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Food and feeding habits of pelagic walleye pollock
in the central Bering Sea in summer, 1976-1980""

Hideo YOSHIDA"?

In order to clarify the food and feeding habits of the walleye pollock during their
pelagic lives in the surface layers of the central Bering Sea in summer from 1976
to 1980, stomach contents of 1,536 adult and 111 immature pelagic pollock were
examined.

The most important prey were copepods and euphausiids including such species
as Calanus cristatus, C. plumchrus and Thysanoessa longipes. Amphipods (Parathemisto
libellula) , appendicularians (Oikoplewra labradoriensis) and fishes (Myctophidae and
Hexagrammidae) were also important food items regionally and seasonally. The average
stomach fullness index of adult pelagic pollock was low and the majority of the values
ranged from 0.5 to 0.9 % body weight.

Judging from the histological condition of pelagic pollock ovaries and laboratory
study on food consumption and gastric evacuation of adult pollock in captivity, post-
spawner pelagic pollock in the surface layers of the central Bering Sea appeared
to obtain sufficient food for survival, growth and reproduction. The pelagic
life style of walleve pollock seemed to be an important factor in maintaining their
population.

Introduction

Walleye pollock, Theragra chalcogramma (Pallas), is widely distributed in the upper
and middle layers in the North Pacific Ocean including the Japan Sea, Okhotsk
Sea and Bering Sea in the late spring to summer after spawning (Ogata’, Ishigaki®,
Simomura el al.®, Yamaguchi e al.’). Walleye pollock caught incidentally by
salmon gillnet at the surface in the offshore zone is called ’pelagic pollock’. In
recent years, acoustic and midwater trawl surveys were conducted in summer and
winter in the Aleutian Basin to estimate the biomass of pelagic pollock and to

Accepted: April 25, 1994. Contribution A240 from the Hokkaido Fisheries Experimental
Station. (BMX®EE A240 (CFEL6 4 A25H3%H))
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2 H. Yoshida

examine the relationship to the continental stocks (Suzuki®, Okada®®, Okada and
Nakayama'’, Okada and Yamaguchi”, Yamaguchi”, Yoshida and Ueda'’). Pelagic
pollock is recognized as an important part of the pollock resources.

It is reported that pelagic pollock in the Bering Sea feed mainly on zooplankton
(Kikuchi and Tsujita”, Okada”). However, ecological information on pelagic pollock
is scarce as compared with information on walleye pollock in the continental shelf
region, especially concerning food consumption to estimate food requirements.

In this report, the author examines the food and feeding habits of walleye pollock
during their pelagic life in the central Bering Sea and clarifies their role in the
pollock population.

Materials and Methods

The walleye pollock examined in this study were collected from 104 stations in
the Bering Sea where investigations on salmon and walleye pollock were carried out
by the TS Oshoo Maru, RV Habomai Mau, RV Shinyo Maru, RV Shotoku Mau No.35,
RV Hoyo Maru No.67 and RV Hoyo Maru No.81 from early June to late July in
1976—1980 (Table 1, Fig. 1—3). These sampling stations were roughly grouped

Table 1. Cruises for pelagic walleye pollock collection in the Bering Sea and adjacent waters
during June to August, 1976 — 1980.

Year Vessel Date Latitude  Longitude No. of sations
Fishing gear *
From To From To SG LL VL HL MT Toal
Depthim)  0-10 0200 25-130 **)
1976  Habomai Maru JunelD-July30 55°-64°N 1TI°E-15°W Hi26) 12012) 56138)
Oshoro Maru Junell-Julv22 30°-63°N 1T4°E-175°W 2008) 20(3)
1977 Shinvo Maru Junel-July20  48°-39°N 164°E-176°W 13016)  3(2) 16(15)
1978 Oshoro Maru Junel3-June2d 33°-60°N 178°E-170"W 1) 13(10) 17014
1979 Shotokn Mare No.35 Junef-June28, 32°-39°N 172°E-168°W 99) 65(31)  T4(0)
July4
Hovo Maru No.67  July7-July30  355°-38°N 175°E-174°W 20019) 20019
Oshoro Marn Julyl9-July24  36°-38°N 179°W-175"W i(6) 66)
1980 Hoyo Maru No.81  Julyll-Augl 55°-38°N 173"E-177"W 200200 7(7) 27(27)

Total 157(99) 22(21) 130100 9(9) 65(31) 266(170)

« SG:surface gillnet, LL:long line, VL:vertical long line. HL:hand line, MT:midwater trawl
== Figures in parenthesis denote numbers of stations where samples were collected
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Maru No 81 for pelagic walleve pollock collections using surface gill-
net () and long line () during June to August, 1976 —1980. Closed
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lected.
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Fig. 2. Locations of stations and track of the RV Shotoku Maru No.35 for pelagic
walleye pollock survey using midwater trawl (circle) and hand line (triangle)
on the Aleutian Basin in June 1979.
Closed circles indicate stations where samples were collected.
Numeral: Date in Japan standard time plus 3 hours, Dot:Noon position.
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Fig. 3. Triangle:Locations of stations and track of the TS Oshoro Maru for pelagic
walleye pollock survey using vertical long line in June 1978, Closed triangles
indicate stations where walleye pollock were caught.

geographically and seasonally into 9 sea areas (shown as Area 1-9) in 1976, 3in 1977, 4in
1978, 17 in 1979 and 8 in 1980 (Fig. 4). A sampling station code shows sampling month
(first digit) and day (last two digits) .

Walleye pollock were fished mainly in the upper 100 meters by salmon research gillnet
(mesh size;48-157 mm) and commercial salmon gillnet (mesh size;115-121 mm) and
longline for salmon studies, and midwater trawl, handline and vertical longline for
pollock surveys. Usually in the salmon gill netting operation the nets were set in the
evening and hauled at dawn, and the soaking time was about 6 to 10 hours. Samples at

different times of the day were obtained by midwater trawl.
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Walleye pollock were quickly frozen on board for subsequent analysis in the laboratory.
After thawing, biological measurements (body length, body weight, gonad weight)
were taken. Stomach samples were randomly selected at each station from 30 specimens
in 1976 and 10 specimens in 1977-1980, and were preserved in 10 percent formalin.

According to Yoshida and Yoon', post-spawner pollock were identified by their
gonadosomatic index (GSI) values. Immature fishes were rare except in the shelf slope
areas of 59 degrees north latitude in 1976 and 1977. Therefore in this study, the author used
1,536 stomach samples of post-spawner pollock greater than 37 cm (mainly 42-45 ¢cm)
in body length and 111 stomach samples of immature pollock from 21 to 37 cm in body
length (Table 2) .

Table 2. Number of pelagic walleye pollock sampled for
stomach content analysis.

No. of fish sampled

Year Total
1st- June 2nd- June Ist-July 2nd- July Early Aug.

1976 126 311+49* 113+36* 68 618+ 85"

1977 29 1+26* 27+ 6° 66+ 26"

1978 115 115

1979 148 169 85 155 357

1980 10 132 3 180
1536+ 111"

* Immature fish

Forty seven categories of food organisms were identified including items down to the
species level (Table 3) , and these were grouped into the following nine categories;
copepods, amphipods, euphausiids, appendicularians, fishes, pteropods, crab larvae,
squid larvae and others. The last group included such items as unidentifiable digested
matter. In recent vears, the genus name of Calanus plumchrus changed to Neocalanus and
this species has sub-divided into two species according to differences in their life cycle
(Miller'”). Frost"™ mentioned that Calanus marshallae, a new species of calanoid copepod
was closely allied to the sibling species C. finmarchicus and C. glacialis. Also in the Bering
Sea, Parathemisto pacifica and P. japonica were recorded but their taxonomic status
leaves room for further examination (Fukuchi”). In this study these three species
groups were each treated as one species, C. plumchrus, C. glacialis and P. pacifica

respectively. Species names follow the report of Motoda and Minoda™ .
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Table 3. Summary of all food organisms found in all walleye pollock

sampled in the Bering Sea.

Annelida
Polychaeta
1 Polychaeta
Chaetognatha
2 Sagitta sp.
Mollusca
Gastropoda
Pteropoda
3 Pteropoda

4 Limacina helicina helicina
5 Clione limacina limacina

Cephalopoda
6 Squid
7 Squid (Beak)
8 Squid (Eve)
9 Squid larva
Arthropoda
Crustacea
10 Crustacea
Copepoda
11 Copepoda
12 Calanus plumchrus
13 C. glacialis
14 C. cristatus
15 G sp.

16 Eucalanus bungit bungii
17 Pareuchaeta elongata

18 Metridia pacifica

19 Candacia columbiae

Amphipoda
20 Amphipoda

21 Parathemisto pacifica
2 P libellula

23 P. sp.
24 Hyperia galba

25 H. medusarum

26 Hyperoche kroveri
27 Primno macropa

Euphausiacea
28 Euphausiacea
29 Thysanoessa longipes

30 T inermis

31 T raschii

32 T. sp.
Decapoda

33 Decapoda

34 Macrura

35 Macrura larvae
36 Crab zoea
37 Crab megalopa
Protochordata
Appendicularia
38 Oikoplewra labradoriensis
Vertebrata

Pisces
39 fish
40 Fish larvae
41 Myctophidae
42 Myctophidae scale
43 Fish scale
Others

44 Pebble

45 Others

46 Unidentified material
47 Digested matter

All items were weighed to the nearest 0.001g.

taken in 1976 if an item was whole.

Body size measurements of prey were
For each sampling station, percent composition by
weight of the food items and mean stomach fullness index ((total wet weight of food
items/body weight) X 10°) were examined and combined within sampling station groups.

To examine the diel cycle of feeding, food items collected by the midwater trawl

survey were divided into four groups by degree of digestion (Yoshida ef al.™') .

As there was no statistical difference between the stomach fullness index of female and

male walleye pollock (Table 4, Fig.5), these data were combined.
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Table 4. Comparison of the mean stomach content weight index between the male and the
female of pelagic post-spawner walleye pollock collected by midwater trawl] survey.
Calculation was carried out using the values converted into square root.

Number of Mean Variance F t
Sample
Female 155 0.812 0.0681 1.0673 0.0059
Male 162 0.813 0.0638 (0.3¢P<0.4) (0.5¢P)
20
i N =155
Mean = 0.7,
10 ‘ an = 0.728
Female
=
Z 0 , : |1 0 — i
s -
3]
g 20
2 2 N =162
= Mean = (0.726
z
104
1 Male
G : = = T e | : 5 {
0 1.0 2.0 3.0
Stomach content weight index
0

Fig. 5. Stomach content weight index composition of pelagic post-
spawner walleye pollock collected by midwater trawl survey
on the Aleutian Basin in summer of 1979.

Results

1. Stomach fullness index

The average stomach fullness index values of 41 station groups for post-spawner
pollock were 0.301-1.251 (Table 5). Empty stomachs were rarely found. The values
in 1976 and July of 1979 were smaller than those of other vears and seasons. Avalue of less
than 0.5 was found in 13 station groups, 0.5-0.6 in 4 station groups and greater than 0.6
in 24 station groups.

In immature fish,average stomach fullness indices of 6 station groups were 0.404-
2.276 which are higher than those of post-spawner pollock.

2. Feeding chronology
Fig. 6 shows the medians, means and ranges of the stomach fullness index of pollock
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Table 5. Mean stomach fullness index of pelagic walleye pollock
in the Bering Sea in summer, 1976 — 1980.

Area Mean stomach content weight index (number of fish)
(St.Groups) 1 2 3 4 5 6 7 8 9
Year 10 11 12 13 14 15 16 17
1976 0.551(17) 0.640(100) 0.407(98) 0.809(74) 0.332(110) 0.736(46)  0.185(79)  0.833(30) 0.910(67)
1.067(11)** 0.404(16)** 0.619(10)** 0.676(6)""
June- July L370(7)** 0.81707)°"" 1.247(8)"** L7270
1977 0.627(29) 0.538(27) 0.430(4)
June-July 0.714(6)*  2.276(26)*
1978 1.224(30) 0.729(24) 0.867(40) 0.639(21)
June
1979 0.747(49) 0.877(19) 0.726(30) 0.916(50) 0.637(40) 0.626(40) 0.494(20) 0.874(30) 0.638(29)
June-July 0.460(10) 0.425(35) 0.433(30) 0.419(59) 0.391(30) 0.301(30) 0.565(37) 0.866(19)
1980 0.424(20) 1.251(20) 0.793(27) 0.878(27) 0.755(19) 0.570(20) 0.305(20) 0.819(27)
July

* Immature fish, ** Immature fish (middle size), *** Immature fish (small size)
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Fig. 6. Medians ( ® ), means ( — ), and ranges of stomach content weight index
throughout the diel cycle for pelagic walleye pollock.
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collected by 32 midwater trawl surveys in relation to collection time. The ranges of the
stomach fullness index were very wide and minimum values were not different among
the trawls, however maximum values in the morning and about sunset were much higher.
Medians and means of the stomach fullness index in daytime were low. From midnight
to early morning these values were very low in the limited number of stomachs examined.

The food items in the pollock stomachs were found in various degrees of digestion,
distributed in the stomach by degree of digestion with the most digested prey in the
posterior portion of the stomach. Fig. 7 shows the weight percentages of undigested food

1004

50 B * -

0)-+— ‘ —r——

0__3_6 9 12" 15" 18 21 "24:00
Morning Daytime Night

Fig. 7. Weight percentages of undigested food by time of pelagic
walleye pollock by midwater trawl.

Weight percentages of undigested food (%)

(degree of digestion 1 and 2 from Yoshidaef al.?) in pollock stomachs collected by
midwater trawl surveys in relation to collection time. The values were distributed widely
from morning to night. The maximum value occurs at about sunset. The mean value
of the weight percentage of undigested food in the stomach using all data was about 50 %.

3. Stomach content composition by weight in each vear
1) 1976 (Fig. 8a)

The main food organisms for post-spawner pollock from early to late June in the
southern part of the Aleutian Basin (Areas 1-5) were copepods (35-50 %), euphausiids
(10-39 %) and appendicularians (4-14%). Amphipods were of minor importance (1-8 %) .

In the northern shelf and basin areas (Areas 6, 8 and 9) from late June to middle July,
amphipods were quantitatively the most important prey (62-90 %) , followed by copepods
(<28 %), fishes (<10%), squids (<4 %) and pteropods (<1%).

Stomach contents of immature pollock in these area were similar to those of post-spawner
pollock, though copepods were more dominant. In Area6, post-spawner pollock
fed on fishes, while immature pollock fed on fish larvae.
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Fig. 8a. Food composition by weight percentage and mean stomach content weight index for pelagic
walleye pollock in the Bering Sea. A:Amphipods, C:Copepods, E:Euphausiids, O: Appendicu-
larians (Oikopleura), F:Fishes, FL:Fish larvae, P:Pteropods, S:Squids, SL:Squid larvae,
Sa:Chaetognaths, CL:Crab larvae, DM:Digested matter.

2) 1977 (Fig. 8b)

Appendicularians were the dominant prey (66 %) of post-spawner pollock in the basin
area (Area 1) in mid-June followed by copepods (17 %) and euphausiids (10 %). In the slope
area (Area 2) in mid-July, crablarvae (mainly megalopae) were the dominant prey
(41 %) followed by fishes (15 %), euphausiids (15 %), appendicularians (8 %), pteropods
(7 %) and copepods (3 %). Inthe shelf area (Area 3) in early July, amphipods were the
dominant prey (72 %) followed by crab zoea (5 %).

In the stomach contents of immature pollock, amphipods were the most dominant
prey (30-75 %) followed by crab larvae (23 %) in Area 2 and copepods (13 %) in Area 3.

3) 1978 (Fig. 8b)

Copepods were the most dominant prey (78-95 %) of post-spawner pollock in the
southern basin area of mid-June followed by euphausiids (2-11 %). In the shelf area
(Aread4), copepods and fishes were the dominant prey (36 and 28 % respectively) .
However this value includes large pollock collected by vertical longline near the bottom
which fed on young pollock (11-17 cm in body length). The body length of these young
pollock was calculated from the undamaged otolith length found in the stomach contents
(Hashimoto and Koyachi®, Yoshida and Kato™).
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4) 1979(Fig.8c)

In June (Area 1-10), copepods were the most dominant prey (57-85 %) in the basin and
shelf area followed by euphausiids (3-27 %) and appendicularians (0-22 %). Pteropods and
chaetognaths were important food items regionally (14 % in Area7 and 7-8 % in Area 2 and
7, respectively).

In July (Areal1l1-17), fishes were the most dominant prey (17-64 %) followed by
euphausiids (14-25 %), copepods (1-38 %) and pteropods (0-14 %). Crab larvae composed
3 and 8 % of the weight percentage in the shelf and slope area (Area 13 and 17) .

5) 1980 (Fig. &d)

In July of 1980, stomach contents of post-spawner pollock were almost similar to those
in July of 1979. Copepods were the most important prey (12-51 %,especially 81 % in
Area 2) followed by euphausiids(13-41 %)and fishes(12-56 %, however only 0-2 % in
Areal, 2and 7). Appendicularians were unimportant.

Overall diet compositions of post-spawner pollock during 1976-1980 in summer were
dominated by copepods followed euphausiids (Fig. 9). Amphipods, fishes and
appendicularians were also important food items regionally and seasonally. Pteropods,

crab larvae and others were of minor importance except at a few stations.

4. Geographic distribution of food items in the stomachs of post-spawner pollock

The total weight of 27 prey categories per 10 post-spawner pollock at each sampling
station, all years combined, are shown in Fig. 10-17 to describe the distribution pattern
of food items.

1) Copepods (Fig. 10 a, b)

Seven species were found in pollock stomachs. Calanus cristatus and C. plumchrus were
abundant followed by Eucalamus bungii ungii. The other four species (C. glacialis, Candacia
columbiae, Pareuchaeta elongata and Metridia pacifica) were less abundant.
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Fig. 9. Food composition by weight percentage and mean stomach content weight index for pelagic
walleye pollock in the Bering Sea. Yoshida®*).
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C. cristatus (5.7-9.5 mm in length from rostrum to furca) was distributed widely and
abundantly in the Aleutian Basin except in the northern waters in 1976, 1977 and in July
of 1979.

C.plumchrus(2.8-4.8 mm)showed a similar distribution to C.eristatus. In the southern
area in 1976 and in June of 1979 C.plumchrus was more abundant than C.cristatus.

E. bungii bungii (5.0-8.5 mm) was distributed widely in the basin area in 1976 and in
June of 1979 and was abundant regionally.

P. elongata (5.1-7.4 mm) and Melridia pacifica (3.0-3.7 mm) were also distributed in
the basin area.

C. columbiae (3.8-5.5 mm) was only found in the central and southern basin area.

C. glacialis (3.0-4.5 mm) was only found in the shelf area in 1976 and in southeastern
shelf slope area in June of 1979.

2) Amphipods (Fig. 11a,b)

Six species (Parathemisto pacifica, P. libellula, Hyperia galba, H. medusarum, Hyperoche
kroyeri and Primno macropa) were found in the pollock stomachs.

P. pacifica (2.2-10.5 mm in length from anterior tip of head to telson) was widely
distributed in the waters throughout the Aleutian Basin and highest abundance tended to
occur regionally in July of 1979 and 1980.

P. libellula (5.0-22.0 mm) occurred in the northern area in 1976 and 1977, and was
especially abundant in the shelf and slope area.

Only two individuals of H. galba (14-16 mm) were found at station ’ 627’ in 1976.

From one to four individuals of H. medusarum (7-19 mm) and H. kroyeri (8-10 mm)
were found in the stomachs in the basin area.

Primno macropa (6.5-12.5 mm) was widely distributed and more abundant than the
other three species.

3) Euphausiids (Fig. 12)

Three species (Thysanoessa longipes, T . inermis and T . raschii) were found in the walleye
pollock stomachs.

T. longipes (11-26 mm in lenght from rostrum to telson) was distributed widely and
abundantly in the basin area.

T. inermis (14-23 mm) was found in the northern shelf and slope area, and the northern
and western part of the basin. It was especially abundant in continental slope area in
July of 1977 and 1979.

T. raschii (12-20 mm) was found at only two stations in the shelf area in 1976 and slope
area in 1979.

4) Appendicularians (Fig. 13)
Oikopleura labradoriensis was widely and dominantly distributed in 1976, 1977 and June
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Fig. 10a. Distribution and abundance of Calanus cristatus, C. plumchrus, C. glacialis and Eucalanus
bungii bungii in the Bering Sea in summer, 1976-1980.
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Fig. 10b. Distribution and abundance of Candacia columbiae, Pareuchaela elongata
and Metridia pacifica in the Bering Sea in summer, 1976-1980.
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Fig. 11a. Distribution and abundance of Parathemisto libellula and Pavathemisto pacifica in the Bering
Sea in summer, 1976-1980.
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Fig. 11b. Distribution and abundance of Hyperia galba, Hyperia medusarum, Hyperoche kroveri and
Primno macropa in the Bering Sea in summer, 1976-1980
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Fig. 12. Distribution and abundance of Thysanoessa inermis, Thysanoessa longipes and Thysanoessa
raschii in the Bering Sea in summer, 1976-1980.
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Fig. 13. Distribution and abundance of Oikopleura labradoriensis in the Bering Sea in summer,
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Fig. 14. Distribution and abundance of Limacina helicina and Clione limacina in the Bering Sea in

summer, 1976-1980.
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Fig. 15. Distribution and abundance of fish and fish larvae in the Bering Sea in summer, 1976-1980.
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of 1979, but occurred in low abundance in 1978 and July of 1979, and was rare in 1980.
The occurrence of O. labradoriensis in July tended to be lower than in June.

5) Pteropods (Fig. 14)

Two species (Limacina helicina helicina and Clione limacina limacina) were found
in the stomachs.

L. helician helicina (1.5-3.0 mm in shell diameter) was widely distributed comparatively
in the basin area and was usually a minor food item. But as in 1979, L. helicina helicina
was sometimes dominant regionally and was the only prey found in every stomach.

C. limacina limacina occurred only at the station ' 702" of 1976 in the northern basin area.

6) Fishes (Fig. 15)

Fishes in the stomachs were mostly half-digested and widely distributed in the basin
area. When post-spawner pollock fed on fishes, fishes occupied a large percentage of
stomach content, especially in July of 1979 and 1980 when fishes were comparatively
dominant.

Myctophidae (8-11 cm in body length) , Hexagrammidae (4.5-7.5 c¢m), walleye pollock
juveniles (11-17 cm) and larvae were identified. Mpyctophidae and Hexagrammidae fishes
were widely distributed in the basin area.

Fish larvae tended to occur in the basin area along the edge of the continental shelf.
Identified pollock juveniles were distributed in the continental slope area except in the
southern basin area in 1980. Young pollock were eaten by a large pollock caught by
vertical longline near the bottom (200 m depth).

7) Squids (Fig. 16)

Most squids were half-digested. Squids, squid larvae, squid beaks and squid eyes
were minor food items quantitatively, but were widely distributed in the basin area.

A young Berryteuthis magister (about 80 mm in dorsal mantle length) was found at
station ' 623 in 1976. However, post-spawner pollock fed mostly on squid larvae which
were 9-40 mm in dorsal mantle length. The beak length and eye diameter of undigested
squid larvae(about 35 mm dorsal mantle length) were 3.5 mm and 2 mm, respectively.

Squid beaks in most of the stomachs were less than 5 mm in length. Beaks greater than
10 mm were very rare. Squid eyes were 0.8-2.5 mm in diameter.

8) Chaetognaths (Fig. 17)

Undigested chaetognaths (Sagi{a sp.) were rare in the stomach contents. In most cases,
only a part of the head was found. However, chaetognaths were widely distributed in
the Aleutian Basin and were regionally abundant in June of 1979.
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9) Crab larvae (Fig. 17)

Crab larvae were found in the northern basin area and the shelf and slope area along
the eastern continental shelf margin, and were sometimes abundant in the stomachs in
July of 1977, 1979 and 1980. Crab zoeae and megalopae mainly occurred in June and July
respectively .
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5. Relationship between size of food items and pollock

Fig. 18 shows the relationship between body length of prey and body length of pelagic
immature and post-spawner pollock. The maximum percentage of prey size to pollock
size was 24 %, and pollock more than 40 cm in body length fed on relatively large fish
and squid. However, post-spawner pollock also fed on the same size prey (4-25 mm) as
immature pollock. Fig. 19 shows the relationship of body length of pelagic
pollock to the occurrence of fish and squid.

To clarify the minimum prey size on which pelagic pollock is able to feed, the structure
and size of the gill rakers on the first gill arch of pollock ranged from 14-49 c¢m in body
length were examined (Fig. 20). The number of anterior and posterior gill rakers
were 34-45 and 22-28, respectively. There were many small projections with the tips
directed inward. The length and width of the anterior and posterior gill rakers increased
with body length. The width of the anterior and posterior gill rakers of pollock more
than 40 cm in body length were 1.5-2.0 mm.

Discussion

The average stomach fullness index of pelagic post-spawner pollock was low and
the majority of the values ranged from 0.5t0 0.9. The higher values for young pollock
were considered to relate to a higher daily ration in the young fish.

The food organisms in the pollock stomachs were found in various degrees of digestion
and were arranged in order by degree of digestion. This phenomenon was also observed
in salmon (Allen and Aron®, Ueno™) and suggests that walleye pollock feed continuously.
From the midwater trawl data, the stomach fullness indices at about sunset were the
highest. Also, the maximum value of percent weight of undigested food in the stomachs
was found at about sunset. Ogata"” and Tohoku Reg. Fish. Res. Lab.” examined the
stomach content weight of walleyve pollock collected by the bottom trawl during spring
and summer and suggested that the major feeding time of pollock was morning and
sunset. Okada" suggested the feeding of pelagic pollock in the Aleutian Basin became more
active at sunset using stomach content weight data from midwater trawls. The results of
this study coincide with these reports.

The mean value of the weight percentage of less digested food was 50 %. The initial
weight of the less digested food was restored, based on the results of gastric evacuation
rates of adult walleye pollock at 5.4and 8.1T (Yoshidaefal.®). The less digested food
was presumed to be situated within 24 hours after feeding. Therefore the restored initial
weight of the prey fed by the pelagic pollock per day is estimated to be 65 % (50 % x
restoration rate 1.3) and 70 % (50 % x 1.4) of the total stomach contents at 5.4 and 8.1,
respectively.

When this estimate of the percent of the stomach contents eaten in one day is multiplied
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times the mean stomach fullness index values (in ¥ body weight), the result is (0.3 %
0.65) to (1.3 X 0.7) as an estimate of daily ration. However, estimates of this type are
biased low. Tyler™ examined the gastric evacuation rate of the Atlantic cod which was
given food continuously and indicated the gastric evacuation rate increased as compared
with a single feeding experiment. Also, stomach content weight tends to be underestimated
due to regurgitation when pollock are collected.

Therefore the auther adopted the value of the stomach fullness index in this study as
the daily consumption rate. The daily food requirement for maintenance of body weight
was reported to be 0.61 % body weight per day for adult walleye pollock (Yoshida and
Sakurai®). Consequently, it appears pelagic pollock in the central Bering Sea are
obtaining sufficient food for survival and growth.

Yoshida and Yoon' histologically examined ovaries of the pelagic pollock collected in
the surface layers of the central Bering Sea in summer. It was clear that the adult pelagic
pollock were post-spawners. Egg maturity was at the volkless stage and yolk vesicle stage
except for one case with maturity at the early volk formation stage. Occurrence of the
volk formation stage suggests that reproduction has started already (Yoon™). This result
supports the contention that the daily consumption rate estimated in this study is sufficient
for reproduction.

Pelagic pollock fed mainly on zooplankton which were consumers of primary production.
The distribution of food items in the pollock stomachs coincided the reports of these
species in the surface layers of the Bering Sea in summer (Bowman®™ , Ponomareva™,
Minoda®, Takeuchi*, Motoda and Minoda®™, Shiga®, Ogi and Hamanaka®). The
distribution of these species were clearly divided into oceanic species and coastal area
species. C. glacialis and T . raschii were only distributed in the continental shelf and slope
area. Thedistribution of P. libellula, which is largely a pelagic species, was closely related
to the presence of extremely cold water in 1976 (Ogi and Hamanaka® , Hokkaido Univ.™).
These results indicate that the food items in the stomach of pelagic pollock generally reflect
the characteristics of the prey distribution with relation to the oceanographic structure.

The distribution of crab larvae was also related to their spawning grounds on the
continental shelf. Appendicularians were also important food items regionally and
seasonally. Shiga™ indicated that the abundance of the appendicularian (O. labradoriensis)
collected by plankton net in the Bering Sea fluctuated greatly vear by year. These results
also indicate that pelagic pollock fed on the utilizable abundant species in the surface
layer of the central Bering Sea in summer.

Fishes were also important prey regionally and seasonally and larger pollock tended to
feed on larger prey. Takahashi and Yamaguchi® examined the stomach contents of
pollock collected by bottom trawl in the eastern Bering Sea and indicated the pollock
switched their food items from copepods and euphausiids to 0 and 1 age pollock with
increased pollock body size. However, cannibalism of juvenile and young pollock by adult
pelagic pollock was not found in this study except in a few instances on the continental



Food and feeding habits of pelagic walleye pollock in the central Bering Sea in summer 31

shelf. Haryu® indicated that pollock larvae were widely found over the Bering Sea, but
were most abundant on the shelf region of the southeastern Bering Sea along the continental
slope from Unimak Island to Cape Navarin during June to August.

It was clear that large pollock have the ability to feed on prey greater than 2 mm in
size based on the structure of gill rakers. However, pelagic pollock fed mainly on
macro-zooplankton grater than 4 mm in size. According to Brawm® large cod did not
respond to food less than 2 mm in size in an aquarium. Feeding behavior and prey selection
by walleve pollock also seems to relate to their sense of sight.

It appears that the pelagic walleye pollock in the Aleutian Basin do not compete directly
with other species for food. However, the food composition of pelagic pollock was similar
to that of chum salmon with the exception that chum salmon do not eat appendicularians.
The most important food items of sockeye salmon (Oncorhynchus nerka) and pink
salmon (O. gorbuscha) were squids and chum salmon (O. kefa) fed mainly on copepods
(Kanno and Hamai''). There is only one record of sockeye salmon feeding on
appendicularians, and that is in Bristol Bay (Nishivama*). Generally, the vertical
distribution of salmon was in the surface layer shallower than 10-20 m (Machidori*,
Takeuchi®) and 80 % of the zooplankton in 0-150 m depths in the Bering Sea in summer
existed in the 0-80 m layer (Motoda and Minoda™). Smooth lumpsuckers (Apfocyclus
ventricosus) collected by midwater trawl in the Aleutian Basin were second in number not
including jellyfish (Okada”) and they fed mainly on medusae and ctenophores (Yoshida
and Yamaguchi*). Salmon shark (Lamna ditropis) was also widely distributed in
the Bering Sea and fed mainly on salmon (Sano®™*). Ogief al.” reported that the
short-tailed shearwater (Puffinus tenuirostris) in the Bering Sea in summer fed mainly
on euphausiids and squid . Pelagic pollock do not seem to be able to feed on young
squid because of their weak swimming ability.

Based on the low level of cannibalism by large pollock, the absence of other major
pollock predators (Pacific cod, large flatfishes, and marine mammals), and the diets of
the inhabitants of the Aleutian Basin described above, the pelagic pollock seem to have
fewer predators than on the continental shelf. However, fewer young pollock are found
in the Aleutian Basin than in the continental shelf and slope area.

In conclusion, the pelagic post-spawner pollock in the surface layers of the central
Bering Sea feed on the abundant macro-zooplankton (the consumers of primary
production), avoid competition in the inter- and intra-species relationships, escape from
their predators and are sure to grow and reproduce again. Therefore, the pelagic life

style of walleye pollock seems to be an important factor in maintaining their population.
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Gonadal development of cultured scallops,
Patinopecten yessoensis (JAY), in Lake Saroma, Hokkaido.

Kenji KAWAMATA”

Gonadal development of 0 yr-old and 1 yr-old scallops, Patinopecten
yessoensis (JAY), cultured in Lake Saroma, Hokkaido, during the period,
September 1986 to December 1987, was studied by histological methods and
observations were compared with those already reported for scallops in
Lake Saroma, Funka Bay and Mutsu Bay. The obtained results are as follows.

The 0 yr-old scallops exhibited characteristic processes of gonadal change,
that is, from the neutral stage to testis or ovary as follows; all animals
became male at four months after birth, thereafter some animals became
temporal hermaphrodite suggesting sexual phase alteration in the progress
of development. After about three weeks, these hermaphrodites successively
became female.

The measurements showed that the present scallops in Lake Saroma mature
nine months earlier than those previously reported. Moreover, the presence
of sex-alterating phase is first reported here.

Scallops cultured at high-density condition (200 individuals per cage)
possessed three diffrent features of gonadal development when compared
with those at low-density condition (40 individuals per cage). There are;
(a) the occurrence of a timelag in sexual alteration from male to female,
(b) the low frequency rate of temporal hermaphrodite in the winter and
of the female at one year after birth and, (c) the delayed maturation of
the male gonad.

These results suggest that high density cultivation delays the sexual
maturity of 0 ‘yr—old scallops. Conversely, the accelarated growth at low
density promotes early maturation. Based on other previous studies, the same
phenomenon seemed to have occurred in Funka and Mutsu Bays.

WHS  A241 (19944 8 A26H )

*  JedGEST RS ¥R A + v 2 — (Hokkaido Institute of Mariculture. Shikabe,
Hokkaido 041-14, Japan)
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The Ecology of a Sea Urchin,
Strongylocentrotus intermedius (A. Acassiz)
on the Coast of Okhotsk Sea in Hokkaido.

Eiji ABE*' and Masahide TADA"*

The following conclusion was deduced from our researches made on the
structure of the Strongylocenirotus intermedius fishing grounds from Oumu,
and Okoppe in the middle part on the coast of the Okhotsk Sea in Hokkaido.

(1) The growth of sea urchins in Oumu is poor and such phenomenon has
been lasting long. The grow only 3 to 1lmm a year, thus their
average test diameter is supposed to be no more than 34mm even at 5 years
old. By contrast with Oumu, the growthof those in Okoppe is vigorous
and their test grows 6 to 19mm a year, thus their average test diameter is
supposed to reach as wide as 54mm at 5 year old.

(2) Sea urchins in Oumu seldom attain the catchable size even they reach
a considerable great age, therefore fishing of them is scarcely carried
out there, which results in a continued high density with 50 to 100
individuals/m’. Their age structure is also high. On the contrary, sea
urchins in Okoppe attain the catchable size of over 40mm in test diameter
in about five years and mostly large size individuals are caught in the
fishing season, thus resulting in less than 10 individuals/m' and
their age structure being also low.

(3) Defective gonad development is noticed with sea urchins in Oumu
and it weighed less than half of an ordinary one. By contrast, the
development of gonad in Okoppe is fairly well and its weight attain
the normal value.

(4) Since the first-year fronds of Laminaria growing in Oumu are heavily
grazed by the sea urchins, most of them disappear by the time they
grow to the second-year fronds.

BUES A 242 (19944 8 A26 5 H)

=1 dbFE TS KEREH (Hokkaido Kushiro Fisheries Experimental Station. Hama-cho,
Kushiro, Hokkaido 085, Japan)

*2 JbEETHEAAKERES (Hokkaido Wakkanai Fisheries Experimental Station. Horai,
Wakkanai, Hokkaido 097, Japan)
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(5) Sea urchins in Oumu always maintain a high population density and
graze algae heavily, thus vitally hindering the community formation
of algae. Sea urchins in this habitat live in an environment where food
is scarce, which brings about their poor growth. In Okoppe only a
small number of sea urchins inhabit there, therefore a richer standing
crop of algae, mostly Laminaria, is kept. For this reason, sea urchins in this
habitat can graze algae sufficiently, thus enabling them to maintain a
vigorous growth and favorable development of their gonad.

(6) The reproductivity of algae in Oumu is supposed to be high enough.
Hence, the occurrence of the places where a phenomenon is similar
to “Isoyake”, which occurs in Oumu, and the cause for its lasting long are

solely attributable to high density of distribution of Storongylocentrotus
intermedius in the habitat.

¥ 2 »" &

Jefgli oo 4k — v 7 IR I AL E T 2 BERET T, = /37 v 9 = Storongylocentrotus
intermedius T ORI ERE & h, LMEORKORAZMIELTWA, 22T
X, Beflo—fig xR e, BRUMcbhbi- oz /27 vy = asE (8H~#EME
f/m) THRLTWEA, ke 2RBoBfFRIEE < (1ke/mMii#), HEHEOH
BT RM AR L TH 0, WwEEOEHEN RS R 2R L #28EE LBy RIE L
T3,

—77, HERETEREET A BEETC 4, e RO kA RBEh BB S 5,
IITR, BoREFSETAEO T S A7 vy 2 HEEE (BE~+HERE /™) LR
L, BESORGFEVNEL (Fke/mLlE), AEELFLTEY, BRBEL QT (R
T&ﬂf&tkﬂf&%o

6219885 ~19904 0 3 Efflicbic b, WBHO T /27 vy = LHEEROSHR
RESLWTHENERZT 10T, TOFERYRET 5 (Fig.1),

Fig. 1. A map showing the location of Oumu and Okoppe habitats.
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AT IBER EWESE

HER T, h4350~500m OB AEABECET LT LknoRECHRE SR,
KA OB E T H46haTH 5 (Fig.2)o BARAITER T ER FiER - A - BOEK
BT, AXFX1~4mTh5b,

¢9Q¢a== =

¢¢¢¢¢¢g D““ Tk
D

=

Fig. 2. Chart of fishing ground surrounded by ice preventer in the Oumu habitat.
Graduations of solid line denote the positions of research line.

= ]:lIce preventer, === : Artificial reef.

BRTiE, PPE150~250m O B B ARSI EF I - THBI0mOR S THE S h,
B AR O #BER 24917ThaTH % (Fig.3)o BiKEMIIMR &L AHOKH T, KFEIL2 ~
4mTH5b,

= T oE
== - %E:E,
.ﬁééﬁﬁ T
o?
* =) 0 100m
N 0} =_— d

o ﬂd/\

Fig. 3. Chart of fishing ground surrounded by ice preventer in the Okoppe habitat.
Graduations of solid line denote the positions of research line.
—— []: Ice preventer, -] : Artificial reef.
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HER TIX19894F 6 H28H L 19904 6 H27H iz, BikIRABBOFRBCREBrEE S
RAOmOBERY 1 REY, AFa— WAL L-TBmBRTI /A7 v =808
PERM % 1/42it 1 d O b %17 - 1= (Fig.2),

BEETIX19894F 6 H29H £ 19904 7 A 4 Hic, BHKIEPIME O o ic IR Rl 10 4
R200m OMERE 1R, AF2— A L->Tiomi@ (&0 —Hiz25m) ©=
STV =B L UBEMD /4~ 2 M OFR Y %17 - 1= (Fig.3).

METHREZ WL/ A7 v o=}, BERANCRRLLHERXAEL, 20FhbE
X AFIT100~150E AT O 4 BT Rt 4 E L, LMK (EMEER -2 HE R x100)
KD, EHIEEHEXDOLI00~250FEFHIC>WT, FECLVEREZEEL, BHh
TEREERER B O R & T AN S R OB A B SRR HEE LTs, TR,
MR ERS LR L, b, =B lOBERDORFRE, BR) CRESNE
AOBGHEERN S, EMEK (1n) Yioo@EERLEREY RS, CoBCHEENS
ELBEBMEERE CTRD 1,

7o, 19884 L1989%EM 6 F kR Stk 2 & 210 & » Y & h /- BE MK O 57225 K
BRI, B OKGE PR A o B o g BERE ) 0 A TR A (R AT A TR 1,

& x

1. =V R7 v OFE LSRN

HER, & BEF D 19904F 1C R4 & h - B s B HE
iE Lo & F B O FIRED % Bertalanffy
OEERICHTRED S &, it BEOH 50}
KMEE X Table 1 DEWMBFEHBREDOHE
& Fig.4 ORI CEhEFhRrEns,

70

60 {Okoppe)

40

(Oumu)
30p

Test diamatar (mm)

20

o g2 a1 3 3 3 4
1 23 & 85 & 7 8 '9 10
Age in yzar

Fig. 4. Growth curve of test diameter of
Strongylocentrotus intermedius in
the Oumu and Okoppe habitats in
1990.

Table 1. Growth formulas of Storongylocentorotus intermedius in Oumu and Okoppe habitats and
average estimated value of test diameter of each age group in 1990.

Habitat Growth formula p =

Fixed difference diagram by Walford

L+ =172+ 0.550L(t) (r=0.976)
Oumu Growth curve by von Bertalanffy

Dt=382(1 — e~ 03%it-13m) —  12.9 24.3 30.6 34.0 35.9 37.0 37.5

Fixed difference diagram by Walford
Lysn=158+0.799L(t) (r=0973)

Growth curve by von Bertalanffy
Dt=78.6(1 —e - 024t+0222)) 18.8 30.9 40.4 48.1 54,2 59.1 63.1 66.2

Okoppe
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TVARAT VI =05EE TOREOERME 50 T~
B3, BERT3~1lmm SEET6~19mTHY, ol ; (L -Okoppe
SEYTHNAFN34m, 54nmicET S LH#HEESh,

HERO T /37 vy =ORERE, BELH b g s} ]
HYECRI TS - 1o E
£ 20
2. TYVRT VY -OBREERK 1o}
HER & BB 0 1989% O WEM L E Fig.5 & 3

R LT, HERTIRIBREOE— FA30mnEizs Y, 0 | mlo 200 300 400 ?.o %0 708
4 kD869 1220~ 40mmA il D M T L ¥ Hh T T 0. T B
Wize EEREBZZMTH - F-o 272 L, 1990  Fig. 5. Test diameter distributions of Stronglo-

= = - centrotus intermedins in the Oumu and
FIEEIC1988F I AT L - BIAHE & HEE & Okoppe habitats in 1989. Each number
NnAREY =B R R L, &R 10mE measured were 484 and 104 respectively.

OEMEFERE AL 6 ik miicfihn Lice 2D,
Fig.6 OBERMERICE LA L 5z, 19904 i
B 5B EIOmE O EO HBHER, 1989F
D 6 fELA ED13% I L1z,

B CIREOE — FhleimAitd H, 2f
D90% (3 40mLl EO@EMETED bR TV, F
@R E54mm T, BEROZ N LD H20nnfEE X
BoEEsER LT, &2 TH1990FE R
HRTLAOLhI XS ety O HBARR SR 10
feht, S 5By = OEIGIHIFEE KR
-3/ 9 70 .

:Qumu
:Okoppe
a0p

30p

20p

Frequency (%)

100 200 300 400 S00 600 700
| | | | |
99 199 299 399 499 599 699 799

Test diameter (mm)

Fig. 6. Test diameter distributions of Strongvio-
centrotus intermedins in the Oumu and
Okoppe habitats in 1990. Each number
measured were 616 and 315 respectively.

3. TVAT VY =OFEEHERE

1989 DR L M OEMML % Fig.7 R L, ERTRERMOE-FRTHRCHD,
FHERILT. MG EHEES N, 2 TRL2E0B%ITE6 I LoMETLHDLERTED,
2L TOERBECEENRLLNT, HETRBEBROPHE N EERL T, L L,
19904 T2, Fig.8 KR L& 5l 24 0RHOMBECHBE Lk ~ /- 2EOHEY =
DEBOME RO KRICHEE L C &0 b, TRy =HElRE LT, KBCERH
HOMAERTOhAENFET S LHEE SR

B CREBOE— FR4BICH Y, £EDT0XIZ5MEUTOFWEATHD AT,
EHERIIS.0NT, RL DL 2BBESVLHEEIN, 22 Th, Fig.8 Kibh3D
£Hi, 190F R 2Oy =DERLNHREH, BRIALLOCHY=0RETLH
BHEEL, HRHOMENDIBETOL TV A LHEE S AT,
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4. TVAT VY =OERRORIGRE 50
HET D 19894F O AR D& * 71 % 30~40mm o
Ko = (80fAfk, THREISI) MR b

HE L AP OFESER2e,13TH - 1o, 3%
F 1o, 19909 OFT30~40mmAE D 7 = (67{#
1, FH@iEssmn) OB ER - AR =r
OFEHEIT2g,12TH - 120

—75, BEROD 19894 D E30~40mm A il O 7
= (4fFtk, THREITEN) ORI ER L 4 e
SRR O FH33e,15C, THREOSE ¥ ‘ fusiin

-~ 5 = : iz Fig. 7. Age compositions of Strongvlocentrotus
N3 50~60mAii D> 7 = (29fffk, FIREESA iiermedins in the Oumu and Okoppe

Frequency (%3)

mm) T, 11g,19CTH -1z, Fiz, 19900 habitats in 1989, Each number measured
ﬂ'f%SO"vtiOmeﬁﬁﬁD = (16{f{k, "??5)5:'&37{37 were 167 and 104 respectively.

mm) O4FRERF AEFEROFEHIE4e,

16, BES0~60mKHO T = (0L, T - s
BEsomn) TiX, 158,22 TH -1, e

a0k

BROT A7 vy =O4RBORM T RE
i, BEEL D LBEECES, T,

Freauency (%6)

5. VA7 Yo=0BliER
HER OB KA DI1989FE I BB = /37 v
v =04 BEER, BA T8 K m, T

"C'QTTE%/MT‘&’;‘J‘;O iﬁ#%,}iﬁkw@slkg/ LRl :E 1L

H]’, ’:F’:ﬁj"t‘lﬁkg/m"cb - b A (Tab]e 2) - Aga in year

HER TIIEERIOATEL SmLI (FER100mK#)  pig. 8. Age compositions of Strongvlocentrotus

O EREEEHY (Fry v )ay 74£F) & intermedius in the Qumu and Okoppe
habitats in 1990, Each number measured

RS EMIC B LT, = /37 v 7 =5508H were 256 and 145 respectively.

M EOBETER LTV

B OB KRADIBMEIC kT 5 = V37 vy =04 BERIR, BATISHEMAE M, FH
TTEE/ MTH-T &2 TERAREMADIGO2H, 10EE TREOFEE TH -1, B
FRIIEATL.5kg/m, SEHT0.5kg/mTH -7z (Table 3),

HERTER, =/ 37 vy =pREO10EL EOBWEETAER L T,

HERL D 1980E OB KR A B Sk x /A7 vy =BFERIT, 94,5007 Ak, #600ts
BEE Xilte, Z 2 TRBER20~40mE#H O/ o = R eEkofge0% X hh, 7~ 8O EK
Rk r 2 E0R0% 2 b B LA bht,

B 019894 OB KA BB Sk = /37 v o —BF R, 12056k, #80t&H#T
Ehte, & ZTREEROmLLEOKRFEELLEOK0% % D, 5 LT OGS EED
0% % BB LA b,

HATRREEOH I fFEomBEoRSic, Nllox /A7y 2 iEBETERT LD,
BB ~BF R EEE o, BRTSHOBOKELERLTW S, LIEL, BERT
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RRGEEN S H, SKUTOBRFR (BEE 2, BROHIBIELLE ST,

6. WEMHORTR

HEROPIKIRA TI989% 6 AicBE S niclEMy i, HE3M V&4 LRIBHO
Bi20ML AN ETH 7. BERRZ, VY a2y T EhLICRATS. 6kg/md, FH)TL.4
kg/mTH >1: (Table 2). BikiENBEHLEORFRE, H660tLHEES NI,

—%, RAERYORFOPKIRAH T, BRLBFAROEHROBEMYH, VY2
7RO IR A A T5.6ke/md, F#)C3.8kg/m4EH LTV 7z (Table 3). BikiZA#S
240BHERZ, H650tL#EEET N, REOBBEIIER D05 |-\ H5, FEM
YORFRIMERLFFTH -7

Table 2. Population of Strongvlocentrotus intermedins (number and body weight(gr)/ m*) and standing
crop of marine plants (fresh weight) on the research line in Oumu habitat in June 1989

S. intermedius Marine plants
Distance Laminaria Phyllospadix
from coast Depth Density Body weight achotensis iwatensis Other algae Total weight
(m) (m)  ("/m) (/m') (5/m) (¥/m') (5/m*) (*/m)

50 0.9 0 0.0 5,245.0 0.0 287.7 5,532.7
75 1.5 0 0.0 7,957.4 0.0 660.8 8,620.2
100 1.9 B8 3,152.4 3,067.6 0.0 23.8 3,091.4
125 2.1 56 1,423.6 242.2 0.0 1,750.7 1,992.9
150 3.0 84 1,299.2 0.0 0.0 7.0 7.0
178 3.3 136 1,742.0 0.0 0.0 0.0 0.0
200 3.3 68 812.4 0.0 0.0 0.0 0.0
225 3.4 (628) (8,143.6) 0.0 0.0 116.8 116.8
250 3.0 60 813.2 0.0 1,390.2 0.0 1,390.2
275 3.6 224 2,688.4 0.0 0.0 1.2 11.2
300 3.6 112 1,355.6 0.0 0.0 0.0 0.0
325 3.0 124 1,249.6 0.0 0.0 0.0 0.0
350 3.4 120 1,095.6 0.0 0.0 0.0 0.0
375 3.3 204 2,543.2 0.0 0.0 0.0 0.0
100 3.6 50 498.0 845.2 0.0 226.8 1,072.0
125 3.3 176 2,412.8 1,387.4 0.0 1,151.4 2,538.8
150 3.8 56 309.8 0.0 0.0 0.0 0.0
Mean 2.7 97 1,337.2 1,102.5 81.8 248.9 1,433.7

Table 3. Population of Strongylocentrotus intermedius (number and body weight(gr) /m*) and standing
crop of marine plants (fresh weight) on the research line in Okoppe habitat in June 1989.

S. intermedius Marine plants
Distance Laminaria  Phyllospadix
from coast Depth Density Body weight ocholensis iwatensis Other algae Total weight
(m) (m) /m) (5/m*) (&/m) (5/m*) (2/m) (/m)
50 1.7 10 588.41 1,463.6 850.4 386.8 2,700.8
60 1.5 11 756.9 5.229.4 77.0 325.4 5.631.8
70 1.8 4 220.7 1,054.8 0.0 824.2 1.879.0
80 2.1 2 111.0 1,379.6 0.0 2,270.2 3,.649.8
90 2.0 3 256.0 3,214.4 0.0 882.4 1.096.8
100 2.4 9 823.8 2,478.4 0.0 2.144.6 4,623.0
110 2.7 18 1,463.9 2,315.4 0.0 1,711.4 1,026.8
120 3.1 4 250.1 3,652.2 0.0 907.0 1,559.2
130 2.6 2 227.5 1,138.8 1,390.2 1,248.4 5,387.2
140 2.7 3 240.0 1,864.8 0.0 388.0 5.252.8
150 2.7 5 389.1 2,548.4 0.0 722.6 3.,271.0
175 3.7 16 117.1 64.9 0.0 386.0 150.9
Mean 2.4 7 478.7 2,700.4 77.3 1,016.4 3,794.1
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7. BEEYOEFERK
HER OBL K EEH O 19884 19894 0 6 H Oy o £ (HISikid6had H 5 R)
i, #h*hl11.6ha(24%), 24.6ha(54%)TH -7 (Fig. 9),

B OB KIEFI D 19884 6 A O EEEY O A F B 18.2haT, HBHHT17Tha48% % 5
HTuwi: (Fig. 9.

8. VYviyaviyoBHER

HER OB KIEAI TR, 198940 6 ok Tid 1 4F H 8k A it A ©2084& /i (8.0kg/mi) ,
FH T4 /m (1.1kg/m) £ H L, B BEMOKREL SmEATRO BT T 5k /mLL EDFEW
Bfrft %R L1 (Table 2), ZoTlR2Ea v 7OEENE ST Abhishoi, Bk
RAfEHSEOBERE, ¥1,30054, #500t&HEE N1z,

—77, FERREE 0RO KRN OB Rk 3124 /m (5. 2ke/n), T T1684/

The Oumu habitat in June 1988 The Oumu habitat in June 1989

The Okoppe habitat in June 1988

Fig. 9. Marine plants distribution pattern inside of ice preventer in Oumu and Okoppe habitats in
June, 1988 and 1989.
Analayzed by color image analysis system. Gray line:Shows the area in ice preventer,
Gray images: The habitat in marine plants.
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o' (2.7kg/m) AF LT iz (Table 3)o =D 5, 1423y 7K AT3I2E/m (5.3kg/m),
#1604 /M (1.5kg/m) ©, BFRIHER & KELh -1, L, BERTERLARLR
T 24E 3 v 7 ARKT38A/m (4.4kg/my), T 8 A/mi(1.2kg/m) AT L Tufoo Bk
RABRBEEO 1iFEa vy 7L 292y 7ETOBFRIH2,80054&, #9460t & HERE & iz,

z 2

st/ A7 vy mngRlEORRCoVT, B, BAREH, MEE
HEFOERE L ICh 5 F % TRITER 6 ~17mE LT, FHBRERIRE 5 B TH55mmic ¥
THELTWA, 4fE, BEEOMEEREORED S M CHERM6 ~19uuin L T, 58 T TR
RSt ET 5 L HEE X h, B0 LFh i BRoBREGERKTH -, L
ML, BEROBEGHHOBRREE, S5HeES T CEM 3 ~1mofEinc L L9, 5@|moFE
BRI S HEE S h, FEICHT D FEREOHEEMITE L KL, BROBRIE, -1

HERO Y =120 Tid, 19794 21980 DAY T 4 5~ 7 i T FHBEE A 30mi# T &
HIENHEETRTE Y, HEBRROTHHEEO/ NG YL R L T
50U ENRTHS,

HERTIE, 199060 L 5 Iy = AARRET 5 &, BREMAN L FRHIARIOE LR,
A S L OEREEOHBEHENHELh I EE - 1.

HERTEY =UERCREE LTV 20, TORRIEL, FHREAHEALTLEES M XT
HHWEAmIZFE LW, BEALREZAT, 50~100EE mOREERBIZLD,
At rETETHETTLLinh D, BE TIPS ETREY A XicELT, BEHE
HEPLCRESh 7129, £REERIOEG R THREESS <, SREEDHE
HEVIRIL I D B,

gD /A3 7 vy —ORRCH S ARMEORMEEL WEdTE g /i, B&ESS
mTI0~20g i ET HL IhTw3% 4El, BEFD19894 L 19904F O FE B E3TImD 7 =
DA O P ERIT3g, 4g, TFHERES4nn, 55mm0 7 = Q4B OFHERIT11g, 158
THY, FMEOREIRITFTH o710 L L, HERDIBIE L 19905 O F 35000 7
—O4TEEOFHERII2 g T, BAFOL/20HETHY, HMBERIBRCAAE->+0k
RENRTELRVRTIZS 5,

TEOMEEIOCEMBORECHEY 52 AERE LT, s L ToEREOBRAT
BARLEETSH S, Table 2, 3+Fig. 10CRbh A L5, 7 =04 LEENI0MEE
w0 BER T, AERMECS. 8ke/m OWEMMIETT 5. —FH, V=0OLBEENS0
~100f@f,/m'T, i\ & ATHEMGE MU LCELTVWIHRTIE, 7V=0%0
KR 2 mLAE OB O EERA OB R A 0. 5kg/miic & K h, BFEECEVEEARLT
Wh, T, ERTR1IFEav7h4E LTV A hbLY, 2Fa v 704EEFELLSL
v, Thixa vy 7THEOABREOREI 2 RTHOTRRLS, 1Fa v 7y =i/
hicted, 22V 7EBETARICHELTWALLTHL LHEEEND,

ATy =—0BFRE VI, BREFEOLEFTCRETEENWNEL, 20BEFE
7 =OfEE LT Ho i ROBEELAEEL, 7"—RFAOXERALTEVER & A
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Fig. 10. Relations between density of Strongvlocentrotus inlermedius
and standing crop of marine plants in the Oumu and Okoppe
habitats in June, 1989 and 1990.

@ : Oumu habitat, @ : Okoppe habitat.

DRERHFL TS EELLRD,

HRTE, EFc—Eov=—0k@gREs 7= Moibl@ErfThbhlknoiicky
BEAOY =HRTECERT A LD, BERECH LARLRELL-T, *0O4H
ARESCHFELTELE V25, TOBE, =02 0T 28 OREMRYORERY
BECELS, 2Fav 4 LAhvikcEoRék-THBbhTwWbEELbNE, &5
©, FEOKFFZMHTREORETEFR LTV 10, BROBEIIEL, S#EMEORR
DEEFC T, SHRORELEVWEREE-TWD EHEEZR S,

HATR Y = 0BFRPI50~100EE, TOEEETH-Th, BEENHILIBEAFL
TWAEFANDH, v=0BFERODE W E D AR POCEENIC S AT AR S
fiLTwi (Table 2, Fig. 9)

BIEg 602, S EGHEAE L BRI KRN CHRE X i ATH (Fig. 20 LTy =0%BEH
He L 2EBEHABETY, Y2ORBEREOHK V- ATHECIBERNIEALLEE
Licudt, o =W % L4000k mih 5108 F T 1@/ ' fii e 5 | = 418 L1
ATLHRE I 3 B E MR A8 . 2ke/mM OB ROBEBE AR E h, £D 5 HDIBKDT7.8
kg/miz ) vV avrThh, tOLFHENBLEELIVRLS LB LE/HEL, BRT
LYy =ORFEXARAYACERT ALk, BUBAFRXETABERENERELS
ERABEBIZLTWSD,

Plboz &ht, BROBROKEA TLEREEHE Fra vy 73 +oRWEED%
ALTEY, BEETHEEIt-TWAMBET LRRLLBETHELELZLLNE, HERE
BLWTE, RBATOY=0ARREL Y=/ L L 2REOEIENT S RT VY I=D
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The muscle autolysis of chum salmon Oncorhynchus keta caught along
the coast of Kushiro, Hokkaido

Takafumi NISHIKIORI* and Haruo TAKAHASHI®

The muscle autolysis of chum salmon (Oncorhynchus keta) is known as one of
reasons that affects the strength of its kamaboko gel. The autolysis of
matured chum salmon was investigated in order to produce surimi for sea
products from that caught along the coast of Kushiro. The pH-autolytic
activity at the temperature of 30 C reached a peak at pH3.5, and the
temperature-autolytic activity at pH3.5 reached a peak at 40C. The autolytic
activity at pH3.5 was lost 72.8% of original activity by E-64, 68.7% of that
by leupeptin, and 25.0% of that by pepstatin A, respectively. The autolytic
activity of muscle near the tail was higher than that of muscle near the head.
The autolytic activity of male tended to be higher than that of female in the
same degree of maturity. The autolytic activity increased with maturity.
It showed a negative correlation with the flesh redness represented as “a”
value.
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BUES A243 (1994 8 A26HFH)
* kel T @8k A %8B (Hokkaido Kushiro Fisheries Experimental Station.
Hama-cho, Kushiro, Hokkaido 085, Japan)
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