify, wc will
scattered fishes although schools could
(~HEON et al., 1988; WOOUHEAU, 1966).

()n 1y l'll vi ~; it\.{ (' I.h e cascor
be observed by night too

At night the behaviour is perturbed by Lwo stimuli: noise
and light of the vessel. Noise is perceptible at long distances
(to th o order of 10'3 ni); as far a::> light is concerned, it can be
perceived depending on'the movement of the surface from some 10
to probably more than ~ 100 meLres,

Heaction to noise

Fish are very perceptible to nOise (OLSEN,
x iLi ven e s s h as: s ev e r a I c o n e e q u e nc e s •

J971 ). This sen--

- at long dist.ances, a slow displacement can be ob::-;erved, fishes
have a t.e nd a uc.y 1.0 fJ(~~(~ [1'011I emission pojllts.l'hi,; pht~1l0llleflOll

observed and d e s o r i b ed in northern areas (MlSUND, lUH'l) was con
firmed by the measures of biomas::> around a noise source transmit
ting near a oil-ext.raction platform in tropical waters (GEHLOTTO
eta1, 198 9 ). We h Clv e 110 d irec L :i. 1r f 0 1'111 a L:i. 0 n S 0 fl Lh i ,j S pp a I' tic u 1 a I'

behaviour, but. indirect observation on long periods. Fig 1, for
ins Lallee, s h 0 \-'S l. h l' pro g r C~ s s i v c dim j Il U l. j 0 11 0 f Lh l \., n ,.; .i t y 0 n a 2 (~

hour period of insonificatioll. We did not perform mea::>urements by
night during this experiment, but we can observe that the d e n s i ty
retn a i n e d as low in the morning Lh a n Lh e day b(,("'I'(': ! ill' ri xh ('on-
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ceIlLt'ations did noL come back by night ill the lIlsoIlified area.

aL shorter diRtanccs,
often contradictory.

t.h e r e s u I ts are a 'I at more o o mp I l'~X and

* at short d i s La no e and a reduced s(:a1(~ of Lime'
(ship's passage) a distinct muvement of' the biolllass
c armo L be d e t.eo t.e d . An experiment US] ng l.h e- p r-ot.o r.ol e
of OLSEN et aL~ ( 1983) did not show o b v j o u s avoidance
reactions of the fish (fig. 2, "S+),-"), c o n Lr-a.r y to
wh a t. the a u Lho r« were able to O])SI-'I'\,(:' in ttlf' No r d i r \-(d

ters.

* vertically under the boat no variation of density was
observed linked to the noise of the vessel (Fig. 3,
from FHl.<:ON ~J~_~1., 19~}Q): the use of a s ai I boat sal
ling alternately with sails and moLor did not show any
signi fieant differences in the densi Li o s measured.

Reactions to the light

It is difficult to evaluate the impact of the boaL's illumi
nation at long distances. We measured Lhe fish reactions at two
levels:

at short distances: we observed a d i s p l a o emen t, c;"acLly identi
cal to that described by OLSEN et al. (1983) for noise: in oppo
sill' direction to t.h a L of the s o ur-c o , in Lh e three dimensions. III
all j d,; JJ L j c alex p f~ r: j men I. a !-:> L It a L des C l j L,,~ d a h u .. t', h u I, \" i Lh ;J1 1 l.h «
lighLs !3witched on, a diminution of the density and Cl shifting of
the target towards the bottom w-as noted (fig. 2, "S+L+").

under the survey vessel: the reaction to the light inside the
vertical sound beam i 0 very clear, 0.1 though I l. can o h a n g e j n in
tensity according to the species and/or the Jimcrlsions of Lhe
fish. The resu 1 ts taken fpom LEVENEZ et al. ( 1987) d i sp 1ay very
clearly the displacements of the fish vertica11y (fig. 4). ln re
11!1'11 i ',.0 p o i n ts dj'" I.o uC' -"o[.l'd for Lh i x eX}J(·!':,I;<-:lil.:

* there we r e no; obvious v 0.1' i a tion .i n the Lo Lal dens i l.y
in spite of the evident balancing of Lhe superior and
inferior layers.
* the structures were stabilized at the time the boaL
overpassed the fish.

/\ o o ucl u s ion for t.h e s e ph enoureno n s (at I e a s L lut :IIC species
observed) is that under the environmental corlditions of Lhis ex
periment, the fish located in the vertical plane of t.h o vessel's
course are "trapIJed" by the_cone of the acoustic shadow created
by the hull (fig. 5, from GEHLO'J'TO and FHl.<:ON, 1~88).

Cur i 0 us] y , d u r j n g an 0 1 h (~ r: e x rH' J'i 11 i , . J I t j 1J t h e S R III P. a r f~ a a n cl
using Ln e sallle p r-o Lo c o l e (Gl';H!'O'l''J'O ~al., 18~JO), t.h e v e rt. i cal
avoidanoe looked much smaller than in the first one, and a rela
t i V(-;];" small -but ev ident- 1 a Ler a I avo idance c o u I d be observed in
the UPIJ'~ Lay e r s (0/17 m). It is probably possible to c o r r e la t.e
this lat~ra] avoidance to the size of the fish, the biggcst esca-
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ping while the small ones stood in the route of the vessel.

These two observations look somehow contradictory, but it
,,:l,;,hscrvea a Is o that U11~ ~'~C';ltt(,'rin~ behaviour of l.h r- f-i,:fl were
d i s t.Lnc t : we ob: ":'\'cd QUilll, IJig n i g h L s o h o o Ls during I.h . "otid
one wh i I e almost no school we r e r-eco r d cd in th e first experimenL.
'! '1, ; " , , ,,1, 1 C{ how that the p n v:i r 0 n In ( I' . ) I ]( ~ : I : ,. : : ','ere d i s L :i 11C L
(1Il(H2',l li,:o:;hL, l)ioJ.ullJilH~:'-:;(,":;'·'·, :'ur illstallc,~), and l.h a L i.hi s n a l.u
rH I L c h av i our has to be t ak ell into COIl si d e.r at i on.

B. DIURNAL BEHAVIOUR------_.._--- ------------

In this case we are only irlterested in the schools of
which essentially form the pelagic biomass.

In the d ay L:ill((~ two stimuli prevail:

the noise, identical to Lh a t. at night

[ish

- the visual stimulus. ]n lohis case it. concerns the direct vision
of the hull. It is only effective at around 10 metres and cer
tainly not above 50 rn, even in clear transparent tropical waters.
'rherefore it acts only at weak distances, contrarily to the noe
tu r n a 1 ill u mill a Lion whe" (~ the p .i IJ P 0 in t. sou r c e c an be perc e i v e d et L
a greater distance. At the present. time we do flot have enough
experimental results allowing for the separation of the effects
of the a ud i Li v e and visual stimuli, but s o me preliminary results
on the shape of schools should indicate that the impact of the
visual stimulus alone gives rather different results if they have
been rficorded wi th the boat us i n~ S;l i 1 s or motor.

1. Behaviour at a long distance.

The s Lro s s is of LI\I~ sallll." n a l.u ro as in Lh e night (Jloise at
lo~ distance). The only data on this subJect that we have at our
d i.s po s a I is that observed under oi l-extracti on platforms (fig.1).
\"r(~.cobspr\'(~d Lh e S81\\(' diit\c';I';1J1\ o f ~'I()h' r ad iaLod escape at Lhe S<-Jlll(-'

d i 1->tCll1ce as t.h a L at nigh L wh i . h h ax been d e s o r i b e-d el s ewh e r e by
diverse au l.h o r s for cold waters (see for instance OLSEN, 198'1).
In warmer areas, we can cite the work of NEPHOSH1N, 1979.

2. Behaviour at short distances.

L'_~,~~:C.~l:.L-ilVoj_gi!:.n(~~. It was o b s e r-v e d but n o L measured; p a r I.'i cu
Jarly in the surface layers, and ma n i f e s Le at the immediate
p r o x i mi Ly of t.h o boal.: therefore it a p p o ar s to be tied to the
presence of the hull in Lh o field of vision (included .i n certain
o.c c a s i o n s the vision of the superstructures across the surface,
which in certain cases may be visible in front of the hull). It
is clear that t.h i s avoidance l o ad s to a very high under
estimation of the Lioma:,;:', which in certain cases can almost to
tally disappear.

- v e r t i c a I avoidance. \"Ic mc-as u r ed for the sub--surface schools oh
served a moderate vertical avoidance (fig. 6) that we globally
;'valuat.ed at a dive of' 5 HI for the s c h oo I i n c Lude d between UlI'
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surface and 20 III deep (GEHLO'l''l'O and FUEON, 1988). All o b s e rvat i o n
on a single school o v e r p a.s s e d three times by the s a iI boat (1:
s ai Ls ; ;~: 1/101.01'; 3: motor) sugg(~sLed that the v i s u a l stimulus
alone was r e s po n s i b le f'o r a d i v i n g reaction at the very last mo
me n L (ohservabl e on the echogram), me a.nwh i 1 e l.h e e xi s Le n c e of the
auditive stimulus (motor) showed an earlier reactioll (FREON et
~J.r: , 1 9 gO) .

It is suitable to add the variations of structure induced by
the ship's crossing to this global displacement. We have been
ab I e to not ice I n p ar t. i o u 1ar that a s c h o o 1 has a t.end eric y to com
press more in it's hi gher parts than in it's lower parts. Figure
7 :-dH , "J~; I.h ( d .i [' r (, t: c- n cc h (, l. \/ C eo11 ; 1 "tI a Lu r a I " :c: t. r: l H . t u r (' c> r a sur r ,,( V~

school and a "stressed" structure.

lNSTAN'l' POSIT10N

A. NOCTURNAL BEHAVJOUJ-L

The s t.ati c behaviour of the fish acts on l.h e 'I'S: more the
position is different from the horizontal position, more the 'l'S
weakens. The evaluation of this component.. of the induced beha
viour is indispensable for two reasons: first it determines
which TS value must be applied to the data for a transformation
in biomass estimations, then it gives one of the factors allo
wi ng the o omp a.r i son of Lh(~ data o o l l ected duri Il~$ day and night.

We have not carried out measurements of the angular position
of the undisturded tropical p e l a g i c f Ls h e s . There exists two
sources of information in the litterature on this position. By
photograph i C 0 b s e r v a t ion (BUEHKLE, 1983; AOKl and 1 NAGAKl, 1£186),
and observing caged fish.

Although somet.imes discrepancies are observed, it is int.er
esting L.o note that most of the time the results coincide. It has
been found for the fish "in situ" an average angle of 12 degrees
in comparison to the horizontal which corresponds on the TS
graph to a decrease of about - 6 dB in comparison to the nominal
value, and the measurements in the cage gave, for example, a dif
f c r e nc e of - 5 dB between the day and night for the herring (J..<;

DWAfWS and ARMSTRONG, 1989), or - 7 dB for §~r~!neJla_au..!'it_<! (
GEliLOT'l'O, 1987)

llaving only the data obtained by a sounder, we tried La de
termine the impact of noise and light on the angular-position of
the fish by using them alternately or together.

We assumed that the passage of a lighted vessel at normal
speed of surveying represented a "maximum sLress". Hypothetically
we admit that the fish in a situation of maximum stress is p01a
r'i z c d w i t.h regard to the source of the stimulus; It's pos:ition
can either be horizontal, in "alert", or slanted agreeing to Lhe
model suggested by OLSEN et a1. (1983). We have studied the fol
lowing cases:

5
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- variation oX_th~-.!l_Qis~__J~~_y_~I. There is practically no observa
ble variation of the density or the position of concentration
(FHEON et ....2J_~, 1990), but th is r e s u I t has to be conf i rmed through
additional experimenLs using higher levels of nOlSC.

-- vari~tt9..!Lof~L~_.--1i1th_~ __level under constant_}LQj,-~e. We have a l>
ready noted that two cases were observed: depth detections very
different, with a constant Lotal density, and slight variaLioll of
the density with no apparent movement of the concentration depth.
In this late case, measurements of 'I'S by "dual beam" were carried
out (GEHL01"l'O et al~., 1990), and showed that the fish which re
main below the boat do not present any change in their TS whate
ver the lighLing of Lhe boat 1S.

- vari at ion ~J__l i!Lht wi thout no i s_~. Al though Lh is case ma y not b c
susceptible to appear in normal couditions of surveying, experi
ments were carried out wi t.h a s ai 1 boat, but the r e s u l t.s o bta i lied
are not clear enough at the moment to extract any conclusion
(FREON eL al.., 1990).

All these observations lead to suppose
of an inclination with regard to the source
fish have apparently reached a. zone of
equilibrated frolll the maximum stress (noise
difficult to imagine why they would dive in
avoid the light before the boat passes, then
boat to avoid the noise.

Lhat Lh le' h y po Lh C f) i s
is not plausible: the
refuge where they are

and I i g h L ) . It 1:::
t\'I10 s Le p s , first 1,0

vertically under t.h e

It seems also d i f fLcuI I. 1,0 r o l.ai n LfH~ h y po l.h e s o of fish I n
their natural non-stressed position under a noisy unlighted boat:
in this case one should obtain a mean TS and I.h e r u f o r o an appa·
rent density of fish under t,he influence of a light, stronger
than those in obscuri Ly , 'I'h i s is not the case. 'I'h er e f o r e it o a n
be concluded that by night under a survey vessel fish are 1n a
polarized position of alert as in the daytime.

This conclusion conflicts with certain contJ"adictory obser
vations (no change of measured density in function with noise va
riation) which must be raised before confirmation.

B. DIUHNAL BhHAVIOlJH.

We have seen Lh a L the sub- sur face s c ho o 1sdi ve about 5 m u n-:
deI' the boat. HeJ"e also one can assume Chat the dive is carried
out either before or during i,he vessel's crossing. The observa
tion of the F>urface lateral avoidance allows for the leaves to
think that the dive is carri~d out at the last moment, Lherefore
vertically to the vessel. III Lhis case the fish present a clear
i nc li n a t. ion wi th regard 1,0 the vert I o a l . Measure,"(~nts of cli v i ng
speed of the school gravity centre allow the drawing of a graph
giving the diving angle ill ['unci i o n of the speeds o f the horizon
tal escape and the v e r Lic a I d i ving (fig. 8, from GERLOT'I'O and
FHEON, 1988). In these regu 1ar cond it ions, l.h is ang le seems redu-
ced (between 5 and 10 degrees).
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BALANCE AND COH.HECTIVE FACTOHS

A proposed synthesis of the Clvoidallce reactions of Lhe fish
is p r e s e n t.ed on figure 9, where the basic h,ypoLhesisis I.h e fol
lowing:

'I'h « s t.r e ngt.h of the sLimulus is more 01' less inversely pro
port I o n a l to Lhe range at wh io h i Lean be p e r c e i ved by Lhe fish.
'1' h e so un d p er r : e i v e cl f ram C1 g r e Cl L di s t Cl ItC e ( to the s ca 1 e 0 f 1 0 :~ rn)
induce precocious reactions but of et weaker strength. Punctual
lighting of a vI':,:sel by nighl, l,·~. perceptible (to the scale of
10 2 m) induces Cl more sudden r-eactioll. The sight of a boat's
hull, which is only possible at a very short di s t.a.no e (about 10
m), is the cause of extremely violent reactions.

We have not defined on the vertical axis of the graphic the
units of th e fish reaction, as \..e we n e not able to measure an oh
jective parameter representative of the perturbation of the fish
(rat.e of heartbeat, adrenal i TIe r a Le , s wimm i ng speed, eLc ... ).
Therefore we have placed arbiLrarjly Lhree remarkables points.

beginning of the aversion reaction (observed day and night).
Corresponds Lo the point where a fish reacts to a stimulus. We
s aw that with noise, this point was reached at long distance.
Therefore it is rather low. It can be linked to the polarizing
behaviour, the fish being supposed to lake the horizontal posi
tion to move. Clearly it corresponds Lo the auditive sLi mu l u s .

- beginning of the escape react ion (observed hy n i gh L ) . Th is can ~ ,•..•••
be observed by night when a boaL passes from a state of obscurity •
to a state of illumillation. We saw that fishes react rapidly, but
wi Lh o u L l.h e i r structures (schoo 1 ,layers, etc ... ) Lo s ing cohe-
sion. Apparently this level of reaction is n o L reached if no i s e
IS the only stimulus, light is necessary. /

beginning of the panic stage (observed by day). It could con
eern the physiological passage from Lhe normal fish swimming in'
aerobic conditions (even rapid) to that of the use of the anaero-:
bie physiological process in burst swimming. In the case of
acoustic prospection, i L seems onl y to be reached by schools in
lateral avoidance at the proximity of Lhe hull, when the visual
stimulus is received (vision of the hull). This visual stimulus
Ifl;J,\ he evidently p r e s e n L by day, b u L a] so by night when the bio
luminescence is high enough.

~'he objective of these observations is to allow us to employ
some adapted survey methodology aIld apply corrective factors t9
the data. -

The main adaptations concerning the s urv o y methodology are
the following:

- dual survey of an ar e a , o n e: hy night and one by day, wi t.h sepa
rate data processing;

'1
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- s p e c ia l attention to the Lig h Li rrg c o nditi o n s of the vessel by
night, which must. be as darh as possiblp;

- separate analysis of the school data and the scattered fish da
La;

s e p arat. i on ~i n the analy s is of the r c s u 1 t.s of the upper 1 a y o r
(i .e. < 20 m) and the lower one (> ~o m).

He intented to obtain some corrective factors, although it
is impossible to consider that we cari calculate a universal fac
tor: ,,,,c have seen that according to the environmental c o n d i t.Lo n s
the actual reaction of l.h e fish may change', Ne v e r Lh e le s s SUIlW

rough corrective factors lIIay be applied:

- correction of the mean depth of the schools: when a school IS

recorded in the upper layer « 20 Ill), its mean "natural" depth IS

considered 5 m higher than the recorded one;

the mean L i It ang 1e of the fish in the upper I a y e r' 1 s cons i d c
re d always horizontal.

schools are classified according to their height and d on s it.y III

transparent, semi -transparent and opaques, and d i f f e r en L co1'rec-
tion are applied on their b i oma s s e s t i ma Li o n .

CONCLUSION

] I. can be seen Lh a t. once c e r t.u i n rules are (~stabli::;hcd, pd.l

ticularly the complete separation in th"e analysis of data b e Lw c e n
day and night, the selection of a light.ing level for thee' boat,
the separate study of the schools, etc ... , the behaviour of the
Lropical fish does not present a major handicap to the research.

We have not studied here the 5f'Uantitative behaviour or late
ral avoidance of the schools, or certain natural components of
the behaviour like the occupationtpf the surface layer inaccessi~

ble to the sounder, and those functions of the behaviour opera
ting on the physiological c h a r ao t.e.r i s ti c s of the fish, but these
components evidently should be taken into account.

Finally it must not be forgotten that the natural b e h av i.o u r
III ay aI so interact wi Lh the stressed b e h av i our: at certai n ti me's
of the day and certain periods of the year, the natural hehaviour
ma.v be IJlIJ,:h stronger than the stressed one and the fj sh do n o L
react in the usual way to a survey ves~el. These relations nlighl
be studied loo.
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RESUME

Une m~thodologie de prospection acoustique et de traitement
des donn~es pour l'~valuatior) des biomasses est propos~e pour les
systemes lagonaires t rop i c a ux , d r o nd p La t , pro f oride ur-s f a i b Les
(de 3 ~ 8 nl) et houle reduite. Les methodes de mesure de l'angle
d'echantillonnage et de de c onvo Lu t i o n des rs "in situ" sont adap
t e e s de la Lrt t era t.ur e pour ce cas p3tticulier. L'applicalion de
cc I:. Le met h odo I 09 i e a u qO 1 ho de '3d t aba no (Cuba") rno n tre que le",
me i Ll e ures evaluations de biorllasses sont obtenues par' cornptage,
et que Id prec is Lo n Jc:c:; lllCSUI';:;':., Ch;f-.:·L:lld :;~r o i Leine n t des concJ.i.tlon,:::;
ex t erLe ur cs : ;.)t"o,::,pection (le null c;/clusivcnlenl:., rner plate et a,b
',;:-;ence dc:~ 1 un2 .

ABSTRACT

A methodology f or ,'l")I,j·;,li,, .-l·,,-;Sto·::;~:;lIlent ,.'.Illc! dala analysis is
pr-oposed 'for the case of ttopical,isla,nc:l la900ns, i-r it.h 'flat and
v er y shallow bo t t o.n C~) to iJ 1118 Lel::> ), a 11J 1 uW ':::>lth;; 11. Me tl10J~3 of
rJlcasurernent 01 t h e ·::;arllpll.ilg elt''] LU ,lild J ~3 "1.11 ~>l tu" ·...:!;,;;·...·ul'lv·.:.>luLiull
have been a dap t e d fr';)/fl t.h e Li t.Lera t ure r or t h is p art i cu l ar C3se.
The app1 i c a t. i on of t.h e rne t.h oclo 1u9'/ to Llle (;u Lf of H,::1 Laba no (SW or
Cubd) ::::; i I U WS tit a. t the l., ,:~:::;. L L.J LC'I i I.:t '~,::; ·s\/ a I U.J. t,ion '::'; ,.." '- .:) b t ai ne d b \!
fish count i no , d.nd that Ll)c prf~ci~:;ion or the re s u Lts is di re c t l v
depend ins; on c)< t er na L vJCd t h et· (0 ne! i I:. i () 1'1':: : pr' O~;3PE:'C ti 0 n exe 1 u s i v e ..
Lv by ni9ht, no swell, no moon li9ht.



INTRODUCTION

The shelf of tropical islands presents usually two kinds of
bathymetr'ic structures: on the one hand, a lagoon, with very
shallow waters, with flat sandy bottom including in some places
c i r cu l ar cor al r eef s , and 1 imi ted by the island coast and on the
peripheral by mangrove on slnall islands and long and thin cora I
r-ee f s ; on the other' hand, a very nar r ow ehe t f from 10 to 500 me
ters, all around the island. Each of these systems presents par
ticular ecological characteristics and different fish popula
tions, which present usually the common particularity to have cl

rather low density, the fish being concentrated in a few places
by day and very scattered by night (fig. 1).

As far as
fish distribution
and appropriate
communication the
first ecosystem,
Gulf of Batabano,

acoustic assesment is concerned, both types of
do not permit to apply conventional methods,
methodologies are required. We present in this
methodology that has been developped for the

through the example of a survey program of the
SW Cuba.

1. CHARACTERISTICS OF THE AREA

fhe Gul f of Batabano is a 'f la t area of more than 20 000 kln 2 ,

with a mean depth of 6 meters (EMILSON and TAPANES, 1971), limi
ted in the north by the island of Cuba, in the SW by the Juventud
Island, and in the S and SE by a 1 i ne of keys (low isl and cover' ed
with rnanqrove ) and cor-al reefs (fig. 2). The bo t t orn consists g8····
ner aI 1 y of (nudely sand cover e d vJi th a phaner' ogar"8, Tt~<'::lJa??j?tes··

t ud i num . In some places c i r c u L...'H· c ora l gr'ounds may be found insi-·
de U1E gulf.

The "fisher"y is exploiting several "families: Lutjanidae, Set·
r a ni da e , Pomadasyidae, some typical cora I f arni Lies and spiny luo····
:; Ler·s.

'l hc fish live in tvJO IJ/ain gr'oups:

gtoUp depelidill'J on <....-ur·al ,'821'"-,>:
reef s by day and are '::;catter'ed a l J
ni':)ht. Hlls '::!t-OUp is f orrned of the

the f i'::.h live "wound the c oraI
over' the 1 halassia hl:,~':J ::)\/

fdlllilie'::; 11lt-;r',l:iurlC:d db':)\i'2.

group depending on mangroves: the "fish, mainly small Clupeids
(I:-Idl cl1gu 1 cl .. spp , Opi? ~.i',()rl~lnd.lJ~.l)ll.'"JI.I.l, ;Jc;Jlh.in:?LGil<Ol.I..IIJ.:>(.gJE~t ..l.,.l.:.l) cl 1"'..1
juverliles ol the other' gr'uups, livel/l~id(.: UH:; rllclllgt'OVC by cld/
dll'..! IIlove to the Si' as'::; bed b'y' night, whExe tile',' 1/1;::;'/ be f o und ci·
UIU' scatterE:d or' in small s choo Ls a c cordi ncj tu the li911L of Lilt':

!IIv'·~)11.

be found
no Wind,

The c La mat i c c o rid it Lorrs wi thin the gul'f lilay
favourable in ssome pet-iods of the 'y'8a.r· (no s~..Jell,

,-::'UI I 811tS, 8L(;).
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2. MATERIAL AND METHODS

The choice of the material will depend of
constraints:

the following

I

- survey in very shallow waters (3 to 8 m). making necessary:
* use of a small shallow-draught boat;
* sounder with small blind-zone and TVG useable in the first

meters below the transducer
* lar'ge-beam transducer'. for obtaining the highest sampling

- use of small boat:
* equipment with independent electric power-supply;
* favourable weather conditions;
* transducer' to be put close to the surface.

- fish behaviour:
* survey exclusively by night;
* survey during new moon and complete darkness.

- work on large areas:
* a r a t.b er big ship is needed for' li fe and wor'k base
* need of a positionning system. include aboard the small

boa t.

We have used the following material:

- e choso uncter EY·,·M SIMRAD. 70 kl-lz , wi th 22° t r arisducer (1);
- portable digital tape recorder DAT (Sony) (1); i

- ech 0 in tegr a tor- ?\GENOR (2);
-- co IIIput8i Tu:,::; 11.1 ~.J T S 1 00 (2);
- boats: a 6 rnet er plastic mo t orbo a t , with flat hull (draugllt

less than 50 c m) , a nd a, 25 In r-ese.:::rcil \)8::3:;::;e1 (F~/V lri ton)

lhe survey grid was the following: the transects are perfor
med et t 4 hnot-cc; aboard the motorboat , and only the 8",;hu suunc].::;i
arid 1.. lle L.lp;c.. i LLU, ,jf,:r ..'il C u-.e d . The po'::;i t i o n of the ~:;mall b oat i'::
o b l. ."l i n t: cl L, '/ "c,:!, ere I 1C t; L() the b i ~J I) ne, I;Jhiehis P :1 ace d 1 n ',::- 0 II1 C

pr'c-c!c:fin,:;c! p::>illtS. The r'cc'or'ded dat a are pr")cessed c:ll./r'ing lhc
Ci~l'>/ <-lOC,\\.;lr" cl ~.llt::.~ :~I.LIJ vess e I ..

'[he tT,':lI1':::(il,Y~er jc; pl.3(:"ed on the fore par t ov the IWl!:orh·:)al
(fi9. ::'), <;11,,1 i'.L~,,:.,(1 "':',,, (;lo:-;t:: Lu i.lk; :,:;1..11 race a s poss i b Le d<::C:U!'

dill',,) L·,,) VJdVc,; IIUi.~:>L;.

3. PRINCIPLES O~ THE EVALUATIONS

1':',,::; rl:~:'1 .u.c c><I.:''''::,:I:1<::1'/ scc:tttsl'cd. In these co nd i r i o n-s 1.1"
(1) I. 'o/ I e ,:1 S () n ,::b 1. c rtIe ~•. h 0 ci f (j r: b i 011'I a '3'3 e v a 1. u a t ion i~; the f i ~:; h o o U"1'
I:. i ng, b u l: the c:0 n vel" s ion o f i: h e densit i e s 1. n n u:nb e r 0 f f i, 'cO; h e ~3 p 2T

c.: LJ b i C li Ie I'J: t i i'l cle n ~~> i L .i e '3 i n t 0 IY; per' ':0; q u a r e k i 1 0 (IJ c t e I 11 Ce cls t lJ.J(l

PI' cc ,i ::j81 n f 0 r In,j t ion::; :1b 0 ut:

- thc sampled volume;
.... the TS d'j",:l:riout"Lon "in -:::;i.tu·' .
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Most of the methods existing (EHRENBERG, 1983; MARCHAL,
1983) and particular-ly the so-called "dur a t i o n-u n-ebeam" method
(THORNE, 1988) use the number of echo received from a single
fish, in order to determine the actual angle of the beam, accor
ding to the mean 1S of the fishes and the threshold of the rece i >

ver. Unfortunately this kind of method is impossible to apply on
our results, because usually the fish is too close to the trans
ducer to give more than a single echo.

Therefore we have been oblige to adapt the usual method in
the Following manner:

the calibration standard spher-e has been moved hori zon t a l Lv below
the transducer at constant slow speed along a line that crossed
the beam axis. This opera t i o n has been repeated several times,
For each gain value of the echo sounder, in order to give curves
of the r-elations between voltage response and beam angle for va
r-ious TS values.

Once determined the mean beam angle, the sarnpling volume is
easily obtained using classical calculations (FORBES and NAKKEN,
1972; JOHANNESSON and MITSON, 1982, for instance).

~~e have adapted a method derived f orrn the "deconvolution rne-
thod" pr-esented by CRAIG and FORBES (1969). fhe prLnc i p le is the
SctrJie as described by these a u t.hor e (sec: .:tl'::" .. J FOR13lS ...illd tJ.f\I\!<[tj.
1972), but the equations have been slighty changed in order to
eliminate the negative results.

We have used the di rec tivi t v diagr,::l.fJl of the
tr ,H)c:~ducer' 0 f the EY-M sounder- given by S H1fH\D . rhe
be.:lIl1 for cad; 1 dEl ',::,Li:,p lid':;' L;t;l;11 rlll:;a.:.~lwC>.J fll,\I"II.I,:·lll·~',

11'1':" cqu,.,I:ion .. 'in the FollovJirvj l'J2'/_

1a r {_~J(~ ~)eaf:l

angle Cl r the
,:;j,,::1 11.'>:1: ,;

Le t U~:; '::,uppose fUli.rle:,LdflC·C t.h a t 1,0</(';; ll<'ll/c; l:ill'-::' ·,(:t·, (·r T'":
v,:llulcO':::;,. Hic}ll, Mediulll and LOVJ, and th,:ll: Nil i,-o the number of h,i':':!',
'r::,:, ~,I", the llurnbcT o'f" me d i urn 13 and NJ. the nUfnber ry[ l';'l'/ -r~:;, ,~i}<.i

i:" ,::,,,':;:I:i ,'ddin the dH'ect.ivity didC)r-dlil, I'or ill'~.Ldll'~'::: --.YJ d13 (dll'
'1'1" H,). ··20 dB (dllqle 6 2 ) and ··10 dB ::::;Lrat'::i (ctn91(;: 8~). t~J. i~~

i:l)('~ :::~uln of the bi';J fi'3h .in the ·-30 d~3 st.rat um plus the J1Ulllber" o r
1118,.Iiulll [lsll ill t.h e ..20 dU :::,tr'dLulil plu':::' UI8 IIUlfll.K:i ul ·,~IiI.;d1. r J.·cc;,
111 Lllc' -10 dU:::.Li'aLuil1. ~~'" 1:::; th8 '=-·UII1 or the '1Ic>_1.[I.1111 [',i::"i, .~I·I LlI','

,H) ,jIJ ';,;;1.' dLulI1 plu~:; thE:: hiS; fish in the: ·20 dU ·:::;t:'I.)!:Ufll, ;:;~lk! ~:I"'_

iik' I)ulnb:,:i ,)[' bl'~ t'ish .i r: il)::~ -10 dl3 st.ra Lurn . JIILl]i"':.,;: '..,r·I,.;i il'..'II· ..

Illi; L,)I..:I.l lIUIII~)bt 13 of big fi'=:;h is:

r:
/\ .;2

... f-\ ..L
n r.

r j'1:J. .,
"

1 r j ... , :_~ r-t .:::

13 ..

I NI; I + I n., I + I Nl. --_.__...__.----~,.- -.--------
L f:.\:J, J L A2 J L A.3

n
j'.',.l_ the s urr ace delilnited by
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Once B obtained. and after removing the number" of big fish
TS in each strata. it is possible to calculate the number of me
dium fish as:

M= [Nrn ] + [N~ J
Then, removi n9 the medi urn fish TS in each s t r a t a ,
number of small fish S.

gives us the

This estimation is done using the following data:

Df , nurnber of fish in the unit volume;
- WF , mean weight of a single fish.

The evaluation of DF is obtained using the actual volume
sampled and the total number- of echoes counted on the e ch ooram :

D F = N/V

The calculus of the mean ~'Jei']h t needs the T~:: values of a
fish to be converted in length; then we have to convert the
length distribution in weight distribution.

We have very few informations on the TS of tropical fish
(LEVE.NEZ, 1987; GERL01TrJ, 1987), and accordil19 tu the fact t.h a t
the only data 011 the specie;:; cli::;Lribution CC'liie.: i';Uiil the fi::>her"y'
and 8colu'Jic;a,1 st ud i.e s (CU,\r~O et ,'-\1, , 1990), HC' have ,-:::3~,;urfl8d that
the use 0 f the e q lk:. t; ion n f I-ClVE: (1 ') 71) l-k:. ',:, the ill 0 s t 3. d 8 Cl uate
t r a, nssforma t i on me thod :

18 = 19.1 log L + O.~ log u -23.9

- 'I (-'n'J 1:1', nf' tilt:; i~j:,h, ,.)(,d ',~ I,'; ,'.1 ::', ,: I" the sounder.

The t.rarrs l or rna t i o n of the J211'JLh disLr:i(JuLl(Jll 1./1 ~!Cl':JhL di'.::,LI ibu-·
t i o n ha':3 ()t::en a cli i e ved usin',:J infvili/c.:\Licd"~" '.UliIL,',,) fruliI LhE:~ Depc:wL'

1I1611L '.JT Icl)t','ulo9Y of 1:11c "In:3~:ituto (:!(~ O,::'e,:J!"JoI0'Jl::" nf Cuba
(C~L,i'~\RO ~'_~"~"~'_"J 19C

) () ) ) t'.Jhi(~l·1 ,)t--c~' (..:!;:.:L,.:~LL·:..-~:~ 1.;'j [-hc. ;'~._.~~_,!.;:.,. 1

For' e ach len']th class t.he L/W re La t iorrs h i p of the ruost curli-
mo n spec:ie~3 has oee'"1 ::;t-~1;~cLecj d~:' t h e 11I(~<:... L I '':'·l-··j c::::-.n.::~tIL(:.lL...i..\/2. ..

4 _ r{ESUL IS

I;~ e h a \icar)p.L i c cl I:h C Inc t hod 0 1 0 ',C! '/ j il C, ,.I i r r- Eo: re n t p La c e '"0: 0 nthe
Culf of Bat ab.a no , USil1g either" palallel or zi:;)'·zag t rarrs e c t s . The
II)ean depth 0 f the died::> obscr'ved V.3.I" ied be LvJeen 3.9 and 5.5 rne ..
t er '::~ and t.he rrumb er 01 I i ;:;11 c.o un L".',j L)e 1../,,)c,;':; I1 ;~' .. (,i~..' <::tnd 11 .. 04 pc,' km
(table 2).



The results of these surveys were employed to test the vali
dity of the methodology (fig. 4).

The results of the measurements for the large beam transdu
cer of the EY-M echo sounder are presented on the figure 5. Ac
cording to the threshold used in echo counting (.15 V rms), and
to the TS values (from -30 to -50 dB), this gives a mean beam an
gle of 30 o. We have assumed that the beam patter n was r·egular·l y
conical. At a speed of 4 knots (2.00 m/s) and a transmission ping
rate of 3/5, the overlapping between two transmissions begins at
a depth of approximately 1.15 m. As the blind depth of the soun
der has been observed to be 1 m, that means that there is a non
overlapped layer of 15 cm at 1 m below the transducer. With a 30°
angle, this represents a volume of v = 0.027 01 3 per transmission.
In these conditions we can calculate easily the actual sampling
vo I ume V knm,Jing the mean depth H, the length of the unit distan
ce L and the half beam angle a :

r
V,· D l 1

(v * 3) + (H2*tga - z2*tga) J

where H = total depth
z = superior limit of the overlapped sector (in this case,

z is considered as a constant, and equal to 1.15 m)
D - total distance of the transect
a ,. 1/2 bearn angle

1 n ':~oflle cases an 0 th et corr ec Li. 0 n h as La ~)e add ,: VJ: Il:~ II t,: 1<.:;

VJ.:iV":~ (I(.,i,',:,e i'=; prese n t on the s.urf ace Laver e . it ,nakes it ilnp,,)';:::,~.3i.'

bIB to recognise the echoes of the fish to those of air bubbles,
and c()n:;;;;.;::;',~uentl'Y the upper" I imi t o f the observed volume has to ~)e

l'Jt,JPr.::;;(I. 1/1 t:lli~c; c a s e the overlapped zone dis,:'tppeai'''~o Cv :: 0) dnd
z i,s inc!'8ased in the d()OVe mentioned equation. This gave 1'0;- the
act u ,I, 1 'cs ,HlI P 1 co cl \/0 :I U fli U ;:) f Lh 8 6 e x p er i ru e I I L ~-;; the Vd 1 u (;; S pi (::;::".::: r i Lv.J
ii"' L;'I-::'~ t.,:~Ll,::~ :..~~

b. Di'.,1.1 i.buLl':)I'j of T~~:

I I:, j -,; i rup or La nt ,
:3i l~u"l;::; (;011c(;l:iun,

Ut' for' 8 t.o US8 the EY-l"1 B(;;'10 ~;>uUi 10-.1<.:,1 rUI

to meas ure pr 8Ci::::81'l the rVG f unct 1','1',

. ~ . ": ~ ~.~ ,P:' ~ ·r ~ - <:';'~: 1 r:) n -i- r-, 1 c. (,,~ ~T I", t-·, ~'.

.i. i I
I,r .
'i",": .

.,1. ,"

t" (:,",;:" f,,,'!-i II-d I,J;:~ fI,,"»3 l» knOi.J [',he v,:.::luc;'3 of I::he rVG .i r : \it'::1 '~!

'.::;h;ill()~,.J (:Iepth. ~,'8 have flJeasured it using Et standard spherE?, t rorn
':) Le, O. ')() 1:1. I he r 8sul t'3 shol-J t h a l; l:,'18 TVc; is ef f .i ci e nL un.t i I L lil

'J(; pi' i ') , L:, 1.1 t t 1'1 f: d 3. t: a arc 0 v e r (3 s t i rn Cl. t e cl i n -:':; Iil ,:'J.1 1 \11s I:a n\,. (-0 ,> ( t j '-'; .

Co ) . f:\ ::;c, UI ,0'. r'::~ cH C Ilk;;'" ';'" Ut' .: 0:.., [)1 t h ,L n I~ he':,; 8 ::>1IV~ 1 1 ,:.:I e p I:h 'c" ,,:tC <: i I 'c.., '- ..

ti on r,::,(:L,,:' 'Jlc,ulcl to be applied. !'in ()Lhpf' tidY consis t-. ill,I;f"",'::.'I"

j" .i r"r'::3 (~:) L. + \,/ r~~) ,:J L t 1'I (; S 8 1 0 t.:J d c:p t h s. \t.~ e h d V e 0 b t a. .i n 8 d (~3 L~ +'/P) ,.. il . -;1 , ...

III ,::'1 'Icl a':;~c,U:fIi':: t.hat. tJ'L'O:; vdlt,v;; is us(:;abl(:; fo: LJIC ::>fllal1 c!epL,:'I'::', 1".11.,,,

t.h o ut. cor t"ecLiul'I':C,.

VI C 1', I " '/ t 11 ~: i I ( ,,1I " I,,! 1 ~", Lc Li leT :~ ,) ,1 ~', t i" ,i but ,i, 0 n (i i g, 'I)

c
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The biomass evaluation has been used in this experiment to
test the applicability of acoustic assessment to the Gulf of Ba
tabano: the annual catch in this area is well known, and gives a
good idea of the actual biomass (PAEZ COSTA, 1989). The mean
catch is evaluated as aro und 0.8 metric ton/km 2/year' in this kind
of ecosystem. Considering that the total catctl is 75 000 t and
tha t the MSY calculated is eval ua ted to 80 000 t , we may a s s ume
that the density in the Gulf would be between 1.5 and 3.0 t/km 2 .

I
Aft'hterh,detCOnvoluAtliOthn, ,the TOd~,ld'ist(t)gra(ln hd1-Stbeet-1n converte~ lilt' I....·....

a e riqt 1.S ogr' am. t.n o uqn we '1. no ca c u a e-,e mean we1.g,'
using the mean length, it is interesting to note that this ruean
length is 17.2 cm, which cor-r-espond r e a s oriab Lv to the population
structure of the area as known from cathc data. The calculus of
the mean individual weigh gives 217 g.

It is then easy to calculate the densities of each alea ':,drn
pled (table 2). These densities vary between 541 and 1980 kg/km 2 •

~. DISCUSSION

.- Fish b eh av i c ur, The :'3Ui-VC'y' has beerl pcriurlfkcd du(il\~] full 111'::,)011,

a nd i~ str ono avoidance r e ac t i o o o f the Fisil VJd',:; ~u':::'pt.':ct..Gd. Tile
ile~{'t: :::~lJr'veys I,Ji11 L'f: pCXf'Ji'I,,:?.-::1 i n rl("~,1 IW)('il pcr ioci'::,

We can see that the densities calculated through echo coun
ting and TS measurements ar'e lower than expected, but fit in the
(ordre de grandeur). Various points are to be taken into conside
ra tion.

I
I
I
!,

thisprec i sior.We must measure with betler
errors, in the TS v a Lucs .

mea s urerue n ts .
which may input

TVG
poi n t,

VJc:at,I')cj" C(.J,'IJi t Lo n.;. Tl"'::!\/ ~'J~.~:r~:; j ..;.;.t:;lr~:i f.:·.j.\/<·)l_il··,.'-;.Ct].;"· c,:.-tt ·L.:'1,:~': L"',e'Jin'
Ilirl(j of the -sur ve v , but cl};H'I'~)8cJ dUI iil'J U'IE:' I,J'.>i'! ,IIH1 uL":I'I',J-:->J 1J'..

t.o e Li mi n.it c J p,::.rt of the c!;:,:.I:..::,. T~';i',~: i::,(.>irlti'~:, ,,'I

into corrs i dera t i on V,JIH:;ll P8t" [ut filifl] ,.:1 'I U le,",

~,! EO: V c t- the 1C'::-:: '::: it'::: e cc I'll13 L(I d t U 11clre:.: i" L I1 C ':3C con cl ,1 t tOn:3 ,'1 1'1 e v ,:.1 1U ;,1 --

LlOl1 of l.h e fish <,lL)UI,jarlc:,',c ~'J()uld b,:; f,.Ju:c-:,sibJi';.

/·\11 l)I:.1);:':;I' pU,i.f'li. irlLLrc"3L.i""J (O,(;'-~(:Xi"l, [:,he CCjUip;'k:11L. Iho c(::!l,),
'30tlil.-:i.'-:'I' r Y ,[',1 'yl \h,'" , t ,::t Utel' SJoo,J I ;:;',:,ull:.':'" ,,11 ".1 j 1.,':0' '1 'v'e '::':(:I:,::/iI':,> ~y)',J,:J

~,:jll(}usl'l~ ~.luL Lh ..::; t::".~I··J()S::Ji··.J.ln i:~~, \/.;::.1"'/ ,,·.~j.lficult. tu l'-C~,::~c! ,_:lr1cl th e c~i'::::""

(~'r i rnin.i ti on b8t~JCerl 'fish CellO 0'11\.-::1 other' ~3i'Jnd1'::; i~: r.o t C3.S'y' , Lt
will be inJispens~ble to use a scale ma~nifi8r to count in good
CO 1).-::1 i t i 0 11:::' t:11 8 Lota 1 f i ~3 h C C 11 0 e:::~ .

1.:)1 l. I....; •
"

c j Lc-ori'c>~'t.. evaluation Hill



CONCLUSION

The acoustic survey of fish biomass in very shallow waters
may give useable results using echo counting, and under favoura
ble weather, light and behavioral conditions.

The most difficult point is to obtain unbiased values of TS,
especially when using single beam echo sounder. In any case, if
the data ar-e collected aboard a small vessel and r-ecorded 1'01

further processing, it is absolutely indispensable to use digital
recorder, the analog tape recorder qualities being too low for
these measurements. It is clear too that the equation of LOVE
would be replaced by the actual 15 data of the observed fish.

A special attention must be paid in the transformation
length-weigth: in ar e a s u it.h var Lou-s species pr-esent, the best
way is to calculate a different relationship between length and
weigth for eack length class, according to the specific composi
tion.
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Table 1. Distribution of the main species
for each length class

SpeciesLength class
I

L/W re L, I
------------------, -----------------1

l

2-4 crn

4-12 cln

13-20 cm

21-41 crn

> 41 crn

Jenkinsia larnprotaenia

Harengula spp
Haemulon spp (juv.)

Haernulon spp
Lutjanus synagris
Lutjanu5 griseu5

Lutjanus gr"iseus
Caranx spp.
Calamus spp.

Lutjanus analis
Caranx spp.
Sphyraena s.pp ,
Scornbridae

x

x

x

L/W reI. = length/weight relationship of the
species considered as representative of the
length class

1 able 2. Ihonrass eval ua tion for each exper rmen t
Gulf of 8atabano, october 1989
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Fig. 3. Installation of the EY-M transducer aboarcfthe motorboat
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The Concept of Acoustic Populations:
Its USE for Analyzing

the Results of Acoustic Cruises.

by

Fran~ois Gerlotto and Emile Marchal

ORSTot1
213~ rue La Fayette
75010 Paris, France

One of the more critical limitations in the use o~

acoustics to assess the fish stocks concerns the difficulty in
identifying precisely the surveyed populations. Information
given by fishing operations are often insufficient, especially
where there are many different species, as is usually the case
in temperate and tropical a~eas.

-:
This p eper deals ~'Iith the concept of "accustic

'population" defined as a group of detections with rather
homogeneous acoustic characteristics. The characteristici are
provided by: -simple analysis of echograms (day/night counting
of schools, type of schools, type of scattered fish, etc .. );
-integrated echo signals by categories (day, night, pelagic,
demersal, etc .. ); -volume reverberation (average value of the
layer and of the sample above a threshold).

The use of this concept is supported by the hypothesis
of a correlation between observed acoustic characteristics and
anatamic and behavioural characteristics 6f the surveyed
population, leading to the conclusion that cm "acoustic
population" represents a true natural community. Therefore: it
should be possible to substancially reduce the number of fishing
operations by a fine stratification of the sampling. Mapping
the population is made using factor analysis on all the relevant
acoustic data.

The comparison between data from fishing surveys and
acoustic surveys conducted from 1982 to 1986 in Venezuela shows
a good fit between t - natural communities and acoustic

!



populations. Finally the weight of some acoustic parameters
tentatlvely assessed.

The authors conclude that the routine
method when the populations are multi specific
ide~tify and to map more precisely the main natural
livr6gin such areas.

USE? of this
may help to
communities

L'une des limites les plus s~rieuses ~ l'~valuation

des stocks de poissons r~side dans la difficult~ ~ identifier
pr~cis~ment les populations: ~ peu pr~s utilisable sur des
groupes form~s de peu d'esp~ces, la p~che de contrSle fournit
des informations insuffisantes d~s que l'on ~tudie des stocks
multisp~cifiques (cas des zones temp~r~es et tropicales).

Les auteurs pr~sentent dans cet article le concept de
"population acoustique": il s'agit d'ensembles de detections
pr~sentant des caract~ristiques acoustiques ~ peu ~r~s

homog~nes. Ces caract~ristiques sont tir~es des analyses
simples des ~chogrammes Cnombre de bancs de jour, de nuit,
p~lagiques, d~mersaux, types de dispersions, etc •. ), des valeurs
d'~cho-int~gration (biomasses moyennes de jour, de nuit), et des
valeurs particuli~res issues de l'analyse du signal (TS,
densit~s par ~chantillon, par ~chantillons sup~rieurs au seuil,
etc .• ) .

L'utilisation des r~sultats s'appuie sur l'hypoth~se

que les caract~ristiques acoustiques d'un stock sont li~es dUX

caract~ristiques anatomiques et ~thologiques globales des
esp~ces composant ce stock, et donc qu'une population acoustique
repr~sente bien une communaut~ naturelle. La confirmation de
cette hypoth~se permet alors, par une stratification fine, de
r~duire notablement l'~chantillonnage par p~che. La
cartographie des populations acoustiques s'effectue ~ l'aide
d'~nalyses factorielles sur l'ensemble des diff~rents param~tres

acoustiques.

La comparaison entre les r~sultats de p~ches

exploratoires et de campagnes de prospection acoustiques
effectu~es entre 1982 et 1986 au V~n~zu~la a permis de voir que
les cartographies des communaut~s naturelles et des populations
acoustiques cOlncidaient remarquablement.

Enfin une tentative d'~valuation des importances
respectives des diff~rents param~tres acoustiques entrant dans
lad~finition des populations acoustiques est pr~sent~e.

Les auteurs concluent que l'appl.ication syst~m~tique

du concept de population acoustique su~ des zones ~ stocks
multisp~cifiques peut ~tre une fa~on d'identifier et de
cartographier pr~cis~ment les principales communaut~s naturelles
de ces r~gions, et donc d'am~liorer notablement la pr~cision des
~valuations sur ces populations.
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Acoustic stock evaluation methods have greatly
improved over the last few years, by using microprocessors tbat
allow the digitalization of the received acoustic signals and
the quick and precise analysis of the contained information (see
for example the bibliographic list established by Venema, 1985).

Nevertheless the identification of the observed
populations still depends on fishing operations, with all the
bias and errors such methods could entail. This fact may
considerably reduce the precision of the results, especially in
tropical regions where these populations are very intricate. It
is obvious that a good evaluation of a survey result precision
is needed (Shotton and Bazigos, 1984). Several methods have
been proposed to evaluate and reduce the observed variance
(Shotton, 1981; Barbieri, 1981, etc •.. ), but all of thf?in
indicate that a good stratification of the observed area is
required. Such a stratification can be based on various
c r·iteria: biological arrd ethological (LeLcie , 1985; Goh i n , 1985),
bathymetric (Shotton, 1981), depending on the population
distribution (Aglen, 1983; Gerlotto and Stequert, 1983) or on
the delimitation of homogeneous populations (Barbieri, 1981).
This shows how useful an automatic, non fishing-dependent,
stratification method might be.

A natural fish community may be defined as a group of
species mixed in more or less constant proportions, each species
being characterized within the community by its individual mean
length and weight and its behaviour. The determination of these
criteria and the distribution of this community may be obtained
by fishing operations which give (if the fishing gear is
non-selective) :

a catalogue of the present species;
the species~roportions;

the individual mean length and weight.

Acoustic populations are defined from the following
hypothesis: behaviour, taxonomic and biometric characteristics
of the fish inside a natural community are sufficiently typical
and permanent to allow their resultant to characterize this
community. In this case the community can be described by all
the acoustic observations that depend on these behaviour,
taxonomic and biometric characteristics, their synthesis
representing the so-called "acoustic population".

Such a concept has been approached by various ·authors:
Azzali (1982) distinguishes five parameters to identify species:
vertical extension, horizontal extension, formation coefficient,
day time, group shapes. Nion and Castaldo (1982) separate an
anchovy population in five groups: superficial schools (day),
superficial schools (night), deep schools (day), scattered fish
(ni ghU .
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We propose here to generalize this method by using all
the parameters likely to help to characterize a community.
These parameters come from two origins: visual analysis of
echograms and electronic processing of the acoustic signals. We
present the following list:

TS mean values and histograms;
day and night variations· of each parameter;
individual echoes distributions;
type of fish aggregation (pelagic, demersal. schools,

scattered ... )
- global fish density (echo integration);
- variation of target distributions {school/scattered.
pelagic/demersal)

It could be possible to include in this list some
abiotic characteristics, being some communities related to
particular ecosystems {hydrology, sedimentology, bathymetry).
Nevertheless in this study we shall only take acoustic data into
account.

If the former hypothesis is confirmed, a fish
community can be correctly represented by an acoustic population
index. In this case we are justified in using acoustic
populations to post-stratify a surveyed area: acoustic samples
are many more numerous than fishing samples, so it seems that
using acoustic populations distribution instead of natural
community mapping would improve significantly the precision
obtained by stratificating area.

In
t "'I 0 natural
populations.

order to confirm this hypothesis we have studied
communities and their corresponding acoustic

and evaluated the fitness existing between them.

3.1. The surveys.

l4Je
in Venezuela:
"Oriente" in
in these two
summarized in
in the Gulf of
2) •

have conducted this study in two different regions
the Gulf of Venezuela in the West and the
the East. (fig. 1). Six surveys were performed
regions, the characteristics of which are
table 1. Four of them (FALCON 1 to 4) were done

Venezuela, and two in the Oriente (ECHOVEN 1 and

Fishing and acoustic data were obtained in separate
surveys in the West: FALCON 1 was a fishing survey and FALCON 2
to 4 acoustic surveys. In the East, ECHOVEN 1 did not cover the
complete zone and no fishing has been done~ so we data of this
survey are not included in the present study, although neat
acoustic populations have been observed during this cruise
(Gerlotto and Marchal, 1985). ECHOVEN 2, which covered
completely the eastern area, was a mixed fishing and acoustic
survey.
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-e- .-,..:... ..:.:. Equipment.

Two boats have been employed: R/V La Salle (39 m) In
the Gulf of Venezuela and R/VCapricorne (46 m) in Oriente.

FALCON 1. The fishing has been done using a semi-pelagic
trawl, in fishing operations between one and three hours long.

FALCON 2 and 3. During these
echosounder was a SIMRAD 120 kHz EK/S,
~IMRAD analogic QM 2.

acoustic surveys, the
and the echo-integrator a

FALCON 4. The equipment was the same as during FALCON 2 and
~, with the exception of the integrator, a digital AGENOR
(Protechno). During FALCON 2 to 4, although they have not b~en

used in the present work, a few fishing operations took pla~e,

with the same net as during FALCON 1: their results showed that
the communities observed during FALCON 1 did not chanqe
significantly until FALCON 4.

ECHOVEN 2. The fishing was done with a pelagic trawl (8 m
mesh size in the mouth). The echo sounder was a SIMRAD EK400,
used at the 120 kHz frequency, and the integrator a digital
AGENOR.

3.3. The d at a ,

Depending on the surveys, different types of data have
been analyzed (table 2), according to the following list:

SamplingElementary

day;
ni ght.

ESDU, night;
ESDU, day;
ESDU, night;

ION) ,

I ow ) ,

night;
(high, medium,
(high, medium,

(a). fishing: yield (catch/hour)
(b). number of pelagic schools per

Distance Unit (ESDU) by day;
(c). number of pelagic schools per
(d). number of demersal schools per
(e). number of demersal schools per
(f). mean density/ESDU, day;
(g). mean density/ESDU, night;
(h). number of samples above the threshold/number of samples

(E+/E), day
(i). E+/E r<:l.tio,
(j). density/E+
(k). density/E+

1
]

The definition of data (h) to (k) is given by Marchal
and Gerlotto (1987). Lacking the necessary equipment, we have
not been able to collect sufficient "in situ" TS values to
include this type of information in this work.

3.4. Data processing

I
!
I
I
J

The data obtained for each ESDU (in all the cruises,
ESDU are six-minutes intervals, corresponding more or less to
one nautical mile (N.M.) at 10 knots) are gathered in geographic
squares (15x15 N.M. in the Gulf of Venezuela, 10x20 N.M. in
Oriente) (fig. 1). These empirical dimensions are supposed t.o
be sufficient to consider that the squares are independent
(McLennan and McKenzie, 1985).
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Each square was considered as an individual; we
factorial analysis as processing device. In fact we used
a cluster method, in order to classify all the squares
non-subjective way, as far as possible. .

used
it as
in a

The groups of squares are then mapped in. order to
observe possible homogeneous regions according to the ~arameters
introduced. This analysis is done first of all on the~ fishing
data, to map the existing natural communities <if any>; then on
the acoustic data to extract acoustic populations: the
corresponding maps are finally compared.

4.1. Gulf of Venezuela

4.1.1. Ei~h~ng~ The Gulf is divided in 28 squares. Four of
them have not been prospected acoustically, and will not appear
in the maps. Sampling consists of one trawling in each square.
The trawling results are presented in table 3, where the data
are converted in species percentage of the total catch weight.

specific
of the
presents

The direct observation of table 3 shows that two
groups are present in the gulf, one in the lower part
Gulf (SW) and the other one in the mouth (NE). Fig. 2
the distribution of the most representative spec!es.

be
the
as

same
They

6B.

That observation can be confirmed by the factorial
analysis of the data of table~. Figure 4, which shows the
distribution of the squares on axes 1 and 2, permits to define
five main groups of points, named A to E. Mapping these points
(fig. 6A) reveals that the two main regions observedVon table 3
are clearly circumscribed (sectors A and C). Sector{D will not
be studied further, as we have no acoustic data in squares 24,
25, 26. Finally sectors Band E appear geogra~hically as
intermediary zones between sectors A and C.

4.1.2. B~9H§ti~ d~t~~ As presented in table 2, two kinds of
data have been used in the gulf of Venezuela. All the data are
summarized in table 4 and presented in the figures 2 and 3. The
results of the factorial analysis are given in fig. 5. On this
figure the number of each square is affected by a letter related
to the corresponding natural community of fig. bA. Figure 5
enables one to identify three groups:

group (a), rather well individualized: squares 5~ 6, 8, 9
- group (b), not so neat: squares 4, 13, 14, 19
- group (Cl, with a rather arbitrary limit: squares 22, 23, 27,

28.

Although the 9ther points look too central to
non-subjectively separated, it is interesting to note that
points around group (a) belong to the natural community A,
the squares of this group (squares 7, 17, 18). The
observation can be arrived at group (c): squares 2, 3, 21.
are presented with the letter group in parenthesis on fiq.! -



The other squares
shows, as fig. 6A.
NE of the gulf,
gathered with these

are presented with an X. Finally fig. 68
two main populations, on the SW and on the
with intermediary squares that cannot be
populations. .

4.2. Oriente.

Oriente has been divided in 10:<20 N..M. "squares",
of them having been prospected and included in this analysis.

4.2.1. Ei~hiQg~ It was not done in the same ~ay as the Gulf of
Venezuela, for two reasons: on the one hand, because one cannot
use the pelagic trawl in a completely random sampling as one can
when using a bottom trawl, aMd on the other hand because, as the
trawling took place during the acoustic survey, it depended on
the selected route. 30 trawlings were carried out on detections
(fig. 10), three of them have been eliminated (no catch):
numbers 23, 27, 30. The rasult of the catches (in species
percentage of the total catch) are summarized in table 5.

Following the same method as for FALCON 1, we have
applied a factorial analysis on the data, but after ignoring all
the species which appeared only once in the catches and those
which always represented less than 1 % of the catch (as it is
difficult to know the actual represent~tivity of these species
in a pelagic trawl catch).

The factorial analysis results are presented on fig.
7: three main groups CA, 8, C) and a little one CD> can be
distinguished on the distribution of the squares

l
along axes 1

and 2. Observing now the distribution on axes 2 and 3. we can
see that a sub-group appears, formed with some points from group
B. This new group is called 8' in figure 78.

Mapping these groups gives an
that are present in Oriente (fig. 11):

idea of the
./

communities

community A: essentially composed of ~§c~i~~l!~ ~YCit~, it
covers exactly an up-welling region (Fukuok~, 1963).

- community B': it is formed of a great number of species,
especially Carangidae (Chlqrg~~9rob~y§ ~h~Y~Y~Ug, ~Qm!r

~~t§~iQ~i§, ~~C~Q~ §pp), and those Clupeids present In low
salinity waters (QQi§tbgo~m~ gg!ioym principally). All the
trawlings of this group took place in the gulf of Paria, which
is characterized by extremely low salinities, less than 20 %.,
the gulf being situated at the mouth of the Orinoco River (fig.
8) •

communities B, C and 0 cannot be easily defined. So we <an
only observe that group C is formed of the trawlings that caught
mackerel (§~Q~QgC i~PQQi~Y?-). Group Band D would require a
finer analysis to be defined in community terms, and we only
will consider them (together with group C) as an intermediary
mi ;-:ed c ommurr i ty ,

t-
j

I
1
t
I
i
1

i

I

.=In.=llvsis
It
on

is then possible to
trawling data made it

consider that the factorial
possible to separate three



communities in
gulf of Paria
community.

Oriente:
community
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the up-welling sardine community, the
and an intermediary/peripherical

4.2.2. 6~Q~2t~~ Q~t~ They are detailed in table 6, and the main
part of them is presented in fig. 9. The factorial analysis is
presented on fig. 10. The distribution of tne squares on axes
1 and 2 shows two rather well individualized gr"oups: A (squares
4; 6, 30) and B (squares 10, 31). Two other groups, called A'
(squares 8, 41) and B~ (squares ~~ 9, 25, 32, .i37~ 38), less
clearly individualized, may be observed. The other points
cannot be individualized on axes 1 and 2.

Looking at axes 2 and 3, we can see that groups Band
B' may be gathered, as well as groups A and A'. A third group
is extracted from the central points: group C (squares 15, 17,
18, 20).

Finally the acoustic data analysis may show four
acoustic populations:

population A: squares 4, 6, 8~ 30, 41;
population B: squares 5~ 9, 10, 25~ 31~

population C: squares 15~ 17, 18, 20;
population D: all the other squares.

37, 38

The map of these populations shows a good consis~ency

In the data (fig. 11>:

- populations A and B cover almost e;<dCL:1Y th!::! Sar-dinella. Clrea,
A being formed of the squd~es where the sardinella population
looked the densest;

population C covers a great part of the gulf of Paria;

fina,lly population D covers an intermediar{ zone,
dominant species can be observed. (

\-Jhere no

Although it gives many information, factorial analysis
in not an entirely reliable method. as it does not preclude
subjective interpretation. In the case of its application on
tropical fish communities, if we consider the fact that there is
a very important number of parameters, often contradictory~

which influence the characteristics of these communities, one
cannot expect to find results enabling one to isolate these
populations without any risk. That point is actually the reason
why devices for the identification of populations are required
in tropical surveys, even if these devices are not completely
error-free.

In order, first of all~

different situations, we selected
calculated with data extracted from

to test the concept in
two examples which were
different sources: four



separated surveys extended over several years,using an analogic
echo integrator and a bottom trawl in the case of the gulf of
Venezuela; a single mixed acoustic/trawling survey,usinq a
pelagic trawl and a digital echo integrator in Oriente.

It is also to be noted that these two regions are
rather ecologically distinct: there is not a big sardine stock
in the West as it appears in Oriente, and the peripherical
systems of the two regions (Maracalbo lagoon in the Gulf of
Venezuela, Orinoc9 in Oriente) are completely different.

All
stratification
by the way of
give usually
populations.

these observations contlrm the idea that
and mapping of the acoustically surveyed stocks

acoustic populations seem consistent and should
good information, at least in the case of tropical

the best di~~crimination of these
different kinds of data available
is probable that all of them do not
A little example is given below.

1

I

I
I
i

Then, in order to see wether some subjectivity had
been introduced in our interpretation, we carried out a little
test on one of the acoustic data sets (ECHOVEN 2), using on the
data a cluster analysis (fig. 12A). The obtained dendrogram
reveals two things:

(1) except in a few cases, the squares are not strongly
discriminated by a cluster method: this was expected.

(2) nevertheless, the classification obtained is rather close
to that obtained througll the factorial analysis, as is made
clear on fig. 12B

These observations lead to the following conclusion:
(a): it seems that acoustic populations are a useable tool for

community identification;
(b): in order to obtain

acoustic populations, the
should be tested, because it
have the same significance.

We have introduced with table 4 data those of the 7
most representative species of FALCON 1, and calculated the
correlation matrix on the complete set (table 6,. If we
consider the correlations between acoustic data and specific
catches, we can see that on 140 calculated correlations. 36 are
significant at the confidence level 0.1. If one wishes to be
more precise, it is possible to classify the data in three
groups:

- data without any significant correlation with the fish;
- data~ith at least one significant correlation at level 0.1
(r=O.3233)
- data with at 'least one significant correlation at level 0.05
(r=0.3809)



_... 1 0: ; ..-

These groups are presented In the following table:

:============================~==========================:

: group : type of data :
:-------------:-----------------------------------------:

o corr. : DJF2, DJF3, BFJF2, BFJF3. BFNF3 :
:-------------:-------------------------~---------------:
: corr (0.1) DJF4, DBJF2, DBJF3, DBNF2, BPNF3
:-------------:-----------------------------------------
: corr (0.05) DNF2, DNF3, DNF4, BPJF2. BPNF2,

: DBNF3, DE1F4, DE2F4, DE3F4
BPNF3,

:=======================================================:

(the names of the variables are explained in table 2)

This classification shows some points:

the day-density values have no
species distribution, while on the
values show a high correlation.

-or little- correlation with
opposite the night-density

the school data are mo~e difficult to analyze: some of them
look highly correlated with the distribution (number of pelagic
schools), others have a low correlation <school densitiesi, and
the number of demersal schools seems to have no correlation at
all with the distribution of species.

the
night

densities per sample above the threshold
densities, the most correlated parameter.

w i th the

All these observations show that a more precise
of the significance of each acoustic parameters and of
influence on the acoustic populations elaboration has
done.

study
their

to be

Finally another point should be calculated,
gain in precision that
populations could give
systematic stratification.

a stratification
compared with a

through
general

1. e. the
a.cousti c

stud)." or a

The analysis of acoustic data from the surveys in
Venezuela made it possible to build in a rather satisfactory way
maps of acoustic populations which were practically identical to
the natural community maps of the same areas obtained through
exploratory trawling.

This observation seems to be a good demonstration that
the initial hypothesis, i.e. that a fish community can be
represented by the acoustic data collected upon it, is very
probably correct. In these conditions a closer analysis of the
collected signals would permit:

to obtain a good mapping of these communities, with many more
values than a trawling survey could ever give, and consequently
to rationalize the sampling time;
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to stratify or post-stratify in an automatic way. through the
acoustic populations, the studied area, and to greatly decrease
the variance in results of an hydroacoustic survey.

The last point IS the following: an hydroacoustic
survey generally gives one i rnpor ti errt; result: the global" biomass
value. In fact the processed data could give much more than
this single, low-precision, result. The maps obtained with all
the other acoustic results bring a lot of information as~far as
the identification of communities, the behaviour, and the
fishery biology are concerned. This type of information does
not present the drawback of absolute density values, because it
can be used directly in relative terms, and is consequently much
mot-e C\ccurCl.te.

This work was done using the results of cruises
perfor-med by ORSTON' and the Venezuel an "Fundaci on La SaIl e de
Ciencias Naturales", with scientists, vessels and equipments of
both I nst i tutes, wi th i n a coopet-at: i on Convent i on. The authors
take the opportunity to thank the staff of FLASA, particularly
the President, Hno Gines, and the colleagues of the Fishery
Biology Department, Dr J. Mendoza and X. Elguezabal, for their
help during the surveys and during the processing of the data.
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Fig. 4 - Factorial analysis on trawling data (FALCON 1)
distribution of the squares on axes 1 and 2
% inerty of axes 1 to 3 : 46.1 ;14.2 ; 8.7
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Fig. 5 - Factorial analysis on acoustic data (FALCON 2-4)
distribution of the squares on axes 1 and 2
% inerty of axes 1 to 3 : 26.9 ; 16.9 ; 13.9
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I
:==::==================================================== = ===~~==========;= :

: Survey nale : FALCON I . FALCON 2 ; FALCON 3 i FALCON ..: ECHOVEN 2 :.
------------- ------------ I ______-----;----------_._----------~-----------:

•.
Beginning 15/8/1982 3/5/1983 : 30/1/1984 31/10/1985: 10/8/198b
End 25/8/1982 20/5/1983 : 12/2/1984 12/11/1985: 11/9/1986 :

Vessel LA SHllE LA SALLE : LA SALlE LA SALlE : CAPRICORNE:

Sounder EKlS EK/S EK/S EK/S EK400
: Frequency 120 kHz 120 kHz 120 kHz 120 kHz 120 kHz

. Integr"tor UIl 11 Uti 11 11" 11 : U"tA6ENOR A6ENOR.
: Area 6ulf of Gul f of 6ulf of 6ulf of Orient

prospected Venezuela Venezuela : Venezuela : Venezuela :

Nb ESDUs 2300 2244 1800 4000

Tralll boUoll bottoll bottoCl bottoll pelagic
: Nb stations 28 11 14 30
:=======================:==================================================:

Table I. Specifications of the surveys in Venezuela



:===:==========~~:.===:===~====================:====================~==:====:

: Survey , FALCON 2 : fALCON 3 : FALCON 4 : ECHOYEN 2 :
: h : : : : :

DensltyiESOIJ, 03\ DJF2 OJf3 DJF4 IiSJ

I
I .

the surveys in Venezuela:
BPJF2 : ~PJF3 :

: per ESOU, night
:Table I. Specifications of

Pelagic schools number,
day

t~n~it)7~~.=~=========~==~~===~==dhlF~==~==~~~==J:===~===.d::
: Survey nale: FALCON I :: FALCON 2 I FALCON 3:: FALCON 4 : ECHOVEN i :
~n~~~~--I-~---------:t----------~---------~:-Jl+jLJi---L:
ihreshoid, day: !::: : D+J." ::

: hi~i~.j :ioItS/8/1932 :3/5/1983 :: 30/1/1984 ~ 31110/19~: 1~1Wt98b::
: End 25/0/1982 :20/S/1983 $ 1212/1904:: 12111119~S: 11/9/19Ba :
~ensity/sampI8 above the n ~ :: D+N.K ::
!hV@§fi~ld, night LA SALlE : LA SALlE ~ LA SAllE:: LA SALL~ : ~~~DRNE:
~ighj mediullj :Iow :: I :: D+N.l : :
: Sounder : EK/S :: EK/S ;: EK/S:: EK/S:: EK400::

: :Vllflltl'~'¥llpll a'iiek'~e :120 tHz :: 120 tHz I~l~z :: 120 tHz ::
: lhreshold, dayltnight j::: DE2F4 :: : :
: :h~'91i~hfi.j: 10wOtI II QtI 1I :: 11" Il I Q/fiAtUOR:: A6EHOR
: : :: :: : :
: :S~"l densitt, ~ of l6ulPatf2 :: 6u~J61 I 6ulf of:: Orient
: : prospected : Venezuela "enezueli:: Venezuela :: Venezueli :"
: :School densit~~ night DBNF2 : : DBNF3 I ::
: : Nb ESDUs : 2300 :: 2244 ~ 1800 :: 4000
: :School s nunbef : : ~ :: B/S.J
: ~#t1!6DU, day: bottos :bott011 :: bottoe ~ bottol! :: pelagic
::Nbstations: 28 :- :: 11 ~ 14 :: 30::
: :sarJJ~~I~~~==============~==========~==========~=========:k==_iLl_~===~:

• I I I
I I I •

Pelagic schools ~ullber,

night
BF'NF2

Demersal schools number,
day (BFJI

BFJF2 BfJF3
.~.

Oemersal schools nUllber,
night (BFNI

BFNF2 BFHF3

Samples above threshold/
totel salples, day IEt/EJ)

Et/EJ

Samples above threshold/
total sasples, night (ft/EN!: Et/EN

:===~===:=====================================:======= == = = === = === ========== :

Table 2. Types of acoustic data introduced
in the acoustic populations analysis

I



- '.. ,~ ~ 11 'I 1'>%,* mm WN<pi'mw"," €tW!'_~ T "__• ----- _

~:r. ~I: 1:::•••••••at••••••••• I: I: •••••• ZII:••• I: _:_.111: ZOI: 1::111e .. 1::1: IU:: al:.1: 1:••1:2'11::11: I: I:~ ':::1: I: :I ..... :::11: r:::I:: :~::~=:r.=:lZ::1I:1:;;.:1 e e e e e e 1I:::1: t::a:a:a: 1I:1:: I: ::1:1: ::•• 1: •• :1::11:1: 1I:: ••:1: 1:1: I: 1:1:: •• 1I:1I:Ill: all:2: :11 •••• 11: :1:1:8. :.al: .........:::•• :

• Trnd nu.ber .~ I : I : 2 : J ' I ; 5 : 6 : } : 9 : 9 : HI; ji l2 13 : 14 ' IS : 16 : 11, 18 : 19: 20: 21 : 22: 23: 24: 25: 26 : 27: 28 :
species v \ : : : : : \

, , : , : : , ,
\

,
\

, : . , ,, , , , . , , ,
; ...... - ................... 1___• : ........ ; _._ .... ~ ........ : _ ....... : ........ : ._.,..... : ........ ; ••• __ .: ....... ,: .........,: ~" •• ,.;. _ ...... : ....... : ... ___ : _ ..... [ ......... : ..... _ .. : _____ : .... w __ : _ ... __ : ...... : ...... _: ___ ... : __.... : _ .... __ : ........ : __ ..... :

· Lutjlnus .n.lis 42.1: (I : 14.6: o ; o • (I; C : o : o: v ' \l : (I: o : o : o : o : o i o : o : o : o : o : 26,8: o : o: o: IB.3: o:
: LutjlRUS 'Y' o :' 0: 0.3: 3.2: () : U : 1\ : C : o. o : (I: ,).3; " : ~ : 13.6: o: o : o: (I ! 1.~: 12.1: o : 12.1: 0: 3.7: o I o: 0.:
: Lutjlnus sYRlgris 14.0: o : 23.4: IJ.O: .) : o : o I o: Q o: o : o ! o : o: 13.6: 25.3: 4.6: 0: 14.6: 0: 6.11 11.4: 6.7: o I o: o I 9.0: ~.2:

: Lutj.nus lIlilUS 3.0: o: o ! o : o . o; o: o: 0 o : (t : o : o : o: o : c : o: 0 11. 7: o : o: 0: 2.7: o: o: o: 1.5: o:
: Lutj.nus grinus o: o , o ; o : o : o: e : o ! 0 o i o , o ! o ; o: o: o: o: 0 o: o I o: o: o: o: o: 0: 2.7: o :
: C.luus sp 17.7: o: o I 0 0 o: o: o : 0 o : o : o : c : o : o: o: o: 0 o: 37.0: 3.6: o : 6.7: 3.4: o : 6.S: 9.0: 5.2:
; PrilClnthus "en. 3.7: 38.2: 2.9: 0 0 o : o : o : 0 o : o: o : 4.1: 38.5: ~,I : o: o: 0 o: 18.5: 36.4: 11.4: o : o I o: 27.0\ 1.5\ 1S.7:
: HUlulon spp o: o I 2.9: 0 0 o: o ; e : 0 C : o : ~ : 5.8: o : o: o: o: 0 o: 37.0: o : 4.5: o : 16.~: 15.~: 6.S1 3.0: o :
: SlIlonett I o: 3.1: 0.31 0 0 o: o: o: 0 o: o: 0.3: I. 4: 2.6: o: o: o: 0 4.~: o1 1.8: 4.5: o : 6.1: 0: 4.7: 0.31 o1I

: r"churus IIthul : 3.7: o: o: 0 0 o I o I o : 0 o: o: o : 1.4: 2.6\ 2.3: o: o: 0 o: I. ~J o J 1.1/ 0: 2.7: 22.4: 13.51 o: 7.9:
: Pri stipololdn I. I o I o: o I 0 0 o I o I o: 0 o: o: o: o : o 1 o: oI o: 0 o I o I 27.3: 28.4140.3: 16.91 11.2: 16.91 o: 20.91
• Rholboplitu Iur. I 8.5: 15.3: o: 0 0 o: o: o I oI 0 : o: o I 1.41 2.6: 2.3: 0·/ o I o J o: 1.91 12.11 4.5: 3.4150.7: 46.7: 20.3: o : 5.2:

Scolbtr J.ponicus : o: 7.6: 23.4: 0 0 o: o: o: o I 0.4: o: 0.3: 11.6: 38,S: ~.II o: o I o I. o: o I o: IS.~I 0.7: o: o I 3.41 0.31 005:
S"djntl h IUfI h I 1.8: 6.1: 29.2: o : 0 o: o I o: o I 6.3: o: o I 29.0: oI o: o I 0.9: o : o: I. ~: o: 1.1: o : o I oI o I 0,31 o I
SeI., cruunopht.: o : ·11.5\ 2.~1 o: 0 o I oI o 1 oI 0.4: o : o I o : 12.8' o : 6.3: oI o: o : o: o: o: 0: 3.4' o I oJ o I 2.61
Sphyrun. spp I o: 3.8: o I 32.5: 0 o: o I o I 0:· 4.2: o: o: o : 0 6.BI 25.31 o I o: o I o: 0.61 17.0: o : 0 0 oI o I 36.61
shifts : 5.5: o: o: 13.0: 0 o : o I o I o I o: o : o: o : 0 o I oI O. ~: oI o: o : 0 0: 0.71 0 0 o I o I o '
cornu. · o: o: o I o: 0 o: 2.8\ o I o I o: o: o: o : 0 o: o I o: 5.7: 1.51 14.6\ 0 o: o\ 0 0 0.7: o \ 0·i ~i cropoqon sp : o: o: o : 01 18.5 IS.II 11.3/ 14.91 37.51 1.2: o : o : o: 0 13.6: 12.7: 22.0: 7.71 24.3: o : 0 o : o : 0 0 o: o: 0

: Opi sthone.. ogl. I o: o: 0: 2.6: 37.0: o I 4.01 o: 12.51 0 o: 13.8: 14,5: 0 o: 1.31 o: o: 12.6: o : 0 o: o: 0 0 o I o: 0
I Curbln.t. s, : o: o: o : o: o I o I 2.8: 1.51 2.51 0 o: o: o: 0 o : 1.3: 13.7: 63.91 4.9: o I 0 o: o : 0 0 o1 o I 0
: Curvi RI sp , o: o: o: 26.0: o: 24.1: 28.2: 1.51 25.0: 0 o : o: o : 0 o I oI 13.71 o I 1.0: o I 0 o: o: o, 0 o I o / 0,
I ChloroscOlbrus ch,I o: o: o : 3.2: 3.7: 24.1: 16.~: 59.71 12.5: 0 20.0: 74.4: 1.4: 0 4.5: 12.71 0.91 1.3: 1.0: o I 0 o I o 1 o: 0 o I o: 0
: DnYlti s sp , o I o : o I o r : 0 : 20.51 o: o : o I 0 o: o: o : 0 o: oI o: oI 5.1: I. 0: 0 o : o : o: o I o t o I 0·: Peprllus sene 1 o: 0.8: o: 6.5: 3.7: 0: 5.61 o: o I 0 o: o : o: 2.6 22.71 12.7: o: 6.41 9.7: o: 0 o: o: o: o I o I o: 0
: 8.gft spp I o: o I o : o: 37.5: o : 16.91 o : o I 0 o : o : o : o I o : 0: 0.': 7.7: o : o : o I o: o : o: o\ o : o : 0
: rrlchiurus Ilpt. , o: 7.61 o I o: o: 1.21 11.3: 14.91 7.5: 0 5.0: 5.5: o : o: 2,3: 1.3: 36.61 6.41. o: o: o: o: o : o I o: o: o: 0,
: Orthopristls rub. : o I 6.1: o : o: o I 12.0: o I o I o I 0 75,0: 5.5: 2~.0: o : o: o I o I oI o I o I o: o : o : o: o I o: 54.11 0
I VO,ur set.plnnls : o : o: o: o: oI o: o I o I 2.51 0 o: o: o I o \ o I 1.31 o: o: o: o I o: o: o: o: o: o I o J 0
I Scolbtrolorus spp I o: o : o: o: o: o: o: 7.5: o I 84.4 o: o : o: o : o 1 o: o: o: o: o: o: o I o : o I o I oI o: 0
:••~.""'I""""'" ••••••••c:••••••••• c••••••••ccl::r •••••••••n ................. _:1: &::11: ZI:t81:& :.I:~= ••c=z ............~ ••••••••••••••••••••••••••••••••••z ..................................... :1•• i

hUe 3. Results 01 FALCDN I trlllings (species 1 01 tohl c.tch leight),



: Z:Z2o Z'az :.:.1: 'C:.~J::U1'.1::z:z z r.: z z r.:. :u: zz.:z z s ••••~:Z~:.I*==:•••••••• =••1:1::• .;..&::=~:=. Z:I:: u: :::-1:==.:.~': :.:~ I;,. ;.:: 1::a;;.. _.:.~.::: =•••••ZI.:.: .1::1:.11::.::: ':'.1 : 1.1': .101S.:: I ::I: .,IICI Z.: •••••••• 'C:I:I: 11.11:••:. :

: Squm Nb: OJFZ : ~NF2 : OW2 : 08NF2 : 8PJF( ; 8P~F2 : BFJF2 : DF~F:; OJFJ CND -; DBJF: OBN;'~ BPJFj: BPNF3 : mF~ : mIF;': DJF4 : DHF4 : OW4: DE2F4: DE3F4 :
:-..-- -. :---- 1--- -- l- : _ : :_ _..: : _..~ __ ..- l -.o l- ...••.•..•. __ : _ : .o ~ •• _. _ : _._: : : :_ _ : :
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142

8649
: 12779
: 13338

8B9b
mB

52
3064
3105
118

7
o

11
o
5
o
4

• IbOO
244
42

18538
14
o

200
4000
72b9

83
3610

o
e
o
o
o
o
o
o
o

0.01 :
0.11 :
o
o
o
o
o
o
o
o
o

0.05 :
o
o
o
o

0.03 I
O.OB :
o
o
o
o

o
0.03 :
o
o
o
o
o
o
o
o
o

O.Ob :
o

0.03 :
o

0.02 I
o
o
o
o
o
o

o
0.04 :
0.03 '
o
o
o
o
o
o

O.Ob
o

O. J9
0.13
0,12
o
o

O.lb
O.OB
o
o
o
o

o
O,Ob :
O. (lb :
0.03 :
o
o
o
o
o
o

0.15 :

15.b9 :
1.48 :
3.4b :
o I

_0.15 :
o
o
o
o
o
o

6.58: {I

4,20 : 2(13.60 :
o n,20 :
o : 0
o 0
o : 0
Q i 117.5

7.00: 0

o
..u : 17.39
6.2(, - 0,91;

Ib.I9
10.00

0.71
o
e

9.75
407.41

o
o

6b.61
C

4b1
m
144
113

44
o

92
7b

400
l53
141

m
~70

13
~

1b
15
e
o
o

; 1116
o

4ll
161
391
1.5r
3~

I 2327
3bl
20(1

•_ 150
34b
220

m
:415
: lOb
I 10

310
241

: 4541
10
33

8b7
214

o
n
C
C
o
o
o
o
o
o

0.03 :

B9P : lOO : 28.21; (; .l.bb; C 0.07 :
Jl9 : 26e : \,90 i 0.53 0.1' - ~ : 0.08:

J 861119:010 (00:0
4 1 514 i no; 29.19 : 14.'9 0.3=: ?1I 0.09:
5 1 100: 200 : 0 ; 0 I) 0 0
6 300 : 212 : 2.31 : 53.b4; 0 u: 0.09 1
7 : 308: 78: 3.21! 0 : 0.02; 0 t 0
8 : lOb: 25: 0 ; 0 : 0 : 0 0
9 : 53: 7: 0 : 0 : 0 : (I 0

10 : 57 1 m : 0 : 0 : 0 I 0 : 0
11 : 207 : 228 : 3.57 I 2.07: 0 I 0.03 I 0.... :
12 : (no mushc d.tl on this squire)
13 : bb5 : 2921 20.29: 0 : 0.24: 0.17: 0.12 I 0
14 1 949 : 148 54.b5: 0 : e.ss : 0 I 0.07: 0
15 I 12: 139 7.32 0 : 0 : (I I 0.12 I 0
Ib : IBI : 227 0 0: 0 : 0 I 0,05 I 0
17 : 76 I 89 -1.21 0: 0.03 I 0 I 0 : 0
18 I 336: B4 3.33 0 I 0.13: 0 I 0 : 0
19 1 411 : 100 4.00 0 : 0.42: 0 : 1.00: 0
20 : 2B8 : 105 24.12 0: o.Ob: 0 : 0.03: 0
21 I m : 205 : 4.11 0 : 0.24 I 0.09: 0.08 \ 0
22 : bl I 273 : 3.48 0 I 0 : 0 : 0.08: 0
23 : 55: 191 : 0.91 0: 0 : 0 : 0.02: 0
24 I (no ICDUStiC d.tl on this squirt)
25 : Ino ICDU5tic d.h on this squireI
26 : (no .CDUStiC d.tl on this sqUlrel
27 : I3b : m : 3.57 I 0 : 0 : 0 : 0.08 I 0 I 242 : 28b I 0 : 0 : 0 : 0 : 0 : 0 : 100 I 51: 98.1 I 0 I 1.9

: -2B I 277 : 100 : 0.4B: 0 : 0 : 0 : 0.07: 0 : 255 : m : 3.68: 10.00: 0.05: e.u : 0 : 0 : 100 I 48 I 98.0 : 2.0: 0 :
I.:. ac=•••1 £ .=a a •• :r: 1::::.,.a I: I •• I:a. la••••~'.I:.,.1::::.1:1::.:1I:~.:I:.~.~III:.lC~••=a: =: .e:c:z~ :::;:0(1: E. == a.:_:==:: s .a:cs.:_ s ••••ca. I: a:~= :u: I: a , ••• ::s ••• :I == a •• I: I ••••Ia•••••, •••a. =. 1: •• ca•• a••••••••••••••=•••••11:: a::::

TAble 4. SU.llry 01 Icoustic d.tA collected during
sumys FALCON 2, FALCON 3, FALCON 4.

:(n•• es of d.1I detAiled in lIble 21

\ ___ t"

:i
,
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s : s : 1(,: 11: 12: 13: I~: 15: 16: 17: IB: 19: 20: 21: n: 23: 2~: 25: ~b: 27; 26: 29:I: 2: 3: ~: 5: s :
: _:I:a:••:=••••••~••••itl Sf, it :12:: 1:2 Z:2 az:t::.":2:::: z::.s:: 2IS8':'::: la:: a: z .... to ;,:.:.:::. ':'o2:r Z::I:= 11:: ~:::t.:..:.SI:: ==:::I:::r::::.:.:t •• :n::aal': la :2:8:s:: 12 •• :2:: &'1' •••1••••••• I~ al •••••••••••• 1 •• eCa •••••••••••••••••••••••••••• : :

, TriWI nUlbrr .,
: sprciu
: _ ::; : _- :- :-- : :----.:-.---: :-_ :.. ' .. ~ : :.. _ _.: -_ ~ :- : : :-- : - : - :.. _-- .. : __ .. : : :.._ :--_ : _--: -----: _-:
: Slrdino.lia .11",1. .~... c' : 9Q.5' 75.1~: •.-, '~' ~5,3: ,), r.e f) ,j' 0 .; 5.0: l.6; 78.5; 1.2: 99.0: 10~ : 9B.7: 0: 9B.0: 0: 0.6: 99.7: 98.0: 0; 0: 5B.3:
: Ancno. spp • 13.3. '" e : 0.3' (" .): (J: ~ 0' e , I,: 3.1 1.5: (I: 11: 0: 0: (I: 0: O' 0: 0: o : 0: 0 0 ~ 0: b9.0: Ib.7:
: Anchomll. svr ,~: 0: (': (1.2: e : eo.n: e : i\: 0 0: 0: 0 0' 0: 0.6' 0' 0: 0 0: 0 0: I): 0: e : 0 0: 0: 0: 16.7:
: Trlchurus lithui: t, :.7.~' (I: n . (I' \ ,). ': '~.O. 0: ~: o e : 2.5: 2.9: ~.O: 0: (1 0: 0 0: f): 0: ~.~: 0 0: 0: 0: 3.3:
:+Hlrenqul. clup. (,:.1; 0: (I: o : 0: C' (1: (\: 0: 0; 0 0: 0: B7.5: 0: 2.~: 0 0: 0 0: 0: (I: 0: 0 0: 0: 0: I.B:
: Opisthonm oqi. (1 ,1 I): (I. 0' o : e : e . ,): 405: 2l.b: 3.1 15.0: 0: 0.2: (I: 1.2: 0 0: 0 0: 0: 0: O' 0 2.0: 0 0: 1.2:

.. SphymnA pi,u~. :1.1: (,: 0: (0' (I: o : ,).7: 25.0. 1.0. 0: n: 0 (1,'0: 0: 0: 23.7: 0 0: 0 0: 0: 0 0 0 0 0 0 1.0: O.B:
:hqrrllrlnus 0: I); I;; O. I): e , o . 1,1 0:22.7: 2.7: 3.1 0: 0: 0: 0: 0: 0 0: 0 0: 0: 0 0 0 0 0 0: 0.2:
:Vomsrt.pinnIS n • 0: 0: 0: v. e : 0; 0: 0: 1.5: 10.8: 12.562.5: 0:·0.2: 0: 0: 0 0: 0 0: 0: 0 0 0 0.1 0 0.1: 0.2:
:ChlorOSCOIbru5ch.: I); 'I: 0: (,: 0: 0: 0: 0: 0: 1.5: 8.1: 3.1: 2.5: 0: 0: 0: 2.~: 0.1 0: 0 0: 0: 0 0 0 0 0 5.0: 0:
:+Elops uuru~ n: ':: 0: 0: (I ,: 0; (I: e : 0: 0: 0: 0: 0: 0: 0: 0: 0: 0 0 0: 0: 0 0 0 0 0 B.O: 0:
: Orthopristis rub,: !): 0: 10.0: (I: 0: 0: 0.5: 0: 0: 0: 0: 0: 0: 0: 0.11 0:. 0: 0: 0 0 0: 0 I 0 0 0 0 0 15.0: 0:
: TrichiuruI hpt. : o : c : 1.5: 0: 0; 0: 0.1: 0 i 0: 7.6: 1.4: 3.1' 0.5: 5.0:' O.B: 0: 2.4: 0: 0 0 6.7: 0: 0 0 0 0 0 0.1: 0:
:+Ahctls scyllris : 0: 0: 0: 0' 0: 0: 0: 0: 0: 0: 0 I 0 0: 0: 0: 0: 0: 0 1 0 0: 0 1 0: 0 0 0 0' 0 O.B' 0:
J Prprilg, p.,.. : 0: 0: 0: 0 0:·0 J 0 1 1.0: 0': 15.2' 2.7\ 0 0.5: 2.5: 1.11 0: 2.41 0: 0 0 I 0: 0: 0 0 0 0 0 0 1.0:
:+LIl, pl~altln'l : 0 \ 0: 0 I 0 0: 0 I 0 1 0: 0: 0 0 I 0 0 0: 0' 0 I 0 0 I 0 0 I 0: 2.0 0 95.0 0.91 0 0 0 0 I
I Scolbtr jlponlcas: 0 50.0: 0: 0 15.0: 4.01 0.11 0: 23,0' 0 .0 I 0 0 2.5: 0.2: 0: 0 . 0.91 0 1.0: 0: 0 0 0 0.11 0 0 0 0 I
I EuthynnuI 111ft. : 0 0: 0: 0 0 1 0: 0.31 0: 0 0 0: 0 0 0 I 0: 10.0: 0 0 1 0 0 1 0: 0 0: 0 0.11 0 0 0 0 :
1'~Prhmthus ,,11I. I 0 0.5: 0: 0 0: 0 0 I 0.9: 0 0 0 0 0 0 I 0: 0.51 0 0 I 0 0.21 0: 0 0 I 0 0 0 0 0 0 I
I Etrunus hm : 0 0 0: 0 0 I 0 0: 0 1 0 0 0 0 0 1.3: 0 1 0 I 0 0: 0 0 1 66.7: 0 0: 0 0 0 0 0 0
I+Nulotul trip'l 1 0 0 0 1 0 0 1 0 0 I 0: 0 0 0 0 0 0 I 0: 0 I 0 0 1 0 0 1 10.0: 0 '0 J 0 0 0 0 0 0
1+6t1pylul urp,nl 1 0 0 0: 0 0: 0 0: 0: 0 0 0 0 0 0: 0 I 0: 0 0: 0 0 I 16.7' 0 0 J 0 0 0 0 0: 0
: Sd.r crunnopht.: 0 0 0: 0 5.0: 0 0 I 1.0: 0 0 0 0 0, 0 1 0: 0: 0 0: 0 0.2: 0 0 0 1 0 0 0 0 0: 0
1 ArchourqUI unl •• 1 0 0 15.0: 0 0: 0 0.21 0 1 0 0 0 0 0 0 1 0.3: 0 I 0 0.1l 0 0 I 0 0 0 I 0, 0 .0 0 0 0
:+L.qocrpllalul Im.1 0 0 0 I 0 0: 0 0 1 0 I 0' 0 0 0 0 0 1 0 I 0: 0.5 0 I 0 0 1 0 0 0: 0 I 0 0 0 0 0
I CynolclOft lthr. I 3.3 0 2.0' 0 0 I 0 01 0: 0 0 0 6.2 0 01 0: 0: 4.11 0 I 0 0 I 0 0 01 0 I 0 0 0 0 0
I+Lobotfl ,urlnu. I 0 I 0 0 0 0 I 0 0 I 0 1 0 0 I 0 0 0 0 I 0 I 0 I 0.31 0 I 0 0 I 0 0 I 0 I 0 I 0 0: 0 0 0
l+lluqll bmlllm. 0 1 0 0 0 0 I 0 1 0 I 0 i 0 0 0 0 0 0 I 0 1 0 159.51 0 1 0 0 0 0 I 0 1 0 I 0 0 0 0 0 -:
l+p,lIonl lImourl 0.3' 0 0 0 0 1 0': 0 I 0: 0 0 O. 0 0 0 I 0.41 0' 0.11 0 I 0 0 0 0 I 0 I 0 0 0 0 0 0 :
: D,clptms Ipp 0 0 0 0 0 I 6.01 2.7: 0 I 0 0 0: 0 0 1.31 0: 5.51 0 I 0 I 0 0 0 0 I 0 I 0 0 0 0 0 0:
1+8Illstfl "ht. 0 0, 0 0 0: 0: 0: 0: 0 0 0: 0 0 0 I 0 1 0.5: 0 I 0 I 0 0 0 0: 0 1 0 0 0 0: 0 0 :
:+Hulclrul ubI. 0 0: 0 0 0: 0 I 0: 0 1 0 0 0: 0 0 0 I 2.2: 0 0: 0 I 0 0 0 0 0 I 0 0 0 0: 0 0 I
I+Po..to.ul salht. 0 0: 0 0 0: 0: 0: 0 I 0 0 0: 0 0 0 I 0.3: 0 0: 0: 0 0 0 0 0 1 0 0, 0 0: 0 0 :
:+".crodon Incylod. 0 0: 0 0 0: 0 I 0 1 0 0 0 0 I 0 0 0 1 0.1: 0 0 I 0'1 0 0 0 I 0 0 0 0 0 0: 0 0 I
I Uprnrus plrYUI 0 0.3: 0 0 0: 0 1 0 1 0 0 0 0 I 0 0 5.0: 0: 0 0 I 0: 0 0 0 0 0 0 0 0 0: 0 0 1
I+Rholbopli hs sur, 0, 0: 0 0 0: 0 I 0 0 0 0 0: 0 0 75.0: 0: 0 0: 0: 0 0 0 0 0 0 0 0 0: 0 0 :
I Cum hippos 0: 0: 0: 0 5.0' 0 0 0 0 22.7, S.~: 0 15.0. 0 I 0: 0 0: 0: 0 0 0 0 0 0 0 0 0: 0 0 :
: 011 qoplltfl p.lo.. 0: 0: 0: 0 0 0 0 0 0 22.7: 21. 6: 0 0 0: 0: 0 0 I 0: 0 0 0 0 0 0 0 0 0: 0 0 :
:+"uqi I trlchodon 0: 0: 0: 0 0 0 0 0 0 0: 0: 53.1 0 0: 0: 0 0 0: 0: 0 0 0 0 0 0 0 0: 0 0 '
: AriuI proops 2.0: 0: 50.0: 0 0 0 0 0 0 0: 5.4: 6.31 0 0: 0: 0 0 0: 0: 0 0 0 0 0 0 0 0' O. 0
I+Ophloscion punct. 0: 0: 0: 0 0 0 0 0: 0 0: 0: 6.31 0 0: 0' 0 0 0: 0: 0 I 0 0 0 0 0 O. 0 0: 0
I+Smldl brasil.· 0: 0: 0: O. 0 0 0 0: 0 0: I. 4: 0 0 0: 0 0 0 0: 0: 0: 0 0 0 0 O' 0:. 0 0: 0
ICmhlrhinul sppO: 0: 0: 0: 0 0 0 10.0: 0 0 : 10.B: 0 0 0: 0 O. 0 0: 0 \ 0: 0 0 0 O. 0 0: 0 0: 0
I+Hmulon bOlch... 0: 0: 0: 0: 0 0 O. u 0: 0 0 I 0: 0 0 0: 0 0 0 0 r 0 1 0: 0 0 0 0 0 0: 0 0: 0
I Euqmn plu.I,rl 0.3: 0: 20.0: 0: 0 0 0 I O! 0 0: 0: 0 0 0: 0 0 0 0: 0: 0: 0 0 0 0 0 0: 0 0: 0
I+CentropOlUS pud. 0: 0: I. 5: 0: ·0 0 0: 0: 0 0: 0: 0 0 0 I 0 0 0 0: 0 I 0: 0 0 0 0 I 0 0: 0 0 I 0
I+Fistuhri. Ip. : 0: 5.0: 0: 0: 0 0 0: 0: 0: 0: 0: 0 0 0: 0 0 0 0: 0: 0: 0: 0 0 0: 0 0: 0 0: 0
:+CduuI prnn. : 0.7: 0.5: 0: 0: 0 0 0: 0: 0: 0: 0: 0 0, 0: 0 0 0 0: 0: 0: 0: 0 0 0: 0 0: 0 0: 0
J+Hmulon .uralin.: 0: u: 0: 0: 0, 0 0: 0: 0: 0: 0: 0, 0: 0: 0 0 0 0: 0: 0: 0: 0, 0 0: 0 0: 0, 0: 0:
ISca'b,ra.orusuc.: 0: 0: 0: 0: 0: 0 0: 2.0: 0: 1.5: B.I: 0: 0: 0: 0, 0 0 0: 0: 0\ 0: 0: 0 0: 0 0: 01 0: 0:

: ~.:l8 s:..: .. =:a:l If If":: 1:::al:::: Z::I:: -::.:1.=::2& z::=:.:z::a=:==:21: If If .. =••ZI: a:a:a: =:::::: alt: .a:::z:_ z:z:::::z:z:.. z:=:a::a:::: •••a e •• ::&21:: &2 a 1f"",,:C &'2:::: &' 1f":Z""::" 21:: ••21::=:a _ .. If C:::== :::: ===:::: ======_ :

hblt 5. Rmlts of ECHOVEN 2 trlw!inqs (sprciu in 1 of tot.1 citch)
Sprcirs nUB with + : not Includrd in .n.lysis

':.0•• ., .~ --......,--- ..
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: A(ou~t. D.: DSJ

, DSN : £+/£J : Et/EN: D+J.N : D+J." : D+J.l : D+N.H : O+H." : O+H.l : BlS.J I 8/S.N :,
: SqUire nb : : I
: ___________ : _______ : _______ : ______ , ______ , _______ .... ______ , ____ : ____... : _______ • ______ I ___ • ___ , _____ •

1 : 297 7J 13 8 92.0 6.5 2.0 : 97.1 : 2.9 0 0.77 0.41 ,~

•2 : 192 : 706 52 21 91.5 6.3 2.2 : 93.5 : 2.9 3.6 1.77 0.04
3 : 891 : 563 18 157 84.1 9.1 8.9 : 99.0 0.5 0.5 0.45 0.12 •
4 : 3832 : 5155 29 147 68.2 10.0 21.8, : 83.2 5.2 11.7 I.H 1.63 ...
5 : 495 : 2373 41 m 86.4 8.3 S.4 : 88.9 4.5 6.6 1.14 0.76 ..
~ : 4921 : 1602 so 179 67.0 12.8 20.2 : 88.S 6.4 5.1 I.SS 1.09
7 : 642 . 436 69 384 87.0 10.1 2.8 : 99.4 O.S 0.1 2.02 0.02,
8 : 1385 ,

7lS 62 672 60.9 26.1 13.0 : 98.9 0.6 0.4 2.90 : 0.11,
9 7'i8 : 1526 14 so 90.0 4.2 S.8 SS.7 11.4 2.9 0.86 : 1.95

- 10 3Sl : 3661 30 246 79.3 13.5 7.2 71.1 11.3 17.S 0.21 : 3.25
11 m m 20 95 90.4 6.0 3.6 95.3 3.9 O.B 0.71 : 0.03
12 14 JI3 0 . 16 83.3 0 16.7 100.0 0 0 0.20 0
n 28 39 1 2 100.0 0 0 98.4 1.6 0 0 0.39
14 14 42 0 6 95.6 2.2 2.2 100.0 0 0 0 0
15 591 384 m 890 100.0 0 0 98.3 1.7 0 0 0
16 32 161 39 171 98.8 0.6 0.6 96.4 2.9 0.7 0 0
17 m m 300 1454 90.6 7.8 2.4 100.0 0 0 0.12 0
18 HQ 620 669 1389 96.2 1.7 2.2 99.6 0.4 0 0 0
19 99 195

,.
49 259 97.3 0 2.7 98.5 1.5 0 0.15 0,

20 n 547 91 2776 94.3 5.7 0 97.3 2.7 0 0 . 0
21 214 201 266 617 94.8 5.2 0 100.0 0 0 0.03 0
22 m 114 245 381 98.2 • 1.8 • 0 100.0 0 0 0 0
23 4IS 166 1H 259 96.7 1.3: 2.0 97.5 2.0 0.5 0.40 0
24 88 : 2589 27 75 87.S 14.3 : 0 87.2 9.0 2.6 1.60 0.38
25 36 : 5m 17 17S 100.0 0 · 0 8Q.6 11.5 7.9 0.13 1.74·26 40 184 10 36 95.2 3.2 : 1.6 ' 95.2 4.8 0 0.09 0
27 9 62 3 11 100.0 0

,
0 95.0 3.8 1.2 0 0.06,

18 9 146 2 14 100.0 0
,

0 95.1 0 4.9 0.28 0,
1~ 154 36 10 28 87.5 6.3 : 12.S 100.0 0 0 0.50 C
se , 8164 282 125 101 66.5 • 16.8 : 16.8 92.9 5.8 1.3 2.86 0.67
II : 1914 :15058 m 271 72.8 16.0 : 11.1 68.9 , 8.2 23.0 3.72 1.38 •
,.' 52 :I317S 39 578 100.0 0 · 0 74.4 15.4 10.3 1.00 0.03,. ·
)~ 25 41 51 61 97.0 3.0 : 0 98.4 1.6 0 0.06 Q

~ i 73 ~8 10 21 100.0 0 0 98.3 1.7 0 0 0.07
cO; j 201 1 13 100.0 0

,
0 96.3 1.5 2.2 0 0·

A". 24 I 2562 4 30 100.0 0
,

0 99.2 0.8 0 0.72 0·j: : J70l : 2839 106 142 97.8 2.2 0 88.9 7.0 4.1 2.75 1.13
~& 180 ; 2148 63 I2S 100.0 0 0 85.2 4.9 9.9 0.97 0.72
j9 29 22 5 30 93.2 3.4 3.4 100.0 0 0 0.29 • 0
40 62 411 2 466 93.8 3.1 3.1 98.9 1.1 0 0.07 0
41 141 108 7 41 54.5 36.4 9.J 97.7 2.3 0 O.H 0.05
42 23 37 11 15 94.4 5.6 0 100.0 0 0 0 0
43 98 : 1645 34 i59 100.0 0 0 94.6 4.8 0.6 • 0.04 1.61
44 154 : 1046 17 163 91.7 7.1 1.2 95.2 3.4 • 1.4 0.39 0.78
45 29 301 2 84 94.4 5.6 0 97.4 2.6 0 0.36 0.12
46 463 m 8 116 93.0 3.5 3.5 98.6 1.4 0 0.52 0.04
47 15 m 1 44 94.1 5.9 0 100.0 0 0 0.56 0.35
48 24 187 I 38 94.5 5.3 0 '18.3 • 1.7 0 0.35 0.08
49 4 44 0 10 92.3 7.7 0 98.9 0 1.1 0 0.17
5(' 26 186 1 28 96.4 3.6 0 100.0 0 0 0.06 0.10
51 14 5 0 1 75.0 25.0 0 100.0 0 0 0.50 0
52 9 149 0 5 98.0 2.0 0 91.2 3.3 : 5.5 0 0
33 IQ 4 2 I 100.0 0 0 100•.0 0

,
0 0.44 0,

'lC Q 46 0 S 100.0 0 0 98.6 1.4 : 0 . 0 0,. v 24 0 4 100.0 0 0 100.0 0 . 0 , 0.10 0.J . ,
=ees-=;==:.:==::=== :-:=====================C=&_=====:Z=&===&====:II:.a.&====c::&~:c' &&&z=&&&=======:'=======&':.=====:'

r.ble ~. Acou~tl( dill used in the Inl!ysis IECHOYEN 21
DSJ .- globl! density, dlYi DSIl a g1obl1 density, night

['/EJ (NI = ulp1es iboY! tile threshold/total 'ilphs, dly Inight!
D+J.N I"ill a Oeuity/Et by diY, bigh IlediuI; 10111

D+Il.H I"ill a
. • by night, Mgh I.diul Ill'"

B/S.J 1Nl. NUlbtr of sclloals ptr ESDlI (110000), 'IY (nighU
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. 11.1, •••a,.'1 a .1 ••••••••••••••••••••• " It. "11' ~ It 11 r •• ,' .. f. ~ •.cl' U.ll ~ 'Ill ,'; :::1 '.. ": .1: 1.1''::1' I" 'I:;'" ..·.f.·~ •.•.. : l:' 'I:· ~I. : e t':' r :r:.: .:::~. ::'1'" '."11"12"': 211'" 1.1.1 It' •••• IS lUll' la •• 11•••••••••••••• I" ••••• 1.1 •• .1'1.11.'1, •• ' .... 11.1.:1 1 •••••11,•• 1 •••••.1.1 ••••••••11••'.

TAlC : SCO" : PRJA : LULl , rHll~ CU,,· w; , (,"F; o~m ~ ~~H~'i "f·!'l , \f'"r; . f.W' : tm2 : OJFl OKFl : 08JF 1 : DIKrl : BPJfl' BP"fl: Br JF) . I(KF' : om OKr4 : OW4 : OW4: tm4:
:

PO~A ,om .0401 ,0'24 ',QW ;11: ,25;:; ),\'0(/(1 ,4b8: ,ll3~ ,O5~1 -,II8i ,4l42 ,110 ,6m ,om ,om ,21'S ,om ,408, ,0601 ,2111 ,0721 ,060' ',1782 .1652 -.1395 "mB:
: TRIC .14l1 '.4143 "me .1lit -, 1829 " ll4! ',5721' ',2546 Im , lW -,cm -.0652 ,3146 -,om '.l812 ',1346 -.om "om ',1118 ',170' ',2077 .0401 ,1117 ',3696 .448B ,1970 :
: SCO" ',5064 ,.425' 5071 ,055' -,m. ,1284 ',1184 . 35~,~ 151 \ .175' , 15l~ ·m! .Im ,om ',llD' ,lO02 ,1626 ,160l -,12(,0 ',1117 ,2517 .1648 -0 ~~~s .ll2l ,0854 :
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RESUME

L'applicabilite de la geostatistique pour l'analyse de donnees
d'echo-integration est exploree a l'aide de deux ensembles de
donnees provenant des eaux cotieres du nord de la Norvege et du
Venezuela. Les ecarts aux conditions de stationnarite et les
variations temporelles des structures spatiales sont examinees
en portant une attention speciale aux effets de (1)
l'utilisation des donnees brutes ou transformees en unites
logarithmiques, ( 2 ) I' exclusion ou I' inclusion des series de
zeros, (3) differences jour/nuit dans les structures
spatiales, (4) double echantillonnages et (5) differentes
communautes de poisson. Tous ces facteurs affecterent fortement
la forme des variogrammes calcules, et consequemment les
estimations de biomasse qui en etaient reliees. L'utilisation
de la geostatistique pour l'analyse des structures spatiales,
l'estimation ou la cartographie de la biomasse en echo
integration doi t donc etre effectuee avec precautions. Des
recommandations sont suggerees et les aspects demandant plus de
recherche sont souleves.

ABSTRACT

The applicability of geostatistics to analyze fisheries
acoustics echo-integration data is explored with two typical
data sets from coastal waters off northern Norway and
Venezuela. Departures from stationarity conditions and temporal
variations of the spatial structures are examined with special
attention to the effects of ( 1 ) using of raw or
logtransformed data, (2) exluding of including the series of
zeros, (3) day and night differences in the spatial structure
(4) revisiting some sampled areas and (5) different communities
of fishes. All these factors strongly affected the shape of the
variogram computed, and consequently the biomass estimations
also. Care should thus be taken when using geostatistics to
analyze the spatial structures map or compute biomass
estimations. Some recommandations are suggested and questions
needing more explorations are pointed out.
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INTRODUCTION

The echo-integration technique (Burczinski 1982) produces
dense series of biomass estimates of pelagic or demersal fishes
along routes surveyed by research vessels. The biomass is
generally integrated over distance intevals of 1-5 nautical
miles. Because of the continuous sampling serial
autocorrelation is present in the data collected. This hinders
data analysis with classical statistics, which require
independence of the samples. Some methods have been suggested
to minimize the effect of spatial autocorrelation to allow the
use of classical statistics (Williamson 1982, Maclennan and
Mackenzie 1988). A al ternative methods using the
autocorrelation structure through the Theory of regionalized
variables (Matheron 1965, 1971) have been tried a few times in
mid-1980s' (Gohin 1984, 1985; Laloe 1985; Guillard et aI,
1987). but they have not stimulated a large interest until
recently. The present paper explores the applicability of these
geostatistical methods for spatial structures analysis and
biomass estimation in fisheries acoustics.

Using geostatistics in fisheries acoustics presents two
main potential interests. The first one is for analyzing the
spatial structures of fish biomass that can be inferred from
the characteristics of the structural functions (e.g David 1977
; Sokal 1986) such as the range of autocorrelation, the
shape of the variogram, the sill level, the relative importance
of the variability at various scales. The second one is for
the estimation of local or global fish biomass in presence of
spatial autocorrelation and for "optimal" "objective" mapping
through kriging. This information can then be used for
designing optimal sampling strategies.

The application of geostatistics to model spatial process
relies on some basic assumptions about the studied variable.
First, its structure is assumed to be stable in time, at least
at the studied time scale. This might be true for mining
deposits but it is not so for the distribution of fishes in a
given environment, where variations of locations and activities
are expected to occur over a wide range of time scales, hours,
days, weeks etc ... Second stationarity of the spatial process
is assumed this means that this spatial process must have
some homogeneity and should be repeatable in space. Under the
intrinsic hypothesis, the increment of the values of samples
depend only on their relative spatial orientation, there is no
trend or if there is one it can be modeled by the intrinsic
random functions (David 1977; C1ark 1979; Delhomme 1978).
These stationarity conditions are far from the expectations
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from acoustics data. Complex spatial inhomogeneities are the
rule in fish distribution data, which besides often include
extremely high values (outliers), representing significant
portions of the total biomass, or large proportion of total
number of samples with no biomass. The present contribution
explores how theses various assumptions are satisfied in two
sets of data from tropical and arctic waters. Other specific
objectives were to check the effects of : (1) using raw or log
transformed data, (2) excluding or not the series of zeros in
the computation of the variogram (3) day and night differences
in the spatial structures, (4) revisiting some sampled areas,
(5) different communities of fishes on the spatial structures.
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METHODS

The first data set has been collected in February-w'r
1989 from northern Norway between latitudes 62 Nand 64 1'1 d!",_,

longitudes 4 E and 8 E. The echo (m of backscattering oxoss
section per square nautical miles) of pelagic fishes were
collected at intervals of I? nautical miles along the crl1i-
tract (fig. 1). This data set has been provided by K.f'_lO'__ -.
(Institute of Marine Research. P.O. Box 1870, Nordnes, : ~~ _
Bergen, Norway).

The second data set comes from a survey realized in Augus(
1985 off the east coast of Venezuela between latitudes 10 N EH,;
12 Nand longitudes 65.5 Wand 61.5 W. The acoustic system ~J~

composed of a sounder SIMRAD EK-400, 120 KHz, a digital echo~

integrator AGENOR. The echos were integrated at intervals of
0.8 nautical miles and expressed in relative units, directly
proportional to the backscattering cross-section per area unit,
The daytime transects were revisited at night in order to cover
the whole area twice, once by day and once by night (fig 10)
Some areas visited by day or by night were revisited 'i-U.,;
additional transects, and the transects located in the GuI .'
Cariaco were more closely spaced than elsewhere.
characteristics of the echos were computed per stratum of
min. lat. by 20 min. long . and analized by hierarchical
clustering to identify the various homogeneous acoust~~

populations (Fig. 17 ; Gerlotto and Marchal 1987), which
corresponded to different species communities as indicate.'
pelagic trawl samples (n = 30).

The numerical analysis was done with a combination of 1:;10.,'
following spatial analysis packages. GEO EAS ( Environmp~~'"
Protection Agency USA) was used for computing histogram::; ,.. ' «,

variograms and for kriging. SURFER (Golden Sofware, (Jr

Colorado, USA) did the contouring, 3-dimensional plots and
interpolation by the inverse square distance or by kI:i~.j ',;
using a variogram with linear model. Some variograms were f"1.~.,

computed from an ORSTOM internal package.
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RESULTS

NORTHERN NORWAY DATA SET

The echos from this area were characterized by a large
proportion of zeros (60%). The distribution of positive echos
over the whole area was lognormal but s~owed substantial
spatial variations some areas having larger proportions of low
or high echos indicating non-homogeneity ( fig. 2). The time
sequence plot of the echos (fig.3) were marked by 4 sharp peaks
isolated from the rest of the series and serial autocorrelation
at small scales was evident. Correlograms indicated that the
correlation coefficient as well as the length of significant
autocorrelation changed with the type of data pre-treatment
used (Fig 4). This was also observed on the variograms (fig.
5), the range of autocorrelation, the levels of the nugget and
the sill changing when the data were logtransformed or were
excluding the zeros. The variograms computed per transects
( fig. 6 ) also presented large differences among them and were
strongly affected by zeros. So were the variograms per strata
(fig.7 and 8) indicating that the structure of echos was not
homogeneous over the whole sampled area. The maps of echos
obtained from various kriging options and from interpolation
according to the inverse square distance method (fig.9)
presented significant differences among them. Lognormal kriging
with variograms including (In x+l Fig. 9) or excluding (~n x,
fig 9) the zeros gave very different estimates. The estimates
obtained when the zeros are considered in computing the
variogram are systematically higher than the other options and
seem erroneous. Lognormal kriging is very sensitive to the
level of the sill of the variogram (Armstrong and /Boufassa
1988) with may explain the high estimates obtained. The kriged
maps from raw data gave similar results, the option including
the zeros showing the highest peaks however. The linear kriging
option of surfer (x lin. fig. 10 ) produced a map: slightly
differing from the latter two, and which showed notable
differences from the map obtained by the inverse square
distance method (x lid. fig 10).

COASTAL VENEZUELA DATA SET

The sampling design in this region included significant
proportions of revisited areas in both the day or the night
surveys (fig. 10). Also- contrast:ing with the other data set,
the proportion of zeros was low ( < 5% ) • The histograms of
logtransformed daytime data per stratum (fig .11) evidenced
significant spatial variations of the echo distribution. The
logarithmic transformation failed to normalized the data in
most cases. The corresponding histograms for the night survey
(fig.12) were clearly different, the distributions being less
skewed towards low echos and generally centered on similar
means. Even though spatial variations were presents they were
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smaller than during the day~ Variograms per strata (fig.13 and
14) also exhibited spatial yariations and those of the daytime
survey systematically showed higher sills and nugget as
expected from the histograms .. The effect of revisiting sampled
areas on the variograms was tested for the Gulf of Cariaco data
(fig. 15). This two-way sampling design greatly altered the
variograms notably by raising the nugget and the variance at
small scales. This was especially evident in the night
variograms for the whole region sampled (fig. 16). The
inclusion of even a small sub-area with such revisited data can
drastically change the variogram as shown in fig. 16 when the
revisited data of the Gulf of Cariaco are included in the
computed variogram. Different community of fishes having their
own acoustic signature (sensu Gerlotto and Marchal 1987, from
cluster analysis of acoustic data) and species composition also
appeared to be characterized by different variograms (fig. 17).

CONCLUSION

The above results clearly showed that typical
fisheries acoustic data are not always well adapted for
geostatistical analysis. Care should therefore be taken when
using such methods. Deviations from stationarity conditions
resulted in different variograms depending on (1) which area of
the studied region ·was considered and ( 2 ) the type of data
used, which could include or not the series of zeros and which
could be transformed or not. Since the variogram is the basic
tool in geostatistics, the variability presents some concerns :
what data should be considered when computing the variogram and
when kriging and what tr..ansformation should be used ? How
biomass mapping and global estimation should be performed,
globally or by fusion of Jomogeneous strata ? How to consider
the outliers adequately ? Should lognormal kriging, relative
kriging or other types of ~riging be used ?

Other problems with the method are related to the
dynamic behaviour of fishes : their day/night cycle of activity
and distribution pattern, their displacements, and the species
composition of the communities. The day and night survey off
Venezuela clearly showed that the distribution patterns of fish
echos changed with the day/night cycle. To maximize
stationarity day and night data should not be mixed, because
they corresponds to different $patial organizations of fishes.
This finding imposes some constrains to sampling strategies, by
limiting the effective of·· work per day and the size of the
surveyed area. Night echos were more homogeneous at all scales
and over the whole region than those during the day which
favours the use of night data for geostatistical analysis.

Since fishes are not sessile organisms but they
continously move in their environment, this violates basic
condition of geostatitics. Revisiting previously sampled
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locations should be avoided if the revisited data are to be
considered simultaneously with the original data for the
geostatistcal analysis. Such strategy would resul t in
significant increases of the variance, particularly at small
mean scales, and give erratic variograms, as was shown in the
survey off Venezuela. The use of both revisited and one-way
data requires strategies of data analysis differing from the
standard procedure. This observation stresses the importance of
well ordered transects designs in the time-space domain, i.e.
the area covered should be swept in order during the survey,
with noroutes back already sampled area or too close to them.
For example long transects tightly spaced could generate a high
nugget on the variogram if the fishes seen on one transect are
not seen on the adj acent transects because they have moved
away. The transects design must therefore be adapted to the
relative speed of survey compared to the fish displacement
speed. Zig-zag transect design seems well-adapted to these
sampling contrains because the samples are well ordered in
time-space ; the closer they are in space, the closer they are
in time and vice-versa.

It seems that different fish communities have
different spatial organisation, from the variograms computed
for the "accoustic populations" off Venezuela. To maximize
stationarity, it would therefore be appropriate to stratify the
region according to the different fish communities and then to
study the strata separately.

Finally we have not considered the problem of
anisotropy, because the data were not ideal for such an
anlysis, but this must be done. Is anisotropy important ? What
controls anisotropy ? Bottom topography ? Water masses ?
Distance from the coast ? These are questions that should be
addressed.
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Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure 7.

Figure 8.
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FIGURE CAPTIONS

Map of the area sampled in northern Norway, with
samples locations (crosses) along the cruise
tract and gross contours (100, 2100, 4100) of
echo (m per naut. mi. ). Scale in km.

Histograms of the natural logarithm of echos in
northern Norway data set for the whole area
sampled and for the sub-areas marked by an X on
the map.

Time-sequence plot of echos from northern Norway
data set.

Correlograms of echos from the northern Norway
raw (x) and logtransformed (In) data including
or excluding the zeros. Lag = time sequence.

Variograms (semi-variance vs distance in km) of
northern Norway raw (x) and logtransformed (In)
data including or excluding the zeros.

Variograms (semi-variance vs distance in km) of
three different transects (pointed on the map)
in northern Norway logtransformed (In) data
including or excluding the zeros.

/
Variograms (semi-variance vs distance in km) per
stratum (X on the map) in northern Norway
logtransformed (In x+1) data including the
zeros.

Variograms (semi-variance vs distance in km) per
stratum (X on the map) in northern Norway
logtransformed (In x) data excluding the zeros.

Three-dimensional maps of kriged estimates and
of interpolated values according to the-inverse
square distance for northern Norway raw (x) and
logtransformed (In) data. The grid mesh size was
5 X 5-km, the search circle radius was 15 km,
searching by quadrants a maximum of8 points.
The top 4 maps used the corresponding variograms
presented on fig. 5. The zeros were always
considered for interpolation at the kriging
step, even though the variograms of x > 0 and In
x used did not include them. The bottom 2 maps
were obtained from SURFER, by kriging using a
linear variogram (x lin) or by interpolation
according to the inverse square distance method.
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Figure 10.

Figure 11.

Figure 12.

Figure 13.

Figure 14.

Figure 15.

Figure 16.

Figure 17.
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Maps of the sampled area off Venezuela by day
and by night, with the sample locations (dots)
along the cruise tract. The grid rectangles are
10 min. late by 20 min. long.

Histograms of the natural logarithm of echos
during daytime from the Venezuela data set for
the strata marked by an X on the inserted map.

Histograms of the natural logarithm of echos
during daytime from the Venezuela data set for
the strata marked by an X on the inserted map.

Variograms of the natural logarithm of echos
during daytime from the Venezuela data set for
the strata marked by an X on the inserted map.
Note : Y scale = 0 - 20.

Variograms of the natural logarithm of echos
during the night from the Venezuela data
set for the strata marked by an X on the
inserted map. Note: Y scale = 0 - 10.

Day and night variograms of the natural
logarithm of echos from the Venezuela data set
for the Gulf of Cariaco sampled one-way or
revisited (two-way). Note the different scales
of semi-variance.

Variograms of raw (x) or logtransformed (In)
echos during the night from the Venezuela data
for the whole region sampled one-way or
revisited (top), or for the whole region sampled
one-way but including or not the revisited data
of the Gulf of Cariaco (bottom). Note the
different scales of semi-variance.

Variograms of the natural logarithm of echos
during the night from the Venezuela data set for
the groups stratat presenting similar acoustic
signatures and species composition identified on
the inserted map resulting from the cluster
analysis. Note : the different scales of semi
variance.
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STUDY OF LERRNING CRPRBILITIES OF TROPICRL CLUPEOID
USING RN RRTIFICIRL STIMULUS
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RESUME

Nous avons etudie dans des conditIons exp~rimentaLes L'ap
prentissage et Le conditionnement de petits poissons peLagiques a
un stress. Les poissons peuvent ~tre condltlonnes et peuvent,
apres conditionnement. entrainer des reactIons dans un banc de
poissons naifs. Nous dlscutons ensuite de L'infLuence possIbLe
des comportements observes sur La capturaDILite.
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RBSTRRCT

We have studied in experimentaL condItIons the LearnIng
conditioning capabiLIties of smaLL tropicaL peLagic fIshes
stress. The fish can De stress-condltl0nea and those t ISh
Lead to reactIons in a "naive" Ilsn scnOOL. We discuss tnese
suLts and the influence of these behaVIours on fISh catchIng.

INTRODUCTION

and
on a

can
re-

In order to better surround the Importance of IndIviduaL De
haviour of DeLaglc fIShes In the Tormatlon, tne structure and the
reactIons of a scnOOL I ana in oraer to better defIne tne proDlem5
met during tnelr catcn, we ha~e studIed In experimentaL conOl
tion5 tne LearnIng and conDItIonIng capa01Litles of a coastaL
tropIcaL cLupeold fISh: Opistnonema oqLinum.



The hypothesls is:

Previously stress-conditioned fishes (Pavlovian Condi
tioning) introduced in a school of "naive" fishes (non conditio
ned) can induce alarm or flight reactions in the whole school by
contagious effect (Levin and Grillet 1988).

METHODOLOGY

1. Catching fishes and experimental structure.

The fishes were caught by day in front of the station
with a little lift net. Fishlng was executed without handling the
fish and without emerging them. The fish were carried to the ex
perimental area under smooth anesthesia and heavy oxygenation. ~

prophylactic antiseptic treatment was applied during the first
few days to prevent a bacterian proliferation in the tanks.

Two sets of thirty fisn of 15 cm mean length were caught In
tnis way and Drought separately and successively into two Joined
tanks of four meters in diameter and 1.6 high. These two twin
tanks in open clrcuit were strictly identical in shape and co
lour. The first tank in which takes place the conditioning and
the experImental phasls was fltted out wlth an underwater Loud
speaker, a sliding and rigid net laio down on the bottom, and a
vldeo camera aoove. The second tank was bare.

2. ExperimentaL protocoL. (Diagram 1.)

The first set of fish were placed in the second tank to
be kept on accLimatlng phasis. These acclimated and non
conaltloneo flSh wiLL De caLLed "naive" fisn. The second set, was
Introduced in the fIrst tank. During three days of acclimatatlon,
a serle of three sound pulses of five seconds duration ana at a
il~equency of 2500 Hz was emitted in an erratic way ( 5charz and
Greer 19b4 ). Therefore, we shouLd confIrm that this sound didn't
InvoLve any fish reactIons. Then, we associated these transmit
ted pULses with a stress. This stress consisted of hOIsting the
net close to the surface. We COUld consider the conditioning pna
sis ends when aLL the fish reacted to the first sound pulse. We
want to oetermlne tnroughout thIS phasls, how many repetItIons
are required for thIS condItIoning.

During the experimentaL phasis, one part of these conditio
ned fISh was Joined with the naive fISh in the second tank, the
other part is reLeased. Tnen, we ODserved how naive congenerics
react to the fLIght behaviours ot condItioned fish when the souna
puLses occur. In the second phase, we removed thIS duaL schooL
back to the fIrst tanK in order to measure a possibLe tank et
1 e et.
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3. Behaviour crit~ria held.·

Each r~cord of ten minut~s was divid~d into thr~~ p~

riods: b~for~, during and after the inductive factors (sound puL
ses only or sound puLses foLlowed by the stress). For each pe
riod, the coheSIon and the activity of the school were measured
through eight behaviouraL criteria.

The cohesion and stability criteria of a schooL are in de
creasing order:

the structure in MILL where the fish swim slOWLy in
circLes. This structure is conslder~d as a behaviouraL form of
protectIon. It is a good index of stabiLity and defence of a
schooL.

- the structure in 5L~CK SCHOOL where the interindi
viduaL distances are approximateLy equaL to the body Length and
where the swimmming speed is sLow.

- the structure in DENSE SCHOOL where the lnterindlvi
duaL distances are short and the swimming speed is faster than In
a sLaCK sChooL.

the DISPERSION where no fish swim in the same direc
tion In group.

The actiVity behaviour criteria of th~ schooL are in decrea
sing order:

- the RLRRM RERCTION which affects onLy one fish and
whicn doesn't induce reaction towards the other.

- the FLIGHT RERCTION WITH REGROUPING.

- the FLIGHT RERCTION WITH DISPERSION.

We measurea the occurences and the durations for each crite
rion In each period and also the same thing tor the sum of alL
the reactions.

RESULTS

1. ~cCLlmatlzarion pnaslS.

~lrst, we noticed that no mortality ana no unexpected
benavlours occured during the experiment. Tnereiore, we consioer
tnat tne fish have adapted correctly to their captivity.
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The tests on fish during each sound pulse
reaction is low and decreases during this phasis.
tests show no reactions on any pulse. Therefore,
is considered as a neutral stimulus.

2. Conditioning phasis.

show that the
The last three

the sound pulse

In order to follow the evolution of conditioning, we
set up a table of weighting factor taking into account both the
reaction ways (increasing from agitation to flight and disloca
tion) and the running number of sound pulse (increasing factor
from pulse 3 to pulse 1). These values are shown in the table 1.

The reaction curve rises up to the maximum at the end of the
phasis (Fig.1). The fish react earl1er and earlier to the stimu
li. The evolution of reaction ways is gradual in the case of the
first sound: at first, alarm reactions occur w1th excitement,
then flight reactions with a dislocation of the structure, and
finally flight reactions with regrouping. During the same phasis
at the moment of pertubation, both the duration of mill structure
and the regrouping flight reaction increase. ( Fig.2 and 3 ).

Then, the conditioning should be accomplished at the
same time by an increase of the individual sensibility to the
stress and an increase of school stability, it's cohesion and de
fence.

3. Experimental phasis.

with the same criteria used during the conditioning
phasis, we analysed the reactions of the mixed school on the sti
muli. They were null and void during the first phasis when the
fish were introduced into the first tank. On the other hand, we
Observed flight reactions and dislocation at the beginning of the
second phasis when we put the fis~ back 1nto the second tank.
These reactions whittled down quickly unt1l they just became in
dividual alarm reactions in the end. ( table 2 ). During the same
phasis, at the moment of pertubation, the duration of d1spers1on
decrease while the duration of mill structure increase. (Fig 4
and 5).

In first analysis, it seems that the reaction of the mixed
school is low. This school acquires a strong stability and cohe
sion at the end of tnis phasis.

DISCUSSION

T~e first question 1S: can the f1S~ be condit1oned? i.e., in
our experimental cond1t10ns, are tney able to recognize a sound
emitted in tne water and assooiate 1t wit~ a further event (here:
a stress)?

In the case of a pos1tive response,

4

the folLow1ng questions



1
are:

- how is this association (stimulus-stress) self made?
i.e., how does the reaction to the stimuli evolve during the con
ditioning phasis ?

how many repetitions does it take for this conditio-

The resuLts show that the conditioning of fish is possibLe.
The interesting fact is that the conditioning to a stress doesn't
Lead to panic in individuaLs but to a strengthening of the schooL
cohesion in their fLight reactions. This panic might be obtained
with a stronger intensity of the stress and with a Longer condi
tioning duration. In any case, we did not obtain a stabiLization
of the reactions at the end of the conditioning phasis. Therefo
re, a stronger conditioning shouLd require more than fifteen re
petitions.

In the second part of the experience, we tried to answer the
folLowing Questions:

- Do the conditionned fish introduced into a
schooL react to the conditioning stimuLi?

"naive" fish

r

I

I

I
i
i:--.

- If so, how Long do they react? - Do the fLight reactions
of the conditioned fish induce a reaction in the whoLe mixed
scnooL? - What are these reactions?

~t the begining of the experIment, when we add a part of the
conditioned fish with the naive fish, we do not observe any reac
tion from the mixed schooL. To account for this resuLt we may
consider the foLLowing expLanations. First, the stabiLity and the
cohesion of the schooL are so strong that the conditioned fish
are compLeteLy wrapped up in the naive school and cannot react to
tne stimuLi. Tnis is speciaLLv pLausibLe because the schooL are
usuaLLy in milL structure. The formation of thIS structure was
described fIrst by Breder (1951). It happens freQuentLv after a
short perIod of "confusion" In which the schooL IS temporariLy
disrupted, wIth fishes pOInting In aLL directions. We tnink for
this reason that this structure ensures good protection for aLL
the congenerlcs In this case tnere is a huge schooL inertia,
and the group effect is preponderant in front of the IndividuaL
effect.

SecondLy, tne condItIoned fish hear the stimulus but do not
react because they are not in their own tank. So, In a second
phasis, we put the whoLe school back into the conditioning tank.
During this the second phasis, at tne beginning, the schooL reac
ted to tne stImuLI then tnls reactIon decreased rapldLy.lnis se
cond phasIs demonstrated tnat the previousLy stress-conditioned
fish were stILL conditioned because they react to the stimuLi.
Then, tnev were aoLe to Induce a fLight regrouping reaction of
tne mIxed SChooL although the miLL structure shouLd set oneseLf
a o a i ns t it.

5



In this case, the individual effect is preponderant in
front of the group effect but, the flight regrouping reaction ap
peared during the first four sets of sound pulses after a great
part of the presumedly stress-conditionned fish reacted. ~t the
end of the experiment we recorded alarm reactions from some of
the fish which did not induce flight reaction of the school. The
refore, we presume that a threshold proportion of the group must
be stressed in order to induce a fl1ght reactions of the whole
school. That means that the leading reaction inside a school re
quires a threshold proportion of conditioned fish. In our experi
ment, this threshold is only reached when all the stress
conditionned fish react.

If the reaction decreases rapidly it may be due to the short
t1me of conditioning or the weakness of the stress (in order to
avoid hurting them, the fish were not emerged).

To explain the differences between the two tanks, we can as
sume that a visual relay is required to recall the conditioning
to the previously stress-conditioned fish. without this relay,
they cannot react and so, do not lead the whole school. In our
experiment, this visual reLay couLd be the net laid down on the
bottom.

CONCLUSION

The conditioning of a fish school is possible under experi
mentaL statements. We have seen that the essential statements for
learning and conditioning are a sufficient intensity of the sti
muLi and a relativeLy high number of repetitions. Without these
statements condit1oning should be impossible in the natural envi
ronmemt. These conditions are found in intensive fishing areas
where a Lot of Sh1DS sa1l, fisn and trawL. Therefore, we shalL
nave to Observe 1n other experiments if the increase of both in
tensity and duration of the stimuLi couLd 1nduce a better Lear
nin9 and condition1ng.

In our experiments the Leading of naive fish by conditioned
fISh seems to requ1re a v1suaL reLay 1n front of tne strong iner
tia of the schoOL. To examine this hypothesls we could put ano
ther net on the bottom of the second tank (previousLy bare tank)
before the exper1ments and ODserve the reactions of the mixed
schoOL. In the naturaL env1ronment tnese kind of mixed schools
shouLd exist. Indeed, we can imagine that ins1de the distribution
zone of a fish stock, there is a restrlcted expLoitation area
(Which couLd be for exampLe the nursery) where we can find more
conditioned fish than in the nearby areas. By means of migrations
lnslde the distrlbutlon zone, tnese condltloned f lsh can m1X wlth
naive fish. 50, the catchabiLity of fish inside these stocks
couLd be lower than in "wlLd" stock.

6
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Fig. 7a. Frequenc~ Histogram of fish TS
Gulf of Batabano. oct. 1989
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SOUND SOUND SOUND
PULSE 3 PULSE 2 PULSE 1

FLIGHT AND DISLOCATION 4 8 12

FLIGHT *** 3 6 9

DISLOCATION ** 2 4 6

AGITATION * 1 2 3

Table 1. Scale of values of the conditioning in terms of
reaction ways and reaction time.
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Fig 1. Evolution of the reaction during the conditioning

phasis at the moment of the pertubation.

REPETITION SOUND PULSE 1 SOUND PULSE 2 SOUND PULSE 3

1 / ** ***
2 *** *** ***
3 / / **
4 / / **
5 / / /
6 / * *7 / / /
8 / / I

Table 2. Levels of reaction during the second part of
the experimental phasis.
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RESUME

Nous avons etudie dans des conditions experimentaLes L'ap
prentissage et Le conditionnement de petits poissons peLagiques a
un stress. Les pOIssons peuvent ~tre conditlonnes et peuvent,
aores conditionnement, entrainer des reactions dans un banc de
pOIssons naifs. Nous dlscUtons ensuite de l 'infLuence possibLe
des comportements observes sur la capturabllite.

RBSTRRCT

We have studied In exoerlmentaL conditions the learning
conditioning capabiLities of small tropicaL peLagic fishes
stress. The fish can De stress-conditioned and those fish
Lead to reactions In a "naive" flsn scnOOL. We discuss tnese
suLts and the infLuence of tnese behaviours on fish catching.

INTRODUCTION

and
on a

can
re-

In oroer to better surround the Importance of lnolvldual be
haviour of oeLaQlc fishes In the lormation, tne structure and the
reactions of a scnooL, ana in order to better define the probLems
met during ~helr catcn, we have studied In experimental conoi
tions tne Learning ana conditioning capaOILitles of a coastaL
trOpicaL cluoeolo fiSh: Opistnonema oqlinum.



The hypothesis is:

Previously stress-conditioned fishes (Pavlovian Condi
tioning) introduced in a school of "naive" fishes (non conditio
ned) can induce alarm or fLight reactions in the whole schooL by
contagious effect (Levin and GriLLet 1988).

METHODOLOGY

1. Catching fishes and experimentaL structure.

The fishes were caught Dy day in front of the station
with a littLe Lift net. FishIng was executed without handLing the
fish and without emerging them. The fish were carried to the ex
perimentaL area under smooth anesthesia and heavy oxygenation. R
prophyLactic antiseptic treatment was appLied during the first
few days to prevent a bacterian proLiferation in the tanks.

Two sets of thirty fish of 15 cm mean Length were caught In
tnis way and Drought separateLy and successiveLy into two joined
tanks of four meters in diameter and 1.6 high. These two twin
tanks in open circuit were strictLy iaenticaL in shape and co
Lour. The first tank in which takes pLace the condItioning and
the experimental phasis was fItted out wIth an unaerwater Loud
speaker, a sLiding and rigid net Laia down on the bottom, and a
video camera aDove. The second tank was bare.

2. ExperimentaL protocoL. (Diagram 1.)

The first set of fish were pLaced In the second tank to
be kept on accLimating phasIs. These accLimated and non
condItIoned fISh wiLL De caLLed "naive" fisn. The second set, was
Introduced in the first tank. During three days of accLImatatIon,
a serIe of three sound puLses of five seconds duration and at a
frequency of 2500 Hz was emitted in an erratic way ( Scharz and
Greer 19b4 ). Therefore, we shouLd confIrm that this sound didn't
invoLve any fish reactions. Then, we associated these transmit
ted pulses with a stress. This stress consIsted of hOIsting the
net cLose to the surface. We couLd consider the conditioning pna
sis ends when aLL the fish reacted to the first sound puLse. We
want to determine tnroughout thIS phasIs, how many repetItions
are required for thIS conditionIng.

During the experimentaL phasis, one part of tnese conditio
nea fish was Joined with the naive fISh In the second tank, the
other part is reLeased. fnen, we observed how naive congenerics
react to the fLight behaviours of condItioned fish when the sound
puLses occur. In the second phase, we removed thIS duaL schooL
back to the fIrst tanK in order to measure a possibLe tank ef
1 e et.
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3. Behaviour criteria heLd.

Each record of ten minutes was divided into three pe
riods: before, during and after the inductive factors (sound puL
ses onLy or sound puLses foLLowed by the stress). For each pe
riod, the cohesion and the activity of the schooL were measured
through eight behaviouraL criteria.

The cohesion and stabiLity criteria of a schooL are in de
creasing order:

the structure in MILL where the fish sWim sLowLy in
circLes. This structure IS considered as a behaviouraL form of
protection. It is a good index of stabiLity and defence of a
schooL.

- the structure in SL~CK SCHOOL where the interindi
viduaL distances are approximateLy equaL to the body length and
where the swimmming speed is slow.

- the structure in DENSE SCHOOL where the interindivi
dual distances are short and the swimming speed IS faster than in
a slack school.

the DISPERSION where no fish swim in the same direc
tion in group.

The actiVity behaviour criteria of the school are in decrea
sing order:

- the RLRRM RERCTION which affects only one fish and
which doesn't induce reaction towardS tne other.

- the FLIGHI RERCfION WITH REGROUPING.

- the FLIGHT RERCIIDN WITH DISPERSION.

We measurea the occurences and the durations for each crite
rion In each period and aLso the same thing tor the sum of alL
the reactions.

RESULTS

1. ~cCLlmatlZation pnasls.

first, we notiCed tnat no mortaLity ano no unexpected
oenaviours occureo during the experiment. fnerefore, we consider
tnat the fish nave adapted correctly to their captivity.

3



The tests on fish during each sound puLse
reaction is Low and decreases during this phasis.
tests show no reactions on any puLse. Therefore,
is considered as a neutraL stimuLus.

2. Conditioning phasis.

show that the
The Last three

the sound puLse

In order to folLow the evoLution of conditioning, we
set up a tabLe of weighting factor taking into account both the
reaction ways (increasing from agitation to fLight and disloca
tion) and the running number of sound puLse (increasing factor
from puLse 3 to puLse 1). These vaLues are shown in the tabLe 1.

The reaction curve rises up to the maximum at the end of the
phasls (Fig.1). The fish react earLier and earLier to the stimu
Li. The evolution of reaction ways is graduaL in the case of the
first sound: at first, aLarm reactions occur wIth excitement,
tnen fLight reactions with a dislocation of the structure, and
finaLLy fLight reactions with regrouping. During the same phasis
at the moment of pertubation, both the duration of miLL structure
and the regrouping fLight reaction increase. ( Fig.2 and 3 ).

Then, the condItioning shouLd be accomplished at the
same time by an increase of the individuaL sensibiLity to the
stress and an increase of schooL stabiLity, it's cohesion and de
fence.

3. Experimental phasis.

With the same criteria used during the conditionIng
pnasis, we anaLysed the reactions of the mixed schooL on the StI
muLi. They were nuLL and void during the first phasis when the
fish were introduced into the first tank. On the other hand, we
observed fLight reactions and disLocation at the beginning of the
second phasis wnen we put the fisn back Into the second tank.
These reactions whittLed down quickLy untiL they just became in
diVIduaL aLarm reactions in the end. ( tabLe 2 ). Ouring the same
phasis, at the moment of pertubation, the duration of dispersIon
oecrease whiLe the duration of miLL structure Increase. (Fig 4
and 5).

In first anaLysis, it seems that the reactIon of the mixed
SchooL is Low. This schooL acquires a strong stabiLity and cohe
sion at the end of tnis phasis.

DISCUSSION

The first question IS: can the fish be condItIoned? i.e. I in
our experimentaL condltlons, are tney abLe to recognize a sound
emItted in tne water and associate it with a further event (here:
a stress)?

In the case of a pOSItIve response,

4
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are:
- how is this association (stimuLus-stress) seLf made?

i.e., how does the reaction to the stimuLi evoLve during the con
dItioning phasis ?

how many repetitions does it take for thIS conditio-
nlng ?

In the second part of the experience, we tried to answer the
foLlowing Questions:

The resuLts show that the conditioning of fish is possibLe.
The interesting fact is that the conditioning to a stress doesn't
Lead to panic in individuaLs but to a strengthening of the schooL
cohesion in their fLight reactions. This panic might be obtained
with a stronger intensity of the stress and with a Longer condi
tioning duration. In any case, we did not obtain a stabiLization
of the reactions at the end of the conditionIng phasis. Therefo
re, a stronger conditioning shouLd require more than fifteen re
petitions.I

I
I
!

- Do the conditionned fish introduced into a
schooL react to the conditioning stimuLi?

"naive" fish

- If so, how long do they react? - Do the flight reactions
of the conditioned fish induce a reaction In the whole mixed
schooL? - What are these reactions?

~t the begining of the experiment, when we add a part of the
conditioned fish with the naive fish, we do not observe any reac
tion from the mixed school. To account for this resuLt we may
consider the folLowing explanations. First, the stability and the
cohesion of the schooL are so strong that the conditioned fish
are completely wrapped up in the naive school and cannot react to
tne stimuli. This is speciallv plausIble because the school are
usually in mill structure. The formation of thIS structure was
described first by Breder (1951). It happens frequentlv after a
snort period of "confusion" in which tne school IS temporarily
disrupted, wIth fishes pointing In all directIons. We think for
this reason that this structure ensures good protection for alL
the congenerics In this case tnere is a huge schooL Inertia,
and the group effect is preponderant in front of tne IndividuaL
effect.

Secondly, tne condItIoned f ish hear the stimuLus but do not
react because they are not in their own tank. So, In a second
phasis, we put the Whole school back into the conditIoning tank.
During this the second phasis, at tne beginning, the school reac
ted to the stimuLI then this reaction decreased rapIdLy. [nls se
cond phas15 demonstrated tnat the prevIousLy stress-condItIoned
fISh were stILL conditioned Decause they react to the stimuli.
rhen, tnev were aole to Induce a flight regrouping reaction of
tne mIxed SChool altnough the mILL structure should set oneself
agaInst It.
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In this case, the individual effect is preponderant in
front of the group effect but, the flight regrouping reaction ap
peared during the first four sets of sound pulses after a great
part of the presumedly stress-conditionned fish reacted. ~t the
end of the experiment we recorded alarm reactions from some of
the fish which did not induce flight reaction of the school. The
refore, we presume that a threshold proportion of the group must
be stressed in order to induce a flight reactions of the whole
school. That means that the leading reaction inside a school re
quires a threshoLd proportion of conditioned fish. In our experi
ment, thIS threshold is only reached when all the stress
conditionned fish react.

If the reaction decreases rapidly it may be due to the short
time of conditioning or the weakness of the stress (in order to
avoid hurting them, the fish were not emerged).

To explain the differences between the two tanks, we can as
sume that a visual relay is required to recall the conditioning
to the previously stress-conditioned fish. Without this relay,
they cannot react and so, do not lead the whole school. In our
experiment, this visual relay could be the net laid down on the
bottom.

CONCLUSION

The conditioning of a fiSh school is possible under experi
mental statements. We have seen that the essential statements for
Learning and conditioning are a sufficient intensity of the sti
muLi and a relativeLy high number of repetitions. Without these
statements conditioning should be impossible in the natural enVI
ronmemt. These condItions are found in intensive fishing areas
where a Lot of ShIPS sail, fish and trawL. Therefore, we shalL
have to observe In other experiments if the increase of both In
tensity and duration of the stimuli could induce a better Lear
ning and conditionIng.

In our experiments the leading of naIve fish by conditioned
fish seems to require a VIsuaL relay In front of the strong iner
tia of the school. To examine this hypotheSIS we could put ano
ther net on the bottom of the second tank (previousLy bare tank)
before the experIments and oDserve the reactions of the mixed
school. In the naturaL environment these kind of mixed schools
ShouLd exist. Indeed, we can imagine that inSIde the distrIbutIon
zone of a fish stock, there is a restricted exploitation area
(which could De for exampLe the nursery) where we can find more
condItioned fish than in the nearby areas. By means of migratIons
InSIde the distrIbutIon zone, these condItIoned fISh can mIX WIth
naive fish. So, the catchabiLity of fish Inside these stOCkS
couLd be lower than in "wild" stock.
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SOUND SOUND SOUND

PULSE 3 PULSE 2 PULSE 1

FLIGHT AND DISLOCATION 4 8 12

FLIGHT *** 3 6 9

DISLOCATION ** 2 4 6

AGITATION * 1 2 3

Table 1. Scale of values of the conditioning in terms of
reaction ways and reaction time.
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Fig 1. Evolution of the reaction during the conditioning
phasis at the moment of the pertubation.

REPETITION SOUND PULSE 1 SOUND PULSE 2 SOUND PULSE 3

1 / ** ***
2 *** *** ***
3 / / **
4 / / **
5 / / /
6 / * *
7 / / /
8 / / /

Table 2. Levels of reaction during the second part of
the experimental phasis.
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INTERNATIONAL SYMPOSIUM ON THE LONG-TERM VARIABILITY
OF PELAGIC FISH POPULATIONS AND THEIR ENVIRONMENT

14-17 NOV. 1989, SENDAI JAPAN
PERGAMON PRESS ed.(sous presse)

SE~SON~L ~NO INTER~NNU~L V~RI~TIONS OF

HE~N [~T[H PER SET IN THE SENEG~LESE S~RDINE FISHERIES:

FISH BEH~VIOUR OR FISHING STR~TEGY?

P. FREON

ORSTOM, PoLe Caraibe, BP 81, 9725& Fort~de-France

Cedex, Martinique (French West Indies), France.

~BSTR~n

The annuaL c.p.u.e. and mean catch per set of the seiners working aLong the
Petite Cote off SenegaL from 1969 to 1987 have been studied using muLtiva
riate and time series anaLysis. The annuaL mean catch per set has decreased
from 22 to 4 metric tons during this period.

This phenomenon may correspond both to a decrease in the proportion of the
Large schooLs in the stock, and to a reaL decrease of the overaLL abundance
associated with a modification of fishing strategy: fishermen accept to
catch smaLLer and smaLLer schooLs since Larger schooLs are Less frequently
found. The increase in fishing effort and the variation of upweLling
strength seem to govern these changes. The possibiLity of using the mean
catch per set as an index of school size, and perhaps of abundance, is envi
saged in the concLusion.

KEYWORDS

SchooLing behaviour; catch/effort; UpwelLing; SardineLLa; SenegaL.

INTRODUCTION

The industriaL purse-seiner fishery of SenegaL started in 1961 with one
ooat. ~fter a period of Learning and Low effort, the number of boats in
creased irreguLarLy from 2 boats in 1966 .to 15-20 in 1985 (BoeLy and [haban
ne, 1975; Freon et aL., 1978; Freon, 1986). Recently, the fLeet declined,
mainly for economical reaso~s (old boats, competition with smalL-scale fis
hery i .

The small-scale and artisanal fishery is much older, but catches of coastal
pelagic species increased dramatically in 1972 with the iniroduction of the
purse-seine on existing canoes (Freon et al., 1978). Thi5~fishery provided
more than 90\ of the catches during recent years.

In both fisheries, Which operate in partially overlapping fishing grounds,



large variations oj catcnes per unlt of effort <c.p.u.e.) expressed in catch
per search time, are observed at seasonal and interannual levels, largely
because of flshing effort varlations ano environmental changes (Freon,
1986). Both catcn per set and c.p.u.e. snow the same seasonal fluctuation
and the same decreasing trena in tne industrial fishery (Freon, 1986). ~s

the catch per set in such fisheries is more or Less representative of the
schooL size, tne obvious question is: does the decrease of c.p.u.e. corres
pond to a decrease in the number of schooLs or to a decrease in their size,
or both? In order to try to answer this question for the SardineLla spp.
stocks off Senegal, an analysis of the bias in c.p.u.e. and schooL size as
Long-term indexes of abundance is performed, bearing in mind the infLuence
of behavioraL change in both fish and fiShermen (i.e. changes in fish aggre
gation pattern or changes in fishing strategy).

The senegalese fiSheries catCh mainly young S. aurita and S. maderensis and
more mature aduLt S. aurita anG Carangidae. The mean time per trip is 10
hours, and zero to three successfuL sets are normaLLy performed during this
time period.

MATERIAL AND METHODS

Data on the industriaL fishery were Obtained from daiLy interviews with fis
hermen returning to the harbour or Landing site after their daiLy trip. For
the industriaL fishery the rate of sampLing is around 98\ for catches and
efforts, except in 1973 where it was Lower than 80\; reLiabLe and represen
tative data are avaiLabLe from 1969. For the artisanaL fishery, the annuaL
data sets are compLete onLy from 1977. Both series anaLyses stop in 1987, at
the beginning of the industriaL fishery coLLapse. In this paper, onLy the
industriaL fishery data are anaLyzed, except for totaL production modeLLing
where totaL catches are considered.

Each record in the data fiLes corresponds to the fishing operation of a sin
gLe boat in a singLe area (except in 1976, a singLe area was fished during a
trip in more than 95\ of the annu~L observations). The catch per individuaL
set is not recorded in the data fiLes, but the numbers of successfuL and un
successfuL sets per trip/area are avaiLabLe. Therefore various indices of
schooL size can be computed:

- the mean catch per totaL number of successfuL sets (c.p.t.s.s.); this pro
vides the greatest possibiLity of underestimation of the school weight due
to the possible saturation of boat-loading capacity when loading the last
set;

- the mean catch per number of successful sets, selected for trips with only
one successful set \c.p.s.s.1}. About 37\ successful sets are made during
such trips. Except for very large SChools, this index is designed to limit
the saturation effect. It may underestimate the proportion of small schools.

- the mean catch per number of successful sets, selected for trips with only
one successfuL set (as previousLy) and for the other trips when landings are
obviously lower than boat-loading capacity (c.p.s.s.2). This index is used
to overcome the previousLy mentioned possibility of underestimation.

The catch per time unit of searching and the catch per total time fishing
(time searChing plus time catching the fish) are considered the best indices
of abundance for these fisheries. aLthough not completely unbiased (Freon,
1980). A summary of the avaiLabLe sampLes is presented in Table 1.

-~-
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TaoLe 1. Summary of avaiLaoLe oata for tne industriaL
fishery from 1969 to 1987.

l
I

1S 419

27 091

Number of !
trips !

"1 S 4 19

Number of
Sets

! One successiul
! set per trip

! More than one 26 276 11 672
! successfuL set
-----------------------------------------1

TotaL
! successfuL setsh 41 695

l
I
I
I
~
j...

I
I

! UnsuccessfuL
sets

14 684 7 980

==========================================
TOTRL sets 56 379 35 071

==========================================

Other variables aLso recordeo are: date, boat identification, weather at sea
as declared by the captain, total time at sea, fishing area (20' latitude
zones combined with choasen depth intervals), estimation of the landings,
commercial categories (for each species). The time of day corresponding to
each catch has been recorded since 1975. Rppropriate meteorological data was
avaiLable from the coastal station of Cap-vert peninsula.

...

Rs most of the previous variables may be related directly or indirectly to
the mean catch per set (size of the boat, temporal and spatial allocation of
the fishing effort, etc), muLtivariate analyses were performed on the whole
data set. Data was recoded in order to obtain a complete disjunctive table,
then a factoriaL anaLysis performed from a Burt table (Benzecri, 1973).

RESULTS

... General data set analysis

From the multivariate analyses (not shown), it is obvious that some signifi
cant changes occurred in the fishery during the period of study. Indexes of
abundance and 01 school size both show a considerable decline (see below).
The mean size of the boats, when weighted by their number of trips, did not
change markedly (extreme annuaL values: 22.53 m in 1983 and 20.15 m in
1986). However, the range of boat sizes was greater in the eighties, owing
to the arrivaL in the fishery of smaller boats (15-16m), operated by the go
vernment. The weather at sea varied considerably from year to year. Recor
ding to fishermen interviewed, it was very bad in 1976 and from 1979 to
1986. Unfortunately this data is not always consistent by day or by area,
nor is it correlated to meteorological data. The fishing area was slightly
larger in the past. Fishing grounds were not as deep as those currently fis
hed. During recp.nt years, fishing operations more often took place later in
the day or during the night (in comparison to the historical period). The
proportion of different species in the catches changed from year to year,
without clear long-term tendencies with the exception of a decrease in the

- 3 -



young year-cLasses of S. aurita associated with an increase In the young
year-cLasses of S. maderensis up to 1984, and a decrease of aLL other warm
season species (mainLy Pomadasys spp., ChLoroscombrus chrysurus and EthmaLo
sa fimbriata). The proportions of cold-season species (mainLy Caranx rhon
chus, Scomber japonicus, Trachurus spp., and the o t ce s t year-cLasses of h
aurita) was sUbject to variation without visibLe trend (TabLe 2). Other va
riabLes concerning the fishing strategy did~not change significantLy.

Table 2. Proportion of the different species (\) Landed
by the industrial fishery from 1969 to 1987.
O-Sa: OLd year cLasses of SardinelLa aurita;
Y-Sa: Young classes of S. aurita;
Sm: S. maderensis; Cr: Caranx rhonchus;
Cc: ChLoroscombrus chrysurusj
Ef: EthmaLosa 'fimbriata; Sj: Scomber japonicus;
Pspp: Pomadasys sPP (ma i nl v P. jubeLinU;
Tspp: Trachurus spp. (mainly T. trecae).

==============================:================================
! Year O-Sa Y-Sa Sm Cr Cc Ef Sj Pspp Tspp Oth. !
===============================================================

69 40.0 13.4 25.7 7 . 1 4.2 0.9 0.0 7.5 0.1 1 .1
70 29.9 18.9 24.4 9.2 3.9 1.0 0.3 10.4 0.1 1.9
71 59.2 6.6 14.2 0.9 0.2 4.0 0.0 15.0 0.0 0.0
72 62.6 6.2 17.8 4.7 0.2 1 .0 0.0 7.1 0.0 0.4
73 48.5 4.5 26.2 4.2 2.2 0.4 0.3 6.5 0.5 6.7
74 30.6 21.5 29.2 5.3 2.0 0.5 0.3 3.8 3.5 3.3
75 32.9 7.6 31.0 5.3 0.7 0.8 9.8 1 .7 5.4 4.8
76 28.2 18.4 37.5 6.0 0.5 0.4 0.2 1.2 3.5 4.1
77 28.8 19.6 33.3 6.0 1 .0 0.9 0.2 2.9 2.0 5.3
78 27.8 29.2 24.4 7.2 1.0 0.0 0.2 3.5 1.2 5.5
79 29.2 22.5 33.1 6.4 0.9 0.0 0.6 1.0 0.5 5.8
80 20.9 31.4 31.5 9.5 1.2 0.0 1.0 0.3 0.5 3.7
81 21 .9 27.6 34.5 8.2 0.5 0.0 3.0 0.3 2.1 1.7
82 9.2 15.3 50.4 14 .4 0.7 0.2 1 .7 1.4 3.5 3.2
83 9.3 19.1 51.4 5.5 0.8 1.4 5.5 0.1 5.1 1.8
84 15.8 9.1 49.0 1.4 0.9 2.4 9.4 0.9 5.5 5.6
85 47.9 8.8 32.4 1.0 1 .8 0.0 0.5 0.6 3.6 3.4
86 35.8 7.8 38.6 2.0 1.0 0.1 4.6 0.0 3.2 6.9
67 55.7 6.0 28.3 0.1 0.6 0.0 4.4 0.0 2.5 2.4

===============================================================

Even though the factoriaL anaLysis is mainLy a quaLitative descriptive me
thod, it indicates no important aspect of the above described Long-term
changes on annual abundance and schooL-size indexes; this despite strong
seasonaL or daiLy variable infLuences (exampLe, weather at sea (Levenez, in
preparation), hour of the catch, etc). The onLy exception is, to some ex
tent, the infLuence of average boat size.

The comparativeLy weak infLuence of boat size and equipment on c.p.u.e. was
mentioned in a previous study using only 1977 data (Freon, 1980). Using the
whole data set, the recent introduction of smaLL boats shows the effect of
boat size on different variabLes, especiaLLy on the mean catch per set. The
refore, the anaLysis was done using onLy medium-size boats (18 to 23 m),
which represent the buLk of the fLeet, except during the Last years. Fortu
nateLy an oLd boat has been working continuousLy during the period studied,
and its data have been processed separateLy; simiLar figures were obtained.

- 4 -
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C.p.u.e. analyses

The c.p.u.e. of the industrial fishery shows large seasonal and interannual
variations, mainly due to the two principal species of Clupeidae: Sardinella
aurita and Sardinella maderensis (Fig. 1 and 2) which account for respecti
vely 47' and 31' of the catches~over the period studied. Such variations
have already been explained by:

-the increasing fishing effort over this period (explaining the general de
creasing trend in c.p.u.e.),

-the interannual fluctuations of the upwelling, shown in Fig.3 (explaining
most of the abundance anomalies after suppression of effort effect),

-the seasonal fluctuations of the~pwelling and the associated fish migra
tions and/or seasonal abundance variations.

From these observations a surplus production model including an upwelling
index has been developed (Freon, 1986).

CJ)
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Fig. 3. UpwelLing index from 1968 to 1987: mean
wind speed from November to May (source: ~SE(N~).

School size index analyses

The catches per set (Fig. 4) and the c.p.u.e. (Fig. 2) exhibit similar
trends, whether when considering the c.t.s.s. (decreasing from 22 to 4 me
tric tons; not shown), the c.p.s.s.1 or the c.p.s.s.2. Since the c.p.u.e. is
the product of the mean catch per set (w) by the number of sets (n) per fis
hing effort (f) (c.p.u.e. = w n / f), the number of successful sets by time
fished did not sho~ a steady change during the period of observation. Only a
slight increase of this value can be noted from 1970 (Fig. 5). The interpre
tation of S. maderensis figures is not so easy because this species is less
abundant and often mixed with s. aurita in a single school (see below).
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When Looking at the evoLution of set occurrence per time fished for each
weight-cLasses separateLy, it appears that the decreasing trend in c.p.u.e.
and catch per set is due bc~h to an increase in the smaLL schooLs occurrence
in the catches (less than 10 metric tons) and to a decrease in the large and
medium size schooLs (over 10 tons; Fig. 5).

The seasonal variation in the catch per set-is, once more, reLated to the
c.p.u.e. index (Fig. 1). ~ clear opposition between the two species of sar
dine can be observed: S. aurita is more abundant during the cold season and
forms large schools between October and June; the largest schools of S. ma
derensis are observed between June and September. Such an opposition re
flects the complementary demographic strategies developed by these two spe
cies in order to limit their competition. On these lines, Cury and Fontana
(1989) stressed the differences in the reproductive strategies of these spe
cies which have very close feeding behaviours. Nevertheless, the competition
does not seem to be completly 'avoided: the two species are often mixed in
the same set, and probably in the same school (Freon, 1984), especially du
ring the warm season, where young spawners are caught (Table 3).

Table 3. Half Burt table showing the co-occurence of
the two species of Sardinella in a single set,
according to their body length group (emp
irical commerciaL categories by increasing
size given by the fishermen, from I to VIII).

============================================================================
Species!
& Size !

Sardinella aurita
I 11 III IV V VI VII VIII !

Sardinella maderensis
I 11 III IV V VI VII !

========-===========================~================= = = = = = = = = = = = = = = = = = = = = =

S. I 88
II 0 86

a III 0 4 476
u IV 0 . 1 4 2608
r V 1 2 0 5 3314
i VI 0 0 0 0 5 305
t VII 0 0 1 8 2 0 3258
a VIII 0 0 0 0 0 0 0 136

========-===================================-==============================
S. I 42 5 10 9 6 0 0 0 89
m II 0 45 13 45 2 0 2 0 0 113
a III 36 11 210 164 175 4 3 3 4 3 641
d IV 2 14 108 1746 1487 50 132 44 2 0 7 4724
e V 0 2 9 110 1083 77 375 26 0 0 5 10 2103
r VI 0 0 0 5 34 63 7 0 0 0 5 6 11 121

VII 0 0 0 6 4 0 99 0 0 0 0 0 0 0 120!
============================================================================

DISCUSSION

Many factors can affect the recorded catch per set of a purse-seiner:

-the size of the net, and the boat-loading capacity, which can both lead to
an underestimation of school size,

-the decision of the fisherman in shooting the net or not,
estimation of school size (especially for small schools),
for subsequent fish-finding,

according to his
and to his hopes
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-the size of the schooLs on the fishing grounds (this is our main hypothe_
sis). Changes in schooL size or form according to a circadian rhythm, to
predation pressure or to environmental conditions, especiaLLy food density,
are weLL documented (Kemmerer, 1980; Pitcher, 1986; 8Laxter and Hunter,
1982). More debated is the infLuence of the fishing pressure on the schooL
size (Nonoda, 1985).

It is obvious that the smaLL senegaLese purse-seiners are not abLe to catch
or Load the Largest schooLs {40 to 100 tons according to boat size).From
acoustic surveys we know that the mean size of schooLs in the area was
around 10 tons in 1976 and that schooLs over 40 tons were infrequent (Ger
Lotto et aL., 1976). In this paper we try to anaLyse the changes in the me
dium and smaLL size of schooLs, where saturation effects do not occur.

When considering trips with a singLe successfuL set, the probLem of satura
tion is Limited. In consequence, the mean vaLues of catch per set are higher
and the differences between boats of different size are Less marked.

The stategy of the fishermen may vary according to the fish abundancE and
possibLy to its current market vaLue. EspeciaLLy for the first set of the
trip, the fisherman wiLL probabLy disregard smaLL schooLs and shoot them
onLy in case of Low abundance, when expectation of a better finding is Low.
This phenomenon seems responsibLe for the increase in the number of schooLs
smaLLer than 10 tons from 1972 to 1987 (Fig. 5). During this period, the
conjunction of increasing effort and decreasing upweLLing has reduced abun
dance. The probLem is to discriminate the effect of fishing strategy from a
possibLe direct effect of the environment or fishing pressure on the size of
the schooLs present on the fishing grounds.

~nother way to tackLe the probLem is to Look at the evoLution of Large set
occurrence. By excLusiveLy seLecting trips with a singLe successfuL set, we
overcome not onLy the saturation probLem but aLso remove most of the even
tuaL infLuence of fishermen's behaviour: in any situation the fishermen wiLL
aLways prefer to shoot the Large schooLs. It appears cLear that the occur
rence of schooLs over 30 tons decreased markedLy during the 1972-85 period.

Of particuLar interest is the reLativeLy high occurrence of smaLL sets in
1969 and 1970 (Fig. 5). The situation was not simiLar to the mid-seventies
period, even though identicaL vaLues of catch per set were observed: the up
weLLing strength was at its minimum and fishing pressure was Lower. The
weakness of the upweLLing seems the major event which expLains the reLative
abundance of smaLL sets during this period. ~ comparative study of the ano
maLies of cpue, catch per set and upweLLing index was performed after remo
ving the autocorreLation in the series by using the residuaLs of ~RIM~ mo
deLs (Box and Jenkins, 1976). The study of the cross-correLation functions
cLeareLy indicates Lagged reLationship (from 2 to 14 month, according to the
period of the year) between upweLLing and c.p.u.e. series, and a weaker re
Lationship between upweLLing and catch per set.

FinaLLy, it seems that both environmentaL conditions and expLoitation LeveL
infLuence schooL size. The fishermen's strategy obviousLy overestimates de
crease of mean schooL size when the size of the sets is anaLyzed, because
they accept to shoot smaLLer schooLs in the case of Low abundance. Neverthe
Less, if used carefuLLy, the mean catch per set can provide a reLiabLe index
of mean schooL size and maybe of abundance, associated to the analyses of
the number of schooLs per weight class detected per time unit. The smallest
weight classes must be eliminated before anaLysis, and speciaL attention



must be paid to any changes in the fishery (gear, equipment, size of boat,
time of fishing, market, etc).

Using the c.p.s.s.2 (after removing the sets of Less than 2 tons) as an in
dex of abundance for both species of SardinelLa, a surpLus production modeL
including the upweLling index has been adjusted successfully (Freon, this
meeting). The theoreticaL effort index is in this case proportionaL to the
number of sets, and it provides a more realistic picture of the evolution of
fishing pressure than the results obtained by dividing the total catch by
the c.p.u.e .. NevertheLess, further studies on the artisanaL fishery (which
seems to present a different pattern) and on other stocks are required befo
re adopting such an abundance index.

CONCLUSION

In the senegaLese fisheries, the mean catch per set presents Large seasonaL
and interannuaL variations, mainly related to schooL size and secondariLy to
the fishermen's strategy as far as small sets are concerned.

For purse-seine fisheries of peLagic species, the time searching for fish is
usuaLly considered as the best effort unit to be used in c.p.u.e. caLcuLa
tion, as far as abundance index is concerned. Nevertheless the use of such
an effort unit may introduce a bias in stock assessment, specially in the
case of overexpLoited stocks of coastal pelagic fish where a reduction of
the area of distribution is often observed. The analyses of the mean catch
per set and of the number of sets do not overcome all the problems, but re
presents a complementary information for stock assessment. Moreover, the
distribution of school weight is important in managing the fishery (size of
gear, loading capacity of the boat).
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