435 F oM
2019 49 A

Koo

JOURNAL OF FISHERIES OF CHINA

Vol. 43, No. 9
Sep., 2019

X E S 1000-0615(2019)09-1890-10

DOI: 10.11964/j£c.20190711877

ETEERFSH TR S YFIERY
&5 RIRIGTE RN

wKEE, EIMR, kFEHER, Z R, mFEK
(. FEEEFEKEHE MK IR SR E, R FH  266003;
2. BRI EEAEFRLRE, WAL AESaY R RIRknE, LR FH  266072;
3.AREKFFHARMET Bk, HEAKES, B3 100125)

ME: AAFSAREREZENHE, 2N L MEABHERAARHEE ML, b
BRARE I EE R R L LB G NWTAR, URATEESY REBE, B
SEWMEHEFEFL. FAEARMEAHREREANFRESE. ERET, 5—
TAMSERER SR NS S RE R RN K K58 R 72 MR A B[R] 3 %
HERBTHRAY, THEAFERANARN N ERNEL Z S T Wf 5 Fk.
SEBFTHEEN, REEZHNER T ERIL M EN L, EHhhEkRR. %A
FHREBRBPRKEAMTNEEHEIEYE, HAHEEFK. AREEHBKTFTFEKE
AR EESTW T & X EAR N E T RAZMESCL N, BB FESME
T, ZEBRBAANTHRAMARECES. ETLEREALESFHME, BUEFR
RuTHEERETFRAIENEST, URFTEFTRE, RIEAABEMELE; KEZLL
IR, KRR EHOR T 2 B #AT, DB/ N IER E S, R BOR AR R
By S—TAAEEE KRS0 miy Z KB M AT =M &L, &2 8k ERE
BEFE. SRR #E-—FRAELBZRH N BOREA, RUELFRERGEEK, IR

FARA, RERREEARE.

KU & B, A, WAL, FRMEAE, Kt

hE DS S931

4% 5 (Sepia esculenta)) 32 43 i T 8 [ T
M R RO AR, R R E ATy
I 22 T M (B B R 5 H 20142 704 UL
K, W TR A RS T 00 3 B 5 i IR A
ma, HEBE IR IR IR, N 2 AR B PR A
R (— AR LR RIS | AR AR BB ) TR R B Y B ]
PEHERESZ BT, PRI, S BE S
PR SAERW . 19914, 4 BIAE R —Fh 5t
() b 5 el FR S, B A A LD AR 4B IR A AR
R, g 1] 7 BRSO TR 3 R Sy BB
IR AL Z G O BB 20K . 20104E FI20144F 8, &

Wi HHE: 2019-07-15 &R HEA: 2019-07-28
BHTE: EXKARFESHH 41676153)
BIEEE: K5, E-mail: xiumeil227@163.com

XRkARERRD: A

5T 510 AR A 5 BT R A 5 W A A G B O
WO B B AR AN, 201 84F 44 U B ik
24077 H(LARA KLY B IR H L),
BEUR B, dE RS SRV T R A 1L
BRI, FEX) A LW EEK, AR
R 25 1 e T A 22 5 . H ROV 1Y) 45 R
B4 A A ESHIK, TSR, WA
SHBEITH hAa™ Y, ERES R E s,
PG T RE Y, BRI, KRS
BEAR, b 70 BF A T 46 1) 25 05 b g R A S T
KL, 4 SMoERIERERAERG—TH). ik

http://www.scxuebao.cn


http://dx.doi.org/10.11964/jfc.20190711877
http://www.scxuebao.cn

9H AN, S BT RIS AN TR S R A 4 5 T TR AR s LAk 1891

AL (6—8 H) KA R K A B (T—10 H) B BUZ i
(EEN e E N R @ R R0k i AR K S
A E . & S Fh RO, W e E ) b
FEENEE , LA, AR ERAER L
PO W | A AT A A DA B B 2
PUS N T =003, 201748, A= &0 T+
ORI YT UM, R — 2Dt T A S T
PRI FE DT — AR AT AR IR E T &
Ik B D 7 A T B R T 52O B AR AU
AR, ARBOR RE T AR R ARG IR A R,
DRI, AL o i R B R A 1 A AT 2
— U UTAROR BRI O MU AS BT 4
K, AHE TR TR ] L R e S
LI SEOT 5T i R IT &, NI, 58 3 U SR
B VoG TR U AR A 908 L 91 2 o i R PR S 250 )

T IR il B YR b A 45 A4 B JR A ST, R T
DR A6 S 1) T A AR R T, R T AR A
7/ R L ian PR AT R R NP S 35 S = e N 1 T
AR Fhat AR O SR L% T 3500 5 W D Al L X R R O
45 5 ™ BT B B S A T b 0 T A 1) 45 ) R AR
et 25 3T A i e AE HEAT IR, IR T Bk 4R
B LB IR B A S AU R i, L O T i
S EIEBTU I Al RS Fl P L5 %

1 MRS Tk

1.1 EEIEBF RSSO0

& O W B R R A R T SRS
IR (35°55'30"N, 120°15'E), 7K 15~21 m, I8
WIEFR (K1), 4351 T 20144F . 20154 F120174F %
PR IRSS RN S H R ZTH BA)), BiZy20d
by () B AT AT (S H 26 ] Ef). w6 A
FHZEeHTH). FMG6A THZRTH Ea)
g1, B HGETE UG W AR Y5 B, BT A (R
Ui I 300 B SR AR IR B AR Al . BT X201 74E AN
IF) 3000 97 e 100 6 A 2 R ) 44 Xt A B Ty, R R o
kT geit, VLRGN EAT . . J5i
BRL3~4 g(Z) i DN HL L FE 1910%), i sk HAE I
G545 O0HLSE TSRO L G T S A e O
R RN R SRR R ST e ) B o NS |
e I 1) S B 2 A B AR 1 25 5

1.2 #FRBALEAE

G 5 AR FE R R ) A K AL T B R D B
LA g B (B ), et B2 a6, 235

N

36.00°

Huangdao City <

Yellow Sea

35.80° 0. 6

Lingshanlilsland
7

35.60° 8w

Yellow Sea

119.70° 119.90° 120.10° 120.30° E

1 £B5HIFERHEXE
A BTHTEACRAESE AL, o b 78T AR SR AE il Aoz
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All temperatures labeled in figure are sea surface temperatures
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Tab.1 Information of reproductive population samples of S. esculenta in different periods

T I 44 /R K/ mm YA R g A5t B 1 kL Y% /mm Y HE/mg
period number average mantle length average body weight absolute fecundity egg diameter egg weight

R 28(Q: 16) 167.0+14.6 734.5+£178.4 2 940.6+648.9" 6.00+0.16" 65.1+5.4°

early stage

A 27(9: 13) 158.4+20.3° 575.5+184.8° 1 802.1+386.9 5.13+0.04° 45.7+1.8°

middle stage

J5 33(9: 14) 145.3+16.8° 455.2+148.5° 1 593.6+476.0° 5.08+0.07° 48.0+1.2°

later stage

W FBB A RNG FRER N % 7 B3 (P<0.05)

Notes: in the same column, different letter superscripts mean significant differences (P<0.05)
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F2 2016—2018F & SMAPN TR IARRK R A B2 89 5 70 HF1E
Tab. 2 Distribution characteristics of mantle length and body weight of S. esculenta in 2016, 2017 and 2018

fi¥/mm mantle length

PRain| FEAH R JIFH 43 A 1 50 /mm
sampling time sample size Y PHBIK(%) FHIE distribution of mantle length
range dominant mantle length mean
0 20 40 60 80 100120140
2016-09-03 259 17~79 21~50(91.1%) 37.2 ?
2016-09-20 587 19~100 31~60(81.4%) 45.9 [H
2016-10-25 471 24~123 41~80(77.5%) 69.3 —f—
2016-11-16 51 31~142 51~100(80.0%) 76.8 [ 1]
2017-09-01 498 15~80 21~50(88.4%) 332 R
2017-09-25 1095 16~100 21~60(91.4%) 475 —Jf—
2017-10-18 158 35~96 31~80(92.8%) 64.8 0
2017-11-18 87 31~120 51~100(81.0%) 78.2 =h
2018-09-19 316 24~107 41~70(69.2%) 55.7 ——
2018-10-10 60 16~100 41~80(80.0%) 59.5 (k]
2018-11-02 128 46~120 51~80(69.5%) 733 [k
I v & fist/g  body weight B
RFERS (7] FEA K A5 A Dl /g
sampling time sample size FieA e 3R 5 (%) SEEE distribution of body weight
range dominant body weight mean
0 50 100 150 200 250
2016-09-03 259 1.4~84.3 0.1~20.0(86.5%) 13.0
e
2016-09-20 587 2.2~173.3 0.1~40.0(89.3%) 22.2 ‘fH !
2016-10-25 471 7.4~318.2 20.1~100.0(69.0%) 81.6 H “  —
2016-11-16 51 10.2~382.6 40.1~140.0(72.0%) 96.3 *
2017-09-01 498 1.2~100.0 0.1~40.0(97.2%) 13.3 ’ﬁ”
2017-09-25 1095 3.3~185.0 0.1~60.0(93.7%) 26.8 ’
2017-10-18 158 12~186.6 20.1~100.0(76.6%) 63.3 '
2017-11-18 87 11.3~198.5 40.1~140.0(72.0%) 106.3 (]
2018-09-19 316 3.2~165.2 0.1~60.0(83.5%) 37.5 ! .
2018-10-10 60 5.5-173.7 0.1~40.0(83.7%) 46.1 -
2018-11-02 128 34.2~280.2 20.1~100.0(70.3%) 70.1 —l '

TE: AHEE R TE A ] S0% K A X 1A, <O BEPEE, AR R T B, TIR R B8 R B AR B 23 A7 X Ta) (A FIR)

Notes: the width of the box is the middle 50% data distribution interval, x is the average value of data, the transverse line in the box is the median value,

and the width of the T-shaped line is the whole data distribution interval
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Fig. 5 The quantitative distribution of S. esculenta in the coastal waters of Qingdao in 2017

All temperatures labeled in figure are sea surface temperatures

http://www.scxuebao.cn


http://www.scxuebao.cn

1896 KoOoE ¥ 43 45

HRA, IRBEMAT S ATIE N A B &
WO REPEDE , W AER A W Ol i e . B 5 b
FEORE E , Hl TR ARk, AT
e bh 3 . B T BN BE S — Fh E B
PRI E R F B, 7RI KR 15~20 miY 22 3t
X, JKZEETMES, o487
FEUYs 6T H R M AT A E B, RO VI

CLa
b7 G W May to July
reproducetion

and oviposition

FEYRE 4 6

spawning migration: April

7

A 12360k
3AH
overwintering period:
December to March

\

A 113 6y

overwintering migration:

November &

< |
\

2

SIS N B £ 72E:

=
=}
=
£
i3
=
o =
o o
o &
=
=}
=
[ 2]
=]
E

v 4
BT
death
L=

a2
offshore period

TR E %
choose early stage parents:
higher fecundity of parents
and larger size of juveniles

reproducetive strategy,
batch spawning,
growth discretization

P PE R 2 JBE 2 TR T U R B R R, AR
FLBH > PEFORD FERE AR G5 A R, B UAE KA
RV MR ORC I R R, A/ R — O
KRR RS 5B, YUY & 9B
AT R BAEEWEKR, HUURYR AL
/NER AR T AT SRR, X T G2 A7 LR
WRE KA B AE AT, R, 0 AL T A 4L

SEHG B TECAR
I releasing fertilized eggs
i TR ®
MEKL IR, —

2 B @
B

fertilied egg protection device

-

*_

TR L= I A B E G (R 1B )
establishment of spawning habitat in
natural sea area (in-situ remediation)

-

VATIITIITL

5—TR 4
May to July

SZ— 15-22 m —
.

B B B
7B A
6—7H 4 spawning substrates
June to July
S A
P IS HEAEHE, MR )
PR K B WA (R, KR

juveniles’ release in different periods to

reduce intraspccific predation pressure;

background survey of release’s water is
indispensable (food and substrate)

El6 &LMERFIFHEREEN

Fig. 6 Measures and suggestions for conservation of S. esculenta resources

7 32 A A2 1 v R AR A BT R 1 A T B (181 6)

HAT, Wb e S8 O oA o = I
i (Sepiella maindroni) WA Ak 38 58 1Y 3= 2 7 LB,
LI 2R A8 46 5 RS2 K O O WIS 25 o 5 4%k 4
L O R FE AR LG, 26 DR 0 B A AT R 4
B DM &S, 4t B O R A SR A, 5
B RPN LY, 32K I I RE AR AP 3 4 A
A TF A 2l R $E 1S VKR EE . Rk, AR
XT 4 55 A7 K D OO B[] 5 A5 L RO e R
B AR AT VR AL A B UE, DAE i — 25 Rk 4
L g iis i F B, 8 mH g5 S 2R

Sk -
[1] Nesis K N. Cephalopods of the world: squids,

cuttlefishes, octopuses, and allies[M]. Neptune City: T.
F. H. Publications, 1987: 351.

http://www.scxuebao.cn

[2] Zheng X D, Zhao J M, Xiao S, et al. Isozymes analysis
of the golden cuttlefish Sepia esculenta (Cephalopoda:
Sepiidae)[J]. Journal of Ocean University of China,
2004, 3(1): 48-52.

[3] Lei S H, Zhang X M, Liu S L, et al. Effects of
temperature fluctuations on cuttlebone formation of
cuttlefish Sepia esculenta[J]. Chinese Journal of
Oceanology and Limnology, 2012, 30(4): 547-553.

[4] ATH, BRI, R, 5. KRR REMEYS
M), B EIRAROR H R, 2003: 835.
Zheng Y J, Chen X Z, Cheng J H, et al. Biological
resources and environment in the East China Sea
continental shelf{M]. Shanghai: Shanghai Scientific and
Technical Press, 2003: 835 (in Chinese).

[51 AR SOIEE. KB MFIhRE BRI [D].
T R, 2010.


http://dx.doi.org/10.1007/s11802-004-0007-x
http://dx.doi.org/10.1007/s00343-012-1221-9
http://dx.doi.org/10.1007/s00343-012-1221-9
http://dx.doi.org/10.1007/s11802-004-0007-x
http://dx.doi.org/10.1007/s00343-012-1221-9
http://dx.doi.org/10.1007/s00343-012-1221-9
http://dx.doi.org/10.1007/s11802-004-0007-x
http://dx.doi.org/10.1007/s00343-012-1221-9
http://dx.doi.org/10.1007/s00343-012-1221-9
http://dx.doi.org/10.1007/s11802-004-0007-x
http://dx.doi.org/10.1007/s00343-012-1221-9
http://dx.doi.org/10.1007/s00343-012-1221-9
http://www.scxuebao.cn

9

AN, S BT RIS AN TR S R A 4 5 T TR AR s LAk 1897

[10]

(1]

[12]

[13]

Hao Z L. Studies on reproductive development and
fluorescent marking technology of cuttlefish Sepia
esculenta (Cephalopoda: Sepiidae)[D]. Qingdao: Ocean
University of China, 2010 (in Chinese).

Natsukari Y, Tashiro M. Neritic squid resources and
cuttlefish resources in Japan[J]. Marine Behaviour and
Physiology, 1991, 18(3): 149-226.

EMIE, TR, TREME, S5 A (5] JR BATR BE N 5 5
755 YL 52 88 0 R SE M [T]. B KR, 2018,
25(5): 1071-1081.

Wang L L, Wang Z, Zhang X M, et al. Effects of
different substrate and temperature on hunger tolerance
in Sepia esculenta juveniles[J]. Journal of Fishery
Sciences of China, 2018, 25(5): 1071-1081(in Chinese).
Fujita T, Hirayama I, Matsuoka T, et a/. Spawning
behavior and selection of spawning substrate by
cuttlefish Sepia esculenta[J]. Nippon Suisan Gakkaishi,
1997, 63(2): 145-151.

ZEFEVK. 4 5 WiSepia esculenta HoyleTE ¥4 i) i 1 45 1
AEFEAIET]. LRI BE AR, 1963(2): 69-108.
LiJ Y. On the breeding and migration of the golden
cuttlefish, Sepia esculenta Hoyle, living in Yellow
Sea[J]. Journal of Ocean University of Qingdao,
1963(2): 69-108(in Chinese).

TKRFEME, FERA, i AE, . AR 4G vl B R G ROA
BUR S e B[], R Bl 2855, 2009, 27(2): 51-58.
Zhang X M, Wang X J, Tu Z, et al. Current status and
prospect of fisheries resource enhancement in Shandong
Province[J]. Chinese Fisheries Economics, 2009, 27(2):
51-58(in Chinese).

A, B, MR, S SR Y U0 A AR
SCEGHEFC[I]. R KRN, 2017, 24(6): 1234-1244.
Niu C, Yang C J, Huang Y X, et al. The efficacy of new
spawning substrates for Sepia esculenta oosperm
adhesion[J]. Journal of Fishery Sciences of China, 2017,
24(6): 1234-1244(in Chinese).

AR, &SR S AR B AT D]. &
B R S, 2013.

Lei S H. Studies on embryonic and larval development
of golden cuttlefish (Sepia esculenta)[D]. Qingdao:
Ocean University of China, 2013 (in Chinese).

AL S LY BRI B R A S R M. b
Flegth sk, 2014: 57.

Jin X S. The Foundation and prospect of stock

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

enhancement of fishery resources in the Bo Hai and
Yellow Sea[M]. Beijing: Science Press, 2014: 57 (in
Chinese).

R M. b BEYE AR 2 M. ALt mh RO Y R,
1997: 108.

Chen D G. Fishery biology[M]. Beijing: China
Agriculture Press, 1997: 108 (in Chinese).

Farias A, Uriarte 1. Effect of microalgae protein on the
gonad development and physiological parameters for the
scallop Argopecten purpuratus (Lamarck, 1819)[J].
Journal of Shellfish Research, 2001, 20(1): 97-105.
EMIE, T, TR, 5. 5 BiL & LW E A
TEARHIE S st 45 a4k [1]. H E K2R, 2019, 26(2):
342-352.

Wang L L, Zhang X M, Wang Z, et al. Morphological
characteristics and genetic differentiation of a breeding
population of Sepia esculenta in Qingdao[J]. Journal of
Fishery Sciences of China, 2019, 26(2): 342-352(in
Chinese).

Fo5, kM, TS, 5. &S BT N SR
WE[J]. 4245543, 2017, 37(6): 1871-1880.

Wang L, Zhang X M, Ding P W, et al. Reproductive
behavior and mating strategy of Sepia esculenta[J]. Acta
Ecologica Sinica, 2017, 37(6): 1871-1880(in Chinese).
U, B, BN E, 25 9-10 A M E AN E R iR Y]
PE R BT FL[I]. R K244, 2010, 19(5):
663-667.

Jia T, Li G, Chen X J, et al. Preliminary study on feeding
behavior of jumbo flying squid (Dosidicus gigas) off
Peru during September and October[J]. Journal of
Shanghai Ocean University, 2010, 19(5): 663-667(in
Chinese).

Froerman Y M. Feeding spectrum and trophic
relationships of short-finned squid (///ex illecebrosus) in
the Northwest Atlantic[J]. Northwest Atlantic Fisheries
Organization Scientific Council Studies, 1998(7): 67-75.
Nigmatullin C M, Nesis K N, Arkhipkin A I. A review
of the biology of the jumbo squid Dosidicus gigas
(Cephalopoda: Ommastrephidae)[J]. Fisheries Research,
2001, 54(1): 9-19.

Parry M. Trophic variation with length in two
ommastrephid squids, Ommastrephes bartramii and
Sthenoteuthis oualaniensis[J]. Marine Biology, 2008,
153(3): 249-256.

http://www.scxuebao.cn


http://dx.doi.org/10.1080/10236249109378785
http://dx.doi.org/10.1080/10236249109378785
http://dx.doi.org/10.2331/suisan.63.145
http://dx.doi.org/10.3969/j.issn.1009-590X.2009.02.008
http://dx.doi.org/10.3969/j.issn.1009-590X.2009.02.008
http://dx.doi.org/10.1016/S0165-7836(01)00371-X
http://dx.doi.org/10.1007/s00227-007-0800-3
http://dx.doi.org/10.1080/10236249109378785
http://dx.doi.org/10.1080/10236249109378785
http://dx.doi.org/10.2331/suisan.63.145
http://dx.doi.org/10.3969/j.issn.1009-590X.2009.02.008
http://dx.doi.org/10.3969/j.issn.1009-590X.2009.02.008
http://dx.doi.org/10.1016/S0165-7836(01)00371-X
http://dx.doi.org/10.1007/s00227-007-0800-3
http://dx.doi.org/10.1080/10236249109378785
http://dx.doi.org/10.1080/10236249109378785
http://dx.doi.org/10.2331/suisan.63.145
http://dx.doi.org/10.3969/j.issn.1009-590X.2009.02.008
http://dx.doi.org/10.3969/j.issn.1009-590X.2009.02.008
http://dx.doi.org/10.1016/S0165-7836(01)00371-X
http://dx.doi.org/10.1007/s00227-007-0800-3
http://dx.doi.org/10.1080/10236249109378785
http://dx.doi.org/10.1080/10236249109378785
http://dx.doi.org/10.2331/suisan.63.145
http://dx.doi.org/10.3969/j.issn.1009-590X.2009.02.008
http://dx.doi.org/10.3969/j.issn.1009-590X.2009.02.008
http://dx.doi.org/10.1016/S0165-7836(01)00371-X
http://dx.doi.org/10.1007/s00227-007-0800-3
http://www.scxuebao.cn

1898

Ko AR

43 %

[22]

(23]

[24]

[25]

[26]

T FETIRERE FALR MRS SRS
HEFHGHIDL M ORI, 2014,

Zhang Y M. Feeding habits and trophic level of
purpleback flying squid, Sthenoeuthis oualaniensis based
on carbon and nitrogen stable isotope analysis in the
South China Sea[D]. Guangzhou: Guangdong Ocean
University, 2014 (in Chinese).

HAEZ . P E TS L R IR Sy AT [T]. 8 ST,
1978, 9(1): 108-118.

Dong Z Z. On the geographical distribution of the
cephalopods in the Chinese waters[J]. Oceanologia et
Limnologia Sinica, 1978, 9(1): 108-118(in Chinese).
Cherel Y, Hobson K A. Stable isotopes, beaks and
predators: a new tool to study the trophic ecology of
cephalopods, including giant and colossal squids[J].
Proceedings of the Royal Society B: Biological Sciences,
2005, 272(1572): 1601-1607.

Guerra A, Rodriguez-Navarro A B, Gonzalez AF, etal
Life-history traits of the giant squid Architeuthis dux
revealed from stable isotope signatures recorded in
beaks[J]. ICES Journal of Marine Science, 2010, 67(7):
1425-1431.

Guerreiro M, Phillips R A, Cherel Y, et al. Habitat and
trophic ecology of Southern Ocean cephalopods from
stable isotope analyses[J]. Marine Ecology Progress

Series, 2015, 530: 119-134.

http://www.scxuebao.cn

[27]

[28]

[29]

[30]

TR, 70 H . bR 52 10 B IR IR &% L7 540
Br[I0. e, 2003, 25(2): 51-57, 65.

Cheng J H, Zheng Y J. Status of the resources of red
oceanic squid Ommastrephus bartiami in the North
Pacific and its prospective analysis[J]. Marine Fisheries,
2003, 25(2): 51-57, 65(in Chinese).

Cherel Y, Fontaine C, Jackson G D, et al. Tissue,
ontogenic and sex-related differences in 6"°C and 6"°N
values of the oceanic squid Todarodes filippovae
(Cephalopoda: Ommastrephidae)[J]. Marine Biology,
2009, 156(4): 699-708.

P i PH V<5 W A P 2 e A it 3 3 T 35 0],
bl 2008(6): 26-27.

Sun F D. Biological characteristics of golden cuttlefish
in Jiaozhou Bay and prospects for fishery
construction[J]. Hebei Fisheries, 2008(6): 26-27(in
Chinese).

RFFIL, KR, E¥, 55 Widbim iy 8 IRTCE 5 Y
TR BCR VAL (], P KR4, 2018, 25(3): 654-
662.

Xu K D, Zhou Y D, Wang Y, et al. Effect and
assessment of enhancement release of Sepiella
maindroni in the northern coastal water of Zhejiang[J].
Journal of Fishery Sciences of China, 2018, 25(3): 654-
662(in Chinese).


http://dx.doi.org/10.1098/rspb.2005.3115
http://dx.doi.org/10.3354/meps11266
http://dx.doi.org/10.3354/meps11266
http://dx.doi.org/10.3969/j.issn.1004-2490.2003.02.001
http://dx.doi.org/10.3969/j.issn.1004-2490.2003.02.001
http://dx.doi.org/10.1007/s00227-008-1121-x
http://dx.doi.org/10.3969/j.issn.1004-6755.2008.06.012
http://dx.doi.org/10.3969/j.issn.1004-6755.2008.06.012
http://dx.doi.org/10.1098/rspb.2005.3115
http://dx.doi.org/10.3354/meps11266
http://dx.doi.org/10.3354/meps11266
http://dx.doi.org/10.1098/rspb.2005.3115
http://dx.doi.org/10.3354/meps11266
http://dx.doi.org/10.3354/meps11266
http://dx.doi.org/10.3969/j.issn.1004-2490.2003.02.001
http://dx.doi.org/10.3969/j.issn.1004-2490.2003.02.001
http://dx.doi.org/10.1007/s00227-008-1121-x
http://dx.doi.org/10.3969/j.issn.1004-6755.2008.06.012
http://dx.doi.org/10.3969/j.issn.1004-6755.2008.06.012
http://dx.doi.org/10.3969/j.issn.1004-2490.2003.02.001
http://dx.doi.org/10.3969/j.issn.1004-2490.2003.02.001
http://dx.doi.org/10.1007/s00227-008-1121-x
http://dx.doi.org/10.3969/j.issn.1004-6755.2008.06.012
http://dx.doi.org/10.3969/j.issn.1004-6755.2008.06.012
http://dx.doi.org/10.1098/rspb.2005.3115
http://dx.doi.org/10.3354/meps11266
http://dx.doi.org/10.3354/meps11266
http://dx.doi.org/10.3969/j.issn.1004-2490.2003.02.001
http://dx.doi.org/10.3969/j.issn.1004-2490.2003.02.001
http://dx.doi.org/10.1007/s00227-008-1121-x
http://dx.doi.org/10.3969/j.issn.1004-6755.2008.06.012
http://dx.doi.org/10.3969/j.issn.1004-6755.2008.06.012
http://dx.doi.org/10.1098/rspb.2005.3115
http://dx.doi.org/10.3354/meps11266
http://dx.doi.org/10.3354/meps11266
http://dx.doi.org/10.1098/rspb.2005.3115
http://dx.doi.org/10.3354/meps11266
http://dx.doi.org/10.3354/meps11266
http://dx.doi.org/10.3969/j.issn.1004-2490.2003.02.001
http://dx.doi.org/10.3969/j.issn.1004-2490.2003.02.001
http://dx.doi.org/10.1007/s00227-008-1121-x
http://dx.doi.org/10.3969/j.issn.1004-6755.2008.06.012
http://dx.doi.org/10.3969/j.issn.1004-6755.2008.06.012
http://dx.doi.org/10.3969/j.issn.1004-2490.2003.02.001
http://dx.doi.org/10.3969/j.issn.1004-2490.2003.02.001
http://dx.doi.org/10.1007/s00227-008-1121-x
http://dx.doi.org/10.3969/j.issn.1004-6755.2008.06.012
http://dx.doi.org/10.3969/j.issn.1004-6755.2008.06.012
http://www.scxuebao.cn

9H AN, S BT RIS AN TR S R A 4 5 T TR AR s LAk 1899

Strategy optimization of stock enhancement of golden cuttlefish,
(Sepia esculenta) based on structural characteristics of
reproductive and recruitment populations

ZHANG Xiumei ", WANG Linlong ', ZHANG Yuyang ', LUO Gang’, GAO Haoyuan
(1. Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China;

2. Function Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory for Marine
Science and Technology, Qingdao 266072, China,
3. National Fisheries Technology Extension Center, China Society of Fisheries, Beijing 100125, China)

Abstract: Golden cuttlefish, Sepia esculenta, was one of the largest economic cephalopods in Chinese northern
seas, with an annual yield of more than 1 000 tons until the 1970 s. Since then, with the continuous expansion of
fishing activities and dwindling of spawning field, this species has greatly reduced its local abundance compared
with the previous condition due to its biological sensitivity to the environment (one-year life cycle and low
fecundity). For this situation, many measures have been adopted to boost the population to meet the needs of
human consumption, such as the release of artificially hatched juveniles and restoration of spawning habitats. The
primary objective of this study is to optimize the existing conservation strategies and methods of cuttlefish by
exploring the structural characteristics of the cuttlefish population in Qingdao coastal waters. The brood amount
and size of egg cells of adult cuttlefish in 2017 were calculated. The distribution of body length and spatiotemporal
migration process of juveniles were analyzed by using continuous monitoring methods. Results showed a
decreasing trend in the specification of golden cuttlefish that arrived at different stages during the grouping period
(May- July). The brood amount and size of egg cells of breeding cuttlefish in the early-stage were significantly
higher than those of middle- and later-stages. The fertilized eggs of cuttlefish are characterized by sinking and
stickiness, thus attaching to the attachment, such as algae or reefs. For juvenile cuttlefish, they grow rapidly, and
the dispersion level of body specifications increases with sampling time due to the long grouping period and
spawning in batches habits of breeding cuttlefish. This behavior might be a reproductive strategy for avoiding
intraspecific feeding competition and promoting the differentiation of spatial niche. Therefore, according to the
actual brood amount and the quality of eggs in the collection periods of breeding cuttlefish, it is suggested that the
utilization rate of the early-stage population should be increased to improve breeding efficiency and guarantee the
supply of large-size juveniles. The placement of spawning substrates in the spawning ground (slow-flowing area,
15-20 m) of adult cuttlefish from May to July is an important measure of resource restoration. Based on the
reproductive habits of breeding cuttlefish, background survey in food abundance of release’s water for juvenile
cuttlefish is indispensable. To reduce the intraspecific predation pressure and improve the survival rate of released
population during large-scale juveniles’ release, juveniles’ release in different periods should be taken into
consideration. In order to further optimize the mode of resource restoration and reduce the cost of the proliferation of
cuttlefish, we also suggest exploring the technology of releasing fertilized eggs.

Key words: Sepia esculenta; reproductive characteristics; population structure; stock enhancement; strategy
optimization
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