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AR, R E B A A7 B R T .
15 5 G = lb A S OAS {4 Y ) 29 (25 B 4, 2021,
Jil BE 4, 2021), gl 25678, iR
A R 8 5 A A A B AR I eI RSk R R Y
2 it (Zhang et al, 2021), Hir, A T HarEAE Nk
RO B A A R 4y, 3 e el AR R L 3 0k 4 i K
TR ELW A B K . oA IR 3R A5 A (D A5
2017; Lima et al, 2019), mifEizh. HEPHRML R 470
ZE . AERKIWE, AP SRR ARSI 1Y

B SR Ol R IR AR H OB (EAERT SR, 2018; FBa 4,
2019; EPER4E, 2019).,

H A, 3 E 0 32 B8 1 T iftoll 3G 58 AR R
Pk Ak (2 AR, 2019), LR R AR AN = Bk =
Bl , A 7 2 — BAE W 7 B4 (s 47 5%,
2020). EARCTlFER T FEEPELES R
Gifs & (Lee et al, 2014) ., ¥l ¥ JFIE5E (Tanaka et al,
2015) . fE i it 2l M HR AR S 5 TH o 3R B AH G 5
F B AR FEIRVEAL (O 68 SE, 2018) . MR
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RGBT % R 5 28 A4 BRI I I A 410 . 8 3R 4
SR EE R AR R, SRR R IR A
KA TR, 5904701 Rl A 5251
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2019), [EXH IRV MO 1978 35 R o A R IR S T PR 0
X T & B RIS S IR 8D o T E FREh i 2
[ o> AR AR, AE A IR S PO AN R D RE DX 4 K
1 Rt S 2 (04, 2014), IFHE AT sk ik ek
Yt A 5 BRIEOR

1 G5 ()35 B AL ST S5 PR ik B2 N TR
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T SR ) T 36 BB Fr Oy Xl (N T A e 45 X ) 3]
ek, S ruo-padeE m (# 1), ks SR m Ay
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H Golden Software Surfer 14.0 2l .

1.3.2 ¥ ahiE B MIEmN Xt U 5 B DU FIEZR 7K )
R 3 SR PE TS EAE VAN, BEEUE KOS KR B
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Ho DL BV 48 b5 09 43 obr E KA T 51 S 1% 1
(2018) B9 o A AL PP HR AR L 4 A 7K)Z 71
(B, TSR] 2745 UR 5 bt DL e K IR0 466 448 5% 5 3 ‘P
FREL, IELml T S AL, K 4 A
IR R DU SR K O Y S A A R A3 AT T P A
X IO P CHE AR, 5 38 4 AR IR 3 B DU R TR K 0 A 3 %
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Tab.1 Evaluation criteria and weight for the suitability evaluation index of aquaculture of scallop (P. yessoensis)

f5br Parameter FrifEr{E Standard score ﬁi

1 2 3 4 5 Weight

K& Depth/m <10 10~20 20~30 30~40 >40 0.05

B Temperature/C >25 <5 15~25 5~10 10~15 0.16

B Salinity <24 >38 32~38 24~30 30~32 0.02
nt£kE a  Chlorophyll a/(mg/L) <1 >30 1~10 20~30 10~20 0.48
JEZEAD  Substrate type <8 -1~ -8 >80 4~80 ~1~4® 0.07

W E LT85 Eutrophication index >9 6~9 3~6 1~3 <1 0.23

W RHEA. <80 Fif2>256 mm; —1~ —8@: 2 mm<kif2<256 mm; >8D: $if%<0.039 mm; 4~8®: 0.039 mm<Kki

14£<0.062 5 mm; —1~4®: 0.062 5 mm<kifE<2 mm. KA,

Note: In the type of substrate: <—8®: Particle size greater than 256 mm; —1~ —8®: Particle size greater than 2 mm and less
than 256 mm; >8®: Particle size less than 0.039 mm; 4~8®: Particle size greater than 0.039 mm and less than 0.062 5 mm; —1 ~ 4 ®:
Particle size greater than 0.062 5 mm and less than 2 mm. The same as below.

F2 RAKMBFFRASEETNERD RIRERNE
Tab.2 Evaluation criteria and weight for the suitability evaluation index of aquaculture of deep-sea cage culture

febi Parameter brifE s Standard score L

1 2 3 4 5 Weight

K% Depth /m <5 >50 5~15 15~25 25~50 0.07

R Temperature /C <8 >20 8~12 16~20 12~16 0.16

B Salinity <15 15~20 >30 20~25 25~30 0.04
M%4t% a  Chlorophyll a /(mg/L) <1 >30 1~10 20~30 10~20 0.47
JERZET Substrate type <80 —1~ -8 >8] 4~80 —1~40 0.04

W HIL 8% Eutrophication index >9 6~9 3~6 1~3 <1 0.22

B EMERE AL, T AR RS B R il
HI Excel 2017 %&b Ge 1t o0 dr, BGFR0HIE B4
i 2% ] Golden Software Surfer 14.0 #1742,

W KE TR ENTE AN
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21 EFHRETHSHEIE

211 Ewsm & (DIP) /MRS X DIP
WAL TEFE Y 0.01~0.038 mg/L. DIP kEXRZE>H
Z>FkE>HFZ, 4514 0.032, 0.021, 0.017 f
0.015 mg/L (& 2). #EKEmf I, &ZFFK)Z DIP
JE e, 4 0.031 mo/L, ARERVERI S T AR B
% H BB DIP e B S8 b o0 1) Ah T HIAY
P BINFEZ, L XK 0.017 mg/L 4k BE T i )
DU JE P B E 0.012 mg/L., &2 5 m /K)Z DIP ik
B 7 A v T SR ST B P A o v ek R A I (.
(0.027 mg/L)4b, AR B E S ; B2 DIP

R 5L IR VAR IX 4K 35(0.021 mg/L) [ P #5(0.013 mg/L)
BHWREARRI A FEMEZ DIP IWEAARE,
AR NS] . 10 mKJZ DIP WA ZE L B
Lo E3R (0.031 mg/L) 4] R 8 T 45%(0.036  mg/L) % i 444
m S, BRSNS . 4 ZFK)Z DIP
WA X O R s (e, O 0.032 mg/L; FE
DIP ¥ i 1 75 4t X 451 0.023 mg/L [ 45 R ¥ Bl i
%% 0.010 mg/L; X ZERIFkZE DIP REEAZLAK, %
NGRS X B R, XF 10 m FUR)E 2 4
KA ZEAT TR B S AE I DX bt B v R B A
2.1.2 AZHE(DIN) JINPT I B M PRI X DIN e
JE AR AL 5 A 0.08~0.38 mg/L, DIN ¥ ¥ fk Z>4 %>
HE>HEZF(E ), K24 b, 440ZFNHh, RZ
DIN ¥k BEAR A B s (E X 3, 43 . BERMKF/N
il S g PR O X PR AL R DIN R, 23
AR DIN W B2y s H2=3R)2 DIN MR Bl AR R
13380(0.29 mg/L) 7] P FR AR 2 0.19 mg/L, 5 m /K2,
7 DIN EHH, H 0.25 mg/l, ORI
0.12 mg/L [i] DY J& % #idh K 2 0.29 mg/L; HZFMIH 2
DIN ¥ i 5230 I A oCs fia) Vg 358 10 o 328 ¥ B I ) R 3
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Fig.2 Planar distribution of DIP
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T — (R 4), 47 DIP W e, KIKIRS 15,
BEAT B0 KT 5 T4 A B 3 2 DIP YR FEETE TR
KXW A EIS, DIP #EFFZ(%(0.017mg/L),
JEJE15(0.023 mo/L), TEKEREGRIXER DIP WREE/r1ii
5]; B2 DIP WREEA /K324, #)211(0.019mg/L)
JiKJZ75(0.023 mg/L); FkZ= DIP ¥k B AT 1y ) [ 2%
SR, KA 45

222 FZHE(DIN) DIN ¥ & iy 51 1t 43 A7 5 - 1

—E, DIN WE i EEAEKE(E 5), XFEK)Z
FIEEJZ /KK DIN #4155 (0.023 mg/L), H 2Kk
JEEA(0.018 mg/L), FZFAEFR)Z A2 KA M
i) DIN ¥€J%(0.220 mg/L), KRGS, T 2o
JZI5 . 575 DIN MR BE 73 A R /K TR XA T 4%
ARG, KRG R A v B AR IR A5 2447 (0.09 mg/L).

BZE DIN MR S A A KRR 2, KIRRAY
57, JCH 5 0 7K ST R 2 LA A R
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231 PR B NI E BN ST L B Y
T IXHE 3 B DU 43 2% 40 4% 3% 508 B M R B
2.70~3.85 Z (A, i EAMEHE B B B A s S (1A
6A~D). AZ=IE MR b DL 3% % 5 XS B /NP i & P
Jt 75 M 25 500~1300 m, X 23 EHF A D13 FRAE X
B /NPT L S PE AL 5 4 650~1300 m, 3 RCMETE AL
1 T 3.50, [FI A, 7 rvCo T Bl B s o R R4S S A 3,20,
BZE HEE R GE o 3.50, 20 THEE L, Bk
IR, R RS B 3.10~3.60 X JA], [HEA 2 |
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Tab.3 Value for the suitability evaluation index of aquaculture of scallop P. yessoensis in different seasons
, EEMESE Suitability value
ey KR B " E a A LI
Depth Temperature Salinity Chlorophyll a Substrate type Eutrophication index

2017 478 Winter 0.127 0.640 0.100 1.309 0.280 1.066
2018 FZ Spring 0.150 0.640 0.100 1.067 0.272 1.124
2018 7= Summer 0.139 0.480 0.100 1.333 0.241 1.124
2018 #kZ= Autumn 0.122 0.480 0.096 1.227 0.241 0.907
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Fig.7 Cultivation suitability index of deep-sea cage culture
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Tab.4 Value for the suitability evaluation index of aquaculture of deep-sea cage culture in different seasons
" EEMESE Suitability value
It 8] S . %
Time IS L o 4% a [ ES] CEE e
Depth Temperature Salinity Chlorophyll a Substrate type Eutrophication index
2017 4% Winter 0.293 0.160 0.040 1.282 0.160 0.886
2018 #Z= Spring 0.274 0.640 0.040 1.044 0.147 1.076
2018 E 2z Summer 0.280 0.320 0.040 1.306 0.138 1.076
2018 kZ= Autumn 0.280 0.640 0.069 1.253 0.134 1.020

B, iR DIP & & BRI IO & L Bk S
HFENEZ, DIP E LM ERBERE, S5AM5E
B SR ) o AR AR AE—8G WEE, AREFSE R
DIP ¥k BE7E A Ze ARt Bl s fH, PTREJE I TAFK
BH 60 S5 A Sl 555, VREKRLRE TG R R, TR AR K
X 37 £ AR I SR AL S B (5K T AR 45, 2011) . 1
VAR I g 7K S e S BRI o 4% 59 A 4 N (B R IR 4
2019), FEUNMTIL S RO X A& TR IR S i 2%
RIZHIRZE SR WZ M, i B B A 22 57
(B4, 2017), AW, HREABKEKME DIP 4
5], X5 Ehifg kK sh J1REEA 56, /NPTl i
SR AL TGRS AL, 2 B0 R L R e D A

524
w

BRI = KoK RARTESE M, [R]EVE Sh 7K A 5 638
B, WG, KR, FECE SRR
BN A (5K T B4R, 201; ki 4R, 2019).,

K A5 (2020)IFFE & B, i R DIN f 2
[ (7.78+7.38) pmol/L F+ 2 Fk 211} (14.8426.20) umol/L,
HEEIA 1.9 1%, BRI (2016)45 H, HIEEAE K
&) DIN & it ; ARS8 R BoR, B DIN &
AT AL, XS AR 5 T RE
FREANBRFR D, WIRKIGES, R,
T WA B B AR 3R Eh (5K 1 4%, 2019),
B4R, DIN 92T | 28 [0 22 55 e S et VA2 3
A A D A A FH B TR K A T SRR A A G o
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NS (2019)WF 5T A P, N T fo il JR] R K P
FEFE L TH R X A5 1 3 R 0 X 3, AR 58 & 8K,
DIP £ DIN 7 10 m JJie)Z /K AR ity A T 42 REE 388 i X 3k
A B AR A, X T g5 N TR e AR Y TR
B [N, B THOIES R R, KR kit
FR S R SR AT 2 A i N T A R B X I, — %
IRl S 80 N T A0 8 i X sk P R 2 K AR IR G
B BB SRR EE . BRI (2013) % AL HE i 3 ST
T HEAT TRFFE , 45 WT i 3758 10 T2 0 A 2L B4
B, WOKXJRJZWE R o ARFIE P, AKX AR H R
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Distribution Characteristics of Nutrients and Suitability for Aquaculture
in Marine Ranching of Xiaozhushan Island
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Abstract

In recent years, marine ranching has become an essential measure for restoring the

marine ecological environment and promoting the development of fisheries. The ecological effects of
artificial reefs are complex. In addition to providing shelter from predators and living space, artificial
reef modules can also affect nutrient transport for vertical water columns by altering the current flow
and entraining nutrients, thereby influencing the surrounding biological production available to
organisms and proliferating local fishery resources. During the construction process of marine
ranching, nutrients are the essential biogenic elements of marine organisms. Their concentration and
distribution significantly affect the distribution of fishery resources and anthropogenic activities.
Understanding the spatial distribution characteristics of nutrients can provide a reference for
adjusting the construction and layout of different functional areas in marine ranching. At present,
marine ranching in China mainly focuses on fishery multiplication and leisure industrialization, and
the comprehensive utilization efficiency of marine ranching is not high, therefore, allowing the
extensive development of marine ranching. However, as an essential part of marine pasture
construction, aquaculture activities often lack scientific planning, and exploring the scientific and
reasonable layout of aquaculture activities is still in the preliminary stage. This is reflected in the lack
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of scientific investigations and demonstrations before aquaculture activities. At the same time, the
aquaculture varieties are relatively single, leading to poor aquaculture activities.

To explore the distribution of nutrients and provide scientific guidance for the development and
management of marine ranching, four quarterly surveys were conducted from December 2017 to
September 2018 in the marine ranching adjacent to Xiaozhushan Island. Distribution maps of
different water layers and profiles of nutrients were generated, and the distribution characteristics
were analyzed and discussed. Then, the suitability evaluation method was adopted to explore the
suitability of scallop (Patinopecten yessoensis) culturing and deep-sea cages, which are the two main
aquaculture activities in marine ranching. Nutrient level index, Chl a concentration, temperature,
salinity, water depth, and sediment type were selected as evaluation indexes. The results showed that
the seasonal variation of dissolved inorganic phosphorus (DIP) concentration from high to low was
winter, summer, autumn, and spring (0.032, 0.021, 0.017, and 0.015 mg/L, respectively). The
dissolved inorganic nitrogen (DIN) concentration was seen to decrease seasonally from autumn through
winter, summer, and spring (0.26 mg/L, 0.21 mg/L, 0.20 mg/L, and 0.18 mg/L, respectively). The
concentrations of DIP and DIN were both significantly different across the four seasons. Still, the
distribution was uniform in different seasons. Due to the influence of terrain slope and placement of
artificial reefs, the nutrient concentration was higher in the middle and deeper depths close to the area
of artificial reef placement. For different seasons, the suitability evaluation results indicated a
spatial-temporal instruction in which the suitability index of P. yessoensis culturing was higher in
winter and summer. It was prone to be conducted in the west of certain sea areas. However, the
suitability index was low in the autumn. Throughout the year, the suitability index of P. yessoensis
was higher in the northwest of marine ranching. It was higher in summer and autumn, and it was also
suitable for the northwestern region. The suitability index was low in winter. Throughout the year, the
suitability index of deep-sea water was higher in the northwest region of marine ranching. One
possible reason is the silt sediment in the northwestern area with deep water. A higher suitability
index for aquaculture appeared near the area of artificial reef placement for different seasons.

Aurtificial reef is an essential part of the marine ranching area of Xiaozhushan Island and its adjacent
areas. However, the placement area of artificial reefs was small, and additionally, the influence of artificial
reefs was not included in the suitability evaluation in the present study. As a result, the suitability index of
the artificial reef is not high throughout the year, which can be further discussed in the future. Exploring
the distribution pattern of water nutrients and evaluating the suitability of aquaculture activities can
provide scientific evidence and reference for improvement of stock enhancement, sustainable development,
and exploitation of marine ranching. It can also provide a basis for exploring the distribution of marine
ranching ecological environments and utilization management.

Key words Marine ranching; Nutrients; Aquaculture suitability; Distribution characteristics



