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Tab. 1 Functional groups and their corresponding species composition considered in the
Ecopath model of the ecosystem in adjacent waters around the Zhangzi Island

U Y species
/)NMifi#i5 Balaenoptera acutorostrata

K434 classification rationale
/Il Balaenoptera acutorostrata g v (547 24
marine protected animals
2 JTJX Neophocaena asiaeorientalis 1 V{74734
sunameri marine protected animals
3 &0 sharks PRI/ A ST EERE protected or FRAUEE & Sphyrna lewini, 4% &% Triakis scyllium, A
ecologically important taxa % Carcharodon carcharias

4P /e ST B ERE protected or VY Larus canus
ecologically important taxa

TIBE4 functional group

VLK Neophocaena asiaeorientalis sunameri

4 B seabirds

5 ffifi yellowtail NGNSk 7y H# Z4 M Seriola aureovittata, . 4%#f Seriola quinqueradiata
targets of recreational fisheries

6 T Sebastesschlegelii — fR R B AR P B F-fill Sebastes schlegelii
targets of recreational fisheries

7 g greenling PR PR I B AR K 7s £k Hexagrammos otakii . Bk i Hexagrammos

targets of recreational fisheries

TZHEHOZE important forage fish H A< fi¢ Engraulis japonicus

agrammus
8 H 42 Engraulis japonicus
9  EMifi Ammodytes personatus B PR} 2 important forage fish /i i Ammodytes personatus
10 i B2t s RAEREH

pelagic zooplanktivores fishes aggregated functional group

fify Scomber japonicus, BEf% Konosirus punctatus, ¥
fiif £ Hyporhamphus sajori . 7 /N> T Sardinella zunasi |
AL HE Pampus argenteus
11 i T Scomberomorusniphonius A B #l, H ARFH

targets of recreational fisheries

I EHRMAZE important forage fish 5 [K z #i# Enedrias fangi

% 5, T Scomberomorus niphonius

12 HIK®# Enedrias fangi

(¥4 to be continued)
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(8231 Tab. 1 continued)
%5 No. IjRE4H functional group K534 classification rationale TS Al species
13 KB atEaZk REIhredl AL T-f2 Liparis tanakae. 7 Platichthys bicoloratus.
demersal benthivores fishes aggregated functional group P Sk Mg # £ Collichthys lucidus . K 3k #% Gadus
macrocephalus. [t Argyrosomus argentatus. fLf% Raja
porosa ., i R Cleisthenes herzensteini . #li ) ¥ 3 fif
Pseudopleuronectes yokohamae . %% fig ffi  Chelidonichthys
kumu . ZL 6§ 75 J7 fif  Takifugu rubripes. %% & o [ fili
Thamnaconus modestus. #%fi# Azuma emmnion, /)N fh
Larimichthys polyactis
14 JEZik Y et a2k RAEReH i fa Trichiurus lepturus, &% Lophius Litulon, & 2&F
demersal piscivores fishes aggregated functional group Paralichthys olivaceus. A %78 Conger myriaster . Zi{ft
A4, Hemitripterus villosus
15 RAISL 24 large cephalopods B4 IIAEL JE 4 Octopus ocellatus, K1 Octopus variabilis. 450k
aggregated functional group Sepia esculenta
16 HAlbsk £ other cephalopods B4 IhfE4l H A 21 Loligo joponica
aggregated functional group
17 2K crabs RAYRedl =JEH T4 Portunus trituberculatus., H Z<#8 Charybdis
aggregated functional group japonica. Il TT % Carcinoplax vestita, [Ty o i f#
Cancer gibbosulus. #F & # Paguridae . A% %< IR &
Oregonia gracilis, VU5l Pugettia quadridens
18 #F2 shrimps RETIRed & JK #F  Trachypenaeus curvirostris . 1 E B X #F
aggregated functional group Fenneropenaeus chinensis. 1 4F&f Oratosquilla oratoria,
HIE 48 EF Crangon affinis., 3 (X 7R Metapenaeopsis dalei |
4075 {75 % Parapenaeopsis tenella., A V- PR IR Euphausia
pacifica. #iZEUF Leptochela gracilis
19 JERE% gastropoda RAYnedl Jik4L 42 Rapana venosa. 742 Neptunea arthritica, K [G#f
aggregated functional group 12 Buccinium perryi
20 15i#fi|Z Apostichopus japonicus 3#%%4 HA## group for enhancement /5|2 Apostichopus japonicus
21 48 Haliotisdiscushannai 3% H AR group for enhancement 44 4 Haliotis discus hannai
22 WFFE DL Mizuhopecten yessoensis 3% H A7# group for enhancement ¥F 3 f# D1 Mizuhopecten yessoensis
23 ifgJH seaurchin 4% H AR group for enhancement #EHIJE Glyptocidaris crenularis, YGREK#EIH Mesocentrotus
nudus, #7335 b2 IH Srongylocentrotus intermedius
24 IR mollusc REUIREH 2205 01 Mytilus edulis. #ifLE DU Chlamys farreri, JEE
aggregated functional group I 4F Ruditapes philippinarum, JiliH i %G Clinocardium
californiense, 2 L #4 Thyasira tokunagai. JT.7" BAASG
Moerella jedoensis, 755 2514 Hiatella orientalis
25  gA starfish RE e I Asterinidae pectinifera. % [Giff # 7= Asierias rollestoni
aggregated functional group Bell . Z i % Asterias amurensis. P [< & BH i £
Solaster dawsoni Verrill . #5iff & Luidia quinaria
26 gl brittle star RAYRedl 24 Ophiopholis mirabilis, #/Ki% K E#EE Ophiura
aggregated functional group sarsii vadicola, 7] K35ME R Segophiura sladeni. I (% il
I F& Ophrothrix marenzelleri, H A fi#EE Amphioplus
japonicus
27 HAMJEWIZhY other benthos RAYRedl %2 F2K Polychaete ., 3fi /£ JE Amphipoda , /1-JE3E Ostracoda ,
aggregated functional group A2 Cladoceran
28  JRiiEEhY zooplankton R rh4E$7 K & Calanus sinicus. /MU /K & Paracalanus

secondary productivity

parvus, 3RJM:%FH Sagitta crassa. M E Gk % Oithona
similis. %5 K 15 617k % Oithona brevicornis. 7% [G %7K
& Acartia clausii

(fF%E to be continued)
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(8231 Tab. 1 continued)
%5 No. IjRE4H functional group K534 classification rationale TS Al species

WA

primary productivity

29 RIS
benthic algae and seagrass

30 IFIiFAEY phytoplankton

31 AHLEEE detritus fE G energy cycle

FUR ¥ Sargassum thunbergii ., fL£72§ Ulva pertusa, %
Zostera marina, ¥4 Laminaria japonica. #43% Undaria
pinnatifida Suringar . % Sargassum miyabei . “FEAHi2¢
Hizikia fusifarme

WL = 71 primary productivity i # Bacillariophyta, F# Pyrrophyta

HHLTE detritus

1.2.3 #ESEH LIT Ecopath &7 FL
I B RE S R 5 40 M 33 Gl TR AT AR 26 6 %
A VEEEAEMEAS ) (GB/T 12763.6—2007) 8724,
Horpta 25 L K R TG HE S A i B R A
2022—2023 4 [A] #4700l B R -5 A AR IR B R A
B, AR DR A 75X, AR 4 1 AR A
B, R DX PN R W KR T 45 A g W A5 A T
R TR S A el i TS 2R PR R AR A
FARAS, A W MR U B Y b i T L B
VIR PG N DA S O &5 SR Ak B A, TR DA
Yy Wy 5 R A AR AR R a SR AT R AR,
FEJE A AR Pauly 250U Al £ PR Y E 4T
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TR SRS R R K £ 4 = R SR T A T A A

FERIH 2 P/B &% Q/B {2 KA =T E
PRSPl Hoh a2k P/B (H4F MR FET- % Z,
BB LT R 5 HARET- R Z Ml Q/B {HARE
g MY 2 To RUA BRI TR R R TG A HE 5
Y P/B (EARIE BeryPN 286 A S HEI A, HiAxTh
AE4l P/B.Q/B {HZ75 X M I &1 A A5 R iE A BLif
B SCHkARARE

Ty a2 v fi 288 B 1 800 3 T B AR Hb A 5T
G A UL 545 5 i X ST B iR T i S
AT oR DL SR e [R) A7 2R Ak B ) M o i 45 S
ABLIOL o 2 i PR A U SRR AR Y S
SRt AT, HAb A Y R R B R R T2
Ko B3 A S AR AR LV B b P b £ 1 A3 B B A G
HI:%[37-41]0

AR R Ay X D N E IS & i
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R F Rk AL SE AR
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PR AT R S E R R RER R R
PREBAL 2 Wr J5i U, A5 5 A 4 5 Ak 1 (B D 85 B
5~T NG, >T FoR R BRI G At £, <5
FERBER T 6 B E Y SRR A,
TEITA $i B FR AR B e, A (PR EROR
JE )RR N Rl FR RN T 5%~10%,
H. P/B il Q/B HC{EL IR I A 45 185 5 FR A AR
23t PREBAL 2Wi5, I3 — 1 FF6 48
ol JFEFER Ecopath LB 75 XA B i 4 7 il
B, ZPRAE B A AR 2 s T R s
MAESERSCRERENT 1, A S
(P/Q)Y HLAB N AE 0.1 25 0.3 Z Ja], BIR ZHBEHARY
MR KRR HA =B 3~10 15, HIPWR 5 [HL
(RALE/NT 1, &Ml Pedigree #8504
Ecopath #& 7 fiy A\ 28000 A B & M, b i et A 72
J i A TR TR
14 HELERESWEIERD T

BT 2K A BT 8 AR R T A5 7 5 40 0 Vg 35
i Sl 2 R A BAE I &R o s 5
b A TS bR L

Ko P 3252 F Libralato 259445 b 4] 2 71
W, K RHESBEA N TR A MR ARSUR L EA
A= LB DI RE4H . R Ecopath 71 H [
M 5 H5ORN S5 B AR HOR PN AE S R 5
H R SRR
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RAE
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REHE
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4 0.56, ik PREBAL V-2, ZAESRS
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I B I I IR R R R AE X RO R B
7.4%, P/B {EF Q/B {EF# HFRHETtm 2 TR
B, P R R, RAEAEINE IR
AL AT BAR, (HAE TGl & & b 4n 1, H45
BIRBI R IERPRD G . P/Q (HERRA K F K/
i YT K B S AN AT 0.1~0.3 Z 0], %A 1Y
A A1 BRI
22 BYIMBEREGERAERYMPER

Ecopath 5 B4 A Fildi H S804 2 iR, 1%
3B T RELL ) B FR R A AE 1.00~4.24 Z [i], H
YLK S et 1) B TR 5 R 4.24 .4.21, Rzl
Yy A T RAR 1 2 /MR B85 1) 755 3% AR AR
(trophic level, TL=3.74), %1 548U &4 ™)
WE 2 FiR, RAESRGE A Y& XS sy
e 4 DEFRY, EZAFELIFIY) . G5
ST BN G 7= 3 R 1 B LA K L) e
OESI IR 7/L

®2 BYRMEBEHESRS Ecopath HENGEABESH

Tab. 2 Estimated parameters of the Ecopath model functional groups of Zhangzi I1sland adjacent water s ecosystem

by e gy CEOR O EPR SRS AR A
No. functional group TL (.t/km ) A ) it [Vkem™-a)] - FRA0%
biomass P/B QB catch EE
1 /)Mfifi Balaenoptera acutorostrata 3.74 0.039 0.04 8.14 - 0.000
2 {IJX Neophocaena asiaeorientalis sunameri 4.24 0.022 0.02 13.11 - 0.000
3 & ffi sharks 4.21 0.002 0.59 5.20 - 0.000
4 1 seabirds 4.10 0.001 0.06 67.02 - 0.000
5 fififi yellowtail 4.12 0.393 0.70 2.50 0.163 0.593
6 LGPl Sebastes schlegelii 4.01 0.187 1.42 5.70 0.032 0.231
7 JNEkff greenling 3.53 0.520 1.20 4.50 0.046 0.277
8  HAME Engraulisjaponicus 3.13 1.470 2.86 11.39 0.477 0.712
9  Effifi Ammodytes personatus 3.05 1.370 2.10 15.50 0.425 0.689
10 E2Rirsh W EPEfaZ pelagic zooplanktivores fishes  3.15 2.140 1.80 13.97 0.310 0.518
11 # 5 5f Scomberomorus niphonius 3.98 0.590 1.15 5.50 0.153 0.268

(f¥%% to be continued)
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(8232 Tab. 2 continued)

o e A A/ ﬁif:%/ ‘Ziéiﬁ’%/ @ﬁzﬁ/ ERE
No. functional group TL (t/km ) A W [¢(km”-a)] %é&i

biomass P/B Q/B catch EE

12 HEZ=#H Enedriasfangi 3.15 0.950 3.26 18.10 - 0.463
13 JEZIEMA Y EtE3E demersal benthivores fishes 3.49 0.760 2.50 8.90 0.011 0.657
14 JEJZIKAEY a2, demersal piscivores fishes 4.02 0.250 0.87 3.00 0.015 0.190
15 KRAISKEZ large cephalopods 3.69 0.487 3.00 10.75 - 0.168
16  HAhskE I other cephalopods 3.34 0.525 3.50 15.00 - 0.467
17 82 crabs 2.79 2.550 6.00 22.80 - 0.518
18 #F2% shrimps 2.56 3.138 9.80 34.00 - 0.830
19 2 Gastropoda 2.45 0.780 6.00 27.00 0.380 0.767
20 {jj#2 Apostichopus japonicus 2.09 0.642 0.60 3.36 0.310 0.805
21 48U dHl Haliotis discus hannai 2.04 0.520 2.20 9.90 0.230 0.683
22 #FFEEE DL Mizuhopecten yessoensis 2.17 3.830 6.20 25.60 1.120 0.230
23 ifffH sea urchin 2.24 0.758 5.50 20.80 0.400 0.553
24 #Akzh%) molluscs 217 6.675 7.50 25.50 0.850 0.745
25 iffE starfish 2.45 0.560 2.20 9.50 - 0.439
26 M2 brittle star 2.33 0.520 2.00 10.67 - 0.827
27  HAKMZHY) other benthos 2.05 5.200 10.50 36.00 - 0.829
28 7RiiF8¥) zooplankton 2.05 7.520 37.50 160.10 - 0.691
29 JRAIEEZEFNE R benthic algae and seagrass 1.00 179.530 10.00 - - 0.036
30  {RiiFHEY) phytoplankton 1.00 20.253 78.50 - - 0.609
31 )8 detritus 1.00 130.000 - - - 0.218

1 MCHLE N Ecopath MR8 /R JOBUH.

Note: Estimated parameters by the Ecopath model are in bold, — represents no value.
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Fig. 2 Food web of the Zhangzi Island adjacent waters ecosystem
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corresponding groups can be found in Tab. 1. The size of the circle is proportional to the biomass of functional groups.
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Fig. 4 Consumption flow of bait organisms to cetaceans
Integers 6—18 represent the identification number of
biological functional groups in the bait of cetacean,
and please find detailed information of corresponding
groups in Tab. 1.
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Interactions between cetaceans and fisheries in the ecosystem of
adjacent waters around Zhangzi |sland
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Abstract: Exploring the interactions between marine mammals and fisheries is essential for ecosystem-based
fisheries management. In recent years, the conservation of fishery resources in the adjacent waters of Zhangzi
Island has continuously improved, leading to a gradual increase in the number of cetaceans such as minke whales
(Balaenoptera acutorostrata) and finless porpoises (Neophocaena asiaeorientalis sunameri). However, activities
such as pelagic trawling and offshore recreational fishing continue to impact the prey resources of these cetaceans.
Despite this, the broader ecological interactions between cetaceans and fisheries, particularly their roles in the
food web and their impacts on the structure and function of offshore ecosystems, remain unclear. To address this
gap, a food web model was developed using Ecopath for the coastal waters adjacent to the Zhangzi Island. This
model allowed to assess the ecosystem's structural and functional characteristics, examine the trophic roles of
cetaceans, and analyze their interactions with fisheries. The results indicated that trophic levels (TL) within the
ecosystem ranged from 1.00 to 4.24, with minke whales at 3.74 and finless porpoises at the highest level (4.24).
The keystone index and relative total impact of finless porpoises (—0.53 and 0.33, respectively) was greater in
magnitude than those of minke whales (—0.82, 0.17). Mixed trophic impact (MTI) analysis revealed that both the
minke whale and finless porpoise exerted greater negative than positive impacts on trophic levels IV and III
species. Notably, the finless porpoise showed the strongest negative influence on the food web (7.5%), with
particularly pronounced effects on trophic level III species (14.5% positive vs 22.2% negative impacts). Among
fishing activities, pelagic trawling (30.8%) and recreational fishing (26.7%) demonstrated the highest negative
impacts on the food web. In this ecosystem, cetacean consumption accounted for merely 0.3% of total species
consumption, while diving fishing (39.2%) and pelagic trawling (24.5%) dominated the total consumption flows.
Furthermore, niche overlap index indicated substantial resource competition between finless porpoises and pelagic
trawling (0.75), whereas overlap indices between both cetaceans (minke whale: 0.03; finless porpoise: 0.33) and
overall fisheries remained relatively low. Although the finless porpoise exhibited stronger interactions with
fisheries, the food web impacts from cetaceans’ predation were significantly lower than those caused by fishery
exploitation. These findings provide valuable references for achieving coordinated management of local marine
mammal conservation and fishery resources.

Key words: cetacean; ecosystem-based fisheries management; trophic interaction; resource competition; ecological
niche
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