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Larval cannibalism by juveniles would potentially regulate growth-selective survival as well 
as survival rate itself during early life history stages of Japanese anchovy, while predation by 

skipjack tunas would influence survival rate itself but not growth-selective survival.

Fig. 1

Fig. 1. Sampling stations for larval and juvenile 
anchovy Engraulis japonicus in June 1997 
(Station A) and larval anchovy and skipjack tuna 
Katsuwonus pelamis in May 2000 (Station B) in 
the western North Pacific. Sympatric larval and 
juvenile anchovy were captured simultaneously 
by the same tow of a midwater trawl, and larval 
anchovy and skipjack tunas separately by a 
neuston net and trolling lines, respectively.
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IntroductionINTRODUCTIONINTRODUCTION
‘GrowthGrowth––mortalitymortality’ paradigm (hypothesis)

Faster-growing individuals are assumed to be more likely to survive in the sea.

Existing conceptsExisting concepts
I. ‘Bigger is betterBigger is better’ hypothesis:  size (negative size-selective mortality)
II. ‘Stage durationStage duration’ hypothesis:  time (high mortality stage duration)

Growth-survival relationship has been explained indirectly.
No direct evidence existed to support the growth–predation relationship.

Our previous studies in Sagami BayOur previous studies in Sagami Bay (Takasuka et al. 2003; 2004)
III. ‘GrowthGrowth--selective predationselective predation’ hypothesis:  growth rate (per se)

Direct examination of the growth rates of the actually ingested larvae.
Slower growing larvae were more vulnerable to predation than faster 
growing larvae, even if they were the same size, at a given moment in the sea.
Growth rate per se had direct impacts on vulnerability to predation.

Larval Japanese anchovy in offshore watersLarval Japanese anchovy in offshore waters
Japanese anchovy are distributed and spawn widely in offshore waters.
Larval anchovy are exposed to multiple predator fields.

In the present studyIn the present study, , ……
The ‘growthgrowth--selective predationselective predation’ hypothesis was revisited for larval 
Japanese anchovy in offshore waters.
Cannibalism by juveniles vs. predation by skipjack tunas (Katsuwonus pelamis).
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WHY ? …. To date, 3 factors can serve to explain it.

Engraulis japonicus

M & MMATERIALS & METHODSMATERIALS & METHODS

Field samplingField sampling Offshore waters: the western North Pacific
Station A in the Kuroshio Extension region (June 11, 1997)
Larval anchovy and juvenile conspecifics
Station B in the Kuroshio-Oyashio transition region (May 15, 2000)
Larval anchovy and skipjack tunas

Growth and size comparisonGrowth and size comparison
Ingested larvaeIngested larvae:  the larvae dissected from the stomachs of the predators
Original larvaeOriginal larvae:  the larvae captured simultaneously with the predators
Sagittal otoliths extracted from the ingested larvaeingested larvae and original larvaeoriginal larvae.
Standard lengths (SLs) of the ingested larvaeingested larvae were restored from otolith 
radius (OR) data, using the OR-SL relationship of the original larvaeoriginal larvae.

Standard lengths (mm)
Recent 5 day mean growth rates directly before capture (mm day–1),
which were back-calculated by the biological intercept method
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The larvae dissected from the stomachs
of the predators

i.e. the larvae actually ingested by the predators

The larvae captured simultaneously
with the predators

i.e. the surviving larvae from the original population

Ingested larvaeIngested larvae Original larvaeOriginal larvae

ComparisonComparison

Fig. 1Fig. 1

Table 1Table 1

ResultsRESULTSRESULTS

Stomach content analysis for predatorsStomach content analysis for predators
Cannibalism by juveniles

A total of 85 cannibalized larvaecannibalized larvae occurred from 31 of 120 juvenile anchovy 
of 35.7–61.3 mm (SL); otoliths were extracted from 33 cannibalized larvaecannibalized larvae.
A juvenile of 42.8 mm (SL) was the smallest to show cannibalism.
The SCI values of the cannibals were twice as high as those of non-cannibals.
Larvae made up 10.0–85.7 % of the stomach content weight for cannibals. 

Predation by skipjack tunas
A total of 59 ingested larvaeingested larvae occurred from 7 of 9 skipjack tunas of 45–54 
cm (FL); otoliths were extracted from 12 ingested larvaeingested larvae.

SizeSize--selective predationselective predation (‘Bigger is betterBigger is better’ ?)
Cannibalism by juveniles

The cannibalized larvaecannibalized larvae tended to be smaller than the original larvaeoriginal larvae.
Predation by skipjack tunas

The ingested larvaeingested larvae tended to be larger than the original larvaeoriginal larvae.

GrowthGrowth--selective predationselective predation (‘Growth-selective predation’ ?)
Cannibalism by juveniles

The cannibalized larvaecannibalized larvae had lower recent growth rates than the original original 
larvaelarvae in the same larval size range (≦ 20 mm) (Student’s t-test, p = 0.005).

Predation by skipjack tunas
No differences in growth rates were found between the ingested larvaeingested larvae and 
original larvaeoriginal larvae in the same larval size range (≧ 20 mm) (p = 0.912).
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Fig. 2Fig. 2

Fig. 3Fig. 3

Fig. 4Fig. 4

Table 1Table 1

DiscussionDISCUSSIONDISCUSSION

Cannibalism by juvenilesCannibalism by juveniles
Negative size-selective predation mortality
‘Bigger is betterBigger is better’ (also assumably ‘stage duration’ effects)
Slower-growing larvae were more vulnerable to cannibalism by juveniles.
‘GrowthGrowth--selective cannibalismselective cannibalism’
Does cannibalism by juveniles negatively affect the final recruitment? If slower-growing larvae anyway intensively removed by the 
other predators, intrapopulation removal of such fatal larvae would not be critical. Instead, it will provide a considerable energy 
source for juvenile conspecifics. This would be rather incidental but rational in terms of net profitability at the population level.

Survivorship of faster growing larvae.

Predation by skipjack tunasPredation by skipjack tunas
Positive size-selective predation mortality
‘Bigger is not betterBigger is not better’ (assumably no ‘stage duration’ effects)
Even faster-growing larvae were vulnerable to predation by skipjack tunas.
‘NonNon--growthgrowth--selective predationselective predation’
No advantage of faster growing larvae.

Causal backgroundCausal background
Predator-specific ‘GrowthGrowth--selective predationselective predation’. The phenomena are 
consistent with those detected in Sagami Bay (Takasuka et al. 2003). 
Potential for anti-predator behaviors vs. feeding strategies of predators
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Fig. 2

Fig. 2. Engraulis japonicus. Ontogenetic features 
of larval cannibalism by juvenile anchovy. (a) 
Occurrence of the ingested larvae; (b) stomach 
content index (SCI); (c) larval anchovy weight 
contribution to the stomach contents of juveniles 
in wet weight (LAWC).
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Fig. 3

Fig. 3. Engraulis japonicus. Comparison of 
standard length (SL) frequencies between the 
ingested larvae (IG larvae) and original larvae
(OP larvae) for cannibalism by juvenile anchovy 
(EJ: left) and predation by skipjack tunas 
Katsuwonus pelamis (KP: right). SLs of the 2 
ingested larvae groups were separately restored 
from the actually measured otolith radius (OR) 
data, using the OR-SL relationships of the 2 
original larvae groups.
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Fig. 4

Fig. 4. Engraulis japonicus. Comparison of recent 
5 day mean growth rates plotted against standard 
length between the ingested larvae (IG larvae) 
and original larvae (OP larvae) for cannibalism 
by juvenile anchovy (a) and predation by 
skipjack tunas Katsuwonus pelamis (b).
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Table 1
Table 1. Sampling information for larval anchovy 
and predators (juvenile anchovy and skipjack 
tunas). Standard lengths (SLs) of the ingested 
larvae were restored from the actually measured 
otolith radius data. FL: fork length; n: number 
for growth analysis; n’: occurrence from the 
stomach contents of the predators.

Information

Date

Time

Location

Predator

    n

    Size (mm)

Prey (E. japonicus ) Ingested larvaeOriginal larvae Ingested larvaeOriginal larvae

    n (n ')* 33 (85) 100 12 (59) 47

    Size (mm) 13.6–20.2 13.1–31.1 22.2–26.2 14.4–27.4

*n: number for growth analysis; n': occurrence from the stomach contents of the predators

Station A

11 June 1997

35°00'N, 144°30'E

19:40–20:20

Station B

15 May 2000

38°08'N, 144°34'E

09:30–17:30

35.7–61.3 (SL) 450–540 (FL)

Juvenile Engraulis japonicus Katsuwonus pelamis

120 9



Temperature impacts on reproductive parametersTemperature impacts on reproductive parameters
for Japanese anchovy:for Japanese anchovy:

Differences between inshore and offshore watersDifferences between inshore and offshore waters
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Comparison of temperature impacts on reproductive parameters suggested the existence of 
differences between the inshore and offshore anchovy in their specific spawning ecology.

Fig. 1

Fig. 1. Locations for sampling of Japanese 
anchovy in inshore waters (Sagami Bay; 1–29) 
and in offshore waters (western North Pacific; 
30–48).
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Figs. 2 & 3

Fig. 2. Relationships between ln-transformed 
body length and ln-transformed body wet weight.

Fig. 3. Relationships between body length and 
gonadosomatic index
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Figs. 4 & 5

Fig. 4. Relationships between gonadosomatic 
index and relative batch fecundity.

Fig. 5. Relationships between sea surface 
temperature and relative batch fecundity.
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IntroductionINTRODUCTIONINTRODUCTION

Unexploited offshore populations of pelagic fish may migrate and spawn beyond 
our view in the various regions.

If any ecological differences exist between inshore and offshore populations, 
these should be clarified for a better understanding of the population 

dynamics of the species.

Japanese anchovyJapanese anchovy
Japanese anchovy (Engraulis japonicus) is a multiple-spawning pelagic fish.
When the stock size is small, they are distributed mainly in inshore waters.
As the stock size increases, they come to be distributed and spawn widely in 
offshore waters, too.

Daily egg production methodDaily egg production method
Batch fecundity (number of eggs per female released per spawning event)
Spawning frequency (fraction of females spawning per day)
Environmentally induced variability of these reproductive parameters could 
lead to biases in the estimates.

In the present studyIn the present study, , ……
Biological and reproductive parameters for Japanese anchovy were derived 
from the recent literature.
The data were compared between inshore and offshore samples of anchovy.
Focus on temperature impacts on batch fecundity and spawning frequency.
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M & MMATERIALS & METHODSMATERIALS & METHODS

Data sourceData source
Tsuruta, Y. (1992) Reproduction in the Japanese anchovy (Engraulis japonica) as related to population 
fluctuation. Bull. Nat. Res. Inst. Fish. Eng., 13: 129–168.

Tsuruta, Y., Takahashi, S. (1997) Reproductive ecology of the Japanese anchovy (Engraulis japonicus H.) 
in the Kuroshio Extension and the Mixed Water Region. Bull. Hokkaido Nat. Fish. Res. Inst., 61: 9–15.

Imai, C., Kajitori, K., Tajima, Y., Nakamura, M., Uchiyama, M., Yamada, H. (1998) Biomass 
estimation of Japanese anchovy stock in the Honshu-Pacific waters by the egg production method using sea 
surface temperature information. Bull. Jpn. Soc. Fish. Oceanogr., 62: 356–368.

Funamoto, T. (2002) Studies on the reproductive ecology of Japanese anchovy Engraulis japonicus. PhD 
thesis, University of Tokyo, pp. 144.

Funamoto, T., Aoki, I. (2002) Reproductive biology of Japanese anchovy off the Pacific coast of eastern 
Honshu, Japan. J. Fish Biol., 60: 154–169.

SamplesSamples
Batch fecundity in the inshore waters: 8 samples (144 individuals)
Batch fecundity in the offshore waters:  8 samples (108 individuals)
Spawning frequency in the inshore waters: 21 samples (422individuals)
Spawning frequency in the offshore waters: 18 samples (701 individuals)

Biological and reproductive parametersBiological and reproductive parameters
Body length (BL) (mm), body wet weight (g), gonad wet weight (g)
Batch fecundity, spawning frequency
Sea surface temperature (SST)

Biological and reproductive parameters, their relationships, and their responses 
to sea temperature were compared between inshore and offshore waters.
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Fig. 1Fig. 1

ResultsRESULTSRESULTS

Size, weight, and gonad somatic indexSize, weight, and gonad somatic index
The inshore anchovy: 79–136 mm; the offshore anchovy: 106–144 mm.
The weight-at-size and gonad somatic index (GSI) were higher for the 
offshore anchovy than the inshore anchovy.

Relative batch fecundityRelative batch fecundity (batch fecundity divided by gonad-free body weight)
The gradient of the regression of RBF on GSI was higher for the inshore 
anchovy than the offshore anchovy.
RBF of the inshore anchovy decreased rapidly as SST decreased.
RBF of the offshore anchovy decreased with SST gradually. At SST < 20°C, 
the offshore anchovy showed much higher RBF than the inshore anchovy.

Inshore: RBF = –338.7 + 27.38 SST + 87.91 GSI (N = 144, R2 = 0.344, P < 0.001)
Offshore: RBF = –30.4 + 11.69 SST + 23.46 GSI (N = 108, R2 = 0.461, P < 0.001)

Spawning frequencySpawning frequency
No significant differences were found in mean values of spawning frequency 
between both groups (Student’s t-test, P = 0.349).
The intercepts of regressions of spawning frequency on SST differed 
significantly (ANCOVA, P < 0.001): the offshore anchovy showed higher 
spawning frequency than the inshore anchovy, if compared at the same SST.

Inshore: SF = –0.413 + 0.040 SST (N = 21, R2 = 0.499, P < 0.001)
Offshore: SF = –0.062 + 0.035 SST (N = 18, R2 = 0.320, P < 0.001)
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Fig. 2Fig. 2 Fig. 3Fig. 3

Fig. 4Fig. 4 Fig. 5Fig. 5

Fig. 6Fig. 6

ResultsDISCUSSIONDISCUSSION

Differences between the inshore and offshore anchovy were observed through 
various comparisons of biological and reproductive parameters.

Temperature impacts on reproductive parameters differed between the inshore 
and offshore anchovy.

Size, weight, and gonad somatic indexSize, weight, and gonad somatic index
The offshore anchovy were much heavier in body weight and had much 
heavier ovaries than the same-size inshore anchovy.
The offshore anchovy had a lower RBF than the inshore anchovy at the 
same GSI, but this was due to the high ovary weight and fatness.

Relative batch fecundityRelative batch fecundity
Relative batch fecundity was positively related with GSI and SST.
The inshore anchovy will benefit from higher temperature but will be 
susceptible to lower temperature.
In contrast, the offshore anchovy might not benefit from higher 
temperature but would better tolerate lower temperature.

Spawning frequencySpawning frequency
The offshore anchovy would be able to spawn at temperatures ca. 5°C lower 
as frequently as would the inshore anchovy.

Responses of reproductive parameters to sea temperature differed between the 
inshore and offshore anchovy, even at the same sea temperature, implying 

that such differences cannot be explained only by environmental variability 
but would be due to the inshore- and offshore-specific spawning ecology.
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Note: The methods to estimate parameters were not consistent among the data 
source paper; but the biases would not be critical (see handout paper for detail).

Fig. 6

Fig. 6. Relationships between sea surface 
temperature and spawning frequency.
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Population fluctuation of the Northwestern Pacific stock of 
Japanese anchovy

Yoshioki Oozeki, Hiroshi Kubota, Akinori Takasuka, Tatsuro Akamine
National Research Institute of Fisheries Science, Fisheries Research Agency

CalCOFI CONFERENCE 2005

Fig. 4 Annual change of CPUE and fishing efforts of purse seiners for Japanese 
anchovy off the northern Pacific coast of Japan (Area-B).
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Fig. 3 Annual catch of Japanese anchovy off the Pacific coast of Japan.  
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Fig. 1  Distribution of the northwestern Pacific stock 
of Japanese anchovy.  

Introduction

Stock Structure:
Single stock from off Kyushu island to off Hokkaido island (Fig.1)

Length-weight Relationship: 
W (g) ＝ 0.0153 × SL (cm)3.269 (2004, n ＝ 21,809,  r2 ＝ 0.981) 

Length-at age Relationship:     (t is the age in month)
Lt (cm) ＝ 14.82 (1-0.915e-0.142t) (Hayashi & Kondo, 1957) 

Maximum age and size: 
Maximum age is 3 years and the size is 17cm in recent years

Maturity Schedule: 
Biological minimum is 8cm in SL (one year-old) 

Natural Mortality:   
Natural mortality was estimated by 
Pauly(1980) and  Chen & Watanabe (1989)          1.93

1.62
1.01
1.00

Natural mortalityNatural mortalityAgeAge

BIOLOGICAL PARAMETERS

Japanese anchovy stock assessment is conducted annually in support 
of the fishery management process in the Japanese EEZ.  The 
population fluctuation of its northwestern Pacific stock and annual 
changes of relating parameters are described based on the results of 
stock assessment.  Japanese anchovy, Engraulis japonicus, in the 
northwestern Pacific are landed mainly by purse seiners and also their 
larval and juvenile stages are landed as “Shirasu” by purse nets off 
the northern Pacific coast of Japan.  According with the population 
declining of Japanese sardine, Sardinops melanostictus, the stock size 
of Japanese anchovy increased and the one-year-old age class have 
been mainly landed by the purse seiners in recent seven years.  Fishing 
grounds concentrated only in the coastal area, although the 
distribution of the Japanese anchovy expanded from the coast of 
Japan to 160°E as their population increases (Fig.1).

INTRODUCTION

Introduction

Landings (Fig. 3)
Annual landings of Japanese anchovy increased from 1990 off the 
northern Pacific coast of Japan (Areas - A & B) and the total annual 
landing recorded more than 200 thousands metric ton.  The annual
landing decreased to be 100 thousands metric ton in 1993 and then 
increased to be 200 thousands metric ton in 1996.  The annual 
landings have increased since then and the ladings exceeded 300 
thousands metric ton except 1997, 2000 and 2001.  The annual 
landings of recent two years might reach a ceiling 400 thousands 
metric ton.

FISHERY DATAFISHERY DATA

IntroductionCPUE (Fig. 4)
Fishing effort of purse seiners increased and the CPUE (metric tons 
haul-1) decreased from 2000 off the northern Pacific coast of Japan 
(Area-B) . The CPUE generally have continued to be stable in recent 
four years.

Fig. 5  Annual change of catch-at-age in number of Japanese anchovy off the Pacific 
coast of Japan.  
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Fig. 6  Monthly egg production of Japanese anchovy off the Pacific coast of Japan.  
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Catch-at-Age (Fig. 5)
The young-of-the-year had been mainly landed until 1988. The Age 1+ 
fishes have been mainly landed after 1989 and the Age 2+ fishes were 
also landed after 1990.   High amount of landings were supported by 
the catch of Age 1+ fishes in recent seven years, except 2000 and 2001.

IntroductionFISHERYFISHERY--INDEPENDEMT DATAINDEPENDEMT DATA
Egg production (Fig. 6)
Monthly egg production surveys have been conducted from 1949 along 
the Pacific coast of Japan by the 3 National Fisheries Research 
Institutes and 18 prefectural Fisheries Experimental Stations.  
Vertical towing net samples have been obtained from 150 m deep (or 
near bottom) to the surface by the Long NORPAC net (0.335 mm 
mesh size, 45 cm mouth diameter and 65 cm + 130 cm-long 
cylindrical-conical net) .

Monthly egg production is calculated by summing up 30’ x 30’
squares egg production Eij in month i and square j as the following 
equation:

ijCjA
ijd
iD

sijE •••=1

where s is the average survival rate during egg stage (0.600), Di is the 
number of days in month i,  dij is the egg incubation time (in days) in 
the jth square in month i, Aj is the area of the jth square in m2, and Cij
is the average density of egg distribution in the jth square in month i.  
The egg incubation time dij is calculated as the following equation:

⎥
⎦

⎤
⎢
⎣

⎡ −
+•=

2.12273
4060

1024
1 ijt

ijd

where tij is the average surface temperature in the jth square in month i.

Egg productions of Japanese anchovy have been at the high level since 
1999 in the Pacific coast of Japan and the annual egg production in 
2004 was higher than that in 2003.

Fig. 7  Annual changes of estimated population numbers at age of Japanese anchovy 
off the Pacific coast of Japan.  
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Fig. 8  Comparison of estimated spawning stock biomass between AEPM and VPA of 
Japanese anchovy off the Pacific coast of Japan.  
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Population numbers at age (Fig. 7)
Recruitment of the Japanese anchovy indicated high level from 1997 
at the Pacific coast of Japan. The recruitment of 2004 might be three 
quarters of 2003 according to the VPA, but the recruitment failure 
might have occurred when the results of egg production were 
considered (Fig.6).

RESULTSRESULTS

Introduction
Comparison between AEPM and VPA (Fig. 8)
Annual changes of spawning stock biomass (SSB) estimated by VPA 
was compared to those estimated by the annual egg production 
method (AEPM), because of the limited fishing grounds compared to 
their broad distribution areas.  The SSB based on AEPM was 
estimated by the parameters in Takasuka et al.(2005).  These two SSB 
values indicated similar trends and almost the same level, although 
variability of the value estimated by AEPM was greater than that by 
VPA. Therefore, the results of VPA was adopted to estimate the 
Acceptable Biological Catch (ABC) .

Fig. 9  Annual change of estimated stock biomass and exploitation rate of Japanese 
anchovy off the Pacific coast of Japan.  Values are calculated by VPA.

0

200

400

600

800

1,000

1,200

1,400

1981 1986 1991 1996 2001
Year

E
st

im
at

ed
 s

to
ck

 b
io

m
as

s
(th

ou
sa

nd
 m

t)

0

10

20

30

40

E
xp

lo
ita

tio
n 

ra
te

 (%
)

Estimated Stock
Biomass
Exploitation rate

Fig. 10  Relationship between recruitment and spawning stock biomass of Japanese 
anchovy off the Pacific coast of Japan.  Values are calculated VPA.
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Introduction
Estimated stock biomass and exploitation rate (Fig. 9)
Estimated stock biomass was less than 500 thousand metric tons until 
1988 and increased to be 887 thousand metric tons in 1990.  After 1998, 
the estimated stock biomass continued to be around one million metric 
ton.  The estimates still recorded high level as 1.16 million metric tons 
in 2004, although it slightly decreased from 2003.

Exploitation rates in recent years were estimated to be around 30 %, 
indicating the increasing trend.

Stock-recruitment relationship (Fig. 10)
The relationship between SSB and recruitment was significant and its 
linear relationship was used to forecast the future recruitment.

Introduction

ABC
From the historical datasets, the current stock status is still at the high 
level during recent 20 years, although the recruitment was smallest in 
2004 among recent 4 years.
ABClimit was estimated under the Fsim, which can continue the lowest 
SSB level during the recent five years in the northwestern Pacific 
stock of Japanese anchovy.

RECOMMENDATIONRECOMMENDATION

1.38

F

30 %Fsim322 x 103 mtABClimit

Exploitation rateReference pointABC in 2006

28 %1.43415 1.4842003

32%1.134011.2442004

F

1.1022005

Exploitation rateCatch(x 103 mt)Stock biomass( x 106 mt)Year

F: F-value of Age 1+ mainly caught by fishing.

Fig. 2 Area definition off the Pacific coast of Japan.  
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