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=1
Tab. 1

FHLEE B8 5 FhER A E W FHFHE

Biological characteristics of 5 species of eels in the waters of the Zhoushan Islands

AT4/mm  preanal length

fhH/g  weight

4%*1] EFZL:% e e v bie o v
species sample size o SEEE bR o MG bR
range mean=SD range mean=SD
8 M. cinereus 37 99.00~383.00 208.73+70.89 15.60~1184.50 279.55+265.33
WILE8  D. anguillevris 21 43.00~92.00 67.81+10.88 23.40~182.50 94.68+38.77
SEREEEE  C myriaster 60 113.00~222.00 164.42+22.15 41.10~311.00 129.47+52.27
T8 P cancrivorus 20 100.00~194.00 141.75+24.21 15.90~75.60 39.02+16.31
KW)W)g R, brevirostris 5 93.00~170.00 125.80+35.97 20.80~137.70 71.36+55.44

=2

FHLE 58 5 BB ERERMELESERR

Tab.2 Carbon and nitrogen stable isotope ratios and trophic levels of five eels in the waters of the Zhoushan Islands

3"C/%o 3" N/%o B trophic levels
sigjis JEs P EbR R i YRR i MR 2

range mean+SD range mean+SD range mean+SD

g% M. cinereus —17.88~—15.58 —16.59+0.60 9.56~13.38 11.85+1.19 3.16~4.28 3.8340.35
HIALEE  D. anguillevris —17.84~—15.84 —16.70+0.61 11.59~15.13 13.14+0.88 3.75~4.79 4.21+£0.26
EREEE  C myriaster -21.91~-15.20 —17.59+1.27 9.65~13.26 10.42+0.57 3.18~4.24 3.41+0.17
BRSSP, cancrivorus —20.03~-14.97 —-16.53£1.15 10.25~14.66 12.35+1.30 3.36~4.66 3.98+0.38
KWy R. brevirostris -19.90~-15.63 -16.92+1.71 10.97~12.20 11.52+0.52 3.57~3.93 3.73+0.15

i 885 R W W 888 1 5C AL 3l 5 B AT A
KRN B (P>0.05), BT 68 | AT 68 Y
SUNAHA S A B AT K JC B A, e &
8 T A7 4988 0 S W) 4 ) 8N (B4 S HE A BT K
SR O (P<0.01),

23 EHRE

SR, AR SRR BRI R 3.16~4.79,
BT R 1.64, EIE R 3.73+£0.40, J& T FHLEE
S W b SR I 2 (R 2). Pear-
son AHICHEAHT A, BRATATAZLIAN, BAEFRH
TR 208 IEAHC KR (P<0.01), 68 &
T8 17 147 8% R ot W) W 8 1 O SR A S PTG SR A
IEAHSE (P<0.01), Hif AT 8 1AL 5+ 68 1Y 5 R 9 5
AT 4T i AR OGP (P>0.05)

ERESM

iz Ff Bayesian f2 iE [A] fi & I & # A (SIAR),
X FF LLRRE K R A0 T Vg I i v 48 | WA A R
0SB SO AE A W W21 C . N R R
RHESPEH (3% 3): OFFEE AN
(TA) I, B 08> 1 G U 08 >y 68> i AT 62>
W)W 8 s @ A AL IEAZ O A A AL TR (SEAC) 15,
1T 1A 1> ) ) > L R 46> Vg 8> iy AT 4
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0% 5 fr M TG0 | Y ag | RS | R R 68
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0.51 1 0.06 (% 4), Hik, 8 T 0568 577 AT6%
VWA R A, H5RTE 0 E A
1.26, 439l o £ 8 5 U 68 0 i T 608 A 5 A A A6 T
TR 27.06% 1 73.22%; HIg & WAESA EE M
B 1.650, 5 £ 8 514 68 F g ) ) 48 1Y 35.39%
1 46.20%., T HiAT A8 52 68 | Yy wag, 2
R 0 A A ) 8 ) R A S A
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25 EBRXR

255 A A A X i 5 A T T A8 S B i AE ST
F] B} 2 2 H TR Vg dsk 5 b 0 PE I 9 SOk, e
EEYIRIE . BFTE X G0 7E 8 1 1 R 1Y)
8°C {8 H—-19.96%0~—15.19%0, T KK 4.77%0;
S"NAH N 6.79%0~13.17%0 , i K2Z1H H9 6.38%o0 .
H, "CHmm MM, RAK LIRS,
SUN H i 2k IR 28, B fIRA S IR,

i2 FH STAR B A 15045 5 1L i S 4R
VI 5 i 1) 08 A £ YR AR X DR R (B 2), s
BRSO R SR8 EE Yk IR W68 T
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Tab.3 Trophic ecological index of five eels in the waters of the Zhoushan Islands
Tk 8"C 1HAE MR (CR) 3"N [HALMRE(NR) AEBALATHFTA) RIER O AES AL F(SEAC)
species range of §"°C range of "N total niche area the corrected ellipse area

#6% M. cinereus 231 3.82 6.31 2.32
BOALEE  D. anguillevris 2.00 3.54 434 1.72
RREEE  C myriaster 6.71 3.60 14.00 2.40
BIEG V68  P. cancrivorus 5.06 4.41 12.23 4.77
KWIVIE8 R brevirostris 427 1.22 2.57 3.57

HAT6S 2 DIERSE R F RSN, B —/NRsr
ek, BEEEE EE MmNk BN E, FR
BRI, gEOREFamadt IFImk
R, MBS, MW dF
XK. HRESE, RISk R A,

16 re M. cinereus
15 ke D. anguillevris A
14 L C. myriaster -
S o P. cancrivorus
X 13 LR brevirostris_.-=" ";
£ 12t i
© 1 L ol
10 f el =
9 C 1L 1 1 1 1
—22 -20 —18 -16 —14
33C/%o
1 AL SEE s HENEFREHE
Fig. 1 Trophic structure of five eels in the waters of
the Zhoushan Islands
3 iR
3.1 EHFRR

T R 28 0 B S E 5 A W 1A 37 3l ) 2 i
T TR 2 BEE S R R B B
TIRREHI AN, A=A AR R o 28 ) R R 2
B 2E 50 M TR A E R0 3R LU (ELRE RS 4 it
AN TR R R 0 BB >0 1k B AR RV v i 3R 8
AP FF IR B R SR ) BB 8 S TR R X,
A 9 P 0 i) K DX A, B S [ R K XA

B, FEELUSHIEY A b B Rk s o,
1 51 08 S B DL A W RS 2 Tk s &R
WE KSRGS, DR A LR
YA IR PRl 8°C (HZAR T LURHE sh ) R £ R
2B A, ARWFSE 25 68 A G
Vg §°C P E B R 2 5, ’iE M) §°C
YEMTEE, X5eMmatEAames. 2R
T 88 1) 8ON - Y R I 10.42%0 , Hi AT 68 4 =
H13.14%0. 5 EHETFERA LG, AT NI R
X, BIEHIAEY M, DT, ST X,
50 5 B BB 1) B R Y
BRGSO R BN AL, SRiE T
WRTE RS RGP TIREA, BN ESRS
SR A SR SRR Gh F A SRR (14 B B AR
AW LBUNTR I RAR EAE R R §°N B H AR X
o Hom SRR, B R A 1 R
G FE IR B S AR A 5 R AR Y 5 2
Wl 29, Hrhig g E R (3.83) KT UL
TR (3.78), /NT AL 68 1) - 355 5%
G (3.9, LIRS BB 08 (X SR
3.41, FH BTNV A 6 1Y R (4.17) B
SR A [ PF 9 BURE (14 VA s P e K, BB 2K g I,
HIREE A 2 5, AR R Wy FP 28 L) R AT I 3
BRI SR (A Ak, i ELAT B B8 B TR
S ST R TR, SEOTE
ER B2 Y, (R A5 U DX 11 1A 6 A 68 2 b

R4 FLBEREE S MENERESHNEEER

Tab.4 Overlapping area of trophic niche of five eels in the waters of the Zhoushan Islands

FUEN i3] [ipinNc=3 B BT F ) g
species M. cinereus D. anguillevris C. myriaster P. cancrivorus R. brevirostris
W68 M. cinereus 0.51 0.06 2.00 1.24
WAL  D. anguillevris 0.00 1.26 0.00
SLREEEE  C myriaster 0.00 0.00
BIET 548 P. cancrivorus 1.65
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B2 ALBESEE S #ESREE |IREX T E
1E6g, 2 ATATEE, 3. BREEIR, 4. GRENE, 5 EYYg.,
Fig. 2 Relative contribution rate of potential preys of
five eels in the waters of the Zhoushan Islands

1. M. cinereus, 2. D. anguillevris, 3. C. myriaster, 4. P. cancrivorus,

5. R. brevirostris.
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ARG P ATRON A AR

32 EFESM
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P 96 4558 R AT 68 7 8UC EIR R B AE AT
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BRIz, T AR W) 8% B i1 T
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ZIWA K, W TRV AR ERE2EE
i (Dosidicus gigas) 15 %0 (Sthenoteuthis oualani-
ensis), EYTEPWHIL, EFRABMSGERERSY,
Vi B8 PR X0, AT O ) £ R R R Y 1 B,
H g S AE RO Z 40 A, AT g S A 2
T8 A A AE W G IRAIG B 2 ) s 4, BB LA
5 L0 HALAE . VIR A —E RN ES,
T I 4088 5 L S i A W 6, L 6 5
A B8 R L W W 8 ) 7 AR A =2 TR I A Y
I3E, X RIEAE R E S Yo B i 4 R AR
—E. BEEHEBERZ, EWET 10~30 m
KIZEZ A2, TRTATeS | 5 68 N JE ) vy
5 1) T R, (O [R) R  EE EE R A
YIRSl BeA BT oAk, BEE SR LR B Vi B L T R
EVGEIR E  AE)T, ITHIES T A E
8% 2 () (Y B 5 S o ()R R o 1 et ) W
TR BEFEPEANSR , AT REVSCSS 1 4 [R]0T [m] i
BAEYIRSF, o, BB AR MW
WS ENRENZ —, EE2WMETiLRES
METTVE K X, TR BRAE T B R K B T,
TSGR RRA, MHARE R R KR Ak,
WSS AR R TE A R Y el W, X TR
FH LU I 1 Sl 1 ) ) o 8 SR A 3 5 R 8 i
H . ROz HLS A 4 Fh s A SR AR AR
EAATE R 2002 AF S 1 7 R i A
A Ml v S 1% i 8 Y A R 5 2 000 kg, o SN AR
Y 3.10%, (745 Wi V0 B Vi 8 5 2 Vg XA 6
AR 50% DL ko MBI FE, RSN
B BE VAL, R DR R U 8 R Y R iE T 1 B A AR
I TR R A M BT I, S B0 R A 9
FERAXF AL AE LA AN [F) 88 22 [] 9 3 R AR A 4 B8
e S B R S A A IR A S AL,
HAE )RR E LRI, X S5hiAESRSE
R oL A SR ]

33 BRXRESREYES

ARSI A I RS E R R BOR 2 A T
FRLLRE B B JLAR TGI8 S ol 1% 785 /6 B U5 STRR
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Trophic niche and interspecific relationship of five eels in
the waters of the Zhoushan Islands

XIAOYi ', JIANG Rijin ¥, YINRui’, WANG Jing 123
YANG Fan '*’, WANG Haoxue >, LI Zhe?
(1. Marine and Fisheries Research Institute of Zhejiang Ocean University, Zhoushan 316021, China,

2. Zhejiang Marine Fisheries Research Institute, Scientific Observation and Experimental Station of
Fishery Resources of Key Fishing Grounds, Ministry of Agriculture and Rural Affairs,
Key Laboratory of Sustainable Utilization of Technology Research for
Fishery Resources of Zhejiang Province, Zhoushan 316021, China,
3. School of Fishery, Zhejiang Ocean University, Zhoushan 316022, China)

Abstract: The Muraenesox cinereus and other eels of Anguilliformes are common near-bottom ferocious carnivor-
ous fish in the waters of the Zhoushan Islands. Studying the trophic niches of eels can provide an understanding of
the trophic levels they occupy in the marine ecosystem of Zhoushan Islands. The Muraenesox cinereus, Dysomma
anguillare, Conger myriaster, Pisodonophis cancrivorus and Rhynchoconger brevirostris caught from the waters
of the Zhoushan Islands were selected as the research objects in this study. The carbon and nitrogen stable iso-
tope technology was used to analyze the trophic niche and interspecies diet relationship of five eels. A total of
143 samples of 5 kinds of eels’ carbon and nitrogen stable isotopes were determined in this study. We found
that the total anal length of the five eels varies from 43.00 to 383.00 mm, with an average of 157.14 mm. And
the weight varies from 15.60 to 1184.50 g, with an average of 150.07 g. The §"C range of the overall sample is
—21.91%o to —14.97%o, with an average value of —17.03%o+1.14%o, while the 3N range is 9.56%o to 15.13 %o,
with an average value of 11.50 %o%1.36 %o. The results of Non-Parametric test showed that there were
extremely significant differences in the stable isotope ratios of carbon and nitrogen among different species.
Pearson correlation analysis showed that, the "°C and §'"°N values of the 5 species of ecls were not significantly
correlated with anal length. Except for the D. anguillare, the 8"C value of the remaining four types of eels were
not significantly correlated with the anal length, and the §"°N value were extremely significantly positively correl-
ated with the anal length. The overall trophic levels of the five eels range from 3.16 to 4.79, with an average value
of 3.73. The SIAR showed that M. cinereus mainly feed on fishes, shrimps and stomatopoda, while D. anguillare
mainly feed on shrimps and stomatopoda. Fishes were the main food of C. myriaster, and cephalopods were sec-
ondary. P. cancrivorus mainly fed on fishes, shrimps and Cephalopods, while R. brevirostris fed on fishes, shrimps
and stomatopoda on average. The nutritional niche of M. cinereus overlaped with the other 4 species of eels. It
indicated that the diet sources of M. cinereus and other species have a certain degree of homogeneity, and there
was food competition. The corrected version of the Standard Ellipse Area (SEAc) of P. cancrivorus and R.
brevirostris were the two largest values, indicating that the eating habits of the two are generalized, and the feed-
ing groups mainly depend on the availability of food organisms. There was no niche overlap between the D.
anguillare, C. myriaster, and R. brevirostris. It showed that there are differences in their feeding source, which
reflected the differences in the feeding habits of related species in sympatric distribution. This study described the
interspecies diet relationship and evolutionary coexistence mechanism of the five species of eels in the waters of
the Zhoushan Islands, which can provide a basic reference for the research on the characteristics of the food web
structure and the resource effects in the waters of the Zhoushan Islands.

Key words: Anguilliformes; trophic niche; interspecific relationship; stable isotope; the waters of the Zhoushan

Islands
Corresponding author: JIANG Rijin. E-mail: jiangridge@163.com

Funding projects: National Key Research and Development Program (2018YFD0900904, 2019YFD0901204,
2020YFD0900804); Zhejiang Province Key Research and Development Program Project (2019C02056)

https://www.china-fishery.cn HREK P24 )5 sponsored by China Society of Fisheries

10



	1 材料与方法
	1.1 样品采集与处理
	1.2 碳氮稳定同位素分析
	1.3 营养级计算
	1.4 营养生态位计算
	1.5 数据分析

	2 结果
	2.1 生物学特征
	2.2 碳氮稳定同位素比值特征
	2.3 营养级
	2.4 营养生态位
	2.5 摄食来源

	3 讨论
	3.1 营养级
	3.2 营养生态位
	3.3 摄食来源与食物重叠

	参考文献

