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PREFRCE

Ce document reunit Les principales communications des cher-
cheurs travaillant dans Le programme EICHOANT (Evaluation de
L'Impact du Comportement en Halieutique et sur Les 0Observations
Acoustiques en mitieu Naturel Tropical) présentees a differents
congres ou entre Le 1/1/87 et Le 30/4/80. (Cette compltation nous
a semblée nécessaire dans la mesure ou ces documents ne sont pas
facilement disponibles et ou ces resultats ne sont pas pour L'in-
stant publiés sous une autre forme. En effet, Le programme EI-
CHOANT s'est trouvé au cours de cette periode dans une phase 1n-
tensive de terrain durant laquelle seul ce type de publication
était &8 Lla fols possible (car rapide) et nécessaire (afin de
prendre date dans un domaine en pteine evolution).

bD‘'autres communications (ou rares publications) ont éte
realisées au cours de cette periode. On en trouvera La lListe ex-
haustive dans Le tableau présente ci-dessous. Les travaux ne f1l-
gurant pas dans tLa presente compilation sont, pour L'essentiel,
des communlcations a des groupes de travail du CIEM (Conseil In-
ternational pour L'Exploration de La Mer; ICES en anglais) qui
ont eté reprises dans des communications présentées Lors des re-
unions statutaires de cet organisme. On y trouvera également
quelques travaux situes en marge de La problématique de EICHORNT.

PREFACE

This document is a reprint of the main contributed papers
presented during congresses by scientists of the EICHOANT program
(Evaluation of Behaviour Influence on Fishery Biology and Acous-
tic DObservatieons 1in Troplcal Open Sea), from 1/1/1987 to
4/30/1930. The edition of these collected reprints was necessary
because on the one hand these papers are not easlly available
and, on the other hand, the results of our studies are not vyet
published elswhere. The EICHOANT program 1s stilt in a period of
intensive data collection and the contributed papers give the op-
portunity of a fast publication.

Some other contributed papers (or 1n some cases publica-
tions) were written during this period. R complete list is avai-
Lable 1n the table presented further. The papers which are not in
the present collected reprints are mainly contributed papers to
ICES working groups (International Concil for the Exploration of
the Sea, FRST and FTFB working groups) whose results are usually
reported 1n the contributed papers presented during the ICES sta-
tutory meeting. Some other papers deal with subjects indirectly
related to EICHORNT topics.




TABLERU DE CLASSIFICATION DE L'ENSEMBLE DES
PUBLICATIONS DES CHERCHEURS 0OE L'EQUIPE EICHOANT

du 1/1/87 au 30/4/90

(Classification table of the whole set of EICHORNT

papers from 1/1/87 to 4/30/90)

PRESENTRTION

Le tableau ci-dessous présente L’ensemble Les publications
des chercheurs travaillant dans lLe programme EICHOANT entre Le
171187 et Le 30/4/30 (seules deux publications antérieures a
1887, mais rentrant dans La problématique du programme, ont éte
rajoutées). Les communications compilées dans Le présent document
sont indiquées par un astérisque en marge. De plus, Le tableau
présente cing entrees:

N - Numéro d’ordre dans Le tableau (ordre conventionnel).
A - L'action de recherche EICHOANT concernée par lLa publication;
I - Le niveau d'intérét scientifique de La publication;

DO - Le niveau de diffusion du support de publication;

R - La réference scientifique de La publication;

Actions de recherche EICHODANT
0 - Hors programme EIEHDan (7 publications).

A- Etalonnage et évaluation des erreurs et biais en écho-
intégration (13 publications).

B - Adequation de lLa méthode d’écho-intégration aux biotopes
insulaires (4 publications}.

C - Structure et stabilité des bancs et agrégations (7 publica-
tions).

0 - Mise au point ou utilisation de méthodoltogies nouvelles

(6 publications).

E - Impact de L'’apprentisage sur L ‘'évaluation des stocks (1 pu-
bltication).
F - 1Influence du comportement sur Les résultats de La dynamique

des populations (2 pubgications).



Niveau d’intéret scientifigque de lLa publication

Résultats repris dans une publication de syntheése, ou tra-
vail traduits dans une autre tangue (9 publications).

Intéreét moyen (12 publications).

Grand intérét ou synthese (13 publications). Les publica-
tions de syntheése portent Les numéros d’'’ordre suivants: 9,
18, 24, 25, 28.

Niveau de diffusion du support de publication

Littérature grise, diffusion Limitée aux demandeurs (rap-
ports de contrats en particulier): 4 publications.

Communication & des groupes de travail, diffusion Limitée
aux experts internationaux des domaines acoustique et com-
portement Liés & L'halieutique (exemple: groupes de travail
du CIEM): 14 publications.

Communication & des congrés, diffusion assez large au deta
des spécialistes (exemple: réunions statutaires du CIEM): 15
pubtications.

Publication dans une revue: 1 pubtication.
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METHOODLOGICAL APPROACH TO STulY BIAS INDUCED BY FISH

BEHRVIODUR DURING HYDRO-RACOUSTIC SURVEY

by

Pierre Fréon & Frangols Gertotto
PGle de Recherche Oceéanologique et Halieutigue Carailbe
ORTOM, BP 81, 97256 Fort-de-France (Cedex,
Martinique (French W.I1.)

ABSTRACT

H methodolLogy 1s proposed for studying fish school be-

haviour, 1in order to guantifv 1ts intiuence on stock abun-
dance estimations using acoustics. Observations take place
1N _situ or 1nside a Large net, set 1n shallow waters. This

enclosure (up to 70 m diameter) 1is 1nstalled in areas where
transparent waters allow the use of optical devices 1in addi-
tion to the acoustic equipment.

Ine 11rst studlies concern the internal school structure
anc 11s mopdltication when 1nfluenced bv a vessel, the verti-
cat schonl avoidance and the mean target strenqgth measure-
ment 1nside small scCnhoots. Some of the preiiminary results
are agiven in an other communication (Gerlotto and Freon,
this meet1ing).

RESUME

Les auteurs presentent une serlie d’'outits metnodotogl -
gues M1s au DO1NT pour ('etude du comportement des bancs de
pLiIssons, arin gde guantitilier L'1ntluence de Cce comportement
sur les eptudes de stocks, en particuller L'’estimation des
U10masses 0es populations mesurees par ecnNo-integration. Les
nhservations s’‘etfectuent 1n S1Ttu OouUu a L’1nterleur d'un efn-

Lius BN f1Lel de grandes dimensions LpLtus de /u m de dlame-
1re), 1nstalle dans une zone bpeu protonde. La zone est chol -
s1e en ralson de La transparence de Leau, ce gul- - permet

L empLOl 0'apparel1Ls ge visuallsation directe Lcamera sous-
marines) en pLUS aes eqQulpements acoustiques.

Les premleres etudes concernalent La structure 1nterne
des bancs et ses moditications en fonction de L'influence du

i
ORSTOM
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passage d’'un bateau, La quantification de L'évitement verti-
cal et Lles mesures de T5 a L'1nterieur de bancs de petites
dimensions. Les reésulttats preliminaires de ces travaux sont
detailleés dans un autre document (Gerlotto et Freon, ce con-
gres).

I. INTROOUCTIODN

Fish behaviour studies in relation with fisheries star-
ted many years ago with the aim of improving flshery techno-
Logy. RAvoidance and escapement observations have been car-
ried out for several decades making 1t 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 1s concerned, the i1nfluence of the nume-
rous behavioural parameters nas been considered elther very
recently or not at atl, although 1t 1s predominant 1in three
main fields:

(1) Behaviour can be modified by Learning 1in relation
with a fishery, and tnus i1ntroduces a8 bilases 1n the abundan-
ce estimation when c.p.u.e. 1s used as abundance 1i1ndex.

(2) Changes 1n behaviour can be 1nduced by the scienti-
fic observer and/or his observation tools. This mainly con-
cerns the acoustic survey method: the 1interpretation of
acoustic data reguires guantification of the behavioural et-
fects with respect to the oceanographic vessel, first des-
cribed by DlLsen (1880) and more recently by various partici-
pants of the Seattle meeting (Rnonymous, 13987). The main pa-
rameters to identify and measure are in this case: the fish
avoldance caused by the stress from the vessel (noilse,
Light, shadow ...) and the fi1sh tilt angle 1nside the acous-
tic beam, 1nduced by these stimutl.

(3) Neturat behaviour quantitatively influences the
scientific observations of tne fisherv activity, ang then
the validity o1 production modeis. Tne structure of schools
anag concentrations must be Kniown, as wetitl as their temporat
and spacial variability. Studies have already been carried
out on tnis topic (Lebedev, 1967 ; Radakaov, 14973) but Laitttie
guantitative work 1s availapte with the exception of some
small schools 1n tanks. For aesi1gning ang processing acous-
LiC surveys, 1t 15 necessary 1o nNave rellable knowledge of
the tridimentional structure of scnools and concentrations,
as well as their time evoitution. such data provige a better
estimation ot the D10Mass and ol 11S contidence L1mits (A~
aien, 14983; Gerlotto and steguert, 1983 . HS snown 1N the
pioneer work ot Lusning (19/7) the genslity insig0e targe
scnNools 1S Nnot nNomogenecus, contrarv to the common belief
resulting trom visual observat:ions on small scheols. QOur
pretiminary stunles 1ndicate that a vertical density gra-
dient 1is tfregquentlv observed, wetl as discontinulty 1nside
the schoot (Lbertotto and Freon, this meeting).

With the goal o' evaluating tne eftect of fish beha-
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viour on the results of previous traditional studies, the
program EICHOANT was developed 1n 1986 in the Caribbean. For
the time Bbeing, EICHORNT (Evaluation of the 8ehaviour In-
f luence on Fishery Biology and RAcoustic 0Observations in Tro-
pical Open Sea) 1s carried out on the island of Martinique
(French West Indies) and the oriental part of Venezuela whe-
re the program 1s conducted 1n cooperation with FLASA (La
Salle Foundation of Natural History). The points (2) and (3)
have only been studied at this time and their methodology 1s
presented 1n this paper. This methodology concerns both 1in
situ observations and observations inside a Large enclosure.

I1I. METHDODLOGY INSIDE AN ENCLDSURE

I1.1. Places of observation and equipment

pftf the coast of Venezuela, a seasonal upwelling allows
the presence of a lLarge stock of Sardinella aurita, but 1n-
duces a lLow water transparency permitting mainly observa-
tions with acoustic devices. Rround Martinique, some bays
provide good working conditions (high transparency, LOw Cur-
rent, protection from the wind) allowing the 1nstatlation of
a "mesocosm" for visual and acoustical observations. This
installation (fig. 1) consists ot a 70 m diameter, 15 m
height circular net, set on shaltow grounds. Small pelagic
schools, trom 100 kg to several metric tons, are encaged 1in
the net. Underwater camera, aerial camera as well as verti-
caLl and horizontal sonars are used to observe and quantify
school behaviour.

The Simrad EYM narrow beam transducer (22°, 70 kHz) and
an Osprevy video underwater camera were supported by a buoy
at 1 m below the surface and maintained upon the deepest
part of the enclosed area. Generally the excellent weather
conditions provide a reasonabtLy stabte position ot the
equipment . The Hgenor (IFREMER/UORSTOM) ecno 1ntegrator 1s
used on realt time to provide b mn 1ntervat integratea va-
Lues, or tater 1n the Laboratory to process transmission Dy
transmission the data recorged on a UOHI tape-recorder 1n the
field.

Visual observations are made using tne wilge angue came-
ra coupLeg to the transducer as mentioned above, whicn 15
connected (o a vi1i0eo tape recorder equlpped with a precise
revolution counter and allowing a performant slow motion and
rTrame Dy 1Trame piLav-DaCk. H microphone 1% aiso connected tor
eventual comments and for checkling the svnchronlsartion pet-
ween tape angd vigeo recorgling. H b meter tube enced by a oie
meter graduated bar 1S used 10r caliprating tne si1ze 01 the
vigeo plctyres accorging to the depth ana te the monitor
screen size (t1g. <Z). Hnotnher metnod 1S 10 lake 1nto account
the physical caracteristics ot the tens and monitor, as 1t
nas been done T0r photographic camera Dy Yarvik and Mu -

rav'yev (1882).




The array of wvidep cameras set around the net and on
the bottom can provide 1nformations 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.

A B0 watt underwater loud speaker Hquavox can be used
to emi1t natural or atificial sounds in order to stress or to
attract the fish.

RLL the processing equipment 1s 1nstalled ei1ther on a
research wvessel anchored close to the net or on a lLarge
instrumented raft, providing a support for the transducer
and the camera which remains more stable and shallow than 1t
would be on a vessel (at Least 1n the coastal area where the
experiment was carried out).

Preliminary 1information has been collected on a small
school (100 kg) of Clupeild Harenqula jaguana and Carangild
Decapterus punctatus in Martinique. In Venezuela, the same
equipment has been used to observe a8 5 ton school of Sardi-
nella aurits.

11.2. Examples of bias measurement

This 1nstallation can be used to study the i1nfluence 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 Rottingen (1876)
and observed by Olsen (1887) in schools, can be studied 1in
detail from specific schools already well-described. The in-
f Luence of wvisual or auditive stimul1l on the ti1sh movements

and density <can also be studied using this approach. More
specifically, the i1nfluence of the tilt angle agi1stribution
on  tne mean volLume packscattering strength (Buerkle, 1983 ;
oote, 1980) cCcan be measured.

tircadian rytnms 1n 1t1s5h behaviour are well gocumented
(HAt1, 1880; Pirtcher, 1986). NevertneiLess, the cCcommon dlisper-
s10n benaviour of the schoots during the night 1s not sup-
ported by all observations and 1t seems that fish are able
to school under wvery Low Light Llevel (Glass and Wardle,
i986). For 1nstance, the S ton scnool of 5. aurita observed
during 20 hours showed stable 1ntegrated vaiues during the
dav angd extiremely large tiuctuations guring tne n1ght wltn
Some values cLose 1@ zero (tig. 3). These Low vaiues corres-
pong  to a compiete absence of the school petow the transdu-
cer guring the & mn recorags, while during the cay tne Scnoot
was permanenttlyv under the transducer, as 1ndicated on the
echograms. The Same benaviour was oDbserveg on anogther sSCcnuot
recorded during six hours (4.00 p.m. to 10.00 p.m.). The t0D-
cati1on of the school during thne night has not De 1nvestiga-
ted, put the most interesting polnt 1h this experiment 15
tne the analtysis of the very high values observeg 1mmediatly
atter the sunset (about four times the gay valLues). These
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values cannot be explained by a higher occurence of school
during the 6 mn interval. In fact the echogram analysis in-
dicated i1n both cases (day and sunset) a permanent presence
of the school. This 1s confirmed by the analysis of the mean
densities per sample above a 50 mv threshotd, which also in-
dicates very high densities (table 1; fi1g. 4), and by the
analysis of some sampiLes ot emissions. Therefore 1t 1s clear
that the mean density of the school increases dramatically
after the sunset. More detail on the internal structure of
this schoal are given by Gerlotto and Freon (this meeting).
However, the i1nfluence of the net, even i1n such a8 Large en-
closure, cannot be ignored and complementary in situ obser-
vations must be implemented.

111 METHODOLOGY IN SITU

ITI. 1 7S measurement

Different methods of TS measurement have been already
performed on single fish (caged, tethered or wild in_ situ)
or on number of Live fish 1n a cage (Johannesson and Mitson,
1883; Foote, 1987). Each method presents 1ts own advantage
and Limitations. The three main problems to solve are:

(1) to pertorm the measurement on fish behaving as clo-
sely as possible to their natural benhaviour and physiologl-
cal condition,

(2 to take 1nto account the effect of the transducer
beam pattern,

(3) to take 1nto account the bias 1ntroduced by high
t1sh gensity tacoustic shadow1ing or re-radiation) when
school echoes are 1ntegrated.

Ourinag the Last decade the scientific effort was orien-
ted toward the resolution ot only one of these tnree pro-
DLems 31 once,Dy measuring in situ 1ndividual wiid fi1sh when
distributed 1in Low densi1ty (dual beam ofr split beam) or by
measuring fish 1n a8 smali cage. Olsen (1986) 1ntended to es-
timate the sound attenuation under a Large herring school,

DUL dS ! 3dr 385 We know, very few attempts of IS measurements
nave bDeen gone on wito concentrations, although this seems
possible when certain congitions are satisfied. In tnis ca-

se, the above mentionned three problems are all overcome.

usling Jonannessonh & Mitson'’s (1883) notation, wnere 5.
tu the mean volume Dack -scattering strengtn, we 08T
Seos dUoLoy 0w+ 1% 48 : i

where 1% 1s tne mean target-strengtn and oo tne mean density
expressed 1n number of flsh per cubic meter. It certain con-
gitions are satisfieaq, tne mean density o, 0f a8 thin tish
ltayer can be estimated using a sounder and a camera. This
can be done considering the volume V of the truncated cone
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delimited on the one hand by the camera fietd of view and on
the other hand by the upper and Lower Limits of the Layer
(d, and d.), obtained from the sounder (fig. 2). So we get:

h = di_ - dl
r tg 8. d,
R tg e.’l. d,,»

]

n
V = 1n - (R + r2 + RpP)
3

If the Layer density 1s Likely homogeneous and presents
a fairly constant thickness, and if the mean depth of this
Layer 1s 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-
guence the sampiling 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 t1shing 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 gilven by the sounder. If the Layer thickness 1s too
high and 1ntroduces a Llarge variability of the apparent
Lengths measured on tne screen, then only the lLargest fish
can be measured, considering that they are Located 1i1n the
upper part of the Llayer (such a method supposes a narrow
distribution of the body lLengths and tilt angles inside the
schools. Other approaches can be developped using stereo
camera or a second video camera (or photo cameral) with a
Large focal lens providing a narrow depth of field.

In this (last case, a narrow 1nterval of depth can be
sampted 1nside the Laver by measuring only the fish presen-
11ng 3 gooo resotution. lhe calibration of thls second came-
ra must be achleved under 1dentical conditions to tnose ta-
K1ng pLace during the experiment on the school (turbi1daty,
t1ght 1ntensity and direction), wusing the same graduated
tupe or better & dead fish. Thils witl provide both the pre-
£15e mean geptn 0! sampting and 1ts range.

For 1nstance, 1t tne transducer and the camera Lens are
properLty cCchoosen 1n oraer to have tne angle v ol the Lens
much gyreater tnan tne mean angte ot tne transducer beam at
-3 ay, therelore the o values can be assumed to bDe repre-
sentative of the mean acoustic response of the transducer
HESH a gLrven deLtid, when the Layer 1s observed on the whole

Lcereen surtare .

Spme exoeriments were conductedg atter Ti1ixing the camera
ang tne transgucer on the raft, put otners were reaiclzed
witn tnese gevices 11xeg on the bottom and orienteg towarg
thne syrtace. Hccorging to the geptn of the lLayer and to the
water transparencv, one or the other method 15 sultable. If



the fish directivity diagram 1s 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 lLess variable data, second the
pictures are perfectly contrasted ("shadow show*} and third
there 1s absolutely no 1influence of the equipment on the
fish behaviour.

Knowing So and oo, TS can be easily calculated.

The two main advantages of this approacn are first the
completely natural behaviour 1n our experiment and second a
more random distribution of the fish with respect to the
transducer beam pattern.

This methodological appreoach cannot be applied to all

species and biotopes. It 1s essentlally adapted to some
cocastal pelagic species (or small demersal species Living 1n

schools), Lliving 1n transparent water. The following condi-
tions must be satisfied: :

(1) distance between the fish layer (or school) and the
set camera-transducer 1nside a8 2 to 12 meter interval, 1.e.
the Layer must be close enough to the bottom or to the sur -
face,

(2) water transparency enabling one to count fish using
the camera,

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

{4) homogeneous density of the fish Layer, without "va-

cuoles", and presenting a rather stable thickness,
(%) 1t the camera must be used from the surijace, sNat -
Low ground and homogeneous sea bed color oproviding 2a good

contrast with the fti1sn.

Further experaiments carried on 1Nnsi1de the enciLosure on
tne same school should provide estimations of ihe measure-
ment variability and 1ndication on the repetitivity of the
behaviour 1nfluence on the T15.

111.2 Hvol1dance reactions

Two k1nds 07 experiments 0N gvoldance reactions nNave
neen gone: rirst reproguclng o standard survey routine and
changing atternatively on parameter (1.p. boat speed, Light
cn board} 1rom one ESBU to the other, second, specCclat expe-

r1ments on a prevocated school or concentration.

Loncerning the i1rst king ot experiment, the 1niluence
ot the Light on board has been studied Quring 8 hours witn
the main L1ght of tne bow alternatively swiltched on ana off
every 5 mn (tevenez et _al. 1387). Ine echograms and anatysils
1ngicated <clearty a strong vertical avoildance of the fish
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tayer which dive 30 to 40 seconds after switching the lLight
on and exhibited an 1ncrease of 1ts thicknes (fig. 5). Sur-
prisingly, the i1ntegrated values did not indlcate a signifi-
cant difference between the two sets of data, suggesting
that the avoidance reaction 15 1n this perticular case
strictly vertical:

-mean 1ntegrated values of 40 ESDU with Llight on: 1985
-mean 1ntegrated values of 42 ESDU with Light off: 2057

An accessory but interesting result of this experiment
concern the few schools observed at night on the bottom un-
der the layer: they apparently alsoc react to the tight by a
decrease of their high and a probable increase of internal
density.

The second type of experiment 1s derived from Olsen
(1873). At night, 1n order to measure an eventual Lateral
avoidance of the fish, a small boat was stopped over a Large
fish Llayer, wailiting for the passage of the research vessel
steaming as close as possible to 1t. The acoustic signals
are recorded on both embarcations with periodic signal of
synchronization communicated by radio. Different trials have
gseen done at difterent speed for the main vessel and with
all the possible combinations of Light swilitched on or off on
each embarcation. ALl 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 eguipment (EYM and recorder) was placed on the rou-
te of a moving school and stopped waiting for the passage of
the school under 1t. 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 thls schoolt when dis-
turbed by the vessel (fi1g. B6). This methods alLlows one to
measure the diving behavigur of the school under the vessel,
which 1n turn permits an estimation of 1ts tilt anglLe (Ger-
Lotto and Freon, this meeting).

Iv. CONCLUSION

{t nas Long bDeen known that i1sh behaviour probably has
a great i1mpact on the resuLts 01 acoustic surveys. Neverthe-
iess, 1t has Deen necessary 1o wall tor technoiogical i1mpro-
vements of tne observation toots bDefore Belng able to suces-

stuliy measure this 1mpact. Tnese tools are of two kinds:
acoustlc (muttl-bDeam sonar, duat-beam and split-beam s0OuUN-
dgers, etc) and optic (photography as well as underwater ca-
meras, digltal process ot the pictures, etc). 1n some favou-
rable conditions the use ot both systems 1S possibDle, tnis
15  particutarty tne case 01 troplcat waters ctransparency,
temperature, open sea conditions, etc...)

fne methoooiogv presented here nas already been applied
on some pelaglc 11sh 1n the cari1bbean ana has made 1t possi-
pte to obtain some results on the biases due to behaviour

s}



changes when the fish are disturbed by tnhe observer. In fact
1t seems that these blases are not so 1mportant as had been
supposed, and this could 1ndicate that the results of former
surveys are not so bad.

Another polnt 1s that 1n favourable conditions the op-
tical observations are very usetul for confirming the accu-
racy of the acoustic data. The routine use of this eqgquipment
could pbe helpful 1n tropical waters, keeping 1n mind that it
would be performed with a special methodology that has not
yet been totaltly realized.
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Fig. & - Description of the methodology used to compare the posi-
tion and movement of a single school under natural and stressed
conditions.



ICES 1988 : C.M...1988/B:53. . .. . __.
Ref . H
Sess. P

INFLUENCE OF THE STRUCTURE AND BEHAVIOUR OF FISH SCHOOL

DN ACOUSTIC RASSESSMENT
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PBle de Recherche Océanologique et Halieutigue Caraibe
ORSTOM, BP 81, 97256 Fort-de-France Cédex,
Martinique (French W.I.)

RBSTRACT

The study of the i1nternal school structure and beha-
viour of pelagic fish provides interesting information 1in
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 (Fréon and Gerlotto, this
meeting).

The internal school structure is heterogeneous, 1inclu-
ding vaccuoles, and changes when the school is overpassed by
a vessel by day. In this Latter case a compression of the
upper lLayer 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 (90 transmissions/s at 86 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 1in only sensible in the first 20 m and its mean ampli-
tude is only S m. It seems that this amplitude 1s 1nversely
proportional to the i1nitial school depth. Such a limited am-
plitude allows one to estimate that the fish tilt angle 1is
tower than 10° when the school 15 overpassed. Therefore the
underestimation of density 1s 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 the
vessel route 1s overp 1f is result 1s confirmed, 1t
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could invalidate the use of lateral towed body close to the
hull. :

RESUME

L'évaluation de lLa précision des résultats de prospec-
tion acoustigques passe entre autres par L'étude de la struc-
ture et du comportement des bancs peélagiques, aussi bien
dans des conditions naturelles que Lorsqu’ils sont perturbes
par Le passage d'un navire observateur. C(Cette étude est ef-
fectuee par L'intermédiaire d’'observations acoustiques et
optiques, réalisées sur des bancs lLibres ou en enclos.

La structure i1nterne des bancs est hétérogene, 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 supéerieure des bancs. L'incidence de
ces structures sur La variabilité des estimations de densité
est étudiée: dans les conditions normales de prospection, Le
taux d’échantillonnage (90 émissions/mn, 8-10 noeuds) peut
étre trop falble sur certains type de bancs superficiels.

Les reactions de plongée de Sardinella aurita sous un
bateau semblent assez limitées, 1nférieures a celles des ha-
rengs, par exemple. Cette réaction n'est sensible que dans
les 20 premiers metres, et son amplitude moyenne est d'envi-
ron 5 metres. Dans ces conditions on a calculé que L’'impact
de L'angle de plongée sur Les mesures de TS des poissons est
négligeable.

Le brult de L'hélice est en partie masqué sur L'avant
par La coque du bateau, formant un cbne d’ombre acoustigue
qul canaliserait les polssons et quil expliquerait Le faible
évitement Latéral de ceux situés exactement sur La route du
bateau. Si cette observation est confirmée, elle peut remet-
tre en cause Lla validité des résultats obtenus & L'aide d'’'un
transducteur remorqué lLatéralement prés du bateau.

I. INTRODUCTION

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 EICHOANT program where the methodological
approach involves in situ observations as observations car-
ried out on encaged fish. The methodology, combining visual
and acoustic technics, 1is described in an other communica-
tion (Fréon and Gerlotto, this meeting).
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II. SCHDDL STRUCTURE DF UNDISTURBED FISH

II.1. In situ results

Acoustic observations of two schoolts of sardine (one of
Sardinetta aurita off Venezuela, the other of S. maderensis
cff (Cameroun) were recorded under a3 drifting dinghy. The
data of each transmission were 1integrated separately. The
first school was observed for 87 seconds and 264 transmis-
sions were recorded. The school structure presented strong
density varlations in space as shown in fig. 1, where each
rectangte represents the density inside a one metre Layer
for one transmission. The average density is higher on the
tower 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 gtobal density, but stillt ir-
regular 1n 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 1n mind that these results may present
bias owing to some acoustic LlLimitations, 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, 1882). The visual ob-

servations enables one to overcome some of these Limita-
tions.

The reality of apparent wvacuum structures inside a
school has been confirmed by visual observations on Harengu-
La jaguana observed 1in free undisturbed schools. In fact the
true observed structure Looked more Like intricated twisted
columns crossing each other, than real spherical holes. More
over, 1mportant density variations were observed on free S.
aurita and Decapterus punctatus schools appeared neat dif-
ferences 1n the interfish distance between the rear and the
front part.

I1.2. Encaged 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.

A S ton school of S. aurita, encaged in a 35 m diameter
surrounding net set «close to the beach on a8 12 m depth
ground were studied for 20 hours in Venezuela. The methodo-
Logy and the global results will be presented by Fréon and
Gerlotto (this meeting). The daytime acoustic data, analysed
transmission by transmission, indicates an heterogeneous
vertical distribution of the fish inside the schoot (table
1). Visual observations confirm the presence of vacuoles and
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column structures as noted on free H. jaguana schools. This
would enable one to suppose at a first approximation that
there are no heavy difterences, as far as density structure
1s concerned between free schools and those encaged 1in a
sufficiently wide enclosure during the day (night behaviour
has to be studied in more detail).

III MOOIFICATION OF SCHOOL STRUCTURE RAND BEHAVIDUR BY A

SURVEY VESSEL

III.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.

! ]
t SCHOOL # | 4 ! 5) | 6 ! 7 ! 8 [ Mean !
R !
T R !
| UNDISTURBED ! ! ! | | | |
! ! ! ] ! i ! |
! Top ! 4 i 2.5 ! 7 ! 4 ! 1.8 | 3.85 |
! t | ! ! { | ]
| Bottom ! 16.5 {13 1 24.5 ! 31 t 31 1 23.20 !
! ! | | ] ] ! t
| Extension ! 12.5 I 10.5 ' 17.5 t 27 {1 29.2 ' 19.35 1
; G !
T ) ] ] i i 1 !
{ DISTURBED ! ! [ ! ! ! |
] ! | ! l ! | |
] Top { 9.5 ! 10.7 t 11.5 | 9.5 ! 10 1 10.25 !
) i ) i | i | {
t Bottom ! 18.5 ! 18.5 } 27.5 ' 33.5 | 35.5 1| 26.7 ]
} I [ { i i i )
! Extension ! 9.0 t 7.8 ' 16.0 ! 24.0 ' 25.5 ! 16.45 |
e !
T T R R} 1 !
I MEAN DIVE ! ] | | ! 1 !
! | ] } | | ! !
| Top t 5.5 ] 8.2 | 4.5 | 5.5 | 8.2 ! 6.4 ]
{ ] ! t ! ! ! !
{ Bottom | 2.0 ! 5.5 |} 3.0 ! 2.5 ! 4.5 | 3.5 |
] | ! § ] | ! !
! Mean ! 3.75 | 6.85!1 4.0 | 4.0 | 6.351¢ 4.99 |
! |

Table 2. Location of the top and bottom of the five observed
schools (in metres below the surface)



Three conclusions can be drawn from these observations:

- all the schools dived before the boat passage,
without exception, and the mean dive 15 S m;

- The school nearest to the surface dived deeper

- in addition to the vertical migration a com-
pression 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 (f1ig.
4). :

A second measure of the vertical avoidance 1is obtained
by processing transmission by transmission the acoustic re-
cords when overpassing a school at a lLower speed (4 knots)
than the usual survey speed. The real gravity centres of 9
school were calculated from the density by Llayer (fig. 5R).
The same global result as previous was observed: the surface
schools present a stronger reaction towards the boat (fig.
5B).

Knowing that the interval between to consecutive trans-
missions 1s 0.33 s, the diving speed of the surface school
has been estimated at 0.1 m/s. Another interesting point 1s
the difference i1n 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 1s more stable during the second part.

I111.2. Internal structure of the disturbed schools

Secondly the density inside the school was investiga-
ted. In order to Limit the i1nfluence 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 1n order to get an homogeneous presentation of
all the results (fig. B6). Nevertheless, the densities of the
different schools 1in Layer 1 cannot be taken into account
because this Layer 1is in general completely wunoccupied 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. 0On fi-
gure 8 the density inside the 3 remaining schools Looks dif-
ferent, apparently bimodal. In fact this lLast schools repre-
sent a particular case because their bottom was reaching the
sea bed and then their vertical migration was naturally Li-
mited.



It 1s 1nteresting to compare the results of disturbed
schools to the undisturbed school of the same species obser-
ved 1n the same area. The data of the wvenezuetian school
presented 1in figure 1 was processed in the same way and it
can be seen on figure 9 that the density distribution obtai-
ned here was completety different. Of course, betfore dra-
wing up any conclusions, further observations need to be
carried out specially on undisturbed school.

IV. OISCUSSION

The heterogeneity of densities 1nside a fish school has
been already mentionned by Cushing (13977) 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 L1-

mits of the abundance estimation if the sampling rate 1s 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 sampiing rate

It is well known that during the daytime surveys, most
of the biomass of pelaglic species 1s detected 1in 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 onty 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 1s high enough to provide a reasonable confidence L1-
mit of the schools biomass. This problem 1s decisive for
schools Located close to the surface, 1i.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 Llow displace-
ment of the fish with respect to the transducer (between 0.3
and 1 m/s), it <can be assumed that the sampling rate was
very high. Ouring a routine survey the sampling rate 1is ne-
cessarily Llower 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, 19,
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 variao@—
Lity (tabte 3, fig. 10). In usual conditions of an acoustic
survey (86-10 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
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schooli1ng stock evaluations, as we are usually close -to-si- -
tuations where data begins to present a rather important va-
riabitity.

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 lLength (Sere-
brov, 1376; 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 1is
homogeneous.

Numerous potential reasons of failure from these two
assumptions have been 1identified by Misund and Ovredal
(1988). Our results confirm the Limits of these approaches,
at lLeast in the particular case of our observations (spe-
cies, environment). The haomaogeneity of interfish distance
was generally observed on small schools in a tank (Van Olst
and Hunter, 1970; Weihs, 1873) but it seems that this regu-
lar structure is relevant 1in 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 (Fréon
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 lLayers based on
homogeneous fish spacing and estimations based on wvertical
sounder data. The first one underestimates the real density
because the vaccuoles are not taken into account, the secand
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 “shadow" the lLower part of the
school (Rottingen, 1976; Qlsen,1986).

IV.3. Vertical avoldance, tilt-angle and bias

The main aim of the study is to identify eventual bias
in blomass estimations by acoustic and then to propose some
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corrections. The modelisation of fish behaviour with respect
to the wvessel distance proposed by Olsen et al. (1883) is
difficult to apply with our data set, due to the Lack of in-

formation (vessel noise, etc...). Moreover the results ob-
tained 1in Venezuela are somewhat different from those of
other authors. If the general avoidance pattern i1s 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 1s only important in the upper part of the
school . From these facts the opportunity for a correction of
the data 1s 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, 18987 ; Misund, 1987).
Then the assumptien that most of the school flights are 1in
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 1s
considered as the main stimull, the distribution of sound
pressure obtained by Urick (1975) shows that the fish
schools Llocated exactly in front of the bocat 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 a8 muttibeam
sonar the mean horizontal flight angle of 43 schools 0.5 to
3 minutes before passing them over. Rlthough 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
Lless the diagram of sound pressure. Moreover Misund (13887)
points out that during the few Last seconds preceding the
ship’‘s passage, the Lateral aveoidance 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 Sardinelta aurita layers due to the Llights 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 Llate-
ral school aviedance, which may occur relatively far from
the vessel and Lead te a complete absence of detectioen
through the vertical sounder (Olsen, 1887; Diner, 1887). In
fact we have been exclusively interested in the schools
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which were 1nsonified. In these conditions and under -the
pervious assumption, the tilt angle o of the fish is given
by the simple equation:

Vo
@ = arc tg (--)

L]

horizontal flight speed
vertical diving speed

where V.,
Vo

"on

The relationship between the variables 8, V., and V. is
given 1n 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 1s lLimited 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 1s 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 1is

considered as the maximum flying speed for Sardinella aurita

(one must Kkeep 1n mind that the gavity centre displacement
represents an indirect estimation of the fish migration,
supposing that an undisturbed school did have an horizeontal
distribution of the gravity centre on successive vertical
cross-sections).

Referring to results obtained on herring, whose anatomy
is close to Sardinella aurita, 1t 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 1t instantaneous values as pre-
vious), we can see that even for the surface school the mean
vertical speed 15 only 0.1 m/s. At this vertical speed, an
horizontal speed lLower than 0.3 m/s would be required 1in or-
der to obtain a tilt angle greater than 10°. The estimated
horizontal speed of the schools lLeads 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. Wwardle (1977)
noted that outburst speed of small fish can reach 25 body
length which would give more than S m/is 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.




IV.4. Avoidance and vertical school distribution

The vertical mapping of school 1is one of the results of
acoustic survey and can be of primordial 1interest 1n some
cases. For instance the artisanal sardine fishery in the
gulf of Cariaco (Venezuelal) uses surrounding nets allowing
only the <catch of coastal surface schools. Therefore the
preclse 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 Llo-
cated between 20 and 40 m in depth, and therefore inaccessi-
bLte to the fishermen. Before asserting this conclusion, .the
influence of the vertical avoidance on the results must be
taken 1nto account.

From our preliminary results (fig. 3 and 4) 1t seems
that the diving reaction 1s 1nversely proportional to the
initial depth of the school and become negligible over 20 m.
Even though our data does not allow a modelisation aof the
behaviour, we applied a preliminary rough correction consis-
ting in a reduction of 5 m of the depth of detection for the
school Located in the 0 t 20 m Layer. : -

RLthough these results cannot be generalized, 1n the
particular case of the sardine stock of Venezuela the verti-
cal avoidance does not seem to represent a major source gf
bias. The main problem now 1s to i1nvestigate if the impor-
tance of horizontal avoldance at a lLarge distance from the
vessel 1s responsible for a significant underestimation of
the biomass. The difference between night and day mean den-
sity suggests that by day this phenomenon 1s important, but
probably lLess 1n Venezuela than 1in other tropilical areas,
such as Western Africa.

V. CONCLUSION

The observations made on tropilcal clupeoids schools 1n-
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 15
overpassed by a vessel by day. 1In this lLatter case a com-
pression of the upper lLayer of the schoal 1s observed. This
school structure has a consequence on the variability of the
density estimation, specially for the surface schools. The
usual rate of sampling (80 transmissions/s at 8 to 10 knots)
may be to Low for some heterogeneous superficial schools.

The heterogeneity of the school structure Lleads to
difficulty for the estimations of school biaomass based on
external volume (multibeam 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 1is ontLy
sensitive in the first 20 m and it mean amplitude 1s only 5
m. It seems that this amplitude 1s inversely proportional to
the initialt school depth. Such a lLimited amplitude allows
one to estimate that the fish tilt angle is Lower than 10°
when the school is overpassed. Therefore the underestimation

of density 1s probably negligible.

AlLthough 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 15 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 Llayer when
the hull transducer 1s used, meanwhile a Lateral transducer
records very poor detections. In this last case 1t 1s Llikely
that the fish previously Located inside the vessel route
present a strong LlLateral avoidance. This hypothesis, 1if con-
firmed, would invalidate the use of LlLateral towed body close
to the hull.

ALL these observations must be confirmed by further ex-
periments. RAn 1nteresting point to examine is the reason far
the specificity of our results. Oifferent 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 1n-
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 1in Senegal and Venezuela where the same
species of sardine 1s found in a similar environment but
with a tradition of industrial fishing only in Senegal. 1In
Venezuela the absence of sardine industrial exploitation-
could enable the fish to associate the nolse of a vessel to
a danger because the artisanal fishermen use only outboard
engines.
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le secteur considéré (d'apreés MISUND,\S&f)

A : bancs capturés a la senne

B bancs libres
1. Sound pressure around & poat ¢ from drice, 19753, and
LAy distriocution Wl radial SWIMMING direcilon tor circled
chqusu Co CurFEEpDHGan distripution ror passsd—over schoois
Crrom Misunag, 1957
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Fig. 12 - Relation entre angle du poisson (&),
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vitesse verticale de plongée (Vv)
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ANDO CONSEQUENCIES ON RACOUSTIC SURVEY RESULTS
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ABSTRACT

A single f1isnh assemblage of Sardinetia aurita was trac-
ked over 24 hours by a research vesset equipped with acoustic
devices in order to study the short-term variability of 1its
distripbution pattern 1n the Gulf of Cariaco (Venezuela).

Obviously the studied assemblage did not follow the
usually observed aggregation pattern, considered to depend
mainly on the light 1ntensity. Nor did the mean depth of the
biomass correspond exactly to the usual diurnal cycle pat-

tern. DOense schools were observed during the first night 1in
absence of moonlight; they dove from 15 to 35 m depth in the
morning, but came back close to the surface (19 m) early 1n

the afternoon and remained dense during the following night.

Furthermore the fish assemblage apparentlLy presented a
contagious structure most of the time, with an 1increasing
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 1n some cases).
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I. INTROOUCTION

The distribution pattern of coastal pelagic species, and es-
peclaliy of clupeolds, 1s usually documented as: deep schools re-
grouped 1n concentrations during the day, and surface Layers du-
ring the night (woodheaaq, 1966). Such a pattern, comblned with
tne oclifferent avoldance benaviours observed between day and night
periods, 15 generallty one of tne main reasons alteged to explain
night-day differences in biomass estimates. Nevertheless, during
acoustic survey thils usual distribution is not always observed,
and the relationsnip between the different distribution modes
{schoot, lLayer, concentration) 1s not altways cltear, nor are the
factors governing the changes abserved 1n the structures.

Interpretation of tnhe usual acoustic survey data when dea-
iing with tnis toplc 1s not easy because it 1s difficult to dis-
tinguish temporal effects from the spatial ones. In order to
overcome this difficulty, we tried to faliow the same fish assem-
blLage during 24 hours, as did Buerkle (1986) on the Nova Scotila
herring stock. The objectives of the study were:

- try to find any objective acoustic criterium attowing
classification ot the echos into different categories (schools,
concentrations, lLayers, dispersed fish),

- following the nycthemeral evolution of the distribution
pattern, 1in terms of aggregation mode and depth,

- 1n concltusion, 1infer ifrom these observations some practi-
cal conclusions about the survey design.

11. MRTERIALS RND METHOOS

In order to facilitate the localisation and the tracking of
tne aggregation, a rich, confiped and well-known area was selec-
ted for the study (Gines and Geritotto, 1988): the Gulf of Cariaco
(Venezuelal), a 30x8 n.m. area, aopen to the sea by a relatively
narrow mouth and having steep edges and a 50 m mean depth (fig.
1). On 26% and 27¢" November 1988, a preliminary 24 hour survey
of the wnole Gulf Located the richest zone. Then a 1.5x3.5 n.m.
rectangular track, located in the middite of this zone was perfor-
med 13 times from the 27%" at 10:00 pm to the 28%™ 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 Salle (120 feet) was used for the survey, at a
speed of 6.5 knots. A Simrad EY-M 70 kHz echo-sounder was connec-
ted to RGENOR, a digital echo-integrator. The 1integrator data
were sent to a computer for automatic storage. R digital audio
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tape recorder was used for recording the sounder signal (0ORT 5So-
ny). The transducer was fixed Lateraly to the hull. #H 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; 40-50 m; S0-60 m; bo-70 m; 70-80 m) were usea
for i1ntegration and a 50 mv threshold was retained. RGENUR provi-
ded the number of samples above the threshold per tayer 1nside
each ES0U, which allowed computation ot the density By sample
above tne threshold (DSRAT) as described by Marchal (1988).

No fishing operations were conducted guring the survey, Bbut
according to the commercial Landings and to the echogram charac-
teristics, the bulk of the biomass consisted oi small Sardinella
aurita (fork Length: 12 cm), while tne scattered bottom targets
were recognized as catfish (Bagre marinus; 15 to 20 cm f.L.).

The detection was classified 1n six groups according to the
echogram analysis: dispersed pelagic fishes, dispersed catfishes,
pelaglic lLayers, small schools with clear Limits, Large concentra-
tions with uncertain Limits, plankton. Most of the time, only one
dominant group was observed by stratum (1.e. a 3 mn 1nterval in
one Laver). OnlLy on four occasilons were two i1mportant groups of
detection observed in the same stratum and the corresponding den-
sity was arpitrarily split in two egual parts.

I11. RESULTS AND DISCUSSION

Echograms classification

In order to check the statistical significance of the echo-
gram «classification, the mean DOSATs of dispersed fish, schools
and concentrations were compared. These means are signifilcantly
different (p = .0S), 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 1in size and shape. Nevertheless a more detailed
analysis must be carrried on from recorded signal, because DSAT
is dependant on the threshoid retained, on the depth (Marchal,
1988) and on the ESDU length. Other objective criteria characte-
rizing the dimensions an density of the detection could also be
used (Azzali, 1982; Rose et Legget, 1986; Souid, 1988). Neverthe-
Less a8 more detailed analysis must be carried on from recorded
signal, because DSAT 1is dependent on the threshold retained, on
the depth (Marchal, 1988) and on the ESDU Length. Other objective
criteria characterizing the dimension and density of the detec-
tion <could also be used (Azzali, 1982; Rose and Legget, 13968;
Souid, 1988).



Log DSAT for:  Oispersed  Concentration  School

Sample size 743 194 147
Rverage -0.8395 1.28 1.97
Standarc deviation 1.7138 0.84 1.12
Minimum -2.878 0.0008 .01
Maxi1mum 4.280 3.719 4.06
Skewness 0.980 0.480 0.57
Kurtosis 0.823 -0.523 -0.71
0SAT for Uispersed Concentration School
sample size 743 194 141
RHverage 1.202 5.26 9.52
Minimum 0.0556 1.00 1.00
Maximum 72.2667 41.21 53.08
Table 1: Summary statistics of the DOensities per Sample Above the
Thresnold (DSA1) for dispersed fish, concentrations and schoois

(crude and lLog-transtormed dataj.

Biomass distribution

The bulk of the biomass (839%) was detected above 50 meters
depth, and was represented mostly by concentrations and schools,
and secondarily by dispersed sardines, except at the beginning
and at the end of the survey where typical deep anchovy Layers
were observed. The biomass detected in the deepest layers (over
50 m) was clearly separated from that in the upper ones and re-
presented 399% of the total after removing that of the anchovies
and catfishes. Moreover no significant exchanges between the dee-
pest Layers and the upper ones seemed to occur. Therefore, only
the first 7 Layers are considered in this paper.

ALL the high densities were first observed close to the
South-west corner, then on the South-east corner as well, along a
1.5 to 3 n.m. distance. Hn increase of the mean surface density
by rectangle was 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).



Tne dispersed fish were only important during the first part
ot the first nignt, while the schools and the concentration re-
presented the bulk of the biomass (fig. 5). Surprisingly the
schools were only pregominant during the morning and were respon-
sible for the 1increase of tne mean biomass deptnhn. No apparent
nyctemeral cCycie appears in the time-plots of depth or density,
andg tne moonlight variation does not explain thls result.

fne usual figure (dispersed at night ana in school at aay)
was only applicable during the first half of the study. From rec-
tangte #6 (39:00 am) a typical macro-structure was observed which
remained more or Less the same up to the end of the observation
(10:00 pmi: a targe central concentration surrounded by schools
ana/or py gispersed tish (figs. Ba and 6b). This typical structu-
re was sometimes uncomplete on one side (fig. 6cCJ.

Tne 1ncrease of the total bilomass detected by rectangle
(t1g. 3) can be expltained by two factors. Firstly, an 1ncrease of
the number (one then two) of macro-structure cross-sections by
rectangle, and secondly, by a slight increase of the 1nternal
density of these detections, especilally during the second part of
the stugy. 1n order to give a more realistic figure of the chan-
ges 1n the agagregative structure, the data have also been split
itnto macro-structure cross-sections 1n figures 7 and 8. The num-
ber of single macro-structures observed remain uncertain (one
targe or two small), but does not seem essential owing to the si-
milarity of the echograms.

A progressive shift in the position of the cross-sections
during the study (fig. 9) may partially exptain the observed
changes 1n 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). R
first element of confirmation is yet avaitablte. The day following
this study, we studied the 1internal 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-
rify 1f schools and concentration were stitt present as on 27%",
or absent as on 26%" at the beginning of our first study. We
found similar structures to those observed on 27+ (fig. 10). Ne-
vertheless the increasing tendency of the mean density by rectan-
glLe was observed one more time, suggesting that some changes 1in
the aggregation mode occured.



CONCLUSION

Obviously the observed macro-structure did not follow the
normaliy observed aggregation pattern. Even though our experimen-
ral survey design did not completely overcome the probiem of dis-
tinguishing between spatial and temporal effects, 1t seems that
during this particular observation, the aggregative behaviour was
not completely dependent on the Light intensity. Possibly 1t was
governed Dby a tonger time period of evolution. Nor did the mean
deptn of the biomass correspond completely to the usual nyctheme-
rat pattern (see Woodhead (1968) for similar examples). These ob-
servations suggest that the usual split of acoustic survey data
1n day-time and night-time series before processing could be done
ysing criterla other than day and night periods.

The well-documented contaglous structure of fi1sh distripu-
ti1on was again confirmed, and the i1ncreasing density of the ma-
cro-structure, trom the periphery to the center, 1s an addition-
nal argument 1n favor of over-sampling the areas of highest den-
sity Llocated oauring a routine survey (Gerlotto, this meeting).
Such an oversampling methodology must be carefully designed 1n
order to asvoid overestimation if the area assigned to the nucleus
1s overestimated, or under estimations 1if the dense nuciLeus 1s
not tound. Owing to the usual 1nversed binomial distribution of
the density, 1t must be noted that the magnitude of an overesti-
mation of the biomass would be much more important than the ma-
gnltude 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 Llast rectangles. This
confirms the necessity of over-sampling around the highest de-
tection after a preliminary survey in this area.
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Vessel tracks

g schematic representation of a macrostructure as
observed through 3 different cross sections
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REACTION OF TROPICAL COASTAL PELAGIC SPECIES
TO THE ARTIFICIAL LIGHTING AND IMPACTS ON THE ESTIMATIONS

OF ABUNDANCE BY ECHO-INTEGRATION

Jean—-Jacaques LEVENEZ, Frangois GERLOTTO et Didier FE{ITY

ABSTRALCT

The study of the fish behaviour in a tropical enviraonment

and 1ts consequence  an the estimates of the bilomass from

echolntegration technigues have been conducted on both sides of

bl
!

thres cerli1es

-

the Atlanrntic, in Senegal and Venezuela. T
experiments realized nightly at 15 to 3a meters depth have showo

that when the lights are 1lit up on the running research vessel,

the fishes dive or/and spread but the consequences. as fTar ac
échointegration 1s concerned, depend on the species of fist and
on th speed and the dicection of the lighting en the boat : w2
the lighte are focused only laterally (Sernegal the bilomass
estimates can decrease by a dramatic factor while, 1t the lights
enlight forewards (Venezuela) the fishes are deeper but mars= 6
less stabilized before be:ng 1nsonifled, hernce w! thiout Jirect

conseqguances ont the biomass evaluatiaon.

r;



RESUME

Des etudes sur le comportement du poisson en milieu
;rppical et ses conséquences sur les estimations de biomasse par
echo—intégration ont été menées de chaque cdté de 1'Atlantique,au
Senégal et au Vénézuela. Trois séries d'observations réalisées de
nuit 4 des profondeurs comprises entre 15 et 30 métres ont montré
que lorsque les lumieres de pont sont allumées sur les bateaux de
recherches, les poissons plongent et/ou s'écartent, mais que les
conséquences, en ce qui concerne les évaluations de biomasse,
dépendent des espéces, de l'orientation de l'éclairage du bateau
et de 1la vitesse de ce dernier. Quand les lampes éclairent
latéralement (Sénégal) les évaluations de biomasse peuvent @€tre
grandement sous—estimées, tandis que si les lumiéres sont
focalisées vers 1'avant (Vénézuela) les poissons plongent mais

sont relativement stabilisés avant d'é@tre insonifiés, et par

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

INTRODUCTTION

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)

have shown that the depth of a fish concentration couild be

modified using the illumination of a lamp. VERHEIJEN (195%9) has

i
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



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 Sardinella

maderensis that "after having switched on the white lights, a big

guantity of fish has disappeared”, and for Sardinella aurita
that, "after suddtently having switched on the submarine lamps,
the fish went deeper and a significant time lapse (20 & 25 min.)
was needed before they returned fo the illuminated area.lt 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
have 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, a research vessel with a stern



|
|

trawl equiped with a Biosonic 120 kHz echosounder and integrator.
Its bridge spoligths (7)) are facing backwards and the towed

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

The first series of observations was done during the nights
in the Goree bay (map 1) with 13 m depths and waters with
abundant ju;enile sardines, which serve as bait for the tuna bait
boat based in Dakar.

It needed the technical support from the R.V. Cauri which
served as assistance versel ; this latter was anchored and held,
at about 30 m distance, a raft with a week signalling 1light,
which supported the 120 kHz transducer and a small diving lamp
installed in order to fix the fish under the raft (fig. 2). The
R.V. Laurent Amaro passed just beside this raft several times at
different speeds and with the bridge 1lit up or not ; and the
reactions of the fish were observed directly on the echograph and

recorded on cassette for later processing in the laborataory.

The second series of observations took place in the
naorthern Casamance area (map 1) at depths of 25 m. While the
vessel advanced at its usual cruising speed, that is 8 knots, the
lights on the bridge were on and off alternatively with a 1
minute periodicity, this time lapse corresponding to a distance

of 247 m. The reactioncs of the fish were observed 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 19 to 20 % Sardinella aurita. The



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 1n this case to a distance of 1389
m. This illumination was not particularly focused towards 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 reco%ded 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. 3B and 3C). The noise did in this

particular case not have any determinating consequences on the



behaviour of the fish.

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

bridge switched on, it was noted that :

- when 1t passed at a speed of 8 knots, and as soon as the
area of direct 1llumination 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 it passed at low speed (0.5 to 1 knot), the
observations show the same i1mmediate dispersion of Ehe fish near
the surface, rapidly followed by an apparent upwards movement of
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, carried out in the operational conditions
of the acoustic surveys, confirms (fig. 4) that the fish have an
immediate reaction to the luminous stimuli, and a sudden
illumination causes them to dive according to our observations 10
‘to 12 m., which leads to a general concentration of the fish clocse

to the bottom.

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

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



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. VENEZUELR
The reaction pattern of the fish is the same in Venezuela

as in Senegal (fig. 95), 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 observed in Venezuela.
This transition phase is shorter when the speed of the vessel 1s
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 8)- 3; 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 o de noted, referring to figure 35, 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 af 40 "“illuminated” sequences = 1995

- " " 40 "non-illuminated" 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 amplitude of 20 m (Fig. 7).

DI1ISecussI1IOoON

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 observed,
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 thear

behaviour.

Thus it is difficult to make a definite conclusion on this

point.

A big difference between observations done in Senegal and
Venezuela concerns the reaction of fish to light. On the first
case the reaction is violent when the lighting is lateral while
in the second case one notices a response time of 30-40 seconds
with lighting directed fowards an orientation which lets one
suppose that the fish has already gone down and is stabilised at
the moment insonified ; bowever, 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 showness




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 7.3 knots, but is sinks at 8
meters when the boat sails at 4 knots. On the aoather hand, the
lower 1limit 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 1light
stimuli combined, but lack of precise information doesn't support
them. Thus, it is difficult to known even though global
estimations of density are 1dentical 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 detections (at 1least anchovy and
Sardinella aurita according to results of fishery operations)
hairly swimming speeds and reactions to different stimuli. The
fact that they don't go down to the bottom could be in past
linked to the boat's of the leater and the power of the lighting

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 diminished from 10-1@2

10



meters; the decrease not necessarilly correctated to an
augmentation of density. In this way one can see 1t on the

echograms, which means that the fish escaped laberally in

relation to the ship and/cr that 1t has an ortentation 1in
relation to the horizontal which expresses weaker index of
reflextion. Moreover, the fractions of fish which doing to the
bottom escape the i1ntegration zone which leads to a large

underestimation of densities.

CoONCLUSTITON

On the three series of experiments presentec here, the
influence of artificial light on tropical fish behaviour is

considerable.

1f in the example of prolonged stationary 1llumination,

fish are generally attracted, a violent i1llumination makes them
move away from the light source at first. The second case, which
conserns more exactly echo-prospection compaigns, should be

seriously taken into consederatin for 1t is the case for
experiments done in Senegal. It can lead to a ser ious
underestimation of biomasses. Quantative studies in this area are

!
thus recommended to reduce as much as possible sources of bias iIn

—1
-

the evaluation of biomass in stocks of tropical coastal fish.
the absence os such studies it is undoubledly preferable to do
night compaigns 1N tropilcasl areas with a minimum of light on

research wvessels.

11
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RESUMIE

Des mesures d’écho-inlégration el de TS "in situ" cffectuées
de nuil a 1'aide d'un sondecur a f{aisceaux concentriques onl per-
mis de vérifier 1’effet de 1'éclairemenl d’un navire de prospec-

tion sur les distributions bathymétriques des poissons.  Deux reé-

sullals principaux onl été obtenus:

- les poissons des couches supérieures, contrairemenl a ce qu'a-
vaient montré d'autres expériences dans la wméme zone, n'ont pas
plongé lors des périodes éclairées, mais ont en parlie évité la-
téralement le bateau, 1’importance de cet évitement élant appa-
remment a relier a la Laille el/ou & 1'espéce des poissons;
- si 1'on ne tienl pas coumpte de la disparition des cibles les
plus importantes, 1les niveaux de réflectivité moyens n'ont pas
varié entre périodes obscures et éclairées, ce qui confirmerait
1'hypolhése que les poissons sont polarisés par le bruil d'un na-
vire et se trouvent généralement en position horizontale lors de
son passage.

ABSTRACT

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

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

1
ORSTOM

CENTRE DOCUMENTATION
Montpeliier

rZJlAarn 4



did not dive vertically when the boal passed over them, bul Lon-
ded lto avoid laterally her route, Lhe avoidance reaction being
apparenlly in relation Lo {he lenglh and/or the species of  the
{ish;

when not taking into account Lhe disappecarance of Lhe biggest
targets, the mean backscallering cross seclion did not vary si-

gnificantly whether Lhe ship light was swilched on or off.  This
phenomenon confirms Lhe hypolhesis thal Lhe [ish arce polarized
horizontally by the noise before Lhe ship overpassces Lhoewm.

INTRODUCT J ON

Some former obscrvalions of Lhe behaviour of the lish (LIVi-
NEZ ¢t al., 1987) showed two ralher conlradicltory phenomena:
Lhe fish reacts very strongly to Lhe lighl of a survey vesael
by a neat diving behaviour, as shown in fig. 1.

in spitec of Lhis avoidance reaction, the global densily did not
vary: the gravily ccolre of {he biomass may change, bul conside-
ring the total waler column, 1l appeared clearly thal all the
biomass remained present.

These observations lead to the following hypothesis: the
fish are probably polarized in horizontal posilion by Lhe noise
of Lhe ship (warning siluation), a rather long time before she
passes upon Lhem, and is insonified in this position; in this
conditltion, if the echo sounder is using a TVG function, the depth
of the gravily centre has no influence on the .density evaluation,
and therefore Lhe actual condition of lighting (and noise) of the
ship has no effecl on density estimation. Another consequence of
this fact is that the 1S data of the fish would be similar by day
and by nighl, the tilt angle of the fish depending probably on
the noise of the ship (and its initial depth)} and not on ils 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.

1. MATER1AL AND METHODS

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 importanl 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).
TThe speed of the survey was around 5 knots, which fitted in the
range of that of the above mentioned experiwent. During the sur-

2. .



vey 1S values were measured and processed by 6 mn ESDUs, as wcell
as echo integration evaluations. The weathcer was cloudy, but the
full moon was visible from time Lo time. The experiment Look pla
ce from 8:00 pm Lo 11:45 pm.

1.2. TS Measurcmenls
We used a dual beam cchosounder type BioSonics 102, 120 Klw,

aboard the R/V André Nizery (25 m stern brawvler). The solling= of
Lthe sounder are presented in table 1.

f T
| Receiving sensibilily (cal. range 40 log R) o ~173.54 (
Source level 221.63 dB
Threshold Targe beam 100 mV rws
narrow beam ) . 50 wV rwms
Seleclion criteria for individual lLargets
6 dB min. 0.5 ms
nax. 0.7 s
- 12 dB : min. 0.5 s
max. 0.8 ms
18 dB : min. 0.5 ms
max. 3.0 ms
echoes records {rom 5 m below transducer up Lo Lhe bollLom

Table 1. Setlings for TS measuremenis
(Tableau 1. Réglages du sondeur lors des mesures de TS)

We are not able to presenl in this paper the absolute TS va-
lues, as Lhe resulls of the calibralion are not yel available.
The resulls are expressed in relalive back scattering cross sec-
tion values.

1.3. Echo integration measuremenis

The echo integrator used was an AGENOR digital echo integra-
tor. The dala were regrouped in {he same 6 mn ESDUs as for the TS
measuremenls, wusing the (20 log R) TVG setling of the 102 BioSo-
nics sounder. Agenor allows the use of 10 layers, which were ad-
Justed by 5 wmelers intervals, from the surface Lo the bottom, the
9th layer being adjusted from 40 to 50 m and the 10th from 50 wup
to the bottom. A 50 mv threshold was selected, with a 0 dB gain.

2. RESULTS

2.1. Descriplion of the echograms

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

3



used the sccond part of the survey, [{rowm 9:30 pwm.

During this survey Lhe fish did not present the usual spa-

tial distribution, and sowme big schools were recorded (fig. 3).
This unusual behaviour is probably due to the moonlight condi-
tions. Anyway, we were obliged Lo remove 9 ESDUs from Lhe data

sel (4 in lighl-on situation, 5 in light-off).

Once this "cleaning” of Lhe dala performed, the 28 roemaining
:&DUs show o« rather howogeneous situation, the biomass being re-
presented by scatlered fish all over Lhe waler columua  (fig.  1).
Conlrarily to Lhe situalion obscrved in 1987, no obvious vertical
movemenl is visgible on Lhe cechogram. 1L is also inleresting Lo
notice that in the deepesl layers Lhe single target show a "¢liwm-
bing" tendency, which could indicate either an upward wmigraling
behaviour or a slight inclinalion ol the Lransducer.

2.2 lkcho integration results

a). Horizontal analysis.

The succession of the global fish density for cach ESDU is
presented in fig. 5, Lhe data of light-on and light-off sequen-
cies being separated. Excepl in Lwo couples of data, the light-
of f values are higher than the Jlight-on, the wean difference
being 50 % . Neverlheless, when we apply statistical significance
tests on this set of data, we may see that Lhe difference belween
light-on and 1light-off dala is not considered as significant at
the 95 % level. Considering the high degree of wvariability of
the set of data, and the fact thal 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 tlo
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 Lhat in this case there is no vertical

diving avoidance.

2.3. Back scaltering cross section results

4



a) Ltargel counling

When considering all the data from 9:19 pw Lo 11:45 pu (lig.
7), we obtain more or less Lhe same kind of resulls as in fig. b
Lthe number of individual targcels as counled by Lhe dual-beam
system is generally lower in Lhe light-on periods than during the
light-off. 'This could be duc eilher Lo a escapemenl of Lhe [ish
or Lo o compacling behaviour which would reduce  Lhe number  of
avaliable individual Largels for the dual-beam echo-sounder. When
comparing Lhe cchograms, we may supposc Lhat lTateral escapement
is the main responsible [actlor.

Then we counled Lhe targels wilhin the superior and the in-
ferior level (fig. 8): Lhe resulls are parallel Lo Lhose of echo
inLegration: the number of Largel decrcases in Lhe upper layer (5
Lo 17 m) while il remains approximalely constant in the lower
strata (17 Lo 30 m).

b. 1'S varjalions

When considering Lhe average back scallering cross scclions
(fig 9), we can see thal contrarily Lo Lhe average densilics, Lhe
individual echoes remain much more constanl. There is still a lo-
wer level of the values when. Lthe light is on, bul not so evidentl
and important as on Lhe density measurement. :

1f we¢ observe the dala separalely by 2 meter layers, we may
sce one more lLime 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. :

1t is not yet possible ‘to 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. 1n 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 targels
(which are suspected to represent a different species, probably
predators, as Carangids, barracudas, etc..).

D1SCUSS10N

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.



Therefore the decrease of the global densities could be due
Lo ecither lateral escapement or changes in the tilt angle of Lhe
fish., 1f we consider thalt on Lhe one hand Lthe number ol present
Largets decreased in the same way as Lhe global densily, and on
the olher hand Lhat Lhe observed decrcase of Lhe mean back scat-
Lering cross scclion was mainly due Lo Lhe lack of the biggestl
Largets, we can conclude that Lhe decrcecase of Lhe biowass in Lhis
experiment is explained by lateral cescapemenl, the big [ish csca-
ping more than Lhe small ones.

Finally a third conclusion on Lhese dala, when comparing Lo
Lthe other identical experimenls we have perforued in Lhis area
{vertical avoidance), is that, as Lhere was no differcnce tn Lhe
mean back scattering cross seclion of (he {ish whelher Lhe lightl
were  switched on or off {once removed the values of the big Lar-
goets ), the fish were most probably always in an horizonlal pogi-
tion when overpassed by a survey vessel! the behavioural scheme
would be Lhe following:

- the fish perceives Lhe noisc of the boat at a long distance and
moves Lo an horizontal "warning” position.

when the Jight is perceived, and according to other behavioural
parameters {(moon light ?), il choses s spatial 'secure place”,
either by diving or through a laleral escapment. This behaviour
Lakes place before the boat passing over the target; when it oc-
curs, the fish is already in Lhis "secure position", and cons-
equently is still horizontal.

CONCLUS1ON

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

Moreover, it leads to the following conclusion: the 1S 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. 1In 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.

It allows us also to compare directly the "in situ” TS va-
lues obtained by day and by night, without having to apply on
them any tilt angle correction (at least for the upper layers).
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EVALUVATION OF THE INFLUENLCE OF VESSEL NOISE BY NIGHT
ON FISH DISTRIBUTION AS OBSERVED USING ALTERNRTELY
MOTDR AND SAILS ABOARD A SURVEY VESSEL.

By

P. FREDN, F. GERLOTTD and M. SORIA

ORSTOUM, B8P 871, 497256 Fort-de-France, Martinique (FWI)

RESUME

L'influence du bruit du moteur d’un bateau de prospection
sur les polssons a éte étudiée en utilisant alternativement Lla
navigation sous volle et au moteur & bord d'un voilier de 16 me-
tres equipe d’'un moteur diesel 1nboard de 116 cv. Trols expérlen-
ces ont été realisees de nult sur deux types de population de
polssons tropicaux: L’'une au lLarge sur des polissons disperses
(probablement des poissons volants et des Myctophydés de La DSL),
L’autre sur wune couche de poisson pélagiques cbtiers (probable-

ment de jeunes Llupéidés et gquelques mulets). Dans les trois cas
on & observe aucune différence significative de l'influence du
bruit du moteur sur La densité, et seulement une faible réaction

d'evitement wvertical (plongée inférieure a un metre) s'‘est pro-
duite.

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 diesel 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 lLayer of coastal
pelagic fish (probably young Clupelds mixed with some mullets).
In all cases no significant influence of the engine noise was ob-
served on the density and a only a weak vertical avoidance (lLess
than one meter) occurred.
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INTRODULCTION

The i1influence of the vessel stimulil on the f1sh behaviour 1s
one of the central guestion adressed to scientists using acoustic
survey for stock assessment (Olsen, 1987) . such an 1nfluence 15
supposed to be responsibie for underestimations of density owlng
to Lateral or to verticat avoidance reactions (in this last case
a change in tne fish tilt angle, and therefore in 1ts target
strength is incriminated). The vessel nolse, and more specifical-
Ly the propeller noise, 1s incriminated as the principal stimulus
governing fish avoidance (Dlsen and al, 1383).

In order to guantify the 1mportance of this behaviour on
density estimations, some experiments have Deen conducted by
night with a sailboat using alternately sail and engine during
the echo survey.

MATERIAL RAND METHOD

The boat used was a 1b meter overiength quetch, equlipped
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° (generally from 0° to 2°), and therefore
1ts effect on TS can be supposed negliglibte.

A 70 Khz Ey-M Simrad portative echo-sounder was installed on
board with its 11° transducer mounted starboard, at 7 meters from
the stem and at 1,5 meter under the surface. The signhal was re-
corded on a portative digital recorder and processed later in the
Laboratory with a digital echo-integrator RGENOR.

Two kinds of experiments were conducted. One took place
of fshore 1in 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 Cariace and Southern part of Coche island) during the night,
from the 22~« tg 23« June 1988, and for three nights from fe-
bruary 13th to 16th 1980. 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 Llow moonlight intensity (before moon rised or with clou-
dy weather). The depth of the bottom was arcund 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 ayl the experiments, sails and engine were used alterna-
tely at time intervals varying from, 3 toc 15 minutes according to
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the vartltablilty of the detection. A single time 1nterval of 15 mn
was usen 1or tne offsnore experiment conducted aLong a singte
transect, meanwhile 3 to & mn time 1ntervais were used tor the
otner experiments. Iln tnese two experiments a snort transect
across the distribution area of a Limited tayer were repeated se-
verat times and two methods were useg:

- 1in some cases the distribution area was crussed using at-
ternatety sails and motor when sailing down-wind, and only tne
engine when sailing head to wind, therefore the experiment provi-
ged more samples with motor than with sails;

-1in otnher cases the whole distribution area was crossed anly
using sails (down-wind) and then only the motor (head to wina),
providing the same numober of samples wilith engline as wilth sails.
As far as possible the vessel speed when using the motor was ad-
justed to the speed of the previously elapsed time wusing salls

{generally petween 3 and 4 knots). Nevertheless, for some hours
during tne night between the 14%"-15%" February, 3 weak wlnd im-
poseg a very Low speed (1.3 to 2 knots), 1mpossibie to sustaln

with the motor.

Owing to varilability of the fish distribution 1n the tast
experiments, a +selection of the usable data set was necessary.
First of all, the Low densities found before entering 1n the
Layer and atter overpassing 1t 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 1in data processing was to compare the mean
density of the whole 1ntervals with sails, to the whole 1ntervals
with motor. This method presents the advantage of allowing the
use of all available data, speclally when motor data are more
abundant (see before). Nevertheless, the hignh spatilal 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 observations 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, especlally the short
time intervals in the middle of the Layer. This <choice 1s of
course subjective, but a repetition of the selection by two
scientists has shownh 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 T 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 sails were used, Pwen o us1ng a8 39% cont -
gence i1nterval (HAppendice 1, table 1). H paired t test gave ihe
same results (Appendice 1, table 2). Un the contrary, another ex-
periment on this same fish assemblage, conoucten 1n the following
nours, 1nglcated a strong reaction aof the 11sn tg an artificial
tight atternately switched on and off (Gertotto et al., 1990).

The fi1irst experiment on coastat pelagic 11s0 1s not SO easy
to 1nterpret because a Larger spatial wvarilabitity was observed
(factor 10; fi1g. 2). When using a one tactor ANOVA (wnich 1s
equivalent to a two sampie test 1n this particular case), a si1-
gnificant difference appears osetween the means of samples with
sal1ls and those with motor (table 1). Neverthetess, the fish den-
51ty was highly variable and a two tactor ANOVA, including a re-
petition factor in the middie of the experiment, shows that the
spatial variation explains most of the variability and that the
motor effect 1s not significant (table 2).

lable 1: One-way anatysls of wvariance tor tne 11rst coastal
experiment.

Source of wvariation Sum of Squares da.t. F-ratio 5%1g. lLevel
Between groups 12367264 4 9.608 .0051
Wwithin groups 28109793 22

Total (corrected) 40477057 23

Stnd. Error Stnd. Error 93% Confidence

Level Count Mean {internal) (poolLed s) intervals for mean
SAIL 14 2189.1 296 .5 302.1 1337 .4 3040.9
MOTOR 10 3645.2 366.89 357.5 2637 .4 4653.0
Total 24 2795.6 230.7 230.7 2145.3 3446.3

Table 2: Two-way analysis of variance tor the tirst coastatl
experiment.

Source of variation Sum of Sguares g.f. F-ratio 5ig. tevet

MRIN EFFECTS 18502400 4 3.585 .027
SAIL/MOTOR 987036 1 .767 .403
REPETITION 6135136 3 1.580 .229

2-FACTOR INTERACTIONS 103103 .68 2 .040 .961

RESIDURAL 21871554 17

TOTRL (CORR.? 40477057 23




ne secong exberiment on coastal peiagic fisn oroviacs

the nighest number of gata, coliecteg over tnhree n1ghts ‘(pre-
sentiy .

ontv 80% 01 tne avaitabte data are anatysed). fs the opservations
apptied obviousty on the same f1sh lLayer, the whole set was used
in @ rtirst step (186 observations). The onLy subdivision used was
petween dispersed ti1sh and Layer, the tatest providing tne hig-

hest adensities (fig. 3).

The results of the ANOVR performed on the total density
(rig. 4 ; tabte 3 and appendix 2) 1ngdicated that the difference
petween i1ntervals -when using the motor and those using salts 15
smalL (1.8 %) and not significantty different from zero (P=.05).
The nomogeneltv of the variance 1s verified and the distribution

of residuals 1s acceptable. AR t test on the means of 47 pailired
vatues gave tne same results (difference = 7.4%; P=.085).
Tabte 3. Two factor analyslis of Variance of totat density 1n the

second coastal experiment.

Source of variation Sum of Squares ag.f. F-ratio 5ig. Levet

MARIN EFFECTS 14081536 2 20.627 .000
LRYER/DISPERSED 13534512 1 38.652 .000
SAILS/MOTOR 456432 1 1.337 .2489

2-FACTOR INTERRLCTIONS 61170 1 .178 6771

RESIDURL 62123189 182

TOTRL (CORR.) 76265885 185

The same anatyslis was performed for the five 2 meter 1nter-
vats of depth hetween 1.5 and 11.5 meters (not enough representa-

tive data were available for the deepest layers). Even though
none of the ditferences hetween sequencies with and without sails
15 significantty different from zero (P=.05), there 1s a CONS15-

tency in the results, strongty suggesting a downward shnift of the
piomass during the sequencles wilith motor compared to those witn
saits (fig. 5). A t test on the 47 means of paired data Lead to
the same results for any layer (P=.05).

The two factors ANOVR 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.

Tabie «: Two factors anatysis of variance for mean depth 1n
the secona coastal experiment.

Source of wvariation sum ot Sguares d.f. F-ratio Sig. tevel
MRIN EFFELCTS 97 .1 2 12.5 .0000
LHYER/DISPER. 91 .4 1 23.4 .0000
SAILS/MOTOR 4.9 1 1.3 2650
Z-FACTOR INTERHACTIONS L0720 1 .018 L8935
RESIOURAL 710.2 182
TOTAL (LORR.) 807 .3 185
DISCUSSION

gven though tne data processing 1s not completly acheived,
it 1s 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 tateral avoldance occurred, or at
lLeast that the avoidance wouitd be the same with or without engi-
ne.

The 1nfluence on the mean depth of the biomass is demonstra-
ted, but remains Limited (less than one meter). It suggests that
the engine nolse was responsible for a vertical avoidance reac-
tion, or at lLeast that when sailling with sails if such a reaction
occured, 1t was accentuated by the motor noise.

The hypothesis underlaying these results are not obvious. On
the one hand, a decrease 1in the density could be expected when
the motor was used owing to lateral avoidance reaction; Gerlotto
and Fréon (1988) proposed an interpretation of such a Low avoi-
dance by the effect of the acoustical shadow of the hull which is
funnel-shapped; therefore the fish could be funnelled under the
hutt. 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 Llater case and therefore lower densities would be expec-
ted (supposing no lateral avoidance). Qur 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, 1t was supposed that the fish were also stressed without
motor nolise. The fact that the propeller was freely rotating when
using the sails could explain this fact.

An opposite explanation could be that the fishes were weakly
stressed by the motor and propeller noise. Two reasons can be in-
voqued.



Firstly, the retatively Low nolse Level of the boat when
using 1t 110 np wmotor at natt of 1ts power (800 r.p.m.) which
could tLead to a Low stress and/for a short duration of this
stress. Moreover, the relatively tow speed of tnhe boat, compared
to the usual speed used during acousticat surveys, coulg also Li-
mit the stress intensity. 1t has been demonstrated (Hering, 1968;
UOlLsen, 13968) that the fish react to noise according to its gra-
dient in time (which gives an indication of the speed of the noi-
se source disptacement) and not anly to 1ts mean lLevel. In order
to controt the i1nfluence ot these two factors {(Level and gra-
dient) a short experiment was conducted during the night of 16%"-
17+m  february using alternately two motor “"regime": 750 r.p.m.
{around 3.5 knots) and 1400 r.p.m. {(around b6 knots). Unfortunate-
Ly not enough data were available to draw any conclusion from
this experiment owing to the spatial variabitity of the density.

Secondty, the noilse Level of the motor 15 supposed to be
high enough fut fish are not sufiiciently organised to interact
1n group behaviour reactions. Indeed, during the night the fish
were 1n Layer structure or scattered. Thus, their visual 1sola-
tion and the (ack of organisation could deprive them of synchro-
nized reactions (flight or avoldance). 1In this case the "wave of
agitation" described by Radakov (1873) inside a3 school should be
impossibte. Consequently we could obtain the same densities 1n
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 1t’'s motor. It must be recorded that the surface biolumines-
cense 1induced by the hull in the night represented a strong vi-
sual stimulus (and may have reduced the Level of visual 1isolation
between fishes). Thus, the fishes have been able toc 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 1n this coastal area).

This Last remark can be connected with the general diagram
of fish behaviour to external stimull presented by Gertotto and
Fréon (this meeting) and with the observations of Glass and
Wwardle (1989) on the difference of reaction of fish to ‘a trawl
according to the light Level intensity. These lLast authors men-
tionned that the fish in absolute darkness did not react teo 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-

guire 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 the fish
avoidance reactions -if any- was weak: lLess than one meter can-
cerning the verticalt avoidance and no significant Llateral avoi-
dance. These surprising results could appear as good news as far
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as acoustical surveys are concerned. Nevertneless various inter-
pretations are possible ang such Tindings coutd resutt from tne
Low nolse tevel ot the saiter wnen using 1t's moter, and/or to
the relatively Low speea during the experiment. Further experi-
menis are necessary to give a detinitive concltusion on the avoti-
dance reaction of the fish to a survey vessel, spectatly 19 mea-
surements (Gerlotto and Freon, thls meeting).
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APPENDICE 1: Results of the offshore experiment

Tabte 1: Two-sampie analysis results ot the offshore experiment
(tor layers from 2 meter to 20 meters depth, and total
of these lLayers).

Layer 2-5 m S5att Motor Fooled
Number of Obs. B 5} 12
RAverage 52.393 598.20 955.5H
variance 361.26 587 .89 474.58
Std., Deviation 18.01 24,29 21.78
Difference between Means = -5.27
Conf. Interval For Diff. 1n Means: 93 Percent
(Egual Vars.) 5ail - Motor: -45.14 34.86B1 10 D.F.
(Unequal Vars.) %ail - Motor: -45.65 35.12 9.5 O.F
Ratio of Variances = 0.61
Conf. Interval for Ratio of Variances: 95 Percent
5ail =+ Motor: 0.086 4.392 S D.F.
Hypothesis Test for HO: Diff = O Computed t = -0.42
vs Alt: NE $1g. Level = 0.68

at RAlpha = 0.01 so do not reject HO.
Layer 5-10 m Saill Motor Pooled
Number of Obs. 6 ) 12
Average 22.37 49.85 91.11
variance 267 .84 186 .14 226.989
Std. Deviation 16.37 13.64 15.07
Difference between Means = 2.52
Conf. Interval For 0i1ff. 1n Means: 93 Percent
(Equal Vars.) Sail - Motor: -25.06 30.09 10 0.F.
(Unegqual Vvars.) Sail - Motor: -25.26 30.29 9.7 D.F.
Ratio of wvariances = 1.43
Conf. Interval for Ratio of Variances: 95 Percent
Sail = Motor: 0.20 10.28 5 0.F.
Hypothesis Test for HO: Diff = 0 Computed t = 0.29

vs Alt: NE 5ig. Level = 0.7786
at RAlpha = 0.01 s0o do not reject HO.



Number of Obs. B 6 12
Average 57.73 63.94 60.04
variance 942 .22 1285.06 1113.64
Std. QOeviation 30.70 35.85 33.37
Difference between Means = -6.18
Lonf. Interval For Di1ff. 1n Means: 99 Percent
(Equal Vars.) S5ail - Motor: -B7.26 54.89 10 D.F.
(Unequal Vars.) Sail - Motor: -67.58 55.22 9.8 0.F.
Ratio of WVariances = 0.73
fontf. Interval for Ratio of Variances: 95 Percent
5ail + Mgtor: 0.103 5.240 S 0.F.
Hypothesis Test for HO: Diff = O Computed t = -0.32
vs HLt: NE S1g. Level = 0.754934
at RAlpha = 0.01 so do not reject HO.
tayer 2-5 m Saill Motor Pocoled
Number of 0Obs. 6 6 12
RAverage 60.45 66.62 63.33
Varlance 1976 .48 1633.37 1804 .33
Std. Deviation 44 .45 40.42 42 .48
Difference between Means = -6.18
Conf. Interval For Oiff. in Means: 33 Percent
(Equal Vvars.) Sail - Motor: -83.93 71.58 1 D.F.
{Unequal Vars.) Sail - Motor: -84.089 71.74 9.9 D.F.
Ratio of Variances = 1.21
Conf. Interval for Ratio of Variances: 93 Percent
Sail * Motor: 0.076 19.196 5 D.F.
Hypothesis Test for HO: Di1ff = O Computed t = -0.25
vs AlLt: NE S5ig. Level = 0.81
at Rlpha = 0.01 so do not reject HO.
Total Layers 2-20m Sait Motor Pooled
Number of Obs. 6 6 12
Rverage 223.50 238.603 231.05
Variance 60834.57 5475.03 6154 .8
Std. Deviation 62 .67 73.99 78.45
Difference between Means = -15.1067
Conf. Interval For Diff. in Means: 99 Percent
{Equal Vars.) 5ail - Motor: -158.839 128.48 10 D.F.
{Unequal Vars.) Sail - Motor: -159.086 128.87 9.9 D.F.
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Ratio of Variances = 1.2%

Cont. Interval for Ratio ©l variances: 899 Percent
Sai1l + Motor:
Hypothesis Test for HO: Uitf = 0 Computed t = -0.33
vs RLt: NE 519. teveli = 0.745b629
at Atpha = U.01 so do not reject HO.

Tabilte 2: One-sample analysis results of the difterence 1n the

paired values of the offshore experiment (Motor - Sail).
Number of 0bs. 171
Rverage 13.23
Variance 4114 .1
Std. Oeviation 64.14
Confidence Interval faor Mean: 93 Percent
-48.06 74.53 100.F .
Confidence Interval for Variance: 0 Percent
Sample 1
Hypothesis Test for HO: Mean = 0O Computed t = 0.68
ve RAlLt: NE Sig. Level = 0.51
at Alpha = 0.01 so do not reject HO.

APPENDIX 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 (lLayer or dispersed fish).

Stnd. Error Stnd. Error 95% Confidence

Level Count Mean (internal) (pooled s) for mean

LRYER 127 3184.7 177 .2 149.2 2890.3 3479.3
DISP 59 497 .1 59.9 218.9 65.0 929.2
MOTOR 108 2314.5 198.9 161.8 1995.2 2633.9
SRILS 786 2356.8 239.3 190.4 1981.0 2732.6
LAYER/MOTOR 73 3207.8 229 .1 196.8 2819.3 35496.2
LAYER/SARILS 5 3153.7 281.5 228.9 2702.1 3605.4
DISP./MOTOR 35 451.5 73.5 284 .3 -109.5 1012.5
QISP./SAILO 24 363.7 101.4 343.3 -113.8 1241.1
Total 166 2332.2 23.3 123.3 2088.9 2575.6
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Table 2: Means for the_mean depth of the biomass 1n time
intervals using sails and motor, classified
according to the detection (layer or dispersed

fl1sh).
5tnd. Error Stnd. Error 95% Confidence

Level Count Mean f(internal) {(pooled s) for mean

LAYER 127 5.97 .102 175 5.63 6.32
pDIsP 59 /.48 400 257 6.98 - 7 .99
MOTOR 108 65.60 .203 190 6.23 65.948
SRHRILS 78 .25 233 224 5.81 6.639
LAYER/MOTOR 73 6.10 .1386 231 5.64 65.55
LAYER/SARILS 54 5.480 .153 .269 5.27 65.33
D1sP./MOTOR 35 7.64 520 334 6.98 8.30
OISP./SAILS 24 7.206 037/ 403 6.40b .05
fotat 1806 6.45 1495 1495 6.17 6.74
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kely that 7or surtface schoots at ieast the structure of a stres-
sed schooc 1S rather constant.
INTRODUCTION

[ne 1nternal structure of a fish school can De generally
gescribed by three groups of parameters:

-The mean density of the whole school (i1in terms of number of
fi1sh per cubic meter or Kg/m=).

-The arrangement of 1npdividual fish 1nside this structure

(hompgeneity of the density, variations 1n the relative position
o7t the {13sn, variation 1n the reiative and absolule tilt angles,
2L

-lhe external snape of the school (which Is wusually Llinkea
to the internal structure).

These parameters are probably governed by numerous 1internal
factors (1.e. relative to the fish itself, such as maturation
stage) or external ones. This last group of factors can be divi-
ded 1n two subgroups: environmental conditions (for 1i1nstance,
temperature, light intensity, availability of preys, etc) and ex-
ternal stimulil (such as visual or auditive stimuli coming from a
naturat predator or from a vessel).

ALL these 1nternal and external factors probably 1nteract in
a complex way, and therefore modelizing the fish school structu-
res and behaviours -or generally speaking pelagic fish behaviour-
represent a challenge which unfortunately is presently out of our
reach. This paper intends to give some pieces of information in
changes 1n fish school structure of tropical pelagic species ac-
cording to two sources of external stimuli: predator and vessel.

This 1nformation, even though representing small pieces of
the puzzle, seems interesting to take 1nto account 1n the case of
acoustic survey because the internal structure of schools 1s sus-
pected to introduce some bias in the biomass estimation or 1in the
species i1dentification.

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 - MATERIAL AND METHODDS

1.1. Hydro-acoustic observations

A sail boat of 16 meter overlength, motorized by a8 116 hp
inboard diesel motor, was used during this experiment, carried
out on the 15%" of February 1989 at 9:05 a.m. 1in the south of

2



Coche 1sland (Venezuela) were the depth was 13 meters. The same
singte school was overpassed three times consecutiveiy at a few

minutes 1ntervat. This surtface school was initially detected by
sight and overpassed at 1.5 knots using sails the first time (1n
fact, as the wind was very weak, the motor was also used for 1m-

putsing the boat and 1t 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 B knots).

A E-YM Simrad portable sounder (70 KHz) was used wilth its
narrow beam transducer (11°) 1nstalled starboard at 7 m from the
stem and at 1.5 m under the sea surface. The signal was recorded
on @ portable digital recorder ORT (Sony). The power of this
equlpment was supplied by a 12 volts battery, and therefore the
electric ptant of the boat was stopped in order to Limit the nol-
se lLevel.

Later 1n the lLaboratory the signal was processed for each

1ndividual transmission by the echo-integrator RGENUR, wusing 1.4
m depth 1intervals of 1integration.

1.2. Visual observations

In Martinigque (French W.I.) schools of Harenqula clupeola
are usually observed 1n coastal areas by day, in shallow waters
over seagrass beds. This structure 1s 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 S tons). The high trans-
parency of the water in the shallow bay of Grande Anse allows for
visual observations both underwater and aerial (Fréon and Gertot-
to, 1988). As this species 1s not exploited and the area 1s 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*" and May 9+, 19838, a school of H. clupeala

was observed and photographed at the same time under water by a
swimmer and from an ultra-Light airptane flying between 60 an 90

meters of altitude. R Nikonos V with a 28° lLens was used for the
underwater sights and a8 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 ASA 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-
lLess, 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.




IT - RESULTS

11.17. Hydroacoustic observations

The school overpassed thnree times shows a reduction of 1its

cross-section, both i1n the vertical and horizontal dimenslons
(after applying a scaiing factor proportional to the vessel
speed). Moreover the mean depth increased, specially from the
first 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 Llast «cross section the

school seemed to split 1nto two *sub-schools" at slightly diftfte-
rent depths (fig. 1).

As 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 of the
cross section 1inside the school and/or to a real change 1n 1ts
shape and location, during the time elapsed between two successi-
ve Ccross sections. DOespite 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 1internal mean
density. The mean density of the samples lLow-pass filtered to

eliminate the samples above a threshold (here 50 mV) provides a
good 1indication of the Level of dispersion of the individuals
(Marchal, 1988); 1t was calculated at 381 (arbitrary units) 1in
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 1n the Left side
of the diagram, which corresponds to the start of the cross sec-
tion by the vessel. The right part 1s 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 1n 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 “neck® between the two "sub-schools" in course of consti-
tution (fig. 2). The distribution of the density 1s much more
structured, with two maximal values in the centre of each “sub-
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.

4



1I1.2. Visual observations

External shape of the schools

The one hour observation of the first survey of a school 1n-
dicated that the shape of a school and the horizontat surface 1t

occupiled 15 highlty varilable i1n time, as mentionned by other au-
thors {(Bolster, 13958; Hara, 1385; Squire, 1878). The surface va-
ried from a range of 1 to 4 (fi1ig. 3) and the observed shape can

be subdivided 1n two types:

-amiboide type when the school looked slack and unstructured
(fig. 3a to 3c);

-egg-shaped type when the school 1s homogeneous and dense
(fig. 3d to 3f; photo 1). The simultaneous underwater observa-
tions indicated that thlis type of shape corresponded to the arri-
val of a group of predators: Elagatis bipinnulatus (photo 2).

Internal structure of the stchools

The second survey of a school gave the same kind oif results:
at the beginning of the observation the school presented an 1irre-
gular shape, but 1n addition the irregultarities of 1ts 1internal
structure were perceptible from the airplane (owing to a better
guality of the photographs) and provided "smoke-lLike" pictures
(photo 3). Ouring the middle of the survey, the school was cros-
sing the bay and presented a compact structure and egg-shaped L1i-
mits, with a denser nucleus i1n 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 periphercy, sugges-
ting a circular movement (photo 5) typical of the defensive
"“mill" structure (Pitcher, 1986). The last sight (photo &) repre-
sents a typical egg-shaped and compact structure.

No predators were observed by the diver 1in this case but
owing to the lLimited field of view in the water and to the high
speed of displacement of the school, their presence cannot be to-
tally excluded. Another 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). At the end of
the one hour survey, the school presented again a typlical 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 lLarge vaccuoles (photos 8
and 9).



Even though these phpotos were made on anotnher Ctupelas spe-
c1es, they confirm tne acoustic observations made 1n Venezueta on
sargline Qr anchovy.

IIT - OISCUSSION

The pionneer studles on the internal structure of schools
were performed 1n tanks and concerned few examplars of fish. From
such observations 1t was concluded that the retative position oOf
tndividuats 1n a school presents a diamond like structure whicn
is supposed to be favourable to swimming performances from an hy-
dgrodynamlic point of view (see for exampite Weilhs, 1873; Breder ,
1976). Sucgh a regular structure is not always contirmed by 1n
situ observations of Large schoots, at least when using a Large
scale of observation for the whole school description. in tempe-
rate areas, the heterogenelty 1in the density distribution of witd
schools was atready aobserved by Cushing (13977) using a multibeam
Ltaterat sonar. From in vitro observations, Pitcher and Partriage
(1979) mentionned that an i1ncrease 1n swlmming speed produces
more compact schools but from the variability of their results
they suggest that the "arousalb lLevel can generate equally Llarge
agirtierences". The present results validate this hypothesis.

Frevious observations of the i1nternal structure of stresseao
and unstressed fish schoals were carried out by our team 1n Vene-
zuela uslng a different experimental protocol (Freon and Geriot-
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 1ndicated alsp that the 1internal
structure of school was highly variable with vaccuoles of very
Low density and area of high concentration, specilally for the
unstressed schools. The stressed schools presented generally a
higher density in the upper part (Geriotto and Fréon, 1988). Rs
other experiments of the same authors indicated that those surfa-
ce schools were diving when the reasearch vessel was approaching,
1t 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. 5Some exceptions were observed for the schools Laying
near the bottom, and the interpretation was the Limitation of the
vertical avoldance possibility for the Lowest part of the schoot.
it seems that 1n 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 1t did not dive at all during the first cross section). The-
refore, the same gradient 1in density was observed in the upper
and Lower part of the stressed school. The vertical avoildance 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 1s
never observed in situ. In fact at a smaller scale this structure
appears even when vaccuoles are observed: the fish around the

6
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teabes cay-shaped struciure of dense and homogeneous
scheol duiring the Tirst survey .

Photo 2. Underwater photography of flight reaction of the
school to predators during the first survey.

Photo 3. "Smoke like" structure of the school during
the second survey.




Photo 5. Defensive "mill " structure of the school
during the second survey.

_Photo 6. Circular and compact structure of the school
at the end of the second survey.
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REVIEW OF AVOIDANCE REACTIONS Of TROPICAL FISH
TO A SURVEY VESSEL
(Revue des réactions d’évitement des poissons
tropicaux au passage d’un navire de prospection)

by
. GERLOTTO and P. FREON

(ORSTOM, BP 81, 97256 Fort-de-France, Martinique, French W. I.)

RESUME

Les réactions des poissons pélagiques tropicaux au passage
d'un navire de recherches sont décriles en fonclion de 1'impact
qu’'elles peuvent avoir sur les résullats des prospecltion acousti-
gques. Deux composantes principales sonl décrites: déplacement du
poisson laléralement ou en plongée, el siluation dans les trois 1
dimensions. |

|
1
1
:
|
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Une description empirique des influences des divers sbliwmuli
d’un navire sur les poissons est proposée:! les trois stimuli pris
en compte sont le bruil, 1'éclairement d’'un navire la nuil el la -~
vision de la coque le jour, 1l’importance de la réaction des pois-
sons estl estimée inversemenl proportionnelle a la porlée du sti- .
mulus. !

ABSTRACTYT

The reactions of pelagic tropical fish to the presence of a
survey vessel are lisloed and related Lo Lhe type of stimulus
emitted by Lhe boat. 'They are described according to the impact
Lhey presenl on the result of acoustic surveys. 'The +two main
kinds of reactions are: lateral or vertical avoidance (dynamic
behavfour) and instantaneous spalial position of the fish (tilt
angle). 7

An  empirical evalualion of the influence of the three prin-
cipal stimuli emilted by a boal is proposed. Those stimuli are
the global noise of the vessel, ils lighis by nightl, and the vi-
sion of the hull by day. 'The magnitude of Lhe reaction of the
fish seems inversely proportional Lo the range of these stimuli.
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INTRODUCT 1 ON

The reactions of the pelagic tropical fishes lowards the
crossing of a vessel can show some very diverse aspecls depending
on the species, the type of stimulus, etc..., but as far as Lheir
impact on acoustic data is concerned, they present tLwe ,rincipal
components: :

-~ the instant position of the fish: louchos uniguely the CilE ans
gle of the fish within three dimension., at the precise moment
where it crosses the e of the acouslic beam of a sounder.

- the dynamic of the displacement: represents all Lhe displace-
ments of the fish within three dimensions, which can be altlribu-
ted to the irruption of a survey vessel. FEach of these two compo-
nents which can provoke some imporlanl Dbilases {ua  the densitly
evaluation will be analysed separately for day and night sur-
veying in order to take into account their speciticily. 'The ef-
fects will be studied at different distances from the boat. Fi-
nally the ethological components having an influence on Lhe ana-
tomical characteristics of the fishes (swimbladder) will nolt be
studied here, although we know that they can play an important
role in the biases that the behaviour induces in the acoustic
evaluations.

DYNAMIC BEHAVIOUR

A. NOCTURNAL BEHAVI1OUR

In order to simplify, wc¢ will only cnvisasge Lhe case of
scattered fishes although schools could be observed by night too
{FREON_et al., 1988; WOODHEAD, 1966).

At night the belaviour is perturbed by two stimuli: noise
and light of the vessel. Noise is perceptible al long distances
(to the order of 10® wy; as far as light is concerned, it can be
perceived depending on*the movement of the surface from some 10
to probably more than a 100 melres.

Reaction Lo noise

¥ish are very perceptible to noise (OLSEN, 1971). This sen-
siliveness has several consequences.

- at long distances, a slow displacement can be observed, fishes
have a tendancy Lo [lee {rom ecwmission points. {This phenomenon
observed and described in northern areas (MISUND, 14987) was con-
firmed by the measures of biomass around a noise source Lransmit-
ting near a oil-extraction platform in tropical waters (GERLOTTO
et al, 1989). We have no direct iunfoymations on this spparticular
behaviour, but indirect observalion on long periods. F¥ig 1, for
instunce, shows Lhe progressive diminulion of Lhe onsity on a 26
hour period of insonification. We did not perform measurements by
night during this experiment, bult we can observe that the density

remained as low in the morning than the day befare:r e Tish con-
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centrations did nol come back by night in the insonified area.

- al shorter distances, the resulls are a lolt more complex and
oflen contradictory. '

¥ al  short distancde and a reduced scale of timeo
(ship’s passage) a distinct movement of Lhe biowmass
cannol. be detected. An experiment using the protocole
of OLSEN et _al. (1983) did not show obvious avoidance
reactions of the fish (fig. 2, "S+1.-"), contrary to
what the aulhors were able {o observe in the Nordic wa-
ters.

¥ vertically under the boat no variation of density was
observed 1linked to the noise of the vessel (Fig. 3,
from FREON el al., 1990): the use of a sail boat sai-
ling allernately with sails and molor did not show any
significant differences in the densities measured.

Reactions to the light

1t is difficult to evaluate the impacl of the boat’s illumi-
nation at long distances. We measured Lhe fish reactions at Ltwo
levels:

- at short distances: we observed a displacemenl cxactly identli-
cal to that described by OLSEN et al. (1983) for noise: in oppo-
site direcltion to thal of the source, in the three dimensions. 1In
an identical experiment. as Lhal describred above, bull wilh all the
lighls switched on, a diminution of the density and a shifting of
the target towards the bottom was noted (fig. 2, "S+L+").

- under the survey vessel: the reaclion to the light inside the
vertical sound beam is very clear, although il can change in in-
tensity according Lo the species and/or the dimensions of the
fish. “The results taken from LEVENEZ et al. (1987) display very
clearly the displacements of the {ish vertically (fig. 4). In re-
turn t.o points ure Lo be .oled for Lhis expoeriment:

¥ there were no:obvious variation in Lhe Lolal densily
in spite of the evident balancing of Lhe superior and
inferior layers.

¥ the structures were stabilized at Lhe time the boal
overpassed the fish.

A conclusion for bLhese phenomenons (at leasl Lo ine species
observed) is that under the environmental conditions ol this ex-
periment, the fish located in the vertical planc of the vessel’s
course are "trapped" by the cone of the acoustic shadow c¢reated
by the hull (fig. 5, from GLERLOITO and KFREON, 1988).

Curiously, during anolher experiuwent in Lhe same area and
using the same proltocole (GURLOTTO el al., 1990), Lhe vertical
avoidanoe looked much smaller than in the first one, and a recla-
Lively small -but evidenl- lateral avoidance could be observed in
the upper layers (0/17 m). [t is probably possible to correlate
this lateral avoidance to the size of Lhe fish, the biggest esca-
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ping while the small ones stood in the route of the vessel.

These Lwo observations look somehow contradictory, bul it
wn: sbserved also that the seattering behaviour of Lhe Tish  were
distinci: we obsorved  sowme big nighl schools during Lhe @ —ond
one while almost no school were recorded in the [irst experiment.
thic e ntd ghow thal the environm-n 0.0 Condi!icn were distincl
(moan tizht,  Dbioluwivescenoo, Vor inslance), and Lhabt Lhis nabu-
rol bLcechaviour has to be taken into consideration.

B. DIURNAL BEHAVIOUR

In Lhis case we are only interesled in Lhe schools of fish
which essentially form the pelagic biomass.

In the day bLime two stimuli prevail:
the noise, identical to that at night

- the visual stimulus. 1n this case it concerns the direct vision
of Lthe hull. It is only effecltive at around 10 metres and cer-
tainly not above 50 m, even in clear transparent tropical walers.
Therefore it acts only al weak distances, contrarily to the noc-
Lurnal itiuminalion where the pinpoint source can be perceived al
a grealer distance. At Lhe present time we do mnol have enough
experimental resulis allowing for the separalion of the effecls
of the audilive and visual sltimuli, but sowme preliminary resulls
on the shape of schools should indicate Lhat the impact of the
visual stimulus alone gives rather different results if they have
been recorded with the boat using sails or motor.

1. Behaviour al a long distance.

The stress  is ol Lhe sawe naturce as in Lhe nighl (noise at
long distance). The only data on this subjecltl that we have at our
disposal is that observed under oil-extraclion platforms (fig.1l).
Wesobserved the same diagiriam of slow radialed escape at Lhe saume
distance as thal at night which has been described elsewhere by
diverse aubthors for cold walers (see Tor instance OLSEN, 1987).
1n warmer areas, we can cile the work of NEPROSHIN, 1979.

2. Behaviour at short distances.

lateral avoidance. 1t was observed bul notl measured; parlicu-
larly in the surface layers, and manifesls ~at Lhe immediate
proximily of the Dboal: tLherefore il appears to be tied to the
presence of Lhe hull in the [ield of vision (included in certain
occasions the vision of the superstructures across the surface,
which in certain cases may be visible in front of the hull). It
is clear tLthat this avoidance 1leads Lo a very high under-
estimation of Lhe bilomass, which in certain cases can almosl Lo-
tally disappear.

- vertical avoidance. We measured for the sub-surface schools ob-
served a moderate vertical avoidance (fig. ©6) that we globally
ovaluated at a dive of 5 wm for the school included between Lhe
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surface and 20 wm deep (GERLOTTO and FREON, 1988). An observalion
on a =single school overpassed three times by the sail boat (1:
sails; 2! motor; 3! motor) suggested that the visual stimulus
alone was responsible Tor a diving reaction al Lhe very last wmo-
ment. (observable on the echogram), meanwhile Lhe exislence of Lhe
auditive stimulus (motor) showed an earlier reaction (FREON el
al., 1990).

1t is suitable to add Lhe varialions of struclure induced by
Lthe ship’'s <crossing to this global displacement. We have been
able to nolice in particular that a school has a tendency to com-
press more in it’s higher parts than in it’s lower parls. Figure
7 shoews Lhoe diflfference belween o "nalural”™ structure of a surface
school and a "stressed" structure.

INSTANT POS1TION

A. NOCTURNAL BEHAVIOUR.

The static behaviour of the fish acts on Lhe TS: more Lhe
positlion is different from the horizontal posilion, more the TS
weakens. The evaluation of this component of the induced beha-
viour 1is indispensable for two reasons: first it determines
which 1S value musl be applied to the data for a Lransformation
in biomass eslimalions, then it gives one of the faclors allo-
wing the comparison of Lhe dala collecled during day and night.

We have not carried out measurements of the angular position
of the undisturded +tropical pelagic fishes. There exists lwo
sources of information in the litterature on this position. By
pholtographic observation (BUERKLE, 1983; AOKl and INAGAK1l, 1986),
and observing caged fish.

Allthough sometimes discrepancies are observed, it is inter-
esting Lo note Lhat most of the time the results coincide. [t 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-
ference of - 5 dB3 between the day and night for Lhe herring (lL-
DWARDS and ARMSTRONG, 1989), or - 7 dB for Sardinella aurilta (
GERLOTTO, 1987)

Having only the data obtained by a sounder, we tried to de-
Lermine the impact of noise and light on the angular position of
the fish by using them alternately or Llogetlher.

We assumed that the passage of a lighted vessel at normal
speed of surveying represented a "maximum stress". Hypothelically
we admit that the fish in a situation of maximum stress is pola-
rized with regard to the source of the stimulus; it’s position
can either be horizontal, in "alert", or slanted agreeing to the
model suggested by OLSEN et al. (1983). We have studied the fol-

lowing cases:




- variation of the noise level. There is practically no observa-
ble variation of the density or the position of concentration
(FREON et _al., 1990), bul this result has to be confirmed through

additional experiments using higher levels of noisec.

- variation of the light level under constanl noise. We have al-
ready noted tLhat two cases were observed: depth deleclions very
different, with a constant total densily, and slight variation of
the density with no apparent movement of the concentration depth.
In this late case, measurements of TS by '"dual beam" were carried
out (GERLOTTO et al., 1980), and showed that the fish which re-
main below the boat do nol present any change in their TS whate-
ver the lightling of the boal is.

- variation of light without noisc. Although Lhis case may not be
susceplible to appear in normal conditions of surveying, experi-
ments were carried out wilh a sail boat, but tLhe results obtained
are not clear enough al lhe moment to exlract any conclusion
{FREON et al., 1990).

All these observalions lead to suppose Lhat the hypothesis
of an inclination with regard o the source is not plausible: the
fish have apparenlly reached a zone of refuge where they arc
equilibrated from the maximum stress (noise and light). Il is
difficult to imagine why they would dive in two steps, Tfirst Lo
avoid the light before the boal passes, then vertically under Lhe
boat to avoid the noise.

1t seems also difficuil Lo retain bthe hypolhese of fish in
their natural non-stressed position under a noisy unlighted boal:
in this case one should obtain a mean 1S and Lherefore an appa-
rent densilty of fish under the influence of a 1light, stronger
than those in obscurity. This is nol the case. ‘Therefore it can
be concluded that by night under a survey vessel fish are in a
polarized position of alert as in the daytime.

This conclusion conflicts with certain contradictory obser-
vations (no change of measured density in funclion with noise va-

riation) which must be raised before confirmation.

B. DI1URNAL BEHAVI1OUR.

We have seen that. the sub-surface schools dive about 5 m un-
der the boat. Here also one can assume Lhat tLhe dive is carried
oul either before or during lhe vegsel’s crossing. The observa-

tion of the surface lateral avoidance allows for ~Lthe leaves to
think that the dive is carried out at the last moment, therefore
vertically to the vessel. [In Lhis case the fish present a clear
inclination with regard Lo Lhe vertical. Measuremenls of diving
speed of the school gravity centre allow the drawing of a graph
giving the diving angle in [unclion of Lhe speeds ol Lhe horizon-
tal escape and the vertical diving (fig. 8, from GERLOTTO and
FREON, 1988). 1n these regular condilions, this angle seems redu-
ced (between 5 and 10 degrees).



BALANCE AND CORRECTIVE FACTORS

A proposed synlhesis of the avoidance reactions of the fish
is presented on figure 89, where the basic hypolhesis is the fol-
lowing:

The strength of the slLimulus is more or less inversely pro-
portional to the range at which il can be perceived by Lhe fish.
The sound perceived from a greal distance {(to Lhe scale of 10° m)
induce precocious reaclions bul of a weaker strenglh. Punctual
lighting of a vessel by nighl | less perceplible (to the scale of
102 m) induces a more sudden reacltion. "The sight of a boal’s
hull, which is only possible at a very short distance (about 10
m), is the cause of exlremely violenl reactions.

We have not defined on the vertical axis of the graphic the
units of the fish reaction, as we were nol able Lo measure an ob-
Jective parameter representative of the perlturbation of the fish
{rate of heartbeat, adrenaline rale, swimming speed, elc...).
Therefore we have placed arbilrarily three remarkables points.

- beginning of Lhe aversion reaction (observed day and night}).
Corresponds to the point where a fish reacts to a stimulus. We
saw that with noise, +tLhigs point was reached at long distance.
Therefore it is rather low. 1L can be linked to the polarizing
behaviour, the fish being supposed Lo lLake the horizontal posi-
tion to move. Clearly it corresponds Lo the auditive stimulus.

~ beginning of the escape reaction (observed by night). This can
be observed by nighl when a boal passes from a state of obscurity
Lo a state of illuminalion. We saw that fishes reacl rapidly, but
wilhout Lheir structures (school, layers, etc...) losing cohe-
sion. Apparenlly this level of reaction is nol reached if noise
is Lhe only stimulus, light is necessary.

~ beginning of Lhe panic stage {(observed by day). It could con-—.
cern Lhe physiological passage from Lhe normal fish swimming in:
aerobic conditions (even rapid) to that of the use of the anaero-:
bic physiological process in burst swimming. 1In the case of
acoustic prospection, il seems only to be reached by schools in
lateral avoidance at Lhe proximity of the hull, when Lhe visual
stimulus i¢ received (vision of the hull). this visual stimulus
may be evidently present by day, bul also by nighl when the bio-
luminescence is high enough.

The objective of Lhese observations is to allow us to employ
some adapted survey methodology and apply corrective factors to
the data. )

The main adaptations concerning the survey methodology are
the following:

- dual survey of an area, one by nighl and one by day, with sepa-
rate data processing;




- gpecial attenlion to the lighliing conditions of the vessel by
night, which wust be as dark as possible;

separate analysis of the school dala and the scallered fish da-
La;

- sgeparation in  the analysis of the resulls of the upper layer
(i.e. < 20 m) and the lower one (> 20 m}).

We intented Lo oblain some corrective factors, although it
is 1impossible to consider that we can calculate a universal fac-
tor: we have seen that according to the environmenlal conditions
the actual reaction of Lhe fish may change. Neverlheless sowe
rough corrective factors may be applied:

- correction of the mean depth of the schools: when a school is
recorded in the upper layer (< 20 m), its mean '"natural” deplh is
considered 5 m higher than the recorded one;

the mean tilt angle of the fish in the upper layer is conside-
red always horizontal.

- schools are classified according to their height and density in
transparent, semi-transparent and opaques, and different correc-
{ion are applied on lheir biomass estimalion.

CONCLUSION

1L can be seen thal once certain rules are established, par
ticularly the complete separation in the analysis of data belween
day and night, the selection of a lighting level for the boal,
Lhe separate study of the schools, etc..., the behaviour of tLhe
Lropical fish does not present a major handicap to the research.

We have not studied here the guantitative behaviour of lale-
ral avoidance of the schools, or certain natural components of
the behaviour like the occupationiof the surface layer inaccessi-
ble to the sounder, and those functions of the behaviour opera-
ting on the physiological characteristics of the fish, but these
components evidently should be laken into account.

Finally it must not be lorgotten that the natural behaviour
may also interacl. with the stressed behaviour: at certain times
of the day and certain periods of the year, lhe natural behaviour
may be much stronger than the stressed one and the fish do not
react in the usual way to a survey vessel. These relations mightl
be studied too.
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RESUME

Une methodologie de prospection acoustique et de traitement
des donneées pour 17évaluation des biomasses est proposge pour les
systemes lagonaires tropicaux, a fond plat, profondeurs Faibles
(de 3 a4 8 m) et houle réduite. Les méthodes de mesure de 17 angle
d’échantillonnage el de deconvolution des TS "in situ” sont adap-
tees de la litteérature pour ce cas parlticulier . LTapplication de
cetbtle méthodologilie au aolfe de Batavano (Cuba) monbtre que les
meilleures évaluations de wiomasses sonl ovbtenues par compltage,
el que la precislion des mesw o dopend Slr oltement des conditions
extérieures: prospection ode nulil exclusivement, mer plale et ab-

saence Jde luna.

ABSTRACT

A methodology for acousiic assessmenlt and data anpalysis 1S
proposed Tor the case of tropical island lagoons, with Tlat and
very shallow bottom (3 Lo G wmelet »), and low =swell. Methods of
measurement ol the sampling angle and 1S "un situ’ deconvolulion
have been adapted from Lhe litleraturs for this particular case.
The application of the methodotogy to the Guli of Eatabano (SW of
Cuay situws Lhal the vesl Licoass  evalualbions are  abtained by
Tish counting, and that the precision of the results is directly
depending on external wealhaer conditions @ prospechbion exclusive-
ly by night, no swell, no moon light.
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INTRODUCTION

The shelf of tropical islands presents usually two kinds of
bathymetric structures: on the one hand, a 1lagoon, with wvery
shallow waters, with flat sandy bottom including in some places
circular coral reefs, and limited by the island coast and on the
peripheral by mangrove on small islands and long and thin coral
reefs; on the other hand, a very narrow shelf from 10 to 500 me~
ters, all around the island. Each of these systems presents par-~
ticular ecological characteristics and difTferent fish popula-
tions, which present usually the common particularity to have a
rather low density, the fish being concentrated in a few places
by day and very scattered by night (fig. 1).

As Tar as acoustic assesment is concerned, both types of
Fish distribution do not permit to apply conventional aethods,
and appropriate methodologies are required. We present in this
communication the methodology that has been developped for the
Tirst ecosystem, through the example of a survey program of the
Gulf of Batabano, SW Cuba.

1. CHARACTERISTICS OF THE AREA

The Gulf of Batabano is a flat area of more than 20 000 kmn?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 8 and SE by a line of keys (low island covered
with mangrove) and coral reefs (fig. 2). The bottom consists ge-
nerally of muddy sand covered with a phanerogame, Thalassia tes-
tudinum. In some places circular coral grounds may be found insi-
de the gulf.

The fishery is exploiting several Tamilies: Lutjanidae, Ser -
ranidae, Pomadasyidae, some typical coral families and spiny loo-

shers.,
The Fish live 1n tWwo main groupns:

gt oup depending on coeral v=aels: the Fish live around ths coral
[}

reefs by day and are scattered all over the Thalassia bed by
night. This group is Fformed of the Families menlionsd avove.

- group depending on mangroves: the Tisgh, mainly small Clupesids
(Harengula spp, Opisthonema oglinum, Jenkinzia lampiotenia) and
guveniles  of the other groups, live anside the mangrove by day
and move Lo the yrass ved by nlght, where they wmay be found es1i-
ther  scattered or in small schools according to the light of Lhe
Mo .

-

The climatic conditions within the gulf mnay be  Tound very
Favourable in some periods of the yvear (npo swell, no wind, low
LU enls, ete).
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2. MATERIAL AND METHODS

The choice of the material will depend of the following
constraints:

- 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 fTirst
meters below the transducer
*x large-beam transducer , Tor obtaining the highest sampling

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

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

- Wwork on large areas:
* a rather big ship is needed for liTe and work base
* need of a positionning system, include aboard theg small
voat.

We have used the fTollowing material:

- echosounder EY-M SIMRAD, 70 kHz, with 22° transducer (1);

- portavle digital tape recorder DAT (Sony) (1); !

- @cho integrator AGENCOR (2);

~- computer Toshiba T 5100 (2);

- boats: a &6 meter plastic motorboat, with Tlat hull {(draught

less than 50 cm), and a 25 m research vessel (R/V Triton)

The survey grid was the Tollowing: the transects are parfor-
med  at 4 kinots accard the nmoltorveoat, and only the echiv sounder
and Lhe Lape 1 ccorder g usaed., The posiltion of the small boat ic
obtulnad ey raeferencs Lo the big one, which 1s  placed in  wone
pre-defined  pointz. The recorded data are processed during the

Jay acourd the woy vessel .

The transducer is nlaced on the Tore part ov  the wmolorboat
(Trg. 3, and 1o Tixed a2 close Lo Lhe sw Face as possible accor

Ading Lo wave hoLve. :

3. PRINCIPLES OF THE EVALUATI1ONS

Fizn  aire extiromcly scatltered. In these conditions ihe
only ieasonable method Tor bhiemass evaluation is the fish  coun-
ting, out the conversion of the densities in nunber of fishes per
cubile mekber i densities 1n tons per sguare Kilometer needs bwo
precise informationz aboutl:

- the sampled volume;
the TS5 Jdistr ioubion "in =sita’.
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A. Measurement of the sampled volume

Most of the methods existing (EHRENBERG, 1983; MARCHAL,
1983) and particularly the so-called "duration-in-beam" 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 18 of the fishes and the threshold of the recei-
ver, Unfortunately this kind of melthod is impossible to apply on
our results, because usually the Fish is too ¢lose 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 sphere has been moved horizontally below
the Ltransducer at constant slow speed along a line that crossed
the beam axis. This operation has veen repeated several tines,
For each gain value of the echo sounder, in order to give curves
ol the relations between voltage response and beam angle for va-
rious TS values.

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

B. Correction of the TS "in situ" measurement

We have adapted a method derived Torm the "deconvolution me-
thod" presented by CRALG and FORBES (19¢9). The principle is the
game as described by these authors (see also FORBES  and MNAKKEN,
1272), but the eqguations have veen slighty changed in order to
aliminate the negative results.,

We have used the dirvectivibty diagram of the  large  bean
transducer of Lthe EY-M sounder dgiven oy SIMRAOD. Me anygle of Lhe
vean Tor each 1 dBE otep has vecn mesoured manually,  snd oaodd s
the oquations in the Ffollowing way.

Letb  us  suppose  for instance thalt we have thi e selbs of 70
values, Hiwh, Medium and Low, and that N, is the numbor of nionk
TG, N, the numbaor of medium 178 and Ny the nunber of Tow T4, &=nd
shitata in the directivity diayram, For inslance 30 48 (an-
Y =20 dB (angle 82) and =10 dB3 strata (angle Bx). No 1%
the  =un of the big Fish i the ~30 d8 stratum plus the nuwmbear of
medium Tish in the -20 diB stralum pluz the tnooe ol Saall [ idd
in e L0 i ostiratum. Mo 13 bthe =zum of Lhe medion Tiwhr i Lisee
=10 o shralun wlus the vig fish in the 20 JdE stratam, and M, Lo
Phe b of oig Fish o in thae 10 dB stratun. o ihess
Lhe tolal numver B3 ol big Tish is:

P Y-
LSRR [ LS T G AL A S N

4l

[ 2 4 1 I [ £y 1 1 r [ R o ]
B = | Niw e |+ | Ny oo | | Ny e
I iy | L A A L A 1



Once B obtained, and after removing the number of big fish
TS in each strata, it is possible to calculate the nunber of me-
dium fish as:

Az As — Az
M = [ Nrn — ] + [ N'.L ]

Then, removing the medium fish TS in each strata, gives us the
number of small Tish S.

C. Absolute biomass estimation

Thig estimation is done using the Tollowing data:

-~ Dy, numpber of TFish in the unit volume;
- We, mean weight of a single fish.

The evaluation of D, is obtained using the actual volume
sampled and the total number of echoes counted on the echogram:

De = N/V

The calculus of the mean weignt needs the 8 wvalues 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 tGtropical Fish
(LEVENEZ, 1987; GERLOTTQ, 1987), and according Lo the Tact that
the only data on the species distribulbion cowme fvoem  the fishery
and ecological studies (CLARDO et al., 1990), we have assumed that
the use of the equation of LOVE (19717 was the most adequate
transfTormation method:

TS = 19.1 log L+ 0.9 log « ~253.9

vibverr & L T lengbi of the i, and o v wewe Toncdbhn 2 Uhe sounder .

The transiormation of the length distribubion o weight Jdiste 1ou-
tion has oveen achieved using infTormabions woniieg Trom Lhe Depart-—
meinl ol Tohtyology of the "Instituto <o Dceaneologlia’™  oF  Cuba
(CLARD 2L al. ., 1990), wihich are

Jdotad Lt own thes
For each length class the L/W relationship of the most com-

Mmool species has veen selaecled as Lhe mosl ) el @notilallive.
4. RESULTS

We have applisd he methodoloygy in & Jdifferent places on Lhe
of Batabano, using «ither parallel or zig-rzag transects. The

deptlth of Lhe areas oobssrved varied veltween 3.9 and 5.5 me-
= and the numbeir of [ish counted Loleeon - oand 11.04 par ke
(table 2).
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The results of these surveys were employed to test the vali-
dity of the methodology (fig. 4).

A. Measurement of the beam angle

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 T8 values (from -30 to -50 dB), this gives a mean beam an-
gle of 30 °. We have assumed that the beam pattern was regularly
conical. At a speed of 4 knots (2.00 m/s) and a transmission ping
rate of 3/s, 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 c¢cm at 1 m below the transducer. With a 30°
angle, this represents a volume of v = 0.027 w~ per transmission.
In these conditions we can calculate easily the actual sampling
volume V knowing the mean depth H, the length of the unit distan-
ce L and the half beam angle o :

?

r 1
vV = D [ (v * 3) + (H2xtga - z2xtgw)

3

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)
total distance of the transect
a = 1/2 beam angle

<
i

In  =ome  cases an other correction has Lo be add | when Lhe

WtV e Fid i is present on the surface layers, i1t wmakes il imps

vle o recognise the echoes of the Tish to those of air bubbles,

iently Lthe upper limit of the observed volume has to be

In this case Lhe overlapped zone disappea (v = 0) and

2 ds dnureased in the apove mentionad equation. This gave for the

actual  wmamplaed  wolume of Lhe 6 experimenls the valugs i esaibod
tiv Lihe taioloc 2.

YES L

and cons
Lohg »

o)

.

B oDistr toulion of T8

Th i tnportanlt, belfore Lo use the EY-M &chio souinder Tue "in
sibu™ T8 collection, to measure precisely the VG Function. Wi
oL Lt e e e e e i e, 1O ke ] B ey Tl e

o

too the Fact ihal we nead to koow he valuess of the MYGE 1n v v
“hal Y ow dlepih, we have measured 1t using a standard sphere. Trom
0.0 w. ihe resulls show that the TVGE 18 efficient unbil L o
ta are overestimated in small distances {(Tiwg.
S wre msasuraed within th > wmall depbhe, o corr oo
“hould to be applied. An olher way consists e it -
MR oal these low depths. We have obtained (SL4VR)Y oL D05
moood ez Lhal Lhits valus is useawnls Tor Uhe small depbns
thout corrections,

Lot

Pl

Weo may Lhen caloulate Che T8 Jdistrivbution {(fig. 7))



C. Biomass evaluations

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 around 0.8 metric ton/km?2/year in this kind
of ecosystem. Considering that the total catch is 75 C00 bt anrd
that the MSY calculated is evaluated to 80 000 t, we may assume
that the density in the Gulf would be between 1.5 and 3.0 t/kn?.

After deconvolution, the TS histogram has been converted in
a length histogram. Although we did not calculate the mean weight
using the mean length, it is interesting to note that this wmean
length is 17.2 cm, which correspond reasonably to the population
structure of the area as known Trom cathc data. The calculus of
the mean individual weigh gives 217 g.

It is then easy to calculate the densities of each area sam-
pled (table 2). These densities vary between 541 and 1980 kg/km2.

5. DISCUSSION

We can see that the densities calculated through echo coun-
ting and TS measurements are lower than expected, but fit in the
(ordre de grandeur ). Various points are Lo be taken into conside-
ration.

-  TVG measurements. We mush measure with petlter precision this
point, which may input errors in the T5 values.

- Fish behaviour. The survey has been periormed during Tull moon,
and a strong avoidance reaction ofF Che fish  was suspscted.,  The

next surveys wWwill e per Tormes In new moon per dods

Weather condibiono. Thiey wetw i watinai Davowranda at
ring of Ehe survey,  pub changed dur inag bhe wor b andd
Lo eliminate a part of the Jdata. Thizo point o »2%an o
into consideration when perloiming o O Uidis.
Finally we have zurwveyasd a owory smell por b o of fheeonn b and w

correst evaluation will necessilbate 3 mor e gener al o .

Mevertheless it seems Uhat under these conditions an evalua-

iy

Liovmr of the Tish avuwindance would be possivles.

SLLIGy Lormaar ng
esul b and il
Gitficult to v
other signals b
»omagni T i Lo counlt  in  good

Aoooolher polnt Dnbare
Y- givies, ratbhier
STRTRINISIAN, DUl Lhie Sonogitam 13 v
crimiincbion  between Fish echo ar
Will e indiszspensatle to U SR
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SO LN

-y
‘
‘




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 veam echo sounder. In any case, if
the data are collected aboard a small vessel and recorded for
further preocessing, it is abvsolutely indispensavle 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 138 data of the observed fish.

A special attention wmust be paid in the transformation
length-weigth: in areas with various species present, the best
way 1is 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

]
Length class Species L/W rel.|
|
]
2-4 cm Jenkinsia lanprotaenia K
4-12 cm Harengula spp . x
Haemulon spp (juv.)
13-20 cm Haemulon spp X
Lutjanus synagris
Lutjanus griszseus
21-41 cm Lutjanus griseus X
Caranx spp.
Calamus spp.
> 41 cm Lut janus analis X
Caranx spp.
Sphyraena spp.
Scombridae
L/W rel. = length/weight relationship of the
species considered as representative of the
length class :
Table 2. Biomass evaluation for each experiment
Gulf of Batabano, october 1989
Exp 1 2 3 4 5 [
dale 12713 1%/14 14/1% 15/16 16417
H 5.5% 4.7 4.7 4.9 4.4
& 1 1 2 1 1
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% 84556 241041 158192 120 Lo
M 29 2173 A e B
dens . 550 202 1330 1980 L4
B mean total doepth Gn) Sooowlind zonge ()
botal Jdiztance () Yoo lolal SOUNRAES EVITIET QT

ol

VUG

[ERRTN
A

dens

mean Jdensily

(

. NS I
oy lem= )



LOMt CML

Kz; or
Thalassio bed Consl ot s ot
0% e

~ 0
S A TR T T e T - dom
|-S50m
| 400m
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fbstract

One of the aore critical limitations in the usz of
acoustics to assess the fish stocks concerns the difficulty 1n -
identiftving precisely the surveved populations. Intformation
given by fishing operations are aften insufficient, especially
where there are many different species, as is usually the case

in temperate and tropical areas.
e

This paper deals with the concept of "accustic
‘populaticn” defined as a group of detections with ﬁather
homogenecus acoustic characteristics. The characteristics are
praovided by: -simple analysis of echograms {(day/night counting
of schaols, type of schools, type of scattered +ish, etc..);
~integrated echo signals by categories (day, night, pelagic,
demersal, etc..); —-voluine reverberation (average value of the
layer and of the samplie above a threshold).

The use of this concept is supported by the hypothesis
of a correlation between abserved acoustic characteristics and

anatomic and behavioural characteristics of the surveyed
population, leading to the conclusien that an "acoustic
population" represents a true natural caommunity. Therefore -1t

should be possible to substancially reduce the number of fishing
operations by a fine stratification of the sampling. HMapping
the population is made using factaor analysis on all the relevant
acoustic data.

The comparison between data from fishing suwveys and
acoustic swveys conducted from 1782 to 1986 in Venezuela shows
a good fit between the aag o natural communities and acoustic
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populations. Finally the weight of some acoustic parameters jig
tentatively assessed. :

. The authors conclude that the routine uwse af +this
mettiod when the populations are multispecific may help to

.idehgify and to map more precisely the main natural communities

living 'in such areas.

L'une des limites les plus sérieuses & 17évaluation
des stocks de poissons reside dans la difficulted & identifier
priécisément les peopulations: 4 peu pré&s utilisable suwr des
groupes formés de peu d espices, la p2che de contrile fournit
des informations insuffisantes dé&s que 17on &tudie des stacks
multispiacifiques (cas des zones tempérges et tropicales).

Les auteurs présentent dans cet article le cancept de
"population acoustique": i1l s’agit d'ensembles de détections
présentant des caractéristiques actoustiques a peu nrés
haomagénes. Ces caractéristiques sont tirdées des analyses
simples des =chogrammes (nombre de bancs de jour, de nuit,
pelagiques, démersaux, types de dispersions, etc..), des valeurs
d*&cho—-intégration (biomasses moyennes de jowr, de nuit), et des
valeurs particulifres issues de 1 analyse du signal (TS,
densités par <chantillon, par échantillons supérieurs au seuil,
etc..).

L7utilisation des résultats s appuie sur 17 hypothéese
que les caractéristiques acoustigues d un stock sont lifes aux
caractéristiques anatomiques et <Ethologiques globales des
espaces composant ce stock, et donc quiune paopulation acoustique
repmEsente bien une communautE natuwrelle. La confirmation de
cette hypoth&se permet alors, par une stratification fine, de
reduire notablement 1" &chantillonnage par pache. La
cartographie des populations acoustiques s effectue a 17 aide
d analyses factorielles sur 1’ensemble des différents paramitres
acbustiques. '

. La comparaison entre les résultats de paches
exploratoires et de campagnes de prospection acoustiques
effectuses entre 1982 et 19846 au Véndzugla a permis de voir ue

les cartographies des communautés natuwrelles et des populations
acoustiques coincidaient remarquablement.

_ Enfin une tentative d évaluation des importances
respectives des différents paramétres acoustiques entrant dans
la définition des paopulations acoustiques est préasentée.

Les auteurs concluent que 17 application systématique
du concept de population acoustique sur des zones & stocks
multispecifiques peut &tre une fagcon d7identifier et de
cartographier précisément les principales communautés naturelles
de ces r<gions, et donc d'am&liorer notablement la précicsion des
Svaluations sur ces populations.



1. Introducticn

Acoustic stock evaluation methods have greally
improved over the last few years, by using micraopracessars that
allow the digitalization of the received acoustic signals - -and
the quick and precise analysis of the contained infarmation (see
for example the bibliographic list established by VYenema, 1%8%).

: Nevertheless the identification of the observed
populations still depends on fishing aperations, with all the
bias and errors such methods could entail. This fact may

considerably reduce the precision of the results, especially 1in
tropical regions where these populations are very intricate. It
is cbvious that a good evaluation of a survey result precisian
is needed (Shotton and BRazigos, 1984). Several methods have
been propocsed to evaluate and reduce the oaobserved variance
(Shotton, 1981; Barbieri, 1981, etc...), but all of them
indicate that a good stratification of the observed ares 1is
required. Such a stratification can be based oan various
criteria: biolegical and ethological {Laloe, 19853; Gohin, 1983),
bathymetric (Shotton, 1981), depending on the popul ation
distribution {(Aqglen, 1983; Gerlotto and Stequert, 1i%23) ocr aon
the delimitation of homogeneous populations (Rarbieri, FaEL.
This shows how useful an automatic, non fishing—-dependent,
stratification method might be.
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Acoustic puls

Z.Definition of the !

A natuwral fish community may be defined as a agroup of
species mixed 1n 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 qgear is
non—selectivel:

— a catalogue of the present species;
— the species proportions;
— the individual mean length and weight.

Acoustic paopulations are defined from the following
hypothesis: behaviour, . taxonomic and biaometric 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 biaometric 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, aroup shapes. Nion and Castaldo (1982) separate an
anchovy population in five groups: superficial schools (day),
superficial scheools (night), deep schools (day)., scattered fish
(right).



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;

~ 1ndividual echoes distributions;

- type of fish aggregation {(pelagic, demersal, schocls,
scattered...)

~ global fish density (echo integration);

— variatiaon of target distributions (school/scattered,
pelagic/demersal)

It could be possible to include in this 1list some
abiotic characteristics, being some communities related to
particular ecosystems (hydrology, sedimentology, bathymetry?.
Nevertheless in this study we shall oniy take acoustic data into
account.

It the former hypothesis 1s confivrmed, a fish
community can be correctly represented by an acoustic population
index. In this case we are justified 1in using acoustic
populations to post-stratify a surveyed area: acoustic samples
are many mare numerous than fishing samples, so 1t seems that
using acoustic populations distribution instead of natural
community mapping would improve significantly the precision
obtained by stratificating area.

In oaorder to confirm this hypothesis we have studied
twe natwal communities and their carresponding acoustic
popul ations, and evaluated the fitness existing between them.

J.Equipment and methaods

F.1.  The surveys.

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

2).

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.



F.2. Equipment.

Two boats have been employed: R/V La Salle (39 wm) 1in
the Gulf of Venezuela and R/V Capricorne (46 m) in Oriente.

- FALCDN 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 acoustic surveys, the
echosounder was a SIMRAD 120 kHz EE/S, and the echo-integrator a
SIMRAD analogic GM 2.

— FALCON 4. The equipment was the same as during FALCON 2 and
3. with the exception of the integrator, a digital AGENOR
(Frotechno). During FALCON 2 to 4, althouagh they have not been
used in the present wark, a few fishing cperations took place,
with the same net as during FALCON 1: their results showed that
the communities observed during FALCON 1 did not chiarige
significantly until FALCON 4.

- ECHOVEN 2. The fishing was done with a pelagic trawl (& m
mesh size in the mouth). The echo saunder was a SIMRAD EE400,
used at the 120 kHz frequency, and the integrator a digital
AGENOR.

.3 The data.

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

(a). Ffishing: yield (catch/hour?

(b). number of pelagic schools per Elementary Sampiing
Distance Unit (ESDU) by day;

(c). number of pelagic schoeols per ESDU, night;

(d). number of demersal schools per ESDU, day;

(e). number of demersal schoals per ESDU, night;

(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 ratio, night;

{(j). density/E+ (high, medium, low), day;

(k). density/E+ (high, medium, low), night.

The definitiaon 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.

J.4. Data processing

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 geoaaraphic
squares (13x15 N.M. in the Gulf of Venezuela, 10x20 N.M. in
Oriente) (fig. 1). These empirical dimensions are supposed to
be sufficient to consider that the squares are independent

(McLennan and Mckenzie, 1985).




Each square was considered as an individuali -we used
factorial analysis as processing device. In fact we used it as
a cluster methed, in order to classify all the squares in a
non—subjective way, as far as possible. :

The qgroups of squares are then mapped in order to
observe possible homogeneous regions according to the parameters
introduced. This analysis is done first of all on the; fishing
data, to map the existing natural communities {(if any), then an
the acoustic data to extract acoustic popul ations: the
carresponding maps are finally compared.

4. FResults

4.1. Gulf of Venezuela

4.1.1. Fighing. The Gulf 1is 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 3y where the data
are converted in species percentage of the total catch weight.

The direct observation of tabhle 3 shows that two
specific groups are present in the gulf, cne in the lower part

of the Gulf (SW) and the other one in the mouth (NE). Fig. 2
presents the distribution of the most representative specées.

That observation can be confirmed by the factorial
analysis of the data of table I. Figure 4, which shows the
distribution of the squares on axes 1 and 2, permits to define
five wmain groups of points, named A to E. Mapping these points
(fig. 6A) reveals that the two main regions aobserved on table =
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 B and E appear geographically as
intermediafy zones between sectors A and C. :

data have been used in the gulf of Venezuela. All the data are
summarized in table 4 and presented in the figures 2 and %. The
results of the factorial analysis are given in fig. S. On this
figure the number of each square is affected by a letter related
to the corresponding natural community of fig. ©6A. Figure 35
enabhles one to identify three groups:

- group (a), rather well individualized: squares S, 6, 8, 9

— group (b)), not sa neat: squares 4, 13, 14, 19

- group {(c), with a rather arbitrary limit: squares 22, 23, 27

28.

4.1.2. Acoustic data. As presented in table Z, two kinds of

Al though the other points 1look toa central ta be
non—sub jectively separated, it is interesting to note that the
points around group (a) belong to the natural community A, as
the squares of this group (squares 7, 17, i8). The same
observation can be arrived at group (c): squares 2, 3, 21. They
are presented with the letter group in parenthesis on fig. =Y =



The other squares are presented with an X. Finally fig. 6B
shows, as fig. &A, two main populations, on the SW and on the
NE of the gulf, with intermediary squares that cannaot be
gathered with these populations. '

q4_ 2. Oriente.

Oriente has been divided in 10x20 H?M¢ "squares", &5
of them having been prospected and included in this analysis.
4.2.1. Fishing. 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 pelaqgic trawl in a completely random sampling as one can
when using a bottom trawl, and 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. 193y three of them have been eliminated {(no catch):
numbers 23, 274 Z0. The rasult of the catches (in species
percentage of the total catch) are summarized in table 5.

Fellowing the same method as far 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 %Z of the catch {as it is

difficult to know the actual representativity of these species

in a pelagic trawl catch).

The factorial analysis resulits are ptresented on fig.
7: three main groups (A, E. C) and a little one (D) can be
distinguished on the distribution of the squares along axes 1
and 2. Observing now the distribution on axes 2 and Zy we can
ez that a sub—group appears, formed with some peoints from group

. This new aqroup 1s called B in figure 7E.

non

[sx |

Mapping these groups gives an idea of the communities
that are present in Oriente (fig. 11): ~

- cammunity A: essentially composed of Sardinella aurita, 1t
covers exactly an up—-welling region (Fukuoka, 1963).

wmed of a qgreat nunber  af species,

— cammunity R 1t is fco

especially Carangidae (Chloroscombrus chrysurusg, Vomer
setapinnis, Caranx spp)s and those Clupeids present 1in  low
salinity waters (Opisthgnema oaglinum principally). ALl the

trawlings of this group took place in the gqulf of Faria, which
ie characterized by extremely low salinities, less than 20 Z.,
the gulf being situated at the mouth of the Orincco River (fig.
82).

- communities B, C and D cannct be easily defined. So we <can
only observe that group C is formed of the trawlings that caught
mackerel (Scomber japonicus). Group B and 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

mixed community.

It 1s then possible to cansider that the factorial
Aanalvsiae on trawling data made it paossible to separate three
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communities in Oriente: the up-welling sardine community, the
gulft of Paria community and an intermediary/peripherical
community. o

4.2.2. Acoustic data They are detailed in table 4, and the main
part of them is presented in fig. @?. The factorial analysis is
presented on fig. 10. The distribution of the squares on axes
1 and 2 shows two rather well individualized groups: A (squares
4, 6, 30) and B (squares 10, 31). Two other groups, called A’
(squares 8, 41) and B° (squares S, ?, 25, 32, 37, 38), less
clearly 1individualized, 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 B and
E* 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, &, 8, 30, 41;

- population BH: squares S5, ¢, 10, 25, 31, 32, 37, 38
- population C: squares 15, 17, 18, 20;

— populaticn D: all the other squares.

The map of these populations shows a good consisiency
in the data (fig. 11):

— populations & and B cover almost exactly the Sardinella aresa,
A being Fformed of the squares wharqe the sardinella population
looked the densest;

— population C covers a great part of tihe qulf of Fariaj;

- finally population D covers an intermediar?/ zone, where no
dominant species can be observed. ¢

5. Discussion

Although it gives many information, factorial analysis
in not an entirely reliable method, as it does not preclude
sub jective interpretation. In the case of 1its 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 isclate 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

ervror—free.

In order, first of all, to test the concept in
different situations, we selected two examples which were
calculated with data extracted from different sources: four

/

!



separated surveys extended over saveral years,using an analogic
echo integrator and a bottom trawl in the case of the qgulf of
Venezuela; a single mixed acoustic/trawling survey,using 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 (Maracaibo lagecon in the Gulf of
VYenezuela, Orinoco in Oriente}) are completely different.

All these observations confirm the 1dea that
stratification and mapping of the acoustically surveyed stocks
by the way of acoustic populations seem consistent and should
give ‘usually good information, at least in the case of tropica
populations.

Then, in order to see wether some subjecitivity had
been 1ntroduced in our interpretation, we carried cut a litile
test on one of the acoustic data sets (ECHOVE®M 2), using aoan  the
data a cluster analysis (fig. 126). The obtained dendrogr am
reveals two things:

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

(2} nevertheless, the classification obtained is rather clase
to that obtained through the factorial analysis., as 1s made
clear on fig. 12R

These observations lead to the +ellowing conclusion:

a]

{(al: 1t seems that acoustic populations are a useable tonl +or
community identification;

{(b): 1n order to obtain the best discrimination of these
acoustic populations, the different kinds o+ data availiabie
should be tested, because it is probable that all of them do rot
have the same significance. A little example is given below.

o+t ihe

lWe have introduced with table 4 data those
calcul ated the
&) F

most  representative species of FALCON 1, and ¢
correlation matrix on the complete set {(table
consider the correlations between acoustic data and specific
catches, we can see that on 140 calculated correlations, 3¢
gigniticant a&at the confidence level 0.1. it one wishes to be
mare precise, 1t is possible to classify the data 1n  three
groups:

}=
a

— data without any significant correlation with the fish;

— data with at least one significant correlation at level 0.1
(r=0,3233

— data with at least ane significant correlation at level .05
(r=0.3809%) .



i group : type of data !
PO corr. DJF2, DJIFE, BFJF2, BFJFZ, BFNF3 :

i corr (0.1) i DJF4, DRJIFZ, DRJIF3, DBNFZ, BFNF3 :

DNF2, DNFZ, DNF4, BFJF2, BFNFZ2, EBFNF3, :

(the names of the variables are explained in table 2)
This classification shaws some points:

— the day-density values have no —or little— correlation with
species distribution, while on the opposite the night-density
values show a high correlation.

— the school data are more difficult to analy-e: some of them
look highly correlated with the distributien (number of pelaqgic
schools), others have a low correlation {school densities’), and
the number of demersal schools seems to have no correlation at
all with the distribution of species.

— the densities per sample above the threshoeld are, with the
night densities, tihe most correiated parameter.

All these observations show that a more precise study
of the significance of each acoustic parameters and of their
infiuence on the acoustic populations elaboration has tc be
done.

Finally another point should be calculated, i1i.e. the
gain 1in precision that a stratification through acoustic
populations could give compared with a general study or a
systematic stratification.

Coanclusion

The analysis of acoustic data from the surveys 1in
Venezuela made it possible to build in a rather satisfactory way

maps of acoustic populations whichh were practically identical to
the natural community maps of the same areas cbtained 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 cortrect. 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;



- to stratify or post-stratify in an automatic way, through the
acoustic populations, the studied area, and to greatly decreace
the variance in results of an hydroacoustic survey.

The last point 1s the following: an hydrocacoustic
survey generally gives one important result: the global- biomass
value. In fact the processed data could give much dore 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 biclogy are concerned. This type of information daes
not present the drawback of absolute density values, because 1t
can be used directly in relative terms, and is consequently much
mor= accurate.
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- Fig. 8 : Map of surface salinity (ECHOVEN 2).
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* by night, high (eediua; low)
B/S.J (K) = Nuaber of schools per ESOU (x10000), day (night)

saaples above the threshold/total sasples, day (night)

Ded.K (ML) = Density/E¢ by day, high (aediua; low)

05) = global density, day; DSN = qlobal density, night

Table 6. Acoustic data used in the analysis (ECROVEN 2)
+/EJ (N}
DeNLH (K;L) =

1



:lllllllllllllllllllllllllllllllllllllpllllllll'.lL]lr-l!‘."l.‘.ltlllhllZ'lﬂ.‘.‘.".'lE't.l:lltllll':‘.;'.r."-l E FUE RN ’»‘-l.3»‘f'-‘"7#‘-:-"-'5l:ll!l'l'llllll‘lll::lllllllllllll.llll'lllllll’l.l.lllllllll"ll‘lllll'llllJl‘lllllllll.llSll[]lllll'llIlIlllllllllllllllllllllll
POTRIC b OSCON : OPRIA I WUE . PMLO C CLLE C DJET C BNFT ¢ OBIFD ! SNFD NS RFJFD Y BFNF2 D DJFY - OKED : OBJF3 D DENFI ¢ BRIFY - BPNED ! BFJFI ¢ BENFT D DJFA i ONFA ! DEIFA § DEXFA 1 DESFA

CPOMA 10078 L0401 LOR24 L0830 T 253 0000 48T L133F L08:Y -.1187 LABA2 AIAD R4S L0347 L0739 .:95 L0939 .ADE3 L0600 L2011 L0727 L0803 -.1782 1852 -,339% 108
LIRIC SE3 -3 3730 %t - 82Y 22 -, 8725 254 L107h L34 -,085:  -.0852 L3346 0989  -,3832 .38 -,0893 -,0220 1118 ~.4709 -.2077 L0401 3337 -,349%  LA48E6 1970
©seon 5064 - 425 5071 0557 - M85 L1284 - 1280 LISA USIS L1750 LIS3S LMY 0938 L0977 -.1308 L3002 L1626 L1803 -9269 - 0017 LISI7 0 L2m48 2008 L3321 Lcese
PRI& SIS SMe LMY L19BE L2284 338 190l .288%  L1ISY 90000 .01 -079 L4735 L3763 L2008 0367, 358F  .2186 L2894 -.2030 -.55(9 L4286 -.4720  -.3487 !
L) S CAgRL 01T L080% L0917 2.0000 L7 L1176 LOIST L0783 -.2018 L2182 L2275 L2449 -.0644  -.1003 L1593 0799 -.2893 -.3608  -,5399 6825 -.blé9  -.5508 )
P OO ¢ 2063 L0482 - 3278 -1838 L3098 -.1830  .2052 L0746 (4809 L1108  -,4492 -.1887 -.2809  .1S72 <~ 2408 -.1569  -.1306 2% 417e - 0190 LSU3 L1326 )
e U638 A3IS - 1858 -.2002 L0127 LUB3S L0835 -,2071  -,0006 L1758 1598 LAMS 0842 L3M18 L1312 0404 0850 2501 0124 -.0083 L0804 !
V02 L0830 L7559 4310 .89 2582 %809 0.0000 L2848 0572 2408 -,058% 3462 -.1180 ~.0712 5480 L2848 0433 3027 -, 2059 .05 !
{DNF2 ! . L2043 148 L0561 L4392 (209 0,0000 2422 5192 ,3822 L4009 L1974 (3MS L3229 L2485 L2400 -.2948 L3432 -.3503  -.2%81 %
| t '
1 DBIF2 JUBS 7888 L2928 L4392 0.0000 L2422 049 2730 0,0000 L2961 -,0689 L0807 L6204 L0800 -,2455  AS76  ~.3%03 0.0008 !
! DBNF2 | ~0ME L2090 ATI5 L2010 L1925 . (996 -.0878 -, 1042 L0085 1536 -.0874 ~.0130 L2755 L0820 0041 .30 L0404
L IPIF2 L L2309 L5196 - 1815 L3025 qgs2 L3338 L0827 LI 0132 L0426 837 L1183 0290  .2933 -.1957 (012!
1] 1] I‘
'BPNFZ L3500 L4883 L0276 1ss2 L0933 0.0000 L3708 .0229 -,020 L1278 L3280  -.053 L0781 -.0199 -, 213!
' BFIF2 L0933 (3681 o3 L3544 L0085 L3877 - -,0228 = L1003 L2347  -.0205 0.0000  .IS43 -.1595  .03§0 !
R D129 - (757 L0435 ~.1277 L4087 - 0172 -.0900  -.0594 L2103 L0704 0182 -.0881 -.0454 !
1 1] :
HE T2 3 <0948 Lbb60 L0378 L3250 L0347 L4829 L0174 ~.0022 -.0208 L2840 -.1787 - 2441
FOMES 029 L6981 -.0525 4990 1498 L2107 LOB63 388 L1882 -390 -.1835 1
‘DB JAT68 8098 L2006 M4 LA S l1BS L0007 L300 -336 3904
] ! '
10BKFY L2308 L7823 L0378 .2906 L2245 L0589 0.0000 -.0203 0809
P BRIFY I Q223 L1786 L3883 L1382 L3223 U317 -S4 -, 300
i BPNFY ! - 0158 L0727, LT =322 L1116 - 0881 ~1224
\

1 1] H
tBRIR 017 - 3100 873 L0916 ~.2880 3519 )
!N ! 2071 L2870 JATAL -,088% L1384 !
PR A0 -2002 3147 L5oMm !
PO .50 LM72
! DEIFY -8220  -.5204
! DE2F4 Al
: set tesasennaRt '

Table 7. Correlation aatrix on FALCONs data.
Acoustic data nases erplained {a tadle 2
PONA = Posadasidaey TRIC = Trichiurus lepturus;
PRIA = Priscanthus arenatus; SUOM = Scoabridae; LUTS = Lutjamdae
CHLO = Chloroscosdras chrysurus; CLUP = Clupeidae; :
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RESUME

L'applicabilité de la géostatistique pour 1l'analyse de données
d'écho-intégration est explorée a l'aide de deux ensembles de
données provenant des eaux cOtiéres du nord de la Norvége et du
Vénézuéla. Les écarts aux conditions de stationnarité et 1les
variations temporelles des structures spatiales sont examinées
en portant une attention spéciale aux effets de : (1)
l'utilisation des données brutes ou transformées en unités
logarithmiques, (2) 1l'exclusion ou l'inclusion des séries de
Zéros, (3) différences jour/nuit dans 1les structures
spatiales, (4) double échantillonnages et (5) différentes
communautés de poisson. Tous ces facteurs affectérent fortement
la forme des variogrammes calculés, et conségquemment Iles
estimations de biomasse qui en étaient reliées. L'utilisation
de la géostatistique pour 1l'analyse des structures spatiales,
l'estimation ou 1la cartographie de 1la biomasse en écho-
intégration doit donc étre effectuée avec précautions. Des
recommandations sont suggérées et les aspects demandant plus de
recherche sont soulevés.

ABSTRACT

The applicability of geostatistics to analyze fisheries
acoustics echo-intégration 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) wusing 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.




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 alternative 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 al,
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 bavid 1977
H Sokal 1986) such as : the range of autocorrelation, the
shape of the variogram, the sill level, the relative importance
of the variability at wvarious 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 wused 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 ; Clark 1979 ; Delhomme 1978).
These stationarity conditions are far from the expectations



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.




METHODS

The first data set has been collected in February-m--
1989 from northern Norway between latitudes 62 N and 64 N di..
longitudes 4 E and 8 E. The echo (m of backscattering crosc
section per square nautical miles) of pelagic fishes were
collected at intervals of 1?7 nautical miles along the crii--
tract (fig. 1). This data set has been provided by K. F#Foow-

(Institute of Marine Research. P.0O. Box 1870, Nordnes, _...
Bergen, Norway).

The second data set comes from a survey realized in Augus«t
1985 off the east coast of Venezuela between latitudes 10 N a:ni
12 N and longitudes 65.5 W and 61.5 W. The acoustic system wa:
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 sii..
additional transects, and the transects located in the Gul: :~
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 acoustin~
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 &th:z
following spatial analysis packages. GEO _EAS (Environme=*-"
Protection Agency USA) was used for computing histograms o w
variograms and for kriging. SURFER (Golden Sofware, <7 . .
Colorado, USA) did the contouring, 3-dimensional plots and
interpolation by the inverse square distance or by Kkri....g
using a variogram with linear model. Some variograms were ='~"
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 showed 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 (1ln x+1 Fig. 9) or excluding (In 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 1lin. £fig.10) produced a map slightly
differing from the 1latter two, and which showed notable
differences from +the map obtained by the inverse square
distance method (x 1/d . 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. contrasting with the other data set,
the proportion of zeros was low (< 5%). The histograms of
logtransformed daytime data per stratum (fig.1ll) 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




smaller than during the day. Variograms per strata (fig.13 and
14) also exhibited spatial variations 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 transformation should be used ? How
biomass mapping and global estimation should be performed,
globally or by fusion of .omogeneous strata ? How to consider
the outliers adequately ?: Should lognormal kriging, relative
kriging or other types of kriging 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 spatial 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 result 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 adjacent 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 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 Kkm.

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 (1ln) data including
or excluding the zeros. Lag = time sequence.

Variograms (semi-variance vs distance in km) of
northern Norway raw (x) and logtransformed (1n)
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 (1ln) data
including or excluding the zeros.

Vs
Variograms (semi-variance vs distance in km) per
stratum (X on the map) in northern Norway
logtransformed (1ln x+1) data including the
Zeros. :

Variograms (semi-variance vs distance in km) per
stratum (X on the map) in northern Norway
logtransformed (1ln 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 (1ln) data. The grid mesh size was
5 X 5.km, the search circle radius was 15 km,
searching by quadrants a maximum of 8 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 1ln
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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10.

11.

12.

13.

14.

15.

16.

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. lat. 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 (1n)
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 CRAPRABILITIES OF TROPICARL CLUPEOID
USING AN ARTIFICIAL STIMULUS

DYy
M. SORIA

ORSTOM, B.P. 81, 97256 Fort-de-France, Martinique (FWI)

RESUME

Nous avons étudie dans des conditions experimentates L'ap-
prentissage et lLe conditionnement de petits polssons pélagliques &

un stress. Les polssons peuvent Btre condltionnés et peuvent,
apres conditionnement, entrainer des reéactions dans un banc de
poilssons nalfs. Nous dilscutons ensuite de ('i1nfluence possible

des comportements observes sur la capturabitiilte.

ABSTRALT

We have studlied 1n experimentat conditilons the Learning and
conditioning capabilities of small tropical pelagic tishes on a
stress. The Tish can pe stress-conditioned and those fil1sh can
Lead to reactions 1n 38 “"nalve" f1shn scnool. We dilscuss these re-
sults and the inftituence of these behaviours on f1sh catching.

INTRODUCTION

In order to better surround the 1mportance of 1ndividual Dbe-
naviour of pelLaglc fishes 1n the jormatlon, tne structure and the
reactions of a scnoot, ang in order 1o better define tne problems
mei{ Quring tneir catcn, we have studied 1n experimentat conati-
tions the Learning and conditioning capablllitles 0Of a coastat
tropicat clupeol1d fish: Opistnonema oglinum.
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Montpellier

T ZA90 L 00}



The hypothesls 1s:
Previously stress-conditioned fishes (Pavlovian Condil-
tioening) 1introduced 1n a school of “naive" fishes (non conditio-

ned) can 1nduce alarm or fiight reactions in the whole schoot by
contagious effect (Levin and Grillet 1988).

METHDDOLOGY

1. £a8tching fishes and experimental structure.

The fishes were caught by day 1in front of the station
with 8 il1ttLle Lift net. Flshing was executed without handling the
fish and without emerging them. The fish were carried to the ex-
perimental area under smooth anesthesla ang heavy oxygenation. A
prophylactic antiseptic treatment was applilied during the first
few days to prevent a bacterian proliferation in the tanks.

Two sets of thirty fisn of 15 cm mean lLength were caught 1n
tnis way and prought separately and successively into two jolned
tanks of four meters in diameter and 1.6 high. These two twin
tanks 1n open circult were strictly 1dentical 1n shape and co-
Lour. The first tank 1in which takes plLace the conditioning and
tnhe experimentat phasis was fitted out with an underwater Loud-
speaker, a sllding and rigid net Lalg down on the bottom, and a
video camera above. The second tank was bare.

2. Experimental proioccot. (Diagram 1.)

The first set of fish were placed in the second tank to
pe kept 0n acclimating phasls. These acclimated and non-
congltioneg fish will pe called "naive" fisn. The second set, was
introguced 1n the first tank. During three days of acctimatation,
a serie of three sound pulses of five seconds duration ang at 4
ireguency of 2500 Hz was emitted in an erratic way ( Scharz and
Greer 1984 ). Therefore, we should confirm that this sound didn't
1nvolve any fisn reactions. Then, we assoclated these transmit-
ted putses with a stress. This stress conslsted of hoisting the
net clLose to the surface. We could consider the conditioning pna-
s1s ends when all the fish reacted to the first sounda pultse. We
want to oetermine tnroughout this phasils, how many repetitions
are reguired for this conditioning.

During tne experimental phasis, one part of these conditio-
ned fish was jolned with the naive fish 1n the second tank, the
other part 1s reteased. Tmen, we observed how nalve congenerics
react to the flight benaviours ot conditioned fish when the sound
pulses gCccur. in the second phase, we removed this dual. school
pack to the first tank 1n order to measure a possible tank et-
Tect.
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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 1in de-
creasing order:

- the structure in MILL where the fish swim slowly 1n

circtes. 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 SLRACK SCHOOL where the 1nterindi-
vidual distances are approximately equal to the body Length and
where the swimmming speed 15 stow. :

- the structure 1n UDENSE SCHOOL where the 1nterindivi-
dual distances are short and the swimming speed 1s faster than 1n
a slack school.

- the DISPERSION where no fish swim in the same direc-
tion 1n group.

The activity behaviour criteria of the schoot are in decrea-
sing order:

- the ALARM RERCTION which affects only one fisnh and
wiiliCch doesn’t 1nduce reaction towards tne other.

- the FLIGHT RERCTION WITH REGROUPING.
- the FLIGHT RERCTION WITH UDISPERSION.
We measured the occurences and the durations for each crite-

rion 1n each period and also the same thing for the sum of atl
the reactions.

RESULTS

1. HCCL1IMAat1zallon pnasis.

First, Wwe noticed that no mortality anag no unexpected
Denaviours occured during tne experiment. Therefore, we consiager
tnat the 7T1sh have adapted correctly to their captivity.




The tests on fish during each sound pulse show that the
reaction 1s Low and decreases during this phasis. The Last three
tests show no reactions on any putse. Therefore, the sound putse
is considered as a neutral stimulus.

2. Conditioning phasis.

In order to foltow the evotlution 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 tablLe 1.

The reaction curve rises up to the maximum at the end of the
phasis (Fig.1). The fish react earlier and earlier to the stimu-
li. The evolution of reaction ways 1s gradual in the case of the
first sound: at first, alarm reactions occur with excitement,
then fitight reactions with a dislocation of the structure, and
finally flLight reactions with regrouping. Ouring the same phasis
at the moment of pertubation, both the duration of millL structure
and the regrouping flight reaction increase. ( Fi1g.2 and 3 ).

Then, the conditioning shoutd be accomplished at the
same time by an 1ncrease of the individual sensibility to the
stress and an increase of school stability, 1t'‘s cohesion and de-
fence.

3. Experimental phasis.

With the same criteria wused 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 fisnhn back 1nto the second tank.
These reactions whittled down gquickly untit they just became 1n-
dividual alarm reactions 1n the end. ( tablte 2 ). Buring the same
phasis, at the moment of pertubation, the duration of dispersion
decrease whiite the duration of mitiL structure 1ncrease. (Fi1g 4
and 5).

In first analysis, 1t seems that the reaction ot the mixed
school is tow. This school acquires a strong stabitity and cohe-
sion at the end of tnis phasis.

DISCUSSION
The Tirst guestion 15s: can the flsh be conditioned? 1.e., 1n
our experimentat conditions, are tney abite to recognize a sound

emitted in tne water and assoclate 1t with a further event (here:
a stress’)’?

In the case ot a positive response, the folLlowlng gquestions
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are:

- how 1s this assoclation (stimulus-stress) self made 7
i.e., how does the reaction to the stimuli evolve during the con-
ditioning phasis 7

- how many repetitions does 1t take for this conditio-
ning 7?

The results show that the conditioning of fish 1s possible.
The interesting fact 1s that the conditioning to a stress doesn’t
Lead to panic 1n individuals but to a strengthening of the school
cohesion 1in their flight reactions. This panic might be obtained
wilith a stronger 1ntensity of the stress and with a Longer condi-
tioning duration. 1In 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 gquestions:

- Do the conditionned fish introduced i1nto a *nalve" fish
school react to the conditioning stimul1?

- If so, how Long do they react ? - Do the flight reactions
of the conditioned fish 1nduce a8 reaction in the whole mixed
scnool? - What are these reactions?

At 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 1n the nailve school and cannot react to
the stimulil. Tnis is speclallv plausible because the school are
usually 1n mill structure. The formation of this structure was
gescribed 1f1i1rst by Breder (1951). It happens frequently after a
short period ot "confusion® 1n whilich the school 1s temporarily
disrupted, with fishes pointing 1n all directions. We tnink for
this reason that this structure ensures good protection 7Tor all
the congenerics . In this case there 1s a nhuge school 1inertia,
and tne group effect 1s preponderant in tront of the i1ndividual
effect.

Secondly, the conditioned fish hear the stimulus but do not
react because they are not 1n their own tank. So, 1N a second
phnasls, we put the whole school back 1nto the conditioning tank.
During this the second phasls, at the beginning, the school reac-
ted to the stimull then this reaction decreased rapildly. This se-
cond phasi1s demonstrated tnat the previously stress-conditioned
Tish were stilt conditioned because they react to the stimuli.
Then, they were able to 1nduce a flight regrouping reaction of
tne mixed school although the mill structure should set oneself
against 1it.




In this case, the individual effect 1s preponderant 1in
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. Rt the
end of the experiment we recorded alarm reactions from some of
the fish which did not induce fiLight reaction of the school. The-
refore, we presume that a threshotd proportion of the group must
be stressed 1n order to induce a flight reactions of the whole
school. That means that the Leading reaction 1nside a school re-
quires a3 threshold proportion of conditioned fish. In our experi-
ment, this threshotd 1s onty reached when all the stress-
conditionned fish react.

If the reaction decreases rapidly i1t may be due to the short
time of conditioning or the weakness of the stress (in order to
avold hurting them, the fish were not emerged).

To explain the differences between the two tanks, we can as-
sume that a visual relay 1is required to recall the conditioning
to the previously stress-conditioned fish. Without this retay,
they cannot react and so, do not Lead the whoie school. In our
experiment, this visual relay could be the net Laid down on the
bottom.

CONCLUSION

The conditioning of a fish school 1s possible under experi-
mental statements. We have seen that the essential statements for
Learnling and conditioning are a sufficient intensity of the sti-
muLl and a retatively high number of repetitions. Without these
statements conditioning should be 1mpossible 1n the natural envi-
ronmemt. These conditions are found 1in 1ntensive f1shing areas
where a Lot of ships sail, +{fisn and trawlL. Therefore, we shall
have to observe 1n other experiments 1f the increase of both 1n-
tensity and duration of the stimull could i1nduce a better lear-
ning and conditioning.

In our experiments the leading of nalve fish by conditioned
fish seems to require a visual relay 1n front of tnhe strong 1iner-
tia of the schoot. To examlne this hypothesis we could put ano-
ther net on the bottom of the second tank (previously bare tank)
before the experlments and observe the reactions of the mixed

school . In the natural environment these kind of mixed schools
should exist. Indeed, we can 1magine that i1nside the distribution
zone of a +{fish stock, there 1s a restricted exploltation area

{which coutdg be for exampte the nursery) where we can find more
conditioned tish than 1n the nearby areas. By means of migrations
1nsi1de the distribution zone, these conditioned fish can mix with
naive ftish. So, the ~catchabitity of fish 1nside these stocks
could be itower than 1n "wild" stock.
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!CONDITIONING PHASIS { EXPERIMENTAL PHASIS

[nitial stage Initial stage

Transmission
of sound pulses

<

Transmission
t sound pulses

Final stage

<> . “Naive" fish. M . conditioned fish.

Diagram 1: Stages of conditioning and experimental phasis.

Final stage
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| PULSE 3 PULSE 2 PULSE 1
FLIGHT AND DISLOCATION Ly a8 i2
FLIGHT 33 3 6 4
DISLOCATION i 2 Ly &
AGITATION i 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.
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Table 2. Levels of reaction during the second part of
the experimental phasis.
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Fig 2. Evolution of the MILL structure duration during thes
conditioning phasis in the pericode of pertubation
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STUDY OF LEARNING CAPABILITIES OF TROPICAL CLUPEDID
USING AN ARTIFICIAL STIMULUS

by
M. SORIRA

ORSTOM, B.P. 81, 97256 Fort~de-France, Martinique (FWI)

RESUME

Nous avons £tudle dans des conditions expérimentales L[ 'ap-
prentissage et Le conditionnement de petits poissons pélagiques &

un stress. Les polssons peuvent Btre conditionneés et peuvent,
apres conditionnement, entrainer des reéactions dans un banc de
poilissons nailfs. Ngous dlscutons ensulte de L‘influence possible

des comportements gbserves surr a3 capturabiiite.

ABSTRALCT

we nhave studied 1n experimental conditions the Learning and
conditioning capabilities of small tropilcalt pelagic fishes on a
stress. The fish Can pe stress-conditioneag and those fish can
Lead 1D reactions 1h a "naive" 71sn sCcnNnoot. We discuss tnese re-
sults and the infiluence of tnese behaviours on T1sh catcning.

INTRODUCTION
In order to better surround the 1mportance of 1ndividual be-

naviour of petaqQlC 1T1i1shes 10 the tormation, tne structure and the
reactions ol a sCchoot, and 1n order to better define the problems

met during their catcn, we have studilied 1n experimentat conal-
1igns the "~ tearning and conditioning capaoilities o7 a coastal
tropilcal ciupeoila fish: 0Opistnonema oglinum.

ORSTOM

CENTRT BOCHRERTATION
Montpellier

T Z2)9709 409



The hypothesls 1is:
Previouslty stress-conditioned fishes (Paviovian 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 1968).

METHODDLDGY

1. Catching fishes and experimental structure.

The fishes were caught by day in front of the station
with a LtittLe 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. A
prophylactic antiseptic treatment was applied during the first
few days to prevent a bacterian protiferation i1n the tanks.

Two sets of thirty fish of 15 cm mean Length were caught 1n
tnis way and brought 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 tdentical in shape and co-
Lour. The first tank in which takes place the conditioning and
the experimentat phasls was fitted out with an underwater tLoud-
speaker, a sliding and rigid net Laio down on the bottom, and a
video camera above. 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 acciimated and non-
conagitioned fish will be called "naive* fisn. The second set, was
introduced 1n the first tank. During three days of acclimatation,
a seri1e of three sound pulses pf five seconds guration anaga at a
frequency of 2500 Hz was emittea 1n an erratic way ( Scharz and
Greer 18984 ). Therefore, we should confirm that this sound didn't
involve any fish reactions. Then, WE assoclatea these transmit-
ted puises with a stress. This stress consisted of hoisting the
net cLose to the surface. We coutd consider the conditioning pna-
s1s ends when att the fish reacted to the iirst sound pulse. We
want to determine tnroughout this phasis, how many repetitions
are requilred for this conditioning.

During the experimental phasis, one part of tnese conditio-
ned fish was jJolned with the nalve fish i1n the second tank, the
other part 15 reLeasea. Inen, we observea how nNalve congenerics
react to the flight behaviours of conditioned fish wnen the sound
pulses occur. In the second phase, .we removed this dual schoot
back to the first tank in order to measure a possible tank ef-
1ect.



3. Behaviour criteria held.

Each record of ten minutes was divided 1nto 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 1n de-
creasing order:

- the structure 1n MILL where the fish swim slowly 1n

circles. This structure 1s considered as a behavioural form of
protection. It is a good index of stability and defence of a
school .

- the structure in SLRACK SCHOOL where the 1nterindi-
vidual distances are approximately equal to the body Length and
where the swimmming speed 1s slow.

- the structure 1in UENSE SCHOOL where the 1nterindivi-
dual distances are short and the swimming speed 1s faster than 1in
a slack school.

- the DISPERSION where no fish swim 1n the same direc-
tion 1n group.

The activity behaviour criteria of the school are in decrea-
sing order:

- the ALARM REACTION which affects onlLy one fish and
which doesn’t 1induce reaction towards tne other.

- the FLIGH!T REACTION WITH REGROUPING.
- the FLIGHT RERCTION WITH DISPERSIUN.
We measureg the occurences and the durations for each crite-

rion 1n each period and also the same thing for the sum of alt
the reactions.

RESULTS

1. HCCL1MAat17a8110N pNasis.

First, we noticed that no mortallty ang no unexpected
‘Denaviours occured during the experiment. Inerefore, we consider
tnat tne fisnh have adapted correctly to their captivity.



The tests on fish during each sound pulse show that the
reaction is Low and decreases during this phasis. The last three
tests show no reactions on any pulse. Therefore, the sound pulse
1s considered as a neutral stimulus.

2. Conditioning phasis.

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 earlier and earlier to the stimu-
Li. The evolution of reaction ways 1s 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. Ouring the same phastis
at the moment of pertubation, both the duration of mill structure
and the regrouping flight reaction increase. ( Fig.2 and 3 ).

Then, tne conditioning should be accomplished at the
same time Dy an increase of the individual sensibilility to the
stress and an increase of school stability, it’'’s cohesion and de-
tfence.

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 voild during the first phasis when the
fish were introduced i1nto the first tank. ©Dn the other hand, we
observed flight reactions and dislocation at the beginning of the
second phasis when we put the fisp back 1nto the second tank.
These reactions whittled down quicklLy until they just became 1n-
dividual alarm reactions in the end. ( table 2 ). During the same
phasis, at tne moment of pertubation, the duration of dispersion
gecrease while the duration of milil structure 1increase. (Fig 4
and 5).

In first analysis, 1t seems that the reaction of the mixed
school 15 Low. This school acquires a strong stability and cohe-
sion at the end of this phasis.

DISCUSSION
The first question 1s: can the ti1sh Be conditioned? 1.e., 1n
pur experimental conditlons, are tney able to recognize a sound

emitted 1in tne water ang associlate 1t with a turther event (here:
a stressi?

In the case of a positive response, the followlng guestions
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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 7

- how many repetitions does 1t take for this conditio-
ning ?

The results show that the conditioning of fish 1s possible.
The interesting fact 1s that the conditioning to a stress doesn’t
Ltead to panic in i1ndividuals but to a strengthening of the school
cohesion 1in 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 obtaln 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
followling guestions:

- Do the conditionned fish introduced into a "“naive"’ fish
school react to the conditioning stimul1?

- If so, how Long do they react 7?7 - Do the flight reactions
of the conditioned fish induce a reaction 1N the whoite mixed
school? - What are these reactions?

At the begining of the experiment, when we add a part ot 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 compietely wrapped up 1n the naive school and cannot react to
the stimulil. Tnis 15 specially plausible because the school are
gsually 1n mill structure. The formation of this structure was
described 11rst by Breder (1951). it happens frequently after a
short period ot "confusion" 1n which the school 15 1{lemporarily
disrupted, with fishes pointing 1n all directions. Wwe tnink for
this reason that this structure ensures good protection Jfor att
the congenerics . In this case tnere 1s a huge school 1nertia,
and the group effect 1s preponderant in ftfront of the 1individuat
effect.

Secondly, the conditioned fish hear the stimulus but do not
react because they are not in their own tank. So, 1n a second
phasls, we put the whole school back 1into the conditioning tank.
During this the second phasis, at the beginning, the school reac-
ted to the stimulil then this reaction decreased rapildly. [ni1s se-
cond phasis demonstrated tnat the previously stress-conditioned
Ti1sh were stilt conditioned because they react to the stimuli.
Then, they were able to i1nduce a flight regrouping reaction of
tne mixed school although the miiLlL structure should set oneself
against 1t.




In this case, the individual effect 1s preponderant 1in
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. Rt 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 1n order to induce a flight reactions of the whole
school. That means that the Leading reaction inside a school re-
guires a8 threshold proportion of conditioned fish. In our experi-
ment, this threshold 1s only reached when alt the stress-
conditionned fish react.

If the reaction decreases rapidly 1t 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 recalt 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 a8 fish school is possible under experi-
mental statements. We have seen that the essential statements for
Learning and conditioning are a8 sufficient intensity of the sti-
muill and a relatively high number of repetitions. Without these
statements conditioning shoutd be impossible in the natural envi-
ronmemt. These conditions are found 1in intensive fishing areas
where a Lot of ships sail, fish and trawl. Therefore, we shall
have to observe 1n other experiments if the increase of both 1n-
tensity and duration of the stimull could 1nduce a better Lear-
ning and conditioning.

In our experiments the Leading af nalve fish by conditicned
fish seems to requlre a visual relay 1n front of the strong 1ner-
tia of the school. To examine this hypothesls we could put ano-
ther net on the bottom of the second tank (previously bare tank)
betfore tnhe experiments and observe the reactions of the mixed

school . In the natural environment these kind of mixed schools
should exist. Indeed, we can 1magine that inside the distribution
zone of a fish stock, there 1s a restricted 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
inside the distribution zone, these conditioned f1sh can mix with
naive tish. So, the catchability of fish 1nside these stocks
could be tower than 1n "wild" stock.
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SEASONAL AND INTERANNUAL VARIATIONS OF
MEAN CATCH PER SET IN THE SENEGALESE SARDINE FISHERIES:
FISH BEHAVIOUR OR FISHING STRATEGY?
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ABSTRACT

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 annuval 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
assoclated with a modification of fishing strateqgy: fishermen accept to
catch smaller and smaller schools since Larger schools are Lless frequently
found. The increase in fishing effort and the variation of upwelling
strength seem to govern these changes. The possibility of wusing the mean
catch per set as an index of school size, and perhaps of abundance, is envi-

saged 1n the conclusian.

KEYWORDS

Schooling behaviour; catch/effort; Upwelling; Sardinella; Senegal.

INTROOUCTION

The industrial purse-seiner fishery of Senegal started 1in 1961 with one
pboat. After a period of lLearning and Low effort, the number of boats in-
creased irregularly from 2 boats in. 1966 to 15-20 in 1985 (Boely and Chaban-
ne, 1975; Fréon et al., 1978; Freéon, 1986). Recently, the fleet declined,
mainly for economical reasons (old boats, competition with small-scale fis-

hery).

The small-scale and artisanal fishery is much older, but catches of coastal
pelagic species increased dramatically in 1972 with the introduction of the
purse-seine aon existing cances (Fréon et al., 1978). This fishery provided
mare than 90% of the catches during recent years.

In both fisheries, which operate in partially overlapping fishing grounds,
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lLarge variations of catches per unit of effort (c.p.u.e.) expressed in catch
per searcn time, are observed at seasonal andg interannual levels, Llargely
because of fishing efigrt wvariations ana environmental changes (Freéon,
1966). Both catcn per set and c.p.u.e. show the same seasanal fluctuation
and the same decreasing trend 1n the industrial fishery (Fréon, 1986). As
the catch per set 1n such fisheries 1s more aor lLess representative of the
schoolt size, the obvious question is: does the decrease of c.p.u.e. corres-
pond to a decrease 1n the numper of schools ar to a decrease in their size,
or both? 1In order to try to answer this guestion for the Sardinelta spp.
stocks of f Senegat, an anatysis of the bias in c.p.u.e. and school size as
tong-term indexes of apundance is performed, bearing in mind tne influence
of behaviaral change in both fish and fishermen (i.e. changes in fish agagre-
gation pattern or changes in fishing strategy).

The senegaltese fisherles catch mainly young S. aurita and S. maderensis and
more mature adult S. aurita and Carangidae. The mean time per trip is 10
hours, and zero to three successful sets are normally performed during this
time period.

MATERIAL AND METHOOS

Data on the industrial fishery were obtalned from daily interviews with fis-
hermen returning to the harbour or Landing site after their daily trip. For
the 1industrial fishery the rate of sampling 1is around 98% for catches and
effarts, except in 1973 where it was lLower than 80%; reliable and represen-
tative data are available from 1969. For the artisanal fishery, the annual
data sets are complete only from 1877. 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 1n 1976, a single area was fished during a
trip in more than 95% of the annual observations). The catch per individual
set 1s not recorded in the data files, but the numbers of successful and un-
successful sets per triprarea 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 Llast
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 previousty 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
af abundance for these fisheries, although not completely unbiased (Fréon,
1980). A summary of the available samples is presented in Table 1.



Tabte 1. Summary gf available data for tne i1ndustriat
Tisnery from 1963 to 1987.

{ - Sets - trips !
i One successiul 15 419 15 419 |
I set per trip ¢
{ More than one 26 276 11 672 !
i successful set |
_________________________________________ !
! Total !
i successful sets. 41 635 27 091 !
! Unsuccessful 14 684 7 980 !
i sets l
! TOTAL sets 56 379 35 071 !

Other variables also recorded are: date, boat identification, weather at sea
as declared by the captain, total time at sea, fishing area (20' latitude
zones combined with choosen depth intervals), estimation of the Landings,
commercial categories (for each species). The time of day corresponding to
each catch has been recorded since 1975. Appropriate meteorological data was
available from the coastal station of Cap-vert peninsula.

As most of the previous variables may be related directly or indirectly to
the mean catch per set (size oi the boat, temporal and spatial allocation of
the fishing effart, etc), multivariate analyses were perfarmed on the whale
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), 1t 1s obvious that some signifi-
cant changes occurred in the fishery during the period of study. Indexes of
abundance and oif 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. Accor-
ding to (fishermen interviewed, 1t was very bad in 1976 and from 1979 to
1966. Unfortunately this data is not always consistent by day or by area,
nor 1is 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. Ouring recent 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
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young year-classes of S. aurita associated with an increase in the vyoung
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, JTrachurus spp., and the oldest year-classes of S.
aurita) was subject to variation without visible trend (Table 2). Other va-
riables concerning the fishing strateqgy did-not change significantly.

Table 2. Proportion of the different species (%) landed
by the industrial fishery from 1969 to 1987.
0-5a: 0OLd year classes of Sardinella aurita;
Y-Sa: Young classes of 5. aurita;

Sm: S. maderensis; Cr: Caranx rchonchus;

Cc: Chlaroscombrus chrysurus;

Ef: Ethmalosa (fimbriata; Sj: Scomber japonicus;
Pspp: Pomadasys spp (mainly P. jubelini);

Tspp: Trachurus spp. (mainly T. trecae).

! Year 0-Sa Y-Sa Sm Cr Cc Ef 9] Pspp Tspp Oth.!
! 69 40.0 13.4 25.7 7.1 4.2 0.9 0.0 7.9 0.1 1.1 !
I 70 29.9 18.9 24.4 9.2 3.9 1.0 0.3 10.4 0.1 1.9!
I 71 59.2 6.6 14.2 0.9 0.2 4.0 0.0 15.0 0.0 0.0 !
! 72 B2.6 6.2 17.8 4.7 0.2 1.0 0.0 7.1 0.0 0.41!
I 73 48.5 4.5 26.2 4.2 2.2 0.4 0.3 6.5 0.5 6.7 !
I 74 30.6 21.5 29.2 5.3 2.0 0.5 0.3 3.8 3. 3.3 1t
t 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 1
{ 77 28.8 19.6 33.3 6.0 1.0 0.9 0.2 2.9 2.0 5.3 !
I 78 27.8 29.2 24.4 7.2 1.0 0.0 0.2 3. 1.2 5.5 1!
! 79 29.2 22.5 33.1 6.4 0.9 0.0 0.6 1.0 0.5 5.8 1!
1 80 20.9 31.4 31.5 9.5 1.2 0.0 1.0 0.3 0.5 3.7 !
b 81 21.9 27.8 34.5 8.2 0.5 0.0 3.0 0.3 2.1 1.7 1!
t 82 9.2 15.3 50.4 14.4 0.7 0.2 1.7 1.4 3.5 3.2 1!
! 83 9.3 19.1 51.4 5.5 0.8 1.4 5.5 0.7 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 6.8 32.4 1.0 1.8 0.0 0.5 0.6 3.6 3.4 !
I 86 35.8 7.6 38.6 2.0 1.0 0.1 4.6 0.0 3.2 6.9 !
t 87 55.7 6.0 28.3 0.1 0.6 0.0 4.4 0.0 2.5 2.4 1

Even though the factorial analysis is mainly a qualitative descriptive me-
thod, i1t 1indicates no 1important aspect of the above described Long-term
changes on annual abundance and school-size 1indexes; 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 (Fréon, 1980). Using the
whoie 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.
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Fig. 2. Interannual variation of c.p.u.e. of medium
size purse seiners from 1969 to 1987.




C.p.u.e. analyses

The c.p.u.e. of the industrial fishery shows Large seasonal and interannual
variatians, mainty due to the two principal species of Clupeidae: Sardinella
aurita and Sardinelta maderensis (Fig. 1 and 2) which account for respecti-
vely 47% and 31% of the catches~over the period studied. Such variatians
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 “upwelling 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 (Fréon, 1986).
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Fig. 3. Upwelling index from 1968 to 1987: mean
wind speed from November to May (source: RSECNR).

Gchool size index analyses

The catches per set (Fig. 4) and the c.p.u.e. (Fig. 2) exhibit simitar
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. 1s
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 show 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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Fig. 5. Number of sets of Sardinella Spp. per 24 hour
search for medium size seiners (1969-1987).




When looklng at the evolution of set occurrence per time fished for each
welght-classes separately, 1t appears that the decreasing trend in c.p.u.e.
and catch per set 1s due bcth ta an increase 1n the small schools occurrence
in the catches (less than 10 metric tons) and to a decrease in the large and
medium size schools (gver 10 tons; Fig. S5).

The seasonal variation in the catch per set-is, once more, related to the
c.p-u.e. 1index (Fig. 1). A clear opposition between the two species of sar-
dine can be observed: S. aurita 1s 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 oapposition re-
flects the complementary demaographic 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 competitiaon
does not seem to be completly ‘avoided: the two species are often mixed in
the same set, and probably in the same schaal (Fréon, 1384), 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! Sardinella aurita 1 Sardinella maderensis !
& Size ' I II III 1v v VI VvII viII ¢t I 1II III 1v v VI VII !

S. 1! 88 ! !
IT ! 0 86 ! !

a III ! 0 4 476 ! !
u i o0-1 4 2608 ! !
r vi 1 2 0 5 3314 ! !
i vit 0 0 O 0 S 305 ! !
t vilt 0 0 1 8 2 0 3258 ! !
aVIII'! 0 0 O 0 0 0 0 136 ! !
5. I ¢ 42 5 10 9 6 0 0 0! 838 !
m II ! 0 45 13 45 2 0 2 6! 0 113 !
a III ! 36 11 210 164 175 4 3 31 4 3 641 !
d Iv 1 2 14 108 1746 1487 50 132 44 1 2 0 7 4724 !
e vi 0 2 9 110 1083 77 375 26 ! O 0 5 10 2103 !
r VIt 0 O 0 S 34 63 7 01 0 0 ) 6 1 121 !
vII ¢t 0 0 6 4 0 98 0! 0 0o o0 0 0 0 120!

DISCUSSION
Many factars can affect the recorded catch per set of a purse-seiner:

-the size of the net, and the boat-loading capacity, which can bath Lead to
an underestimation of school size,

~the decision of the fisherman in shooting the net or not, according to his
estimation of school size (especially for small schools), and to his hopes
for subsequent fish-finding,
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-the size of the schools on the fishing grounds (this 1s our main hypothe_
sis). Changes 1in school size or form according to a circadian rhythm, to
predation pressure or to environmental conditions, especially food density,
are well documented (Kemmerer, 1960; Pitcher, 1986; Blaxter and Hunter,
1982). More debated is the influence of the fishing pressure on the school
size (Nonoda, 1985). -

It 1is 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 aver 40 tons were 1nfrequent (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 lLess 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 phenaomenon seems responsible for the increase in the number of schools
smaller than 10 tons from 1872 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.

Another 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.

0f particular interest is the relatively high occurrence of small sets in
1969 and 1970 (Fig. S). 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 1its 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. A 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 ARIMA mo-
dels (Box and Jenkins, 1876). 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 upwelllng and catch per set. i

Finally, 1t 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 reliabte 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
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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 remaving the sets of less than 2 taons) as an in-
dex of abundance for both species of Sardinelia, a surplus production model
including the wupwelling index has been adjusted successfully (Fréon, this
meeting). The theoretical effort index is if this case proportianal 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 ather stocks are required befo-
re adopting such an abundance index.

CONCLUSION

In the senegalese fisheries, the mean catch per set presents lLarge 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 effart 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 1in 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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POLE DE RECHERCHE OCEANOLOGIQUE ET HALIEUTIQUE CARAIBE

Cefte anlité scientifique es1 née
en 1985 de 1a mise en commun
des capacités locales de
recherche de I'IFREMER (Institut
Francais pour I'Exploitation de la
Mer), de I"ORSTOM (institut
Frangais de Recherche
Scientifique pour le
Développement en Coopération)
et de I'UAG (Université des Antilles
et de la Guyane).

Son objectit est de .

- promouvoir, metire en ceuvre et
coordonner les recherches
concernant le milieu, la gestion
des ressources vivantes, le
développement et
I'ameénagement de leur
exploitation dans la zone caraibe
ainsi que la connaissance et la
conservation des écosystémes.

Ses recherches portent,
actuellement, sur I'étlude des
écosystémes marins, I'évaluation
et 'aménagement des pécheries
artisanale et industrielle,
I'aquaculture des mollusques,
crustacés et poissons.

Ses laboratoires se sifuent en
Guadeloupe, Guyane et
Marlinique ef des chercheurs du
Péle peuvent étre accueillis dans
différents laboratoires par des
équipes de pays voisins dans le
cadre d'accords bilatéraux de
coopération (voir en derniére
page la liste des laboratoires et
anlennes).

Ihis scientific entity was born in
1985, resulting from the local
association of three national
research Institutes : IFREMER
{Institut Frangais de Recherche
pour I'Exploitation de la Mer),
ORSTOM (Institut Frangais de
Recherche Scientifique pour le
Développement en Coopération)
and UAG (Université des Anfilles et
de la Guyane).

1ts aim Is fo advance, realize and
coordinate the research
concerning the physical
oceanography, the managment
of living ressources, the
development and planning of
their use in the caribbean area as
well as the understanding and
protection of their ecosystems.

its research programs deal with :
the study of marine ecosystems,
the evaluation and planning of
the small scale and industrial
fisheries and the aquaculture of
molluscs, crustaceans and fish.

The laboratories belonging to this
group are situated in
Guadeloupe, French Guyana and
Martinique, but the scientific
teams can be based in other
laboratories of neighbouring
countries through cooperatfive
joint-ventures. (See /aboratories
index on the last page).

Esta entitad nacié en 1965 ae la
confiuencia de las capacidades
locales de investigacion ael IFRE-
MER (Insfitul Frangais pou: I'Exploi
fation de la Mer), del ORSIOM
(Institut Francais de Recherche
Scientifique pour le Développe-
ment en Coopération) y ae la
UAG (Universidad de las Antillas y
la Guyana francesas).

Su objetivo es promover, realizar
y coordinar las investigaciones
tocantes al medio, a la adminis-
fracién de los recursos vivos, al
desarrollo y al fomento de su
explotacion en el area del
Caribe asi como al conocimienta
y a la conservacion de los ecosis
temas.

Sus investigaciones actuales con-
ciernen el estudio de los ecosiste
mas marinos, las evaluaciones y
ordenacion de las pesquerias
artesanal e industrial, el cultivo
acuatico de los moluscos, crusta:
Ceos y peces.

Sus laboratorios se ubican en
Guadalupe, Guyana y Martinica
y sus investigadores pueden
laborar en varios laboratorios con
equipos cientificos de los paises
vecinos en el marco de conven-
ciones bilaterales de coopera-
cion. (Ver la lista de los laborato-
rios en la ultima pagina )






