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Fig. 1 Map of sampling area in the Xuwen Coral Reef
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Tab.1 5"C and "N value spans of fishes in the Xuwen Coral Reef and other sea areas
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§ value span Xuwen Coral Reef China Seal” Bohai Bay' Laoshan Bay
3"*C -20.98 ~-9.05 -23.14 ~-15.17 -17.99 ~-11.08 -19.9~-16.3
3N 11.66 ~ 18.15 7.13 ~14.30 9.97 ~13.98 -
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Fig. 2 §"C and §"°N values of fishes in the Xuwen Coral Reef
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Tab.2 "C and 6"N values, trophic levels and sample size of fishes in the Xuwen Coral Reef
HRZRK
Fhk 8"3C 1H/%o 8" N { /%o triphic level FE AL
species 33C value 3N value JE MY n
span average

INHERE Cypselurus brevis —17.40 11.66 1.41 1.41 1
H W& Gnathagnus elongatus -13.92 11.87 1.49 1.49 1
HPRENIES Caranx coeruleopinnatus —-16.45 12.24 1.64 1.64 1
B Konosirus punctatus -13.56 ~-15.63 12.31 ~ 12.85 1.67 ~ 1.88 1.78 3
Bl Osteomugil ophuyseni -12.91 ~-12.16 12.11 ~ 13.08 1.59 ~ 1.98 1.78 2
¥ #5 T 11 Siganus fuscescens —-15.47 ~ -12.36 12.14 ~ 13.01 1.60 ~ 1.95 1.78 2
I JE 4185 Zebrias quagga -15.99 12.68 1.82 1.82 1
IKBEH Sparus berda -13.25 12.78 1.86 1.86 1
S8 Rhabdosargus sarba -15.07 12.82 1.87 1.87 1
KIRERILAE Allanetta forskali -13.25 12.87 1.89 1.89 1
M LIIR 4 Lepidotrigla marisinensis -16.22 13.12 1.99 1.99 1
HaE 8l Monacanthus chinensis -15.11 13.20 2.02 2.02 1
Tr KW i Rhynchorhamphus georgii -17.94 ~ -16.58 13.28 ~13.33 2.06 ~2.08 2.07 2
SEMIME 4 Chaetodon wiebeli ~14.44 13.36 2.09 2.09 1
FLUF R 4 Trypauchen vagina —17.50 13.38 2.10 2.10 1
2 4E S R Calliurichthys dorysus -12.82 13.46 2.13 2.13 1
B[ EE FR: 8l Hypodytes indicus -11.07 13.52 2.15 2.15 1
B Hemiramphus far -15.98 13.54 2.16 2.16 1
JRCAH Hemiramphus quoyi ~15.75 13.57 2.17 2.17 1
55 B85 Brachirus orientalis —-11.21 13.65 2.20 2.20 1
B T 10 Siganus oramin -15.92 ~ -14.09 13.20 ~ 14.29 2.02 ~2.46 2.23 3
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k2
B S 3'3C {H/%o 3N & /%o triphic level ESRA
species 5!3C value 3N value B S {E n
span average

ANIE £ Chaetodon modestus -15.19 13.81 2.27 2.27 1
SR UEEE Upeneus bensasi -16.33 13.85 2.28 2.28 1
B Leiognathus daura -16.78 13.87 2.29 2.29 1
RS Gerres lucidus -16.87 ~ -16.43 13.75 ~ 14.09 2.24~2.38 2.31 2
W Bk Zebrias zebra -14.66 13.94 2.32 2.32 1
J%Eﬁf‘)!“%fj\/&@ Stolephorus commer- _14.66 13.96 213 33 |
sonii
WL B Grammoplites scaber -14.25 14.00 2.34 2.34 1
I [CER IR Allanetta bleekeri -17.47 14.03 2.36 2.36 1
SRR Leigonathus equulus -11.86 14.13 2.40 2.40 1
H A+ B4R 55 Gerreomorpha japonica -15.73 ~-13.93 13.25~14.81 2.04 ~2.67 2.41 2
L Sillago japonica -13.72 14.20 2.42 2.42 1
VU$E g Eleutheronema tetradactylum -15.30 ~—14.31 13.39 ~ 15.54 2.10 ~2.96 2.43 3
1R 0582 Chorinemus hainanensis -16.44 14.29 2.46 2.46 1
AL # it Nibea semifasciata ~15.13 ~ -14.40 14.16 ~ 14.55 241 ~2.56 2.49 2
W IRAT Dasyatis kuhlii -13.21 14.39 2.50 2.50 1
BE 2508 5888 Drepane punctata ~-1532~-11.54 13.82 ~ 14.74 2.27 ~2.64 2.50 2
Mt Platax teira -15.68 14.41 2.51 2.51 1
“BE4E ) Pomacentrus tripunctatus -13.01 14.42 2.51 2.51 1
W R4 1 i Umbrina russelli -16.17 ~ —13.80 14.24 ~ 14.67 2.44 ~2.61 2.53 2
¥ B i Sebastiscus marmoratus -13.97 ~-10.39 13.51 ~ 15.43 2.15~2.92 2.53 2
KBAR 55 Gerres filamentosus -15.27~-12.84 14.03 ~ 15.03 2.36 ~2.76 2.57 3
FAFEENE Upeneus sulphureus -16.64 ~ —13.30 13.70 ~ 14.91 2.22~271 2.57 2
HE IR Pagrosomus major -14.67 14.60 2.58 2.58 1
F /NPT Sardinella jussieui ~15.48 ~ -14.50 14.53 ~ 14.71 2.56 ~2.63 2.60 2
WA R EESE Parupeneus fraterculus -12.07 14.66 2.61 2.61 1
M Leigonathus rivulatus -15.02 14.70 2.62 2.62 1
SR Plectorhynchus pictus -14.05 14.72 2.63 2.63 1
LRSI Plectorhynchus cinctus -14.50 14.71 2.63 2.63 1
KA B Thryssa setirostris -14.88 14.03 ~ 15.27 2.36~2.85 2.64 4
IKEEW N A E 0 Pennahia anea -16.14 14.73 2.64 2.64 1
I B8 Callionymus kaianus -15.33 14.75 2.64 2.64 1
21 JBHY Gerres erythrousus -11.75 14.82 2.67 2.67 1
RIAR 6 Gerreomorpha poeti -15.92 ~-13.11 14.43 ~ 15.18 2.52~2.82 2.67 2
4 8% Scatophagus arus -15.08 ~ -14.18 12.95~15.93 1.92~3.12 2.67 5
FLE Cymbacephalus nematophthalmus ~13.30 14.81 2.67 2.67 1
s F il Pelates quadrilineatus —14.87 ~ -13.34 14.74 ~ 14.91 2.64~2.71 2.68 2

H7 1 Lactarius lactarius -16.25 ~-14.22 14.74 ~ 14.98 2.64~2.74 2.69 2
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s 813C 1EL/%o 815N {H/%o trophic level FE S5k
species 513C value 815N value JE SEIH n
span average

EELT IR Lepidotrigla micropterus -15.86 14.86 2.69 2.69 1
FRAREE B Thryssa mystax -16.10 14.91 2.71 2.71 1
TR KIS Tarphops oligolepis -13.93 14.92 2.71 2.71 1
= BEME G 10 Halichoeres nigerscens -16.11 ~-13.11 14.46 ~ 15.39 2.53 ~2.90 2.73 2
FLER M 44 Johnius dussumieri ~14.61 ~ —14.07 14.98 ~ 15.08 2.74 ~2.78 2.76 2
38 Muraenesox cinereus -16.31 ~-14.78 14.88 ~ 15.22 2.70 ~2.83 2.77 2
# Clupea pallasii -14.60 15.08 2.78 2.78 1
EE 8 Ilisha indica -17.43 ~ -16.02 14.72 ~ 15.47 2.63 ~2.93 2.78 2
£ 85 Sillago sihama -16.92 ~ -14.15 14.91 ~ 15.25 271 ~2.84 2.78 3
Bt Scorpaenopsis cirrhosa -13.34 15.09 2.78 2.78 1
ACBBH Anguilla marmorata -10.65 15.13 2.80 2.80 1
INF B Gazza minuta -13.95 15.14 2.80 2.80 1
AW Callionymus marisinensis -15.61 15.13 2.80 2.80 1
2435 MW Stephanolepis cirrhifer -16.43 ~ -14.98 14.65 ~ 15.62 2.60 ~2.99 2.80 2
5 W) = JEE Triacanthus biaculeatus -14.08 15.13 2.80 2.80 1
W3k A4 Harpodon nehereus -17.13 ~-13.58 13.83 ~ 15.73 2.28 ~3.04 2.81 3
Bz R bt Johnius belengeri -14.48 15.20 2.82 2.82 1
FHI Dasyatis akajei —15.44 ~ —14.04 14.64 ~ 15.79 2.60 ~ 3.06 2.83 2
R EE N Nibea chui -14.80 15.27 2.85 2.85 1
YR Solea ovata -14.53 ~-11.73 14.98 ~ 15.52 2.74 ~2.95 2.85 2
1 Ilisha elongata -15.01 15.31 2.87 2.87 1
KBEF T Pomadasys maculatus -15.34 15.33 2.88 2.88 1
Hh [ 68 Pampus chinensis -15.23 15.35 2.88 2.88 1
1 Platycephalus indicus ~15.61 ~—13.86 15.03 ~ 15.79 2.76 ~ 3.06 2.91 3
FR L g1 Stethojulis kalosoma -11.68 15.49 2.94 2.94 1
fill Terapon theraps -15.42 15.51 2.95 2.95 1
KIS Pksenopsis anomala —-18.51 15.55 2.96 2.96 1
B R Fugu niphobles -13.23 15.54 2.96 2.96 1
RWEHT Dasyatis zujei -13.80 ~ -13.60 15.44 ~ 15.71 2.92 ~3.03 2.98 3
SIBERR G % Gymnothorax reevesi -14.09 ~ —13.04 14.75 ~ 16.44 2.64~3.32 2.98 2
NIEGR Polynemus sextarius -16.28 ~ —14.27 15.02 ~ 16.06 2.75~3.17 2.98 3
HIL IR0 Abudefduf vaigiensis -14.22 15.59 2.98 2.98 1
BB Pampus argenteus —20.40 ~ —14.39 14.85 ~ 15.96 2.68 ~3.13 2.99 7
Yt Upeneus subvittatus ~17.15 ~ -16.04 14.89 ~ 16.46 2.70 ~3.33 3.02 2
W B3 £ Halichoenrs hyrtli -11.46 15.69 3.02 3.02 1
KR Suggrundus meerdervoorti -14.60 15.71 3.03 3.03 1
i Sphyraena pinguis -15.51 15.73 3.04 3.04 1
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Ak 813C /%o 815N fH/%o trophic level R
species 813C value 315N value 6 S E n
span average

M5 Cynoglossoides melampetalus -15.47 15.77 3.05 3.05 1
FR ARG Arius sinensis -17.97 ~ -12.57 14.58 ~ 16.43 2.58 ~3.32 3.06 9
) Cynoglossoides oligolepis —14.67 ~ —14.07 15.60 ~ 15.90 2.98 ~3.10 3.06 2
Wit 5268 Hapalogenys mucronatus -16.55 ~-14.22 14.88 ~ 16.65 2.70 ~ 3.40 3.07 3
M A B4 Epinephelus malabaricus -11.03 15.87 3.09 3.09 1
K et Saurida elongata -13.13 15.89 3.10 3.10 1
$E VIR Leiognathus brevirostris -14.74 ~ -13.87 15.88 3.10 3.10 2
i -2 Atule kalla —16.43 ~ -14.92 15.79 ~ 16.13 3.06 ~3.20 3.11 3
HEBUR Leiognathus lineolatus -14.34 15.91 3.11 3.11 1
INHRAL Dasyatis microphthalmus -13.67 15.93 3.12 3.12 1
HU IEHRSS Scolopsis monogramma -13.19 15.98 3.14 3.14 1
FRLL LR T Arotrolepis sulcatus ~14.87 ~—14.49 15.84 ~ 16.14 3.08 ~3.20 3.14 2
WK Thryssa hamiltonii —-17.19 ~ —16.34 16.00 ~ 16.05 3.14~3.16 3.15 2
B R Upeneus luzonius -15.24 16.07 3.17 3.17 1
JRE B Leigonathus ruconeus -15.04 16.08 3.18 3.18 1
Kk Stk Trachinocephalus myops -16.14 16.11 3.19 3.19 1
K226 dlectic indica -13.64 16.11 3.19 3.19 1
DX BEET Pseudorhombus oligodon —-13.48 16.12 3.19 3.19 1
w4/t Stolephorus chinensis -14.75 16.15 3.20 3.20 1
Fe ik BIM-82 Alepes djedaba -15.11 16.16 3.21 3.21 1
MBLEEAE Upeneus tragula ~15.35~-9.05 14.97 ~ 17.02 2.73 ~3.55 3.21 7
WA 2 Decapterus maruadsi -9.23 16.21 3.23 3.23 1
IS S Upeneus moluccensis —-14.78 16.25 3.24 3.24 1
ToBE R Tylosurus leiurus —-13.00 16.26 3.25 3.25 1
E@?M’@% Caranx malam -16.59 16.30 3.26 3.26 1
KE& At Pseudosciaena crocea —18.71 ~—-14.72 1554 ~17.12 2.96 ~3.59 3.31 10
¥Rtk Lagocephalus spadiceus —-17.65 ~ -15.09 16.10 ~ 16.78 3.18 ~ 3.46 3.31 3
YL bl Prerois russelli -12.45 16.46 3.33 3.33 1
YN Terapon jarbus —20.98 ~ —12.00 14.60 ~ 17.34 2.58 ~3.68 3.35 6
B Setipinna taty -15.06 ~ -14.32 16.49 ~ 16.73 3.34~3.44 3.39 2
BtlE Sillago maculata -10.74 16.69 3.42 3.42 1
LR TEML Gymnura poecilura -12.86 16.77 3.45 3.45 1
FHLEEYE Chorinemus tala -16.69 16.79 3.46 3.46 1
/N 1 Eupleurogrammus muticus -17.32 ~-16.62 1597 ~18.13 3.13 ~ 4.00 3.57 2
M8 Oxyconger leptognathus -13.84 17.13 3.60 3.60 1
FE B % Scoliodon laticaudus -14.29 ~ -14.16 17.32 ~17.70 3.67~3.82 3.75 2
B G 18 Pisoodonophis cancrivorus ~16.05 17.51 3.75 3.75 1
Vb i Lepturacanthus savala —18.25 ~ —14.49 17.19 ~ 18.15 3.62 ~ 4.00 3.80 8
ZRE G588 Pisoodonophis boro -15.17 18.02 3.95 3.95 1
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Tab.3 Comparison of stable isotope analysis and gut content analysis method

GBS

species

i B P S B R E IR R K

results from gut content analysis

H1 SN TR A SRR IR

results calculated by 8'°N values

A 55 8 Osteomugil ophuyseni
B Konosirus punctatus

¥ 15 T 11 Siganus fuscescens
MR 4 Allanetta bleekeri
-8 Rhabdosargus sarba

il Setipinna taty

H A+ B4R 85 Gerreomorpha japonica
HRAAA T 8 Umbrina russelli
SR/ T 40 Sardinella jussieui
2588 Leigonathus rivulatus
JHBELT IR . Lepidotrigla micropterus
K85 Pksenopsis anomala
JER B Gerres lucidus

BRE T Grammoplites scaber
/> Sillago japonica

PUHs 2F il Pelates quadrilineatus

L 1:4% Sillago sihama

) Ilisha elongata

AR I42 Atule kalla

ST Upeneus bensasi

Ty e Upeneus sulphureus

AE B WIHUER Plectorhynchus cinctus
KAk Thryssa setirostris

§ifi Platycephalus indicus

REPENE Leigonathus ruconeus
TCBE B &£ Tylosurus leiurus

B B AT /NN £ Stolephorus commersonii
1‘%}%@3 Sebastiscus marmoratus

il Terapon theraps

N8 DR Polynemus sextarius

R ARG BE Arius sinensis

WL 580 Zebrias zebra

W AL Dasyatis kuhlii

WK E Thryssa hamiltonii

W [/ Decapterus maruadsi
B Pagrosomus major

T, H iR Upeneus moluccensis
i3kt Harpodon nehereus

RWEHT Dasyatis zujei

K45 5288 Hapalogenys mucronatus
Kt Pseudosciaena crocea

FEBE Sk il Lagocephalus spadiceus

1.4
1.6
1.6
1.8
2.1
2.1
23
23
2.3
2.3
2.3
23
2.4
2.4
2.4
2.4
2.4
2.4
2.4
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.6
2.6
2.6
2.6
2.6
2.7
2.7
2.7
2.7
2.8
2.8
3.0
3.0
3.0
3.0
3.0

1.78
1.78
1.78
2.36
1.87
3.39
2.41
2.53
2.60
2.62
2.69
2.96
2.31
2.34
2.42
2.68
2.78
2.87
3.11
2.28
2.57
2.63
2.64
291
3.18
3.25
2.33
2.53
2.95
2.98
3.06
2.32
2.50
3.15
3.23
2.58
3.24
2.81
2.98
3.07
3.31
3.31
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BR3
GBS B A TR B A IR 2 IR 8N RIS E 3R 2R
species results from gut content analysis results calculated by 8'°N values

M0 Terapon jarbus 3.0 3.35
HREE N8 Pisoodonophis boro 3.0 3.95
KWt Saurida elongata 3.2 3.10
Kk B Trachinocephalus myops 3.2 3.19
W Gnathagnus elongatus 33 1.49
8 G588 Pisoodonophis cancrivorus 3.3 3.75
48R40 Scatophagus arus 3.4 2.67
W88 Muraenesox cinereus 3.4 2.77
M A B Epinephelus malabaricus 3.4 3.09
68 Oxyconger leptognathus 3.4 3.60
HEFSphyraena pinguis 3.5 3.04
Ye B AT B Scoliodon laticaudus 3.5 3.75

(Tt s, X 5T AR e . AR )
TE R VDU 257 K2 Hobson 25 PYIE A UK PR (O BFFE 45
R—5, HIGIAH 8°C [EIER I M TEE S RS
TR R E I B R

FeE AR R A T E A S R G &
AEYFEFRAE, CABEIANIA IR b, e
FAESRE TS EYFE N EFRALE, NiZLITF
WEAE Yy B, DR BRI ) 2 T A R R G
WIGAE ™ ), SRl vE Y M BL AL, HE IR )2
WHEE R 0 (HIZ IR YRR E AR R 1E
BETE . 2SR E FEAR K, R REE R ER
BF AR I A ) i R R A A T . —
FHAEBRG AT . BRI FIE Y
s RS ST T A R e AR
BRI B & IR s AE 2%, SC
RV sh P A e A AL R BB 10.64%o,
PUIEAE R it 878 37 2 IR ) 3L 26 {H (baseline) . KT
gk N H £ EE, Vander Z:P9F1 Cabana 25127
BT BRI X — 2R G B W R AL 2 A A T A
LALIE, PR I S Al £ s W 0 [R) 60 R AE N 28 Ak
T R /0N o 95 7 2 Uk 8 s DL A7 R A
I, HRRMZENEMN 6.05%, 52 Hl 0%
PR AR K F (Calanus sinicus)iX P& A8 171 5
Py 0 TR A2 2R A [0 7 - 31 (6.95+0.28) %0] K EL
P . SR, AT HE S B T b el 2 S M 8 A 1 i
WEA S R OYRRRYE, AR TG 2E L 2R ) DR SR Y

FEUE R (BN N 8.27%) . #E KGN 4
6.62%0 ~ 9.02%0) 2 2B ER S A B 8N
(B, G 5RR A LA E S k1T i 2 5k AR K A i
2%, MASZI MG 2F W s P14 81N S {E AL T 7%
ek 5 a2 iy A al, BT ART LA K R 7 3 8
AT =R (B R a - R=E VA NE S5 2]
AT,

XtF— BRI E LN E, NE
EXRGE RSO AR, B A SCHER R E A
+3.5%012%, LA 1 H+2.38%0°%, [ P A 7 #5258y
— b E A O R AW R E A A E el
22 5t (CUNER AR S5 VR sh Y, 1R S TR S )k
S KA B MR B R RE N EERFN
3.8%0 o 9%l e AU e ST 6w i Ak T R
(16+1)°C, e KFEEE M), HIE ARt E 2L H
A BB T8 9% O il AR i fa i, fa
K 3~4 em B8 10 em 247, KI5 BOL LA ME
FesE RIFIL R AT, 45 L 2 W] 6 55 FLARRL 22 [ 7
Fa 2 AR R 22180 2.5%0. ASHFSE A5 1) 17 A
W1 8N AE 51l 8N (B2 18] 22 {84 2.37%o,
53R S W g R e, B AT 5 i
R 2R E R RN, AT B IR
fib A= 1 B IR R IR, WO R 2.5%0 1 R — 4
BRIZRNEEE.

TE R M AR RS 52 IR AL S
HREEREB Sk, AR AR H R
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R A2 28 G A5 LB A oz [ 6 3% FEAELAH I Y
U] A ) T O 2 0 4 B R D, R T E ) o
Mk, AE S MERR LR St E YL S S BB R R
2 PR TR A B, S AR U2 i 4 2l 1 25
Ho MRIEADTIARE R R %5 H &0 ik
Xt BEZE SR AT LAy, B2 E IR 02 3R 23 M ik o — R it
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Measurement of the trophic level of fish in a coral reef ecosystem
using stable isotopes

YANG Guohuan, SUN Xingli, HOU Xiuqiong, CHEN Chunliang
Analytical and Testing Centre of Guangdong Ocean University, Zhanjiang 524088, China

Abstract: We evaluated the trophic ecology of fish on the Xuwen Coral reef. We collected samples of representa-
tive species and quantified levels of 8'°C and 3'°N. There was significant variation in the 8"°C and 8'°N values.
8'°C ranged from —20.98%o to —9.05%o and 5'°N ranged from 11.66%o to18.15%o. The levels of 3'*C and 5'°N were
generally higher than in fish from other regions. We estimated the trophic level based on the 8'°N values. The ma-
jority of fish species in the Xuwen Coral Reef were lower and mid-level carnivores. The remainder were omni-
vores and higher carnivores. Among all fish species, more than half were lower carnivores (70 species, 52% of the
total species). The mid-level carnivores (47 species) accounted for 35% of the total species. The omnivores (11
species) and higher carnivores (8 species) accounted for 8 and 5%, respectively, of the total species count. We
compared these results to those of gut-contents analysis for 54 species. For the majority of species (85%), the tro-
phic level estimated by the two methods differed by less than 0.5 units. Thus, stable isotope analysis provides a
rapid, reliable method for documenting ocean food webs.

Key words: stable isotope; trophic level; fish; Xuwen Coral Reef
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