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European anchovy, Engraulis encrasicolus (L.) is an important commercial species on the
Atlantic coasts northward to southern North Sea, Mediterranean, Black Sea and also Aegean Sea.
Target strength (TS) is a scale factor to get abundance, but there are few TS information in terms
of this kind of species. In this study we measured TS of European anchovy by the control method in
the fresh water tank. The measuring system’s frequency is 38 kHz. Samples were captured in the
Aegean Sea and transported with ice by air kept in the refrigerator under —40 degree in the labo-
ratory. After defrosted TS patterns of 12 European anchovy were measured by the control method.
Target strength patterns were measured as a function of tilt angle, ranging from —50 degrees (head
down aspect) to 50 degrees (head up aspect) at every 1 degree. Obtained TS pattern become broad.
Normalized maximum TS become —66.5 dB. Normalized average TS become —69.8 dB and —72.2 dB

assuming tilt angle distribution as N(-3.4, 10.3) and N(12.0, 23.5).
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INTRODUCTION

The target strength of fish is a prime factor
for quantitative and qualitative assessment of
their stocks by acoustics techniques. The
acoustic target strength of individual fish is an
important parameter in most application of
acoustics to fisheries research. The target
strength varies with a number of factor, includ-
ing fish size, its activity, orientation and behav-
ior, and structural components of the body.

The need for a better knowledge of fish tar-
get strength has been recognized for many years
and different methods have been applied for
converting the backscattered acoustics energy
from fish. There are several methods to measure
target strength. One is a control method and the

other is an in situ method (NAKKEN and
OLSEN, 1977, EDWARDS, 1980; FORBES et
al., 1980; EDWARDS and ARMSTRONG, 1983;
MIYANOHANA et al., 1990; FOOTE, 1991).

The control method gives a good informa-
tion about target strength values of different size
of fish in the tank, because target strength value
is a function on fish tilt angle distribution
(MIYANOHANA et al., 1990). This method has
been used in order to find out the target strength
pattern of fish (HASLETT, 1962; NAKKEN and
OLSEN, 1977). Several problems are pointed
out such as whether to use dead or anesthetized -
fish whose swim bladders size changes by fish
depth (MUKAI and IIDA, 1996). By applying the
control method it is easy to know the target
strength pattern with range of tilt angle and sig-
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nal to noise ratio is high enough to get low tar-
get strength level. In sifu method using the split
beam or dual beam is superior to the control
method, because it reflects the actual tilt angle
distribution of fish and we do not need to pay
attention to the swim bladder condition.
However, it is also pointed out that it is difficult
to measure precise target strength in such a con-
dition that fish density high or fish depth
become deep (SOULE et al., 1995). Since a sin-
gle fish isolation technique is not perfect, the
more multiply echoes become, the higher the
possibility of error to look multiple echoes as a
single fish in the door tank with fresh water.

In this study, we have measured target
strength of European anchovy by the control
method in the fresh water tank. Target strength
of European anchovy is a key factor to convert
acoustic energy into the quantity.

European anchovy is an important commer-
cial species from the Atlantic coast northward to
southern North Sea, Mediterranean Sea, Black
Sea and also Aegean Sea. European anchovy is
also one of the main pelagic fish of Turkey fish-
eries. According to 1994 Turkish fisheries sta-
tistics report, this specimen was produced total-
ly 294.418 tons in Turkish sea. So target
strength of this species is a very important for
the acoustic stock estimation.

Target strength is a scale factor to derive an
estimate for numerical density but there is no
information especially regarding this species
target strength value. However, there are few
information in terms of this kind of physostome
(open swim bladder) species and other anchovy
species (BUERKLE, 1983; FOOTE, 1987;
BARANGE et al., 1994; BARANGE et al., 1996;
OHSHIMA, 1996).

The main aim of this study was to measure
the dependence of target strength on tilt angle
for European anchovy. This was done for
defrosted specimens when treated in a tilting
apparatus in an indoors freshwater tank. The
results are compared with published values for
other fish species.

MATERIAL AND METHODS
Experimental set-up

Target strength measurements were carried
out in June 1996 at the National Research
Institute of Fisheries Engineering, Japan. A 10-
10-15 m (depth, width, and length) indoor tank
was used for the target strength measurement.
The tank was filled with fresh water just prior to
use.

Two thin horizontal nylon lines are tied to
fish snout and tail, after these nylon lines are
located the specimen between the vertical sus-
pension lines by clip. The top of these lines are
connected to the two sides of a rotating bar that
is mounted on the axis of stepping motor (ISHII
et al., 1985; MIYANOHANA et al., 1990). The
vertical lines are tensioned by a simple weight
and pulley system. A small float is used to keep
the fish in an upside down position. The bubble
which is in the gill had taken by the hand in the
water before the experimentation started. This
provided dorsal aspect alignment with respect to
the transducer, which is mounted on the tank
floor below the fish. A standard sphere is sus-
pended before and after the TS measurement to
calibrate echo sounder. The distance between
the transducer, specimen and weight are large
enough to avoid interference. The separator
between the transducer and specimen is arrang-
ing about 6 m (Fig. 1).

Instrumentation and data processing

The versatile echo sounding system (FURU-
SAWA et al., 1993) and a split beam transducer
were used to insonify the fish. As an operation
frequency the 38 kHz was used. The hardware
TVG was removed to obtain accurate echo
waveforms. Range compensation was incorpo-
rated in the analysis (SAWADA et al., 1997).

The sonar equation is used to relate the
echo peak amplitude, V, to target strength, T'S:

TS =201log V- K + 40 log r + 2our

The calibration constant K is obtained by
measuring echoes from a 60 mm diameter cop-
per sphere (FOOTE, 1983). Range, r, is deter-
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Fig. 1. Schematic of fish suspension and rotating system
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mined from the echo delay and short-range
absorption loss, 2ar, is negligible. The beam
factor is omitted as fish and targets are on axis.
The echo shape and voltage were monitored and
recorded with a digital oscilloscope (LE CROY
9304 Am).

The target strength were measured as func-
tion of fish tilt angle, ranging from —50 degrees
(head-down aspect) to + 50 degrees (heat-up
aspect) at every 1 degree. The back scattering
cross section of fish is approximately propor-
tional to the squared fish length (FURUSAWA,
1988). Therefore, experimental values of the
target strength have been normalized by the
square of body length L (cm) and expressed as
follows:

TS =20log L + TS cm

The maximum dorsal aspect target strength
values (7S max.) and the average dorsal aspect
target strength values (7S avg.) were calculated
and compared. The average dorsal aspect target
strength values were calculate with respect to
fish tilt angles distribution, which were assumed
to have average and standard deviation values of
N(, 5), N(-5, 15), N(-10, 15), N(-15, 15), N(12,
23.5), N(-3.4, 10.3).

Approximately six echoes were collected
for each fish aspect or tilt angle. All target
strength measurements are based on narrow
beam echo data.

The Fish

The examined fish species was European
anchovy. This species has a slender, oral, belly
rounded and not keeled with scutes: snout
prominent and pointed well in front of tip of
lower jaw, mouth inferior; long upper jaw,
reaching well back behind eye. Dorsal and anal
fins short, the latter behind dorsal fin base. Its
color is black, clear green or blue/green flanks
with a silver stripe. Generally, its total length
varies between 8-14 cm. This fish has a physos-
tomous type swim bladder. After dissection of
swim bladders we saw that they have revealed a
swollen part in the narrow and relatively short
middle section (Fig. 2).

Fig. 2. The European anchovy and the original size of
swim bladder ’

The specimens were captured in Aegean
Sea by the purse seine and were kept alive in
tank for more than 24 hours. After 24 hours
these specimens were killed and frozen immedi-
ately. Fifteen specimens, all in apparently good
conditions, were chosen and transported with
ice by air. Before kept in the refrigerator under
—40 degree in laboratory all specimens body
weight, fork lengths were measured by electron-
ic balance and caliper rule. After defrosted, TS
patterns of fifteen European anchovy were
measured by control method in the acoustics
tank. After the measurement, specimens were
dissected and swim bladder condition and size
were checked and measured. During the meas-
urement we have noticed that three specimens
were deflated and thus excluded from further
calculations.

RESULTS

It is desired to investigate whether the dif-
ference occurred in the swim bladder size. By
this aim it is requested to dissect fishes and
determine swim bladder size of the same length
group individuals, after keeping them live in the
tank more then 24 hours in Turkey. In conclu-
sion no difference appeared in the size of swim
bladder. Additionally, the results were supported
statistically.

Body weight, fork length and swim bladder
size measurements of specimens in Japan and in
Turkey are shown (Table 1).

Since, b/a ratio of the data, obtained in
Turkey and Japan suitable for normal distribu-
tion and was accepted as equal variance,
whether any difference between averages in
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Table 1. Fork length, weight and swim bladder size measurement of specimen in Japan and Turkey

Fish Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Fork Length (mm) 102 104 103 8 96 95 97 84 101 103 107 92 87 76 81

g
% Weight(g) 9.01 9.01 899 526 6.73 868 8.69 451 798 899 931 7.03 509 449 491
S
|
g Swim bladder 2a 284 26.8 282 258 279 26.8 26.1 25.1 284 29.7 29.8 27.8 265 201 221
E
% Size(xnm) 2b 24 17 25 16 27 25 17 24 24 24 26 25 22 19 21
=
Condition (0] X (o} X (0] (o} X (o} (¢} 0 (0] (0] (0] (o} o
ForkLength (mm) 102 103 96 95 8.6 101 103 107 92 87 76 81
>
1)
'55 Weight (g) 9.90 9.01 6.80 8.70 4.62 778 889 9.28 7.14 511 432 480
=
'.5 Swim bladder 2a 28.6 283 274 269 252 285 293 29.7 279 269 208 223
5]
=
§ Size (rnrn) 2b 2.5 24 26 25 24 25 24 25 24 23 19 20
p=
Condition (0] (o} (¢] (0] o (0] 0 (¢] (0] o (0] 0

Table 2. Normalized maximum TS and normalized average TS assumed several tilt angles distribution (Unit:dB)

b ISommax.  NOS)  NCSIS)  NCIOS)  NCISIS) N(12.23.5) N(-34,103)
1 68.1 69.6 708 70.7 709 73.1 70.1
3 6.8 68.3 706 709 15 723 -69.6
5 67.4 69.1 70.4 705 709 721 69.5
6 69.9 723 733 73.1 1 7438 73.1
8 65.7 6.1 678 68.1 687 633 67.1
9 68.1 70.7 718 122 126 728 714
10 719 736 755 758 762 769 746
11 645 65.6 68.7 693 701 703 676
12 625 64.1 6.5 6.7 7.1 68.5 65.5
13 6.5 75.1 737 731 723 733 744
14 6.5 69.7 702 70.1 70.1 717 70.1
15 6822 70.1 713 711 708 734 712
AG 612 684 702 704 707 19 69.5
STD+  -649 65.9 682 68.4 68.8 70.1 67.3
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95% confidence interval, the zero hypothesis
would be:

Ho=p,=p;

H,=w,#u;

Because of the obtained F=0.2538 value is
smaller than F,,,,=4.30 value in the Table in
95% confidence interval, 0.2538<4.30, H,
hypothesis is refused and there is no meaningful
variation between Japan and Turkish data in 5%
confidence interval.

In this study, as it can be seen from Table 1,
body weight and length of the 7S measured
specimens change between 4.99 to 9.31 g and
from 76 to 107 mm. Also the length and height
of the middle section of the swim bladder were
found to change between 20.1 to 31.3 mm and
1.6 to 2.7 mm respectively.

TS pattern of twelve specimen and normal-
ized maximum 7§ and normalized average TS
assumed several fish tilt angle distribution for
twelve specimen as shown in Fig. 3 and Table 2.

Average value of average normalized max-
imum 7S was found to be — 67.2 dB for twelve
specimen and average 7S were found to change
form —68.4 to —71.9 dB for each assumed sever-
al tilt angle distribution.

As can be seen in Table 2 among the
assumed several tilt angle distribution, the aver-
age value of normalized average TS for N(O, 5)
was found to be —68.4 dB. However, other
assumed tilt angles average values of normal-
ized average TS were found to be close to each
other.

DISCUSSION

The aim of this study is to determined 7S
values of various size classes of European
anchovy by using control method, the average
values of average normalized maximum 7S was
found as —67.2 dB. This value was the average
of the fish varying from 7.7 to 10.7 cm in fork
length. The individual 7S values of twelve
European anchovy were found to vary between
—62.5 to —=71.9 dB. These maximum differences
between size classes were thought to be the
result of fish conditions. On the other hand, the

small size of swim bladders suggests that both
maximum and average TS values will be close
to these values.

The average dorsal aspect target strength
values were assumed to have average and stan-
dard deviations values of N(O, 5), N(-5, 15),
N(-10, 15), N(-15, 15), N(12, 23.5) and N(-3.4,
10.3). Among these selected average and stan-
dard deviation values, N(-5, 15) are the suggest-
ed values by FOOTE (1987) and MIYANOHANA
et al. (1990). Although FOOTE (1987), in his
study, reported this value as N(-4.4, 16.2), we
used N(-5,15). Because of the negligible
amount of difference N(12, 23), N(-3.4,10.3) is
the in situ observation values of mature herring
for day and night time, respectively BUERKLE
(1983). In addition to these values, we assumed
N (0, 5), N (-10, 15) and N(-I5, 15) for this
study. The reason for assuming these particular
values as with other assumed average and stan-
dard deviation values is to see how to extend
fish tilt angle pattern is effective to the average
TS.

Lack of similar 7S measurement studies
with control method on European anchovy
caused some problems to our interpretation.
BARANGE et al. (1994, 1996) in these studies
with Engraulis capensis L. reported average TS
as -57.84 to -57.73 dB and -76.10 dB for the fish
with total length of 7.50 - 7.34 ¢cm and 6.00 -
15.00 cm respectively. We were not able to
compare our results with this study directly, but
we think that this difference may become from
different measurement criteria and natural con-
ditions of this species. Also due to the same
reasons, it our results were not comparable with
OHSHIMA'’s (1996) results.

Among the dorsal aspect target strength
values which were assumed average fish tilt
angle distribution, the maximum average value
of normalized average 7S was found to be -68.4
dB for N(O, 5). However, other assumed tilt
angle values especially N(-5, 15), N(-10, 15) and
N(-15,15) were found to be close to each other.
The broadness of the 7S pattern is thought to be
the reason for the closeness between assumed
average fish tilt angle distributions. On the
other hand, average value of normalized aver-
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age TS values of -71.9 dB for N(12, 23.5) and -
69.5 dB for N(-3.4, 10.3) were found to be close
to the values which were reported for other
phsostomeus species by FOOTE (1987). The
closeness of our results to all other average nor-
malized TS values suggests that average TS
value does not depend on fish tilt angle distribu-
tion in this range and is stabile. Thus operation
frequency of 38 kHz can be successfully used
for determination of the 7S value and acoustic
stock estimation of this species. Assuming a
high average value of normalized average TS
values for N(0, 5) indicates that this species

gives high TS values in horizontal position in
water column.

CONCLUSIONS

TS patterns of 12 European Anchovy were
measured by control method in indoor tank. In
this system, we can measure 7S at the tilt angle
of =50 up to 50 degrees at intervals of 1 degree
automatically. The results of the measurement,
the operation frequency of 38 kHz can be suc-
cessfully used for determination of the 7S value
and acoustic stock estimation of this species.
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Mjerenje snage odjeka europskog incuna,
Engraulis encrasicolus (L..) kontrolnom metodom
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SAZETAK

Europski inéun (Engraulis encrasicolus L.) je gospodarski vaZna vrsta na obalama Atlantika, i
to od sjevera prema jugu u Sjevernom moru, u Sredozemnom moru, Crnom moru kao i Egejskom
moru. Snaga odjeka (7S) je mjerni ¢imbenik koji se koristi pri odredivanju obimnosti, ali o njemu
postoji vrlo malo informacija za ovu vrstu. U ovom radu mjerili smo snagu odjeka (7S) europskog
inéuna kontrolnom metodom u bazenima sa slatkom vodom. Mjerenje je izvrSeno pri frekvenciji od
38 kHz. Uzorci su uhvadeni u Egejskom moru, pohranjeni u hladnjak s ledom na temperaturi od
—40°C i prevezeni zrakoplovom do laboratorija. Nakon odmrzavanja, TS znalajke 12 europskih incu-
na su izmjerene upotrebom kontrolne metode. ZnaCajke snage odjeka su bile mjerene u odnosu na
nagib ribe u rasponu od -50° (glavom prema dolje) do +50° (glavom prema gore) pri svakoj pro-
mjeni nagiba od jednog stupnja. Dobivene TS obuhvaéaju Sirok raspon vrijednosti. Najveca vrijednost
(TS) bila je -66.5 dB, dok je srednja vrijednost bila -69.8 dB i 72.2 dB pretpostavljajuci raspo-
djelu nagiba ribe kao N (-3.4; 10.3) odnosno N (12.0; 23.5).




