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Tab.1 Production period of the economic species of cephalopods in China
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Tab. 2 Egg-spawned number, egg size, incubation condition, and hatching time of the economic species of cephalopods

in China
/ X /mm
( ) /C /d
1000~1500 (14.55£2.14)%(10.46+1.69) 22~24 30 21~22 [6, 58-59]
354 (39.7+1.7)x(17.1£1.1) 20~23 28 28~30 [53, 58-59]
500~3000 (30.742.4)x(13.4%1.3) 23+0.5 28 14~31 [41, 58-59]
800~2000 (100.10)x(5.5+0.05) 20~26 25-32 17~26 [6, 58-59]
80~87
17 - 65~74
ooy
10°~60.5x10* (2.4+0.2)x(1.2+0.1) 2~1 > 34 [39, 42, 60-64]
7 _ 29~49
15~42
300~500 (5.5+0.2)(2.3+0.1) 19'496;25 ©2832 29-41 [12, 34]
9~125 (13~20)x(4~6) 21~25 28-31 72~89 [28]
5% 2001 Iglesias®® (Maja
, brachydactyla)#k , 22.5C
[39-40]
[29-31] 18~
27°C , 1 , 2.2g
(2.42%  6.13%); 27C .
50, 132] 3 a*]‘ﬁz
2.1.2 ,
) 28]
’ 10 m’ ,
33] - ’
[32] [232]4 33’ ) 4 ) 60%,
27~30 25~32 . 100g
28~30 30
’ s , 750 g
2.2 AEH 3~4 2.5~3 kg
, , (Sardina pilchar-
, dus) (Trachurus trachurus) (Micram
[35-36], esistius) (Boop boops)  (Scamber scambrus)
, (Mytilus sp.) ,
0.3~0.8 kg / 94.3%42],
24 h , )
(24, 37]
, Itami  P% 24.7°C, ,
(Palaemon serrifer) , 60 d

Marine Sciences / Vol. 42, No. 3 /2018

151



Cir

S

EVIEWS

Pt

R

8T %58 [ — SHE YWY WK WY o€ T0 — 0 098~09L —  ST~0I HFY}
" 9/¢ £6€°0 — Mig “Bldg o1 10 — — — 8C~9C 9T~ST -
%ST 81°0 - By W Wi 6 £0°0 — — — 8C~9C 9T~ST
7 ‘6e %S T L 0Ix(6'1FS6) — WewsEwk WK ov L01x(10°0FrE0) — 0 — ¢¢ (a4 -
%b'€ — — I Yyl oppuinbs vy 09 — — 0 — — I B
8T %8 — 8 v "SR EY  0I~¢ — — 0 — SE~CT  8T~VT M J4L
43 %L'96 — — NIE 15712 S | 10°0FI€0 LOFr6 — 001'$~08'L LT~VT €T~TT ¥Miiaal
€< — 9€0°0798°9 0TFS0S WA duN IRy CFE 09 [10°0FLT0 ['078'6 0 €0'8~v8'L S$O0F0E TT~0T ¥’ H
&4 %08 — 0¢ BOdECH. 0€ - - 0 - - - Yim <
3/ wruy p/[Elfn ww/  p/
wr O wmwvn st o v M wwwn w omw Y g
L Jh o) N A1 HH

$)99JJ9 puE SUONIPUO) SULILII [BAIRT € ‘B[

HRHHEEHYE %

42

/

/2018

152



4 RE

Forsythe!*¥

> >

[49]

12 mm
1.8

HRgik
R EVIEWS
s Hanlon!*
[45-47]
[48]
, 2
6.1
[50] [1]

— (Alizarin Complexone, ALC)

,210d
100%

6 L

[51]

7 HEFEMEE

’ (2]
100%,

Allcock A L, Lindgren A, Strugnell J] M. The contribu-
tion of molecular data to our understanding of cepha-
lopod evolution and systematics: a review[J]. Journal of
Natural History, 2015, 49(21-24): 1373-1421.
Food and Agriculture Organization. FAO Yearbook:
FAO Annuaire. Fishery and Aquaculture Statistics [Elek-
tronische Resource]: Capture Production, Aquaculture
Production, Commodities|[M]. FAO, 2016, 11.
[M].
, 1991, 27-32, 197-207, 214-216.
Dong Zhengzhi. The resource and Biology of Economic
Oceanic Cephalopods in the World[M]. Jinan: Shandong
Science and Technology Press, 1991, 27-32, 197-207,
214-216.
Lu C C, Zheng X D, Lin X Z. Diversity of Cephalopoda
from the waters of the Chinese mainland and Tai-
wan[C]//Proceeding of the 1* Mainland and Taiwan
symposium on marine biodiversity studies. Beijing:
Ocean Press. 2012, 76-87.
: [M].
: , 2016, 44.
The Fishery Office of Agriculture Ministry, China Fishery
Statistical Yearbook[M]. Beijing: China Agriculture Press,

Marine Sciences / Vol. 42, No. 3 /2018 153



[10]

[12]

HRLZIR
R EVIEWS

2016, 44.
[J1. , 2009, 16(3): 459-465.
Zheng Xiaodong, Han Song, Lin Xiangzhi, et al. Re-
search progress in Cephalopod reproductive behaviors,
Jorunal of Fishery Sciences of China, 2009, 16(3): 459-
465.
Moltschaniwskyj N A, Pecl G T. Spawning aggrega-
tions of squid (Sepioteuthis australis) populations: a
continuum of ‘microcohorts’[J]. Reviews in Fish Biol-
ogy and Fisheries, 2007, 17(2-3): 183.
Natsukari Y, Tashiro M. Neritic squid resources and
cuttlefish resources in Japan[J]. Marine Behaviour and
Physiology, 1991, 18(3): 149-226.
Otero J, Gonzalez A F, Sieiro M P, et al. Reproductive cycle
and energy allocation of Octopus vulgaris in Galician
waters, NE Atlantic[J]. Fisheries Research, 2007, 85(1):
122-129.
Wada T, Takegaki T, Mori T, et al. Reproductive be-
havior of the Japanese spineless cuttlefish Sepiella ja-
ponicalJ]. Venus: journal of the Malacological Society
of Japan, 2006, 65(3): 221-228.
, . (Sepia pharaonis)
[J1. , 2013, 44(4): 931-936.
Chen Daohai, Zheng Yalong. The Reproduction Etho-
gram of Cuttlefish Sepia pharaonis[J]. Oceanologia and
Limnologia Sinica, 2013, 44(4); 931-936.
[J1. , 2010, 17(6): 1157-1165.
Wang Weijun, Yang Jianmin, Zhou Quanli, et al. Re-
productive behavior and process of embryonic develop-
ment of Octopus ocellatus[J]. Journal of Fishery Sciences
of China, 2010, 17(6): 1157-1165

Hanlon R T, Messenger J B. Cephalopod behaviour [M].

Cambridge: Cambridge University Press, 1996, 91-97,
101-110, 125-127, 135.
Wada T, Takegaki T, Mori T, et al. Sperm displacement

behavior of the cuttlefish Sepia esculenta (Cephalopoda:

Sepiidae) [J]. Journal of ethology, 2005, 23(2): 85-92.
Naud M J, Havenhand J N. Sperm motility and longevity
in the giant cuttlefish, Sepia apama (Mollusca: Cepha-
lopoda)[J]. Marine Biology, 2006, 148(3): 559-566.
Wodinsky J. Reversal and transfer of spermatophores by
Octopus vulgaris and O. hummelincki[J]. Marine Biology,
2008, 155(1): 91.

[J1. , 2017, 37(6): 1-10.
Wang Liang, Zhang Xiumei, Ding Pengwei, et al. Re-
productive behavior and mating strategy of Sepia escu-
lenta[J]. Acta Ecologica Sinica, 2017, 37(6): 1-10.

> >

/2018

/

[19]

[20]

[21]

[22]

(23]

[26]

[27]

(28]

[29]

[30]

[31]

42

Cir

[J1. , 2007, 26 (4): 601-606.
Hao Zhenlin, Zhang Xiumei, Zhang Peidong. Biological
characteristics and multiplication of sepia esculenta[J].
Chinese Journal of Ecology, 2007, 26(4): 601- 606.
Wada T, Takegaki T, Mori T, et al. Sperm removal,
ejaculation and their behavioural interaction in male
cuttlefish in response to female mating history[J]. Animal
Behaviour, 2010, 79(3): 613-619.
Hunter F M, Petrie M, Otronen M, et al. Why do fe-
males copulate repeatedly with one male? [J]. Trends in
Ecology & Evolution, 1993, 8(1): 21-26.
Arnqvist G, Nilsson T. The evolution of polyandry:
multiple mating and female fitness in insects[J]. Animal
Behaviour, 2000, 60(2): 145-164.
Wells M J, Wells J. Sexual displays and mating of Oc-
topus vulgaris Cuvier and O. cyanea Gray and attempts
to alter performance by manipulating the glandular
condition of the animals[J]. Animal Behaviour, 1972,
20(2): 293-308.
Bo Q K, Zheng X D, Gao X L, et al. Multiple paternity
in the common long armed octopus Octopus minor
(Sasaki, 1920) (Cephalopoda: Octopoda) as revealed by
microsatellite DNA analysis[J]. Marine Ecology, 2016,
37(5): 1073-1078.
Choe S, Ohshima Y. Rearing of cuttlefishes and squids[J].
Bulletin of the Japanese Society of Scientific Fisheries.
1963, 29: 307-327.
Fujita T, Hirayama I, Matsuoka T, et al. Spawning be-
havior and selection of spawning substrate by cuttlefish
Sepia esculenta[J]. Bulletin of the Japanese Society of
Scientific Fisheries (Japan), 1997.
Joll L M. Mating, egg-laying and hatching of Octopus
tetricus (Mollusca: Cephalopoda) in the laboratory[J].
Marine Biology, 1976, 36(4): 327-333.
Vanheukelem W F. Laboratory maintenance, breeding,
rearing, and biomedical research potential of the Yucatan
octopus (Octopus maya)[J]. Laboratory Animal Science,
1977, 27(5 Pt 2): 852-859.
Iglesias J, Fuentes L, Villanueva R. Cephalopod cul-
ture[M]. Springer Science & Business Media, 2014,
241-252, 415-426.
Fauconneau B, Choubert G, Blanc D, et al. Influence of
environmental temperature on flow rate of foodstuffs
through the gastrointestinal tract of rainbow trout[J].
Aquaculture, 1983, 34(1-2): 27-39.
Doroudi M S, Southgate P C, Mayer R J. The combined
effects of temperature and salinity on embryos and larvae
of the black lip pearl oyster, Pinctada margaritifera
(L.)[J]. Aquaculture Research, 1999, 30(4): 271-277.
Lushchak V I, Bagnyukova T V. Temperature increase
results in oxidative stress in goldfish tissues. 1. Indices



[33]

[37]

[40]

[41]

[42]

HRLZIR
R EVIEWS

of oxidative stress[J]. Comparative Biochemistry and
Physiology Part C: Toxicology & Pharmacology, 2006,
143(1): 30-35.
, , , .4

[J1. , 2014,
31(4): 33-37.
Le Kexing, Jiang Xiaming, Peng Ruibing, et al. Effects
of four ecological factors on the growth and survival of
Sepia pharaonis larvae[J]. Journal of Biology, 2014,
31(4): 33-37.
Choi C Y, An K W, An M 1. Molecular characterization
and mRNA expression of glutathione peroxidase and
glutathione S-transferase during osmotic stress in olive
flounder (Paralichthys olivaceus)[J]. Comparative Bio-
chemistry and Physiology Part A: Molecular & Integra-
tive Physiology, 2008, 149(3): 330-337.

[D].
: , 2014, 15-18, 46-52, 68-70.

Dong Gen. The Basic Biological Studies on the Artifi-
cial Reproduction of Octopus ocellatus [D]. Qingdao:
Ocean University of China, 2014, 15-18, 46-52, 68-70.
Bell J G, Mcevoy L A, Estevez A, et al. Optimising
lipid nutrition in first-feeding flatfish larvae[J]. Aqua-
culture, 2003, 227(1): 211-220.
Ibeas C, Cejas J, Gomez T, et al. Influence of dietary n-3
highly unsaturated fatty acids levels on juvenile gilthead
seabream (Sparus aurata) growth and tissue fatty acid
composition[J]. Aquaculture, 1996, 142(3): 221-235.
Domingues P, Sykes A, Sommerfield A, et al. Growth
and survival of cuttlefish (Sepia officinalis) of different
ages fed crustaceans and fish. Effects of frozen and live
prey[J]. Aquaculture, 2004, 229(1): 239-254.
Itami K. Notes on the laboratory culture of the octopus
larvae[J]. Nippon Suisan Gakkaishi, 1963, 29(6): 514-520.
Iglesias J, Otero J J, Moxica C, et al. The completed
life cycle of the octopus (Octopus vulgaris Cuvier,
1797) under culture conditions: paralarval rearing using
Artemia and zoeae, and first data on juvenile growth up
to 8 months of age[J]. Aquaculture International, 2004,
12(4): 481-487.
Carrasco J F, Rodriguez C, Rodriguez M. Cultivo in-
tensivo de paralarvas de pulpo (Octopus vulgaris, Cu-
vier 1797), utilizando como base de la alimentacion
zoeas vivas de crustaceos[C]//IX Congreso Nacional de
Acuicultura, Cadiz. 2003: 12-16.
Nabhitabhata J, Nilaphat P. Life cycle of cultured

pharaoh cuttlefish, Sepia pharaonis Ehrenberg, 1831[J].

Phuket Marine Biological Center Special Publication,
1999, 19(1): 25-40.

Vaz-pires P, Seixas P, Barbosa A. Aquaculture potential
of the common octopus (Octopus vulgaris Cuvier, 1797):

Marine Sciences / Vol. 42, No. 3 /2018

[44]

[45]

[46]

[47]

[50]

[54]

Cir

a review[J]. Aquaculture, 2004, 238(1): 221-238.
Hanlon R T, Forsythe J W. Diseases caused by microor-
ganisms[J]. Diseases caused by microorganisms. 1990,
3: 23-46.
Ford L A. Host defense mechanisms of cephalopods[J].
Annual Review of Fish Diseases, 1992, 2: 25-41.
Hochberg F G. Diseases caused by protistans and meso-
zoans[J]. Diseases of Marine Animals, 1990, 47-202.
Pascual S, Gestal C, Estévez J M, et al. Parasites in
commercially-exploited cephalopods (Mollusca, Cepha-
lopoda) in Spain: an updated perspective[J]. Aquaculture,
1996, 142(1): 1-10.
Gestal C, Belcari P, Abollo E, et al. Parasites of cepha-
lopods in the northern Tyrrhenian Sea (western Medi-
terranean): new host records and host specificity[J].
Scientia Marina, 1999, 63(1): 39-43.
Pascual S, Gonzaez A, Guerra A. Parasites and cepha-
lopod fisheries uncertainty: towards a waterfall under-
standing[J]. Reviews in Fish Biology and Fisheries,
2007, 17(2-3): 139-144.
[J1.
( ), 2017, 47(7): 36-45.
Niu Chao, Zhang Xiumei, Ding Pengwei, et al. Pre-
liminary Assessments on Growth Characteristics, Re-
source Distribution and Sepia esculenta Releasing Ef-
fect in Jiaonan Coastal Water[J]. Periodical of Ocean
University of China, 2017, 47(7): 36-45.
[J1. , 2008, 32(4): 577-583.
Hao Zhenlin, Zhang Xiumei, Zhang Peidong, et al.
Fluorescent marking method in golden cuttlefish Sepia
esculenta (Cephalopoda: Sepiidae)[J]. Journal of Fish-
eries of China, 2008, 32(4): 577-583.
[J1. : , 2006,
45(A02): 213-218.
Lin Xiangzhi, Zheng Xiaodong, Su Yongquan, et al.
The Status and Prospect of Octopus Culture Biology: a
Review[J]. Journal of Xiamen University (Natural Sci-
ence), 2006, 45(A02): 213-218.
Seikai R. Fishes of the east China sea and the yellow
sea[J]. Nippon Suisan Gakkaishi, 1976, 41: 101-112.

[D]. , 2014, 17-25, 39-46.
Tang Feng. Preliminary Study onReproductive Biology
and Artificial Breeding Technology of Sepia lycidas[D].
Ningbo: Ningbo University, 2014, 17-25, 39-46.
Wamke K. Observations on the embryonic development of
Octopus mimus (Mollusca: Cephalopoda) from northern
Chile[J]. The Veliger, 1999, 42(3): 211-217.

155



FRLER @
R EVIEWS
[55] , , . Chen Daohai, Guo Yongping, Wen Jing, et al. Salinity
[J]. , 2009, 5(2): Impact on Embryonic Development of Cuttlefish Sepia
63-68. lycidas[J]. Oceanologia ET Limnologia Sinica, 2013,
Xu Shihuai, Ma Zhiming, Jia Xiaoping. Biological (5): 1282-1287.
Characteristics and embryonic development of Octopus [60] s , s (Octopus Vulgaris)
Vulgaris under artificial farming Condidition[J]. South [1]. ,2011, 42(2): 317-323.
China Fisheries Science, 2009, 5(2): 63-68. Zheng Xiaodong, Liu Zhaosheng, Zhao Na, et al. Em-
[56] [M]. bryonic Development and paralerval growth of Octopus
, 1988, 182. Vulgaris[J]. Oceanologia and Limnologia Sinica, 2011,
Dong Zhengzhi. Chinese Jounrnal of Animal (Mollusca: 42(2): 317-323.
Cephalopcad)[M]. Beijing: Science press, 1988, 182. [61] Sakaguchi H, Hamano T, Nakazono A. Relationship
[57] , . (Octopus Variabilis) between incubation days and rearing temperature of
[J1. , 1995, Octopus vulgaris eggs[J]. Bulletin of the Japanese So-
14(2): 148-150. ciety of Fisheries Oceanography (Japan), 1999, 63(4):
Wu Changwen, Lii Yonglin. A preliminary study of 188-191.
ecological distributiow of Octopus Variabili in Northern [62] Caveriviere A, Domain F, Diallo A. Observations on the
part of Zhejiang Sea[J]. Journal of Zhejiang College of influence of temperature on the length of embryonic
Fisheries, 1995, 14(2): 148-150. development in Octopus vulgaris(Senegal)[J]. Aquatic
[58] , , , . [J1. Living Resources, 1999, 12(2): 151-154.
,2013, 37(5): 711-718. [63] Villanueva R. Experimental rearing and growth of
Jiang Xiamin, Tang Feng, Luo Jiang, et al. The embry- planktonic Octopus vulgaris from hatching to settlement[J].
onic development of Sepia lycidas[J]. Journal of Fish- Canadian Journal of Fisheries and Aquatic Sciences,
eries of China, 2014, 15-18, 46-52, 68-70. 1995, 52(12): 2639-2650.
[59] , , , . (Sepia [64] Nixon M, Mangold K. The early life of Sepia officinalis,
Iycidas) [J1]. , 2013, (5): and the contrast with that of Octopus vulgaris (Cepha-
1282-1287. lopoda)[J]. Journal of Zoology, 1998, 245(4): 407-421.

Present Situation and Prospect of Economic Cephalopod Aqua-
culture in China
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China)
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Abstract: Cephalopods are a type of important members of Mollusca, which occupy an integral economic status in
marine fisheries of China. The development of cephalopod aquaculture is important for germplasm protection and
increasing production. This review elaborates the research progress and challenges of the current economic cepha-
lopod aquaculture, including Sepia esculenta, S. lycidas, S. pharaonis, Sepiella japonica, Octopus minor, O. vul-
garis, and Amphioctopus fangsiao. The reproductive habit, larval cultivation, adult nurturance, and other stages of
life history are also described in detail. Furthermore, the prospect of the development of these species is expected to

provide a reference for future industrial aquaculture.
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