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2020, the trophic niche indexes were calculated by carbon and nitrogen stable isotope ratio. The trophic niche in different
development processes, seasons and years were compared to explore the variation pattern of trophic niche and the utilization
of resources. The results showed that; (1) the average 8" C values of D. anguillare in 2016 and 2020 were (- 15.19%
0.31)%o and (— 15.90+0.45) %o, respectively; The average 8" N values were (12.42+0.45)%0 and (12.92+0.25) %o,
respectively; The results of one—way ANOVA showed that there was no significant difference in 8" C value (P>0.05) and
3" N value (P<0.05) at different development processes of D. anguillare in 2016. There were significant differences in 8" C
value and 8N value between different seasons ( P<0.05) ; In 2020, there was no significant difference in 8"C value and
3" N value at different development processes of D. anguillare (P>0.05) , there was significant difference in 8" C value
between different seasons ( P<0.05), and there was no significant difference in 8” N value (P>0.05). (2) From the
perspective of ontogeny, the D. anguillare had a tendency to feed on highly trophic level prey food in 2016, while the
feeding specialization of D. anguillare was not obvious in 2020, but the niche width decreased gradually with ontogeny,
indicating that there would be interspecific resource competition and differentiation in the ontogeny stage. (3) The results of
population trophic diversity index showed that the food sources of D. anguillare in autumn and winter were more extensive
than those in spring and summer. The degree of trophic diversity in spring was similar to that in autumn, and that in summer
was similar to that in winter. The overlap of trophic niche among seasons was small, and there was an obvious phenomenon
of time differentiation. (4) Compared with 2016, the diversity index of trophic structure of D. anguillare population in 2020
decreased to varying degrees, and there was no overlap in corrected standard ellipse area (SEAc) in the two years. Due to
the pressure of intraspecific and interspecific competition, it was found that there was a phenomenon of nutritional niche
differentiation in the process of ontogeny and different time periods, so as to maintain species coexistence and maintain the
stability of food web structure. Exploring the adaptive ability of species to the utilization of bait resources and the ecological

environment has scientific significance for investigating the structural pattern and stability mechanism of marine food web.

Key Words: carbon and nitrogen stable isotope; offshore waters of southern Zhejiang; Dysomma anguillare ; trophic niche
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BRGEPHDIREMOLE X HIFRAF A FI T IR A 25 2 G0 A PR ) 5 37206 R R AL 9 11
R B W 25 R e ML G R R 3B AR R AR SR )12 1o FH T /K A 25 R e ) A1 38
FNRE LI S — AR H b i ¢ N B2 [ 2R PR A A ARE 19 2008 R B 2l TR s B4R &
PEME RS SHRA B FRIALE T F S IR RS ) Newsome 551744 A M 41 Uk AU E TRV 38 L (E
JIT i 4 )« § =23 1] 52 S )57 26 A 25437 (isotopic niche ) , FH TR A R sl BE v B 7 AE 0™ L Varela
AUV LT R R A S A VPEAY TR A B R T e R VY VE W B 4 A A ( Thunnus thynnus ) F1 25 805 JK ( Stenella
coeruleoalba) W) EF KA | KM EH EFRESE R , Tl THRHEE PR 58 4 /)N JTEEB RS RIEARR
BFRAEHT ARAR A MR A R BEAR 5 Z g A sl & R i PSR IR T SR et 2 R
AL T T HOAE, R I Y IR B P BRI b ] 52 4 1] RE 2 W AP R AR TR e RV A AN A S R G T
fiE, Layman 55" 42H 8" C (HARMR (CR) 8 N {HASIE (NR) A &AM BL(TA ) 58 24 B 0LE I 4R, 7E
AR S FR 2R T g 2 R A AR MR SR A S BE AR AR AT T IR YT XUBE ( Coilia mystus ) %5
I E SR A TS A T AR Bl WA 24 BT Rk RS A IR B R AE BB T TR R R B 1 1
( Sthenoteuthis oualaniensis ) £ 7= 07 B AL AL AR | 3¢ BHAS [R) i RE B9 7 8 /N R £ R g2 X A= 2540 S el =
A5

WL 830 S T AV P R R TR VR X B2V R 5 VS W DA R T Ve P K SO, TR
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EEFRGCEY Y BT, B SRR R A SR AR B FRPORE SRS Of
RIEFRABLLTTHBIPTFE . AR BN BT S AR, 76 B W) W 25 A0 B3 1k rh R HH 5 B 20 T,
FEHAEE YN b B TR A S LA B TRESE B FRAS 0 A BE AT A A S R TR S LR, I, AR
FEHIH 2016 4FF1 2020 AFRi ATEE LR A , 81 00 8 HAw U E R 2 FU AR, TH VB SR AR A B R AR b, HE AR
AR R R AN [ 2= B AN [R5 A A7 53 Ak 728 Sl A 3, PR S8 iy JIT 880 X AR 8 5] Y B 2B 25
PREEAY F TGV BE T, X ] A T A I 2 KA e SRR PR BIL AR 58 A E A R

1 #RFnrEE

1.1 ¥kl

AR R 2016 4E 2 A (%) 5 A (%) 8 H (%) 11 H (BF) 2020 48 H (%) .11 ] (B
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Fig.1 Survey stations in offshore waters of Southern Zhejiang
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=55C IR THEHL( Christ 1-4a) AT 24 b TR A BIEREE{Y (Retsch MM400) A8 s <, 3 100 H i

®1 WLEAEEAAEERER

Table 1 Sample information of Dysomma anguillare in offshore waters of Southern Zhejiang

2016 4F 2020 4F
4 K3 K-
Gﬁii . F ”E"'i, ﬁ; ﬁi . #”E"'i, Ej ﬁli
Sample size range/mm Sample size range/mm
Ak LG1 8 52—60 4 56—60
Individual group LG2 11 62—70 17 61—70
LG3 16 71—80 7 74—80
LG4 5 81—89 3 81—82
1 % 6 53—81 — —
Season HZ 15 63—89 4 68—81
*E 7 58—78 20 58—82
v & 12 52—80 7 56—80

LG 3/ B 1168 A [6] 4~ R 4

1.3 FRUE R HE I E

WS J5 AR ALAEAE TR 1.5 mg AR T8 £ (B95 4 mmx4 mmx 11 mm) o, I ISCER 50 r-A20€ R 47
F LRI (ISOPRIME 100, Isoprime Corporation, Cheadle, UK) & &£ & B9 . &2k 2 R A7 & L {E (87 C,
3"N) .

0 8 R LA E [ 3R AL (87 C) FIRREE AL LU IE (8 N) o HR AKX T .

3X=[ (R e/ Ranitina) =11 x10°
P, X BPCHENR AC /R0 HE NN I,

P i RRE [R5 20 78 b RV DR 2 Ve T 5% 005 AT 3 B2 T T 2808 ¥ o o S 3 28 4 A il b i 4T
SRR A S A AR 4 I B FH Y 35 E LS A (PDB) R H AU (N, —atm ) 43 B e | EARE 7]
B R ME IR EYI L, FF2R H USGS 24 H1 USGS 26 X [l 07 3 (X BEATHC AL, 5 10 MAFIIFE LA 3 5=
I 945 (bR e ( Protein : 8 C = —26.98%0, 8" N = 5.94%o ) #E47T 4% i, A %8  E K5 BE N 8" C<+0.2%0, 8" N<
+0.3%o,

2 FE LA g TR AR it BB [ 57 38 5t Mg 3R A ot R IR o 3R s i, A SCHE T R 4 4
H )T P SV T 88 i A LE A SO AR 5 A T8 A i 87 C (HIFATARLIE .

1.4 EFRAEBLIR

Layman %" JEF LUK ZUR A2 Al 157 2 R\ A A A OBUOE [, 32 4 6 AN b Ab R SR AR B A A R b, e
AN E IR ZREERR AR . 87 C JE (8" C range, CR) Fe/nhik [Al 2 i KAH -5 Fe/IME R 2518 813Cmax—613cmin) 3
MEEEZ AR ;8N YU (8N range, NR) F/n &AL R e K{E 5 B/ MERIZE (8PN, 8" N,,.) , R Fl
B FRZ AR RE A= AL B AR (total area, TA) FRRTERK AUAa € [F) 62 R AU &, Hh ) Bir A AR 3R 1Y
ﬂé$ﬁﬁ“ﬁéﬂﬁi%lﬁlzlﬂﬁﬁﬁ H,%fﬁ%ﬁ“ 5%5@%%@?&111?@)3%,qzi//]%‘ﬂ‘ﬂlﬁ%r( mean distance to centroid,
CD ) 7R B — Wy i AR 0 A s a5 3 Btk R [ A7 2% XU (BT O - A R R B 8, i R Th T B )
RS 8C F 8N BYFEIMH, RAEWFIE FE 2 RE1TE; 2 A8 IR TUATE b . W38 53 A AR B (mean nearest
neighbor distance, MNND ) 7~ 7k ZU e [R5 28U [ A A~ 1 B A Q3R 0 Ak s i 5 HE S5 T A AR 4B 9 1)
AEAR T IR QB S, RAEE IR B, S B i SR AR I Y FEAR ; 5T AH QR 23 Y B3R 1 22 (standard deviation
of nearest neighbor distance, SDNND ) &7~ i ZAa A8 IR0 28 WU [ Hp AR 5 H B 0 A 2P A b i R R I 28 s v Al
22 M R R ST

FEARI TA SZAF S R/ NI & 8 C ek 8 N il a2 e, P ASBIEFE A Jackson 552 i Hi 1Y
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R TEARHER 5 T AL ( corrected standard ellipse area, SEA_ ) U TA #5845, SEA EXF %0 [Al 7 2 A= 207 T AR A9
TF SR 5 3R AR S N AR, H FH LT A dak Ak 0 i 10 78 5 A 267 5 B A A AR [0 75 35 A A5 A0 B 8 T
AR/ W (1
SEA, =SEA(n-1)x(n-2)

o, SEA, W AE TEFRAERG R AR, SEA S b izhos R AR, A RE SR8

AT 5T B P AR B] A% O TR, R AR 250 T2 & TR AE LA OA (overlap area) , OA WIAE Sk £l 2 1 >4 (8]
BRSNS RS A AR
1.5 HARibre s oty

FEREGEHHAIHTRT, FILAT Kolmogorov—Smirnov #6564 il JEURRAE 7] 32 3 ST HE IE &5 M A KL, #5460
BHRAT A B AT M7 22570 R FH AR 26 5 2250 F1 (one—way ANOVA ) K 50117 AT 68 K 5] & 5 22 i S A [+
ZA518] 8 C 3 N JEHAFAELE L, WE KN P<0.05; BEAL FITE Excel 2019 FI SPSS 24 & F T, F
F1 R4.0.5 H Y SIBER #AFEITEE 5 108 I A 2567 B R R A E AR [ T B (SEA ) S & TR

2 HREHSH

2.1 Bk AERRCE R R A

2016 AEWT VTR #0488 C (B BN —16.17%0—— 14.73%0 , - 38 9 (= 15.1920.31) %o, it K24
9 1.44%0; 3N {HIEH A 11.56%0—13.40%0 , F-FIEH (12.42+0.45) %o, T K] 1.84%0( & 2) . FI A
REHEMT E PR AR & B2 87 C HEF AL E (P>0.05) ,8°N {2257 B % (P<0.05) ; ARl Z= 15
S C HAFAEM B 2 5H (P<0.01) ,d°N £ 5 W& (P<0.05) .

2020 AEWIVT G R T AT ATAE 8 C (H LN —16.76%0—— 14.82%0 , F-II{H K ( - 15.90+0.45 ) %o, Fx K ZE(H
H 1.94%0; 8N AHIE K 12.29%0—13.36%o0 , F-¥ME J (12.92+0.25) %o, e KZEAH N 1.07%0 (K 3) . FIFHHH
B2 K PRI AT AE AR & B i 8 C H2ERA B E (P>0.05) , 8N [HE RS AW E (P>0.05) ; AR ZET
6] 8" C {HAFAE B3 22 5 (P<0.05) , 8" N [H2Z S A & (P>0.05) .
2.2 EFREBMFENAE R E AL

I3HT 2016 4F 4 MTARYE FRASALRATEIR (£ 2) , Hh CR $EAR42R 7R LG4 RN KRA R EIRZ
T HAAL ; NR FEPRESFERAE AR 37 22 e R B S AR I 2 /NN AL; CD F/FRTE IR 4L IR 5 JE
255 LG Il LG2 AMARLNE 5 T 73 A4 ; SEAe F8PRR/R B FRAE S ALY IR, HAE R MA R & R IE S H
JUARFEFR MNND F1 SDNND 7E45 AL 2 (B AR Sl H A 2 AU LG4 KAMALL ) SDNND B /INFHoAtheH

F2 HIEIMEBAAEARLE T REFESMER
Table 2 Trophic niche indexes of the different developmental process of Dysomma anguillare from the offshore waters of Southern Zhejiang
ANF kB R E SR A SN AR
Trophic niche indexes of the different CR NR CD SEA. MNND SDNND
developmental process

2016 LG1 0.91 1.30 0.44 0.43 0.25 0.16
LG2 1.28 1.09 0.44 0.38 0.23 0.22
LG3 0.96 1.82 0.42 0.37 0.19 0.16
LG4 0.31 1.23 0.42 0.25 0.26 0.09
2020 LG1 1.49 0.61 0.49 0.48 0.54 0.18
LG2 1.28 1.07 0.46 0.41 0.17 0.08
LG3 0.94 0.74 0.31 0.25 0.24 0.16
LG4 0.86 0.15 0.37 0.19 0.37 0.34

CR F 83 C M 8¢ range ; NR 7 3PN JuE 8PN range ; TA RS B AR total area; CD N0 5B mean distance to centroid; MNND
RS A B IE B mean nearest neighbor distance ; SDNND A fiz 3T #HARHE 25 AOFRIE2E standard deviation of nearest neighbor distance
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Fig.2 The biplots of 8> C and 8°N values of the different developmental stages of Dysomma anguillare from the offshore waters of

Southern Zhejiang
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Fig.3 The biplots of '°C and 3'°N values in different seasons of Dysomma anguillare from the offshore waters of Southern Zhejiang

3BT 2020 4 4 DALKA R EFAESAM AR, H CR B g R B REE M T ERZHEERET
Rk, KAL) IR ZFE PR TR NR F8HR 25 R RAE KA 175 55 2 Jo (R B R AR I T/
20 ;CD FEFRLE LG1 F LG2 ML R i T 5 AW 40 ; SEAC TEAR45 B MA & 7 5 PR, B3R IUARTE IR
MNND F1 SDNND 75454 21 [ AR st $5oR BT &8, AL LG1 A1 LG2 H/NVAMARZL Y SDNND SR F R A4

XFH 2016 4 F1 2020 4R8 F2 A SN EAME L B AL, NEBIRZHEMERE , AR CR (EMLL, BAS S
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P FEAKARL , AL B B IR ZAREE BN T /NIRRT 35 2 bR | 2020 4FRif AT 48 1 & 7% £ 0
FEREEEZNT 2016 4, AR R B AR Sl A0 5 s WA SALTE IR KR , AR SEAc EARL, H Y BENMAE &
B ERESE NE TSR E , WHE M IR TE M ETC 2 5, B B MR L B A shiash R R 225
Hred SRR B WIAE Y B NR 4845 0 S35 PRI (P<0.05) , HIRTe bR o B M2 7 (P>0.05) .

3 & 4 R 2016 -1 2020 AERTATAS AR & B i R A S R AE B EEE O, 2016 FRIATHE LG1 1 LG4
AR IR 2 E B AR B /N, A 0.04 5 HR R LG2 1 LG4 MR 35 /L S S AN 0.09; LG2 Fi
LG3 MR E F# A A0 EE AR, 155 0.27, 2020 4EFTATAS 1L.G3 Fil LG4 MALH B 3748 2547 5 1 Al i
/N, R 0.04, VKR LG2 A1 LG4 MR, B IR AN ES AN 0.07; Hk A LG2 Al LG3 MRS F- A1
EEEAR 0.23;L61 A1 LG2 MEAAEFRASMESHAE K, 7 0.31,

#3 WIHBEENSAELELRERESEERER(0A)

Table 3  Overlap area ( OA) of trophic niche the different developmental process of Dysomma anguillare from the offshore waters of

Southern Zhejiang

AMAL Groups LG1 LG2 LG3 LG4
LG1 0.31 0.18 0.10
LG2 0.13 0.23 0.07
LG3 0.15 0.27 0.04
LG4 0.04 0.09 0.12

XEAZLL T FRALAR0r N 2016 4F XML LL_ERARAF 4 2020 47

AME#L e LGl o LG2 LG3 e LG4
13.5 20164 13.5 20204
13.0 -
13.0 |
S 125 F
S
£ .
= 120 =
125
15 e
11.0 |, 1 1 1 | 12.0 1 1 1 1 1 | |
-16.5 -16.0 -15.5 -15.0 -14.5 4175 470 65 -160 -55 50 -145
813C/ %o

4 2016 0 2020 FEHIIEEAILEAABAR L L BHEFRESMET
Fig.4 Trophic niche changes of the different developmental process of Dysomma anguillare from the offshore waters of Southern Zhejiang

in 2016 and 2020

2.3 EFREANL A A AR fk
231 EFAEBM R AL

5307 2016 4F 4 AN E FRAESAEATER (R 4) o CR 8045 R Bk B IR 2 HEE 2 m T H
27 NR $8r85 R RIE R B E R LU BRENT, EF M EE R LB EMHT, HE 4%38
I Z AL FRIE T K SEAC F8 bR B i AT A8 75 4 2540 5 iR Bl 2= 15 A8 (b A TH a3, Horp & 2 i o g
P EFRAE AN ZS AR K, R Ak ZE B fie /) ; 37 TUAx T8 b MNND Fll SDNND £ £5 2= 45 41 1] JF: 6 B i
5,

3BT 2020 4F 3 AEVT R E TR SARALE AR, Hih CR $8ARSE R R KB B IR SR B T Hifh 2
7 NR $9AR45 R BAEH A E TR L 0B BT, (HHE F 2 /bR B i (1K T8k 2% ; SEAe $5 45 w2 4
B P EE RSN IR EK , E R/ B IR IUATE 5 MNND F1 SDNND 7645 245 (0] JC U] . 25 52
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XFH 2016 4 F1 2020 4R ATEEE F57 4 A 07 BE 15 1 AR fb a3, WBIR ZFEMEORE , Bk CR(E¥ 1 & T
HA T, BRI 2T AR S A AL B TR 2 e AL RE B SR &, 2020 4 15 AT 68 75 4% 2217 19 8 F= 2 oo fb i
FERE 2016 4F3 50 N [ ; B 7R 0158 IR K, 2016 4F 1 AT 48 78 Bk 4 Z= 0047 5 i 19 2B 24525 [l R %, 2020
AE AT A8 7ERK ZE B B I SEAC, B4R | 2020 4F i ATH8 (1) 45 25455 35 4L B SE IR AL 2016 4FE /N 55
TURFRBERE , X PIAF i AT 68 1975 F= TUAR B 21 AR (L JC B B AR sh a3 | s Ry 22 00 M SR R A FR A 2 G
MR (P>0.05),

F4 IIEMIEERIEARENEFRESMIER
Table 4 Trophic niche indexes of the different seasons of Dysomma anguillare from the offshore waters of Southern Zhejiang

AR E SR A S AR R

Trophic niche indexes of CR NR CD SEA . MNND SDNND
the different seasons

2016 HE 0.46 0.78 0.26 0.16 0.24 0.10
S 0.72 1.23 0.31 0.19 0.14 0.08
ZE 1.28 0.56 0.42 0.28 0.21 0.15
X 0.61 1.83 0.57 0.42 0.22 0.11
SAE 1.44 1.84 0.47 0.41 0.12 0.09

2020 HZ 0.86 0.15 0.27 0.04 0.27 0.14
ZE 1.49 1.07 0.45 0.40 0.18 0.12
X7 1.10 0.31 0.27 0.10 0.22 0.13
LA 1.94 1.07 0.44 0.36 0.13 0.10

5 FIEL 5 Ry 2016 4FF 2020 AFERTATES AN [ 2= 1) 5 SR A AL E SN 0L, 2016 4F 1 AT68 F -5 B AEAE
BRASMESHE(0A=0),ME-LAFERESMNESHATmA, 0.16;,HF-4%F H-KFEHRAESNE
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Table 5 Overlap area (OA) of trophic niche the different seasons of Dysomma anguillare from the offshore waters of Southern Zhejiang
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Fig.5 Trophic niche changes of the different seasons of Dysomma anguillare from the offshore waters of Southern Zhejiang in 2016

and 2020
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