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Variation in the maturity size of the Japanese sea cucumber, Apostichopus japonicus, by macroscopic observation,

in the coastal waters of Hokkaido, Japan
SHIRO TAKAYANAGI*' AND TADASHI MISAKA'
' Kushiro Fisheries Research Institute, Hokkaido Research Organization, Kushiro, Hokkaido 085—0024, Japan

Variation in the maturity size of the Japanese sea cucumber (Apostichopus japonicus) collected in the coastal waters around
Hokkaido, Japan, was assessed. From 2006 to 2009, 2,978 specimens were collected during June and August from 10 localities
and examined by macroscopic observation. Differences are found in maturity curves and 50% maturity size (body wall weight)
in the different coastal waters. Based on generalized linear mixed model (GLMM) analysis using the obtained maturity for each
individual as a response variable, the optimal model divided the 3 coastal waters into the Sea of Japan (including the Tsugaru

Strait), the Sea of Okhotsk and the waters of the Nemuro Strait and the Pacific Ocean (Hidaka area). The estimated 50% maturity

body wall weight was 97.5g, 76.1g, and 64.1g for each area, respectively.
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Fig.1 Annual catches of Japanese sea cucumber in Hokkaido and its 10 subprefectures.
Data source, Hokkaido Fishery Statistics (Hokkaido Gyogyo Gensei and Hokkaido Suisan Gensei).
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Fig.2 Locations sampled for Japanese sea cucumber specimens.
1. Hokuto Moheji; 2. Inaho and Kantahama, Okushiri;
3. Shakotan; 4. Yoichi; 5. Tomamae; 6. Kutsugata, Rishiri;
7. Soya-Bay, Wakkanai; 8. Oumu, 9. Shibetsu; 10.
Shizunai, Shinhidaka.
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Table 1 Locality, sampling date, sampling method, number of individuals, total body weight, and body wall
weight of Japanese sea cucumbers used by this study.

Locality Sampling date ~ Method Nu@!aer of Weight (g) Boc'ly wall
individuals weight (g)

Hokuto Moheji 2 July 2008 Diving 49 29-616 19 - 281
8 Aug. 2008 Diving 50 46 - 522 32-246

31 July 2009 Diving 80 77-514 45-238

26 Aug. 2009 Diving 70 120 - 436 78 - 224

Inaho and Kantahama, 7 July 2008 Diving 100 43 -295 29-182
Okushiri 4 Aug. 2008 Diving 100 22 -224 14 - 136
8 July 2009 Diving 100 40 -338 28 - 191

3 Aug. 2009 Diving 100 64 - 246 41-133

Shakotan 10 Aug. 2009 dredge net 59 78 - 466 56 - 226
Yoichi 9 July 2008 dredge net 99 41-471 25-248
24 July 2008 dredge net 100 46 - 473 28 - 246

7 July 2009 dredge net 99 50-310 25-162

Tomamae 8 July 2008 dredge net 101 61-169 46 - 109
22 July 2008 dredge net 100 32-170 20 - 84

13 July 2009 dredge net 106 29 - 236 16 - 139

24 July 2009 dredge net 110 50-220 31-154

Kutugata,Rishiri 14 July 2008 Diving 50 30-376 27-227
16 July 2008 Diving 47 73 - 505 60 - 268

28 July 2008 Diving 12 91-585 86 - 206

29 July 2008 Diving 44 60 - 367 36-301

Soya-Bay, Wakkanai 21 June 2006 dredge net 179 63-317 52-189
Oumu 31 July 2007 dredge net 106 42 -277 28 - 166
20 June 2008 dredge net 100 32-423 20-173

18 July 2008 dredge net 105 33-331 20-219

18 June 2009 dredge net 95 73 -472 40-191

22 July 2009 dredge net 98 35-244 19-108

Shibetsu 28 June 2008 dredge net 55 15 - 604 10 - 258
6 Aug. 2008 dredge net 90 23 -437 14-217

15 July 2009 dredge net 98 25-625 16 - 375

5 Aug. 2009 dredge net 97 37-570 27-279

Shizunai,Shinhidaka 16 June 2008 Diving 101 23-352 16 - 234
1 July 2008 Diving 84 43 - 386 29 -276

18 June 2009 Diving 94 32-345 22-194

7 July 2009 Diving 100 41-296 27-198
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Fig.3 Body wall weight frequency distribution of Japanese sea cucumbers collected from the 10 localities.
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Table 2 Parameter (8o, 81) and 50% mature body
wall weight (SM50) of the size and

maturity relationship model (logistic

regression) estimated for each locality

using GLM.
Locality o B SMso(g)
Hokuto -16.36  3.42 109.0
Okushiri -8.70 1.91 94.4
Shakotan -11.15 2.36 105.9
Yoichi -11.47  2.51 96.0
Tomamae -8.04 170  106.5
Rishiri -11.17 235 107.1
Wakkanai  -12.18  2.63 98.8
Oumu -13.91  3.22 80.7
Shibetsu -12.13 293 70.6
Shinhidaka  -9.15  2.27 65.3
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Lol ds, MOFEME OHMAGHLETIIEEEDLD -
oo INHOZEDS, KA X —KBABERIZBI 2 i
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W, FIREMTARS L OCHEANT 2 S MK S L5 i,
HER N, # L CEEIT EHO 222 5k sh s
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Table 3 Likelihood ratio test results indicating differences among localities with respect to the body size and maturity

relationship model (p value).

Locality Hokuto Okushiri Shakotan Yoichi Tomamae Rishiri Wakkanai Oumu  Shibetsu
Okushiri 0.075 —

Shakotan 0.884 0.302 -

Yoichi 0.041 0.244 0.325 —

Tomamae 0.274 0.148 0.985 0.739 —

Rishiri 0.932 0.073 0.906 0.186 0.484 —

Wakkanai 0.120 0.478 0.394 0.627 0.735 0.232 —

Oumu 0.000*  0.026 0.000* 0.008 0.012 0.000*  0.000* —

Shibetsu 0.000*  0.000*  0.000* 0.000*  0.000* 0.000*  0.000%* 0.015 —
Shinhidaka ~ 0.000*  0.000*  0.000* 0.000*  0.000* 0.000*  0.000* 0.000*  0.469

*:<0.001
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W, HEWME#%%@#Lt (Fig.6)
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8~9 F ¥ ToOKMDKIREAL (FiR) HEAIXIZIZFELET
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Table 4 Division of the coastal waters using GLMM and the AIC of each model.

AUBEOTRHTIE, AR8—Y 7 TREVWRTBALNR,

T/ARE L H S TR E{E’E?wato $7z,

WELHETREADOKRIIEID 0TI

5 h3,
Wiz,
DEDZ Ens, B 4 X TH S N7 5
KREREH) % WD S DR L OXIBfHT %35 Lk
YA XKD KEVIER~FR (bRl & BT &%
FHAT & AT T & 5 R AT &AM 2 & MENT) Tld, i
IR\ HRIRER TH o720 F72, B
d—v 7 (HERAT) EMR=E - H
e (REEERT & O 2 00)) TILIBAGRMEI AR & 7z,
12, AT A AHNLYNEVIRE - HETI’, 5%
(5~8BLXU9IH) DKIRIILFIMAKIRTH > 724K —
WA o 72,

D 2D DUEHHIKX 55
BT A X D/NE vt

4[] %l L 727Kk 0 ZS AL i;]'oioi‘,ria

GLMM structure Number
No. o AIC
(combination of waters) of waters
| (Hokuto & Okushiri & Shakotan & Yoichi & Tomamae & Rishiri . 2659.8
&Wakkanai & Oumu & Shibetsu & Shinhidaka) '
Hokuto, Okushiri, Shakotan, Yoichi, Rishiri, Tomamae
2 . . o 10 2661.7
Wakkanai, Oumu, Shibetsu, Shinhidaka
(Hokuto & Okushiri & Shakotan & Yoichi & Tomamae & Rishiri & Wakkanai) , 3 2651.0

(Oumu) , (Shibetsu & Shinhidaka)

Table 5 Parameter (80, 81) and 50% maturity size (body wall weight, SM50) in the size and maturity
relationship model (logistic regression) estimated for the 3 coastal waters using GLMM.

a: body wall weight, b: total wet weight.
a: body wall weight

Combination of waters SM.

bo A 50(e) 95% confidence interval
Hokuto - Wakkanai -13.75 2.99 97.5 94.7 - 100.5
Oumu -14.89 3.44 81.2 76.9 - 86.2
Shibetsu & Shinhidaka -11.46 2.82 67.4 63.2-71.6
b. total wet weight

SMsq

Combination of waters SM:-

fo A 50(®) 95% confidence interval
Hokuto - Wakkanai -12.20 2.24 161.2 155.9-166.8
Oumu -13.30 2.52 146.8 137.5-158.8
Shibetsu & Shinhidaka -11.01 2.33 104.7 979-1114
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Fig.6 Monthly variation in sea water temperature at 8 stations along the Hokkaido coast, expressed by Tukey’s box-and-whisker
plots. Rectangle, interquartile range; center line, median; bar, maximum minimum range, except for abnormal values; open
circles, abnormal values. Observation stations: SH, Shiriuchi; OK, Okushiri; YO, Yoichi; HA, Haboro; KU, Kutsugata;
MO, Monbetsu; RA, Rausu; ER, Erimo.
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