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Abstract.— This review examines available literature on the fauna and diets of fishes and seabirds in
coastal waters of northern Japan from spring to summer and discusses the impact of fish and seabird preda-
tion on chum salmon (Oncorhynchus keta) populations in Japan. Over 90 fish species have been reported
to occur with chum salmon juveniles. Among these species, fishes recorded as predators are only 4
species: Japanese dace (Tribolodon hakonensis) at estuaries, and Arabesque greenling (Pleurogrammus
azonus), Japanese flounder (Paralichthys olivaceus), and pink salmon (O. gorbuscha) at sea. Fish preda-
tion may cause substantial loss of juveniles at sites where these fishes, particularly Arabesque greenling
and Japanese dace, are abundant. However, there is no evidence that fish predation has much impact on
the number of returning adult salmon in Japan. The release of hatchery-reared, large-sized juveniles possi-
bly reduces the mortality by fish predation. Rhinoceros auklets (Cerorhinca monocerata) and black-tailed
gulls (Larus crassirostris) have been recorded as predators of juvenile chum salmon. These seabirds breed
abundantly in northern Japan, and the impact of their predation on Japanese chum salmon populations may
be significant. More field and experimental work is needed to evaluate the mortality of Japanese chum
salmon juveniles caused by predation by fishes and seabirds.
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Fig. 1. A map of Japan showing the survey locations for juvenile chum salmon (Oncorhynchus keta) and seabirds
(modified from Nagasawa, in press). Stippled areas show those where juvenile chum salmon and other fishes
were collected. Numerals represent the study sites mentioned in the text. 1, Tedor River; 2, Toyama Bay; 3,
Teuri Island; 4, Lake Saroma; 5, Abashiri Bay; 6, off Itrup Island; 7, Daikoku Island; 8, Kabu Island; 9, Otsuchi
River; 10, Akaishi River. Insert map: migration route and distribution area of chum salmon juveniles along the

coast of northern Japan (Irie, 1990).
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Table 1. Seabirds found in the western North Pacific Ocean off northern Honshu (Hotta et al., 1961). Scientific and Japanese names follow

those used by the Wild Bird Society of Japan (1982).

Family

Scientific name

Japanese name

Diomedeidae

Porocellariidae

Hydrobatidae

Sulidae
Phalaropodidae
Stercorariidae

Laridae

Alcidae

Diomedea immutabilis
Diomedea nigripes
Calonectris leucomelas
Puffinus carneipes
Puffinus griseu
Puffinus tenuirostris
Fulmarus glacilias
Oceanodroma leucorhoa
Oceanodroma castro
Oceanodroma tristrami
Oceanodroma furcata
Sula leucogaster
Phalaropus fulicarius
Stercorarius skua
Stercorarius pomarinus
Stercorarius longicaudus
Larus tridactylus

Larus schistisagus
Larus argentatus

Larus canus

Larus crassirostris
Larus ridibundus

Uria aalge

Uria lomvia
Cerorhinca monocerata
Lunda cirrhata
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Table 2. Seabirds breeding in Hokkaido (Watanuki et el., 1988). Scientific and Japanese names follow those used by the Wild Bird Society (1982).

Family Scientific name Japanese name No. of breeding pairs
Porocellariidae Calonectris leucomelas FFIXFF Y +*
Hydrobatidae Oceanodroma leucorhoa 270y IUoNA 500,000
Phalacrocoracidae Phalacrocorax filamentosus 73 1,900
Phalacrocorax pelagicus | v 10
Phalacrocorax urile FLeIHNTA 0-10

Laridae Larus schistisagus FTAErahER 9,600-10,000
Larus crassirostri v 3ita 36,000-40,000

Alcidae Uria aalge TINTA 30-60
Cepphus carbo rA4=7Y 400 adults
Synthliboramphus antiquus 73 AKX A 100?
Brachyramphus marmoratus TFIIAXA +*
Cerorhinca monocerata kY 180,000
Lunda cirrhaia T hEYA 20 adults

*The breeding of these species was confirmed in Hokkaido.
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Fig. 2. Distribution of juvenile chum salmon (Oncorhynchus
keta)(top) and seabirds (mainly black-tailed gulls, Larus
crassirostris)(bottom) in the western North Pacific Ocean
off Sanriku, northern Honshu, from May 29 to June 5, 1979
(Nagasawa, in press. Data from Hashiba and Yasui, 1980).
Juveniles were caught with dip nets by 3 crew persons for
20 min., and seabirds were observed during these juvenile
chum salmon collections.
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Fig. 3. Distribution of juvenile chum salmon (Orcorhynchus
keta)(top) and seabirds (mainly black-tailed gulls, Larus
crassirostris)(bottom) in the western North Pacific Ocean
off Sanriku, rorthern Honshu, from May 29 to June 2, 1980
(Nagasawa, in press. Data from Hashiba et al., 1981).
Juveniles were caught with dip nets by 3 crew persons for
20 min., and seabirds were observed during these juvenile
chum salmon collections.
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Appendix table 1. Fishes collected with juvenile chum salmon (Oncorhynchus keta) in coastal waters of northern Japan by purse seine (PS),
gillnets (GN), larva net (LIN), dip net (DN} and beach seine (BS) in spring-summer*. + = collected, J = juveniles, A = adults. Scientific
and Japanese names follow those recommended by Masuda et al. (1984).

Area Sea of Japan Sea of Okhotsk North Pacific

Fishing gear PS GN LN PS GN LN BS DN PS DN

Salmonidae 7 #
Oncorhynchus keta  (J) o fEf + t + + + + + + + +
Oncorhynchus keta (A) Y ifa +
Oncorhynchus gorbuscha ()) #7 7 b Aff + 1 +
Oncorhynchus gorbuscha (A) 477 M7 Aff t + t
Oncorhynchus masou (1) 7 7~ 2 + + +
Petromyzontidae 7 A 7 FF}
Lampetra japonica 717X A + + + +
Triakididae N4 2 #}
Mustelus manazo & A +
Lamnidae # A 3 % 2§}
Lamna ditropis X I ¥ X +
Squalidae ¥ / ¥ A F}
Squalus acanthias T 777 /4 X + +
Clupeidae =3 ¥ #}
Clupea pallasii =2~ + +
Sardinops melanostictus <A 7 % + + + + t
Engravlididae # % 7+ 14 7 %
Engraulis japonicus #1 % 7 F 47 + +
Osmeridae ¥ 27 1) 7 4 £}
Hypomesus nipponensis 7 71 ¥ + + +
Hypomesus pteriosus japonicus T 71 + +
Mallotus villosus 7177 Moo x % +
Osmerus mordax dentex ¥ 7' 7% + +
Salangidae 7 7 A FL
Salangichthys microdon ¥ 777 % + + + +
Bathylagidae /A 7 3%}
Leuroglossus schmidti " A AFEL AT +
Cyprinidae 2 1 #}
Tribolodon hakonensis 7 74 + t +
Tribolodon taczanowskii < % +
Myctophidae /> %% A 7 LRt
Myctophidae gen. sp. ¥ H A T UHE +
Stenobranchius nannochir 2 v XNFh +
Scomberesocidae > < Ff
Cololabis saira ¥ < + + + +
Hemiramphidae = 1)
Hemiramphus sajori 3 ) + +
Hypoptychidae 77 4 #+ T#t
Hypoprychus dybowskii > 7 A 71+ +
Gasterosteidae 77 4 %}
Gasterosteus aculeatus aculeatus 4 T+ 3 + + + + + + t + +
Syngnathidae 3 77 37 A}
Syngnathus schegeli 37 7% t
Gadidae % 7 F}
Eleginus gracilis 3~ A + + +
Gadus macrocephalus  (J) ~ ¥ 7
Theragra chalcogramma ()) A7 b7 ¥ THER +
Theragra chalcogramma (A) A7 b7 ¥ 71 +
Mugilidae & 7 F+
Liza haematocheila  * T % t
Carangidae 7 2 #}
Trachurus japonicus <7 ¥ +
Bramidae v Y 4 F
Brama japonica VIV A +
* Dala from Far Seas Fisheries Research Laboratory (1978, 1979, 1980), Shirahata and Hatori (1979), Mishima and Shimazaki (1980a,

1980b), Hashiba and Yasui (1980), Hashiba et al. (1981), Ito (1981), Hashiba and Otaki (1982), Maruyama and Otsuki (1982), Kato
(1982), and Ueno et al. (1990).

+
+
&+

+ +
+ +
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Appendix table 1. (continued)

Area Sea of Japan Sea of Okhotsk North Pacific

Fishing gear PS GN LN PS GN LN BS DN PS DN

Trichodontidae > % /¥ f
Arctoscopus japonicus  /NF INF + I
Ammodytidae 1 % - TF}
Ammodytes personatus (1) 4 7+ THEA + + + I n n t
Ammodytes personatus  (A) A 7 F THfA + + + +  f
Ammodytes sp. 1 #F+ T8 +
Scombridae 7 3F}
Scomber japonicus <N + +
Scomber australasicus TN n
Gobiidae /»#}
Gobiidae gen. sp. /Y FHE +
Chaenogobius castaneus ') > T +
Chaenogobius laevis ¥ 2 A H 4 NE +
Stichacidae ¥ 7 LA U F
Stichaeidae gen. sp. ¥ 7 LA VEHEHE + +
Bryozvichihys lysimus 7% 5 F LR n
Eumesogrammus praeciosus 777 2 5K* + 4
Lumpennella longirostris X 3 ¥ 2 & +
Opisthocenirus dybowskii 505 V¥ VK
Opisthocentrus ocellatus 73/ +
Stichaeus nozawai % 7 LAY + 1
Stichaeus sp. ¥V ITH I +
Pholididae = ¥ ¥ & 2 K F}
Pholidae gen. spp. = & F K8 u
Pholis fasciata & EX K 4 3
Pholis sp. =¥ ¥ K +
Rhodymenichthys dolichogaster 7~ 57 ¥ V3R +
Anarhichadidae A7+ 4 3 7+ £
Anarhichas orientalis FAAITE + + +
Pilichthyidae /~F % &
Ptilichthys goodei /N3 7 4
Zoarcidae 7 rF}
Neozoarces steindachneri 2>+ A4 ¥ R
Zoarces elongatus T HH Y +
Scorpaeniformes fam. gen. sp. A4 THAE +
Scorpaenidae 7 ¥ 71 ¥ TRAE
Sebastes glaucus 7 0 A X% +
Sebastes schlegeli 7 1A +
Sebastes sp. (type A) A 7¥IVHH (A)
Sebastes sp. (lype B) X /N)UH (B)
Sebastes sp. (type C) A3V (C)
Anoplopomatidae ¥ > %" 5 §}
Anoplopoma fimbria ¥ > % 5 4
Hexagrammidae 7 A F 2 F}
Hexagrammos lagocephalus 7 ¥ 7 A+ £ +
Hexagrammos octogrammus AT T A F X
Hexagrammos otakii 7 A + A
Hexagrammos stelleri 17 4+ A + n
Pleurogrammus azonus % 7 7 + t t + t t +
Cottidae 7 ¥ A1 £
Cottidae gen. sp. 7 ¥ 7 £Hfad +
Argyrocottus zanderi A M XA A
Blepsias bilobus 7+ 777 7Y + +
Blepsias cirrhosus A VINT V7
Enophyrus diceratus  * =52 71
Gymnocanthus sp. VX 7 0% VA%
Hemilepidotus gilberti IR AT T +
Hemitripterus villosus 7AW TH +
Nautichthys pribilovius #* 3X5H I 7 +

&+

+ + 4+
~

+ +
+
+ 4+
-+

&+

-+

+ 4+ 4+
+

* This species was reported by Anonymous (1978: pp.78-86) but is not listed in Masuda et al. (1984).
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Appendix table 1. (continued)

& - RI-BHLBEEICL 2 rPEAORE

Area

Fishing gear

Sea of Japan Sea of Okhotsk

North Pacific

PS GN LN PS GN LN

BS DN

PS

DN

Myoxocephalus brandti

Myoxocephalus stelleri

YETIVATHA

FRAATH

Myoxocephalus sp. ¥ AU AE
Porocottus allisi 77T

Psychrolutiae 7 7 F A
Malacocottus zonurus
Agonidae 27 YLK

Agonomalus proboscidalis
Aspidophoroides bartoni

Brachyopsis rostratus
Occella dodecaedron

52 h B
ATV HTH

FFuay ot
Hh T

Pallasina barbata Y ¥ %
Pallasing eryngia &7+ T XY X7 4
Percis japonicus 1 X TF
Podothecus gilberti 317 ) 7 ¥ L
Tilesina gibbosa * = xF 7%

Cyclopteridae 4 > I
Aptocyclus ventricosus

kR
A A

Eurimicrotremus birulai 3 > XA b7

Liparididae 7 ¥ 7 4 #}

Liparus agassizii X/ 7 377 %

Liparus tessellatus &

A=y

Liparus sp. 7% 74
Pleuronectidae 7 L 1 %}

Pleuronectidae gen. sp.
Pleuronectidae gen. sp.
Atheresthes evermanni

Cleisthenes pinetorum herzensteini

Kareius bicolratus
Limanda herzensteini
Limanda punctatissima

(A A LAREE (A)

TUEY Y
4FLoEL

+ +

&+

B) #LABEE (B) *

FTIIHLA
YHLA
AL A

AFH VA

Limanda schrenki 7 Q7525 T A
Liopsetta obscura 7 0 7 L 4

Liopsetta pinnifasciata

Py AL

Platichthys stellatus X< H L A
Monacanthidae & 7 FF
Thamnaconus modestus 7777 7 N F

Tetraodontidae 7 7'}
Takifugu porphyreus

7Y

VAYRAY &

B e

4+

+

4 4




