
Volume 19 Issue 3 Article 5 

EFFECT OF DEPTH-DEPENDENT TARGET STRENGTH ON BIOMASS EFFECT OF DEPTH-DEPENDENT TARGET STRENGTH ON BIOMASS 
ESTIMATION OF JAPANESE ANCHOVY ESTIMATION OF JAPANESE ANCHOVY 

Hiroto Murase 
The Institute of Cetacean Research, 4-5 Toyomi-cho, Chuo-ku, Tokyo 104- 0055, Japan., murase@cetacean.jp 

Atsushi Kawabata 
National Research Institute of Fisheries Science, 2-12-4 Fukuura, Kanazawa, Yokohama, Kanagawa 236-8648, Japan. 

Hiroshi Kubota 
National Research Institute of Fisheries Science, 2-12-4 Fukuura, Kanazawa, Yokohama, Kanagawa 236-8648, Japan. 

Masayasu Nakagami 
Hachinohe Branch, Tohoku National Fisheries Research Institute, 25-259 Shimo-mekurakubo, Hachinohe-shi, Aomori 
031-0841, Japan. 

Kazuo Amakasu 
Tokyo University of Marine Science and Technology, 4-5-7 Konan, Minato, Tokyo 108-8477, Japan. 

See next page for additional authors 

Follow this and additional works at: https://jmstt.ntou.edu.tw/journal 

 Part of the Aquaculture and Fisheries Commons 

Recommended Citation Recommended Citation 
Murase, Hiroto; Kawabata, Atsushi; Kubota, Hiroshi; Nakagami, Masayasu; Amakasu, Kazuo; Abe, Koki; Miyashita, 
Kazushi; and Oozeki, Yoshioki (2011) "EFFECT OF DEPTH-DEPENDENT TARGET STRENGTH ON BIOMASS 
ESTIMATION OF JAPANESE ANCHOVY," Journal of Marine Science and Technology: Vol. 19: Iss. 3, Article 5. 
DOI: 10.51400/2709-6998.2191 
Available at: https://jmstt.ntou.edu.tw/journal/vol19/iss3/5 

This Research Article is brought to you for free and open access by Journal of Marine Science and Technology. It has been 
accepted for inclusion in Journal of Marine Science and Technology by an authorized editor of Journal of Marine Science and 
Technology. 

https://jmstt.ntou.edu.tw/journal/
https://jmstt.ntou.edu.tw/journal/
https://jmstt.ntou.edu.tw/journal/vol19
https://jmstt.ntou.edu.tw/journal/vol19/iss3
https://jmstt.ntou.edu.tw/journal/vol19/iss3/5
https://jmstt.ntou.edu.tw/journal?utm_source=jmstt.ntou.edu.tw%2Fjournal%2Fvol19%2Fiss3%2F5&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/78?utm_source=jmstt.ntou.edu.tw%2Fjournal%2Fvol19%2Fiss3%2F5&utm_medium=PDF&utm_campaign=PDFCoverPages
https://jmstt.ntou.edu.tw/journal/vol19/iss3/5?utm_source=jmstt.ntou.edu.tw%2Fjournal%2Fvol19%2Fiss3%2F5&utm_medium=PDF&utm_campaign=PDFCoverPages


EFFECT OF DEPTH-DEPENDENT TARGET STRENGTH ON BIOMASS ESTIMATION EFFECT OF DEPTH-DEPENDENT TARGET STRENGTH ON BIOMASS ESTIMATION 
OF JAPANESE ANCHOVY OF JAPANESE ANCHOVY 

Acknowledgements Acknowledgements 
We express thanks to all of the researchers and crews who were engaged in the survey. Comments from 
two anonymous reviewers and the guest editor, Dr. Masahiko Furusawa, greatly improved the contents of 
the manuscript. This survey was supported by the Fisheries Agency of Japan, the Fisheries Research 
Agency of Japan and the Institute of Cetacean Research. We thank these institutions for their support. 
The results of this paper was initially presented to the Asian Fisheries Acoustics Society (AFAS) 2009 
meeting “The International Conference on Fisheries Acoustics and Contribution for Sustainable Fisheries 
in Asia”. We express thanks to the conveners of the meeting who provided us such opportunity. 

Authors Authors 
Hiroto Murase, Atsushi Kawabata, Hiroshi Kubota, Masayasu Nakagami, Kazuo Amakasu, Koki Abe, 
Kazushi Miyashita, and Yoshioki Oozeki 

This research article is available in Journal of Marine Science and Technology: https://jmstt.ntou.edu.tw/journal/
vol19/iss3/5 

https://jmstt.ntou.edu.tw/journal/vol19/iss3/5
https://jmstt.ntou.edu.tw/journal/vol19/iss3/5


Journal of Marine Science and Technology, Vol. 19, No. 3, pp. 267-272 (2011) 267 

 

EFFECT OF DEPTH-DEPENDENT TARGET 
STRENGTH ON BIOMASS ESTIMATION  

OF JAPANESE ANCHOVY 
 
 

Hiroto Murase*, Atsushi Kawabata**, Hiroshi Kubota**, Masayasu Nakagami***,  
Kazuo Amakasu****, Koki Abe*****, Kazushi Miyashita******,  

and Yoshioki Oozeki* 
 
 

Key words: abundance, Engraulis japonicus, pelagic fish. 

ABSTRACT 
Effect of the depth-dependent target strength (TS) on bio-

mass estimation of Japanese ahcovy was examined by using 
following four TS models: (1) TS = 20logLt-71.9, (2) TS = 
20logLt-72.5, (3) TS = 20logLt-(20/3)log(1+z/10)-67.6 and (4) 
TS = 20logLt-(20/3)log(1+z/10)-64.7, where Lt and z represent 
total length (cm) and depth (m), respectively.  (1) and (2) have 
been used in conventional fisheries resources surveys; (3) and 
(4) take account of depth-dependent TS.  Because (1)-(3) were 
based on in-situ measurement, pitch angles of individuals used 
in the models were not known.  Pitch angle is assumed 0° 
(±10° std) in (4).  Biomass estimated by (3) was 82% and 73% 
of (1) and (2), respectively.  Biomass estimated by (3) was 
195% of (4).  The results indicated that the effect of the pitch 
angle on the biomass estimation could be large even if the 
effect of the depth-dependent TS was taken account.  Mean 
distribution depth can be used as a value for z. 

I. INTRODUCTION 
Understanding of abundance/biomass of target species is a 

crucial requirement for fisheries management.  Target strength 
(TS) plays important role in fisheries acoustic surveys to 
convert acoustic data to amount of fish.  Japanese anchovy 
(Engraulis japonicas) is a small pelagic fish distributed in 
wide area of Asian waters [27].  Japanese anchovy is com-
mercially harvested species [5].  In addition, Japanese an-
chovy plays important role in marine ecosystem as a prey of 
higher trophic predators such as skipjack tuna (Katsuwonus 
pelamis) [24] and cetaceans [16].  Given the importance, many 
acoustic surveys of Japanese anchovy were carried out in 
Asian waters [12, 15, 17-20, 23, 28, 30].  Some paper used a 
TS model reported by Iversen [12].  In other case, a TS model 
of clupeoids reported in Foote [6] was used as a substitution 
for TS of Japanese anchovy (Murase unpublished data). 

It was reported that TS of a clupeoid fish, herring (Clupea 
harengus), decreased in accordance with increase in water 
depth because of the compression of the swimbladder by water 
pressure [10, 21].  Recently, depth-dependent change in TS of 
Japanese anchovy was also reported [22, 31].  In addition, 
depth-dependent TS of Japanese anchovy was examined based 
on a data set measured in an experimental tank [1].  However, 
effect of the depth-dependent TS on biomass estimation of 
Japanese anchovy had not been examined fully.  In this paper, 
the effect of the depth-depend TS on biomass estimation of 
Japanese anchovy is investigated by using a field data set 
collected in the offshore region of the western North Pacific. 

II. MATERIALS AND METHODS 

A fisheries acoustic survey was conducted in the western 
North Pacific in early summer in 2004 as a part of the Japanese 
Whale Research Program under Special Permit in the western 
North Pacific Phase II (JARPN II) (Fig. 1).  The acoustic 
survey was conducted from 14 May to 8 June.  Zigzag track-
lines were set within the survey area.  A research vessel, 
Kyoshin-maru #2 (KS2, 372 GT, Kyodo Senpaku Ltd.) carried 
out the acoustic survey in daytime.  A vertically oriented 
quantitative echosounder, EK500 (Simrad, Norway), with  
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Fig. 1. Survey area (dotted line), planned trackline of acoustic survey 

(solid line) and trawl sampling stations (circles).  The survey was 
conducted in the western North Pacific in early summer in 2004. 

 
 

operating frequency of 38 kHz was used to collect acoustic 
data.  The transducer was hull-mounted with draft depth of 4  
m.  KS2 steamed on traklines with nominal speed of 10 knots.  
Biological samples were collected by a surface trawl, NST-99  
 (Nichimo, Japan) [26] onboard Hokuho-maru (HOK, 664 GT, 
Hokkaido).  The surface trawl survey was conducted by To-
hoku National Fisheries Research Institute for the purpose of 
stock assessment of Pacific saury (Cololabis saira).  The 
acoustic and trawl surveys were conducted independently.  
The trawl was 86.3 m long with a mouth opening of 30 × 30 m 
and a 6.0 m codend with a 17.5 × 17.5 mm mesh inner.  The 
trawl was towed for 60 minutes at each station.  The nominal 
towing speed was 5 knots.  Sampling depth was 0-20 m.  
Sampling was conducted at predetermined stations in daytime 
from 12 to 17 June. 

Acoustic data were analyzed by using a software, Echoview 
version 3.5 (Myriax, Australia).  Though it is known that most 
of Japanese anchovy is distributed in shallow water depth (e.g. 
less than 50 m), it is distributed deeper than 50 m based on the 
unpublished data of the authors of this paper as well as scien-
tific literatures [25, 29].  Maximum water depth reported in a 
scientific literature was 150 m [25].  Based on the information 
on the vertical distribution pattern of Japanese anchovy, 
acoustic data from 7 m to 150 m were used in the analysis.  
Water depth less than 7 m could not be surveyed by the hull- 
mounted echosounder.  Japanese anchovy, Japanese sardine 
(Sardinops melanostictus) and mackerels (including both chub, 
Scomber japonicas, and blue, S. australasicus, mackerels) 
were only small pelagic fish species to form dense schools in 
the survey area.  Backscatterings from pelagic fishes were 
distinguished from others based on the shapes and other aux-
iliary acoustic characteristics [7, 14, 20] by experienced re-
searchers.  However, because species compositions in the 
schools could not be identified, proportion of species compo-

sition by number of individuals was obtained using trawl data. 
Nautical area scattering coefficient (m2/n.mile2, sA) in every 

1 n.mile by 1, 5, 10, 50 m and 150 m depth bin was calculated 
by using Echoview.  An echogram displayed by Echoview can 
be considered as a matrix.  Distance can be considered as 
columns while depth can be considered as rows.  Bin can be 
defined as depth of each raw.  For instance, 50 m depth bins 
from 0 to 150 m water depth are consisted of three depth bins: 
0-50 m, 50-100 m and 100-150 m.  The depth bins assumed to 
be used in conventional echosounder surveys were selected in 
this paper.  Then sA was converted to biomass density (ρ), as  
ρ = (sA/σ)Wt, where σ and Wt are acoustic scattering cross 
section and wet weight (g) of a Japanese anchovy, respectively.  
Acoustic scattering cross section is derived as σ = 4π100.1TS 
where TS is target strength (dB).  Following four TS-length 
models were used in this analysis: (1) TS = 20logLt-71.9 [6], 
(2) TS = 20logLt-72.5 [12], (3) TS = 20logLt-(20/3)log(1+ 
z/10)-67.6 [31] and (4) TS = 20logLt-(20/3)log(1+z/10)-64.7 
[1], where Lt is total length (cm) and z is water depth (m) 
corresponding to distribution of Japanese anchovy.  Depth- 
dependence was not considered in models (1) and (2) and they 
have been used in conventional surveys.  Depth-dependence 
was considered in models (3) and (4).  Because models (1), (2) 
and (3) were based on field (in-situ) data, pitch angles of in-
dividuals used in the models were not known.  Model (4) is 
based on the measurement in an experimental tank assuming a 
normal distribution with a mean pitch angle of 0˚ and a stan-
dard deviation of 10°, N(0°,10°).  The pitch angle is not a field 
measurement value but an assumed value in daytime [1].  
Depth-dependence considered in model (4) is same as model 
(3).  Model (1) is for clupeoids while the rest of three are for 
Japanese anchovy.  Mean Lt and corresponding Wt in the sur-
vey area were used in the analysis.  Because scale length (from 
the most anterior part of the fish to the most posterior part 
covered by scale, Ls) was measured in the field, Ls was con-
verted to Lt by using following equation: Lt = 1.1Ls + 0.8 (R2 = 
0.98) (Kawabata unpublished data).  Wt was estimated as Wt = 
0.04Lt

2.3 (R2 = 0.53) based on the field data.  Model (4) is ori- 
ginally written for Ls.  The model was rewritten for Lt in this 
paper for the comparison with the rest of three models. 

Fourteen biomass estimation options were considered to 
see the effect of application of depth-dependent TS.  They are 
summarized in Table 1.  For models (3) and (4), mean TS in 
each 1, 5, 10, 30 and 50 m depth bin from 0 to 150 m (but no 
data were available from 0 to 7 m) were calculated.  In addi-
tion, TS at mean distribution depth of Japanese anchovy was 
also calculated by using models (3) and (4).  Uncertainties of 
the biomasses were estimated by using methods described in a 
reference [13]. 

III. RESULTS 
A total of 1,479 n.miles of acoustic data were recorded 

along the tracklines in the survey area (131,047 n.mile2).  The 
trawl was towed at 21 stations.  Because Japanese anchovy  
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Table 1. Fourteen biomass estimation options considered in the analysis to see the effect of application of depth- 
dependent TS.  TS models referred in the table are as follows: (1) TS = 20logLt-71.9 [6], (2) TS = 20logLt-72.5 [12], 
(3) TS = 20logLt-(20/3)log(1+z/10)-67.6 [31] and (4) TS = 20logLt-(20/3)log(1+z/10)-64.7 [1], where Lt is total 
length (cm) and z is water depth (m) corresponding to distribution of Japanese anchovy. 

Name of option TS model Depth-dependence Depth considered in calculation Pitch angle 
(1) (1) 
(2) (2) 

N - 

(3)-mean mean distribution depth (23 m) 
(3)-1 m 1 m bin 
(3)-5 m 5 m bin 

(3)-10 m 10 m bin 
(3)-30 m 30 m bin 
(3)-50 m 

(3) 

50 m bin 

- 

(4)-mean mean distribution depth (23 m) 
(4)-1 m 1 m bin 
(4)-5 m 5 m bin 

(4)-10 m 10 m bin 
(4)-30 m 30 m bin 
(4)-50 m 

(4) 

Y 

50 m bin 

0º ±10º std 
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Fig. 2. Vertical distribution pattern of Japanese anchovy by 1 m depth 

bin.  Mean distribution depth = 23 m.  Density of Japanese an-
chovy is expressed as sA. 

 
 
was dominant pelagic fish species (98% of total catch in wet 
weight), all backscatterings classified as pelagic fish were 
considered as Japanese anchovy in this analysis.  Mean Lt and 
the corresponding Wt of Japanese anchovy in the survey area 
was 13.4 cm (CV = 0.13) and 14.2 g, respectively.  Vertical 
distribution pattern of Japanese anchovy is shown in Fig. 2.  
Mean and maximum distribution depth was 23 (CV = 0.39) 
and 91 m, respectively.  Horizontal distribution pattern of 
Japanese anchovy is shown in Fig. 3. 

Estimated biomasses based on 6 calculation options by 
using model (3) are shown in Table 2.  There was no signifi-
cant difference among the options.  The biomass estimates by 
using TS in 1 m bin and TS at the mean distribution depth were 
comparable.  Estimated biomasses based on 6 calculation op- 
tions by using model (4) are shown in Table 3.  As in the case  

45° N

40° N

35° N

30° N

130° E 140° E 150° E

Density (sA)

5,500

 
Fig. 3. Surveyed trackline and horizontal distribution pattern of Japa-

nese anchovy.  Density is expressed as nautical area scattering 
coefficient (m2/n.mile2, sA). 

 
 

of model (3), there was no significant difference among the 
options.  The biomass estimates by using TS in 1 m bin and TS 
at the mean distribution depth were also comparable. 

Biomasses estimated by models (1)-(4) are shown in Table 
4.  Biomass estimate by model (3) was 82 and 73% of biomass 
estimates by models (1) and (2), respectively.  Biomass esti-
mate by model (3) was 195% of model (4). 

IV. DISCUSSION 
TS of Japanese anchovy in each 1 m bin calculated by  
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Table 2. Estimated biomasses of Japanese anchovy by using a TS model: TS = 20logLt-(20/3)log(1 + z/10)-67.6 [31].  Six 
options are considered with this model. 

Options (3)-mean (3)-1 m (3)-5 m (3)-10 m (3)-30 m (3)-50 m 
Mean density (t/n.mile2) 22.83 22.66 22.43 22.43 22.21 24.96 

Biomass (million t) 2.99 2.97 2.94 2.94 2.91 3.27 
CV (million t) 0.29 0.31 0.31 0.31 0.30 0.30 

 
 

Table 3. Estimated biomasses of Japanese anchovy by using a TS model: TS = logLt-(20/3)log(1 + z/10)-64.7 [1].  Six  
options are considered with this model. 

Options (4)-Mean (4)-1 m (4)-5 m (4)-10 m (4)-30 m (4)-50 m 

Weighted mean ρ (t/n.mile2) 11.71 11.62 11.50 11.50 11.39 12.80 

Biomass (million t) 1.53 1.52 1.51 1.51 1.49 1.68 
CV (million t) 0.29 0.31 0.31 0.31 0.30 0.30 

 
 

Table 4. Estimated biomasses of Japanese anchovy by 
using 4 different TS models.  

Options (1) (2) (3)-mean (4)-mean

Mean density (t/n.mile2) 27.73 31.33 22.83 11.71 

Biomass (million t) 3.63 4.11 2.99 1.53 
CV (million t) 0.29 0.29 0.29 0.29 

 
 

models (3) and (4) can be considered as actual TS observed in 
a natural condition.  However, this study revealed that biomass 
estimates by using TS at mean distribution depth was compa-
rable with biomass estimates by using TS in each 1 m bin.  The 
results implicated that analysis task would be reduced if TS at 
mean distribution depth was used.  The finding is helpful for 
an analyst who deals with huge amount of acoustic data in 
routine manner.  Because the results were inferred from a 
single survey, further studies by using different data sets are 
helpful to investigate whether the results of this paper is ap-
plicable globally. 

Biomass estimate by model (3) was reduced to 82 and 73% 
of biomass estimates by models (1) and (2).  The results 
sugested that biomass estimates by using TS without consid-
eration of depth-dependence (models (1) and (2)) were over-
estimated given mean distribution depth of 23 m.  Use of 
depth-dependent TS is recommended in the future analysis. 

However, the results of this study also suggested that effect 
of pitch angle on biomass estimation could not be negligible 
even if depth-dependent TS was taken account.  Model (3) was 
based on in-situ data collected in nighttime in the Yellow Sea 
while a survey vessel steamed at constant speed (~ 10 knots).  
Because data were collected in-situ, pitch angle of Japanese 
anchovy was not known in model (3).  Model (3) can be con-
sidered as TS under a condition of a routine acoustic biomass 
estimation survey in nighttime. 

Amakasu et al. [1] investigated the effect of change in pitch 
angles other than (0º, 10º): (10.3º, 20.3º) and (-1.3º, 20.8º).  

The former pitch angle was recorded by a still camera [2] 
while the later was recorded by a stereo video camera [22].  
Both were measured in nighttime.  These two values can be 
considered as pitch angles of Japanese anchovy in undisturbed 
natural states in nighttime.  The pitch angle in daytime may be 
different from that in nighttime.  However, the pitch angle in 
daytime has not been reported in scientific literature. 

Several studies demonstrated that clupeoids showed verti-
cal avoidance behavior to approaching vessels: round sardi-
nella (Sardinella aurita) in Venezuela [9], Peruvian anchovy 
(Engraulis ringens) and Araucanian herring (Strangomera 
bentincki) in Chile [8] and unspecified species of anchovy in 
California [4].  It was observed that sA of Peruvian anchovy 
and Araucanian herring decreased near the transducer [8].  
Gerlotto et al. [8] suggested that decrease in sA near the 
transducer could be results of vertical avoidance.  Similar 
decrease in sA of Japanese anchovy near the transducer was 
also observed in this study as shown in Fig. 2.  The figure 
might indicate a possibility of vertical avoidance of Japanese 
anchovy though no conclusion can not be drawn from the 
results at this stage. 

A peak of TS of Japanese anchovy based on a Kir-
choff-ray-mode (KRM) model [3] was observed at a pitch 
angle of -5.2° [1].  The TS was decreased as the pitch angle 
was away from the value.  If Japanese anchovy shows de-
scending vertical avoidance to approaching vessel, the pitch 
angle might be smaller than values observed in undisturbed 
natural states.  Therefore, there is a possibility that the TS 
might be small than values in undisturbed natural states. 

Even though understanding of the pitch angle under a 
condition of acoustic biomass estimation survey is important 
for an abundance/biomass estimation using a vertically ori-
ented echosounder, it is difficult to estimate it in-situ by using 
conventional methods.  A combination of net and/or optical 
sampling of target species with newly developing acoustic 
devices such as a broadband [11], and/or a multibeam sonar 
[4] can be one of the alternative methods in the future study. 
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Use of model (3) which was measured in-situ might be 
reasonable for time being.  However, it is difficult to select the 
best TS model of Japanese anchovy based thoroughly on the 
results of this paper.  Comparison between in-situ TS data 
recorded by a vertically oriented echosounder and the TS 
models considered in this paper would be a method to select 
the best TS model of Japanese anchovy in the future study. 

In this paper, it was assumed that species composition in 
water depth deeper than 20 m was same as it was in water 
depth less than 20 m.  It is believed that the assumption is not 
far from the true species composition based on expert 
knowledge of the authors of this paper.  However, the validity 
is in question because of lack of data to support it.  Vertical 
distribution patterns of pelagic fishes in the survey area should 
be study to validate the assumption. 
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