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PERMANOVA & #f

Tab.2 PERMANOVA analysis of 6*3C and ¢"°N values of
Trchiurus lepturus in offshore watersin southern Zhejiang

P F

Jr4L group 13 15 13 15
0°C 0°N 0°C 0°N

0.00** 0.04* 9.02 4.26
0.00%* 0.00%* 8.09  20.90
0.00** 0.00*%* 20.29 31.87
[T #-111Y stage 1l-stage Il 0.78  0.00%*  0.07  9.10
I139]-1VHY] stages 1-stage IV 0.02*  0.00** 537 10.34
Y- IVl stages Ill-stage IV 0.03*  0.14 553 552
/Z=-H 2 spring-summer 0.00** 0.00** 179.10 111.80
% Z=-fkZ spring-autumn 0.30 0.00%** 1.09 9.38
H Z-#Z summer-autumn 0.00%* 0.00%* 92.78  40.97
JifE-1fE female-male 0.02*  0.03* 5.65  4.54
T * IR 2257 3 (P<0.05); ** 378 22 57 L. 35 (P<0.01).

Note: * means significant difference (P<0.05); ** means extremely
significant difference (P<0.01).

[ WI-11 1] stages I -stage II
[ #-1I13Y stages 1 -stage III
[ -1V stages 1 -stage IV

15
14
5 sex
o B female
EZQ 13 o e male
& * WEHEA5) unknown
12 HEIRE BB
gonad maturity stage
’ o I stages I
11 ©® 11} stages 11
® 1113 stages 1T
@ [V stages IV
-19 -18 -17 -16
813C%o

P2 s AN (R ) R i A 7 s L SRR (R 62 38 0 A
Fig. 2 Scatter plot of 5"°C and 6"°N values of Trichiurus
lepturus with different sexes and gonad maturity stages

* 3 HIIHEEEETEREENEFESMER
Tab. 3 Trophic niche indexes of the different sex of
Trichiurus lepturus from the offshore watersin
southern Zhejiang

P51 sex
Hff female 3.22 4.60 1.05 0.14 0.11 9.76  1.88
i male  3.98 3.98 1.01 0.23 0.20 9.20 2.01
HH: CR Ny 6"C JEMl; NR Jly 6N JE[l; TA NABA BT, CD
B0 BE B MNND i P35 #1481 B, SDNND iR il
HHEB I B A AR fE 2.
Note: CR is §"°C range; NR is 6"°N range; TA is total area; CD is
mean distance to centroid; MNND is mean nearest neighbor

distance; SDNND is standard deviation of nearest neighbor
distance.

CR NR CD MNND SDNND TA SEAc

I5r o Witk female
 HfEPE male
14}
_13F ,
2 °
£ ‘
w
12+ °
11
°
10 |
1 1 1 1 1 1
-20 -19 -18 -17 -16 -15
813C%o

3 W A i AN Rl M 0 3R A 25 A
Fig. 3 Trophic niches of Trichiurus lepturus with different
sexs from the offshore waters in southern Zhejiang

513C AT FlH—18.70%0~—16.09%0, 6"°N {H L [FE K
11.36%0~14.87%o0; IVIUITERAH 1 6"C {HIEHE K
—17.78%0~—15.95%0, 6N {E{L R} 12.19%0~14.88%b,
Bifi 5 7 £ AR BB N W B e, LA AR AR 1Y
T35 0N E AT K

AR PERE & B BE SR AR AT
(% 4), R¥E CR Fabrmugs i won, MR n
IR LRV B (CR=3.43), IVIAMEIRA M EHE
FEME R AR(CR=1.82), MR NR F5briw, 11 HIH
MR E T2 e em, T WA E SR
Z AL A, 11 O R AR B FR £ 00
RS T BANH4L ., SEACTEbRE S A%, 1T, 11

®4 IEDEETARRAMRELESN
B SRR
Tab. 4 Trophic niche indexes of the different gonad

maturity stage of Trichiurus lepturus from the offshore
watersin southern Zhejiang

/r@ group CR NR CD MNND SDNND TA SEAc
I ] stages I 2.88 1.62 0.69 0.34 036 2.66 1.16
I1 1] stages 1I 3.43 4.45 1.07 0.13 0.11 10.99 1.95
II1}4] stages III 2.61 3.51 0.94 0.24 0.17 5.05 1.71
IV} stages [V 1.82 2.69 0.78 0.51 032 255 148
E: CR N 6”C {UM; NR N 6”NJill; TA HABNL LA, CD
o F-# E0BE ES; MNND -7 2 AR AR 2 SDNND Jy il
RSB HE B AR E 2.
Note: CR is 6"°C range; NR is O"N range; TA is total area; CD is
mean distance to centroid; MNND is mean nearest neighbor

distance; SDNND is standard deviation of nearest neighbor
distance.
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TR 0o 11315 TIUHA P B 4 7 £ ] 38 R A A E
B LA 55 (Onn=55.10%); HkOE T 515 11 44
PEMRA A f, HERESMESHHIN 40.40%;
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Fig. 4 Trophic niches of the different gonad maturity
stages of Trichiurus lepturus from the offshore
waters in southern Zhejiang

x5 MIEMEEBARMRELAEHFEER
EFMNEEERILEO%)
Tab.5 Overlapping arearatio of trophic niche at

different gonad maturity stages of Trichiurus lepturus
from the offshore watersin southern Zhejiang

il 149 1134 IIE:] Vi

group stages I  stages Il stages 111 stages [V
I 1] stage 1 100% 40.40% 9.70% 0
111 stage 11 100% 55.10% 23.00%
T stage T1T 100% 37.60%
IV stage IV 100%

23 AEAZETHEKR. ARMEESFE

W AR ZET 07C, o°N (E B 45 B R
(Kl 5), BFWME 0°C HIEHE H-19.60%0~
—17.00%0, 6N HILEIN 10.29%0~12.92%0; H 7
AT 0" C B TR N—-17.79%0~—15.62%0, 0N {Hil

BN 10.79%0~ 14.88%o. k24 #1111 9" C 53 Fl A
~19.05%0~—16.24%0, 6"N {H J& Fl A 10.29%0~
13.33%0. Hfi stk SR, HmE Y 6°C M
PN e, HERAL.

151 74 season
2 spring

® X7 summer
14~ @ #Z autumn

5N %o

11+

-19 -18 -17 -16
813C%o
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Fig. 5 Scatter plot of 5"°C and 6"°N values of Trichiurus

lepturus in different seasons from the offshore waters in
southern Zhejiang
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Tab. 6 Trophic nicheindexes of Trichiurus lepturus from
the offshore watersin southern Zhejiang in different seasons

ZHiseason CR NR CD MNND SDNND TA SEAc
7 spring  2.59 2.63 0.57 0.15 0.17 428 0.73
HZ summer 2.18 4.10 0.89 0.13 0.08 6.23 143
2.81 3.04 0.85 0.3 0.15 573 1.44

FkZ= autumn
#: CR K 6"C i M; NR Jy 0N u Rl TA R4 &0 ETEE; CD
VRO FE B, MNND 3 73 i A48 25, SDNND i ik
AHAR FE B (0 o 22

Note: CR is 6"°C range; NR is OV N range; TA is total area; CD is

mean distance to centroid; MNND is mean nearest neighbor distance;
SDNND is standard deviation of nearest neighbor distance.




55 4 3]

OT KR A WL R

108 FR A 350 v B M 509

7 HIE 6 BoR TAREZE R E IR RS
B0, W AE . EMEEFAESMES I
0, NMATEASHEZMNGE, . KNFERE
BAEB N 57.30%., H . KR AE A
SOESIHIN 1.80%. K 6 Wonii i Z R E
FHESMR R TR K.

R7 WMIEMEEARETHFEE
FEBNEELEON)
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Fig. 6 Trophic niches of Trichiurus lepturus in different
seasons from the offshore waters in southern Zhejiang
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Abstract: Trichiurus lepturus is a key species in the aquatic community of the offshore waters of southern
Zhejiang, China. This study is based on samples of T. lepturus collected from the offshore waters of southern
Zhejiang in 2020. Stable isotope analysis was used to determine trophic niche changes for the different sexes,
gonad stages, and seasons of 7. lepturus to explore the mechanism niche differentiation of this species. The results
showed that 6"°C ranged from —19.60%o to 15.62%o, 6'°N ranged from 10.29%o to 14.88%o, CD was 3.98%o, ND
was 4.60%o. The trophic diversity of T. lepturus was high. The findings showed that the values of '°C and ¢"°N
increased with the development of the individuals. The results of permutational multivariate analysis of variance
showed a significant difference in the 0"°C and 0'°N values between the sexes and a very significant difference in
6"C values and 6'°N values between the different gonad stages and seasons. Trophic niche differentiation of T.
lepturus was identified among the different gonad maturity stages. 7. lepturus showed a higher trophic niche at
maturity stage IV because, during gonad development and according to the optimal foraging theory, 7. lepturus
tend to prey at a higher average trophic level to satisfy their own energy requirements. Additionally, the study and
analysis showed that 7. /epturus gonads at maturity stage II had lower trophic diversity and higher trophic
redundancy. The reason for this may be that part of the sample at maturity stage II included individuals that had
finished spawning. As energy consumption during the spawning period is high, T. lepturus may rely heavily on
predation to supplement the deficits caused by their previous physical energy consumption after the end of
spawning. The overlap of trophic niches among seasons was small, showing a notable seasonal differentiation. 7.
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lepturus had a higher nutritional niche in summer, possibly because the environmental conditions were suitable
and various biological species in summer. 7. lepturus might tend to consume prey with higher energy, resulting in
preying within a higher trophic niche in summer. Summer is the peak spawning period of 7. lepturus, so the desire
to prey may be weak at this stage; therefore, to satisfy the energy consumption required for growth and
reproduction. according to the optimal foraging theory, 7. lepturus tend to prey at a higher average trophic level. A
divergence was noted in the trophic niche of female and male 7. lepturus, which indicated that to avoid excessive
competition, differences in predation existed between the two groups. The higher trophic niche of female T.
lepturus might have been the result of their tendency to feed on high-trophic-level prey to meet the energy
required for ovarian development and spawning. In conclusion, nutritional niche differentiation in the process of
ontogeny and different seasonal periods was found. 7. lepturus had a wide trophic niche and strong intraspecific
coexistence ability.
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