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ABSTRACT
A methodotogy is pruopussu for stuaying 7ish school be-
haviour, in order to quantify its influence on stock abun-
dance estimations using acoustics. Observations take place
in situ or inside a Large net, set in shallow waters. This
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enclosure (up to 70 m diameter) is installed in areas where
transparent waters allow the use of optical devices in addi-

tion to the acoustic equipment.

The first studies concern the internal schboL structure

and its modification when influenced by a vesset,
cal school avoidance and the mean target strength

the verti-
measure-

ment inside small schoots. Some of the preliminary results

are given in an other communication (Gerlotto

this meeting)l.

RESUME

and

Fréon,

Les auteurs présentent une série d'outils méthodologi-

ques mis au point pour L'étude du comportement des bancs

de

pocissons, - afin de guantifier t’influence de ce comportement

"sur Les études des stocks, en particutier L'’estimation

des

biomasses des populations mesuré&es par écho-integration.
Les observations s'effectuent in_situ & L'’intérieur d’un en-
clos en filet de grandes dimensions (plus de 70 m de
tre), installé dans une zone peu profonde. La zone est choi-
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sie en raiscn ¢z Lz transparence de L’eau, ce qui permet
L’emplol d’zosareils de visuakisaticn directe (caméras sgus-
maripes) en pLus des eéquipements acoustiques

Les premieres études se sont attachéss a L'étude de La
structure interne des bancs et & ses modifications en fonc-
tion de L'influence du passage d’un bateau, aux mesures de
L’évitement wvertical et des variations de 7S a L'’intérieur
de bancs de netites dimensicons. Les résultats préliminaires
de ces travaux sont déetailles dans un autre document présen-
té & ce méme congras (GERLOTTO et FREGN).
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I. INTRODUCTIOM
Fisn bhehaviour studlies in relation with fisheries star-
ted many yzars ago with the aim of improving fishery tecnno-

logy. Avoidance and escapement observations have been car-
ried out for several decades making it possible to build
more efficient or more selective fishing gears, according to
the ne=ds of fishermen or fisherv managsrs. Neverthelsss, as
far as fishery bioclogy is concerned, the influence of the
numerous behaviocural parameters has been considered eithsr
very recently or not at all, while it is predominant in
three main fields:

(1) Behaviour can be modified by learning in relation

‘with a fishery, and thence introduces a bias in the abundan-—

ce estimation when c.p.u.2, 15 used as abundance index.

{23 Changes in behaviour can be induced by the scisnti-
fic observer and/or his observation tools. This fisld mainly
concerns the acousitic survey method: the interpretation of
data reguires in this case to gquantify the behaviour effect
with respect to the oceanographic vesssel as first described
by Olsen (1980) and more recently by various participants in
the International Svmposium on Fisheries Acoustics of Seatt-
le (Anonymous, 1987}, The main parameters to identify and to
measure are in this case: the fish avoidance caused by the
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streszs from the vessel (noise, light, shadow ...) and the
fish tilt angle inside the acoustic beam, induced by these

stimuli.

.13y Matural behaviour guantitatively influences the
scisntific observations or the fishery activity, and then
the validity of production models. The structure of schools
ang concentratigns must be known, as well as their time and
spaca variations. Studies have already been carried out on
this topic {(lebedev, 1%&7; Radakov, 1973) but few, as far as
e RkNnow, from  the guantitative point of view, except on
small schools in tanks. However, when designing and proces-—
sing acpustic surveys, it is necessary to have a reasonable
knowledge on the tridimensional structure of schools and
concentrations, but also on their time evolution. Sueh data.
provide a better estimation of the bilomass and of its confi-
gence limits, as mentioned by Aglen \1985), and Berlgtto &
Stequert (1983). Az shown in the pionesr worhk of Lushlna
(1377 the demnsity inside large schools is not homogens2ous
contrary to the common belisf resulting from visual observa-
tions on small schools Our preliminary studiss indicate
that 2 vertical density GT?ElEHt is frequsntly obssrved, as
well as discontinuirtiss inside a schocol (Beriotto and Fraon,
this mestingl.

€

41T the Phﬂl of estimating trne oz rPish beha-
viour on the resulits of previous t“adl ST ies, the
program EICHOAMT was developpead ciie Caribhean
area. For the time being, EICHOANT ot nhe Ssha-—
viour Influsnoce on Fishery Biology and & czric Observations
in Tropical Upen Sea) is carried on in the island of Marti-

nigue (French West Indies) and the oriental part of Venezus-
la where the program is developed i1in cooperation with FLABA
{La Salle Foundation of Natural History). The points (2} and
(3) only have been studied at this time and their methodolo-
gy iz presented in this paper. The methodology concerns both
observations in situ and inside a largs enclosure.

I1. HETHDDDLDGY INSIDE AN ENCLOSURE

II.1. Places oif aobhservation and equipment

Uff the coast of Venezuala, a seasonal upwelling allows
the presence of a large stochk of Sardinella aurita, but in-
duces a low watsr Ltransparency’ permitiing mainly obsesrva-
tions with acoustic devices. - Around Martinigue, =ocme bavs
provide good working conditions (high transparency, low cur-
rent, protpctian from the wind) allowing the installation of
a "mesocosm” £or visual and  acoustical observaticons. This
installation (fig. 17 consists of & 70 m diamater, 15 m
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neight circular net, set on shallow grounds. Small pelagic
schnools, from 100 kg to several metric tons, are encaged in
the net. Underwatzr camera, agrial camera as well as verti-
cal. and horizontal sonars are-uJused to observe and guantify
the school behaviour.

The Simrad EYM narrow beam transducer (22°, 70 kHz) and
an Usprey video underwater camera are supported by a buoy at
i m below the sdrface and maintained upon the deepest part
of the enclosed area. Generally the excellent weather condi-
tions provide a reasonably stable position of the equipment.
The Agenor (IFREMER/ORSTOM) echo integrator is used on real
time to provide & mn interval integrated values, or later in
the laboratory to process transmission by  transmission  the
data recordesd on a DAT tape-recorder.in the fi=ld.

Visual observations are made using tihe wide angle came-—
ra coupled to the transducer as menticoned above, which is
connected to a video tape recorder eguippsd with & precise
revolution counter and allowing a performant slow motion and
frame by frams play-back. & microphone is also connected for

evarntual comments and for checking the synchronisation bet-
ween tape and video rscording. A 4 matsr tubs ended by a ane
mater graduaued Dar is used for calibrarting the size of the
vigdsio  piotures  according to the F and to the moniteor
sCresn 5 Ciig.  2). An other me r onm bake idnto ac—
count  the nnysical characteristics 15 and monitor,
as it haf cesn done on photographic v Yarvihk and Mu-
rav’yeay (1%8:2). ;

The array of video cameras set around the net and on
the bottom can provide informations on the fPish movements
inside the net. When the fish is in school, it can also be
localized inside the net by using an omnidirectional sonar
or an aerial camera (blue-print project). Uther observations
are done by a free diver using a Nikonos V photo camera.

A &0 watt underwater loud speaker Aguavox can be used
to emit natural or artificial spounds in order to stress or
to attract the fish. -

All the processing equipment is installed either on a
research vessel ancled close to the net or on a large ins-—
trumented raft, providing a support for the transducer and
the camera which remain mores stable and shallow than on the
vessel in the coastal area wherm the experiment was carried

Ona. -

Freliminary information has been collectsd on a small
school (100 kg! of Clupeid Harengula jaouana and Carangid
Decapterus puncitatus in Martinique. In Venszuela, tha same

equipment has been used to gbserve a 5 ton school of Sardi-
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nella aurita.

IT1.2. Examnles of bias measurement

-

This installation can be used to study the influence of
external parameters related to scientific surveys or to fis-
heries, and to_guantify them. For instance, the sound atte-
nuation within concentrations mentioned by Rottingen (1%97%)
and observed by Olsen (1987) in schools, can be studied in
datail from specific schools already well-described. The in-
fluence of visual or auditive stimuli or the fish movements
and density can also be studied using this approach. More
specifically, the influence of the tilt angle distribution
on the mean volume backscattering strengf {Buerkls, 1983
Foote, 1280G) can be measured.

Circadian rthm% in fish behaviour are well documentead
{Ali, 19840 Pitcher, 198&). Nevertheless, the common dispar-
sion behaviour of the schools during the night is not sup-
ported by all observations and it seems that fishes arese able
to school under very low light level (Slazs and Wardls,
198460, For instances, the % ton school of €. auritas observea
during 20 hours showed stable intggrated values during the
gay and extremely largs fluctuations during the nigth  wioh
some values close to L ilid. 3). Thess low valuss coros
pond to a completes i

= -z ni: othne school below the transou-
cer during the & mn records.  meganwhile during the day  the
school was permanently unosr tne transducer, as indicarted on
the echograms. The sama behaviour was abserved on an other
school recorded during six hours (L.00 p.m. to 10.00 p.m. ).
The location of the school during the night has not be in-
vestigated, but the most intesresting point in this experi-
ment is the analysis of the very high values observed imme-—
diatly after the sunset (about four time the day values).
These values cannot be explained by a higher occurencs of
school during the & mn interval. In fact the echogram analy-
sis indicated in both cases (day and sunset) a permanent
presence of the school. This is confirmed by the analysis of
the mean densitiss per sample above a 50 mv threshold, which
also indicates very high densities (tabie 1; fig. 4, and by
the analvsis of some samplss of emissions. Therefore it is
obvious that the mean density of the school may incrsase
dramatically after the sunset. More details on the internal
structure of such a school are given by Gerlotto and Freon
{this meeting). Howsver, the influence of the net, even in
this kind -0of large enclosure, ‘cannot be ignored and comple-
mentary in sity observaltions must be implemsntzd.

IIT METHCDOLCGY IN 8ITU




III. 1. TS5 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 in a cage (Johannesson and Mitson,
1983; Foote, 1987). Each method presents its own advantages
and limitations. The thres main problems to solve are:

(1) to perform the measure on fish behaving as close as
possible from their natural behaviour and physiological con-
dition,

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

':h

{3) to take account of the bias introduced by high fi
noo

densities (acoustic shadowing or re-radiation) when L
echoes are integrated. .

During the last decade the scientific effort was orien-—
ted toward the rescolution of maostly one of these thres pro-
blams at the same time, by measuring in situ individual wild
fish when digtributed in low density (dual beam or split

beam echo sounders?) or by measuring fish in a small cage.
Olsen (19847 intendsed o estimate the sound attenuation un-—
der a large herring scnool, DUt as far as Wwe know, Sy DSy
attempts of T8 measursments have been done on wild concan-—
trations, although 1t ssemns possible when some particular
conditions areg satisfiscd. In this C&bL,‘thE above mMErRTioNN2o
three problems are almost overcome

Using Johannesson & Mitson’‘s (1983) notation, whers So
is the mean volume back—-scattering stre ngth, wa geatl

50 = 10 log ov + TS5 dB (19

where TS5 is the mean target-strength and oo ths= mean density
expressed in number of fish per cubic meter. I1f scome condi-
tions are satisfied, the mean density ov of & thin fish
layer can be estimated using a sounder and & camera. This
can be done considering the volume V of the truncated cone.
delimited on the one hand by the camera field of view and on
the other hand by the upper and lower limits of the layer®
{da and d=?, obtained from the sounder (fig. 2). S0 we get:

h = da - da

r:tgé‘ud;_
R = tg &, d= : .
V = — {(R2 + 2 + Rr)
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1f the layer density is likely homogenecus and presents
a fairly constant thickness, and if the mean depth of this
layer is rather constant during-a few seconds, then some
sampled wiews can be used for estimating the mean density
inside the volume V. For instance on a stable 30 second se-
guence the sampling frequency could be of one frame each se-
cond. The frame by frame system of the video recorder can be
used, or a digitalized picture can be analysed on a compu-—
ter.

The species composition and the mean fish length can be
estimated either by fishing or by using the video for measu-
ring the fish on the monitor and calculating the rising fac-
"tor from the calibration results and. according to the @mean
depth given by the sounder. I¢& thé layer thickness i
high and introduces a large variability of the appa
lengths measured on the screen, then only the largest
can be measured, considering that they ares located  in
upper part of the layer (such a method supposass & narrow
distribution of the body lengths and tilt angles inside the
schools ). Other approaches can be developped using stereo
camera or a second video camera (or photoc camsral with &
large focal lens providing & narrow depth of fislid.

in il last cass, A MACTOW intErval oo S@Don
samplens inside the layer by measuring only i :
ting & good resolutiaon. The calibraticon of thi
ra must pe achieved under identical cond
birng place during the experiment on thg schoo
light intensity and direction), using the
tube or better a died fish. This will provide b
cise mean depth of sampling and its range.

Bon
.
o]

I

1f the transducer and the camera lens are properly cho-
zan in arder to have the angle & of the lens widely greater
than the mean angle of the transducer beam at -3 dB for  in-
stance, therefore the S¢ values can be assumed to be repra-
sentative of the mean acoustic response of the transducer
for a given depth, when thne layer is chserved on the whole
sCreen suriace.

Some experiments were conductsd after fiwing the camera
and the transducer on the raft, but othesr were realized with
these devices fixed on the bottom and oriented toward the
sur face. According to the depth of the layer anmd to the wa-
_ter transparency, one or the other method is suitable. If

the fish directiviby diagram is supposed to present a hori-
zontal axis of symetyry —as usually admitted- then the re-
sults must be consistent. Observations from the bottom pre-—
sent threes advantages: first the camera and the fransqucer
are absolutely stable and provide less variable data, second
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the pictures are perfectly contrasted (“shadow show” ) and

third there is absolutely no influence of the equipment on

the fish behaviour.
. *

-kEnowing Sv and ooy, TS can be easily calculated.-

The two main advantages of this approach are first the
completely natuxal fish bebaviour in our experiment and se
cond a more random distribution of the fish with respect t©
the transducer beam pattern.

This methodological approach cannot be applied to  any
species and biotopes. It is essentially adapted to some
coastal pelagic species (or small demersal species living in
scheoaols), living in transparent water. The focllowing condi-
tions must be satisfied:

{1) distance between the fish layer (or school) and the
st camera—-transducer inside a 2 to 12 metsr intarval, i.2.
the layver must be closs enough to the bottom or to the sur-
£
AR,

e
I
11
b

(2 water transparency, 2nabling one to count
vsing the camera,

1327 layer or school not too tnick or too gsnse

(W) homogeneous density of 1 ,
cuoles”, and presenting a rather stables 'thichness,

{5) 1if the camera must be used from the surface, shal-
low ground and homogeneous sea bed color providing a gooo
contrast with the fisnh. ’

(=2
{5

Further experiments carried on inside the snclosure on
the same scheool should provide estimations of the measure-
mant variability and indication on the repetitivity of the
behaviour influence on the TS.

IIT.2 Avopidance reactions

Two kinds o©f experiments on avoldance reactions have
been donei first reproducing an usual survey routine and
changing alternatively one parameter (i.=. boat speed, light
on board) from one ES0U to the other, second special experi-
ments on & prelocated school or concentration.

As concerning the first kind of experiment, the in-
fluence of the light on board has been studied during 3
hours with the main light of the bow alternatively switched
on and off each 6 mn {(Levenez gt _al. 1987). The echograms
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and analysis indicated clearly a strong vertical avoidance
0f the fish laver which was diving 30 to 40 seconds atter
switching the light on  and exhibited an increase of its
thickness ( fig. 5). Surprisingly, the integrated values did
not indicate a significative difference between the two sets
of data, suggesting that the avoidance reaction in this
particular case is stricitly verticall

—-mean inteérated values of 4O ESDU with light on: 1995
-mean integrated values of 42 ESDU with light offi 2057

An accessory but interesting result of this experiment
concern +the few schools observed at night on the bottom un-—
der the laver: they apparently also react to the ligth by &
decrease of their height and a probable increase of internal

density.
The second type of experiment is derived from Olsen

(1579 5. &t night, 4in order to measurs an eventual lateral
a small boat was stopped over a large

avoidance of the fish,

fish layer, -waiting the passage of the research vessel
steaming as close at p Dle tx it. Thne acpustic signal are
recorded on botn embar ions with periodic ”"qnal of  syn-
chronization ocommunic by radio. Drrferent trials have
been dons L T seis bor b ’ and with
all the p i ci 10ME O or off on
fach Emparcatio = 7 are not vet totally processed.

g2y . day, tne  sxperiment werse parrornmeg  on o surrac
schools easy to dstect by eye! a dinghy carrying the acous
tic equipement (EYM and recorder ) was placaed on the route of
a moving school and stopped waiting for the passage of the
school under it. Then the research vessel (24 m) was called
by radio and passsd over the same school a few minutes la-
ter, recording the reaction of this school when disturbed by
the vessel (fig. &J). This method allows one to measure the
diving behaviour o0f the school under the vessel, which in
turns permits an estimation of the fish tilt angle (Gerlot-
to and Fréon, this meeting).

IV. CONCLUSIDN

There iz a long time that the fish behaviour is known
to have a probably great impact on the results of acoustic
surveys. MNeverthelsss it has been necessary to wait for

technological improvements of the observation tools before
to be able to measure really this impact. These tools are of
two kinds: acoustic (multi-beam sonar, dual-beam and split-
beam sounders, etc) and optic (photography as well as under-
water cameras, digital process of the pictures etci. In
some favourable congitions the use oif both "y:tem 15 possi-
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ble, this is particularly the case of tropical waters (tran-
sparency, temperature, open sea conditions, etc..

The methodology presented here has already been applied
on some pelagic f£fish in the Caribbean and made it possible
to obtain some results on the biases due to behaviour chan-
ges when the fish is disturbed by the observer. In fact it
seems that these biases are not so important as it could
have been suppoded, and this could indicate that the results
0f former surveys are not so bad.

fAn other point is that in  favourable conditions the
optical observations are very useful for precising the acocu-
racy of the acousztic data. The routine use of these eqguip-
ments could be helpful in tropical waters, beeping in  mind
that this use would be performed with a special methodology
that has not be already tohally 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.




