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Feeding Habits of Japanese Spanish Mackerel in the
Central and Western Waters of the Seto Inland Sea

Tatsu KisHIDA

Food and feeding habits of Japanese Spanish mackerel Scomberomorus niphonius were
investigated based on the examination of stomach contents of 714 specimens collected,
from May 1981 to June 1984, in the central and western waters of the Seto Inland Sea.

The stomach contents consisted almost entirely of the pelagic and mesopelagic fishes
including squids, viz. Japanese anchovy Engraulis japonica, sardine Sardinops melanostictus,
sand lance Ammodytes personatus, Atlantic cutlassfish Trichiurus lepturus and Japanese
common squid Todarodes pacificus.

The seasonal and regional differences in diet composition reflected well the changes
of food in the environment.

In the adult, the monthly averages of reconstructed stomach contents weight per pred-
ator weight indicated two peaks, April and during a period from July to August, which
corresponded to the pre- and postspawning periods, respectively. The feeding intensity
of young was also high in the growing season.

In most months the percentage of large prey increased with the increase of body
length of the predator.

Japanese Spanish mackerel Scomberomorus niphonius (CUVIER) is one of the important
species in fisheries of the Seto Inland Sea.

Although knowledge of the food and feeding habits is essential to clarify the ecology
of this species, brief informations have only been obtained previously (Havasar 1919,
WHANG et al. 1977). According to them, Japanese Spanish mackerel is principally
ichthyophagous. A geographical scope in the variation in food component was found
that the species feed on sand lance in the central water of the Seto Inland Sea during
April and June (HavasHi 1919), while on anchovy and zooplankton in the southwestern
waters of Korea (WHANG et al. 1977). However, little is known ahout variations of food
and feeding habits during the course of development and seasons.

The present paper describes the result of an investigation on the analyses of stomach
contents of young and adult Japanese Spanish mackerel, sampled nearly every month

of the year, in the central and western waters of the Seto Inland Sea.

Materials and Methods

Specimens of 714 Japanese Spanish mackerel were mainly collected, from May 1981
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Food of Japanese Spanish mackerel

to June 1984, from commercial landings captured in the central and western waters of
the Seto Inland Sea, at the places listed in Table 1. Fork lengths of these specimens
ranged from 261 to 1,030 mm. Number of specimens and fishing methods used in each
month and size group are also shown in Table 1.

Specimens were classified into three size groups based on the relationship between
size and age of the present species determined elsewhere (KISHIDA et al. 1985). Small-
sized group implies specimens of age group 0 captured after September and those of
age group 1 captured before July. The boundary of fork length between medium- and
large-sized groups were arbitrarily decided at 680 mm in August, 685 mm in September,
700 mm from October to January, 730 mm in April, and 750 mm from May to July.
Consequently, the specimens of age group 1 captured after August and those of approx-
imately age group 2 captured before July were included in the medium-sized group.
The specimens of age group 2 captured after August and those over age group 3 were

included in the large-sized group.
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Fig. 1. Map of the central and western waters of the Seto Inland Sea. Closed
circles indicate the places where samplings were made.

Fishing gears used were medium-type purse seine net, trolling, and drift gill net for
small-sized group, and drift gill net for medium- and large-sized groups. Judging from
the operation time of each fishing gear, specimens from the medium-type purse seine
net and trolling were caught in the daytime, while those which were taken by the

drift gill net were caught at night.
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The places of capturing (cf. Fig. 1) were ascertained through the informations pro-
vided by the fishermen or the staffs of fish markets.

Following the measurement of the fork length and weight, the stomach was taken
out from fresh specimens or from defrosted ones. The stomach contents were weighed
and then preserved in 10 % formalin solution.

Pisces in the stomachs were classified into specific level from the structure of their
vertebrae after the definition reported by TakaHAsHI (1962). Body weight (BW) of
each fish identified was reconstructed from the vertebral column length (VCL), using
the VCL-BW relationship established by TATARA et al. (1962). Concerning the species
which were not described in their report, specimens were collected in the present area
of investigation to obtain the relationship between VCL and BW. Then, the body
weight was reconstructed using the newly formed relationships. For other Pisces which
could not be applied the above methods, body weight was reconstructed using the rela-
tion between the degree of digestion and the weight of digested foods (after MATSU-
MIYA et al. 1980). For whitebaits appeared in June in small-sized group, which were
not be able to identify to the species level, the reconstructed body weight of whitebait
of Japanese anchovy Engraulis japonica (HOUTTUYN) included in the same stomach
samples was applied.

Cephalopods in the stomachs were classified to species level by the form of beaks
referring to Horta (1973), and also with beaks of cephalopods previously removed
from the present samples. The reconstructed body weight of each cephalopod species
was calculated from the relation between the lower rostral length (LRL) and body:
weight (BW) derived by CLARKE (1962). The identical relationship for cephalopods
species occurred in the stomachs of this study was actually determined based on the
present specimens, Identification and enumeration were only carried out, in the case
when upper beaks alone were found in the stomach.

Crustaceans were classified to the level of sub-class or sub-order. The reconstructed
body weight was estimated by their wet weight measured after being blotted dry with
filter paper and with the eye observation of degree of remains.

The definition of the empty stomach was made when mucous digestive remains were
only seen inside.

When the length of the object was less than 10 mm, the lengths of vertebral column
etc. were measured to the nearest 0.01 mm using a digital measurement device attached
to the stereoscopic microscope. In the specimen more than 10 mm in size, lengths were
measured to the nearest 0.1 mm using a divider and a measuring rule. Weighing was

carried out to the nearest 10 mg using an electric digital balance.
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Result and Discussion

1. Relationship between the body weight and length of vertebral column, etc. for the re-

construction of prey weight

To obtain the relationship between vertebral column length (VCL) and body weight
(BW), the five species of Pisces not reported in TATARA et al. (1962) were measured :
gizzard-shad Clupanodon punctatus (TEMMINCK et SCHLEGEL), sardine Sardinops melano-
stictus (TEMMINCK et SCHLEGEL), Japanese Spanish mackerel, scaled sardine Herklotsichthys
zunast (BLEEKER) and chub mackerel Scomber japonicus HOUTTUYN. The scattering dia-
grams between VCL and BW are shown in Fig. 2, A-E. For VCL measurement the
average of six columns in a portion from the forepart of caudal vertebrae was measured
following the procedure reported by TATARA et al. (1962).

To obtain the relationship between LRL and BW, Japanese common squid Todarodes
pacificus STEENSTRUP and squids belong to genus Loligo were measured (Fig. 2, F-G).
Squids of genus Loligo collected from the catch of small-scale trawl nets in Sud-nada
consisted at least of two species (L. japonica HOYLE and L. kobiensis HOYLE). Two
Loligo species were pooled together, because it was difficult to differentiate them with
the shape of beaks. As for bottle-tailed cuttlefish Euprymna morsei VERRILL, hood
length was used instead due to the difficulty in measuring LRL in this species (Fig. 2,
H).

The sampling area, number of specimens, and regression coefficient calculated by the

least square method for each species are shown in Table 2.

Table 2. Summary of relationships between body weight (W; g) and vertebral
column length (L; mm), lower rostral length (L; mm*!) and hood length
(L; mm*?) of each species. Range is indicated by fork length or mantle
length (*!' and *2), r: Correlation coefficient between I1nL and lnW.

Range (mm) lnW=a « InL+5b Area
Common name Scientific name No r
Min Max a b captured
Gizzard-shad Clupanodon punctatus 87 162 17 2.67 1.47  0.99 Suo-nada
Sardine Sardinops melanostictus 153 185 50 2.569 1.51  0.70 Suo-nada
Spanish . . .
]apanesinagizi-sel Scomberomorus niphonius 32 478 7 2.65 0.93 1.00 ?ﬁf’m}?ﬁ gada

Scaled sardine Herklotsichthys zunasi 100 111 7 1.29 1.68 (.61 Suo-nada

Chub mackerel  Scomber japonicus 42 166 3 292 —0.37 10030 and
Japanese o m Todarodes pacificus 75 136 7 211 1.44 0.99 Suo-nada
Calamary*! Loligo 32 107 15 3.04 1.70  0.98 Suo-nada
B°“1e't;i11t“;c‘1‘eﬁsh*2 Euprymna morsei 10 28 7 3.27 0.50 0.93 Suo-nada




Body Weight (g)

KisHipa

A

16

20 2
VvCL (mm)

4

3.0
VCL (mm)

50 7.0

1.0

301
204

104

2.0 3.0
VCL (mm)

G

0.8

12
LRL (mm)

16

—_—

114

19
VvCL (mm)

2.0 25
LRL (mm)

1.4

1.2

1.0
HL {mm)

0.8

Fig. 2. Relationships (1) between vertebral column length (VCL) and body

weight of different species of fish (A—E), (2) between lower rostral
length (LRL) and body weight of each squid species (F, G), and (3)
between hood length (HL) and body weight of bottle-tailed cuttlefish
(H).

A: gizzard-shad. B: sardine. C: Japanese Spanish mackerel.
D: scaled sardine. E: chub mackerel. F: Japanese common squid.
G: calamary. Scientific name of 'each species is shown in Table 2.
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For round scad Decapterus maruadsi (TEMMINCK et SCHLEGEL) the value of regression
coefficient (m) and constant (n) in the relationship between body length and total
length reported by TATARA et al. (1962), were substituted by 1.2 and —3.7, respectively,

referring to the scattering diagram given in Fig. 9 of the paper.

2. Seasonal variation in feeding activity
The consumption index is defined as follows:
100 Rw/(Bw-Scw)
where Rw is reconstructed weight of stomach contents, Bw is predator body

weight, and Scw is stomach contents weight in grams.
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Fig. 3. Monthly and regional changes of mean consumption index for different size
groups (closed circle). Vertical lines show the minimum and maximum
ranges of the indices. Percentage of empty stomachs is indicated by open circle.

B=Beppu Bay. 1, S, H, A=Iyo-, Suo- and Iyo-, Hiuchi-, Aki-nada (nada
means a local sea area as shown in Fig. 1).
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The mean consumption index for each group differentiated by month, area, and pred-
ator size is shown in Fig. 3. The size range of each group is identical with that given
in Table 1. Specimens with empty stomachs were treated separately from the calcula-
tion of this index. The minimum and maximum ranges of the consumption indices
and the percentage occurrence of empty stomachs are also shown in the same figure.

Specimens of medium- and large-sized groups were captured at night, i.e, a period
between after sunset and before sunrise at the latest, since they were captured by drift
gill net. UcHiHASHI (1976) postulated that Japanese Spanish mackerel seems to take
food from dawn to dusk, but not during the night, based on his studies concerning the
form of brain. Hence, the stomach contents of medium- and large-sized groups are
presumably the remains of food ingested before sunset. If the time required to com-
plete digestion is equal regardless of prey taxon, size, and temperature of the environ-
ment, the consumption index indicates roughly the gross quantity of comsumption per
body weight of predator during a certain fixed period before sunset. Thus, the index
described above would be appropriate to express the intensity of feeding activity.

As shown in Fig. 3, samples in April, July and August in Beppu Bay showed high
consumption indices in medium- and large-sized groups. Although the spawning season
of Japanese Spanish mackerel in the investigated area has been found from May to
July (KIsHIDA et al. 1985), the condition factor (Bw/L?; L is fork length in millimeters)
of these groups indicated an obvious decrease in the spawning season, and increased
during pre- and postspawning periods (Fig. 4). The decrease of the condition factor
in the spawning season may be caused by the diminish of body weight following the
spawning or spending activities, The periods of increase of the condition factor corre-
sponded approximately to the periods of active feeding shown in Fig. 3. These facts
suggest that this species compensates the decrease of body weight caused by spawning
or spending by increasing the feeding activity during pre- and postspawning periods.
Further, the samples collected from Beppu Bay in July seemed to belong to a postspawn-
ing group, because the mean gonad indices (24.5 for medium-sized and 35.6 for large-
sized group)were small in comparison with those in the spawning season reported by
KisHipA et al. (1985).

In the small- and medium-sized groups, the consumption indices during summer and
fall appzared to be higher than in winter. This trend may correspond to the fact that
summer and fall are the growing seasons of this species (KISHIDA et al. 1985). How-
ever, the consumption indices for June and July in small-sized group appeared to be
relatively small, although these months also seem to be in the growing season. This

may be caused by the diurnal feeding rhythms, since these specimens were captured in
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Fig. 4. Monthly change of the average condition factor of Japanese Spanish
mackerel for different size groups.
@®: Beppu Bay. (: Iyo-nada. @: Hiuchi-nada. ©: Aki-nada.

daytime, though time of catch is unknown, despite the specimens of medium-sized group
were captured at night. Although it seems necessary to examine factors such as the
size of prey and water temperature, which presumably affect the speed of digestion,
they were remained for future investigation.

Concerning the percentages of empty stomachs, the seasonal variation, which is the
reciprocal of feeding activity, was reported for Japanese whiting Sillago sihama
(ForskAL) (KaKUpA 1970). For medium- and large-sized groups of Japanese Spanish
mackerel, there was a similar trend throughout the year that the curves for the per-

centages of empty stomachs were the reciprocal of those for the mean consumption
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indices (Fig. 3). However, the influence of daily feeding periodicity was unable to
consider, because the time of capture by the gill net could not be specified. In the case
of bastard halibut Paralichthys olivaceus (TEMMINCK et SCHLEGEL) which takes prey in
daytime (KivoNo 1973) in the same way as Japanese Spanish mackerel, the percentage
of empty stomachs reaches the maximum before sunrise (HaMANAKA and Kivoxo 1978).

However, concerning the relationship between percentage of empty stomachs and
consumption index, there were some exceptions for the present species in the large-
sized group in October in Beppu Bay and medium-sized group in April in Iyo-nada.
HavasHr (1983) described that the percentage of fish with diets in the stomach tend to
increase with the relative enhancement of the abundance of prey. In October, the
abundance (density) of prey was presumably high, because no empty stomach was
notified despite the consumption index was small. According to Havasui (1983), a high
percentage of empty stomachs may partly be caused by low density of prey and in-
active feeding as well. In the present study, a relatively large consumption index of
medium-sized group was found in April. This value was presumably derived from an
active feedind. Nevertheless, the percentage of empty stomachs reached up to 33 %.
As will be described later, the diet of this month consisted almost exclusively of sardine
over 50 g in weight. The abundance of small prey (cf. Fig. 6), which seems to be
captured without great effort by medium-sized group, was probably low. The percentage

of empty stomachs was therefore comparatively high.

3. Species and size composition of feed

Among 714 specimens examined in this study, 456 stomachs contained foods. In these
stomachs, 25 taxa of food including 16 fish species were identified. The total number
of individuals was 3,809. Main foods for small-sized group were Japanese anchovy,
sand lance Ammodytes personatus GIRARD, Japanese common squid and Atlantic cutlassfish
Trichiurus lepturus LINNAEUS. While, sardine, Japanese anchovy, Japanese common
squid, Atlantic cutlassfish, sand lance, gizzard-shad, round scad and chub mackerel
were eaten by medium- and large-sized groups.

The diet composition obtained by the number method (HYNES 1950) is shown in Table
3. Further, the reconstructed weight composition for main food items are shown in
Fig. 5 (small-sized group) and Fig. 6 (medium- and large-sized groups). Here, recon-
structed weight of each prey was grouped into every 10 g intervals. The total of the
reconstructed prey weight for each weight class and each food item was then calculated.
The percentages of the total weight of each food item and weight class against the

sum total of the weight of reconstructed stomach contents of each group were then

— 82 —
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Table 3. Diet composition of Japanese Spanish mackerel determined by the Number
Method for each size group, month, and geographical area. Figures in the
table indicate the percentage composition defined as follows: 9=100-—902%,
8=90—80%, -, 0=10—0%, dash=zero. Boldfaced figures correspond to the
species written with boldfaced letters.

B=Beppu Bay. I: Iyo-nada,

S: Suo- and Iyo-nada, H: Hiuchi-nada, A:

Aki-nada. S, M, L=small-, medium-, and large-sized group, respectively.

Food items

Pred- Sep. Oct. Nov. i May June July

- - ator Au. ——~ S &

Common name Scientific name size BIBIBS HAHAATB

. S 9 10 — 9
Japanese anchovy Engraulis japonica M 9 3835090 —029170
L 1 —-329 93 —0023—0

Japanese anchovy’s whitebait S — — 1 0 —

Unidentified whitebait S — — 0 6 —

Sardine Sardinops melanostictus S 0 — — — —
Japanese codlet Bregmaceros japonicus M 0—00————8 ———00 4
L 5 ———— 00701 —1 4

Atlantic cutlassfish Trichiurus lepturus S — 3 — — 0
Japanese Spanish Scomberomorus niphonius M 0 — — 3 0 5 — — — — 2 — () — —
mackerel L 1-—-1¢60 —— 0 ———0 —

Sand lance Ammodytes personatus S — — 8 — —
Round scad Decapterus maruadsi M 0—~-012 ——8 —9 —— 70 —
L 1—1-—-0 -1 -81—5 —

Chub mackerel Scomber japonicus S — — — — 0
Japanese horse mackerel Trachurus japonicus M 0—000 — — — — — — — — 0
Horse-scad mackerel  Decapterus muroadsi MO0 -0 — — — — —
Scaled sardine Herklotsichthys zunasi L 1 - = —— 0 —— — — — — _
Unidentified Carangidae MO0O——00~————— — — —— 0
Yellowspotted bandfish Acanthocepola L - - — — — - 0 0

krusensterni

Gizzard-shad Clupanodon punctatus M 0—-00— — — — — — — — 0 — —
Banded blue-sprat Spratelloides gracilis L —— — — — —— — 0 -5 0 0
Round herring Etrumeus teres M 0—-000—————— — —— —
Silverside Allanetta bleekeri L —— =2 - - —

S — 0 — 0 0
Unidentified fish M 030000—-00030001
L —91—0 01 00110 1

Japanese common squid Todarodes pacificus S — R 0 0
Calamary Loligo M —3——0000103000 2
L ——1—-0 00105 —0 3

Bottle-tailed cuttlefish Euprymna morsei S — 0 0 — -
Unidentified squid M ———00——0—0 — — —— —
L — - — — 4 - — — - — —

Shrimp Macrura S — 1 0 1 —
Crab’s megalopa Brachyura M —— 00 —0 — — — — — — ——
L —— 1~ — 0O —— = —— — —
Isopod Isopoda M 0——00—0—— — — — — 0 —
Seaweeds L —— 1 — — 0 — — — — — 0 —

Mantis shrimp’s larva Stomatopoda S — 0 — _ —
M0—-—00—-—3———————— —

Copepod Copepoda S — 1 — -
Unidentified crustacean M — — — Q0 — — — —
Unidentified organism M ~———0—0 — — — — — ——
Indigestible substance* L —— —— 0 —_0 -0 —— —  —

* Nylon filament, a piece of net, etc.
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calculated by month, area, and size. The foods which could not be identified and those
of difficult to reconstruct original body weight becausz of quick digestion were eliminated
from these figures.

The monthly occurrence of main food eaten were summarized as the following based
on Table 3 and Figs. 5 and 6. Japanese anchovy was the predominant food by number.
The total number of this spzcies in the entire specimens was 1,880. The mean body
weights for small-, medium-, and large-sized groups were 1.2, 2.4, and 4.2 g, respectively.
Although the individual body weight was rather small, this sp:cies was important
espzcially for the small- and medium-sized groups during June and November, occupy-
ing with high percentages in weight basis. For large-sized group, Japanese anchovy
was also the principal food in November in Sud-nada and Iyo-nada. The majority
which occurred during January and June in the small-sized group was the whitebait.

Sardine (Total number of individuals: 204, BW in each size group: 12.6, 36.8, and
47.3 g) was the most important prey on a weight basis. This species was less im-
portant in the premature stages of Japanese Spanish mackerel. However, it was the
dominant food from the beginning of the first maturation (April in medium-sized group),
excluding a period from September to November. This feed was most important pery
in April and June in Aki-nada, and July and August in Beppu Bay.

Sand lance (Total number of individuals: 1,082, BW in each size group: 2.3, 1.1, and
1.1 g) was the predominant prey for small- and medium-sized groups from January
through May, excluding April, when Japanese anchovy diminished its occurrence in the
stomachs.

Japanese common squid (Total number of individuals: 129, BW in each size group:
6.2, 16.8, and 25.1g) and gizzard-shad (Total number of individuals: 19, BW in each
size group: none, 44.6, and 88.3 g) occurred mainly in the stomachs from May to July.
Japanese common squid was most weighty for medium- and large-sized groups in May
and for small-sized group in June. Gizzard-shad was prominent for large-sized group
in June in Hiuchi-nada.

Atlantic cutlassfish (Total number of individuals: 127, BW in each size group: 2.5,
13.3, and 39.0 g), round scad (Total number of individuals: 63, BW in each size group:
none, 3.3, and 59.3 g), and chub mackerel (Total number of individuals: 8 BW in each
size group: 0.1, 74.6 g and none) occurred mainly in the stomachs during fall. Atlantic
cutlassfish was particularly predominant in October and November in Beppu Bay.
Round scad and chub mackerel were relatively notable in September and October in
Iyo-nada, but occurred very rarely during other periods. Although the differentiation

between chub mackerel and spotted mackerel Scomber australasicus CUVIER by the struc-
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ture of vertebrae has been found impracticable (TAKAHASHI 1962), they were classified
as chub mackerel dependind on the information about the area of distribution (TATARA
et al. 1965).

Japanese Spanish mackerel itself was also found in the stomachs. Eight juveniles
(mean BW : 1.1 g) occurred in July in the small-sized group and a young fish (BW:
221 g) in October in the large-sized group.

These animals described above seemed to be the pelagic or the mesopelagic species
(TATARA 1977). Thus, the diet of Japanese Spanish mackerel consisted almost entirely
of the pelagic and mesopelagic animals, though the diet composition varied seasonally
and with the developmental stages of predator. Food of the present species reported
by HavasHi (1919) and WHANG et al. (1977) are also the pelagic or the mesopelagic
animals. However, yellowspotted bandfish Acanthocepola  krusensterni (TEMMINCK et
SCHLEGEL) which occurred in June in the large-sized group (mean BW: 103 g) was
defined as the benthic species (HAvASHI and YAMAGUCHI 1962). Thus, this species

seemed to be an exceptional diet of Japanese Spanish mackerel.

[55] Japanese anchovy B Sardine AW Atantic cutiassfish [ Jothers
[ whitebait E=5sand lance Il J2vsnese common squid
(g) (9) ( (g)
20 20 20

- = g b
40 80(%) 40 80(%) 40 80(%) 40 80(%) 40 80(%)
September November January June July

Fig. 5. Monthly change of the reconstructed prey weight composition for
small-sized group. For scientific names refer to the legend for Table 3.

A weak similarity of the food composition for specimens collected from different
localities were observed despite they belonged to the same size group and were captured
in the same month. In October, principal prey in Beppu Bay was Atlantic cutlassfish,
whereas Japanese anchovy, round scad, and chub mackerel were abundant in Iyo-nada.
In November, the principal prey was Japanese anchovy in Sud-nada and Iyo-nada in
the medium-sized group, while Atlantic cutlassfish in Beppu Bay. Further, diet com-
position of the medium- and large-sized groups in May and June revealed that sardine
was presumably important component of diet in Aki-nada than in Hiuchi-nada. The
reverse relationship was noticed for sand lance and gizzard-shad. In July, difference
was also obvious for medium-sized group. The principal feed was Japanese anchovy in

Aki-nada, and sardine in Beppu Bay. These diversities of diet compositions among the
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geographical areas may reflect the difference of food composition in the respective

environment. Although the food of Japanese Spanish mackerel was limited mainly to
the pelagic and mesopelagic Pisces and cephalopods, the preference for food seemed to
be negligible. The seasonal variation in diet composition as described above is pre-
sumably ascribed also to the diversity of foods in the environment. The seasonal
variation of the food composition should be influenced by the seasonal changes of
pelagic and mesopelagic fauna there, and also by the pattern of seasonal migration of
Japanese Spanish mackerel in the areas investigated.

As shown in Figs. 5 and 6, the weight composition for small-sized group revealed
that the majority was less than 10 g with an upper limit of 20 g. The maximum
ratio of prey/predator weight (R) was obtained as 5.0 % with sardine in September.

For medium- and large-sized groups, the upper limits of the weight of feed increased.

The largest prey for the medium-sized group was round herring Etrumeus teres (DEKAY),
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133 g in weight, and 221 g of Japanese Spanish mackerel was eaten by the large-sized
group. Both species were found in specimens collected in October. ‘Thus, the maximum
value of R was obtained as 5.7 % in medium- and 7.4 % in large-sized groups.

‘The upper limits of the weight of prey in each month and area for medium- and
large-sized groups indicated considerable fluctuations. This suggests that environmental
characteristic of different research area is not identical from the viewpoint of prey size.
However, the upper limit of the weight of prey of large-sized group was greater than
that of medium-sized group regardless of sampling month and area. The degree of de-
pendence on small prey including Japanese anchovy and sand lance decreased in the
large-sized group. Hence, it is noticed that the percentage of large prey increased with
the enlargement of predator size, although this tendency could be restricted by the

feature of food in the environment.
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