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Fig. 1 The sea experimental stations of spawning
substrates for Sepia esculenta
1: in front of Yangjiawa bay; 2: Zhaitang Island,
3: Xuejiadao coastal waters.
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Fig. 2 The different types of spawning substrates of Sepia esculenta
a. the white cruciform spawning substrates; b. salt cedar branches; c. sea cucumber frame; d. the black cruciform
spawning substrates; e. attaching salt cedar branches to the cruciform spawning substrates.
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Fig. 3 Schematic diagram of the whole structure of the
cruciform and collapsible spawning
substrates of Sepia esculenta in 2015 and 2016

1: main rope; 2: cruciform spawning substrates; 3: buoy;
4: branch rope; 5: buoy rope; 6: anchor.
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Fig. 4 Schematic diagram of the monomer structure
of the cruciform and collapsible spawning substrates

of Sepia esculenta
1: frame; 2: fixed buckle; 3: net.
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Fig. 5 The adhesion effects of different materials
spawning substrates

Different letters on the graph mean significant
difference (P<0.05).
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Tab.1 Proportion of attaching oosper ms of
different materials spawn in substrates

BEF 510 e L 451/ % T B BZIE sea

proportion of at-  cruciform spawning salt cedar cucumber

taching oosperms substrates branches frame
A 38.23 53.95 7.82
L(0, 46) 0 0 100
L[46,92) 33.33 0 0
L[92, ) 66.67 100 0

212 AREEBREBEFFINMEEMNER HE 6l
1, = P A AR R AN () 2 €5 7 B9 B A S Y
BB ASCRAN TR, (T E I B 25 S 7 24 0 o
171.67 i, FHIHEIE N 69.87%; €+ FHHE
H RN 87.50 ki, SEHBFEIE 30.13%,
Wi 2253 . (P<0.05). & 2 AT, A58
Bt 5 LA R S0 (Y B R e 2 7 65 R L) b, Bt
IV B A BE A R S0 ) B B AE L(0, 65), L[65,
130], L[130, o) LB 33.33%, HEGHFIE
Bt 25 5 119 B IR AR 34 i

B & average number of attaching oosperms
Ot R average rate of attaching oosperm
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Fig. 6 Adhesion effects of different-colored
cruciform spawning substrates

Different letters on the graph mean significant
difference (P<0.05).
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Tab.2 Proportion of attaching oosper ms of differ-
ent-colored cruciform spawning substrates

Bk B 4k L 91/ % ) (ERE)
proportion of attaching oosperms black white
A 30.13 69.87

L(0, 65) 33.33 0
L[65, 130) 33.33 33.33
L[130, =) 33.33 66.67
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T B 5 58 1 B B S8R AT BB R Wi, i 2B A A BT
A T IR B B Ry 265.25 hi, P13y
BN AN 76.62%, ARMIEAEMIE BRI & A9+ 51 fit
B I RS Oy 75.50 KL, SPIIRTEIARA 23.38%,
P B BRI 22 5 . 25 (P<0.01). 3R 3 Wl
TN ZRE AR AN B BT i 1) S S B 6 g U S 6 174 B B
TR 85 RLLL b, AR MR O A% 1 I B
A LA RS (0 B O R 47 85 KL LA, Ik AR A
i BT i 1) I B B DR AL A X
o V-4 IR average number of attaching oosperms

OEHIMHBE 2 average rate of attaching oosperms
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2 b g
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) ¥+SD | 8
& g 250 S g,,
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FE 100 a 2 B3
=] 120 o
o 50 o
2 ; ! 5 0 e
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not installed installed

AT GRS attaching salt cedar branches

L7 EABRS B 25 F 7 B B 3 5 B B9S8R A 52 )
AR B B[R] 6 7R 22 5 i35 (P<0.05).
Fig. 7 Effect of attaching salt cedar branches on the
adhesion effects of cruciform spawning substrates

Different letters on the graph mean significant
difference (P<0.05).
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Tab. 3 Effect of the proportion of attaching
oosper ms of attaching salt cedar branchesto the
cruciform spawning substrates

EF B LA/ % ik ENIE
proportion of attaching oosperms installed not installed
A 76.62 23.38
L(0, 85) 0 100
L[85, 170) 33.33 0
L[170, =) 66.67 0

214 AEKR=DPHMEEMIPIRE HE 81l
L, TR — 2K AR R T A [ AR B B 5 5 1 B B
BRI, IS 24300 1 7 T B 25 561 S5 B o 2
h 476.75 Ki, “FREIMIN RN 76.17%, FRIZEFEM
I M B B O o 125.33 ki, SRR ER
A 20.83%, A BB AKCR 25 S B 3 (P<0.01).
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Fig. 8 Adhesion effects of different water depth
cruciform spawning substrates

Different letters in the graph mean significant
difference (P<0.05).
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Tab. 4 Proportion of attaching oosper ms of different
water depth cruciform spawning substrates

B B L /% e £
proportion of attaching oosperms bottom upper
A 79.17 20.83
L(0, 150.5) 0 66.67
L[150.5,301) 0 33.33
L[301, =) 100 0
2.2 XM ORI XL
221 BREMMEEMMIPR £ 5 Fon

2015 4, 2016 AN RV IX S B 2 35 1 R B 5
FISF- S5 BT B9 5

H 2% 5 AT, 2015 AFEFEA 2333 T i B 30 1 duf
PR+ IR LR B DR 82.14%, Mt
BUEE R 299.96 ki, FHorf, BBEE 100 KLLF

46.43%, 100~500 i 35.72%, 500~1000 ki
7.14%, 1000 FiLA F 5 10.71%; 75 5 5 BT v dak
B T FIE BB LRI 0, 2016 AEAERE
F 5 R TR B A Y RO R R
56.72%, “FXMOnER 199.52 ki, Ho, FtERE
100 F2LLF 5 70.15%, 100~500 K% 5 11.94%, 500~
1000 K75 13.43%, 1000 KLk -5 4.48%; %1
TS T R AU Y Bl O B A R T B B
13.33%, “FHRton &N 16.11 ki, Hed, FiopaE
100 KL 5 97.77%, 100~500 $7 5 1.33%, 500~
1000 75 0.44%, 1000 FiLA 15 0.44%, &35
Lbass, T DX B0 T I8 B A 5 B O AsOR R4
AN TR DX o (R 45 1) 4 25 Wk ™ B o6 2 SR ot B 24
A

222 AREBBFFINMEEMIIGE HE 9 M
6 AIHL, 2015 4RI XA R AR AP
W& RSO 2 R AR . A6 FFIRE
FEF-XIEREE y 234.77 K, BMEIER T 84.62%,
BT FIC MG B BIR IR & 356.47 K, Ff P
2 80.00%; SR AT B & B A PL R
G5 0~500 K, PI#H 257K 3 (P>0.05),
223 ARKRFIHMEEMIPER HE 10
AL, 2016 4 X B -+ IE B LB
2 GE R J2) R J2 GEE RS ) B BT DR AICR AN R] BB TR
JEJZ BT PR MR BB O E A 66.48 K,
R BREh 44.83%; R HETEIRFIC Y T IE I & P
YIS OP & 149.59 ki, BHBEERA 65.52%, PiH 25
2 (P<0.05), R 7 A1, B THIKNTFIE
B 25 35 10 A0 S4B B 4 (0~500 %) i T B HEAE T IS
B I M5 L (0~100 %r); B+ TN T
FICREE FLRF O KT 500 Rind HeflE T REET
EEZER IR MG A, KA IR E
LR BRI

®5 AEIEX~INMEELMEINR

Tab.5 Adhesion effects of cruciform spawning substratesin different sea area

AL, reefs site 40 year  KfIRZE/% rate of attaching oosperms P34 I it/¥7 average number of attaching oosperms
MZHETSHT in front of Yangjiawa Bay 015 82.14 299.96
75 H ) Zhaitang Island 0 0
MIZEETET in front of Yangjiawa Bay 2016 13.33 16.11
BER ) Xuejiadao 56.72 199.52
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Fig. 9 Adhesion effects of different-colored
cruciform spawning substrates
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Tab. 6 Proportion of attaching oosperms of differ-
ent-colored cruciform spawning substrates

1) B B L 151 1%

))Z'ﬁl@, different proportion of attaching oosperms
color
<100 100~500 500~1000 =1000

A5 black 40 40 6.67 13.33
{4 white 53.85 30.77 7.69 7.69

é o SEHR B average number of attaching oosperms

8 250 1 O FftBFZE rate of attaching oosperms 7100

g b 2

22001 n=3 180 &
£ %4SD b g
oH £ 150 160 = 8
& =
2% . L
"5 100 440 2 §
B 'g kS

g2 50 {20 3

Q =

oh 5

5 0 0

3 2 upper T2 lower

[f}& /K BR spawning substrates depth

F10 AR ™ I A 22 14 B B 28R
P AR Y B ] 3275 22 5 1. 35 (P<0.05).
Fig. 10 Adhesion effects of different water depth
cruciform spawning substrates

Different letters on the graph mean significant
difference (P<0.05).
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Tab. 7 Proportion of attaching oosper ms of different
water depth spawning substrates
%

A E FiHBR 5B number of attaching oosperms
hanging position <100 100~500 500~1000 =1000
2 upper 86.21 6.90 6.89 0
T )2 lower 68.97 17.24 10.34 3.45
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The efficacy of new spawning substrates for Sepia esculenta oosperm
adhesion

NIU Chao', YANG Chaojie', HUANG Yuxi', ZHANG Xiumei'*

1. The Key Laboratory of Mariculture, Ministry of Education; Ocean University of China, Qingdao 266003, China;
2. Functional Laboratory for Marine Fisheries Science and Food Production Processes; Qingdao National Laboratory
for Marine Science and Technology, Qingdao 266072, China

Abstract: In recent years, Sepia esculenta stock enhancement in Shandong province has been carried out in two
ways. One is to release hatchery-reared juvenile S. esculenta. The other is to provide suitable spawning substrates
made of salt cedar branches or sweet wormwood branches. The materials for the spawning substrates are cheap,
and the substrates are also appropriate for S. esculenta spawning and thus helpful for S. esculenta in situ conser-
vation and enhancement. However, the materials can’t be reused and are easily damaged on transportation and
deployment. Furthermore, successive cuttings of salt cedar and sweet wormwood significantly damage the two
terrestrial plant species. Therefore, in order to improve S. esculent stock enhancement and to further expand the
stock enhancement scale, identification of environment-friendly spawning substrates has become an important
issue. A study on different types of spawning substrates for S. esculenta oosperm adhesion was conducted in an
indoor spawning pool. Additionally, the adhesion of S. esculenta oosperms to the spawning substrates was also
examined in the field. The results of the indoor experiment showed that the adhesion of the oosperms on salt cedar
branches was the best, followed by that on the cruciform spawning substrates, with that on the sea cucumber frame
being the worst. The adhesion of oosperms on the white cruciform spawning substrates was significantly better
than on the black ones (P<0.05). Attaching salt cedar branches to the cruciform spawning substrates significantly
increased oosperm adhesion. In addition, oosperm adhesion on the cruciform spawning substrates, which were
placed at the pool bottom, was significantly better than those hung in the upper water (P<0.01). In the field ex-
periment, the results showed that oosperm adhesion to the cruciform spawning substrates was good in both 2015
and 2016, with highest oosperm adhesion rates being 82.14% and 56.72%, respectively. Oosperm adhesion was not
significantly different between the black and the white cruciform spawning substrates (P>0.05). Oosperm adhesion
to cruciform spawning substrates that were hung at the sea bottom was significantly better than on those hung near
the sea bottom (P<0.05). The results suggested that, in the spawning season of S. esculenta, resource enhancement
and comprehensive protection of the spawning population can be achieved effectively by deploying artificial cru-
ciform and collapsible spawning substrates at the sea bottom in its spawning grounds and in the main enhancement
and releasing areas of slack water with depths of 15-20 m.
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