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1. Introduction 

An acoustic / midwater trawl survey on walleye pollock ( Theragra 
chalcogramma) in the Aleutian Basin area was conducted in 1988 summer as one 
of the programs of the Japan - U.S. cooperative surveys for the purpose of 

. scientific management of pollock resources in that area. 
The Japanese survey was planned and conducted by two institutions of the 

Fisheries Agency of Japan -- National Research Institute of Far Seas 
Fisheries (NRIFSF) and National Research Institute of Fisheries Engineering 
(NRIFE) -- , with cooperation of the Alaska Fisheries Science Center (AFSC, 
NOAA, USA). 

In this report the acoustic details of the survey are mainly described. 
This report ls a revised version of Takao et al. (1990) and the estimated 
abundance is corrected for a partial wrong processing method in the echo 
integrator (Furusawa and Takao, 1991). Also, biological data used are 
slightly corrected from the former report. Some details are collected in 
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Apendlces of Talmo et al. (1991). 
9 trrl C) 1 o t rnq rn9.t ci Jc:t t .B b£l6 ,211~1,A 

2. Outline of the Survey 
9 £ b )'{ V"1:J. ri ??smo;d >i olloq ,rli t '1 L., ts2 J 
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The survey details are as follows: 
(1) Acoustic system check and calibration to ensure and maintain accuracy of 
the system. ( This item includes the operational check of our system, 
sensitivity calibrations using a standard sphere, noise measurements, and 
intershlp calibration with the U.S. vessel.) 
(2) In situ target strength (TS) measurements by the dual-beam method for 
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obtaining a reliable scale factor to estimate abundance and to examine 
characteristics of pollock TS. 

• l ') 

(3) Measurements of volume backscattering strength (SV) by the echo 
integration method to describe abundance distribution of pollock in the 
survey area and to estimate the total biomass. 
(4) Midwater trawls to obtain biological information. 

A fisheries vessel, Seiju-maru No.28 ( Hokuten trawler, 349 t ), was 

chartered for this survey. 
Table 1 shows the itinerary of the survey. A pre-survey was conducted 

near Hachlnohe, Japan, to test or calibrate the acoustic system. Survey 
operations were divided into four legs, commencing on August 10, and 
finishing on October 12. The survey tracks, which are designed to cross 
diagonally the mesh of r longitude x 30' latitude, in each leg are shown in 
the maps in Fig.1. At the beginning or ending of each leg a sphere 
calibration of acoustic system was conducted. Intership calibrations with U.S. 
chartered vessel Pelagos were tried three times. 

Acoustic system operations were conducted 24 hours a day. Vessel speed 
was usually eight knots. It was sometimes slowed down to 4 - 7 kn for TS data 
collection or to decrease noise. When we observed relatively dense fish sign, 
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Abstract 

A acoustic/mldwater trawl survey on walleye pollock stocks in the 
Aleutian Basin was conducted in the summer of 1988 as one of the programs of 
the Japan-U. S. cooperative surveys to estimate biomass and to obtain 
biological information for the purpose of establishment of the appropriate 
pollock management plan in that area. 

A fisheries vessel. Selju-maru No.28 (Hokuten trawler, 349 tons), was 
chartered for this survey. The survey in the Aleutian Basin was conducted in 
the eastern area of the U.S.-U.S.S.R. convention line including the 
international waters during the period from August 10 to October 12. 
Although midwater trawl operations for sampling adult and juvenile pollock, 
plankton net sampling, and oceanographic observations were conducted, this 
report describes results mainly from the acustic survey. 

The vertical dltrlbution of pollock was seen to be from 150 m to 250 m 
depth. Dense fish schools were distributed along the Aleutian Islands in 
August and at the western part of the international waters in October. The 
esatimate of the pollock biomass in surveyed area (457,822 km2

) was 995 
thousand mt. The dominant year class was 1978 or 10-year-old fish. 

Recent commercial fisheries operations show that dense fish schools 
appear in the western part of the international waters in October and this 
fact also observed in this survey. It ls considered that the dense fish 
schools migrate from the western area of the U.S.-U.S.S.R. convention line. 
Therefore, it should be noted that this estimated biomass does not mean all 
of the available stock size in the whole basin area. It ls necessary that 
cooperative surveys is conducted in the Kamchatka Basin and the western area 
of the Aleutian Basin to estimate whole stock size of pollock resources in the 
basin area. 
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we used b a mid-water trawl to collect biological samples. The average £ 

trawling speed was between 3 and 4 kn. 
Figure 2 shows the flow of data aqulsltion and processing. The abundance 

ls estimated basically through the volume backscattering strength (SV) 
measured by the echo integrator. The information on the pollock TS measured 
in situ ls used to scale the SV to get the distribution density. The mid water 
trawl data are used to classify echo signs and to divide the estimated biomass 
into length and age classes. 

The blologycal information obtained by this survey was reported in 
Yoshimura (1989). 

3. Acoustic System and Calibration 

3.1 Acoustic System 

For this survey program, NRIFE developed a new versatile echo sounding 
system, abbreviated VESS. Since the outline of VESS was described in a 
previous report (Furusawa and Takao, 1988), here we briefly describe the 
system and necessary information for further explanations. 

The echo integration and the dual-beam target strength (TS) measurement 
are the two important methods applied by this system. The following are the 
prominent features of the system: 
(1) The transmitting and receiving system was designed according to the 
principle of minimum error (Furusawa, 1991); 

(2) Recording and displaying absolute echo levels make it easy to discriminate 
fish schools objectively; 
(3) Combining the measured in situ TS data and the distribution densities 
obtained by the echo counting method, the system can display TS distribution 
in a matrix form which-ls easy to understand; 
(4) Two-step and multi-channel echo integration method enables both on-line 
checking and accurate post-processing of volume backscattering strengths 
(SV); 
(5) By applying the dual-beam echo integration.method (Takao and Furusawa, 
1990), fish avoidance to the surveying vessel and the effect of noise can be 
monitored. 
(6) Online and offline mapping functions visualize fish distribution 
quantitatively. 
(7) Since raw analogue echo signals with sounder parameters and ship 
information are recorded on magnetic tapes (video caset MT) via a PCM 
recorder, any post-processing as online ls possible. 

Figure 3 shows the system block diagram of VESS. 
The towed body was suspended by a vessel boom through a snatch block 

with a shock absorber. With this arrangement, the body was towed about 7 m 
from the side of the vessel. On most occasions the cable length was driven 15 
m below the sea surface (when the vessel was stopped) and the towing depth 
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was about 10 m below the suI"face at survey speed (about 8 kn). 
The sounder operates at the frequency of 38 kHz. Echo signals from the 

receiver are fed to the display and recording system composed of a paper 
recorder, a color display, and a PCM tape recorder, to the single echo i 

processing system composed of a dual beam processor (DBP) and a personal 
computer (PC), and to the echo integration system comprized of an echo 
integrator and a PC. 

During the examination of the calibration results, a wrong processing 
method in a part of the echo integrator was found (Furusawa and Takao, 1991). 
Therefore, about half the number of total MT was replayed and the echo 
integration was performed in the laboratory. Comparing the results with 
online results, correction factors were derived for each trasect. All the 
following results obtained by the echo integration are corrected by this 
procedure. 

3. 2 Acoustic System Calibration b , 5I • V'"f f ? I 

The standard sphere calibration was conducted once during pre-survey and 
three times during the survey (see Table 1) with the vessel anchored fore and 
aft at water depths of 100 ~ 150 m. 

The transmitting and receiving factor (TR-factor) including the source 
level and the receiver sensitivity and the effective pulse width were 
calibrated by using a copper sphere (60.0 mm 4>, TS = -33. 7 dB). The 
coefficients of TVG amplifiers were also calibrated at the same time. The 
TR-factor was computed from echo voltages at the pre-amplifier output 
measured by a calibrated digital oscilloscope at the instant when narrow and 
wide beam levels were highest. An example of the calibration results ls shown 
in Flg.4 as a parameter set for the echo integrator. 

In order to ensure the accuracy of the measured TR-factor value and to 
check the performance of DBP, we measured TS of the sphere by DBP using the 
calibrated TR-factor. Figure 5 shows the measured TS against elapsed time 
from the instant of the transducer launching. The results agreed well with 
the sphere TS of -33. 7 dB. 

We made it a rule to adopt a new TR-factor obtained in each calibration, 
because the water temperatures were different at each calibration. Since we 
found no large changes in our measurements of TVG-coefficients, we never 
changed the parameter values. Also, the effective pulse width changed little 
and we used the values measured in the first calibration 

Knudsen (1990) developed a method to totally calibrate the transmitting 
and recei\ring system and the echo integrator by integrating sphere echoes. 
In this method theoretical and measured "sphere SV" are compared. The 
results are shown below for narrow and wide channels (Furusawa and Sawada, 
1991): 

?.B-R dJ~n rl J ? ff I u:; , t o 1'10 "I ?'7 .r c 
d I' b -gn "fl H bn · r > ~ i rr Jdw) sl uu J m 
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Channel Theory 
Narrow -43. 34d.B 
Wide , G -45. 51 

Measured 
-43.2dB 
-45.3 V 

Difference )11 <! sm ,"l e..291!1f 

0.14dB ~ ui.sm: Lf {' l92. 

0. 21 "f-0')91 0 ! '('lSc:. l~9fT 

The calibration results so far described guarantees the precision of our 
system of about ± O. 5 dB ( ± 12 %) • 

3.3 Intership Calibration as"lm 9'l)'R ms12·,:a "JUO '?:cf b,L9.>91 2r9v')f qzlol1 

The U.S. F/V Pelagos and the Japanese F/V Seiju-maru started intership 
calibration at 5s· 11.4'N and 1s9· Ol'W on August 10. The two vessels sailed 
side by side (about 0.3 nm1 apart). We could find fish schools but we had to 
stop the calibration because of bad sea conditions. 

We restarted intership calibration at N53. 35' and W16T 21' on August 11, 1 

but we could not find fish schools. . q 

On August 12, Pelagos and Seiju-maru were at anchor side by side in 
Makushin Bay for the purpose of the sphere and intership calibrations. We 
collected echo integration data of walleye pollock distributed below the 
ships. Figure 6 is an example of color displays the upper part of which is TSS 
mode showing echo level (TS· multiplied by two-way directivity factor) and 
lower part is TSD mode showing TS processed by DBP. 

The Japanese system operated in 800 m range mode and the transmitting 
period was about 2.2 s. By synchronizing the transmitting triggers, U.S. and 
Japanese systems transmitted pulses alternately. In order to examine 
interference between the two systems and noise conditions at the calibration 
site, the Japanese system collected noise integration data while the U.S. 
system was transmitting. The noise level was very low and almost all the data 
were -99. 9 dB which is the under-range indicator of the Japanese echo 
integrator. This experiment confirmed the effectiveness of alternate mo, 
transmission and low ambient noise. 

We operated each system under the same conditions: Towed body depths ~ 

were 15 m; the distance between both transducers were about 30 m; pulse 
width was 0.6 ms; the integration period was 1 min; and no thresholding was 
used. 

Figure 7 compares U.S. and Japanese areal backscattering strengths (SA). 
The echo integration layer was taken as 10 - 90 m from the transducer because 
sea depth was 95 m. The SA values were moving averaged for 3 min (each SA is 
obtained for 1 min). Both results agree well at GMT times 0730, 0800, 0830, and 
0900, while at other times U.S. values are higher by 2 - 6 dB than Japanese 
values. After this, more data were gathered, but the difference was nearly 
the same. 

The cause of this difference is not clear, but from the fact that both SA 
partly agreed well and that the high accuracies of both systems were 
maintained by the strict calibrations, there might be a possibility that both 
systems observed different schools after 0900. One of the reason for this 
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guess comes from that the sunset time was around 0900 and the crew of 
Seljyu-maru were angling during the lntershlp calibration. It will be 

_ necessary to record and check other factors, such as ship lights and engine 
noise during lntershlp calibration when the vessels are anchored. 

9 

3.4 Noise and Threshold > a) V 

Noise levels received by our system were measured several times in order 
to know the characteristics of noise and to specify threshold parameters for 
the echo integrator. 

The measuring method ls as follows. We stopped transmitting, received 
only noise, and integrated noise signal by the ordinary echo integration 
procedure but with small integration widths. The integrator outputs can be 
converted to equivalent noise spectrum level Np [dB re µ Pa/Hz v 2

] by giving 
parameters such as the equivalent beam angle (Takao and Furusawa, in 
preparation). 

The engine speed dependence of noise was measured in the pre-survey and 
at the end of Leg 4. Figure 8 shows the noise spectrum level as a function 
of engine speed. Since the engine speed was usually around 370 rpm (8 kn), 

the noise level was rather low at about 47 dB. 
Since the noise level was low, fish distributions were rather shallow, and 

our two-step echo integration method could discriminate fish echoes from 
noise in post-processing, we used a rather low threshold level. The function 
was "+ 20 log r" or "flat" and the threshold SV at 100 m depth was -90 to -99 dB 
(see THR.MODE and THR.SV of Flg.4). 

However, during the mid-water trawl, the engine speed was about 500 rpm 
and the noise level was high (see Flg.8). So the echo integration data during 
the trawl had to be abandoned and those trackllne sections were interpolated 
from neighbouring data. 

4. Target Strength Measurements 

4.1 Method and Results 
In order to get a scale factor for echo integration outputs and to 

elucidate the characteristics of pollock TS, in situ TS were measured by the 
dual-beam processor (DBP) all through the survey simultaneously with SV 
measurements. 

Since most fish signs were observed in the upper 250 m layer, the echo 
sounder range of 400 m was usually used. The pulse width was 0. 6 ms 
throughout this survey. 

The parameter settings of DBP are as follows : 

::>ffi< T rf l '¼ 

h J i d d t rl (1 

rt 1 ') 
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Cutoff beam angle: 3 • 
2S Basis echo level: 0.2 of peak level .,. ' -

tei( ' 0 Pulse width range for single echo extraction: sla.sJ 
0 t 9 lI• Half echo level: 0.54 - 0.76 ms for 0.6 ms pulse width fd'f'f a· 

9 ,I11~ 

9 B 0 

Basis echo level: < 0. 96 ms 
Threshold level: 100 - 200 mV at 10 and 200 m 
Averaging number: 3 

"f '{ 

An example of the display of DBP is shown in Fig. 9. The distribution 
densities obtained by the echo counting method are shown in the units of 
10--6/m8 in matrix form with respect to TS (abscissa) and depth (ordinate). The 
dip lays were used for online monitoring and raw stored data on MT' s and disks 
were used for post-analyses the results of which are shown below. 

Since the sensitivity setting was a little too high for 40 log r TVG 
channel for the data before September 23, they were not analyzed. Thus TS 
data we could analyze were llmltted to from September 23 to October 8. Table 
2 shows, in order of time sequence, information and results for each TS 
analysis station. The method and results are explained below referencing 
this table. 

First, in order to compare the TS results with biological data, we tried to 
find data sets proper to the TS analysis near the trawl stations. The 
criteria are such that there were many single echoes, noise level was low, and 
the towed body was stable. The data obtained during trawls could not be used 
because of high noise level. Finally, we selected five stations -- No.1, 3, 4, 5, 
and 7 of Table 2 and Fig.10. 

Other than the trawl stations, we tried to select proper data sets for the 
TS analysis to find three sets or stations (No.2, 6, 8 of Table 3 and Fig.10). 
When these data were -obtained, the ship speed was lowered to 4 - 6 kn, the 
towed body was stable, and there were many single echoes. There is no data 
on fish length at the latter three analysis stations, but since the trawl 
samples obtained at separate stations in the Basin area showed very close 
distributions of fish length (Yoshimura, 1989), the average length of 48.1 cm 
in the analytical area 3 for the abundance estimation described later is 
adopted to normalize TS values. 

Target strength analysis was performed on these eight data sets. Ping 
numbers were about 1000. The average depth of fish and the standard 
deviation of the depth are also shown in Table 2. The echoes which were 
classified as single echoes by DBP but whose depths were largely different 
from the trawl depth or the average depth were excluded from the analysis, 
because there might be a possibility that they were echoes from other groups 
of fish. 

As examples, color displays (TSD mode for wide channel) obtained at 
stations No.1 and 7 are shown in Figs.11 and 12, respectively. The TS 
histograms and TS - depth relationship at each station are shown in Figs.13 

- 7-



and 14, respectively. 
According to the trawl results, the variability in fork length was small 

(standard deviation is about 2 cm). Therefore, the average TS values listed 
in Table 2 for each station may be seen as values averaged with respect to 
the orientation distribution for nearly the same length fish. 

To compare our data with others, the normalized TS, TScm, is calculated 
by the following formula by substituting the average body length L obtained 
by trawl samples. 

TS = TScm + 20 log L [cm] :y (1) 

The total average of TS and TScm of eight stations are computed as simple 
averages and shown in Table 2. 

4. 2 Discussion rr w .,,_ ITT 

Total average of TScm is -64. 6 dB and 1. 4 dB higher than the value of -66. 0 

dB. This latter value was derived for pollock by Foote and Traynor (1988) 
from several sources. Our TS measurements of pollock by a controlled method 
also showed nearly the same value (Miyanohana et al. 1987). 

From Figs.13 and 14, we can see the general trend that TS distribution is 
bimodal with peaks at -39.5 - -35.0 dB and -29 - -26 dB. The trawl results 
show that the length distributions are almost unimodal. Therefore, this 
trend of TS distribution may be caused by an. interaction of the scattering 
pattern of pollock and the orientation distribution. Williamson and Traynor 
(1984) also observed the similar distribution for Pacific whiting (Merluccius 
productus) and they demonstrated that the bimodal distribution pattern might 
be reasonable. 

We can see the trend that the upper mode becomes higher in accordance 
with the time of observation and, as a result, TScm becomes large. In the 
color diplays shown in Figs.11 and 12, the righthand side is new in time 
(display scrolls to the left) and the lower channel expands the portion 
between two white lines in the upper channel. Comparing the wedge-shaped. 
echo traces in Figs.11 and 12, we can see a difference. The right tall of the 
wedges is longer than the left tail in Fig.12. Simply, this suggests the fish 
were swimming in the direction such that they were crossing the beam 
downward. Figure 11 shows more random shapes of wedges. One possibility of 
the change of TS distribution can be seen from the above phenomena that 
there might be a difference in orientation distribution and this difference 
became large with time. From this point of view, averaging the TScm of No.1 
to 6 after that TScm decreased considerably, we have -65. 3 dB which ls closer 
to -66.0 dB. 

We need to examine the fish orientation and scattering pattern by, for 
example, the echo trace analysis (Furusawa and Mlyanohana, 1988). Further, it 
will be neccesary to collect TS data all through the year and over several 
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years and to inspect some periodicity in TS characteristics, if any. 
Anyway, since our present analysis of pollock TS gives the value near to 

the value reported by Foote and Traynor (1988), and while the slight 
discrepancy could not be apparently explained now, we will use TScm value of 
-66. O dB as the scaling factor for the echo integration results. 

5. Fish Distribution and Abundance Estimation 

5.1 Method 

al qmB2 

? q i 

') 29i 

Relative and/or absolute distribution of pollock can be observed by 
quantitative displays of the sounder and echo integrator outputs. Firure 15 
is an example of color echograms showing SV for 20 log r TVG outputs (SVS 
mode; Figs.6, 11, and 12 are displays for 40 log r TVG outputs). 

Typical echo integrator parameters are shown in Fig.4. During the survey, 
the echo integration period was set in "TIME" at "0240" sec and SV data were 
obtained at four m.lnute Intervals whi_ch was_ about 0.5 nm.I at normal _ survey 
speed. (A period of 1 min· was used in the noise integration and in the 
lntership calibration.) We sometimes made on-line abundance maps on the CRT 
or the plotter. These results were used for the rough observation of 
abundance distribution. 

Comparing echograms with the "small cell SV" data in each data file, we 
selected the cells which contain fish echoes to compute SA (two-step echo 
integration method). Since there was almost no contamination by fish other 
than pollock and by noise (see Fig.15), the selection procedure was rather 
simple and excluded the cells where no fish was observed. But when a trawl 
was made, the noise contribution became large and we had to om.It the data. 
We exam.lned the effect of excluding the data obtained when the trawling was 
operated and found little error. 

The resultant SA values were averaged In each 0.5 ° latitude by 1 ° 
.&91 

longitude block (Flg.16) to observe the distribution of pollock. This process 
is straightforward because most transect lines were designed to cut 
diagonally the above geographical blocks. 

Although there remains the problem of partial disagreement in the 
lntership calibration results, along with the possibility of significant 
pollock m.lgration during our 3-month survey, we ~ry to estimate pollock 
population size with the present acoustic results. The abundance estimation 
and its allocation by length and age were performed using a slightly modified 
method of Traynor and Nelson (1985) and Williamson (1982) as shown in Fig.2. 

The survey tracklines and three areas of analysis are shown in Flg.17. 
Transect spacing in area 2 ls much tighter than In areas 1 and 3. This 
difference in transect sampling intensity necessitates the division of the 
total survey area into three analytical areas. 

In each analytical area, SA values are averaged for each transect. A 
weighted average of these "transect SA' s" ls scaled by TS to yield mean fish 
density (fish/m2

). This density is multiplied by surface area to produce a 
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population estimate. V 

To obtain the length frequency for each analytical area, the mldwater 
trawl length frequency data for each trawl were averaged with weight of the 
average SA obtained around the trawl area. The appropriate TS scalar ls 
derived using thus obtained length frequency and Eq.(1). 

Sampling error ls estimated as the variance of a weighted average of 
transect SA' s. The transect lines are assumed to be randomly distrlbutd with 
respect to fish distribution in the analytical area. 

Use of the mldwater trawl length frequency data and an age-length key 
allows calculation of population estimates by length and age. Biomass 
estimates are then derived by employing a length-weight relationship 
estimated from trawl samples. The following length-weight equation was used: 

W = 8.8753 x 10-6 L2"·9683 2 9J ms q -r.> t "1"3~ t 
(2) 

92 2 W -r~ 

where fork length (L) ls expressed in millimeters and weight (W) in grams. 
This equation was derived from the length of 839 frozen fish measured in 

j 

q 

NRIFSF. Another examination using the similar sample from 1990 summer survey 
revealed that the length-weight relationship obtained by defrosted samples 
was different from the relationship obtained from the fresh samples 
!mediately after haul. The above regression equation was obtained after 
correction for this effect. 

Preliminary investigation of age- length data revealed slight growth 
ni 

differences between areas 1 and 2 and area 3 ·(Flg.18). For all ages, the mean 
length-at-age for pollock In areas 1 and 2 was larger than for fish In area 3. 
Because of this observed difference, two separate age-length keys were used 
in the analysis -- one combined key for areas 1 and 2, and another key for 
area 3. The age-length key for areas 1 and 2 was from a sample of 416 fish and 
the key for area 3 was from a sample of 472 fish. 

e 9-rew ~9ill1 t'> ,. J ( 

5. 2 Distribution 
We describe first the pollock distributions by legs (see Fig.1) observing 

the paper records and color displays. 
Leg 2: Survey work began at 55· N, 168" W. Many fish signs are observed 

between August 18 and 22 and comparatively high density distributions 
appeared near the Aleutian Islands. Pollock concentrated between 150 and 
200 m in daytime, while they rapidly dispersed in 100 to 200 m layers toward 
the evenings. We could not see large fish sign on transects #7 and #9 after 
August 22. After we surveyed on transects #8 and #6, we surveyed again the 
area where we observed large fish sign in the first half of Leg 2. 

Leg 3: Survey began at transect #10 on September 15. In the afternoon, 
we observed continuous large fish sign between 200 and 260 m. After sunset, 
the fish distribution was dispersed between 150 and 250 m and fish sign 
decreased. On September 17, we observed many single fish signs between 100 
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and 200 mat the eastern part of the International Zone (IZ), 55· 30'N, 176. W. 
Fish number increased after sunrise and fish concentrated between 150 and 
200 m. On September 18, fish sign started to Increase at 56. 12' N, 176. 30' W in 
daytime. These signs were distributed between 160 and 190 m. They spread 130 -
230 m in the evening and dispersed at 55· 30'N, 178' W. After this time, we did 

not observe dense fish schools in the middle of IZ. 
Leg 4: The survey was started from transect #20 on October 4. In the 

middle of IZ, we observed pollock layers between 180 and 200 m. But their 
densities were comparatively low and they spread in 100 - 200 m depth at night. 
We could see more fish signs when sailing in the western part of IZ. We 
observed a dense pollock school at 170 - 200 m depth from 56' lO'N, 114· E to 
56' 40'N, 174' 20'E. 

We finished the survey on the designed transect lines on October 10. Then 
we started an exploratory survey at the end of Leg 4 [see Figs. l(F) ]. 
Selju-maru went to the western edge of IZ, because many commercial fishing 
vessels were fishing there an<;l getting good catches at that time. On October 
10 at GMT time 1930 ( early morning) at 56. 53'N and 174· W, we met a dense and 
continuous fish layer at 170 - 200 m depth (see Fig.15). Its thickness was 
about 15 m. Fifteen fishing vessels were fishing near Selju-maru. The number 
of schools decreased on October 11 at 0430 (evening). We again observed 
dense fish layer between 180 and 200 m on October 12 at 1: 06. The fish kept 
dense layer till 1330 (night) at 56' 50'N, 173' 08'W. Its thickness was about 20 
m, and its maximum SV was - 28.1 dB and mean SV was about - 35 dB. We stopped 
the research on October 12 at 14: 01. 

Looking over all legs, pollock were mostly distributed around 200 m depth, 
but they occasionally distributed as deep as 400 m depth. 

Next, we inspect pollock distribution quantitatively, referencing echo , 
integration results. Figure 16 shows the distribution of the average SA 
values in geographical blocks of 30' latitude by r longitude. The largest SA 
are seen near the Aleutian Islands (August data) and at the west end of the IZ 
(October data). The next class distributes also along the Islands (August 
data) and at the western part of IZ (October data), and further at the east 
end of IZ (September data). From the center of -IZ to the area south of IZ 
where the survey was conducted from September to October, SA values were 
relatively low. 

5. 3 Abundance Estimation 
iT .d a 
.om c ~rll 

vfn 

o A. a,-t2rft 

f HIB ,: ,rt t' i.J fl 

l'+ '{. rf I.JO t t J j 

Pollock abundance estimates by area are presented in Table 3. The total 
population estimate was 1195 million fish. The total biomass estimate was 995 
thousand metric tons. 

Mean fish dens! ty was much higher in areas 1 and 2 ( 37 45 fish/km2 and 2977 
fish/km2

) than in area 3 (2266 flsh/km2
). In area 3, the mean fish density 

along transect 24, at the west end of the IZ, was 4532 fish/km2
• For the o 

remainder of area 3, the mean density was 2046 fish/km2
• srl ' 
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Size composition results for the three analytical areas are presented in 
Fig.19. The mean length of pollock in the Basin was 48.4 cm. The average size 
of fish in area 3 (48.1 cm) was slightly less than that for fish in areas 1 (49. 0 
cm) and 2 (48. 7 cm). Abundance estimates by age are summarized in Table 4 and 
Fig.20. The 1978 year class dominated in all 3 areas with 33% of the total 
population numbers and 34% of the total biomass. No one or two-year old 
pollock were captured in the midwater trawl hauls, while three and four-year 
old fish represented only 1. 3% of the population numbers. The oldest pollock 
observed was 16 years of age. 

it ur -ga· a nR .,rr 1 9"1 ~ br,10~ C\ll 

5.4 Discussion c o 1 1tq~b m ~0~ - u I Js Iouct'Ja H')u[I q ;:,nsh f. bev-Y'3<" J . ,. . 

Since our echo integrator can integrate both narrow and composite beam 
echoes independently, we can extract several types of information by 
comparing narrow and composite beam outputs (Takao and Furusawa, 1990). 
Examining the difference of the two results, we can check the magnitude of an 
avoidance of fish to a surveying vessel and noise contamination. The 
differences between narrow and composite beam SA' s were almost below 1 dB 
for all areas. This fact demonstrates that there might be a slight 
contribution of noise or avoidance effect. 

From June to September of 1988, U.S.and Japanese scientists cooperated in 
a survey of the eastern Bering Sea shelf and slope (Bakkala et al., In press). 
Combining these shelf/slope results with the Aleutian Basin results of the 
present paper provides a description of the summer time distribution of 
pollock east of the U.S./U.S.S.R. Convention Line. The shelf/ slope estimates 
of biomass for pollock totalled 12. 2 milllon mt (mmt) -- 4. 7 mmt in midwater and 
7.5 mmt on bottom. Thus, pollock in the Aleutian Basin accounted for only 
7.5% of the total biomass east of the Convention Line. The dominant year 
classes on the shelf/slope. were 1982 (3.0 mmt), 1984 (2.2 mmt), 1978 (1.6 mmt), 
and 1985 (1.5 mmt). Fish younger than age 4 accounted for 3% of the biomass 
on the shelf and slope, but 1.3% In the Basin. 

Since the present survey was carried out through three months (from 
August to October), we must consider the seasonal movement of the pollock 
population in order to reasonably evaluate the distribution and abundance. 
Sasaki (1989) reported that a large pollock stock appears in the western end 
of IZ in October and moves eastward by month. The above distribution can be 
thought to roughly fit this trend. Also, Information from commercial 
fisheries operations in recent years show that dense fish schools appear in 
the western part of the IZ in October (Yoshimura and Sasaki, 1990) and this 
fact was also observed in this survey just at the end of the survey period 
(Flg.15). It is reported that dense fish schools were distributed in the 
Kamchatka Basin, adjacent waters of the international waters, from U.S.S.R. 
surveys and commercial fisheries operations conducted in the summer and fall 
of 1986 and 1987 (Bulatov and Sobolevsky, 1989; Sobolevsky et al., 1989). 
These facts strongly suggest that the dense fish schools observed in the 
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western area of the international waters in October migrate from the western 
area of the U.S.-U.S.S.R. convention line. Therefore, it is clear that 
estimated biomass obtained from this survey does not mean all of the b r 
available stock size in the whole basin area of the Bering Sea. It is 
necessary that cooperative surveys be conducted in the Kamchatka Basin and 
the western area of the Aleutian Basin to estimate the whole stock of pollock 
resources in the basin area. 

6. Conclusion 

Japan/ U.S. cooperative acoustic/ midwater trawl survey of Aleutian 
Basin pollock was carried out successfully from July to October in 1988. 

The results of the Japanese acoustic survey are as follows: 

,, 

(1) Newly developed echo sounder system fulfilled its function in most 
cases. We could collect the echo integration data to estimate the 
distribution and biomass of the Aleutian Basin pollock. We could also 
collect the target strength data as the reference of the scaling factor to 
estimate biomass. 

(2) The calibrations of the system showed little change in critical 
parameters such as the transmitting and receiving factors. The received 
noise in the survey cruise was low. 

· (3) The intership calibration between U.S. and Japanese acoustic systems 
conducted in Malrushin Bay showed agreement in some instants, but showed a 
large discrepancy in other instants. The possibility exists that the fish 
ensonified by the two systems were not the same. 

1 

(4) The results of target strength measurements indicate the body 
length-normalized TS, TScm, of - 64. 6 dB. This value agreed roughly with the 
results of the study by Foote and Traynor (1988) -- i.e. -66.0 dB. 

(5) Vertical distributions of pollock were seen in the depth range from 150 
m to 250 m. Dense schools·were distributed along the Aleutian Islands in 
August and at the western part of IZ in October. 

(6) The estimate of the pollock biomass In surveyed area (457,822 km2
) ls 

995 thousand mt. This estimate of the pollock biomass does not mean all of 
the available stock size in the whole basin area. 

(7) The dominant year class was 1978 or 10-year-old fish. 
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Table 1 Itinerary of survey 
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Table 2 Results of target strength measurements. 

NO. 1 2 3 

DATE 9/23/88 9/24/88 9/25/88 10/4/88 
TIME 19:20~19:36 12:29~13:21 17:40~18:00 1:46~2:05 
LEG# 3 3 3 4 
POSITION N56° 22 . 6 - N55° 13. 7 - N56° 53. 5 - N57° 4.2-

El79° 46.9- w111° 26.2- El78° 47.2- El79° 7.4-
TRAWL NO. 27 29 30 
AVG L [cm] 4 9. 4 48 . l 4 7. 5 4 7. 7 
PING# 857 1429 857 882 
ECHO# 428 458 531 501 
TS [dB] -3 2. 6 -31. 3 -31. 7 -31. ( 
TSc11 [dB] -6 6. 5 -6 5. 0 -6 5. 2 -6 4. 9 
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Table 3 Pollock abundance estimates by area from the summer 1988 
acoustic/midwater trawl survey of the Aleutian Basin. 

Area 1 Area 2 Area 3 Totals 

Area[km 2 ] u. 598 129,004 284. 220 457,822 
TS[dB] -3 2. 2 -3 2. 2 -32. 4 
Numbers[10 6 ] 167 384 644 119 5 
Biomass[l000t] lU 326 525 995 
Mean density[fish/km 2 ] 3,745 2, 9 7 7 2, 2 6 6 
Coefficient of 0. 0 81 0. 12 6 
variation 

Table 4 Pollock abundance esti ■ ates by age from the summer 1988 
acoustic/■ idwater trawl survey of the Aleutian Basin. 

Age Year class Numbers Biomass 
(millions) (thousand mt) 

1 198 7 0 0 
2 1986 0 0 
3 1985 4 2 
4 1984 12 7 
5 198 3 58 u 
6 1982 175 134 
7 1981 106 81 
8 1980 89 74 
9 1979 90 76 

10 1978 392 337 
11 1977 98 87 
12 1976 74 66 
13 1975 22 20 
14 1974 34 31 
15 1973 33 31 
16 1972 7 6 
1 7 1971 0 0 
18 1970 0 0 

Totals 119 3 9 94 
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Fig.I Trackline of 1988 summer survey. Transect number (simple number), date 
(number with solidus), starting point (open circle), and ending point (bold 

circle) are exhibited. 
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TITLE SP-fCHCt-INTEGRATCJ? 

tiE1iO IJE55El.. SEIJIJ MARf.l 
SURI/EV BERING LE64 
SOtJlDER KJ-1000 
COltlENT 88 OCT.SPIT 

PERIFf£R11. LORlll-C CW 
TEJf' CtH 

SWl>EROH 
FtOTTER OH 
S:WOTHER 

COHT, LJMR 
cmffL flT IHT. UWER(meter) 
BOTTllf 516. IHT Li CHI CH2 
B.LEUEL(U) 8.0 1 083:058 003:059 
B.OFFSET(meter> 5,0 2 050: 108 050:100 
B.IIIOTH(meter) 25 3 100:125 100:J.25 
DRAFT (aeter) 00.0 4 125:158 125:158 
Tl-R. l'fOOE FI.Jff 5 158: 175 158: 175 
THR. SV(cB) -99(CH1> -99(00) 6 175:200 175:.200 
IHT. lfJDE · TIIE 7 200:259 209:~ 
IHT, PERIOO 0240 8 ~=380 250:380 
IkT. P£R100-1 01 9 389:486 380:fflJ 
IHT. PERI00-2 01 10 003:400 883:4B0 

mr. PERI00-3 81 DISP. UMR 
LAVER~ cw LI CHI Cff2 

-ocref:S 1 03 8J 
ll/TOlKE\' OOTO 2 84 04 
RI?HSE(me t.er > 1 2 3 4 5 3 05 05 

058 iee 208 488 808 4 06 06 
SENSITIU. (dB) l 2 3 4 5 5 07 07 

CH! 00.0 10.0 20.0 38.0 40.0 CH1 CH2 

CH2 08.0 10.0 20.0 38.0 40.0 SA UMR 10 : 10 

P. lt!IOTH(ms) 1 2 3 STRES nPK(dB) * -78. 0 -70.0 
OU 0.5? 1.17 2.38 .tt -50.0 -58.0 
CH2 0.55 1.11 2.40 

CHl CH2 
TP.-FHCTO,'{( dB) +98.S +98.5 
~N'r.fOCTOR(dB) +05. 7 +03.7 
W/l'f AN6LE(d8) -21.4 -19.3 
T5(dB) -00.0 -00.0 

Flg.4 Typical parameters of echo Integrator. 
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Flg.5 Target strength of copper sphere (TS = -33. 7 dB) measured by dual-beam 

processor. 
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Flg.6 Color display obtained In Makushln Bay. Upper: TSS mode, Lower: TSD 

mode (output of DBP). 

-24-



I 
N 
(J1 

I 

SA[dBJ 
-30 

-35 

-40 

-45 

-50 '' ,. ,· 

-55 
7:00 7:30 

0 
0 r-
OI I 

·-· JAPAN t 
-usA 

t 
u..· 

8:00 8:30 9:30 

Fig. 7 Time sequence of SA values in lntership calibration at Makushin Bay. 

~ 00 

10:00 
I 

+ • 

b 

10:30 11:00 

Q) 

I 
C: 



10/18/BB SEIJU-MARU #2B 
70 

• WIDE + • 

60 • NARROW 
+ 

r--, + + 

CD 
-0 ......., 

50 
a.. 
z 

40 + : 

30 L-a,__&....,;,,........,;a,__,a_,.,._.._.._.._.._.._..__.__._..._..,_..,_..,__._, 

300 r .350 400 ... 450 

!Engin.e speed -· [rpm] 
Fig.8 Relationship between noise spectrum level and ship engine speed 

measured by echo integrator. 

DUAL BEAM PROCESSOR -_,,..:;> 
~:tH i£:05~-s~1f~ ~-~ ~e,;j -1 s 7e 

R 
_ ,:;>:: ~. ~s.~ / s~ 18 92 

""-45.6 

.... u.s 

,-49,1 5 94 

6 56 

500 

10 80 1 ... 35. 2 ·:~J, =2.~ .:.:~-~ i*.~ ,~ zg :~ 'd.~ 
1201t-----ll--+--+--+---+---+--i:;:::.=.i~:i:-==.+-=~"-F'=+:-=-!-==4-l--+--+---4----I 

TOTAL-39.7 11 5 18 13 ~e 16 19 32 12 3 6 1 11 85 1 

-68 -62 -56 -50 -44 -38 -32 -26 -20 MULTI 
TSa -65 -59 -53 -47 -41 -35 -29 -23 Na BOTTOM 

TS [dB] CXJ 

!ILE NAME 
OON00143.DAT 

rASURING TIME 
1988-08-09 06:34 

Fig. 9 An example of on-line DBP output. 

-26-

SH IP INFORMA Tl ON-------. 
LAT. · N 56° 22. 44' 
LON. E 168° 5~89' 
SPEED 7.9 knt 
COURSE ***** 0 

AT R + 3 • 



• 
0 
ro 
..--. 

. [JJ 
• 
l{) 

r-

.. .. 

... : 

-,,,,~ -... 
r .. -. 
.) .) 

L{) 

. . 

·····--···-----·--·-·-··- .... ··· .. \ 
./ .. .. 

eo 

-L ... 
((~• 
L(·· .I 

-27-

N •• 0 
:.• 



•- ,. •., • _-·:•,•., ... _ ••· V ;. -"'• 0 • ;~ ~--. ••• +- t .,.•·•. r • ... • ;• •• ;.,!'~~ ,: • - •• ... • , - - - ··- ~ ~ - ---- ~ 

Fig. 11 An example of color display at TS analysis station No. 1. Leg 3. 
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Fig.12 An example of color display at TS analysis station No. 7. Leg 4. 
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Flg.15 An example of color display showing dense layer. Leg.4, SVS mode. 
1. l 
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