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Abstract -  In order to manage the fish stock of the Senegal coastal zone it is necessary to carry out direct assessment surveys by 
acoustic methods. Acoustic surveys were carried out in this region from a sports-fishing boat, using a split-beam echo sounder in 
vertical mode, in areas with depth less than 15 m. On a short time scale, spatial structure of the fish population remained stable. The 
average acoustic biomass detected was variable, but we observed a relative stability of target strength distribution of single fish. The 
use of acoustic methods in these areas of shallow depths, the consequences of escape behaviour of the fish, and sampling strategies 
are discussed. © Ifremer-Elsevier, Paris

acoustic survey / shallow waters / target strength / multi-beam sonar / Senegal.

Résumé -  Résultats préliminaires de la répartition des populations de poissons dans la zone côtière du Sénégal sur des fonds 
inférieurs à 15 m, par des méthodes acoustiques. Des campagnes d’estimation du stock de poissons, utilisant des méthodes acous
tiques, ont été réalisées dans la zone côtière du Sénégal sur des fonds inférieurs à 15 m, à partir d’un bateau de pêche sportive, au 
moyen d'un sondeur à faisceau scindé utilisé en mode vertical. Sur une courte échelle de temps, les structures spatiales des popula
tions de poisson semblent stables. La quantité de poisson détectée est variable, mais on observe une relative stabilité des distribu
tions des indices de réflexion des poissons individuels. L’utilisation des méthodes acoustiques dans ces zones peu profondes, les 
conséquences des comportements de fuite des poissons, ainsi que les stratégies d’échantillonnage sont discutées. © Ifremer-Elsevier, 
Paris

acoustique / eaux peu profondes / indice de réflexion / sonar multi-faisceaux / Sénégal.

1. INTRODUCTION

In Senegal, coastal pelagic fish account for more 
than 80 % of the artisanal fishery catches and this 
resource is increasingly exploited [1], Data analyses 
are based on fishery statistics and direct biomass evalu
ations by acoustic methods. The artisanal fishery uses 
beach seines, but fisheries data are too fragmentary to 
be applicable for precise stock evaluation. For more 
than 10 years, acoustic surveys have been carried out 
to estimate the biomass of pelagic fish, and to map fish

population distribution [19]. Shallow waters, less than 
15 m deep, are missed in these evaluations, as oceano
graphic ships can not operate in such waters. Neverthe
less, a substantial portion of the fish biomass can be 
found on the coastal fringes which sometimes extend 
more than 10 nautical miles from the coast.

The main part of the Senegalese small coastal 
pelagic fish exploitation is the M’Bour area. Addition
ally, this region is considered as a reproduction and 
nursery zone [1]. The main types of fish in the region 
are small pelagic fish like Sardinella aurita, (Clu-
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peidae), Trachurus trecae, and Trachurus trachurus 
(Carangidae). Sardinella aurita migrate seasonally 
North - South, depending on their reproductive cycles 
which peak in May - June and October - November
[5]; on the contrary Sardinella maderensis is more sed
entary. The juveniles stay in the nursery zones for a 
year before migrating. Migration charts and zones of 
concentration have been identified [2].

The use of acoustic methods in shallow waters 
(depth <15 m), though still unusual, is increasing [9] 
[11, 10, 3], Acoustic surveys were undertaken in 
M’Bour area, in depth less than 15 m, and done 
monthly from December 94 up to August 1995. After a 
description of the material, and of the sampling strate
gies, results of the surveys are provided. Two types of 
results were obtained: acoustic biomass and target 
strength (T.S.) distributions of the fish populations, 
both in relative rather than absolute terms, because of 
the preliminary nature of this study. It is our aim to 
increase the knowledge about the fish stock distribu
tion, give the difficulties and technical limitations of 
acoustic methods in shallow waters [9, 11].

2. MATERIAL AND METHODS

The experiments were carried out from a sport-fish
ing boat equipped with a Global Positioning System. 
Its draught allows navigation in shallow depths. The 
acoustic device used was a SIMRAD EY500 split- 
beam echo sounder, frequency 120 kHz, circular trans
ducer, total beam angle 9.1° at -3  dB, pulse length
0.3 m-s-1, Time Varied Gain amplifier, TVG 20 log R 
and 40 log R. Power was supplied from the boat elec
tric batteries. The transducer was rigidly fixed at the 
right side of the boat between 0.50 m and 1.50 m 
below the surface for vertical mode emission. The 2 m 
depth layer below the surface was ignored (the surface 
- transducer distance, then the blind transducer zone)
[13]. During each survey, calibrations were carried out 
by using a standard 120 kHz copper sphere, with the 
standard protocol recognised by Foote et al. [4], and 
the procedure defined by the EY500 sounder manual 
(SIMRAD, 1994). A calibration procedure was done in 
an experimental basin before the first survey. In addi
tion, noise measurements at sea were carried out as 
recommended by the EY500 manual. The data were 
processed using SIMRAD EP500 analysis software, 
which generates results in echo integration units in m2- 
nautical mile-2, for the integrated echoes (termed Sa by 
SIMRAD). This is the acoustic biomass in terms of 
“area” reflected and has not been transformed to bio
mass in weight units. This is because the correction 
factor, the mean acoustic cross section per fish, was 
difficult to calculate in a multi-species environment 
whose species composition varied throughout the sea
son. Furthermore, for the purpose of this paper it is not 
necessary to do so, as only relative biomass are 
required. Concerning biomass calculations, the thresh
old was set at -55 dB. These levels were chosen during

readings in order to avoid ambient noises, and to only 
take fish into account. Careful scrutiny of the 
echograms was undertaken to ensure that only fish 
were considered, in situ and by replaying echograms. 
Single fish discrimination was done using EY500 
parameters, recommended in noisy conditions. The 
single fish T.S. minimum value was fixed at -50 dB. 
To accept a target as a single fish, the maximum num
ber of consecutive missing pings in a track was set at 
one ping, and the minimum number of consecutive 
track was set at two pings. Only surveys with more 
than 100 single fish observed were analysed.

2.1. Sampling strategies

Eleven sampling surveys were carried out over iden
tical courses, night and day, from December 1994 to 
August 1995. Surveys were made monthly, only when 
weather conditions were approximately identical, i.e. 
moderate rough seas. The procedure was as follows: 
surveys started at 2-3 m depth, at about 4 p.m., and 
were run at a constant speed of about 4 knots towards 
the open sea. Every 15 min (1 nautical mile) direction 
was changed, at first parallel to and then perpendicular 
to the coast. We returned to shore when 15-20 m 
depths were reached. The survey ended normally 
between 2 and 4 a.m. The forth and back trips were 
often quite different due to currents. The sample length 
echointegration units, a sequence, i.e. the distance over 
which the echo integral is accumulated to give one 
sample, was 0.1 nautical mile.

To describe spatial distribution of fish biomass, 1/2 
variograms [18] were calculated for each survey [20], 
The variogram measures the mean quadratic deviation 
between two points separated by a vectorial distance, 
h, and describe the spatial structures of the variable at 
different scales [26],

3. RESULTS

3.1. Estimates of acoustic biomass from split-beam 
data

The results of different surveys are presented on 
maps of detected biomass in echointegration units 
(m2 nautical mile-2). The sample length echointegra
tion units are represented by proportional circles to 
observed acoustic biomass, centred on the middle of 
each sequence (figure 1). The shape of the histograms 
of biomass values (figure 2) is classical [13, 14]. What
ever the season, the histograms have a high percentage 
of low or zero biomass sampling units, and a very long 
distribution tail-off. The proportion of zero values var
ies very little (< 10 %) apart from the March surveys, 
when the percentage was as high as 25 %. This low 
number of sequences without detection means that fish 
are distributed in the whole area. The extreme values to 
the right correspond to fish schools. Schools are
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detected in all seasons, generally in small numbers, 
except in February where the number is great.

Estimation (arithmetic mean ± SD ) of acoustic bio
mass (m2 . nautical mile-2) was calculated for the total 
number of runs of each survey (forth and back). Table I 
recapitulates results survey by survey. The coefficient 
of variation (standard deviation divided by mean) is 
always greater than 80 %. The mean detected acoustic 
biomass varies from 0.04 to 3.13 echo integration units 
(figure 3). Between two consecutive courses (forth and 
back) a Wilcoxon test allows the affirmation that there 
is no significant difference, at 5 % level, between the 
mean biomass observed of the two courses [25]. Fur
thermore if we examine the data of two surveys carried 
out over two consecutive days, the Wilcoxon test 
admits, at 5 % level, that there is no significant differ

ence between the average acoustic biomass on the two 
days [25].

We examined data in order to test a hypothesis of the 
growth of the observed biomass over the course of the 
seasons (figure 3). The criteria is the average tempera
ture of the surface water over a period of three days, 
determined by satellite observations supplied by the 
“Unité de Télédétection Informatique Sénégalaise”. 
The hypothesis, at 5 % level, using the Cox and Stuart 
test [25], is accepted.

Out of 20 variograms (figure 4), 85 % show a flat 
rate, otherwise called “pure nugget effect”, which rep
resents an absence of spatial structure [18]. The 
echointegration runs are spatially independent of each 
other.

The three remaining variograms (14 February, 18 
August return) are linear, with a strong nugget effect,

Figure 1. Examples of echointegration results (m2. nautical mile-2) (21 January and 18 August 1995) for the strata surface - bottom; each circle is 
proportional to the acoustic biomass detected during a distance unit (0.1 nautical mile).
Aquat. Living Resour. 11 (1) (1998)
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compared to the variance of the sample (> 50 %). The 
values of the variable change abruptly at a very small 
scale [26], except in the case of 18 August where there 
is a much greater continuity (nugget effect close to 
zero).

3.2. Target strength (T.S.) distribution from split- 
beam

The target strength described here are for fish where 
body aspect in the beam is unknown, and used as a 
“field estimate of target strength” rather than an 
attempt to determine fish sizes. T.S. frequency distri
butions were established for the different surveys 
(figure 5). Single fish were distributed between 2 m 
depth and bottom. There is no significant relation 
between single fish depth and individual T.S. values. If 
we consider the median T.S., estimated for each sur
vey, it remains very close from one survey to another; 
the difference is less than 2 dB (table II).

If we divide the T.S. into 3 categories of size 
(table III), the medium class (-34 dB to -42 dB) has 
the majority, but the percentages of the other classes 
vary in time. In particular “large” fish (greater then 
-34 dB) increase in May and August. The percentage 
of small fish strongly increases for the trip made on the 
29 March. In the cold season, fish seems to be larger

near the coast, whereas in the hot season the opposite 
is true (table II). March was the only month to show a 
lower modal T.S.

4. DISCUSSION

These results are too fragmentary to be considered 
as the normal fish population distribution, and have to 
be analysed only like a first indication of the spatial 
structures of fish population in the Senegalese coastal 
area. Thus, it is not possible to compare the distribu
tion of acoustic biomass observed during these experi
ments with the maps described in literature [2, 1], as 
they only take into consideration zones of depths 
greater than 15 m. The strongest concentrations are 
mapped near the coast in the cold season, whereas our 
results indicate the opposite.

The acoustic biomass detected is not significantly 
different between two consecutive surveys. Apart from 
21 April, when surveys were along the coast, the esti
mated acoustic biomass of forth and back were very 
different (1.86 and 0.40), perhaps partly due to fish 
migrating with the tide.

The influence of schools on stock levels estimations 
has already been shown [6, 14]. Their presence or 
absence can alter the average of estimations by a con
siderable amount. In shallow waters the problem is 
identical, but it appears that in zones close to the coast, 
schools are few.

It is difficult in the case of a population of multi-spe
cific fish, such as that found in Senegalese waters, to 
address relationships between T.S. and real size. 
Despite the fact that this parameter is dependent on 
size and varies over the course of the seasons [16], we 
can still observe trends and try to make a size classifi
cation. Median T.S. vary slightly through the course of 
season, except in March. But this phenomena is per
haps induced by an under-sampling; there were only 
105 targets, whereas in other cases the number is 
greater.

Acoustic observations are often biased by escape 
phenomena due to the reactions of the fish on the 
approach of the boat [15, 7], This behaviour is depen
dent on numerous factors linked with the environment 
(season, luminosity, etc.), fishing, types of boat, and 
the consequences upon the estimations of population 
and spatial distribution are obviously fundamental. In 
shallow waters this problem is even more important 
because the sampled layer is low and that the distur
bances can affect the total amount of fish present. 
Avoidance can be divided into two categories -  hori
zontal and vertical. In Gerlotto and Fréon’s opinion [8] 
horizontal avoidance is minimal, as the schools escape 
in the axis of the boat, trapped by the shadow of the 
acoustic cone. According to Soria [22], fish dive at 
night only in the presence of distinct luminosity or
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Figure 2. Examples of histograms of acoustic biomass classes, in 
echointegration units (m2- nautical mile-2), for the strata surface - bot
tom, sample units of 0.1 nautical mile: surveys of the 15 February and 
18 August 1995. The values are the median of each class, except for 
the first class (the zero values).
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Table I. Echointegration runs using the split-beam echosounder, in echointegration units (m2-nautical mile-2).

Date Number 
of runs

Max. Min.
m2.nautical mile-2

Mean SD SD/Mean

Forth 8 Dec. 1994
Back Full moon + 6 30 27.75 0.00 2.57 5.33 207

Forth 18 Jan. 1995 74 61.56 0.00 3.13 7.85 250
Back Full moon + 2

Forth 20 Jan. 1995 77 11.56 0.00 1.38 1.99 144
Back Full moon + 4 152 4.99 0.00 0.88 0.89 101

Forth 21 Jan. 1995 95 5.46 0.00 1.25 1.16 92
Back Full moon + 5 104 10.33 0.25 1.88 1.97 104

Forth 14 Feb. 1995 140 6.36 0.00 0.74 0.95 128
Back Full moon -  1 187 5.81 0.00 0.82 1.10 134

Forth 15 Feb. 1995 100 13.29 0.00 1.39 2.04 146
Back Full moon 46 2.00 0.00 0.53 0.48 90

Forth 29 Mar. 1995 123 1.95 0.00 0.23 0.38 165
Back Full moon + 13 126 0.87 0.00 0.14 0.17 120

Forth 30 Mar. 1995 117 0.60 0.00 0.05 0.10 200
Back Full moon + 14 142 0.27 0.00 0.07 0.06 85

Forth 21 Apr. 1995 84 37.92 0.03 1.86 6.08 326
Back Full moon + 5 103 12.42 0.00 0.40 1.70 425

Forth 30 May 1995 51 4.73 0.05 0.56 0.76 135
Back Full moon + 15 124 15.08 0.00 0.50 1.62 324

Forth 18 Aug. 1995 112 28.61 0.00 0.92 3.08 334
Back Full moon + 8 117 31.66 0.00 1.00 3.69 369

Figure 3. Evolution of mean acoustic biomass, in echointegration 
units (m2- nautical mile-2). The surfaces in white correspond to the 
season with a water surface temperature less than 20 °C, in grey more 
than 24 °C, and in black between 20 °C and 24 °C.

Figure 4. Examples of variograms (echointegration units: m -2 nautical 
mile-2) calculated for all the strata and fitted model [flat variogram (20 
January 1995) and linear variogram (14 February 1995)].
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large audible disturbances. In this case, when the fish 
dive, the incidental angle will alter and the T.S. will 
have a lower average value [12].

Within the different sets of data it is not noticeable 
that the T.S. are weaker in the surface layers, where the 
avoidance behaviour should be greater. The different

analyses of avoidance behaviour are difficult to quan
tify in terms of percentage of population which escape 
to detection in vertical emission. We can only conclude 
on a phenomenon which underestimates the biomass 
present, but which only affects a fraction of the biom
ass, particularly for schools.

Because of problems caused by inaccurate TVG 
start and a transceiver delay, results of EY500 sounder 
in the near layers have to be treated with caution [17]. 
Furthermore problems can come from badly discerned 
targets (i.e. one target confused with two close targets) 
[24], or from a position within the range giving very 
variable results (slight movement of the phase, fish 
seen partially, targets considered as spot despite the 
distance to the transducer is of the same size category). 
The narrow angle of the transducer only allows a short 
sighting of the fish. The discriminatory criteria of indi
vidual targets with a minimum of two emissions, is 
obviously weak, but operations in shallow depths pre
vents the increase of this criteria. In these data, more 
than 70 % of detected targets were hit only twice. With 
larger discriminatory criteria, the number of targets 
would be insignificant.

The use of the transducer on a towed body would 
improve data acquisition. A multi-range RESON 
SEABAT 6012 sonar [23], frequency 455 kHz, pulse 
length 0.06 ms, composed of 60 transducers of 1.5° at 
-3  dB hence covering an area of 90° in the vertical 
plane and 15° horizontally was used simultaneously 
with the SIMRAD EY500 sounder for the January to 
March surveys. The sonar RESON partially solves 
avoidance and escape phenomena by observing fish

Table II. Median target strength (in dB) for all the surveys, when the number of single fish detections is more than 100.

Depth 18 Jan. 20 Jan. 21 Jan. 29 Mar. 30 Mar. 21 Apr. 30 May 18 Aug.

Forth 
< 10 m -39.5 -38.8 -39.2 -43.8 -42.2 -41.1
> 10 m -40.6 -41.6 -42.0 -43.7 -39.9 -40.9

Back 
< 10 m -41.5 -41.0 -44.3 -42.1 -42.7 -41.6 —40.4
> 10 m -42.0 -42.2 —43.8 -42.2 -39.8 -41.5

Table III. Percentage of detected target for target strength classes defined for all the surveys: Large < -34  dB; -34 dB < medium < -44 dB; 
small > —44 dB.

Target strength 
classes

18 Jan. 20 Jan. 21 Jan. 29 Mar. 30 Mar. 21 Apr. 30 May 18 Aug.

Forth
Large 11.5 14.6 4.5 0.5 18.9 15.1
Medium 72.2 68.5 73.0 51.4 56.4 54.6
Small 16.2 16.7 22.4 48.1 24.7 30.3
Back
Large 5.5 5.0 1.2 2.7 2.5 18.6 15.1
Medium 64.3 65.0 42.8 67.0 65.0 52.8 51.2
Small 30.1 30.0 56.0 30.4 32.5 28.5 33.6
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Figure 5. Examples of target strength distributions of single fish by 
classes of 2 dB, forth and back, depth less than 10 m (white bar) and 
more than 10 m (black bar), from split-beam data (21 January, 30 May 
and 18 August 1995).
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and schools at a certain distance from the boat. We 
found that present technology of the multi-range sonar 
posed interpretation problems, but is very promising in 
fish population studies in shallow waters, as in the case 
of the elliptical transducer. These new developments 
mean that shallow waters will be more easily studied in 
the future.

5. CONCLUSION

The improvements of recent technology in sonar 
mean that even in shallow waters acoustic techniques 
allow a picture of the fish populations present, in terms 
of acoustic biomass and acoustic size distribution. 
Even if some difficulties have been demonstrated by 
Ona et al. [17] in EY500 data in the near layers, we can 
try to analyse them, with caution, and knowing that 
there are some potential bias. In examining the T.S.

data by class, we can obtain a rough idea of size struc
tures and their evolution. The image obtained is biased 
by the escape behaviour of the fish which is only par
tially known, especially its variability in time when 
carrying out surveys in different seasons.

The fish biomass observed in these areas are very 
variable with time, with a pronounced difference 
between the seasons. It seems that the biomass present 
remain relatively stable over short periods. Size distri
bution remains also relatively constant during the 
course of an annual cycle, whereas migration phenom
ena linked to reproduction led us to imagine other 
schemas; there will be a renewal of fish on the coast 
and fish are found everywhere. Surveys in geographi
cal areas stretched out for example, over a week during 
“characteristic” seasonal periods, will enable better 
exploration of these spatial structures and compare 
with the artisanal catches.
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