FEDKFER2E 2023 £ 2 B, 30(2): 236-246 ) ‘
Journal of Fishery Sciences of China H R 'i’l} X

DOI: 10.12264/JFSC2022-0361

v 1,2 w2 30 2,4 w2 o 7 2 ~ 2 N
R fe ", Wiews, &, F#7, BEM, NEFE, RAK, HER
. BB S AR, B 201306
R EKER R B VLK S, i 2RI 430223;

. VEAEIRIE KA A ke 2EBe, DUl BSFE 637002;

PR R A AR AR B, MOK SRR IR AR B A R A SR &, R 400715

-kal\)r—‘

FEE: TRV LU0 8 a2 s SRR R 32 50 R, AR MK . JRE M B EeAR, Xk A KT
o B 3 AN X8 A% 35 E B (Culter dabryi) . 527 #f(Culter mongolicus) Fl 33 I B (Culter alburnus)iE i B95% . A ka2 [F)
PR AE RS SRRSO AT OB AT o 453 ok, 3 FhEAAY 8" C (78 45 IX 3k 4 B 3 P22 (P<0.05), 1M 8N {1
15 L UFILE 22 5 35 (P<0.05), R W] = F R YR IR RS SRR E RS 0 E 225 2 E T E DR IR S R IR,
AR B, S5 YR N, SENE RSN RERER, BERZEENT, FhmmASs
7T B T 38 TR AN i, 3 7T BB 58y S0 AR R A B8 B 4 A OG0 3 RMINAE A VL b iR L B I B PESE A A A 2
S, Hoh, SEN OSN35 AR F S AR R, M G SR RN M ESERMEELES, RUERK
TLH KR, 58l 0 P X6 AS ) PR 9% U 0% ) FH B T 5 T 2 5 A R 2t B M S 4, T SRR 0 15 8 ) BRI %o
S HARSAVER B B R A7 P, FE R STIRAERE [ BT — o AR S AL .

CIEVE i TR R RS

K EIRESNL B KT R Ra
FE S 2ES: S931 MEkARRRD: A

B IR A A — B8 A W R X L TR B U S
PR AN ALE & 4 5 R B ER 4y, BRI E SRR SN
Bl B A2 25 2R G0 R ) 048 3R A AR B e
PEAHARBL 2, 8 W 5 0 o ke sE ) 7 R AR
S B IR SN P TR A
BT, BN E WS ki s H ek g
FERE N EYEE, 520 g a Il
BB B & Y A 55 5 T AR R 5B,
MELLESI AR AR 2 &Y. miksE [
R AE S A ) — 2 B 18] CBCH B0B04F ) P 3
M R R R AN, REA SR E B &
OB RS A, R E [l AR AT L

Wi E A 2022-10-14; fEITHHR: 2022-11-18.
EETH: HEARRY

XEHS: 1005-8737—(2023)02—0236—11

i oA A AR BRE [ 057 3R LU AR 4 A [W] W) 2
FORUR B L', a3k (i A5 R v R AR AR
BRI hER] T s,

X W& fif] (Culter alburnus) . 52 iy fifl (Culter
mongolicus) Flik [Cfifl(Culter dabryi)¥3 & T8 R}
(Cyprinidae) . #ifl . #} (Cultrinae) . fifi J& (Culter
Basilewsky), &3k [ f i WA A % 28, Tz
T SR A e P N RSy N R BN 7 FE R 1
JECT FEAR Z2 W90 AN R A T, A R Y
R T 5% (Hypophthalmichthys molitrix) . il (Aristi-
chthys nobilis), &F = &% 1k 2 5% 20 [a]Ib,
JE S FE R S R X B A xR U

FE4 T H (51909271); [H K & S0 & TR H (2018YFD0900903); 5 B 11 7K 7= k5 A1) 357 B W 11 5

(2021183); 1 [H 7K 7= B2 BF 5% B A1 37 141 BA 35 H (2020TD09); 1 8 K 77 B 2% BF 5% b 3 A< BHOF ol 45 20 35 H % 1)

(2021CG02).

EFE B FSCH1998-), 2, WiErs A, BF5ETT A il 7T R, E-mail: niwenjing0611@163.com
WEEE: Bk, 580, 587 il %K. E-mail: duan@yfi.ac.cn



552 4

58 SCHAE: RTT P Ll 3 Pl i) R AR A LR 237

SRMER AT AR W 2 /i,y o BEAI T . WS
IR IR BRI, K PR A S Ao A L2 BLAIR
WA RN R 3 Bl ] ARk i 12
B, R, HErEirl, i ] aerr
TEF IR E S G P AR R A B TR
A BRI, 3 BR8] (19 50 22 ORI, sk A
FEE A, BRI RER TR 507
T, 5 E IR LR T AR AT RO A2 25 R
Ge ity sh 57 B S AR U, B2
ISRARG Aot BRI NIE B SR A TN D I = o e
AU AEMRAK A 25 FR G P T A TR 2% 4 11 £
@, HRREAL gl T f0 28 KA A Py e vk A AT
BN, e AR i TR AR P BOR St
AR SIS R BT BT, SRS A TR LAl
L XA K Skt S s 45 R Al B R A TR
MR R, PRI AN TR T2 41l £ 2 [R5 3R G AR Y
R RAF T2, BB N KRS R GAT S
T RE e 352 A N 25 5 PRE FEA

105°

FR, SHIERABFSE R g e R 718
B Frep 0200 g g PV G Ay AR R
2 IR 5 0 FLRE 9 IX 38k 22 Je BR e i gy U1,
X TR T e R 025 04 7 3 A S LT
SR AT e ULARE . A IS 32 TR e
) 24 ARBFSE 3 FhiAZ B FE S LR,
A BT T AT e L0 £ 2 R R 2l 25 R ]
BIKF L RN BER AR, IR A 5
il A 25 (AR F DX A e B A S b S o
IRRE N KT KA R G BRI 5 S B e e R
A Sy T B 5 HLRl

1 MEEFE

1.1 #HRXIE

AHIE ST BT 0 S ) 2R SR AR T 2021 4F 5—
7 H L 11—12 A, REE S TR AR XL
HK VLB (ST), JE X FABAFEH K X (S2) AL
W M RIVELBE(S3) o SRAE IR B TR DL 1,

110° 115° E

* LM sampling site
25°L

0 75 150km
[

K1 R SRER
Fig. 1 The schematic diagram of sampling sites
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Tab. 1 Sample collection information of three cultersin
the middle and upper reaches of the Yangtze River

A e Kttt AKEE/mm R E /g
site species number range range
S1 CuD 19 87-275.5 7-188.5
CuM 40 61-443 4-1323.2
CuA 45 59-587 2.12-2057
S2 CuD 22 113-382 16.7-710
CuM 23 95-395 8-645
CuA 16 103-449 10.3-1108
S3 CuD 34 123-344 11.2-420.7
CuM 17 99-343 15-610.1
CuA 23 247-412 170.5-570.3

HE: CuD. JAIRAA; CuM. 2 1ifl; CuA. WS,
Note: CuD. Culter dabryi; CuM. Culter mongolicus; CuA.Culter
alburnus.
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170 Bk, BAREEFALER 73 43 0 R F I R ife
Y5t PDB (Pee Dee Belnite) Fln i K AN H . 43
Mrak 2R 61°C 1 8N:

3X (%0)=(Rsampte/ Rstandara—1)* 1000

X, XN C B ONG Roampte AR & BT A5: 149 1] 7
FEME, B PC/C 3L PN/N; Ryandara AR Y B
(PDB 5 KA Ny)WyFRIAL & L . I 4
8'2C<0.1%o, 5"°N<0.15%o.
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KRR (P>0.05), T LU EE5R, ARWF5 M ARE A
TR 2% S X a5 R TCH

2 HE T AIXEE 3 R AR E R K AH,
ZER R = H R SCC AT B A g LR
F77E(P<0.05), T 8N {HALE LT BOA i % 2%
F(P<0.05). 1E_FWFITEL, S 8°C (%
BTk R EA A BA Y 81°C 1H(P<0.05); kKA

8N B T 5l i A ey 8PN [
(P<0.05). fEEIX, ZEfANy §°C HIR B E T
W60 (P<0.05), HALAEEIN §°C HICR#HM
25 (P>0.05); —# 8°N #HfH L& ¥ % H P>
0.05). 1EHIFTE:, BEEIN 8 C HEE R TS
AR 1 (P<0.05); AR =% "N H{E LT
25 (P>0.05).
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Tab.2 Comparison of basic information and stable isotopes of three cultersin
the middle and upper reaches of the Yangtze River

X+SD
Hsﬁif sf:is :ﬁﬁi bﬁ;ﬁl/er:;h bofyg%fght 87C/ %o 87 N/%o
S CuD 1 201.11441.91 106.14+54.80 23.50+0.79" 15.06+2.03°
CuM 18 305.94+77.91 428.37+335.01 22.09+1.09° 13.51£1.48°
CuA 17 309.82490.47 374.024+361.24 23.20+0.82° 12.87+1.20°
s2 CuD 6 258.5+63.91 225.73+134.09 25.07+0.67" 14.05+1.74
CuM 13 262.62+63.55 243.62+173.45 24.83+1.18" 13.391.60
CuA 13 285.31491.93 285.88+308.99 26.16+0.89" 14.2441.35
S3 CuD 25 249.76+37.65 204.11492.03 25.99+1.57° 12.74+1 21
CuM 14 283.71424.02 278.35+113.71 27.67+2.03° 13.54+1.29
CuA 23 305.04+41.49 284.34+101.04 27.84+1.35" 13.26+1.36

E: CuD. GAIGHA; CuM. Z2TH1; CuA. FBMEHA. [ — 3545 A W) /NG 7Rk R R Yyl ] 22 57 .3 (P<0.05).
Note: CuD. Culter dabryi; CuM. Culter mongolicus; CuA. Culter alburnus. Different lowercase letters of the same index indicate significant

differences among species (P<0.05).
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HSPL(SEA)YI A EE, (HES A1 ] 2
o S i1 5 1k G A ) RS R 2R [ 1h AR
X 5 B P A 9 (0.321), B8 TR o 3k G P RN
52 SEAC 1Y 78.5%1 35.3%., 152 il fifl 5 7 b
MY 1) A% 00 7 37 A 25 A0 TR B P8 A R I B (0.522),
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T

LIAAL
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Fh2% species

P2 KT B iE 3 Ffif 4 DL S b i 5 1 L (SEAg)
MU SEAR B AKL{H (mode), £ 32/ MEARZIER
SEA (SEA(), JTHEER 50%. 75%F1 95%E {5 X 4.
CuD: EIGHA; CuM: T fifl; CuA: FHBEA.

Fig. 2 Bayesian standard elliptical area (SEAp)
of three culters in the middle and upper
reaches of the Yangtze River
The black dot represents mode values of SEAg,
the red cross is the small sample size modified
SEA (SEA(), and the box represents the 50%, 75%,
and 95% confidence intervals. CuD: Culter dabryi;
CuM: Culter mongolicus; CuA: Culter alburnus.
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A 5 S AR 6 SEAC 1Y 62.4%
1 76.3%. 35 DR 5 M ] 1) A2 00 A2 250 1 5 i
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Tab. 3 Comparison of SEAC overlap area (OA) and
Bayesian standard ellipse area (SEAB) of three cultersin
the middle and upper reaches of the Yangtze River

222 EFSHEME 3 MAEFESMERN
gk R X AR A ARk, 7E BUETEE, 5k
FER B VL EI(CR) . B R AL BT AR (TA) L S Ff
BEE IR 5 20 A7 Y5 FEl (SDNNDY S B 6 hn i 5 T
5 TG0 AT fiFy, (F 3k FC 60 A9 5 97 85 B (NR) A
IR ZAEPE(CD)EPRER R o FEE XL B, BRERAE
B B (MNND) I FE AR Ak, 57 7 19 45 Fh i 57
SR PRMEYI N R FERFTTEL, B NR A
TA FEARAL, St B0 45 T8 3% A 2500 B 48 B

W CuM & CuD CuM & CuA CuD & CuA {E@iﬁ% Wﬁ@ﬁﬁ%(%@ 4)0
T CuM> CuM> CuD> X . N

e cupr OA Guar OA Guar OA SETFLA L 3 R 57 A R A S (A
SI 0835 0067 0906 0179 0.626 0.116 FATEB M B gh i, ARWFIE AAS [R] X 38k 1) [R] — 4
$2 0916 0321 0964 0059 0508  0.000 TV Ry — AR AT 5 FfE 37 AR A5 246 b i) DLt
S3 0934 0273 0747 0522  0.168  0.099

e AR F B0 P A DL I A AR 15 1 B (SEAR) T & K
TFIEHA MR, CuD. IKIGHN; CuM. S 1; CuA. M f.

WA RIS SRL, LU 3 TR A 1) (0 SR Al 22
Sto VIR WK, 3 RhiAth, K IREARYE IR

=) S5 e Y > 2 =) va
Note: * represents the probability that the former is larger than the Emj{(NR): 7&”% @EM(Z, %E@EW{E\E ° L‘jﬁﬁiﬂi
latter in the Bayesian standard ellipse area (SEAg) of the two culters in E(] é%:%;}é{u %Eﬁﬁﬁﬁ‘{l EF' J:{ﬁ? E/‘J CR. CD )

this column; CuD. Culter dabryi; CuM. Culter mongolicus; CuA.
Culter alburnus.
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Fig. 3 Trophic framework of three culters based on stable carbon and nitrogen isotopes
a. The upstream; b. The reservoir; ¢. The midstream. CuD: Culter dabryi; CuM: Culter mongolicus; CuA: Culter alburnus.

® 4 KiLH LijF 3MEANERESMIER

Tab. 4 Trophic niche indexes of three cultersin the middle and upper reaches of the Yangtze River

28 S1 S2 S3
parameter CuD CuM CuA CuD CuM CuA CuD CuM CuA
NR 5.99 5.06 4.67 4.72 4.87 4.05 4.35 4.24 5.52
CR 2.90 4.19 3.13 1.98 4.35 3.65 5.10 6.70 5.26
CD 1.85 1.57 1.27 1.46 1.75 1.35 1.71 2.07 1.66
TA 6.75 14.95 8.61 3.21 8.66 6.05 10.47 12.51 14.04
MNND 0.66 0.66 0.60 0.97 0.50 0.59 0.39 0.79 0.50
SDNND 0.61 0.66 0.35 0.44 0.80 0.40 0.26 0.53 0.35

i

NR. 8N {HAE#§; CR. 8"°C {HZ£1R; CD. T80 B ; MNND. V¥R 4RI ES; SDNND. FeAB IR BiAnifi2s; TA. MZ L Bk

Bl; CuD. GAFEHA; CuM. 27 fi; CuA. FEME A
Note: NR. 3'°N range; CR. §"°C range; CD. mean distance to centroid; MNND. mean nearest neighbor distance; SDNND. standard deviation
of nearest neighbor distance; TA. total area, CuD. Culter dabryi; CuM. Culter mongolicus; CuA. Culter alburnus.
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Bl 4 3 M afE SRA SN R bR Y DL By R
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CuM: Z2iiiH; CuA: MEHH. MR E, THERIR 50%. 75%FH1 95% E A5 X [H).
Fig.4 Bayesian results of nutritional niche indexes of three culters
NR: 3N range; CR: e range; CD: mean distance to centroid; MNND: mean nearest neighbor distance; SDNND: standard
deviation of nearest neighbor distance; CuD: Culter dabryi; CuM: Culter mongolicus; CuA: Culter alburnus. The black dot is the
mode value, and the box represents 50%, 75% and 95% confidence intervals.
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Trophic niche comparison of three species of Culter from the middle
and upper reaches of the Yangtze River
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Abstract: Culter species, as carnivorous fishes in lakes and reservoirs in the middle and upper reaches of the
Yangtze River, usually play the top predator role in the freshwater ecosystem. Culter dabryi, Culter mongolicus,
and Culter alburnus are the most common and abundant Culter species in these regions. Because of sympatry and
predatory habits, these Culter species seemingly have interspecific resources competition, which could be fierce
especially when food resources are limited. In addition, the changes in their population could have an important
impact on other fish species or communities through top-down effects. To understand the interspecific trophic
relationships of Culter in the middle and upper reaches of the Yangtze River, carbon and nitrogen stable isotope
analysis technology and isotope-derived metrics were used to examine stable isotope characteristics and trophic
interrelations of these three Culter species samples from the upper reaches, reservoir reaches, and the middle
reaches. A one-way analysis of variance (ANOVA) was used to test whether there were significant differences in
8"°C and 8"°N values among the three Culter species in each river section. Six quantitative metrics in the bi-plot
space, including 8"°C range (CR), 8"°N range (NR), mean distance to centroid (CD), mean nearest neighbor
distance (MNND), standard deviation of the nearest neighbor distance (SDNND), and total area (TA) derived from
stable isotope data, were used to describe trophic niche space, trophic diversity, and redundancy. Instead of total
area (TA), which is highly sensitive to sample size, standard ellipse area (SEA) was also used to quantify the
trophic niche space of each species. Besides, to provide more robust metrics and allow for statistical comparisons
among sites and species, Bayesian methodology was implemented to generate a posterior distribution of estimates
of these metrics. The results showed that 8'°C values of the three Culter species differed significantly (P<0.05) in
each region, while the significant disparity of 3'°N values only appeared in the upper reaches of the river (P<0.05),
indicating that there were spatial differences in the food sources and trophic levels among the three species. The
results of multi-trophic ecological niche indicators showed that C. mongolicus had the highest SEAp (Bayesian
standard ellipse area) values in all river sections, and the probability of its SEAp being greater than the SEAp
values of the other two Culter species ranged from 74.7% to 96.4%. Additionally, the Bayesian results of the CR,
CD, and MNND indicators were also highest in the middle and upper reaches of the Yangtze River, indicating that
C. mongolicus has a wider food source and occupies a larger trophic niche space. In most cases, the niche width of
C. mongolicus is larger than those of C. dabryi and C. alburnus, which may be related to the fact that C.
mongolicus has a wide mouth end position and a sparse gill rake that facilitates food passage. The results of stable
isotope standard ellipse area overlap showed that there were spatial differences in the niche space overlap among
three Culter species. Among them, the highest overlap of stable isotope ellipsoidal area (0.522) was found between
C. mongolicus and C. alburnus in the midstream, which accounted for 62.4% and 76.3% of the total SEA of each
species, respectively. The SEA overlap between C. dabryi and C. alburnus was lower, only about 0.1 in the upper
or middle reaches and no overlap was observed in the reservoir area. Generally, the overlaps between C.
mongolicus and C. alburnus or C. dabryi were higher than other pairwise comparisons. These results indicated that
C. mongolicus are more liable to have feeding competition with the other two Culter species in the middle and
upper reaches of the Yangtze River. Nevertheless, there appeared a certain niche differentiation of food resources
between C. alburnus and C. dabryi due to their preference for feeding on their dominant food.

Key words: trophic niche; Culter; middle and upper reaches of the Yangtze River; stable isotope analysis;
carnivorous fish
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