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Abstract:

Evidence of different avoidance patterns for a pelagic species (Sardindla aurita) is given by comparing data on three
different stocks in the tropical Atlantic (Venezuela, Senegal and Ivory Coast). The effect of these differences is that no
simple correction can be input in aundance estimates by acoustic surveys. We propose to measure in stu and continuoudy
the avoidance characteristics of pelagic fish schools in order to correct the biomass estimates. The fish schools are observed
using adapted acoustic devices. We use a high resolution (455 KHz) multi-beam sonar in a vertical plane, and a long range
(24 KHz) omnidirectional sonar in the horizontal one. The bias is caculated from the avoidance speed and the average
position of the schools at severa distances and depths from the vessdl. The main patterns of fish avoidance are explored by
comparing the data on the same species (Sardinella aurita) in three different areas. Results show that avoidance reactions
present significant differences between areas and that a single species may present different avoidance strategies (variations
of swimming speed and direction).
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I ntroduction

Fish avoidance is known as a mgor source of biases and errors in acoustic stock assessment, as well
as in mogt of the fisheries research methods (ICES/FAST, Report, 1998, 1999, 2000). Many works on
avoidance reaction have dready been done since the first observation with acoustic devices (Olsen et
al., 1979; Mitson, 1983). The observation usudly documents the vertica reaction (Gerlotto et al.,
1992) or the lateral one (Aglen, 1985; Diner et al. ., 1987; Goncharov et al., 1989; Misund et al., 1991).
Neverthdess very few works have been done smultaneoudy on the two types of reactions, as this
requires specific methods. Avoidance occurs in three dimensons and can start a long distance of the
vesd (>1 00m). The avoidance is biasng the abundance estimates based on acoudtic surveys, on
trawling surveys (Misund et d. 1991), and it affects the results of the vertica distribution (Scalabrin et
a., 1993; Gerlotto, 1992) as well as the acoudtic densty (Olsen et al.., 1983, Freon et a. 1993) of
pelagic fish schools measured on echograms. The effect of school avoidance is very important on the
verticd echo sounder data for two reasons firg it has an effect on the number of schools (laterd
avoidance), then on the school structure and shape as well as on the school postion in the water
column, and the school biomass (shedow effect, tilt angle, etc...). The second reason is that as a
vertical echo sounder does not give any information outside the vertical beam, it is impossble to see
whether the avoidance has existed or not (no comparison with the actud school density and postions).
The way to measure the effect of avoidance on these acoudtic data is to deploy smultaneoudy the two
sonars. The generd synthesis of the avoidance studies does not give any smple answer to the question
“ how much is the abundance estimate affected by fish behaviour ?”. This is certainly due to the high
plagticity of avoidance behaviour, which depends upon a wide set of factors, such as environmentd,
biologicd, hydrologicd, physcd, ec. Theefore it is ill impossble to provide the scientific
community with a generd modd alowing to correct the results, and it is unlikdy that such a modd
can be deivered in a next future. Another way to answer this question is to make routine in situ
measurements of the avoidance level, which would alow to remove the bias for each single data This
requires a method of direct, in situ and red time avoidance measurement be achieved. This is the am
of this paper. In order to obtain this kind of information, we have to select proper insruments.



Obvioudy they are acoudtic devices. Many fishing vessdls own acoudtic devices such as vertical echo
sounders and omnidirectional sonars. Fisheries research vessals usualy operate the same kind of tools
and dnce recently dso multibeam side scan sonars (Gerlotto et al, 1999). These devices alow
observation of peagic fish schools in dl direction around the vessd, and give information on their

shape and dynamics (swimming pattern: Misund, 1991; speed: Bodholdt and Olsen, 1977; morphology
and characterigtics: Gerlotto et al., 1994).

Material

We use dmultaneoudy three acoudic devices a low frequency multibeam omnidirectiond sonar
(LOS), a high frequency multibeam sde scanning sonar (MBS) and a scientific echo sounder directed

vettically (VES).
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Table 1 : setting of the three acoustic devices when operating for current experiment of avoidance study.
LOS low frequencies omnidirectional sonar, MBS multibeam sonar, VES vertical echo sounder.

The LOS

The multi-beam omnidirectiond sonar SIMRAD SR240 is ingaled aboard the RV Antéa (35m). The
settings are presented in the table 1. The tilt angle is defined according to the school depth distribution
and the hydrologica conditions (Brehmer and Gerlotto, 1999). The maximum range is st a 800 to

1200 meters (depending on the velocity profile in the water column). - The sonar output is a video

image which is digitised and processed through a home made software, Znfobancs (Brehmer e d,
1999). A database is produced, and for each ping a matrix is generated (Brehmer and Gerlotto, 2000).

Once the sdlection and tagging of schools are performed, the echo parameters are recorded. Znfobancs
extracts the following information: picture reference, school code, vessd bearing, sonar range, vesse
gpeed, vessal coordinate, school coordinate, target strength (weak, medium, strong), dong wise beam
dimensons corrected, school surface, avoidance reaction, dynamics, schools on vessdl  heading,
remarks, reference mark code, angle references (between two reference marks).

We gpply a method adapted from Misund (1991), but the settings remain as much as possble
controlled by the operator: no automatic control, congtant frequency, congtant pulse duration, etc.
(SMRAD, 1992). We do not record the verticd sonar information which is not clearly dgnificant a
the observation range (Misund, 199 1).
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Figure 1: measure o acoustic noise generated by the R/V Antéa according to the vessel speed with a Simrad EK500 echo-
sounder (Data March 1999, E. Joss, IRD Brest). On the X axis, -1 mean the clutch IS off,

The MBS

It is mounted on the side of the vessd (fig. 2). The sonar we use is a SEABAT 6012 (Reson), covering
atotd angle of 90% with 60 beams of 1.5” each, and 15" in the perpendicular direction. The settings are
presented on table 1. The sonar main plan is vertica, observing from the surface to the verticad beneath
the vessdl, on the side of the vessel route, which dlow it to explore exhaustively that part of the water
volume (fig. 2). Two sats of data are provided: video images recorded during the routine survey on
videotapes (SVHS) and digitd data (Gerlotto and a., 1994). The last one is processed through a
specific software, SBIViewer (Lecomu et a., 1999)

The VES

The verticadl echo sounder is a hull-mounted split-beam Simrad EK500 at 120 kHz (table 1), with
sandard settings.

The vessdl speed is adjusted according to the result of the noise measurements (fig. 1). Aboard the
RV Antea (IRD), the speed for the survey was set a 7 knots, and varied from 3 to 7 knots depending
of the type of experiment. The sonar beams must be calibrated and the correspondence between sonar
headings and screen co-ordinates carefully tested (in order to prevent from misnterpretation of
avoidance reaction (fig 2)). Our LOS has been cdibrated in Venezuda (Mochima bay, March, 1998)
with the help of the RV H. Gines (Flasa). We used a drifting buoy with immersed targets on the path
of the vessdls and we compare the location of the buoy smultaneoudy on the sonar and the radar, at
different angles and speeds.

Method

We define the avoidance as any dynamic reection (vertica or/fand horizontd) that changes the
norma swimming speed and pattern of a school in front of a vessd, a gear, a predator or any object.
The method condsts in measuring the avoidance characteristics on the sonar data and eventually
extracting a correction factor to be applied on the VES data We have performed 8 surveys from 1996
to 1999 using the three acoustic devices in three countries (Senegd, Ivory Coast and Venezuea),
aboard the R/V Antéa (421 GRT/] 35m). Some additiona data presented here come from a previous
series of surveys in the Mediterranean. We use the LOS in order to know the svimming pattern and
gpeed of the schools in a horizontal plane for quantifying the latera avoidance (Brehmer and Gerlotto.
1999). In the same way we use the MBS as Soria and a. (1996) in order to complete the
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omnidirectiond data in the knowledge of laerd avoidance, but manly to observe the verticad
avoidance, and the changes in shagpe and dengty.

Figure 2: representation of the sampling volume insonitied by 3 acoustic devices, in grey the LOS (al around the vessd),
in white the MBS (depicting a series of pings) and in red VES (beneath the hull of the vessdl). The orange colour symbolize
the volume sampled by the VES on the path of the vessel. The LOS have 32 beams of 11.25" on 360°, the MBS Reson have
60 beams of 1.5” on 90° and the sounder have one beam of 10°. In red the beam of the LOS adjusted on the path of the
boat.

The quantification consgts in identifying dl the schools recorded of the path of the survey vessH,
with the LOS and in controlling whether they are recorded on the VES. The LOS tilt angle mugt be
adjusted according to the loca depth and the school position in the water column. Through Infobancs
2.0 (Brehmer and Gerlotto, 1999) dl the schools are identified by an adphanumeric code and analysed
(swimming speed and pattern). The MBS documents the vertical bias on the spatia distribution and the
school dengties (Soria et al. 1996 and Gerlotto et al. 1999). It can aso give a school classfication and
evauate the effect of the vessel on school digtribution (Soria et d., 1996). The combination of the two
methods gives information about the displacement and avoidance behaviour of al the schools
previoudy identified.

When comparing different surveys we can try to identify the main factors influencing the avoidance
behaviour. For such a god, it is necessary to know the “naturad™ behaviour, i.e. without the effect of a
urveying research vessd. This is obtained through the following experiment: the vessdl is drifting,
motors stopped (during the night the lights are switched off). Severd behaviourd indexes ae
measured. The “exploratory speed” is the speed measured from the first to the last recording of a
school, using dassicd Eudidean formulas, the “instantaneous speed” is the distance covered in 30
second periods (Misund 1991). The swimming patterns (drift and diffusion of the school movements in
order to determine an oriented or exploratory behaviour) are explored using a numerica sinuosity
index integrating both changes of direction and the time lags (Bovet, 1988)) in complement of the
index of movement proposed by Misund (1991):

IM=-M_

ﬁ;l’ |

M} Horizontal distance between school postion and N
Y:: Movement of school each 30 seconds



This method has not yet be applied to the whole data set, and we present here the result of one survey
(Varget 2/98, Western Venezuda) and some preiminary results from other surveys.

Acoudic observations ae combined in a sngle data base with information from the main factors
that are likdy to influence the avoidance behaviour. The data are andysed usng multivariate anayss.
The data sets are classfied in different categories

o Period: Day/night (severd sub classes by period)

o Experiment Mode: Trawl/prospection/Drift
Fork length: smdl/large
VesH speed: low/high
Cderity or Temperature: low/high
Bathymetry and school depth: shalow/deep
Clugter Dengty: low/high, (Compaction level of the clugter; spatid Structuring)
Specific behaviour: spawning [maturity stage]/ migrating/feeding/others.. .
Dynamics. swimming speed (Fast/dow) and pattern (polarised/not polarised
movement)
e Sze of schod: smdl/mediunvlarge

Infobancs provides some specid graphic information showing the displacements of the schools and
the vessd rdaively to reference tags and the swimming speed variation according to the distance to
the vessd

Results

1. General pattern of lateral avoidance

The andlysis of data collected on Sardinella aurita in western Venezudla in February 1998 dlows to
quantify the laterd avoidance reection in western Venezuda using Misund's method (Misund, 1991).
According to the school type, some important differences can be recorded (fig. 4). The strongest
reaction has been observed on juvenile Surdinella auritu during the night (69% of the schools avoid
the vessdl) and the weakest reaction recorded was for adult Sardinella auritu during the day (25.5%),
both at a same survey speed (6-7 Knots).
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Figure 4: percentage of avoidance of the survey vessel (Venezuela 1998) for different configuration, in grey the school
avoid the boat, in white the school are detected on the echo sounder. Table of environmental variables for the two areas
(qulf of Cariaco and North Araya) and modal fork length class obtained by identification fishing.

We andysed the swimming speed of the schools through a variance andyss (anova, table 2) with
one criteria of classfication: period (day vs. night), mode of recording (drift vs. prospecting), and area
(juvenile vs. adult). The measurements are given in body lengths per second (BL/s) (Blaxter, 1967).



Variable Va: fork |ength Va.. tracking | Drift Va. Day | Night Va. fork lenght

ANOVA Effect SC F b Effect F b Effect SC F p Effect SC F b
SC

Experiment Darn tracking Data tracking+Driff Data Drift Data : tracking ' Drift (day)

mode — e

Exploration 20.398 030  <0.0000* 0.00 0.00 09849 1.088 6.25 0.0141* 5492 6.25 0.0141°

speed

Instantaneous § 225 52 13 <0.0000% 0.04 028 059694 0.657 11.76  0.0014* 1.3459 11 76 0.0014*

speed

Length 8514.393 103.0  <(.0000% 179876 34.17  <(.000*  1900.504 2.95 0.0935 42151 295 00935

std error | 445 25.45 0 00003% 0.06 0.70 0.4037 0.282 2.29 0.1384 0.118 2.29 0 1384

Max 12.208 26.55  0.00002° 179 316 00779 23.603 2.23 0.1436 5.316 2 23 0 1436

Mini. 1.708 36.68  ~0.0000" 026 470 0.0321" 0.348 16.85  0.0002" 0.665 16.85 0 00024

Table 2: results of ANOVAI on the swimming speed variable according to three factors, the-fork length. period
(day/night) and mode (tracking/drift). * p < 0.05 isthe significant effect.

We performed a logigtic regresson with al the data andysed during this survey (183 schools) with
three factors identified in previous works as criticd for avoidance reection: area (north Araya and
adults vs. Gulf of Cariaco and juveniles), period (night vs. day) and vessdl speed (trawling 3-4 Knots
vs. prospecting 6-7 Knots). We find that in western Venezuela the avoidance reactions change
sgnificantly with the vessd speed (being more important a low speeds) and the sze class of the fish
(fork length). The juveniles present a stronger avoidance reaction than the adults during the day. The
dally variation does not affect the avoidance reaction as much as the two firgt factors. We must recal
that the moon period, which may affect the meaning of the results (Gerlotto, 1993) has not been taken
into consderation.

Fitted terms(l) Estimation s.e. u* Tpr| Variable : avoidance/ no avoidance
Constant 0.806 0.274 2.94 0.003 Distribution : binomial
Speed RN -1.543 0.385 4.01 <.001* Function logistid
Areas -2.020 0.584 -3.46 < .001* = |Qg (]'llf n-q)
Speed RN Areas 2.066 0.828 2.50 0.013*

Period -0.002 0.410 -0.01 0.995

Fitted terms (2)

Constant 0631 0.247 2.56 0.011

Speed RN -1.199 0.336 -3.56 <0.001*

Areas -1.464 0.403 -3.63 <0.001. Speed R/V 1 prospecting or trawling
Fitted terms (3) Areas : Gulf Cariacd Fi=29cm/ North
constant 0.174 0209 0.83 0.405 Araya Fl =12em
Period -0.835 0.305 -2.74 0.006" Period : dawnighd

Table 3: results of the logistic regression (S-plus, 97) on 183 schools, obtained for the avoidance variable according to
three factors: area (north Araya: adult Fl: 29cm/Golf of Cariaco: juvenile Fl:12¢my), period (Night/day) and vessel speed
(trawling 3-4Knots/prospecting 5-6 Knots).

The average exploration speed for al the schools is 0.63m/s) with an important variance between
schools in a dngle cluser. By night the dynamics of fish schools is lower than by day. During the
night schools can present a low speed (0.5 BL/s, i.e. 0.06m/s)] while during the day we measured a
maximum speed of 14 BL/s for the two length classes (Fl. 29 and 12 cm). The school swimming speed
was andysed by three variance andysis (anova) with one dassfication criterion: period (day vs
night), mode of recording (drift vs. progpecting), and area (juvenile vs. adults). The results show that
the swimming speed depends on the length of the fish expected (fig 4)) but is not related to the vess:
only the minimd swvimming speed is dgnificantly higher in tracking experiments than during drifting
obsarvations. In drift mode, we may observe the same differences in the swimming behaviour between
day and night and between the two length classes of Sardinella aurita.

2. Effect of the main factors

This short andys's showed that some factors have a mgor influence. To describe them we will use
data from different surveys, where ther influence can be extracted from the others.



Effect of depth (school and locdl):

This effect has been studied in the Mediterranean, where the average depth in the surveyed area in
the Catalan sea was 44,13m and 23.83m in the Adriatic sea. The depth of school in the water column
depend on severd factors: hydrology (temperature, thermocline, chlorophyll,...) and locd depth. The
digribution of school according to the distance from the vessd as obtained by MBS shows a more
important avoidance for the Adriatic schools. In the two first classes of distance to the boat (fig. 5) the
schools are more numerous in the Adriatic sea than in Catdan sea
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Figure 5: distribution of school according to their vertical distance to the vessel, obseFved in the Adriatic and in Catalan
sea, on 2925 schools of Sardina pilchardus.

The depth of schools in the water column depend on its profile (temperature, chlorophyll, etc.) and
the locad depth; the mean depth for Catdan sea is 44.13m and 23.83m in the Adriatic sea The
digtribution of schools according to the distance of the boat, obtained by MBS show a more important
avoidance of the Adriatic schools. In the Catdan sea the fish dive deeper than in the Adriatic: when a
vessH is pasing, the schools are 15 m deeper below the vessd than a 80 metres far from the ship,
while this diving is 8 m in the Adridic (table 4).

School Descriptors | Boat distance | Boat distance [plevel at0.05 15% !

0-10m 80-90m F(dl..,2) * significative
Average by Area Cat. | Adr. | Cat. | Adr. | Cat. | Adr. Cat. Adr.
Height 5.32 4.46 7.31 5.02 2471 12.67 0.0000* 10.1032
Width 10.56 [9.86 11.95 {1006 |4.33 0.06 0.0339* 10.8010
Length 9.64 18.23 10.66 [16.22 |1.43 1.16 0.2295 [0.2812

Height/width r2 0.60 0.53 0.73 0.68 3.26 7.74 0.0226* [0.0056*

Depth of gravity centre |43.89 |22.78 |28.44 |14.48 [84.97 ]36.83 |0.0000* 0.0000*
Distance sea bed 14,16 [6.36 20.07 |6.66 |7.30 [0.12 |0.0072* |0.7243

Table 4: Analysis of muMinle varmarae ar schos! desariptar obtained by MBS, for the two opposite classes of distance to
the vessel (Macimuml and minimum) in Catalan (grey) and Adriatic seas respectively for 1156 and 1769 schoals.

Effect of period (night/ day):

We find a horizontal avoidance reection of 93% during the day and 83% during the night in trawl
Stuation on Senegalese schools. In Venezuda in prospecting mode we have the same trend: 55.8% of
183 school avoid the vessel by night and only 34% by day. In drift mode, the svimming behaviour of
the Venezudan §! awita iS lower by night than by day. During the night we measure some school
under 0.5 BL/s (0.06m/s) and during the day we find a maximum speed of 14 BL/s for the two classes
of gze observed (FI. 29 and 12 cm). The juveniles present a stronger avoidance reaction than the adults
during the day. We must recdl tha the moon period has not been taken into consideration, which may
affect the meaning of the results (Gerlotto 1988).

Effect of temperature:
The variation of temperature can change the fish physiology, the cderity, the absorption and
propagation of sound. The temperature profile define the beams propagation trough the water column.




The temperature ranges in our surveys are not strong enough to give clear answers to this point. We
observe weak differences in temperature between areas in sngle survey and it is difficult to determine
their effect. In Venezuda the temperature in the gulf of Cariaco has an average of 20.6°C and 22.7°C
in North Araya. In the case of Adriatic vs. Catdan seas, the schools in the warmer water present a
dightly stronger avoidance reection, dthough it is uneasy to extract dgnificant information.

Effect of boat (noise <& vesse speed):

We find that in western Venezuela the avoidance reaction increases sgnificantly with vessel speed,
being stronger a low speed. We recdl that the variaion of the noise leve of the vessd shows (fig. 1) a
higher noise a low speed (3-4 Knots) than at survey speed (6-7 Knots). The swimming speed
behaviour of the schools under the stimuli generated by the vessd noise is not different to the
swimming behaviour of the schools recorded under slent vessel Stuation (drift mode), except for the
minimum ingtantaneous speed (increasing when the stimulus is present). In Senegd (1999) the speed
of the schools which avoid the vessd is not very different to the one observed when the vessel stopped.

Swimming speed | Avoidance | Exploration
m.s'/BlL.s" speed. Instantaneous speed
Survey/Fork length, Day average average Standard | Minimum | Maximum
N: number of school deviation
" Senegal 1999, 93%(*) 0.8/4.77 0.5/9.26 1.6 /6.90 34/3.10 1.3/19.22
FL.= 21cm, N=60
Ivory coast 1998, 7% 16/ 4.60 20 1642 1.1/5.92 1.31268 29/ 1530
FL=16.5cm, N=79
Venezuela 1998, 34% 09/9.58 13/1222| 12/6.64 0.5 17.77 3.0/ 1752
FlL= 20cm, N=183

Table §:, percentage of avoidance of Sardinella aurita schools dL_Jri ng the day for the same vessel. The first number isin
meters by second and the second is in Body length by second. Preliminary resits
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Figure6: swimming speed in body length by second (BV/s), for three stocks of Sardinella aurita recorded during the day.
Error bar £ 5%: measure on sonar picture. Preliminary results

Effect of fishing (trawling).

The most important avoidance reaction recorded in our surveys gppears during trawling (3-4 knots)
in Senegd (west Africa). We find a horizontal avoidance reaction of 93% during the day and 83%
during the night. This reaction changes according to the country, and in Venezuela, this avoidance is
53.4% and 34% respectively in trawl and prospecting Stuation (fig. 4 and table 5). Here again it is
interesting to note that the swimming speed is not Sgnificantly different during drifting or trawling
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gtuations in Senegd. This seems to indicate that a school is not able to change easly its swimming
speed, and uses other drategies for avoiding an unpleasant Stuation. For the same species of
Sardinella gurita the avoidance is different among the 3 regions. This is dso reflected in the catch

(Gerlotto, 1999a). In Venezuda the avoidance in percentage is weaker than in the 2 others countries.

If we compare the swimming speed data, the same oppostion appears, the speed being higher in
Venezuea than in the others countries.

Effect of fork length

In Venezuda the sardines present a South-North trend in the length distribution (Gerlotto and
Gonzales, 1998). This dlows us to test the length effect. Juvenile present stronger avoidance reactions
than adults during the day (fig. 4). In drift mode the svimming behaviour is different between the day
and night for the two cohorts. As expected the larger fish have a higher svimming speed (table 5).

Effect of area

For the same speciesof Sardinella gurita the avoidance is different between the three country (table
5). In Venezuela the avoidance reaction is weaker than in Senegd and Ivory Coadt, fish being faster
and more polarised in Venezuda Neverthdess it is dill difficult to determine whether this is a red
“aea dffect” or is due to the many other differences between the populations (physiology,
demographic Structure, hydrology, fishing pressure, etc.).

Discussion

We have showed in this work that there is no smple and linear answer of a fish school to a vess,
and avoidance is a complex phenomenon. Particularly, avoidance is influenced by
the vessdl characteridtics : it is clear that the fish will not react the same in front of a slent
vessal (Femandes et d, 2000) and a noisy one.
The age of the fish .
The bathymetry and the depth of the schooal.
The period of the day/month/year
The survey pattern (fishing, surveying, & low or high speed).

On the other hand, we have seen tha the avoidance reaction may affect severa dynamic and spatia
characterigtics of the school, which have an impact on the acoustic data recorded with a VES.

the school speed

the school depth

the school abundance (lateral avoidance)

the school morphology

the fish tilt angle (verticd avoidance)

gpoatid digribution the fish.

The measurements of the reactions of a single species in severd countries and during severd surveys
gave a good example of the variability of avoidance reaction depending of numerous factors. We have
summarised in the table 6 the most interesting results, expressed in percentage of avoidance .

One interesting point to extract from this table is the important varigbility of school avoidance under
“globa vessH effect”: from a rather weak avoidance (34%) in Venezudla to a quas total avoidance
effect in Senegd during trawling (93% schools avoiding). This shows dealy that moddling this
“globd effect” is 4ill impossble



Table 6 : Examples of thel quantitative effect of avoidance under several factors extracted from different acoustics surveys

FACTOR Effect measured on lateral avoidance source 1
64% schools avoiding Adriatic sea (1994 + 1995)
GLOBAL VESSEL 282/0 schools avoiding Catalan sea (1994 + 1995) ]
EFFECT 34% schools avo!d!ng Venezuela (1998) '
79% schools avoiding Ivory coast (1998. by Dav}- 1
93% schools avoiding Senegal (1999, by day, rawling)
BATHYMETRY 6 1% more avoidance in shallower water Adriatic Vs Catalan sea (1904 + 1995) |
AREA (Global) 45% more avoidance in Ivory coast than in [ Veiesuela (1008) Ve Tvore Crme:
L Venezuela (1998) ]
PERIOD : Day/night 21.2% more schools avoiding by day - Venezuela (1998) ]
VESSEL SPEED 20.9% more schools avoiding at low speed | Venezuela (1998) B
FISH LENGTH 16.5% more small Sardinella schools avoiding | Venezuela (1998) o
(compared to adult schools)

In the literature, the first (and only) avoidance modd published is by Olsen et al (1983), concerning
the fish dengty reduction “Ap” beneath a surveying vessd, according to the vessdl’s length L (meter),
vesse speed v (m/s) and mean depth (m) :

- 32 %

As expressed by the authors, this mode is demondrative and does not correct the horizonta
avoidance which can occur a large scde and which is a mgor source of under estimation. But it shows
clearly that trying to build a more complete one is dill an impossible task, as we do not yet know the
determinism of each one of the factors.

On the contrary, we have showed that the acoustic techniques a present are able to record most of
the avoidance characteristics listed above, and therefore to give an « indantaneous index of
avoidance » that can correct the data It is clear that such a measurement presents several drawbacks: it
requires an expansve equipment, the processing methods for the sonars are not yet completely
automated, some information are lacking (especidly those on the fish tilt angle), the data base
becomes huge, €tc.

Nevertheless there is an urgent need of information on the biases induced by the avoidance. It has
been demonstrated during the FAST working groups that avoidance is the mgor source of bias in the
direct methods of stock assessment, and these methods are becoming the most widely used nowadays.

The method we propose gives information about the following avoidance factors:
Dynamic lateral avoidance (LOS, use of [nfobancs, etc.)
Statidticd laterd avoidance at short distances (MBS)
changes in school morphology (MBS, software SBIViewer)
diving behaviour (MBS)
changes in the school spatid digtribution (MBS and LOS, spatia point process methods)

Practicdly there is only one factor that is not documented by this addition of two sonars in a survey
which is the fish tilt angle

Conclusion

In correct sonar condition (eg.. in a water column without strong variaion of the thermocline
profile) our method seems effective but Hill requires some heavy manua processng. The acoudtic
devices can dready provide more precise evaluation of the bias generated by the avoidance reactions.
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Technicd improvements are dready in development: the dimendon of the LOS audio beam channd
can be reduced, and the range and number of beams (i.e. scahned area) of the MBS will increase.
Idedlly the best system will be the use of omnidirectional sonar coupled with a 180" MBS. These two
sonars, combined with a scientific echo sounder, as suggested by Reid (2000), will permit to obtain:

Classc acoudtic characterigtics of schools (using specific software, such as Moviest, Masse et
al., 1999)

« School descriptors (Soria et d. 1996)

« Swimming pattern and swimming speed (Gerlotto et d. 1999b)

« Morphology of schools (3D) (Gerlotto et d. 1999c¢)

« Biomass esimates in sub surface (Misund et d. 2000)

The use the sonar data is indigpensable for the schools in sub surface because they cannot be recorded
by the echo sounder. Although avoidance reactions of the surface schools seem to appear at very short
distances from the vessel (above 20 m, no redistribution of fish schools can be noticed), when they
dat they are very drong and produce an important reduction of fish dengty. This is clearly visble in
al our data sets, where it dways appears an “empty ring” a smdl disance (101 5 m) al around the
vessel. The avoidance reaction can be decomposed in two particular events. a large distance of the
boat the noise of the vessd can provoke a progressive avoidance reaction preferentidly horizonta
(learning?) with no change of swimming speed. Close to the vessd, the combination of visud effect
and the high level of noise of the boat generate a spontaneous reaction (increase of the minimum
ingtantaneous speed) of fish schools with an important vertical component.

The side scan sonar is adapted to study the second wave of avoidance (Soria, 96) close to the boat.
The schools which react a large distance of the boat can be recorded only with the omnidirectiona
sonar. Together these devices should help in the studying of the avoidance determinism, and permit
indeed to measure, in a continuous in situ way, the bias obtained during a classca acoudtic survey that
it to say estimate the percentage of the dendty reduction during the echo integration and the bias on
schools characteristics measured by echo sounder. At term, when the determinism of the avoidance
reection are clearly identified it should become possible to modd this behaviour, for indance by
applying neurd networks methods (Huse G. and d., 2000) and to test the fish learning hypothess.
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