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Interspecific comparisons of feeding habit between Japanese anchovy
Engraulis japonicus and Japanese sardine Sardinops melanostictus in
eastern Hiuchi-nada, central Seto Inland Sea, Japan, in 1995

Masayuki Yamamoro' T and Satoshi Katayama?

To examine the potential food competition between Japanese anchovy Engraulis japonicus (range in total length: 30—
102mm) and Japanese sardine Sardinops melanostictus (23-116mm), stomach contents and nitrogen stable isotope
ratios were compared between the two species simultaneously caught by drag-net in eastern Hiuchi-nada, central Seto
Inland Sea, Japan, from July to September 1995. The stomach content items of Japanese anchovy were very similar to
those of Japanese sardine, and the dominant prey items in percentage of weight of the both species were Corycaeus
affinis, Microsetella norvegica, Paracalanus parvus, cypris larva of Balanomorpha, Penilia avirostris and alima larva
of Stomatopoda. Compositions of zooplankton prey items of the two species in the same day showed a greater similarity
than for the same species in different sampling days. Moreover, the values of the stable isotope ratio were not different
between the two species. The results suggest the feeding habits of Japanese anchovy and Japanese sardine were similar,
and hence there is an interspecific food competition in the case of limited food availability.
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Figure 1. Annual catch of Japanese anchovy Engraulis japoni-
cus (solid circle) and Japanese sardine Sardinops melanost-
ictus (solid triangle) in eastern Hiuchi-nada, Seto Inland
Sea, Japan, from 1984 to 2008.
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Figure 2. Collection area of both Japanese anchovy and Japa-
nese sardine by drag-nets in Hiuchi-nada.

Table 1. Number and total length of Japanese anchovy Engraulis japonicus and Japanese sardine Sardinops mela-
nostictus for stomach content analysis and stable isotope ratio analysis.

Japsnese anchovy

Japanese sardine

Total length (mm)

Total length (mm)

Date n n FIShlr,,tg
Mean Range Mean Range area
Stomach contents analysis
July 17, 1995 22 36.2 30-42 22 32.8 23-46 A
Aug. 4, 1995 22 61.9 51-70 11 92.8 83-112 B
Aug. 18, 1995 24 87.3 81-102 24 95.9 86-103 B
Sep. 4, 1995 24 92.3 76-102 24 104.5 96-116 A
Stable isotope ratio analysis
July 3, 1995 4 333 24-39 4 29.9 20-37 A

* See Figure 2
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bERM L -T2 (Z45, 1983). RIWfFEDH >~ 7
T, AMEROBEOMA LR, W75y 7 b
RAAT VHUNOEHY T T 7 D3I Y IR R
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Table 2. Mean stomach contents index (MSCI) , niche breadth (B) of stomach contents and stomach contents compo-
sition of Japanese anchovy Engraulis japonicus; in total number (%N), percentage of weight (% W) and frequency

of occurrence (%F) in 1995.

Date 17 July 4 Aug. 18 Aug. 4 Sep.
Number of samples 22 22 24 24
Number of empty individuals 0 0 0 0
Mean stomach contents index (MSCI) 0.68 0.61 0.45 0.65
Niche breadth (B) 5.4 4.7 39 2.9
Mean boby length (mm) 30.7 52.5 74.1 78.4
Mean condition factor (MCF) 7.9 9.1 9.9 10.0
%N %W  %F %N %W  %F %N %W %F %N %W %F
Phytoplankton
Diatoms
Melosira sulcata 59 + 8.3 0.5 + 4.2
Melosira sp. 39  + 42 03 + 4.2
Skeletonema costatum 0.7 + 42 137 + 583
Stephanopyxis palmeriana 114 + 45.5 1.6 + 20.8
Thalassiosira sp. 03 + 45 23 + 12.5 0.5 + 8.3
Coscinodiscus asteromphalus 184 + 13.6 47 + 31.8 05  + 4.2 02 + 8.3
C. gigas 03 + 8.3
Coscinodiscus sp. 46 + 45 97 + 727 484 + 917 1.6 + 62.5
Bacteriastrum varians 56 + 54.2
Chaetoceros affine 02 + 4.2
C. decipiens 02 + 4.2
C. lorenzianum 22+ 4.2
C. coarctatus 84 + 208
C. danicum 49 + 4.2
Chaetoceros sp. 02 + 4.2
Biddulphia sinensis 19.7  + 59.1 1.5 + 83 06 + 20.8
Ditylum brightwellii 276  + 9.1 0.8 + 4.5
Eucampia zodiacus 9.7 + 27.3
Streptotheca thamensis 0.6 + 4.5
Fragilaria sp. 03 + 4.5
Thalassionema nitzschioides 20 + 83 530 + 100.0
Thalassiothrix frauenfeldii 1.0+ 42 190 + 87.5
Pleurosigma sp. 03 + 4.5 0.1+ 4.2
Nitzschia pungens .1+ 91 46 + 16.7 2.0 + 41.7
Bacillaria paradoxa 1.0+ 4.2
Chrysophyceae 0.5
Dictyocha fibula 37.5.  + 1000 0.7 + 4.2
Distephanus speculum + + 8.3
Dinophyceae
Pyrophacus horologicum 03 + 4.2
Ceratium furca 0.1+ 4.2
+:<0.04%
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Table 2. continued

Date 17 July 4 Aug. 18 Aug. 4 Sep.

%N %W  %F %N %W %F %N %W  %F %N %W  %F

Zooplankton

Cladocera
Evadne tergestina 0.6 + 9.1 0.2 0.7 458
Polyhemidae 0.1 1.6 8.3
Penilia avirostris 0.1 139 59.1

Copepoda
Paracalanus parvus 23 163 9.1 + 1.0 91 + + 83 0.1 11.7 792
Paracalanus sp. + + 4.2
Centropages sp. (cf.yamada 1) + + 4.5
Centropages spp. + 8.8 16.7
Pontellidae + + 42  + 1.6 42
Acartia erythraea 0.1 1.5 125 01 10.6 583
Tortanus forcipatus 0.1 0.8 125 + 0.8 8.3
Calanoida 23 1.5 91 + + 9.1 02 05 333 + + 29.2
Oithona spp. + + 9.1 + + 42 + + 4.2
Oncaea media + + 13.6 0.3 0.7 292 + 04 41.7
Oncaea spp. 0.2 + 29.2
Saphirella spp. + + 9.1 + + 42  + 0.1 8.3
Corycaeus affinis 92 179 182 1.1 265 955 22 226 917 0.1 59 875
Corycaeus spp. 0.1 + 16.7
Cyclopoida 0.1 03 9.1 0.1 + 250 + 0.3 8.3
Microsetella norvegica 41 200 91.7 02 13.6 958
M. rosea 0.1 0.5 8.3
Euterpina acutifrons + 0.2 16.7
Harpacticoida + + 4.2
Copepodite of Calanus
Copepodite of Paracalanus 5.7 132 227 0.1 0.5 16.7 0.1 50 79.2
Copepodite of Centropages + + 42 + 0.7 16.7
Copepodite of Acartia + 0.1 16.7
Copepodite of Oithona 34 + 9.1 0.1 + 273 + + 42  + + 8.3
Copepodite of Oncaea + + 9.1 0.2 + 292  + + 8.3
Copepodite of Corycaeus 24.1 36.6 273 0.7 107 864 0.2 + 250 + + 37.5
Copepodite of Microsetella + + 333
Egg of Copepoda 0.1 + 18.2 + + 4.2

Malacostraca
Lucifer sp. + 4.2 8.3
Decapoda + + 4.2

Larva and egg
Gastropoda larva + + 83 + 04 83
Umbo larva of Pelecypoda 0.6 9.8 727 03 0.1 583 + 0.2 50.0
Polychaeta larva 1.1 1.8 45 + + 4.5
Nauplius of Balanomorpha 0.1 + 273 0.5 1.1 542
Cypris of Balanomorpha 0.5 370 864 21 343 958 + 2.8 375
Calyptopis of Euphausiacea + + 4.2
Zoea of Anomura + 2.1 42
Zoea of Macrura + + 4.2
Zoea of Brachyura + 0.8 45 0.1 41 208 + 3.8 16.7
Megalopa of Brachyura + 93 125 + 2.1 4.2
Zoea of Decapoda 1.1 127 45 + 1.6 42  + 2.1 4.2
Alima of Stomatopoda + 226 42

+:<0.04%
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Table 3. Mean stomach contents index (MSCI) , niche breadth (B) of stomach contents and stomach contents compo-
sition of Japanese sardine Sardinops melanostictus; in total number (%N), percentage of weight (%W) and fre-
quency of occurrence (%F) in 1995.

Date 17 July 4 Aug. 18 Aug. 4 Sep.
Number of samples 22 11 24 24
Number of empty individuals 2 0 0 0
Mean stomach contents index (MSCI) 0.95 1.31 0.87 1.37
Niche breadth (B) 5.7 33 24 3.1

%N %W  %F %N %W  %F %N %W %F %N %W  %F

Phytoplankton

Diatoms
Melosira sulcata 0.8 + 182 1.6 + 83 04 + 8.3
Skeletonema costatum 25 + 273 15+ 12.5 151 + 91.7
Stephanopyxis palmeriana 5.1 + 81.8 2.1 + 208 1.1 + 29.2
Thalassiosira sp. 34 4+ 455 20 + 8.3 + + 4.2
Coscinodiscus asteromphalus 9.7 + 13.6 0.7 + 273 50 + 708 02 4+ 16.7
C. wailesii 0.2 + 42
Coscinodiscus sp. 189 + 364 152 + 727 639 + 1000 74 + 95.8
Rhizosolenia alata 0.2 + 42  + + 4.2
Bacteriastrum varians 0.3 + 9.1 23 + 125 45 + 70.8
Bacteriastrum hyalinum 0.3 + 42 09 + 8.3
Chaetoceros affine 07 + 42 02 + 4.2
C. compressum 0.6 + 42 02 + 4.2
C. densum 2.1 + 16.7
C. denticulatum 0.1 + 4.2
C. coarctatus 20  + 12.5
Chaetoceros sp. 03 + 9.1 24 + 167
Biddulphia longicruris 0.1 + 9.1
B. sinensis 1.0 + 455 0.2 + 8.3 + + 4.2
Ditylum brightwellii 1.1+ 45 07 + 45.5 + + 8.3
Eucampia zodiacus 1.3 + 36.4
Thalassionema nitzschioides 1.0 + 45.5 52.8 + 100.0
Thalassiothrix frauenfeldii 0.6 + 83 13.1 + 95.8
Pleurosigma sp. 09 + 208 02 + 12.5
Nitzschia pungens 27+ 81.8 57 + 417 16 + 333

Chrysophyceae
Dictyocha fibula 128 + 81.8 0.3 + 83 0.1 + 12.5
Distephanus speculum 50.3 + 90.9

Dinophyceae
Dinophysis ovum 0.1 + 4.2
Dinophysis sp. 0.1 + 4.2
Pyrophacus horologicum 1.8 + 417 05 + 25.0
Protoperidinium sp. .8 + 333 05 + 37.5
Ceratium furca + + 8.3
C. kofoidii + + 42
C. fusus 0.1 + 4.2
C. tripos 02 + 4.2
Gonyaulax sp. 0.1 + 9.1

+: <0.04%
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Table 3. continued
Date 17 July 4 Aug. 18 Aug. 4 Sep.
%N %W  %F %N %W %F %N %W %F %N %W %F
Zooplankton
Rotatoria
Philodinidae + + 8.3
Sagittidea
Sagitta spp. + 0.7 125
Cladocera
Evadne tergestina 21 34 182 + 1.6 545 + 0.9 583
Podon sp. + + 4.2
Polyhemidae + + 182 + 03 167
Penilia avirostris 0.7 222 100.0 0.1 1.5 542 + + 16.7
Copepoda
Paracalanus parvus 59 80 636 0.1 1.8 727 + 09 458 0.1 13.1 91.7
Paracalanus sp. + + 4.2
Centropages sp. (cf.yamada 1) + + 4.2
Centropages spp. + + 12.5 + 8.3
Acartia omorii 0.1 08 45
Acartia erythraea + + 9.1 + 04 375 0.1 209 875
Acartia spp. + 26 83
Tortanus forcipatus + 47 250 + 04 208
Calanoida 50 6.8 636 + 0.6 727 + 0.6 208 + 6.7 70.8
Oithona spp. 33 24 273 + + 9.1 + + 16.7 + + 20.8
Oncaea media + + 9.1 + + 83 + + 25.0
Oncaea sp. (cf. media) + + 4.2
Oncaea spp. + + 16.7 + + 4.2
Saphirella spp. + + 9.1 + + 250 + + 25.0
Corycaeus affinis 30 51 182 0.1 11.7 100.0 0.1 6.6 917 01 173 958
Corycaeus spp. + + 9.1 + 03 42
Cyclopoida + + 9.1 + 1.9 83
Microsetella norvegica 0.1 1.7 727 04 13.6 91.7 0.1 11.8 958
M. rosea + + 4.2
Euterpina acutifrons + + 16.7
Harpacticoida + + 8.3
Copepodite of Calanus 1.9 158 9.1
Copepodite of Paracalanus 33.8 46.7 81.8 0.1 1.2 909 0.1 2.1 625 + 29 1750
Copepodite of Centropages 0.1 + 4.5 + + 83 + + 4.2
Copepodite of Acartia 04 + 13.6 + + 250 + 0.7 250
Copepodite of Calanoida + 1.8 208 + + 4.2
Copepodite of Oithona 64 43 91 + + 9.1 + + 375  + + 25.0
Copepodite of Oncaea + + 125 + + 25.0
Copepodite of Corycaeus 47 65 273 0.1 23 81.8 0.1 20 667 + + 458
Copepodite of Microsetella + + 273 0.1 3.1 708 + 0.1 333
Nauplius of Copepoda 03 + 9.1
Egg of Copepoda 29 03 9.1 + + 63.6 0.1 + 70.8 + 0.8 79.2
Malacostraca
Lucifer sp. 0.1 + 9.1 + 8.6 42  + + 4.2
Isopoda 0.1 + 4.5
Appendicularia
Oikopleura sp. + + 4.2
+:<0.04%
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Table 3. continued
Date 17 July 4 Aug. 18 Aug. 4 Sep.
%N %W %N %W  %F %N %W  %F %N %W  %F

Larva and egg
Umbo larva of Pelecypoda

+ + 273 + 1.0 125

Polychaeta larva + 0.5 20.8
Cyphonautes larva + + 8.3
Nauplius of Balanomorpha + + 545 + 09 542 + + 8.3
Cypris of Balanomorpha 0.3 398 1000 0.1 16,6 792 + 1.0 41.7
Furcilia of Euphausiacea + + 8.3

Zoea of Anomura + 4.0 20.8
Mysis of Lucifer + + 83 + 03 42
Zoea of Macrura + 109 18.2 + 4.4  20.8
Zoea of Brachyura + + 83 + 1.3 333
Megalopa of Brachyura + 1.1 42
Zoea of Decapoda + 0.7 182 + 75 167 + 54 333
Alima of Stomatopoda + 4.4 9.1 + 9.4 83 + + 42
Egg of Japanese anchovy + + 273 + 169 833 + 1.0 83
Fish egg + 1.1 364 + 0.5 42  + 08 125
Fish larva + + 4.2

+:<0.04%
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Figure 3. Composition of the prey zooplanktons in the stomach
contents (percent weight) of Japanese anchovy and Japanese
sardine in 1995. Digested items were excluded from this
analysis.
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Figure 4. Composition (percent in number) of adult and copep-
odite of the 4 major copepods consumed by Japanese ancho-
vy (A) and Japanese sardine (S) in 1995. In the present
study, while Japanese anchovy did not consume nauplii of
copepoda, Japanese sardine did so but only a few nauplii
were found in the samples of 17 July.
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Figure 5. Degree of diet overlap (overlap index) and coeffi-
cient of community of food items (circles) and Pianka’s «
index of prey zooplankton (triangles) in Japanese anchovy
and Japanese sardine. Open and solid symbols indicate the
individual values and the mean values, respectively. These
indices calculated for the samples captured on the same day
and on the different days were compared.
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