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The relationship between backscattering strength and fish density is
a scaling fa<.:tor of quick acoustic assessment method. It will affect the
accuracy of estimating results. In fact, engraulid larva (anchovy) is so weak
and small, it is impossible to form simulating school by using live fish. The
dead fish used to simulate fish school by sinking through a 0.83 cm X 0.83 cm
mesh size sifter in anechoic tank is described in this paper. Fish density ranging
from 170 inds./m3 to 14,226 inds.fm3 were insonified by a pressure pulse at a
carrier frequency of 2∞ KHz. The received echo signals were recorded on
magnetic tape, digitized and processed in a microcomputer to obtain the
average backscattering strength of each model school. In a joint effort with
underwater optical method to determine the instantaneous actual fish density
of model school. The results are summarized as follows:

( 1) The average backscattering strength is in proportion to the density

of the model school under 10 ∞ g/m3. Below this critical density, it is possible
to estimate the standing crop of engraulid larvae by quick acoustic assessment

method.
( 2) The individual target strength of . engraulid larva is weak ranging.

more or less between - 101.8 dB and - 94.1 dB. Therefore, the fish density
recorded on the echogram by echo sounder is very light.

( 3) The regression line between the average target strength (Ts) and

and the logarithm of mean body length (BL), Ts = 26.42 Log (BL) 一 110.65, is
obtained from this study, with a correlation coe 伍 cient of 0.98.
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Schooling of en.

INTRODUCTION

The "shirasu" fishery or "larval" fishery is one of the most important coastal
fisheries in Taiwan. Its catches reach 3,165 tons with the value of about 572,605
thousand NT dollars in 1988. The catch species was mainly composed of Family
Engraulidae (anchovies) and about 5克 other economic species (Sun, 1988). Because
of its importance in commercial catches and its possible effect on the inshore

fisheries resources, abundance and biology of engraulid larvae have been paid
attention for a few years (Chen, 1980, 1982, 1984). Owing to the lack of the infor.

mation on the recruitment of engraulid larvae and the standardization of fishing
gear and fishing method, it is di 伍 cult to standardize the fishing effort which
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result a failure of estimating. abundance statistically. Lee et ai. 0988) firstly tried
to study the estimation of the biomass of fish larvae recorded on the echogram
by echo sounder and: pro.posed by using patch number, area and volume as the
index of biomass. Neyertheless, the fish density .was found to be variable with
space and time. Therefore, the present study of estimating the standing crop
of engraulid larvae by echo integrator (L 凹 , 1985; Lee et 吼 , 1987; Wu et ai., 1987)
must be proceeded against time (Lee et ai., 1988). Moreover, the accuracy using
acoustic method is determined by the scaling factor, in other words, it is deter-
mined by a precise measurement of the relationship between averagp. backscatter-
ing strength (SV) and fish density (Furusawa, 1983; Lee et ai., 1986). There are
always two methods to be concerned in this study:

0) Measuring the relationship between 了V and fish density (Aoyama, 1982;
Burczynski et ai., 1982; Johannesson and Losse, 1973; Lee et ai., 1987) in simulated
school by balls or dead 'fish in anechoic tank.

(2) Measuring the backscattering strength in simulated school by cnanging

fish density in a cage with live fish of known species and size (Aoyama, 1982;
Burczynskiet ai., 1982; Johannesson and Losse, 1973).

Since the engraulid larva is so weak and small, it is impossible to form .simu-
lating school by 戶 using live fish.

.
Th'e present study describes a method to get

the scaling factor for estimating the standing crop of engraulid school in coastal
waters of Taiwan.

MATERIALS AND METHODS

Engraulid larva sample

The engraulid larvae were collected' during April 23 and May 30 in 1989 by
pair-trawl from the coastal waters ranging between Lin.Pien estuary and Feng.
Kang estuary at the depth of shallower than 30 m. The samples were kept in ice
box and brought back to the laboratory. The acoustic response of model school
was measured immediately in the tank once the samples arrived. The lengths of
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catches ranged from 1.5 cm to 4.5 cm and which were divided into three categories:

1.5 cm-2.5 cm, 2.5 cm-3.5 cm and 3.5 cm-4.5 cm. The backscattering strengths of en-
graulid schJol at 具 i 仔 erent density among these three length groups were estimated.

Experiment instruments

The experiment was proceeded in a 3 m X 1.5 m X 2 m anechoic tank with the

necessary setting as indicated in Fig. 1. The block diagram of the acoustic
system (Lee et ai., 1987) was shown in Fig. 2. One 50 cm X 50 cm sifter with the
mesh size of 0.83 cm X 0.83 cm, placed on the top of the tank allowed the engraulid

larvae to sink through the sifter by gravity, and the larvae were insonified by
acoustic beam of the survey system. Size and density of the simulated

fish school were decided by the working range and the amount of engraulid
larvae tested. Experiments were conducted four times, and 20, 21 and 13 model
schools were formed by the three length classes respectively. Table 1 lists the
weight, mean body length, mean weight of the 1.5 cm-2.5 cm larvae of a simulated

school and horizontal extension width of echogram recorded by echo sounder.

The weight of the simulated schools (Fig. 3) varied from 5 g to 6ωOg.
Firstly, the larval engraulids of adequat� weight were sifted into the water

through the sifter. The sinking time of engraulid 自 sh were counted and the
trigger were recorded on the magnetic tape. For the measurement of in-

stantaneous backscattering strength, photographs of the simulated school in the

anechoic tank WE �re
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Fig. 2. Arrangement and block diagram of the acoustic system.

Fig. 3. Photograph of simulated school taken by underwater camera.
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the setting condition on the FM track by microphone when the flash light
working. The recorder was turned off when the echo signal was lost.

was

Data analysis

Instantaneous and average backscattering strength of engraulid larvae: the
tapes were played back and were monitored on the synchroscope. Listen
to the audio memory in order to confirm the signal of simulating school. The
analog signals were then input to microcomputer and were converted digitally
by A-D converter contained in the microcomputer. The processing occurred as
real time, and the sampling frequency was 25 KHz (1 sample/3 em). Moreover, a
half amplitude pulse width method (Lee et at., 1987;. Long and Hamada, 1983) was
used to remove the noise. Finally, the retained echo level data were converted
into electrical leveIs on the terminal of the transducer (in dB) according to the
sonar equation (Burczynski, 1979; Lee, 1鉤的 . The instantaneous backscattering
strength (Sf;) of this response pulse was calculated by the echo integrated
method (Lee, 的自 ; Lee et at., 1987). The average backscattering strength was
obtained from the mean of SV/ of aU echo signals (Wu et at., 1987).

Estimation of average fish density

The diameter of the sifter is 50 cm and the working range is 60 cm. The size
of X - Y plane where the engraulid school fallen in was 50 x 的 cm2. The volume
of engraulid school was given by

v = v X t X 5Ox6O/1()6 (m3) ( 1 )

Where v, the sinking velocity (em/see) of engraulids, and t, the time of simu-
lating school recorded (see).

Thus, the average fish density is obtained from:

D (g/m3) = ω /V (2 )
and

p (inds.fm3) = ω /( V X lo) ( 3 )

where w, the weight of total engraulids simulated, and lo, the mean weight.

Visual determination of instantaneous fish density

As shown in Fig. 4, the optical axis of the camera was X axis, and the plane
including X axis was X - Y, and the Z axis intersects perpendicularly the X - Y
plane. The center of the lens is o. If half angle in rolling plane of the camera
was α and half angle in pitching plane was {J, the horizontal width was 2x tan α

and the vertical length was 2x tan (J at J

cross section A(x) was expressed as:

A (x) = 4 . tan α﹒ tan {J . x2 ( 4 )

For measuring α and {J, scale ruler was perpendicularly set to the optical axis
(Fig. 5). Moreover, it was placed horizontally or vertically at 170 cm away from

the camera. Therefore, pictures taken from underwater camera showed the roll
and pitch limits relative to the 170 cm point away from the camera (PQ and PR
in Fig. 5). Point P was the center of the scale ruler at 170 cm away from the

reference point 0 on the optical axis. δP was a known figure (170 em), thus PQ
and PR were obtained as '�3 cm and 15.9 cm respectively which were determined
by the picture taken. These data were analysed by the foHowing two formulae:

α = tan-1 (PQIOP)

{J = tan-1 (PR/OP)
一 187 一
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Fig. 5. A scheme showing how the angle in rolling plane and in pitching plane

of one picture taken by underwater camera was obtained.

From which 7.70 and 5.30 were obtained respectively for the angles a and P
with the field of view of camera at 15.40 X 10.60. The covering volume of the
camera (V) was expressed by:

v=16A(02')do2'

= S.b 4 tan α . t叫 . 02'2 . do2'

= 4/3 tan α﹒ tan ,8 ﹒ (b3 - a3) , (7 )

where A (02'), the function of cross section, and a and b (120 cm and 170 cm) were
two focus points of the camera, and the volume covered by the camera was
gained as 0.053 m3. Then the density of 自 sh passing underneath the transducer

can be expressed as D = n/ V (inds./m3), where n, the number of fish shown on
the photograph (Fig. 3).
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RESULTS AND DISCUSSION

When the fish density is lower than 1000 g/m 九 the average backscattering

strength increase's linearly in density. When fish density is higher than 1000 g/m3,

the increment no longer exists. Lee (1985) and Lee and Aoyama (1986) reported
that the relationship between SVand simulated school density is positively related

under a certain density. Hence, this critical density of engraulid larvae is about

1000 g/m3 (Fig. 6).
The relationship between average backscattering strength and logarithm of

the fish density (g/m3) for the three length groups is positively linear under the

above critical density (Fig. 7). When the fish density is expressed in the number
per unit of water volume or abundance (inds';m3), their relationships remain posi-
tively linear resulting from the F test with high significance at the level of 0.01.

201 photographs of simulated school among three length groups were taken
by underwater camera. Fish density in number (abundance) :ranged from 170 to

14,226 inds./m3. The instantaneous backscattering strength is measured accordingly,

and the relationship between the instantaneous backscattering strength (SVi, in
dB) and the instantaneous simulated scnool den'sityof each phbtograph in 1.5 cm-

2.5 cm length class is established (Table 2; Fig. 8). Both the average and the
instantaneous backscattering strength are in proportion to the logarithm of the

fish density below .1000 g/m3, but the two linear regression lines do not overlap
(Fig. 8). According to' Lee and Aoyama (1986), the school density could be esti-

mated under the critical density and the variation of results were not significantly

influenced by the distribution of fish within the fish school. Hence, the slight
differences of the two relationships for average and instantaneous backscattering
strengths are independenton (J) chooling patterns and may be caused by the sinking
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Density

velocity which was supposed to be a constant in this experiment. In fact, as
shown in Fig. 9, the density of fish indicated on the echogram of the same
simulated fish school decreased as the simulated school lasted. In other words,
the sinking resistance of the simulated school density insonified by the acoustic
beam increased with the continuous appearance of 廿1e simulated school. Sub-
sequently, a decrease in sinking velocity was expected. Therefore, the volume
observed in the experiment was greater than the actual volume, thus the observed
simulated school density was less than actual school density. Hence, the regres-
sian line between the average back scattering strength ($ 干 ; in dB) and the

logarithm of average school density (inds./m3) is higher than that between the
Instantaneous backscattering strength (SVi, in dB) and the logarithm of the
instantaneous school density (inds./m3). But, as shown in Fig. 8, the broken lines
were within 95% confidence limits of the solid lines among three length classes
respectively. Thus the bias of the method for estimatirtg the abundance of
engraulid larvae using the average backscattering strength can be neglected.

Individual engraulid larva was so weak and small and g�thered together, that
the target strength measured by suspend method in anecJ1oic tank or direct
observation method in situ was impossible. However, Holliday and Pieper (1980)
reported that the relationship between the average backscattei-ing strength (SV)

and the target strength (Ts, in dB) was as follows:

( 8)

Hence, the target strength of engraulid with 2.23 cm mean body length is
weak with about - 101.8 dB. If, the individual fish of larval patch at 30 m deep
is recorded echo-soundly with 6 dB minimum recordable level and 167 dB source
level calculated from the sonar equation (L 間 , 1985), an engraulid larval patch
with - 60 dB average backscattering strength may be shown on the echogram

一 190 一
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Fig. 9. ECh(,.gram of the simulating school.

under the condiuon of the source 九 level of acoustic syste;m at 120 dB and the

depth of the fish school at shallower,than 31.6 m from the� transducer. In fact,
density of the engraulid school indicated on the echogram is ‘ :very light and is

di 旺 erent from that of other species scho'oJ investigated from coastal waters of
Taiwan (Sun, 1988).

The scatters of engraulid school, surveye,d by acoustic system at above

80 KHz, was on the geometric scattering zone (Greenlaw, 1977;; Maclennan, 1982).
In other words, backscattering strength is in<;iependant on frequency of
acoustic system, but is dependant on density, siie, and behaviour pattern of

the fish. The slopes among three regi' 已sian lines are not different significantly
by means of the F test (Fig. 7; Table" 3), but the interceptions among three

regression lines are significcl"nf diffeience:�Hence; the engra'ulid larvae described
in this experiment were beyond the mechanical resonance phenomenon (Holliday
and Pieper, 1980; Lee, 1985). Moreover, the biomass density of an engraulid larval
school patch with - 70 dB average backscattering strength among three length
classes was obtained as 52.5, 71.5 and 102.3 gfm3 respectively or equivalent to - 101.8,
- 97.4 and - 94.1 dB when substituted by the' target strength. In other words,
the relationship between the average target strength (Ts) and the logarithm of

mean body length (BL) is positively linear,; and the regression line of Ts = 26.42
log (BL) - 110.65, is obtained from this study, with a correlation cae 伍 dent of
0.98 (Fig. 10).
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亮是科仔稚魚密度與超音脈波之後方

散亂反射強度之相關性

李明安﹒李國添﹒孫芳仁﹒施文鴻﹒歐錫祺

通常利用積至于芳法評估現存量之單確度, 有賴於作為校準囡于 (scalingf actor) 之後芳散亂反

射強度 (backscattering strength in dB/m3) 與魚畫密度
( 或生體量) 對應關係之測定

, 其測
定方法一般有以死魚組成水槽模擬魚華法及以活魚現場實測法二種。

黨科仔稚魚體形細小 , 以死魚組成模擬魚盡有技術上之難點 , 而活魚之獲得也不可能 , 故本實驗

是透過篩具 , 將不同重量的黨科仔魚軍均勻灑落在水中 , 利用水中照像機拍攝魚軍密度 , 並將拍攝瞬

間的魚軍反射信號搬出 , 于以數值化處理 , 求取魚軍密度與平均後方散亂反射強度之關係 ' 以作為將

來從事實藍科仔魚現存量評估時的校準圈子之用。其結果如下 :
(1) 黨科仔魚畫密度超過 1000 g/m3 時 , 魚軍反射信號不再隨著密度之增加而增加。

、

(2) 在界線密度之下 , 不同體長區間 , 魚畫之後方散亂反射強度與魚軍宿度呈一良好之直線關
係 ' 故利用超音鼓評估黨科仔稚魚之現存盈是可行的。

(3) 業科仔稚魚之單體反射強度極為徵弱
, 約在一 101.8 dB 94.1 dB 之間

, 故其魚探記錄

跡極淡。
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