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Fig. 1

Survey stations in offshore waters of Southern Zhejiang
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Fig.2 Stable isotope biplots of 5"°C and 8'°N values ( X+ SD ) of the major fishery organisms from the offshore waters of Southern Zhejiang

Red dashed line represents a 95% confidence interval for fish data; blue dashed line represents a 95% confidence interval
for crustacean data; pink dashed line represents a 95% confidence interval for cephalopod data; green dashed line represents

a 95% confidence interval for gastropod data.
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Fig. 3 Hierarchical clustering of 5"°C and 5'°N values of the major fishery organisms from the offshore waters of Southern Zhejiang



55 4 3]

AR A T RRE R R B AWV R R I 2 2 A W SR

443

iy 8°C 1875 H—17.30%0~—18.340%0, 8'°N {E 7l
Bl R 7.57%0~9.02%o, =EZ: i, DU H 2 M
ARG LT MR A/ N IS 2 A A Al 38 28 BE(G2, 9
Ty 8" C {1 78 Fil H—16.71%0~—14.58%0, &' N {11 715 [F]
A 8.79%0~10.89%o0, = E:H L IR (Murex trapa) .
> WL AR IR | A 45 I (Solenocer a crassicornis)
T =P 0 S RO A i 1 PR R 2R R IR R 28 A
Ao H5 = 2ERE(G3, 5 ) 87 CETE I H-19.07%0~
—18.43%0, 8N {H I Fl A 9.68%0~ 11.84%0, -
H A fi | ik & 1 (Thryssa kammal ensis) Fl -+ 2 JiE
T 1 (Benthosema. pterotum)&s i 2 IR sh ¥ & itk
A SR 2B DU2SHE (G4, 29 FinFhSBE £,
TR L, b EH56.9%, X AT4I43 R 4a (21
FiF 4b (8 FiPIAL, W4 2% 5 W (ANOVA,
P<0.01), Hr 4a 201y §"°C (G J—17.95%0~

~16.50%0, 8" "N {H [N 9.81%0~11.90%0, LA HE
(Pennahia argentata), /]NE& ffi(Larimichthys polyactis) .
Ji3k i (Harpadon nehereus) il — K- Jiffif(Parargyrops
edita)S RS EHaE N T, RE TR FIT
AR AE IR A BT . TR U A iR & 84

4b 2H 1 Hij T 48 (Dysomma anguillare) . 433k 14 &
SE RN N B A, 8C HLR R
—16.52%0~—15.53%o, 8N {HIE I 10.78%0~12.80%.
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=1 MIEEREEEEENEMERE
Tab.1 The trophic levels for the major fishery organisms from the offshore waters of Southern Zhejiang
HKPBE class 2 species n;ﬁir ébijiliﬁrllfgr?hm E.j‘?jZiDTL TLp ATL
1% fish A B i Thryssa kammalensis 11 106130 3.91%0.31 3.39" 0.52
K # 4 Larimichthys crocea 10 163-211 3.57£0.15 372 -0.15
4 Trichiurus lepturus 3 83-115 3.76+0.13 3.76'% 0.00
(AT anal length)

JI5% Coilia nasus 15 161-305 3.57£0.13 3.00 0.57

T IGf Johnius distinctus 3 132-150 3.58+0.19
4 % 5 #f Champsodon snyderi 2 81-94 3.48+0.05 3.192 0.29

Z Kt Parargyrops edita 15 65-182 3.76+0.26
1548 Muraenesox cinereus 4 370-685 3.78+0.10 3.91%  —0.13
i figz i Lophius litulon 11 290-398 4.17+0.09 4.16 0.01
1 Setipinna taty 11 94-188 3.74+0.15 3.8021  —0.06
¥ 4% 75 5 fili Takifugu xanthopterus 4 167-263 3.34+0.08 337" -0.03
WS AFEE 1 Collichthys lucidus 9 48-161 3.03+0.21 3.64° —0.61

33k #H4 % Scoliodon |aticaudus 2 496-497 4.01+0.08
W7l % Decapterus maruadsi 4 65-214 3.63+0.06 3.612 0.02
f# 1lisha elongata 7 140-371 3.74+0.21 3.79"  —0.05
7N 224 R T 8 £ Amblychaeturichthys hexanema 6 91-162 3.65+0.05 3.407 0.25
7598 Dy Polydactylus sextarius 3 100-140 4.21£0.04 3.79" 0.22
J&3k fi Harpadon nehereus 17 140-300 3.62+0.20 3.412 021
4,142 _0.52

(fF%% to be continued)
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(8% 1 Tab.1 continued)
Bt class 2 species HH &K /mm ARATL TLp ATL
number body length X+ D
2% fish £k £t Chelidonichthys kumu 26 181-399 4.1240.19 3.59521, 0.53
3.68 0.44
# [CEf% Bregmaceros meclellandi 9 64-90 3.59+0.20
ii-fili Erisphex pottii 5 39-94 2.66+0.10
Hij A% Dysomma anguillare 9 313-600 3.99+0.16 3.78° 0.21
H A #% Scomber japonicus 9 140-223 3.32+0.09 3.38" —-0.06
H 7 Ji& Uranoscopus japonicus 5 127-214 3.86+0.08
H 7<% Engraulis japonicus 2 89-134 3.28+0.16 3.161% 0.12
=¥ ¥ ff Antennarius striatus 3 104-170 4.19+0.19 420" -0.01
4| 4 K~ 1 Apogonichthys lineatus 4 59-90 3.61+0.12 3.2022 0.32
/INE{ 4 Larimichthys polyactis 5 108-218 3.5+0.05 3.662  —0.16
3.62%0 12
FLLTUR 4 Lepidotrigla alata 6 111-195 3.93+0.05 3.47 0.46
468 Stromateoides argenteus 7 120297 3.61+0.18 3.520% 0.09
14 Pennahia argentata 13 135-235 4.13£0.10 3.9312 0.20
4,03 0.10
% £t Trachurus japonicus 6 68-190 3.43+0.14 3.67%1 024
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Note: * indicates data from Fishbase (www.fishbase.org).
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Fig. 4 Continuous nutrition spectra of the major fishery organisms in offshore waters of Southern Zhejiang
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Fig. 5 Comparison of stable isotope ratios of carbon and nitrogen among different water areas
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Fig. 6 Stable isotope values for different groups of major fishery organisms from the offshore waters of Southern Zhejiang
The meanings of data points and five groups in the figure are shown in Fig. 2 and Fig. 3.
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Trophic structure of major fishery organisms in the offshore waters of
southern Zhejiang: insights from stable isotope analysis
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Abstract: Stable isotope analysis has become increasingly popular in the determination of trophic relationships in
marine ecosystem. In this study, based on bottom trawl surveys, 33 species of fish and 18 species of invertebrates
were collected in February and May 2016 in the offshore waters of southern Zhejiang. All of these species ac-
counted for 90% of the total catch biomass, highlighting them as being the dominant fish species and invertebrates
in the offshore waters of southern Zhejiang. Stable isotope ratios of carbon (3'°C) and nitrogen (8'°N) of the fish-
ery organisms were calculated with an element analysis-isotope ratio mass spectrometer (EA-IRMS), and the 5'°N
values were applied to estimate their trophic levels. The results revealed that the major fishery organisms had great
variations in their composition of stable carbon and nitrogen isotopes, especially the fish species, with statistical
difference (P<0.01) being observed. The ¢8'°C values of the fishery organisms ranged from —19.71%o to —14.01%o,
with an average of —17.06%o, and the 8'°N values ranged from 7.05%o to 13.69%o, with the average of 10.98%o.
Filter-feeding bivalves were set as the baseline. The average trophic levels of fish, crustaceans, cephalopods and
gastropods were 2.66—4.21, 3.08-3.72, 2.83-3.49 and 3.54-3.62, respectively. The major fishery organisms were
mainly in the range of 3.0 to 4.0, most of which were primary and intermediate carnivorous species. Cluster
analysis on the stable isotope results of the major fishery organisms produced organism groups that could be in-
terpreted with trophic and feeding information. Based on hierarchical cluster analysis and feeding literatures, five
feeding groups of the major fishery organisms from the offshore waters of southern Zhejiang were classified: zoo-
plankton feeding, omnivorous, benthic feeding, mixed feeding and nekton feeding. The trophic structure of the
food web could be divided into four trophic groups, which includes primary consumers, secondary consumers,
intermediate consumers and senior consumers. According to the characteristics of trophic structure, the primary
consumers were composed of omnivorous species, and the secondary consumers mainly included small fish,
shrimps and cephalopods. The intermediate consumers were mainly benthic crabs, gastropods and mixed carnivo-
rous fish, while the senior consumers were carnivorous fish. In this study, the continuous trophic spectrum of
fishery organisms in the offshore waters of southern Zhejiang was established to provide an important reference
for the study of energy flow and matter cycles in marine food webs.

Key words: stable isotope ratios of carbon and nitrogen; offshore waters of Southern Zhejiang; fishery organism;
trophic level
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