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Notes on Feeding Habits of the Mesopelagic Fish Maurolicus japonicus off

the Pacific Coast of Northern Japan

Kazuhisa UcHIKAWAY, Daiji KitAGaAwA? and Yasunori SAKURAIY

Abstract

The diet of Maurolicus japonicus, one of the most numerically abundant mesopelagic fish in the adjacent waters
of Japan, was examined based on a total of 112 specimens collected off the Pacific coast of northern Japan during
October, 1996. The prey was comprised of mainly crustaceans ; copepods and euphausiids. For small-sized fish
(<40 mm in standard length: SL), the copepods (mainly Calanus pacificus) was the most important prey
accounting for 80.9% by number and 44.3% by wet weight. For large fish (>40 mm SL), euphausiids (mainly
Euphausia pacifica) was the most important prey representing 40.3% by number and 80.6% by wet weight of the total
diet. The prey size differed significantly with fish size, showing that the diet of M. japonicus shifts toward larger
prey with fish growth. Feeding intensity measured as stomach content index increased steadily from morning
(6 : 00 h) through afternoon (14 : 49 h) suggesting continuous feeding throughout the daytime. The importance of
C. pacificus and E. pacifica in the diet was ascribed to its co-occurrence with M. japonicus throughout the day as
a result of diurnal migration both by predator and prey.
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Introduction

The sternoptychid fish genus Maurolicus is abundant-
ly distributed over upper continental slopes and subma-
rine rises in the world oceans (Parin and Kobyliansky,
1996). According to the recent revision made by Parin
and Kobyliansky (1993), the genus Maurolicus is
divided into 15 allopatric species, and M. japonicus is
distributed around the Japanese archipelago. In the
Japan Sea, M. japonicus is the primary food of many
marine top-predators, e.g. walleye pollock Teragra
chalcogramma and the Japanese common squid Todar-
odes pacificus (Okiyama, 1971). Off the Pacific coast of
northern Japan, the dominant demersal fish, Pacific cod
Gadus macrocephalus and walleye pollock T. chalco-
gramma, also consume M. japonicus (Yamamura and
Inada, 2001). Thus M. japonicus play an important
role in transferring organic material through the trophic
levels in both the Japan Sea and Pacific Ocean.

There have been many studies on the ecology of M.
Japonicus conducted in the Japan Sea; life history
(Okiyama, 1971 ; Yuuki, 1982, 1984 ; Tkeda, 1994), feed-
ing habits (Ikeda et al., 1994) and energy budget (Ikeda,
1996). On the contrary, no information has been avail-
able on its ecology along the Pacific coast. The present

study reports on the feeding habits of M. japonicus off
the Pacific coast of northern Japan.

Materials and Methods

Samples were collected during the demersal fish sur-
veys conducted by the Tohoku National Fisheries
Research Institute in October, 1996. During the cruise,
a bottom trawl net with a mouth opening of 3.3 18.2 m
was towed at an average ship speed of 3 knots (5.7 km.
h™'). The net was lined with 8 mm mesh, and was
towed for 30 minutes at fishing depth at each sampling
station. All of the samples used in the present study
were taken during the daytime (from about one hour
after sunrise to two hour before sunset). Maurolicus
Japonicus was collected at 10 out of 61 stations with
bottom depths of 170 to 610 m.

Fish samples were fixed in a 10% buffered formalde-
hyde seawater solution at sea and then transferred to 50%
isopropyl alcohol in the laboratory. Samples were
measured and weighed to the nearest 0.1 mm standard
length (SL) and 0.1 g, respectively. Stomach contents
were then examined based on a total of 112 specimens
collected at five stations (Table 1). Prey were identified
to the lowest taxon possible, counted and weighed to the
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Table 1  Sampling data of bottom trawls conducted off the Pacific coast of northern Japan during the
cruise of RV Wakataka-Maru in October, 1996.
Date Sampling locality Tr.awliing Bottom No. of specimens
Latitude (N) Longitude (E) mid-time depth (m) examined
7 Oct 38°57 141°02 14: 49 257 7
9 Oct 38°32 141°54 09:05 252 38
16 Oct 37°59 141°42 06:40 172 21
19 Oct 37°01 141°28 08:39 251 29
21 Oct 36°34 141°03 11:58 248 17
Total 112
nearest 0.1 mg. Prey found in the mouth cavities and 2007
esophagi were excluded from the analyses since they . N=832
were probably ingested in the net. There was no sign of .
regurgitation and stomach eversion. The stomach con- < 1507
tent index (SCI) was calculated as: SCI(%)=(wet [ ]
weight of total stomach contents/body weight)x 100. B -
The degree of digestion was scored for each prey : stage > 1007
1, fresh prey, not digested ; stage 2, slightly digested, prey 'g ]
damaged only on the body surface ; stage 3, moderately E 50
digested, exoskeltons of prey broken, stage 4, well digest- .
ed, most of prey unidentifiable. The diet of M. -
Jjaponicus was expressed as percentage by number (Chn), 0
percentage by wet weight (WW) and percentage of the § JE8ERSIZIeT IR
frequency of occurrence (F). Based on these indices,
the index of relative importance (IRI ; Pinkas et al., Standard length (mm)
1971) was calculated for each prey category : Fig. 1. Length frequency distribution of Maurolicus

IRL,= F,x (Cni+ WW).

The index was then standardized to %IRI (Cortés, 1997)
as:

%IRI,=100x IRI,/ "ZIRL,

where 7 is the total number of prey categories consid-
ered.

Results

The body sizes of Maurolicus japonicus collected
ranged from 21 to 54 mm SL. The length frequency
distribution was bimodal with a distinct mode at 34-36
mm and an indistinct mode at 42-44 mm (Fig. 1).
Based on the length frequency distribution, specimens
were divided into small (<40 mm) and large (>40 mm)
size classes to analyze ontogenetic differences in diet.
Of the 112 stomachs examined, one individual had an
empty stomach. The diet of M. japonicus included
copepods, ostracods, amphipods, euphausiids,
chaetognaths, polychaetes, tunicates and fish (M.
Jjaponicus) (Table 2). In both size classes, crustaceans

Jjaponicus off the Pacific coast of northern Japan during
Qctober, 1996.

represented the bulk of the diet (Cn=892%; WW =
57.5%; F=100% for small fish, Cn=972%; WW =
952% ; F=97.4% for large fish). For small fish, cope-
pods were the most important prey (Cn=80.9%;
WW =443%; F=92.1%), with Calanus pacificus
being the most predominant (Cn=26.0%), followed by
chaetognaths (Cn=103%; WW =41.4%). For large
fish, copepods were numerically predominant (Cn=
49.5%), but the gravimetric contribution was < 10%.
C. pacificus was the most abundant species among
copepods for large fish (Cn=13.4%). Euphausiids were
not as numerous (Cn=40.3%) but were the most impor-
tant by wet weight (WW =80.6%). In the diet of large
fish, euphausiids were predominated by Euphausia
pacifica ; constituting 80.5 and 82.5% of the total num-
ber and wet weight of euphausiids, respectively.
Ostracods, amphipods, polychaetes, tunicates and fish
(M. japonicus) were also ingested, but accounted for
< 3% by number and wet weight in both size classes.
The %IRI of copepods was 88.5% for small fish, and
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Table 2. Diet of two size classes of Maurolicus japonicus off the Pacific coast of northern Japan. Cn: % of identifiable prey
to the total number; WW : % of identifiable prey to the total wet weight; F: % frequency of occurrence of
identifiable prey ; %IRI : % index of relative importance. In copepod category, generalized form contains calanoid
copepods of morphologically general Calanus-type, specialized form contains morphologically specialized calanoid
copepods such as Heterorhabdus spp.

<40 mm SL >40 mm SL

Cn (%) WW (%) F %) %IRI Cn (%) WW (%) F (%) %IRI

CRUSTACEA (TOTAL) 89.2 5715 100 97.2 952 97.4

COPEPODA (TOTAL) 80.9 443 92.1 88.5 49.5 9.8 56.4 297
Gaidius sp. 0.2 0.1 1.6 — — -
Undeuchaeta sp. 0.2 0.1 1.6 — — —
Gaetanus sp. 02 0.0 1.6 — — —
Aetideidae (Unident.) 0.5 0.1 1.6 — — —
Calanus pacificus 26.0 8.5 47.6 134 1.3 359
Neocalanus flemingeri 0.7 0.8 1.6 — — —
N. plumchurus 02 0.1 1.6 — — —
Neocalanus spp. 0.5 0.2 32 0.5 0.2 2.6
Calanidae (Unident.) — — — 2.8 0.2 2.6
Candacia bipinnata 02 0.1 1.6 — — —
C. columbiae 59 6.8 11.1 — — —
Candacia spp. 1.5 1.8 6.3 - - -
Eucalanus bungii 0.2 04 1.6 — - -
Eucalanidae (Unident.) 0.2 0.3 1.6 — - —
Euchaeta rimana 54 5.1 48 — - —
Paraeuchaeta russelli — — — 0.9 0.2 2.6
Paraeuchaeta sp. — — — 0.5 0.1 26
Euchaetidae (Unident.) 0.7 04 32 09 04 5.1
Heterorhabdus pacificus 0.2 0.1 1.6 - — —
H. papilliger — - — 0.5 0.0 2.6
Metridia pacifica 2.3 0.7 14.3 6.0 0.8 17.9
Metridia spp. 0.5 0.1 32 — — —
Pleuromamma abdominalis 2.0 1.1 11.1 4.6 1.2 154
P. gracilis 1.0 0.7 6.3 0.5 0.0 2.6
P. quadrungulata 02 0.1 1.6 — — —
P. xiphias 0.7 0.7 438 5.1 1.7 N
Pleuromamma spp. 5.1 36 222 37 1.0 7.7
Metridinidae (Unident.) — — - 0.5 0.0 2.6
Scolecithrix danae 2.2 1.7 9.5 — — -
Calanoid younger copepodite 0.2 0.0 1.6 — — —

(Unident.)

Calanoida (generalized form) 0.5 0.1 32 0.9 03 5.1
Calanoida (specialized form) 20 1.7 32 05 03 2.6
Calanoida (Unident.) 10.8 5.5 25.4 79 1.9 25.6
Oithona sp. 02 0.1 1.6 — - —
Oncaea spp. 54 0.5 17.5 — — —
Corycaeus spp. 22 0.5 9.5 - — —
Poecilostomatoida (Unident.) — - - 0.5 0.0 2.6
COPEPODA (Unident.) 22 2.1 9.5 — — —

OSTRACODA (TOTAL) 1.7 1.7 9.5 0.3 23 0.5 10.3 0.3
Conchoecia alata major 0.2 0.1 1.6 - - —
C. pseudodiscophora 0.2 0.1 1.6 —_ — —
Conchoecia spp. 0.5 1.1 32 23 0.5 10.3
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Table 2 (Continued)

<40 mm SL >40 mm SL
Cn (%) WW &) F %) %IRI Cn(%) WW &) F ) %IRI
OSTRACODA (Unident.) 0.7 04 4.8 — — —
AMPHIPODA (TOTAL) 0.7 0.8 32 <0.1 28 1.9 12.8 0.5
Themisto japonica 02 02 1.6 28 1.9 12.8
Hyperiidea (Unident.) 02 02 1.6 — — —
AMPHIPODA (Unident.) 0.2 04 1.6 — — —
EUPHAUSIACEA (TOTAL) 44 7.3 19.0 1.7 40.3 80.6 64.1 68.8
Euphausia pacifica 1.5 3.7 6.3 324 66.5 41.0
E. pacifica (furcilia) 0.7 0.6 32 09 02 5.1
Euphausiidae (Unident.) 0.7 0.1 1.6 37 6.4 10.3
EUPHAUSIACEA (Unident.) 1.5 29 9.5 32 7.5 154
CRUSTACEA (Unident.) 1.5 33 79 23 24 12.8
CHAETOGNATHA (TOTAL) 10.3 414 238 9.5 23 4.7 10.3 0.6
Sagitta spp. 29 9.5 4.8 05 1.1 26
CHAETOGNATHA (Unident.) 74 320 19.0 1.9 37 7.7
POLYCHAETA (Unident.) 0.2 0.5 1.6 <0.1 — — - -
TUNICATA (Unident.) — — — - 0.5 0.0 2.6 <0.1
Maurolicus japonicus 02 0.6 1.6 0.0 - — — —
No. of identifiable prey items 408 216
No. of unid. material 9 7
No. of stomachs containing 63 39
identifiable prey items
No. of stomachs examined 67 45
No. of empty stomachs 0 1

29.7% for large fish (Table 2). The %IRI of euphausiids
was 68.8% for large fish, but <2% for small fish.

Prey ingested differed between small and large size
classes (Fig. 2). Where the prey of large fish was able to
be separated into two distinct size groups (<6 mm and
8-14 mm), however, the prey of small fish were consisted
of <6 mm prey only. The exclusive portions of <6
mm and 814 mm prey were represented by E. pacifica
(97%) and copepods (96%), respectively. Prey size in-
gested by the large size class were significantly lager than
those ingested by the small size class (Mann-Whitney
U-test: U=1786.5, p<0.001).

Prey showing stage 1 occurred throughout the sam-
pling periods (Fig. 3A). The percentage of fresh stage 1
prey was highest at 11:58 h (15.3%). Fish captured at
6:40 h showed the highest proportion of well digested
prey (stage 4, 50%), although the percentage of fresh stage
1 prey was also high (12.5%). There was a significant
difference in the state of prey digestion by time of
sampling (Kruskal-Wallis test, H=21.46, p<0.001).
Average stomach content index (SCI) ranged from 0.7-
34% with an overall average of 1.6%. It differed

significantly among stations (Kruskal-Wallis test, H =
28.89, p<0.001) and increased steadily from early morn-
ing to late afternoon (Fig. 3B).

Discussion

Off the eastern Tasmania, Maurolicus (possibly M.
australis) feed mainly at night' (Young and Blaber,
1986), whereas off the northwestern Africa (possibly M.
walvisensis or M. weitzmani) and Norway (M. muelleri),
Maurolicus have no apparent diel feeding pattern
(Samyshev and Schetinkin, 1973, Gijgsater, 1981).
Ikeda et al. (1994) indicated that the average SCI of
Maurolicus japonicus in the Japan Sea varied by season,
ranging from 0.5 to 2.4%. Our overall average SCI
(1.6%) falls within the range of their study, with a steady
increase from early morning to late afternoon. How-
ever, fresh stage 1 prey occurred throughout the sampling
periods. These facts suggest that M. japonicus in the
present study area fed actively both day and night,
although we cannot draw a strong conclusion without
nighttime sampling.
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240 mm SL Fish
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Fig. 2. Sizefrequency distribution of prey ingested by
Maurolicus japonicus for the two size classes of fish.
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Fig. 3. Diel changes in the state of digestion of prey (A)
and stomach content index (SCI) (B) in Maurolicus
Jjaponicus. Error bars are +1SE.

M. japonicus showed a clear ontogenetic difference in
diet. The difference was due to the heavy ingestion of
euphausiids by large fish. This result agrees with the
previous studies on feeding habits of Maurolicus (Samy-
shev and Schetinkin, 1971 ; Gj¢seter, 1981 ; Ikeda et

al., 1994) reporting the increased importance of eu-
phausiids with fish growth. Both of the predominant
prey, Calanus pacificus and E. pacifica are distributed
dominantly in the study area (C. pacificus refers to C.
helagolandicus, Odate, 1994). Chaetognaths of secon-
dary importance by wet weight for small fish are abun-
dantly distributed in the present study area. The
chaetognaths were often unidentifiable due to rapid
digestion, but may have been any of the abundant
species ; Sagitta elegans, Eukrohnia hamata, S. enflata
and S. minima (Kitou, 1974 ; Terazaki et al., 1985;
Odate, 1994). The vertical distribution of chaetognaths
varies by species, ontogenetic stages and regions (Teraza-
ki et al., 1985 ; Terazaki, 1998), resulting in an undeter-
mined degree of habitat overlap with M. japonicus.
Kitou (1974) reported that the highest abundance of
chaetognaths occurred during autumn in the present
study area. Therefore, the importance of chaetognaths
in the diet would be partly explained by the sampling
date, although the difference in importance of
chaetognaths between the size classes of M. japonicus
remained unexplainable. The most predominant prey
for large fish, E. pacifica, undertakes diel vertical migra-
tion (DVM) (Taki et al., 1998), and forms dense aggrega-
tions in the near-bottom layer during daytime (Izumi
and Kodama, 1995; Taki, 1996). As to C. pacificus,
no information is available on its vertical distribution in
the present study area. However, in the Santa Barbara
Basin, it has been reported to form aggregations in the
mesopelagic zone throughout the day (Alldredge et al.,
1984 ; Fleminger, 1985; Osgood and Chekley, 1997a,
b). The mesopelagic aggregations consist of diapausing
individuals, but a certain portion of C. pacificus remains
active in the surface layer throughout the year (Flemin-
ger, 1985). 1In the course of a submersible observation,
mesopelagic fish, Leuroglossus stibilius were observed
feeding actively on the aggregation of C. pacificus in the
mesopelagic layer (Alldredge et al., 1984). Since M.
Japonicus undertakes DVM with daytime distribution
deeper than 150 m (Hamano et al., 1992), both E.
pacifica and C. pacificus would be accessible in the
surface layer at nighttime and in the deeper layer during
daytime. Thus, the importance of C. pacificus and E.
pacifica in the diet of M. japonicus would be ascribed to
the vertical overlap of predator and prey throughout the
day.
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Figure Captions
Fig. 1. Map of Funka Bay and offshore, showing local-
ities and contours of depth(m).
Fig. 2. Distribution of sea bottom sediments in Funka
Bay and offshore.
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