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Ecological Studies on the Population Dynamics of the Sea Urchin Strongylocentrotus nudus™'

Yukio AGATSUMA ™

Ecological studies on the population dynamics of the sea urchin Strongylocentrotus nudus have been carried out
at 13 survey sites off the coast of southern Hokkaido from 1980 to 1995. The reproductive cycle, occurrence of
echinopluteus larvae, recruitment of the 0 year-old juveniles, process of somatic and gonadal growth attributable to
algal feeding. and the environmental factors leading to annual fluctuations in the number of juvenile recruits and the
subsequent commercial catch have been dctailed from data collected over this period. In order to form algae
communities on coralline flats where only crustose coralline algae occur (termed “Isoyake” in Japanese), the
succession of marine algal after the removal of sea urchins was studied. Furthermorc, in order to establish the
enhanced culture of S. audus on coralline flats where previously there was no commercial catch, field experiments on
gonadal increment have been carried out. Results are as follows:

1. The process of gametogenesis shows a clear defined annual pattern. The gonads change from the recovering to
growing stage during January-May, and from the growing to pre-mature stage during June-August. Spawning
occurs during September-October corresponding to a fall in water temperature from 20C to 16°C. The gonad index
increase during the growing stage and show a maximum at the pre-mature and mature stage beforc sharply
decreasing at the spent stage. The index gradually increase during the recovering stage. The gonadal increment,
which is affected by the kind and the abundance of algae, differs among locations in a fishing ground and also
between geographically seperated fishing grounds,

2. Larvae of S. nudus off the Sea of Japan coast and in Tsugaru Strait occur during September-October which
corresponds to the spawning season. The number of larvae that occurred in the Tsugaru Strait was smaller than
that off the Sea of Japan coast. Larvae, after metamorphosis, settle and inhabit stable boulders areas where crustose
coralline algae dominate at depths of 3.0-9.0m. The vertical distribution and range of habitats of S. nudus gradually
increases after reaching 1 year-old.

High recruitment levels (14.1 ind./m® of juveniles in 1984 and a continuous recruitment after 1990 were
observed off the coast of Okushiri Island and Shimamaki. The relationship between juvenile densities and average
waler lemperature in September of the previous year was statistically significant. The author suggested that high
water temperature in Scptember contributes to an improvement in the juvenile survival rate by shortening the
larval period. The dominant 1983 year-class population contributed to an increase in commercial catch.

3. The growth ratc of small sized S. nudus is high, in particular, the 0-1 year-old juveniles, which have undeveloped

gonads, is markedly high throughout the ycar. The growth rate decreases in winter and summer, while it increases

WCHFS  A271 (1997423 H 31 H 23
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Agriculture, Tohoku University, 1—1 Tsutsumidori-Amamiya, Aoba, Sendai, Miyagi 981, Japan)
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in spring and autumn. The growth rate is greatly affected by the kind and the abundance of algae. This difference
being notable between the Sea of Japan and Pacific Ocean and also between fishing grounds along the same coast.
The growth rate of S. nudus, which inhabit areas dominated by large perennial brown algae is high, while it is
significant markedly lower on coralline flats. The sharp increase in commercial catch from 1985 to 1987 in
Fukushima was due to the occurrence of the abundant year classes of 1982 and 1983, and the formation of Laminaria.
Japonica kelp beds that promoted their growth.

4. Food intake, amount digested and feeding rate of S. nudus that were fed on L. religiosa in excess increased from
April to Junc. During this period, the alga was digested and converted to test formation for 1 year-old juveniles and
to gonadal increment for adults. The decrease in food intake during January-February and July-September. were
caused by the low tempcrature and by maturation/spawning, respectively. The feeding ratc of small sized S. nudus is
higher than that of large ones throughout the vear.

Undeveloped gonads of adult S. nudus sampled from trophically poor coralline flats, which were fed on L.
religiosa in cxcess from April to August, grew rapidly during the first 20 days after the start of the experiment. The
gonad index, which was 6.5 at the start of the experiment, increased to 18 (the minimum size for commercial landing)
after 2 months.

The feeding activity of S. nudus in the field varics chiefly with their annual reproductive cycle. Feeding
activity is high in May when their gonads are in the growing stage, while feeding activity is low in September when
the gonads are in the pre-mature stage. S. nudus appears not to feed in winter due to low temperature (ca. 5C) and
high wave action.

S. nudus <20mm test diameter (1+ year-old) showed remarkable seasonal migrations to utilize available algal
foods. S. nudus with growing stage gonads were found in the crustose coralline dominated sub-tidal zone from April
to July, where detrital, drift algae as the principle food source abundantly occurred being derived from the intertidal
zone where L. religiosa dominated. These sea urchins migrate in search of algal food (o the intertidal zone from July
to October when their gonads are in the growing, pre-mature or mature stages, and return to the sub-tidal zone
from November to March when their gonads are in the recovering stage. This return migration appears due to the
loss of algal food [rom this zone and by the high wave action. Yearling sea urchins inhabited in sub-tidal zone
throughout the year.

5. After the removal of sea urchins from coralline flats at the Yaoi and Rokujo sites in Suttsu Bay, attaching
diatoms, small annual algae such as Ulva pertusa and Polysiphonia morrowii, large annual algae such as Desmarestia
viridis and Undaria pinnatifida, and small perennial algae such as Dictyopteris divaricara invaded the coralline flats in
that order. They were followed by the large perennial alga Sargassum confusum, a species endemic to the Japan Sea,
Yaoi site. The small annual alga Ulva pertusa dominated in the early phase of algal succession, and its dominance
continued at the Rokujo site due to the influence of inflows of freshwater and sand from the Shubuto River. I suggest
that the §. confusum community, which is in a climax phase ol algal succession. persist over long periods due to the
enhanced warm temperatures caused by the Tsushima Warm Current.

6. S. nudus sampled from coralline flats and fed on fishes flesh, Pacific saury Cololabis saira and arabesque greenling
Pleurogrammus azonus between October and January, showed markedly promoted gonadal growth. In the gonads,
water content increased, although glyvcogen decreased. An increase in the dgree of white color and the decrease in
chroma of the gonads were observed. However, these components and colors were improved after changing the dict
to the brown algae, L. japonica and Undaria pinnatifida during February-March. In this study, I found that feeding,
gonadal development and somatic growth of S. nudus arc attributed to both the kind and abundance of the algal
community, these being related to the Tsushima Warm Current and its variability. Further studies on the

establishment of a system of fisheries production of S. nudus on coralline flats are also discussed.
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Fig. 1. Annual changes in catch of the sea urchin
Strongvlocentrotus nudus in Hokkaido (A) and in
each eight sub-prefecture (B) during the pe-
riod from 1985 through 1993.

(Hokkaido fishery annual statistics, 1987-1995 )
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Table 1.

and B off the coast of Urawa in Fukushima

F L7y ZOMRBBIR NS & AR

Average test diameter, body weight and age composition of Strongylocentrotus nudus collected at Sts.

7

Date

St.A (2 m depth)

St.B (10m depth)

Number of

Test dizuneter

Body weight Number of individuals in each age

Number of Test diameter Body weight Number of individuals in cach age

individuals (mm) () m N V VI [ W IX X X< individuals {1m) ) m NV VvV V1 1 W X X X<
Jun.18.1982 19 47.2 = 38 120 = 11.5 23 553 = 6.8 69.6 = 26.0
Jul30 34 487 = 54 531 %= 166 2 8 9 2 3 3 28 609 + 2.8 708 L 134 17 5 3 3 41
Aug.30 30 47.7 + 50 408 + 119 212 3 4 2 1 4 29 655 + 1.6 108.2 = 209 21 2 3 5 7 5 1
Sep.30 30 H01 £ 44 503 + 138 2 7 10 3 2
Nov.18 30 172 = 33 46.8 = 10.7 2 3 5 1 5 5 9 30 587 £ 35 797 + 164 2 3 5 1 509
Dec.16 30 516 = &l 60.3 = 14.3 2 5 10 10 3 30 718 + 45 1488 + 26.8 2 1 8 13
Jan.2G,1983 30 48.0 = 45 507 = 165 2 6 8 12 2 27 690 £ 7.1 1390 = 314 1 2 3 5 6 10
Febl7 30 50.1 = 39 585 = 126 1 1 1 6 11 8 2 30 716 * 5.8 1522 = 40.6 11 7 9 6 6
Apr. 8 29 480 = 44 50.9 + 14.2 1 2 I3 6 5 2 30 767 + 76 176.2 + 484 L1 1 1 2 6 8 10
May26 30 508 £ 37 588 £ 118 1 3 4 8 6 8 30 671 £ 56 1297 = 329 12 2 4 7 14
Jun27 24 184 = 38 542 = 129 1 32 7 6 4 1 28" 857 = 53 2007 = 49.0 172 1 17
Jul.26 30 534 * 60 760 254 1 1 2 1 10 6 7 2 30 695 * 6.8 1349 = 39.1 1 2 4 3 2 15
Aug3l 30 544 47 683 = 161 3 5 9 10 3 29 787 £ 49 185.) + 343 1 1 6 4 16
Nov.21 29 49.2 £ 32 565 + 119 2 3 10 8 5 3 30 731 = 7. 153.1 = 140.2 1 1 1 3 1 20

*Sea urchins collected under the cultiration apparatus of Laminaria japonica.

Fig. 5. Histological identifications of the gonad devel-
opmental stages. Series A and series B show

developmental stages of ovary and testis,

respectively. 1, Recovering stage ( 1a,X 88 ; 1,
X 35): 2, Growing stage ( 24, X 18: 25,X352):
3. Pre-mature stage ( 3a, X 88 ; 313,%X35): 4,
Mature stage (44, X 88 ; 45,%X35); 5, Spent
stage (5a, %18 5 b, x35).
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Fig. 6. Annual cycles in the gonad developmental
stages at station A (solid circles) and station B
(open circles).
I: Recovering stage, I : Growing stage, II:
Pre-mature stage, IV: Mature stage, V: Spent
stage.
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Fig. 7. Seasonal changes in mean gonad index with
standard deviation at station A and B.
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Table 2, List of marine algae in the area surveyed off the coast of Urawa in Fukushima

Phylum Species July 20, 1983 Scp. 27, 1983 Feb.13,1984

CHLOROPIIYTA  Ulva pertusa +

PIIAEOPHYTA  Dictyopteris divaricata +
Desmarestia viridis + +
Colpomenia sinuosa + +
Laminaria japonica + +
Agarum cribrosum + + +
Undaria pinnatifida + +
Sargassum confusum + +
S. thunbergii +

RIODOPHYTA  Neodilsea yendoana + +
Puchyarthron cretaceum + +
Corallina pilulifera + +
Delesseria violacea +




(4) BFEACH T EEEREN CEFIRIE
61, 9)1& 2 INZIMIRL 72 e OFRE Table 21283
6 )3 202l o VIS Desmarestia viridis, 7 7
11 /1) Colpomenia sinunsa, 7 71 A Undaria pinnatifida, 3
AN 7)) Delesseria violacea®s & D AFFIINVH T 5 14
i A T, 2 ki a2 7 E B AVERE T
A Agarum cribrosum’s R, ALE A HO T, FhER
126 X TTOMAN R BL L 720 S LG, 9 Ticid 7
F AL Lo
AR & Bl OB oL 2 Fig. 812239 i
BEAZ BL M2~ % i D I BLIRM A 5 0~ 3m, 3~
6m, 6~ 9m% S IS 9 ~12mOAKIRNIZ X S
Pzo KO ~3mit, FMMIZUARALT S ATES
Sargassum confusum & N2 A A 7 ) AR B KR
WCHL. K3~ 6mTid, FAMET > TE6
L, BEiMC7F A, 72020, 790y 29808

X LR ORI AR AN 9

N, varyy, 7o) LTS
HPZHk@7+x#&¢LLMm%/:%ﬁ&M
Lo Tl KIEO~12mE TR AHE L L, B
v ay 7, ey rLiikagid s,

u\ﬂm%‘] TWFC o, AKBRBIO R B
WM TCTOLjEm g LB SN d - 72 (Kruskal Wallis
DHELL, p>0% DT, 3 AR A I A L TAKERS

OV B %2 kdTable 312430 720 dABAA
DO EALEE, 6H22141g/nd E e b s <L 9H 2 2))
Wik e b8 bg/m i m i L, FHINTHES
7"‘5-7)“”6’1) HSh/z (Kruskal Wallis® Rk, p<0.03), 4

AKEFM TN L9 ITf T EEd s n
(Kruskal Wahsoﬁva'/ti!; p<0.01), 2 HiZigi#d oh

- 72 (Kruskal Wallisd®es ik, p>0wAwﬂpr
?mﬁ%%ﬁAﬁﬁ%ﬁ&'_Amiv i)y
e < REO~3mT I, 6712 i]4)0gm’C&)

T 5, KiE6~9miE7 F+ ADMEMEL, FHiMmzs A%, 9K, 2 M 372.6g/miE % L 3~6mD

0~3',0ml3.0~6,0n'|1 6.0m~9.0m . 9.0~12.0m q~3;0m3.0~6.01p 6.0m~9.0m 9.0~12.0m  0~3.0m 3.0~6.0m I6.Dm—~l)1)m 9.0~12.0m s
~ e i A e P e o ; )
y= . | [ : ! A ! : E
S 1000p ¢ ; I ; ; Pl | : June 1883 |
B 800k “Total algae E . i ! : ' ' ] '
& 600 [{mﬂ]. o[ O '
5400 | : ;
éo 200 | Undaria ginnarifida i H :
— 1 Ll
T oL =am E ! '
b

[ I
Desmarestia viridis mﬂwmimﬂﬂ"ﬂmﬂm : :
[ ¢ I

'
Colpomenia sinuosa ' :
1
. i

s v JR o
A, b — h

[ garum cribrosum mmﬂ]]]ﬂ] : j

|

h Lammarmjapamcx |mm !

L
AWzrum cnbromm !

—um:m-—ﬂ]]]]ﬂm:-—

embe' 1983

: E i
Wﬂﬂ] Sep
:
L L 1

‘[‘ota.l a[gae
O—

= Undaria pinnatifida
Destnarestia viridis e e
== Delesseria viglacea
Agarum cribrosum
1

_J
t
' .
i H 1 1t ! !
g [
i
i
i
1
'
1
J

[ — | — Febmarv1984
: (T !

Depth (m)

'
i} 1
4000 100

1 1 ) L 1 L 1 I
200 300 4000 100 200 300 400

200

0 160

Distance from shore (m)

=

g. 8. Distributional pattern of marine algae standing crop with the bottom topography of three transects (Tr. 1

~3) at the survey area of Fukushima in June, September 1983 and February 1984.

Table 3. Average standing crops (g/nd) of marine algae in four depth zones of the survey area

Jun. 20, 1983 Sep.27,1983 Feb.13,1984
Depth mean s.d. mean s.d. mean s.d.

0~ 30m 14500 205.77 0.00 000 7262  87.90

3.0 ~ 6.0m 24.80 5110 1.30 3.29 864 1280

6.0 ~ 9.0m 33307 25955 7139 7626 4120  54.64

90 ~120m 23319 4787 4615 5504  46.31 63.52

Total 21411 21682 3860 6287 3860  59.57
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Fig. 9. Frequency distribution of gonad indices by four depth zones of 0-3.0, 3.0-6.0, 6.0-

9.0 and 9.0-12.0m.
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Fig. 10. Map showing areas surveyed.

Open circles and solid circles represent sampling sites ol adults and echinopluteus larvae.



Table 4. Average standing crops (g/m) of marine algae in four areas where Strongvlocentrotus nudus were col-

lected for gonad indices examination off the coast of Suttsu, Otobe, Shiriuchi and Esan

Suttsu Otobe Shiriuchi Esan
Phylum Species Rokujo Genwa Kotaniishi Hiura
Jul. 3, 1990 Jun.6, 1983 Jula.5, 1985 Jul. 19, 1983
M S M S M S M S
SPERMATOPHYTA Phyllospadix iwatensis 942 2013 66.67 25065
CHLOROPHYTA Ulva pertusa 4509 7080
PHAEOPHYTA Dictyopteris divaricata 1.25 280
Desmarestia viridis 163.17 151.32
Punctaria latifolia 0.03 1.09
Colpomenia sinuosa 233 14.16
Laminariu japorica 183582 256879 841.67 3007.96
L. religiosa 367.21 900.61
Kjellmaniella crassifolia 1016.56 3334.78
Agarum cribrosum 174 3.58
Costaria costala 10869 22684 7144 25637
Undaria pinnatifida 10500 188.31 597 11.46
Alaria crassifolia 418 9.68 1260.56 3430.21
Cystophyllum hakodatense 0.67 221 6667 24944
Sargassum yessoense 21800 42570
S. confusum 65.08 117.94
RHODOPHYTA Asparagopsis hamifera 150 497
A. taxiformis 5383  97.69
Neaodilsea yendoana 3.08 9.64 027 311 711 2194
Corallina pilulifera 516 1349
Grateloupiu filicina 040 111
G. turuturu 0.83 276
Rhodoglossum pulcherum 083 276
Chondrus ocellatus 398 1142
C. yendoi 0.33 111 545  20.11 744 27385
C. armatus 1567 5862
Rhodymenia palmata 0.52 2.09
Lomentaria hakodatensis 111 416
Campylaephora crassa 3533 11068
C. hypnaeoides 0.67 221
Laingia pacifica 022 1.26
Chondria crassicaulis 003 014
Laurencia nipponica 250 829 054 0.13 156 582
L. saitoi 1.40 3.10
Symphyocladia latiuscula 0.08 0.28
Odonthalia corymbifera 7917 21517
Total 140 310 87094 121328 2180.86 1326.77 3136.50 2682.28
Number of 1md quadrats 48 12 77 12

M and S represent mean and standard deviation, respectively.
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Table 5. Density (no./mi) of echinopluteus larvae of Strongylocentrotus nudus off the coast
of Otobe, Fukushima, Esan and Shiriuchi

Developmental stage

Develppniental stage

Sites Date St 1 ) m N v Sites Date St 1 I Ji] N
Qtobe Sep.2,1983 A 27 Shirinchi May.29.1984 E
B 12 18 12 i
< 2.1 L0 07 G
Sep17 A 28 Jun? B
B 574 G
[ 1706 02 02 Jun22 E
Sep.30 A 404 G
B 1746 24 Jun.29 E
C 2044 16 07 F
Oct2l A 17 Ll 11 L1 G
B 44 13 06 0.6 Jull 245 A
C 7 03 03 03 Jule A
Nov.2 A B
B 06 12 C
C 03 (3 D
Fukushima  Jul231082 A L
Juk30. Aug10 A F
B G
C Jul7.8 A
Aug23 A Jully A
B 1t B
< C
Aug30 A o
B E
C Jl7s A
Sepd A G
B 10 Jull214-22 A
Sep9 A 8 24026
B 109 Jul27 A
C 46 B
Sep.d A 09 C
B D
Sep.19 A A
B A
C E 3.1
Sep.2 A 160 i 26
B 310 G
C 244 05 03 Augd79 A
Sep.25 A 19 19 10.16
B 27 2.7 05 Aug20 E
Qcr2 A F 34
B 03 G 06
¢ o7 A
n 0.2 0z Sep.15 A 1.2
Oct6.15 A Sepd7 A
B B 06
Oct19 A C 27
B 1 16 D 34
C 16 1o 07 Oct.l A 13.6
Qc123 A0 B 197
B 60 C 397
C 33 D 153
Qcl30 A A 7L 24
B 05 A
c 03 A 83 L2 12
Nov7? A A 153
B A 12
Nov.15. Dec.16 A A
B A 12
C Oct.29,31 A
Dec.28 A Nov.1.349.12, A
B 05 171
Jan17.1983 A 5
B Mar. A
C 05 May E
Feb? A F
B Jun3 G
[ Junz8 B
Feb.23. Mard.23 A E
B F
Esan Jul13, 20, 1982 A G
B Juk L
Aug3d. 10 A F
B JulB,10 A
Aug2s A 12 Jull2 A
B 07 ¥
Sep.l A 25 Jul13.16-1821 A
B 10.4 15 232
Sep.16 A 114 Aug29 F 19
B 67
Sep.24 A 06 30
B .7 07
Oct. 14, Nov.15 A
B
Aug. 10,1983 A 06
B
Sep.28 A 182 29 10
B 88 08
Oct25Dec. 9 A
B
Jan41984 A
B

1 :darmed stage, I : Garmed stage, I : pre-8-armed stage, I @ post-8-anmed stage and V : metamorphosis stage.
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Table 6. Date and number of stations investi-

gated off the coast of Okushiri Island
from 1980 through 1995

No. of stations

Year Date investigated
1980  July. 31, Aug.12, 22 70
1982  Apr.13~ 16 70
1984  June. 2 ~ Aug. 25 70
1985  Aug. 21 ~ 23 70
1986  Aug. 26 ~ 28 70
1987  Aug. 25 ~ 27 70
1988  Aug. 23 ~ 25 70
1989  Aug. 25 ~ 31 70
1990  Aug. 25 ~ Sep.15 70
1991  Sep. 12 ~ Oct.9 70
1992  Aug. 29 ~ Sep.l 70
1993 Aug. 29 ~ Sep.1 70
1994 Aug. 31 ~ Sep.1l 70
1995  Aug. 30 ~ 31 70
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Fig.16. Annual changes in size frequency distribution of
Strongylocentrotus nudus off the coast of Okushiri Is-
land during the period from 1980 through 1995. N in-
dicates the number of individuals examined.

Table 7. Average density (number of individuals/ i) of 0 year class juvenile
Strongylocentrotus nudus off the coast of Okushiri Island and Shimamaki

Okushiri Shimamaki

Year Mean SD. Mazx. Min. Mean S.D. Max. Min.
1980 0.19 0.59 4 0

1982 0.16 048 2 0

1984 14.14 20.2 108 0

1985 3.77 8.78 55 0 0.40 043 2 0
1986 0.43 1.73 11 0 0.15 0.18 3 0
1987 0 0 0 0

1988 0.09 0.28 1 0 0 0 0 0
1989 1.56 3.40 21 0

1990 0.96 3.36 25 0 1.59 287 12 0
1991 391 5.14 22 0 0.59 0381 5 0
1992 211 3.92 18 0 2.05 265 10 0
1993 1.01 2.68 20 0 0.04 0.07 0.2 0
1994 0.16 0.55 3 0 0.30 0.32 1.0 0
1995 1.63 3.04 19 0 455 7.15 35 0
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Table 8. Spearman rank correlation test between density of 0 year class juve-
nile of Strongviocentrotus nudus and average sea surface water tem-
perature in each month of the previous year off the coast of Suttsu

Okushiri Shimamaki

Month D n o} p n o}

January 0.315 12 0.2958 0.252 8 0.5058
February 0.189 13 05133 0.283 9 04229
March 0.036 13 09013 0.067 10 08415
April 0.283 14 0.3075 0.128 10 0.7017
May 0.221 11 04852 0.036 7 0.9297
June 0.058 13 0.8407 0.351 9 0.3202
July 0.235 14 0.3971 0.140 10 0.6739
August 0.436 14 0.1158 0517 10 01211

September 0.526 13 0.0683 0.720 9 0.0418
October 0.265 11 041023 0414 7 0.3100
November 0.044 13 0.8788 0.367 9 0.2997
December 0.223 13 0.4389 0.367 9 0.2997
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Fig.21. Annual changes in commercial catch of
Strongylocentrotus nudus in Okushiri Island and
Shimamaki during the period from 1980
through 1995.

TTO0E Y EOEGIERICMNM S NI DEELL
b, B, 19935 L19M4F I\ REF R o720
&, 199347 OAbifE p p P B 1T L - THRE L A
BT L DM EZ 20, BEITOA 7270
Thdo

BT IR B LRI 1985E D11 T+~ A 5 1986
T L1987 FNZENI6 D v B I U222 L
7o ZORBEEORING HE L 721983 T3 ~45%IC
ELTHESRBE Db 72720 THhDH, FOHK, 1988
HE19894FIE12 b Y RTRIZHA L, ZDH19954F F Ti3
100 Y RBTHR L7, 2O L5, BB LM
ML TMIA L7z 1983454k B & i = o BN £ BEIE 2 hiss
R L7

1983~ 19894F 12 54T £ by B 68 S 17 UL & 45 B o %
FATH XY OB EERTHINZEER, FEB
i 7 & NI T1H 4 ) oififits (CPUE) % Fig. 22
ZRd, ERIIIMAR DS > 7219824 & 19834 ML ¥
HR3E DL 112 7% 19854 E DA A BUIC B K L, 19864 &
19874E X F N ZF 980t L1038t % fldsk L 720 £ 72,
CPULEDSHaM & L [ UL /R 2 L i, 1986~19874
IR EN REROKENE o722 2R LTV 5,
-H7, AL 1983~ 19894 {2 A Y T20~50t~ 13
FHARMICHIR LTV A2, R ORICITEERY
FrizA LNl d iz,

1204 "

—@— Catch
1004 —O— "Transplantation
80
60 4
= 401
- )
- 20 4 O
5]
E
0 T T T T T T 1
= 309 Kg
=]
= CPUE
20
10
0 —

T T T T T T
1983 1984 1985 1986 1987 1988 1989

Fig.22. Annual changes in commercial catch and total
transplantation weight (top), and catch by one
fisherman per day (CPUE) during fishing
season (bottom) of Strongylocentrotus nudus in
Fukushima during the period from 1983
through 1989.
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Table 9. Growth of test diameter and body weight of five experimental groups of Strongylocentrotus nudus

in aquaria

No. Test diameter (mm ) Body weight (g)
Group Initial Final Growth  Initial Final Growth
examined M S M S M S M S
A 30 156 1.3 32.7 31 171 20 046 158 24 13.8
B 30 25.1 1.4 38.3 39 132 86 136 264 3.2 16.8
C 30 334 1.6 12.6 41 92 19.7 234 366 5.3 169
D 20 400 1.7 17.3 4.8 73 32.8 379 487 7.6 159
E 20 54.2 3.1 57.3 56 31 768 1152 872 112 104

M and S represent mean and standard deviation, respectively.
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Fig.23. Seasonal changes in growth rate of
Strongvlocentrotus nudus for five size groups (A
~E) in aquaria from October 1989 through
October 1990. Explanations of symbols (A~
E) are shown in Table 9.
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Fig.24. Changes in water temperature in aquaria
from October 1989 through October 1990.
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Table 10. Growth formulas of Strongyvlocentrotus nudus in seven fishing grouds of southern Ilokkaido
No. Test diameter(mm)
Age
Survey area Date Depth examined Growth formula I I oIV V VT W W X X
Suttsu Yaot Jul4,1990 1~6m 100 T.D{t)=54.3(1-exp(-0.325(t+0.100))) 16.3 26.8 34.510.0 439 46.8 489 50.4 51.5 52.2
Kumaishi Narugami Jun.4,1985 1~10m 150 T.D(t)=59.6(1-exp(-0.232(t+0.095))) 13.3 229 305 36.541.3 45.0 480 504 523 53.8
Okushiri  Kamuiwaki Aug.26,1983 3~bm 300 T.D(t)=62.0(1-cxp(-0.221{t+0.036))) 12.9 22.6 304 36.7 41.7 457 190 51,6 536 55.3

Matsumac Satsumae
Fukushima Yoshioka
Todohokke Choushi
Mitsuishi  Kerimai

Apr.21,1987 11m 200
May.14.15,1985 2~10m 181
Jul.10,1985 2~10m 109
Aug.17,1982 2~5m 50

T.D{t)=63.3(1-exp(-0.200(t-0.322)))
T.D(t)=964(1-exp(-0.292(t-0.258))) 18.8 384 53.1 64.1 72.3 78.4 82.9 86.3 88.9 90.8
T.D.(t)=87.6(1-exp(-0.260(t-0.561)))
TD.()=79.2(1-cxp(-0.220(t+0.166))) 17.9 30.0 39.7 47.5 53.7 58.8 62.8 66.0 68,6 70.7

8.0 180 26.2 33.0 38.5 43.0 46.6 49.6 52.1 54.1

9427.341.151.759.966.271.1 749 77.8 80.0
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Fig.26. Scasonal changes in growth of 1983-year class
of Strongylocentrotus nudus off the coast of Fu-
kushima and Okushiri Island.
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Table 11. Average standing crops (g/mf) of marine algae in seven areas collected from the coast of Suttsu, Ku-
maishi, Okushiri, Matsumae, Fukushima, Todohokke and Mitsuishi

TFukushima

Suftsu Kumaishi Okushiri Matsumae Todohokke Mitsuishi
Phylum Species Yaoi Narugami Kamuiwaki Satsumae yoshioka Choushi Kerimai
JulA.1990 JunA4.1985 Aug.26,1983 Apr21.1087 May.14.15.1985  Jul.10,1985 Jung 1982
M N M S M S M S M S M S
SPERMATOPHYTA Phyllospadix iwarensis 084 13.66 1485  33.24 12.38 10.78
CHLOROPHYTA Ulva pertusa 0.28 6.33 2062 39.11 033 0.74
Enteromorpha compressa 156 3138
E. imtestinalis
PHALOTIIYTA Dictyopreris divaricata 026 076 984 1686
Desmarestia viridis 3000 19842 1516 2231 12500 264.33 307 1171
Punctaria lutifoliv 0.12 285 001 0.07
Sevtosiphon lomentaria 045 109
Colpomenia siniosa 088  14.77 0.06 LOL 263 6.4
Coilodesme japonica 162 872
Laminaria jupunica 71833 1987.68 29675 428644
L. religiosu 537.15 70379
L. angustata 200.19 35138
Kjellmaniella crassifolia 46500 6588
Agarum cribrosum 1514 4844
Costaria cosiuta 1.09 18.90 7845 107596 893 3102
Undaria pinnatifida 100 912 1476 137.89 894 4510 51037
Alaria crassifolia 219 789 54417 85178
Cystophylium hakodarense 37.34 76.55 434 13.38
Surgassum yessoense 001 0.21 365 7.1
8. confusun 082 1839 0.61 305 45700 52899
RHODOPHYTA Asparagopsis hamifera 833 1863
Gelidium amansii 446 8.61
G. vagum 0.01 0.23
Prerocludia tenis 0.08 072
Constantinew subulifera 1397 5158
Neadilsea yendoana 0.01 008 1.00 224 848 2040
Coralling pilulifera 0.23 0.94
Gratelonpia divaricata 152 717
Tichocarpus crinitus 4214 10420
Schizyvmenia dubyi 0.33 0.75
Gynmnogongrus flubelliformis 001 0.11
Rhodoglossum pulcherum .04 101 3052 8952 0.02 Q.09
Chondrus ocellatus 008 131 2361 79.64
C. vendoi 001 0.07
C. armatins 146 3385
Chondrus piniudatus 11833 17286
Rhodymenia pertusa 097 3.58
R. palmata 031 216 049 0.74
Lomenturia catenaia 122 151
Prilot pectinata 067 119 4110 27520
Ceramium kondoi 027 553 250 559
C. japonicum 0.004 0.01
Campylaephora hypnaeoides 001 0.06
Laingia pacifica 034 0.36
Delesseria violacea 0.14 331
Heterosiphonia japonica 0.29 095
Polysiphonia morrowii 1381 1615 195 2549
Chondria crassicaidis 0.003 0.01
Laurencia intermedia 3.80 5.11
L.nipponica 086 1982 0.19 0.96
Symphyocladia latiuscula 0.03 0.08
Odonthedia corymbifera 005 018 -
Total 21.99 1512 11233 69724 0 21.16 ALL 149212 205633 557848 354879 45329 58836
Number of Inf quadrats 16 152 10 13 83 10 29

M and S represent mean standard deviation, respectively.
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Table 12. Avcrage standing crops (g/m) of marine algae around the experimental site of Fukushima
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Julll,  Sep.12 Oct8 Nov.2l Mar.22,
Species 1984 1985
Chlorophyta Ulva pertusa 30.6
Spermatophyta Phyllospadix iwatensis 2505 47.1 543.1 4736 20731
Phaeophyta Desmarestia viridis 339.3
Laminaria japonica 327.6 52.3
Hizikia fusiforme 1113 175.5 264 24
Sargassum thunbergii 455 32
S. sagamianum 67.8 306
Rhodophyta Neodilsea yendoana 321 243 55.1 238
Grateloupia filicina 27
G. livida 88 146
Chondrus yendoi 122
Carpopeltis affinis 29
Gracilaria textorii 3.1
Lomentaria catenata 8.1 232
Ceramium tenerrimun 9.1
Laingia pacifica 53 66.2
Polysiphonia japonica 529
Chondria crassicaulis 34 892.8 589.6
Laurencia spp. 1205.6 12722
Symphyocladia latiuscula
Total 1180.1 1188.1 19219 18630 27548
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Fig.27. Growth of 1982- and 1983-populations of Strongylocentrotus nudus by
four depth zones of 0-3.0, 3.0-6.0, 6.0-9.0 and 9.0-12.0m.

Vertical bars represent standard deviations.
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Fig.28. Data of the sea surface water temperature at
Yoshioka near the survey sites
The upper graph indicate the average tem-
perature during the period from 1981 through
1988, and the bottom the deviations of the
temperature from those averages to each sur-

Fig.29. Annual changes in standing crop of marine
algae by four depth zones of 0-3.0, 3.0-6.0, 6.0-
9.0 and 9.0-12.0m during the period from 1983
through 1988,

vey year.
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and water temperature (C) in aquaria. The
symbols (A~E) are shown in Table 9.
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Table 13. Initial and final average test diameter and body weight of Strongylocentrotus nudus of six experimental

groups (A-F) reared

. Rearing Test diameter (mm)  Daily growth  Body weight (g.wet)  Daily growth
Group  Duration " : . -

days Initial Final (mm) Initial Final (g)
A Apr.6-Apr.26 20 513 £ 22 517 12 0.02 670 = 53 702 + 54 0.16
B Apr.6-May.16 40 509 £ 1.7 518+ 19 0.02 676 £ 63 755 = 68 0.20
C  Apr.6-Junb 60 553 =37 581 = 31 0.05 819 + 137 922 + 14.2 0.17
D Apr. 6-Jun.26 81 549 = 24 572 = 17 0.03 797 = 66 M5 = 76 0.18
E  Apr.6-Jull7 102 518 £ 34 554 £31 0.04 679 + 145 821 = 136 0.14
F  Apr.6-Aug4 120 543 £ 3.7 568 £ 25 0.02 785 £ 129 915 = 120 0.11




F Y LT E Sy SO BB S 2T 35

257
T T
A A
T 1 1
20 m|
T 1
) n
£ T 1
£ 157 T 0
E ® 1 & Initiat
& 1 oA
104 OB
mC
<& Op Fig.33. Changes in gonad indices of
57 AL six experimental groups of
o Strongvlocentrotus nudus.
0 . ' . . ' T - Explanations of symbols
Apr. 6 Apr.26 Mayl6 Jun.5  Jun.26 Jul1l?7  Aug. 4 (A~F) are given in Table 13.

Table 14. Regression formulas between test diameter (T.D.) and dry gonad
weight (W)

Group Date Formula p n p
Initial Apr. 6 LogG.W.=3.7058LogT.D-63178  0.742 10 0.0261
A Apr. 26  LogG.W.=3.0775LogT.D.-4.8940 0.675 10 0.0487
May. 16  LogG.W.=3.1242LogT.D-49026 0678 10 0.0491
Jun. 5 LogG.W.=1.8207LogT.D-25772 0839 10 0.0118
Jun. 26 LogG.W.=1.9346LogT.D.-2.6611 0.700 10 0.0423
Jul 17 LogGW.=2.0269L0ogT.D.-2.7928  0.848 10 0.0110
Aug. 4 LogGW.=26159LogT.D.-38125 0661 10 0.0475

mEm g ow

Table 15. Average daily algal intake. amount digested, gonadal growth, the digestibility and gonadal growth
efficiency for individual sea urchin Strongylocentrotus nudus of six experimental groups

Daily amount Daily amount of Digestibility™* Daily gonadal Gonad growth

Duration . . . )
of food intake food digested growth cfficiency™
(mg, dry weight) (mg, dry weight) (%) (mg.dry weight) (%)
Apr. 6-26 1197 3280 72.82 81.0 24.84
Apr. 26-May 16 634.9 430.8 70.16 250 5.24
May. 16-Jun. 5 670.4 454.3 67.85 321 7.13
Jun. 5-26 732.3 159.1 62.71 64.1 13.36
Jun. 26-Jul. 17 6214 451.3 72.54 234 521
Jul. 17-Aug. 4 394.9 2170 54.96 11.8 5.44

*: Dry weight of food digested * 100/Dry weight of food intake.
*: Dry weight of gonadal growth x 100/Dry weight of food digested.
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ML L2L, 6A2IH2S58A4AETO2E 5 B71.9%ITHY T 526.09g% LRI L, X 512t
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Fig.34. Location of the study area.
Solid circie represents the transplantation site
of the marked sea urchin Strongylocentrotus nu-

dus.
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Table 16. Test diameter (mm, average and standard deviation) and age compositions (%) of the marked-
sea urchin Strongylocentrotus nudus used in the experiment

Date No. Test Age

marked diameter(mm) 1 0 I IV V VvV WM W KX X X<
Sep. 5 ~ 6, 1989 99 411 = 67 0 0 0 71172404 162 71 71 10 40
Nov. 16 ~ 17 102 436 £ 75 0 10 10 59 225284 157 78 78 49 49
Jan. 17 ~ 18, 1990 102 112 = 58 0 10 20 39 216 102 157 78 78 39 10
Mar. 5~ 6 94 465 * 5.2 0 0 0 53266298 181 85 85 32 11
Mayl4 ~ 15 96 420 £ 63 52 0 0 63281 438 104 63 63 0 O
Jul.3~14 100 449 = 64 10 0 41 194 296 296 143 20 20 0 O
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Table 17. Percent occurence of the marked sea urchin Strongylocentrotus nudus and their position

from transplanting site, feeding incidence (percentage of individuals having the food

in their guts) on the kelp Laminaria religiosa 24 hrs. after transplantation

Distance from transplanting site

Feeding incidence

Date
0~ 1m 1~ 2m 2~ 3m 3~4m 4 ~ 5m

Sep. 6, 1989 515 36.4 6.1 6.1 0 86.9

Nov. 17 85.3 118 20 1.0 0 69.6

Jan. 18, 1990 100.0 0 0 0 0 0

Mar. 6 100.0 0 0 0 0 0

May 15 89.6 96 0 1.0 0 93.7

Jul. 4 84.0 11.0 50 0 0 79.0
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Fig.35. Histogram of the amount of gut contents of
the marked sea urchin Strongylocentrotus nudus
24 hrs. after transplantation.
The gut contents are represented as the per-
centage of body weight.
n, m and s indicate number of indiriduais,
mean, and standard deviation, respectively.
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tal stages (B) of the marked sea urchin

Strongylocentrotus nudus.

Table 18. Sea surface water temperature and scale of
wind waves at the area surveyed between-
September 1989 through July 1990

Date Temperature Scale of
(C) Wind waves
Sep. 5, 1989 20.8 1
Sep. 6 216 I
Nov. 16 11.0 0~1
Nov. 17 11.0 0~ 1
Jan. 17, 1990 49 2
Jan. 18 48 0~1
Mar. 5 54 3
Mar. 6 54 0
May. 11 11.0 1
May. 15 10.9 3
Jul. 3 19.9 0
Jul. 4 19.9 0
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Fig.37. Map showing the area surveyed and
topography of the experimental station.
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cations of drifting marine algae (+) in the ex-
perimental station from May 19941 through De-
cember 1995.
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Fig. 40. Density {solid circles) and mean blade length
{open circles) of Laminaria religiosa collected at
0.3m dcpth near the experimental station dur-

ing the period from February 1995 through
December 1995.
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Fig.41. Seasonal changes in density of

Strongylocentrotus nudus by three subzones of 0-
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cember 1995,
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Fig.44. The map showing the experimental sites of
Yaoi and Rokujo in Suttsu Bay.
Solid circles represent the survey stations
which marine algae colonized after removal of
sea urchins and open circles represent the
control stations.
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Table 19.Standing crops (g/m) of benthic animals and marine algae in the
experimental sites of Yaoi and Rokujo surveyed in July 1990

Phylum Species Yaoi  Rokujo

Benthic animal

MOLLUSCA Huliotis discus hannai* 1.68 32.20
Cellana grata™ 0.04
Acmaea pallida* 037 240
Cantharidus jessoensis* 0.10 0.05
Tristichotrochus multiliratus* 0.29 0.13
Omphalius rusticus* 260 5.50
Homalopoma amussitatum* 3.00 740
Temanella turrita* 0.20
Searlesia modesta 0.07
Ischnochiton hakodatensis* 0.60 0.90
I. comptus* 043 0.50

ARTHROPODA Pugurus middendor{fii 0.07 0.08
P. dubius 0.10 0.06
Hapalogaster dentata 0.24
Pugettia quadridens 1.04

ECHINODERMATA  Asterina pectinifera 1297 1870
Aphelasterias japonica 074
Strongylocentrotus nudus* 27200 193.20
S. intermedius* 71.90 32.20
Stichopus japonicus 4.60
Cucumaria choronhjelmi 2.60

PROTOCHORDATA Halocynthia roretzi 3110

Total 365.10 33193

Algae

PHAEOPIIYTA Dictvopteris divaricata 0.26
Undaria pinnatifida 4.09

RHODOPHYTA Polysiphonia morrowii 13.81
Laurencia intermedia 3.80
L. saitoi 140
Symphytcladia latiuscula 0.03

Total 21.99 140

*herbivour.
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Fig.45. Succession proccess of marine algal communities in the stations surveyed.
A, Strongylocentrotus nudus densely inhabited at coralline flats off the coast of Yaoi at July 1990 ; B, At-
tached diatoms densely covered on the surface of crustose coralline red algae at Yaoi in December 1990 ;
C. The small annual green alga Monostroma angicava dominated community in Yaoi at February 1991 : D,
The large annual brown algae Desmarestia viridis and Undaria pinnatifida community in Yaoi at May 1991; E,
The large perennial brown alga Sargassum confusum dominated community in Yaoi at August 1992 : F, The
small annual green alga Ulva pertuse dominated community in Rokujo at July 1992,
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Fig. 46. Size frequency distributions of
Strongylocentrotus nudus and S. intermedius at
the experimental sites in Yaoi and Rokujo.
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Fig.47. Age compositions of Strongylocentrotus nudus in
the experimental sites of Yaol and Rokujo.
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1991 through 1993.
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FORERIFEL {2 & L6 L 7 (Fig. 50(A)),
7, A EAERREOFEMEIE T F T AR D £ <
BT HTREBHERRX IR G- T, BB
WAL ORI B EERIX TR IRE T - 7225, 1992
6~ 8 HIZi40.5kg/mAT#E &, MG LD HE
THRAE T, 72, HESAURRL 7F 7 432050
KU Zedpofaizad, AN i B & (AR BEay 12 B Bl
L 72(Fig.45-F)o 1993%E 6 HiZixE 0 {4 + 795
L CRI{ED BRI % L& L7 (Fig. 50(B)) o A %41k
M, 7YAVES LHEOMRD1991T 4 JTIZAKIL 72
W, FOBRBERK L IIRL > THERO LR IEE
AL HET, BFEO—FFNRIBIHIZLE T 572 (Fig. 50
(C))o AMEAILERIT, T VYA XTI L TH
~EAFIHIM L TR~ZFRITRADT 2 W B E L%
AL TREMICHEE WREEZER T 2BI0E R L
(Fig.50(D))



Table 20. Life forms of marine algae colonized in the experimental sites of Yaoi and Rokujo

FELTHF T OB RIEICE Y D EREEAYRIE 49

I .Annuals

1. Large

Desmarestia ligulata
Laminaria religiosa

D. viridis

Undaria pinnatifida
Costaria costata
Sargassum horneri

2. Small

Monostroma angicava
Ulva pertusa
Enteromorpha compressa
E.intestinalis
Cladophora stimpsonii
Codium fragile
Punctaria latifolia
Scytosiphon lomentaria
Colpomenia sinuosa

C. bullosa

Petalonia fascia
Porphyra onoi

P. vezoensis

Nemalion vermiculare
Asparagopsis hamifera
Hyalosiphonia caespitosa
Grateloupia turuturu
Gloiosiphonia capillaris
Chrvsymenia wrightii
Rhodymenia pertusa

R. palmata

Callithamnion callophvllidicola

Ceramium japonicum

C. kondoi
Campylaephora crassa
C. hypnaeoides
Delesseria violacea
Heterosiphonia japonica
H. pulchra

Dasya sessilis
Polysiphonia morrowii
P. senticulosa

P. japonica

Yaoi

o+ o+ o+ o+

+ o+

I

+ + + + + 4+ o+ + o+ o+ 4+

+oF o+ o+t

Rokujo

+ 4+ o+ + o+ 4+

+ +

+ + + + + + + + 4+ + + + + + + + o+

+ 4+ o+ + o+ o+ o+ o+ o+

I .Perennials
1Phyllosp. Large
Agarum cribrosum
adix iwatensis
Sargassum confusum
S. miyabei

S. thunbergii

2. Swmall

Dictyota dichotoma
Dilophus okamurai
Dictyopteris divaricata
Gelidium pusillum

G. amansii

G. vagum

Pterocladia capillacea
Neodilsea yendoana
Bossiella cretacea
Corallina pilulifera
Grateloupia filicina

G. okamurai

Gymnogongrus flabelliformis

Gigartina tenella
Rhodoglossum pulcherum
Chondrus ocellatus

C. elatus

Lomentaria polyneuwrum
L. catenata

Champia parvula
Acrosorium yendoi
Phycodrys radicosa
Laurencia intermedia

L. nipponica

L. saitoi

L. okamurae
Symphytcladia latiuscula

Rhodomela larix

Yaol

+ o+ + o+ o+

+ o+ + + o+

+ o+

+ o+ o+ o+ +

Rokujo

+

+ o+ 4+ o+ o+ o+ o+ 4+

+ o+

+ o+ o+ o+ o+
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Table 21.Standing crops (g in wet weight/nd) of marine algae in the
experimental and control stations at Yaol and Rokujo site
during from March 1991 to July 1993

Yaol Rokujo
Date Experimental Control Experimental Control
site site site site

March 25,1991 1405.2 0 2912 195
April 24 1895.8 0 588.3 0
May 20 924.6 0 1270.0 0
June 11 19734 79 992.7 54
July 4 7995 0 3527 0
September 27 3132 0 303 0
October 22 183.9 0 57 0
November 27 1764 0

January 81992 1728 0

February 12 397.1 0

March 18 14939 134 21735 6.2
April 17 3383.0 0

May 15 2562.9 0 42814 0
June 16 33119 0 2916.0 0
July 7 3070.0 0 2849.1 0
August 3 2075.0 100 14764 0
Scptember 16 847.0 0 178.3 0
October 6 614.6 0 478.7 0
November 10 6234 0 368.3 0
December 8 5158 0 2129 0
January 7,1993 361.6 0 97.3 0
February 3 2241 0 93.7 0
March 1 4742 0 219.2 0
April 13 1567.9 0 4536 0
May 11 1512.2 0 hh8.2 0
June 15 1514.2 0 7079 0
July 21 1006.0 0 4628 0

EI3m EE

BEA0EL Eich e - TH v TE R AER L Tw/e
AERRTE OV L 7o R EBR IS B VT, EEEICA
BLTWAF s L9 X7 2 MFBGFETHIEICE
T, VEYAHBIZAKREELGEEO 7 AT 718
DN B M7 (Figs. 45-E,49), 7 =2 Bl L&
WEAT TR O AT E A RS SN, o TaF
PR A ERE LT 7z (Table 21), -, ¥ TEFRE
B BIEAEY O TR, WA OER L SFREO
IHEPEL, ZoPhTRF 72993 ) AERTE
WA b (Table 19), HMAFEOF /AR O kA%
Ko & i 722 (Fig. 47), D Lok REr» s, 0%

FREF Y LS F OB VBETICL - THHRLT
Wb ERT & B, B EE LM OGS AR
INFEPHICRED LN DY » TEEFUIB VT, F7 45
XY ARBEECELBLTEYY, ZZThyoo
METEALE 2 > TEVREIFROR S BR BN E %
ZHhb,

BB WIS IR T X ¥y 258 F =13,
WEG 2 ~ 4R THE MmO Mg Y 1 XL, ¥F
O IT20A L OASH IR A R T A GE T 5, BV
B), MELZWENARE LT REOY Y TF
HEICBWTIE 6 A L 8Tl 1 XIEL, 5
~ 8 LA TG AGHEAR 2 /R LT 7oy 7 SRS
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Fig.49. Successive changes in standing crops of four
life form groups of marine algae colonized in
the Yaoli site.
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Fig.50. Successive changes in standing crops of four life form
groups of marine algae colonized in the Rokujo sitc.
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L DB SN KBS LR R ST O & A 5 %
Yo EBIERBHELTHEHTAZLICL Y, KEOAL)
FH L b EZONL, FFLTHF IO
IERRE DB R H 7o T, RS O 4 B4 E &
X$ B L2877 Z ORI ERER10% BE L
=hid.
HBEBKIZBWTIE, 7SR BRI S IEE,
JOT/NEITAE A e, ARV AR e, AN AR i
MR AR L, BRMIIIRLERTAM L RE S 4
iR 7 2 AV E 7 OB S 7z (Figs. 45-
E,49). Z® X5 i s KB, g s Ea~s
) HEROETEE OIS L D EBERIIL, Roim
VBT A =B RSEE Y B X OV R #I ) S |2
XY TELOIMT A8 VOSBRI
TREBERE—HTH, T/, HMERIZIBT S EEY
TEE N HUBEOEBRE LD AT 5, HHdEERIC B
T, B &, BEFRICERFRER LT o T
AW T il BRERINEIHE L, Ribnlk
HEAFHRETH 2 L LTWEY, Lhi-T, ABIED ™Y
ZRRZIRRFEIZ T b s, OBy S REE 1T
THEINBI T - BERIITHE LWL EZ 5N B,
NEEBRKICBWTIE, 7Y AV 78 EENTER

ENT, BEOMMIZZED SN L/ NTELRRS Okt
BTFTAVPELET LMK L o 2 (Fig. 5000 D
T, ANFRIZETRIMNORKNPHAL Thb Iz
WCRKRES OB BT H I8 ICL» T, FFICIL
BT 5% 27 7437 bl L7od i
DMEIMIZE E T H7- MBI NG,

THET, dRHEE O ARE A3 TR0 %
L2y, a2 =70y 7506 REE AL
720358, KA TAVER AN LB LR
Tz, Lo L, AWPRETIEEY A3y 7o THh
AT BB -7h, RV Xy TIREEAL
REH L Ad o 7o (Figs. 49, 500, #lc o > 78 i
RIS, 23 7 B3 BRI T T — TRk
iz D o Tnb2o", AUKROHREClda > 74
2, WAKETIEE Y I Bl EhFhEET LY, F
BBV TIIRY 23 0 7HRET L4TH 5 HRZ
SR THRBLZZ 5 (Fig. 48), k¥ ¥ 7 7% o
—HW7 Y AVET OB HESIE S i (Fig. 49) &
AhEND, 72, TYATESIEFHENSKRTLE
BOBM % g 720! 5w = o A PER S

A, B R ATRRRET AU, A LR & RIBICHE
FT¥bEEZLND,

BVIE FBRBEIERMT O

WEETHR LS, b TERRECIEIF I AT X
DT/ M R EERICERT AL b
§, RO TR DR NS D TRz d 12T L
AEFIHER T vy, LAL, Y ITEEEOY =Y
TR ERETH S, FITINSOEMEBOR K%
AIRMICIE ST L7010, RBEMoO—AFIzE8L
THF§ LB AT AR BETLZ L, BELED
THREN D b,

JEHET RV R H AT, T AR 2y 7
OB IZEFE,» S EFBIINTTIE, BEEM1ImMD
0kgHICET DAY, LFEMIZIXBO TRV, FH
Mar 7HhMRENLIEBZPLEFINPTTEF I L5
Yy OGRS T AL, BEVREEL
WiCTm L&D, RNTRHEREZE225H25 AT
PR EAISIET B — T, AT LEFIINITT
i, SO F Y A5 BB EFO
BEAHIZHARTI 2D T I KSR T 2. ZoEIcE
FULLF 2 A5 F v o0f B sk cang,
FHREDOMEIZEGTELIDELLILNS,

FEYATHFY I RRBIIBCT, HE DR
PhwvESIZEBNRHBR ETEEAELY, 72,

LTI XAHA Mytilus edulis 27 77 T Balanus spp.
& B\ I3 L VH Celleporing spp.7e & 0T % 4 LT
THIEPMOENT S ™™, 351, MNIEF T A
SHFTDOEMREOBM LI D LM TS
porEr s FHRRTIIAFMICA ARG X 258 8000
BzEial 7z, TORE, SRR L > TR
RE B, f, Wi &GEATF 572000, AL
AT, BREEOBMMIRTRTHLZEDWSHMIEN
TWBY 0 UL, AR L - CAMED
WA ED LB T 2 ERIIIH S8R T
Wi =7, BEBTREMTAIF AT T7=0
BSRRON L 729008, AFREN R 7 R 41k
L7z 5 A 58F 7 QB OMK % MET 5 il %
AT 2 UENH D,

AFTIE, KRB SFERIIOTT, KR SRS
BIZBWTEHLLF Y A 5% %7 ZICMAZHREL
PeRAZHERE R AGEE L C, AR OWIGERE &R0 L
AN, EHBEOMNEGBEEE I TR LA, &
S, EVIETHRNF YA THF 7 ZOMAFHICS
JUTTEND S, BRFAEBERME L O72D ORI
WTER LT,




F1E ARBEICLIERERENEX

1) #ME e HE

DL RFITKRIICB T, AT X b AR5
WOXKERET B0 0RBREIT- 7, 1988F101 5
FULS, G50 1 AR v 0 % AL 6 e o b, K8 8 ~
15m?OH v TETHUCART 5, N5 mml o F
Y AFHF Y2000 KE A F 2 —NBKICK D ERE
L7ce TR %, LD S HER M G 2 m) IR
Ly =Tt 7oy 7 2B L7 2 EEIK (A B) IS
SO0 A3 2ULA L7z (Fig. 51 72, 209 B
00ME kDR EM L7z, WEL-F Y A5 F 0=
AR OB H 2 WIREISE L, FrOBA™T L 221988410
H1911 2619894 3 H25H ¥ THEFL 7=

F ¥ ATH R M EORENE 2 APEOAE R
AR B 7HIC, 198991 H1oW £ TUE, AR TH v <
Cololabis saira®, BIXTHv4r Pleurogrammus azonus¥, 7
~12IMETHS ~Tkga M L7 Ok, 1H20H
25 3JI25HE Ty 7L TH A% 3 ~13HHEET
3 ~30kg % # Ml L 7= (Table 22),

Sea of Okhotsk

Sea of Ja:an)

“~— .%:,‘.
(\_,; ummmoo/d/_,

—

Fig.51. Map showing the area studied.
Two experimental compartments (A, B) of tur-
tle blocks covered around fishing net in an ex-
cavated ground and controlled site in natural
fishing ground (C).

Table 22. Amount (kg) of foods fed on two experimental
groups (A,B) of Strongylocentrotus nudus

A

B

Date Cs" Lj*®

U.p*® Pa* L] Up

0ct.19,1988
Oct.31 7
Nov. 8

Nov.10

Nov.16

Nov.28 7
Dec.19
Dec25
Dec.31
Jan.11,1989
Jan.19
Jan.26
Feb.10
Feb.19
Feb.27 10
Mar, 2 10
Mar. 8
Mar.21
Mar.25

[9]]

~N N~

oGl

Total 58 38

~ 01\ ~ o

~1

=

10
10
30 30
10
10

34 60 43 30

*1

Cololabis saira
¥ Laminaria japonica
Undaria pinnatifida

Pleurogrammus azonus

*3

*d
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Table 23. Test diameter and age composition of three experimental groups (A, B, C)

of Strongylocentrotus nudus

No. Age composition
Groups Date examined Test diameter V..V VI WM W KX
Oct. 19, 1988 20 559 £ 7.2 2 12 5 1
Nov. 16 20 587 = 9.3 11 3 3 3
A Dec. 19 20 534 + 82 15 2 2
Jan. 20, 1989 20 575 = 54 7 8 1 2
Feb. 27 19 526 + 4.8 14 4 1
Mar. 27 20 568 * 64 1 13 2 2 2
Oct. 19, 1988 20 537 + 46 1 10 8 1
Nov. 16 20 574 £ 71 10 5 3 2
Dec. 19 20 579 £ 57 9 4 3 3
B Jan. 20, 1989 19 553 + 4.8 0 7 1
Feb. 27 20 582 * 65 I 6 6 5 2
Mar. 27 20 554 = 44 1 9 7 2 1
Oct. 19, 1988 20 537 = 46 1 10 8 1
Nov. 16 20 568 * 44 2 10 6 1 1
. Dec. 19 13 589 * 6.3 6 3 2
¢ Jan. 20, 1989 20 545 = 4.2 15 4 1
Feb. 27 20 570 £ 45 13 6 1
Mar. 27 20 548 + 54 16 4

A, population was supplied the meat of pacific saury and the kelps
Laminaria japonica and Undaria pinnatifida ; B, population was supplied
the meat arabesque greenling and kelps ; C, native population.

N =300

T

15

1

10

Frequency (%)
I
|

ol | W—ﬁl

40 50 680 70

Test diameter (mm)

Fig.52. Size frequency distribution of Strongylocentrotus

nudus transplanted in two experimental turtle
blocks (A, B) in October 5, 1988.

7o, RV AT ENLELZIBEOET BEHE W
HIE RO KR ORIE 2 ~ 3 m) MR (C) &L 72, 10
~3EPTTH 1 BOHET, FERX LGBXH»SF
NENF0EROF S L5+ —FREL, B, K

EBIUHMEER (g BHEE) #HlE L, AMERNE
Kadrze F7z, Jensen®D HEMIZEVIERIERTEL, 90 %
PESNIH & U2 4ERS Tt L7e 70, HEBRIXTIRIZI0H
LA, AERXTIHIZIES TA0H 12 2 0d
ATBRRAKSRERIC X D REOKREZBAIL .

2) R

EBRACRAELZZLEOF 7 A5 HF 9 2 ORFIX
A2~TAmm® T H 0, FFIHFES0~60mm D 8 1k 5
%o 72 (Fig.52)e TN SIS X LT, RWT
6RIFTH L, WHEXICBTLF 5 L 94%F 7 2t
{350~60mmT&H 1), SEOBENER L, HEX LI12T
[ —DERBE D SR STV /= (Table 23),

WM LAZI0AI9AOF Y 559 F 9 D 45E
FEROIAKAS. 8128 L C, BIX ECXT5. 7213135 L
o lie AROAERBIEKIEY < O MBI EIRRE
SEMUIZEAL, 1A bary 770 A 284
YoMz 7% PR LT2 H2TAICIE23. 1oty #
D&, 3H2THIIE21. 7L R KT L 72 (Fig. 53(A)),
BXIZB VT, & v r OfARETIC X o CAMERR
HIZHETLER LA L HEETEEA LR EAY
T, XAYTETH AMB AT YA 2 H R



LERLC3H2TOII321.88 42 0, EERRTRIZIZAIX
LITITHE LV EE %2 - 722 (Fig. 53(B)) o CR Tl Bt
M¥P1IZAKRECLAL, 2BRTTHEHELL, L
L, SHURIZIREWIH U LH L, sA27HICIZ17.8 %
D, AHMEOEMLIEZIINBXOF LA Fy b
R LT/ EH o 72 (Fig. 53(C)),

PENRIC BT 2 RBKRIZI0H19A 015.3C 251~

Laminaria japonica

[P— Cololabis saira "~ Undoria pinnatifida  —*

Laminaria japonica
b——  Plewrogrammus azonus ——
Undaria pinnatifi zla
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Fig. 53. Monthly changes in gonad indices of three
experimental groups (A, B, C) of Strongylocen-
trotus nudus during the period from October
1988 through March 1989. C represent con-
trolled site in natural fishing ground.
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Fig.54. Sea surface water temperatures between
October 1988 through March 1989 at the ex-
perimental site (solid circles) and controlled
site (Open circles).

¥y L 74 %y o AEEEREIIN T 5 BN 55

2HD7TC UTIATL,3H 8 UM5.5C O RALE%E
T, 3 H27TUDT7.6C ~k FRLU. 72, RIXOEEK
HbPRENIR S T R AR HERE L 7 (Fig. 54) .

E2H ARKEICLIEEERSDEIL

1) M EHE

HIETIE, 10253 AT, AAIAKBNME 2ok~
VTETNRAEEZTH Y LG F T OB IREN
BRI E L CINT 2 2 8 2R L, AR
B L ZOBOMERIRET, FRMEORIPED L HITE
b3 2h2MeEcT 4012, HETHCEEADA
K, BEXBLUCKDOF ¥ L 54 % 7 ZOEME L M
ELTKI, V=7, Wy 237 EE X UHIEY
BREE L7, T, AMBERTOLRAZ AAE ﬁ%ﬂ“
H#o@MmA AN LD, BELAY *wtom
FIREIEZIC X D, 110T FCI6BEMRIZHE Lz, &
3—#/kﬁﬁxﬂ7ﬁi,%ﬂ%ﬂ?/}nz-ﬁﬁ
EL5ICIsa - AN T NEZE VL, 72
ﬁ%%uyl%»l—%w%mmt/vaxb4mu

DAHT L7z SN 3T RBEH TR L. BE
EEE, CIEREFHNILEDE, FROKXDPSHRDT,

K=/ a'+b’
FHEE=100 —y (100-L)*+a’*+b?

727U, aldfaMl, bldFEE, LIZBAREERT,
2) R

B DKy, ) a2y, MR, My o8y
Hoag%Fig. 5512, BE & IE#Fig. 56l FhFh
R~ L7z

EBRE MG L2100 o K5 iEAKX, BIX, %6 00C
XTH66%I2xt LT, BN LZAXEBR T, 14
AIZIE70%L L L, MAGEEIm R <R L
Joo LdL, I¥7E0 A MBI EW YRR ZZ1IHT
ARIEIZAS T Lze SRR LTI E L2zCIX
TIEEBRIH 65 ~69%DHIFENIZH b, K& REI
o7z (Fig.55(A)) e 7V 2 — 4 ¥ HRIT BRI MR
2K T35, 7~39. 9% LT, MAREICED 1]
F CTAR EBE TZRZN19.9%%24.8%~F L { Wb
L7z, WEBEUE AT T/ a4 3L
P, 3H MEIZAK T2 % ), B TEBInL
oo THIEHLTCIXTO 7 ) a—4 2 1310~12 5 12 #i
WL, 1BICEs6. 7% EF L MmMLA®2BICTR
L, SAFWICETHIMLL2, wihoH$32%8
THER L7z (Fig.55B)) . WMIEGE &KX CHERR
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Fig.55. Monthly changes in moisture, glycogen, crude
fat and crude prolein in the gonads of three
experimental groups (A, B, C) of Strongylocen-
trotus nudus during the period from October
1988 through March 1989. Glycogen, crude fat
and crude protein are indicated on dry basis.
A, B and C are shown in Fig. 53.

L, BXECXTIE2 Hd o 3 HATFOMNST 525, £
DEALIZED T/NE D 72 (Fig. 55(C)) o #7232 8
ERIEEXTEZLOENIH 2 DEBEMIRK D24, 5~
33.6%72° 5 2 ) 041.4~54. 3%~ L, SHIZH TG
TL, 1~3HIZH T TALBEDPCR EVL L HERL 72
(Fig.55(D))

AR OFEIZAX EBE THAMMNEZ MG L Tr
5, 120H AV 1 AFTIT L, iiGifo 2 H B
WU L, 3 H FAIRCK oI L 72, -
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Fig.56. Monthly changes in chroma and degree of
white colour of the gonads of three experi-

mental groups (A, B, C) of Strongylocentrotus nu-

dus during the period from October 1988
through March 1989.
A, B and C are shown in Fig. 53.
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FErLTHFIOa T AEMEITEAKRT
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INET, F5LFHFY_ONMEORER, Eik
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WREZRRTE, ThoDMETESNmMILIZE &
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W, BEEEPLPCRESTHAIEEZRLTVS, A
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Feeding interrelation between Pleuronectes yokohamae and the other demersal fishes in and
near Kikonai Bay, Hokkaido

Mieko TAKAGI*, Mohamad M. SHAFIEIPOUR*, Yukihiro KONNO*, Hiromi NAKAO*
Mitsuhiro SANO* and Toyomi TAKAHASHI*

’

The feeding in a demersal fish community was studied in and near Kikonai Bay, southwestern Hokkaido. Catches
in experimental trawls conducted between May 1994 to March 1995 showed that Pleuronectes yokohamae had the
greatest biomass, except in winter. [n spring they were found chiefly in nearshore areas of the bay and in summer
began to emigrate toward the offshore areas, where they concentrated until winter. The principal prey of P
yokohamae were gammarids in nearshore areas ( =25 m depth), and sea-cucumbers (Cucumaria sp), brittle-stars
(chicfly Amphiura pachybactra), polychaetes and bivalves (chiefly Limaria hakodatense) in offshorc areas { 225m depth).
There was a marked difference in stomach contents between P. yokohamae and the other main fishes throughout the
vear. This suggests that there is little likelihood of competition between P yokohamae and other fishes for food. Such

a feeding of P. yokohamae seems to be one of the main factors that enable them to sustain a large biomass in the

demersal fish community.
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Table 1. Species composition (% by weight) of demersal fish obtained by experimental otter trawls in
and near Kikonai Bay from May 1994 to March 1995.

Species May August November March
Sevliorhinus torazame 21 5.2 142
Mustelus manazo 07 14 7.1 0.6
Squalus acanthias 14
Raja pulchra 74 54
Bathyraja bergi 2.1
Ammodvtes personatus 041
Ditrema temmincki 227 0.1 <0.1
Ditrema viridis 0.1
Thamnaconus modestus 1.3 16 244 0.1
Stephanolepis cirrhifer 0.1
Fugu vermicularis porphyreus 0.1 4.6 23
Suggrundus meerdervoorti <0.1 35
Pholis nebulosa 0.5 0.2
Chirolophis japonicus 20
Liparis ranakai <0.1
Halichoeres poecilopterus 0.2
Liparis tessellatus 0.3
Oplegnathus spp. 0.1
Tribolodon hakonensis 0.1
Sebustes thompsoni <0.1
Sebastes schlegeli 0.1
Lepidotrigla microptera 13 06
Gymnocanthus intermedius 27
Hemitripterus villosus 04
Alcichthys alcicornis 0.1 01 0.5
Hexagrammos otakii 6.6 26.0 19.8 18
Pleurogrammus azonus 14 05 55.0
Theragra chalcogramma 0.3
Lophius litulon 14
Pleuronectes cornutus 0.1
Pleuronectes yokohamae 370 59.4 385 145
Microstomus achne 41 1.3 7.1
Eopsetta grigorjewi 0.2
Faralichthys olivaceus 44 1.1
Verasper moseri 0.8
Hippoglossoides pinetorm 0.2
Turphops oligolepis <0.1

Number of fishing 6 8 3 4
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Fig.2. Dendrograms showing similarity of demersal
fish composition (% by weight) in and near
Kikonai Bay from May 1994 to March 1995. Py:
Pleuronectes yokohamae, Dt. Ditrema temmincki,
Rp: Raja pulchra, Cj: Chirolophis japonicus, Ho:
Hexagrammos otakii, Mm: Mustelus manazo, Ma:
Microstomus achne, St. Scyliorhinus torazame, Pa:

Pleurogrammus azonus.
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Fig.3. Distribution of CPUE of Pleuronectes yokohamae
obtained by experimental otter trawls from
May 1994 to March 1995. Data are catch per
standardized tow (kg/20min at 3 kt).
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Fig.4. Food composition ( % by wet weight) in stomachs of Pleuronectes yokohamae, by fish

size, month, and area, in and near Kikonai Bay from May to November 1994, Area A:

southern area of 25m depth and less, Area B: southern area over 25m depth, Area C:

northern area over 25m depth. Numerals are number of stomachs cxamined.
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Fig.5. Food relationship of the main demersal fishes in and near Kikonai Bay in May 1994. The "size square” for each

of the fish species and the thickness of the lines connecting fishes with prey items show the relative amount of

the biomass and the percentage (by wet weight) of each prey item in the stomach contents, respectively. Area

A: southern area of 26m depth and less, Area B: southern area over 25m depth.
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Fig.6. Tood relationship of the main demersal fishes in and near Kikonai Bay in August 1994. The "size square” for
each of the fish species and the thickness of the lines connecting fishes with prey items show the relative
amount of the biomass and the percentage (by wet weight) of each prey item in the stomach contents,

respectively. Area A: southern area of 25m depth and less, Area B: southern area over 25m depth.
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Fig.7. Food relationship of the main demersal fishes in and near Kikonai Bay in November 1994. The "size square”

(Predator)

7. modestus

for each of the fish species and the thickness of the lines connecting fishes with prey items show the
relative amount of the biomass and the percentage (by wet weight) of each prey item in the stomach

contents, respectively. Area B: southern area over 25m depth.
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Table 2. Overlap percentage of stomach contents weight between P yokohamae and other fishes calculated

by Bray-Curtis index in May 1994,

P. yokohamae

Area A Area B

Species 101-200mm 201-300mm 201-300mm 301-400mm
P. olivaceus 0 % 0.1% 0% 0 %
H. otakii 2 251mm 0.2% 1.3% 10.2% 10.0%
H. otakii = 250mm 39.1% 33.8%

G. intermedius 55.0% 34.1% 4.8% 0.3%
P. yokohamae 101-200mm - 33.1%

P. yokohamae 201-300mm 33.1% - - 71.1%
P. yokohamae 301-400mm 71.1% -
D. temmincki 0 % 0 %

M. achne 0.6% 0.5%
S. torazame 0.2% 0.1%

Table 3. Overlap percentage of stomach contents weight between P yokohamae and other fishes

calculated by Bray-Curtis index in August 1994.

P. yokohamae

Area A Area B

Species 101-200mm 201-300mm 201-300mm 301-400mm
H. otakii = 251mm 1.8% 2.7% 1.1% 22%
H. otakii < 250mm 431% 33.1% 0.4% 1.5%
F. v. porphyreus 81.0% 28.7% 0.6% 1.5%
S. meerdervoorti 81.0% 28.7%

P. yokohamae 101-200mm - A7.7%

P. yokohamae 201-300mm 47.7% - - 87.7%
P. yokohamae 301-400mm 87.7% -
T. modestus 1.8% 6.8%

L. microptera <0.1% <0.1%
M. manazo 7.2% 1.3%
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Table 4. Overlap percentage of stomach contents weight between P,
yokohamae and other fishes calculated by Bray-Curlis index
in November 1994,
P. yokohamae
Area B
Species 201-300mm 301-100mm
H. otakii 2 251mm 5.5% 4.1%
T. modestus 1.9% 0.2%
F. v. porphyreus 0 % 0%
M. manazo 4.3% 29%
S. torazame 21.1% 11.6%

P. yokohamae 201-300mm
P. yokohamae 301-400mm

- 31.7%
3L7% -
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Distribution of large algae at Suttsu Bay, western Hokkaido, Japan

Tadashi KAWAT*

Distribution of large algae the main source of nutrition for sea urchin, Strongylocentrotus intermedius (A, AGASSIZ)
and S. nmudus (A, AGassiz) at Suttsu Bay, western Hokkaido, Japan, was investigated on 19 August 1996, Community
of the subtidal zone (0.4-7.3 m in depth) was examined at three sites . The sampling sites were chosen to represent
all possible typical habitats in the shallow sublittoral of Suttsu Bay : the cstuary of Shiribetsu River at Isoya, and
head of Suttsu Bay at Utasutsu, and mouth of the bay at Yaol. Laminaria spp. dominated in the estuary, and

Sargassum confusum A. AGARDH was abundant at the other locations. The dominant species observed in the shallow

subtidal zone at Suttsu Bay was S. confusum.
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Fig. 1. Study site at Suttsu, western Hokkaido. Japan.
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Fig. 2. Sampling sites were located adjacent to the
estuary of Shiribetsu River at Isoya, the head
of Suttsu Bay at Utasutsu and the mouth of
the bay at Yaoi.
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Fig. 4. Topography of the survey areas at line 3 of
each sampling site (see FFig. 2). Roman letters
on the X-axis indicate the sea bed quality at
each sampling point. The sca bed quality was
defined by the
sediment: 2-10 cm, rock gravel (RG); 10-30 cm,
boulder (B); 30-100 cm, rock boulder (RB); >
100 ¢m, bed rock (BR).
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Fig. 5. Biomass of Laminaria spp. and Sargassum confusum at line 3 al each sampling site (see Fig. 2).

Table 1. Sea bed quality, depth (m), and algal biomass (g/m) at Isoya (see Fig. 2). The sea bed quality is defined by
longest diameter of the sediment: < 2 mm, sand (S); 2-10 cm, rock gravel (RG); 10-30 ¢cm, boulder (B); 30-100 cm,
rock boulder (RB); > 100 cm, bed rock (BR).

Distance (m)
0 10 20 30 40 50 60 70 80 90 100

L-1 Sea bed quality B BR B B B B B B RB BR RB
Depth 24 27 3.6 43 4.1 45 45 45 5.0 3.0 6.0
Undaria pinnatifida 00 5388 0.0 00 0.0 2232 0.0 0.0 0.0 0.0 0.0
Laminaria spp. 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 8000 15804 88
Sargassum confusum 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 3.6 0.0 0.0

L-2 Sea bed quality B B B BR BR S S B BR BR BR
Depth 0.4 1.0 1.3 10 2.0 26 27 17 3.6 34 39
Undaria pinnatifida 0.0 0.0 00 2764 796 00 1016 1052 00 2572 0.0
Laminaria spp. 24432 00 16200 911.2 0.0 0.0 0.0 0.0 0.0 00 184
Cystoseira hakodatensis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 318
Sargassum confusum 0.0 00 164 9352 0.0 00 196 0.0 00 4344 4516

L8 Sea bed quality BR RG B B B RB BR B BR RG RG
Depth 0.6 11 18 24 25 30 34 34 35 44 46
Undaria pinnatifida 0.0 0.0 0.0 0.0 0.0 00 452 0.0 00 0.0 00
Laminaria spp. 13176 88560 6064 3240 8076 15.6 3.8 0.0 24 15904 7408

Sargassum confusum 0.0 00 184 56 1380 1096 7068 348 00 276 7244
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Table 2. Sea bed quality. depth (m), and algal biomass (g/ni) at Utasutsu (see Fig. 2). The sea bed quality is defined
by longest diamecter of the sediment: 2-10 ¢cm, rock gravel (RG); 10-30 cm, boulder {B); 30-100 cm. rock boulder (RBY);
> 100 cm, bed rock (BR).

Distance (m)
0 10 20 30 40 50 60 70 80 90 100

L-1 Sea bed quality B BR BR B RG BR BR BR BR RG BR
Depth 1.3 L3 21 2.1 2.3 2.1 27 27 31 36 35
Undaria pinnatifida 0.0 1624 0.0 0.0 0.0 0.0 13440 0.0 0.0 0.0 0.0
Laminaria spp. 0.0 30476 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sargassum confusum 0.0 484 00 00 432 00 00 0.0 36 0.0 0.0

L-2 Sea bed quality BR RG RG RG RB RB RB RB RG RG RB
Depth 0.6 15 18 15 1.6 09 21 1.6 31 3.2 32
Undaria pinnatifida 0.0 0.0 00 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
Laminaria spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sargassum confusum 0.0 0.0 0.0 0.0 00 8044 00 0.0 0.0 0.0 00

L-3 Sea bed quality BR BR BR BR BR BR BR BR BR BR BR

) Depth 0.6 16 1.7 18 2.2 3.1 39 37 4.3 4.8 6.2
Undaria pinnatifida 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Laminaria spp. 1063.6 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sargassum confusum 00 8256 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 00

Table 3. Sea bed quality, depth (m), and algal biomass (g/m) al Yaoi (see Fig. 2). The sea bed quality is defined by
longest diameter of the sediment: 2 mm-2 em, gravel (G); 10-30 ¢cm, boulder (B); 30-100 cm, rock boulder (RB); > 100
cm,bed rock (BR).

Distance (m)
0 10 20 30 40 50 60 70 80 90 100

L-1 Sca bed quality BR BR BR BR BR BR G G RB BR BR
Depth 1.6 11 0.8 08 20 33 6.1 6.7 57 7.0 7.3
Undaria pinnatifida 0.0 00 1300 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Laminaria spp. 0.0 00 0.0 00 00 0.0 00 0.0 00 0.0 0.0
Sargassum confusum 3672 7812 21856 15228 4624 0.0 0.0 0.0 0.0 0.0 0.0

L-2 Sea bed quality BR BR BR BR BR B G B B BR RB
Depth 0.5 0.7 0.7 10 1.2 47 6.5 49 6.7 6.4 44
Undaria pinnatifida 0.0 0.0 00 1183 1772 0.0 00 0.0 0.0 0.0 0.0
Laminaria spp. 0.0 0.0 00 0.0 0.0 0.0 00 00 2748 0.0 0.0
Sargassum confusum 12972 2628 0.0 14020 0.0 0.0 0.0 0.0 0.0 0.0 0.0

L-3 Sea bed quality B B B B B RI3 RB B B B B
Depth 0.5 0.7 0.8 1.2 1.8 27 19 34 39 4.3 49
Undaria pinnatifida 0.0 00 00 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
Laminaria spp. 699.2 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0

Sargassum confusum 0.0 3696 341.2 8120 9088 1437.2 11992 9144 12596 14526 4288




82 JIFmEsE

WHTH 7 ATEHHEMITRY, BUTE—E7
VAVEIPENTDHEERLND, X o TUEDMR
FAR N THER DA T I A HRMT O Wi O H R, 7
AVES LFEMEND,

BRI R HWE LT ay 70 AT
LE, i oy icay THIME T L 0% B
@%k,ﬁ¢&~u7mv7L@ﬁ¢éﬁﬁww&kM
Beefli/Eic e 5 2 LB CH 5, i@ Y, FFHIT
OHEE 7 P AV EZ B LR TH Y, Wixm&ww
Ty 7 HEREALTH BHMWICE 7 APE2 1K
DU D THDH Do 272 LA TH ik o >
THIAWEN T HOT, WK ERE ST, A
BRI ZHRTLay 7HFE N LT E PSR
Lo A THEHEII 7V AV E B L IR L THEEMS
BERDT, WEEOLEEE O, Lo TEHBROMYE
W lEi | RIS D 2 > 7L LTV BBk
WP LHNHDERETHA D, 7272 LRI T 1A
NI D AT, fuid 2 B R BB R INTH b,
RO LY 2 7THAREIEGTT 5 2 &2y
TEDYTIWD TY v, £ O Ta v 78 A

DB A M B DT HIUT, ﬁ%wvmﬁﬁﬁv@é
TIATEY VROES 0 v TR A DR OB
BhYENLSH, LiLEvaa /70)|‘Hﬂlci7kiu‘i‘lffd‘~?
9°Cd 2 72 ILHEER L THER 3 B HEIZ A INBLT 5
WHEEATH DY, B OKEER L TH ViR TR
L e L 2 Hi 5 % BIJE L 2 chdud, ik Lisko
W2 LT, AR » 7HOEEZ BT
LIEPHLOTHA D Lo THADTR TIZHB T
% OHFIRT 2 2 THIVES LSBT, #
MCTHhiL7LAVEsOFEL, 7 HOWWRE L L
THHFT LI L LEZLLENHE I,

3

1. 199677 8 JT 191 (A HRIE ¢ R o 53
yA

2. A ACHL I T (R, B CGIREE) IS L (D58)
WV, Wi OKIEO.4-7. 3m) TR Y A &2 17
72,

3. TITIE a » THIAE W H e, AFmRiA ek
DRNERDL EENMIE 7L ATEYTH T,

ik AL

A &¥

HERBIOFEDAE T2 W THIEOR & TV 22 dbisE ks
BB R E SR, AR L THRER S B &

O A 2 RE B 5T 72 /O 1 1 G X/ o O 28 9 48 R 144 i
HOFMAGER, EXERE L CuZn/i A
@ CP.Norman i+, ¥ARTEIZHD L Tl iinicdk
TRET B ZETR Iy, AR MT IR BEE R, TRRET SR IXK
PESEA W NIRRT, Jbi &R T OBRELE » & —KOEiFsE
A, Al ok JeoK e BRI E I o PR AR L RS
b,

IRk

) TEATHE  AGERE R IR Y OB T, dbAGRS &
9, 31,3-9 (1995)

2) RAVHRE, ATOUA  db#EdEN R o 2 Axk
PERDOFRZ T VMR LRI X B E B AT,
MOWIE. 1(3),175-185 (1995)

3) HrHET RO ARRIEOREE | iER
. 20(6),355-362  (1981)

4) FHEE 7T COMEREE ORI, AGE EA.

26(2),25-32 (1990)
5) BERIRAT o e g A B o GV Mol o 3 3 oD 43
M. mEAES. 31(2),109-114  (1989)

6) AR & AR T kst RO WA 12 30 B i)

HEFE O O AR AL ARIIREEL. 53,1-5 (1991)
7) FRIIRAME @ R B BT AR R o
kB HAKREE . 62(5),765-771  (1996)

8) I
(1),49-52 (1978)

9) ISR 0 HAGEZ > 7%, 5 1, LI 1t
H A~ % —, 1989, 226p.

10) #REFRE RV Ay T ERB~YI LT, ) L)
IOy 7 ORI L S E. AKPERAH. 39(1),91-
95 (1991)

11) %Hste—, KEpses, HAECD: | AR A @ 2 4E
a7 AR RETTREAHERR, ALUKBITH, 43, 25

35 (1993)

HRER O & B KE LA

12) JHIFFMESD © il | A% R VG i fe. il e io‘h‘éiﬁi-
TR O R AL O REE. L/ HL 11-18
(1997).



AL AGABRIR 51,83 -87(1997)
Sci. Rep. Hokkaido Fish, Exp. Stn,

THZMEREAROBZEL"
YL

Daily changes in the number of larvae released by the hair crab, Erimacrus isenbeckii
(Brandt) *'

Yoshiyuki UEDA **

Daily changes in the number of larvae released by hair crabs, Erimacrus isenbeckii (Brandt), were observed under
laboratory conditions. Ovigerous females (N=5) released their larvae one time cvery 24 hours during the night
period, and it took approx. 2 weeks for all the embryos to hatch. The daily changes in the number of larvae released
closely approximated a normal distribution pattern. During larval rclease, ovigerous females performed the
following four sequential behaviors : high-onlegs, extending the abdomen, pleopod waving and flexing, pleopod

combing. The female crabs removed the ovigerous hairs with empty egg-shells on the last day of release. The

ovigerous hairs were regenerated before the following moult.
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Fig. 1. Dorsal view of an ovigerous emale hair crab
releasing her larae (Showing high -on-legs,

peopod waving and flexing).

Fig. 2. Frontal view of an ovigerous female hair crab

releasing her larae (Showing pleopod combing).

Fig. 3. An ovigerous hair with empty egg-shells

removed by the female (Scale bar is 3 mm).
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