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Abstract: During the construction of marine ranches, it is often difficult to predict the impact of the implementation of
ecological regulation methods on marine ranch ecosystems, which poses severe challenges to the ecological security and
health and high-quality development of marine ranches. In this study, a simulation and evaluation method on the ecosystem
of marine ranches based on qualitative network model (QNM) was established, and a qualitative network model centered on
the stocked target species was constructed by taking the coastal enhancement waters in the Zhangzi Island marine ranching
as the modelled area, including community responses under three types of ecological regulation scenarios ( stock
enhancement, predator removal, and seaweed bed restoration) and their compounded scenarios in marine ranching, to
analyze the potential relationship between ecological regulation strategies and changes in biological function groups. Results
showed that the bottom-up trophic cascade effects of stocking the scallop Mizuhopecten yessoensis produced a positive impact
on its predators, while the top-down effects had a negative impact on its prey, including other zoobenthos, phytoplankton,
and organic detritus. The removal of predatory starfish showed a positive impact on the scallop M. yessoensis through the top-
down effects, indicating the importance of removing the enemy organisms in the stocking areas. The simulated strategies of
seaweed bed restoration showed a significantly positive effect on the entire community, reflecting the benefits of maintaining
or increasing species diversity by seaweed bed in the ecosystem. By overcoming the data dependence of quantitative models,
QNM can identify the potential trophic cascade effects and assess the response of biologically functional groups, thus
effectively screen the ecological regulation strategies of marine ranches that can achieve the desired management objectives.
The simulation and evaluation method of marine ranch ecological regulation based on QNM established in this study, can
break through the limitations of using quantitative food web models in systems with limited data, providing the scientific

support for the formulation of ecological regulation strategies for marine ranch construction.

Key Words: marine ranching; qualitative network model; interaction; stock enhancement; predator removal; seaweed
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Fig.1 Schematic diagram of the study area
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Table 1  Functional groups of qualitative network model (QNM) in the sea area of Zhangzi Island marine ranching
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Fig.2 Qualitative interaction network of Zhangzi Island marine ranching
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Table 2  Scenario design of qualitative network model (QNM) simulation assessment of Zhangzi Island marine ranching
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[#5 5t/ 79 55 Scenario action node

No. Scenario type RSB D14 DL LA R KI5
M. yessoensis( Larval) A. japonicus(Larval ) Asteroidea Macroalgae

1 H—AFR W +

2 HahE +

3 B -

4 B E +

5 EANR EE + +

6 R AR e + + -
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8 (IR REE R 3l ) - +

9 W+ BB R BB R + + - +

+O SIS - I SRS R

http ; //www.ecologica.cn



13 44 PMEIR A5 T 5 R A B DA AR 254 1 SR R PR RO A S R BB R ) 5767

L6 BHTH
FH R &5 B QPress” 43 ( https : //github. com/ swotherspoon/QPress ) ! #7611z B BAK s B Fn
s (1) R 3050 A7 0 AN 5 PR B AT IBORE | JE TR — VR AR R IRC 5 (2) AN 2 S04 (0.01—1.0)
(R3320 o3 At vhAilE T A SR 52 B AR K o, (VR MR AR AR R 2 ) 5 (3) A1 R Gee s MU ( 55 37—
IRAE A E P FIHE——Routh—Hurwitz stability criterion , Bl . 274k R GERE 7 B AU A 62 S50, om HoK
E%X'JEEI‘J) VORI VR R SRR DN ST A B 1 () AR LA SR AR TRV T 45 8 R T M sh A S 1 S o
L, QSRS SE , REFSFEME R ST, — BT BRI R P B B2 B B RO RE e U0 3, B — R I8l s 5t
T B 3RAT 10000 NEE BIFETS R PR I 2551 STt iEvs T AT SHRELL R AT 51 B0 5 A 2R D RE4H A REAR sl 77 A% i
f"tUﬁU(? 70% WG BA AT S — B, ) Z (50%—T70% ) W3R W10 b7 A BT 7F- 5 — 80 i %
REF ¥ 5 1 Pheatmap” £, , AR AT 5 —BerER) 405U GE T2l ww R BE (8], 55 0h , AR WF ST 8E T A DIAE
X)ﬁl(l'ﬁﬁlﬁ fior , R G0 90 E AR VA TS | PV B 5k fa DL 2 500 D0 L 0 52 T A0 7 R 5 A 288 o D15

L R I L

2 #R

21 HEst
2.1.1 R

BB H AR PRI BB BB A R, ELAF e N B — B K (5>70%) o AR TR ZHOLE Tfe Rt
KUl RS — B (<70%) , A FB 4> Ho e D ae e (A & v fa 28 TR UEAE Y AR ) £S5 e B B — B0k
(E3):

(1) BRI TE AR bt DI Gl DRGS0 R (1 5 1) 828 IR P40 28 5 IR 5 et DL &) DL B A RRURR el i
T 55 LT I ATG S0 40 WO EL A S R e

(2) BB TE R S SR T (5 2) TR Ak aca i A vk 28 5 050 2 40 2 2o B
N, KA A HLEEE R b DB DL 82k 5 o LA T AR R N
212 BEHEHE

BRSSO 5 T (15 3) , SR AR I S 2L, i 1 12 (1 B HLA T AR 1, ELA5 g
BB —FAEAKE , E T HE RZHI R, BA M5 — Sk DIae g £ (1K 3) , anirsa ks D4 0L iR 3
S DURR DL | A 0 48t b 2 P57 ELAG FEUR g 7, R RV 88 AT WL | TR UL L 5 0 5 1 5 5 2 D) 22 0 T 40 g
N(E3)
2.1.3 wEGBE

BENGRIABE N ST (R 4) , SHE R BRUE R IR, KA EA B 2 AR N, 'ﬁ LE
— B SN BT, R DI RE RS 2 80 B P A5 — Bk 1 ([ 3) , an KB e B R
Wishyy gl 2 S AN A0 I R A B A 2 SR BB R 7, S R 5 A DL 40 DL S BT 1:& M) 17
HEAEARFS—ZEACE DI ReRE (TR D 2415 T 05 ) A28 i i) TR 17 (50% < FRAR e i
el <70%)
22 HEAWEE
221 HELE

B SR N A5 RS, PR B ) A E R S T RE R A £ — BT (AR 2RO B TR
5 — SRR (<70%) o FEASEADLIRI B Y FE R 3 B DL 4l DL S5 0 RIS 4 S IR (& 5) , R8sl A&
PEZE il 2405 5 05 38 B D1 4 DU ¥ 52 B0 BOR o 187 , G A MILRE T L H R RS A s i S e S T A e
(Kl4),
222 WEAE

(1) BEHDLE 7 o 1 5 E AR ) (R E BE Rl 8T R I e T (T 5t 6) |, Al ety N B s il =

http ; //www.ecologica.cn



HE
&t
B

5768 Eire 4 5

A gENiES
4 AR
4 W
LS

1

e

- ik z S
- R IR
- HBRmzhy R K
] v H,

4 B M +70%—100%
1 s +50%—69%

. M -70%—100%
4 W =50%—69%
4 Y * AMEFAT R

- AHLRE
pieiitics 3

1

Hp ke

1

| timzgs
5 H b7
S AR { ] R B

WIH
THRHH [ | 4 Bhmas
B | e

1 1 1 1

1 2 3 4

1% B+ Scenario

1

3 EFREBFEHENA—FROERMEERAER

Fig.3 Heat map of function group response results of simulated single scenario in Zhangzi Island marine ranching
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Fig.4 Heat map of function group response results of simulated complex scenario in Zhangzi Island marine ranching
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