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WE: KR (Triplophysa tenuis) XTAEREARFLIRIMT VK ARG A fetin sh A EZEH . SCREETIRIRAE
YibmicERER . AR MR (3°C. 8°N) HIARIFE T B sk M S T A S AAE . 45 R BoR, LA b3ty
W 22 FpREHIER, Hhd 8 F Al ife . 6 Pt NMEFAE IR . 8 FhEZ ANEAIASHIEL ; HhRHIE B D7 B 2H IR fd 4
W, K& RS Ry . e, fihY s SR e aif G EE, B hRE. KSR §°C A
8'"°N 43 HI At T —27.09%0~—20.98%0 Fl 5.71%0~8.45%0, HIHT 2.68~3.48, MEMEHA I 6°C. 8"°N Al
BREIAEELDEFEESR (P>0.05); HEMFEARZOESN (Standard ellipse area, SEAc) Al A1 (Total area of
convex hull, TA) ¥y FHfite, §°C SiK BRI EBE EF M (P<0.01), 3PN FIEFRR 5K EAEA BEMHXK
P, 70~80 mm {AK A5 90 mm LA &K A SEAc AR AN FAEE S H AR ARG, 25k, K 5w Rk
At B A R AR AR E, M E RS R R, KE SRR T KW aERE, Minaym
BaM, AMTARKISAESREMRENM.
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Feeding habits of Triplophysa tenuis in Xinjiang based on fatty acid and

stable carbon and nitrogen isotopic analysis
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Abstract: Triplophysa tenuis plays an important role in maintaining the flow of material and energy in aquatic ecosystem. In
this study, we applied fatty acid biomarker method and carbon and nitrogen stable isotope technique to study the feeding and

nutritional ecological niche characteristics of T. tenuis. The results show that a total of 22 fatty acids were detected in the muscle,
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including eight kinds of saturated fatty acids (SFA), six kinds of monounsaturated fatty acids (MUFA) and eight kinds of polyun-

saturated fatty acids (PUFA). The specific fatty acid analysis reveals that T. tenuis feeds on zooplankton, diatoms, land plants, or

fish and shrimps that like to feed on diatoms. The carbon stable isotope (5"°C) values and nitrogen stable isotope (8"°N) values

ranged from —27.09%o to —20.98%o and from 5.71%o to 8.45%o, while trophic levels ranged from 2.68 to 3.48. There were no

significant differences between males and females (P>0.05) in §"°C value, §"°N value or trophic level. Males had higher standard

ellipse area (SEAc) and total area of convex hull (TA) than females. There were significant changes in §"°C values with increasing

body length (P<0.01), and insignificant changes in 3"°N values and trophic level. The SEAc areas of 70—80 mm body length

group did not overlap with those of greater than 90 mm body length group, and were categorized into different groups in the

cluster analysis. In conclusion, T. tenuis is omnivorous and its food composition varies with body length As a predator with high

trophic level, it can extend the food length chain length and increase the complexity of food web, which is conducive to the

maintenance of stability of aquatic ecosystem.

Keywords: Triplophysa tenuis; Eatty acids; §"°C; §"°N; Feeding; Ecological niche; Trophic level

K& @ 5 (Triplophysa tenuis) VA3 E AT
2, S AFERT RS AT | Bl s gl . AR A
AT P L A SRR L AR R, o AR
AN KRS SRR X IR Y R
AU T4 A S NREED, Ak, Bk
A A AT DI ISRYIFEIA L AT
L, SFEEWREY ., Hit, B RS
F MR 2L

Rt NIRRT HR2 R e S R 2
PEORAP A AR BN, WG A0 2R A B IR R AP A 5
BRI A o BF5E 2R me s Sk, AT LA
RN B YA BRSSO Hl
B XR, HMIHE@IEAEIE, a2sg
YrE o BE g FEb B AT LU R HAE AN K A
ERRGEYRETEZEN, XA ISR Tt
JEHAREREZ XY, HAr, XK B m sk sy
ZEEPHEAEYAY | R R BN T 55 ™,
T 17 T AT 3 A5 o

B Wi R S g R h AR S 0
HTF 28 a2, WmRH (Mastacembelus ar-
matus)"" | FZLIE 1 (Schizothorax macropogon)!”
FIRLIS i J5URk (T crassilabris)!™ 45, ik BAT EW
HRARR RS, (H RS 6 2550 B S A
TEOL, AReRBE I EY2ERL, M2 m
PEEESS R, MILZ T, BRIDRbRIC A E A3
ST TERIE ST A ) B K & W 48 A D5 T B A R AN
P, FEEMRRDIRE B R AEMRRE A G, 3h
YA SN RE TR 257 B M i A% st el 7 v it
Ak, R UTRAEA LU, HAg R br i v
TR KRR, FFife Yz e X

ZM EBRG TR, ARERAMER (5°C. 8°N)
a] DL i B Y AR R T AR R R, ARk
T R 2R LU (B B g L [R) 67 3% ALY HUAE
AR T 5 75 8 2 T I R ok IR S R R
P L

Pk, AAFFEM AR IR bR L AR E A
RBORRIE T R B I S i I e AR 2807, 7y
PR R BRI S B SR A e A& AR 2 Y
AL, PR B e OO AR A K A A R GRS
i S AL e

LR

1.1 HFmRERLE

SIS AT ARG T 2023 4 4—5 A I FHH R4
FUBM B AR LI 4K (80°59'9"E, 41°47'32"N), AKX
S LA 41 R A S R, I AR
(103 0.01 mm) FIRFTE OK5#6%] 0.01 g), FFHI
FEMEN . Sk, MEHESRREAS 20 B, R A
T 70.01~118.75 mm, KB/ T 3.01~12.19g, 1
KMEKAT 0.57~0.98; HEMEAMAREA 21 B, 1AK
4T 70.06~112.26 mm, AT 2.80~10.70 g,
WK AR AT 0.53~0.92, ABFFELL 10 mm A 534H
PR, ARG 5 MK A, BUR 41 DA
TEALA, HEE KRR, 8 TR
(TE-FD-1) H1—54 °C %1 48 h, HFE I 2] fH
K, BATEELET, RESH.
1.2 FERAERIIE

FREUITEE S 1R i 24 50 mg, fITA 1.0 mL iF&
BE (B VE R BRI+ —%e iR H Y =g, Rk R
0.5 mgmL™"), WHEIREE T 60 C /K miiz



94 2R S

5520 &

¢ 30 min, [HEEA, MMA 1.0 mL 0.5 mol-L™" !
EEEN RO T RS, FE404% 2 10 min, 14000 r-
min~' .0 5 min, 4 LIEWGE B IE, EHL
I8, SR Agilent 7000D T ASGHEAT B 5 B2 AG:
O3HT. HERETIIEE 280 °C, B TURIEJE 230 CC,
F %t B (Electron impact ion source, EI) I,
SIM FAHifE, HFHBE 70 eV E TSR XY
e SARMERR DRI BRI R] , o BRI
1.3 RERMLESHT
1.3.1 #E R FH 5

JIT A LR b T B O A A I 3% & IR AR
WA R BRA R E AR M AE o Sercon
Integra2 BTG ER 7 M7 - A8 € [F 0L R H A B i 1B HIAY
(Elementary analyzer-stable isotope ratio mass spec-
trometers, EA-IRMS) BRALIN 2 #E 5 Bk . Z e e [A]
PR WAE . Bk . BEE [RIALR S3Hr 4 iR ] E BRbR
UEYI Tt PDB (Pee Dee Belemnite) . FrifE K AT
o AR,

SX= ( Rsample _

standard

ft':':' 0X j‘:l 8"°C ﬁ 81SN(%O); Rsample iﬂﬁﬁ:@?@
My C. NFEMERM, BPC/”C 8 N/MN;
Ryundara N EIBRFRIEY) PDB (9C/12C £ 7 s
ERAPEAN/N B FE B AR ; ks
8"°C < 0.1%0, 8N <0.2%0,
132 EAREFH

BIRIOTE AR,

615I\Isam le_GISNbaseline
me=ln o

Arb: TLAHEAE IR 8 Nymple WHEAH N 12
SERIN R WA s 8" Nygeeline AMFEAFTTEAKIIA: B FR
Grrp EA AP ERE RIS R LA ; ASPN AHAR
BRBZNARRE M ZNEELEE; A LAY
BRY ., BEEYEERAEmK . FEAEREN
AT R RIE T Y ARSI B NI AR AR
FE R R IE(E, IS 8" Nyaeline 275 50
FCH TR ASPN SERME RN 3.4%0™; ASPN
SRR RGP E I EUE (3.4%0)" BT
U IEZAY), A BUE R 2.
133 ETARAESMIAK

AR TEFRESMNSEAE: 1)8°Ci
[l (8"°C Range, CR) ¥8 1 & & Jiififk 6°C e RIE 5 &%
IMEZ 2, R ERIEM ZHMEKE; 2) 8PN

1) x10°%o (1)

TL=

B (8N Range, NR) F51< 5 = R 6N S KE S
N2 2, REENETRZK; 3) BAEEN
(Total area of convex hull, TA) & §"°C-8""N 4 —
Y SIS Z P AR, R B R AR Y
fefiamEg; 4) B0 (Standard ellipse area,
SEAc) /&L §°C-8""N HUS & T A s il A A
WEMA B AR s SEAC RACIEFRUEMG B AT AN, B0
T RSB W A TR P
1.4 EiEAIE

fdi FH SPSS 26.0 #RFH#EA T LA S, FIFH B I
F 7225301 (One-way ANOVA) JEATMEME . A2
FVELE AT, ] Pearson ZMHTA K FIAE TR
PR 57°C F1 6PN ARG, ] R i 5h SIBER
A TR, 4945 TA. SEA. SEAc. SEAc &
B R M SEAc AT,

2 4k

2.1 FERARRAEANMKREE

X 41 R A B IR SR UL P L 2T R D R
B oA, FARGIN 22 FhAR TR 4y, S bR R
KB T 11 83 22k (5 1), Hrp &4 8 Frifuf
NE Wi FRIR (Saturated fatty acid, SFA), i/ CH
(76.68+22.71) mg-g~'; 6 Fl BAAS I N A5 Wi iR
(Monounsaturated fatty acid, MUFA), iz 400
(67.92+24.07) mg-g™': 8 FREZ AN FIAGITR (Poly-
unsaturated fatty acid, PUFA), Ji&E/40N (60.72+
18.73) mg-g™'. 22 PR T S ERH A
C16:1. C16:0. C20:5n3 (EPA). C18:1n9, 7335
SEIIBR &Y 18.74% . 17.02% ., 13.77%. 13.40%,
4 FPRRIDTER b7 SRR IR & fE 0 50% LA b

n-3 RN ZAEHNENIER (n-3 PUFAs) 1911
AN (46.72415.41) mg-g™', n-6 R IRIR
(n-6 PUFAs) B 43500 (13.99+4.64)mg:-
g ', ol IR R B B Y 22.75% F1 6.81%, n-
6 RIWE WA & & 5 KT n-3 751,

PN G715 T 7 = 8 = =00 d s 3
05 R - 34 Jot it A3 B o (212.69+63.77) Al
(198.32457.79) mg-g ' METEK B & JE6H A SFA
MUFA. PUFA &y m THErE, BRI 25007
g Won, KO R R & o 50 WA
P FR (F=0.573, P>0.05).
22 FEEMEBRSHKHXR

A (3% 2), SFA 1E 70~80 mm fA K20
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Table 1 Fatty acid composition and content of 7. tenuis

W SRR EHAHE O FEACEE
Fatty acid Av?rage mass 1 Percentage/ S?lmple
fraction/(mg-g™) % size/ &
F—BRIR H i C11:0 19.06+10.59 9.28 41
+ T ERERH R C12:0 0.8340.68 0.40 41
F POz H R C14:0 10.66+4.35 5.19 41
- HBRER H i C15:0 0.45+0.20 0.22 41
TSR H i C16:0 34.94+11.53 17.02 41
LR H ER C17:0 0.47+0.18 0.23 41
T\BRIR H i C18:0 9.66+2.24 4.71 41
TR B C20:0 0.61%0.20 0.30 41
AR YSFA 76.68+22.71 37.35
g‘lflﬁﬁ-ﬁrﬁﬁﬁﬂﬁ‘a 0.35+0.16 0.17 41
:;’Zf&%@mﬁg 38.47+14.98 18.74 41
;S;Cfb%h%@m A 0.38+0.22 0.19 41
IR C18:1n9 27.50+10.27 13.40 41
éﬂﬁmmmgg 0.96+0.59 0.47 41
c:zle: - i 0.25+0.14 0.12 41
?fggﬂﬁg% i 67.92+24.07 33.08
g‘lé\zﬁf;ﬁ&m e 11.00+3.94 5.36 41
(1:‘1/8\;1?; TR 1.3240.46 0.64 41
o- P kTR C18:3n3 7.44+4.03 3.62 41
é?jf; AR 0.34+0.13 0.17 41
gg;&éé;ﬂfz 0.27+0.15 0.13 41
fﬁ Efﬁmﬁ@ﬁg 1.3240.41 0.64 41
C:;;ﬁf;i(ﬁ;%ﬁ@ﬁ 28.27+11.31 13.77 41
C:Jff;_\(ﬁiﬁ?] A 10.754+2.37 5.24 41
ngﬁgﬂﬂgﬂﬁ i 60.72+18.73 29.57 41
N Bl A

IR Yn-3 46.72415.41 22.75 41
AR Yn-6 13.99+4.64 6.81 41
ANIEIRI =R n-6/n-3  0.3140.09
%%Eﬁ%gf Aﬁfé}a I 0.4320.17

A& B, 1A (101.15+15.55) mg-g ™', I HF#E
PRI B3G5 TR AR, 48 Pearson AHOCAMT i
N HE R Z AR 0 2 A e (P<0.01) 5

MUFA FI PUFA Y5 &K JC i A2 (P>0.05),
MUFA 7E 70~80 mm A K 241 & & i 5, PUFA 7E
100~110 mm R ) & i m . 2 ANMEFIR IR
S FIARIIRR Y HUAE (PUFA/SFA) S5 1A KAFAEN B
FIEAH G (P<0.01), C22:6n3 (DHA) F1 C20:5n3
(EPA) ) o & 43 2043 ) AE 100~110 mm F1 70~80
mm KK B KA, 72908 (12.36+2.95) Al
(36.39+12.65) mg-g "o n-3 JEMTIRTEA AR K AL
I n-6 BE; n-3/n-6 £ 100~110 mm A K4
HIEA/IME, 7E 70~80 mm A KA B RME, %
KA E] n-3/n-6 L FHMH2ER (P>0.05), DHA/
EPA 1E 4 KA WP A7 AE B35 IEAH G (P<0.05),

2.3 KEBEMR. RIRERBCRFE

B i kAR . AR E IRl 2 I A5 R
8C AT -27.09%0~—20.98%0, “F-IIE K (—24.75+
1.54)%o0, 8°CiUFE N 4.18%0; 8°N /T 5.71%0~8.45%o,
SERAME N (7.09£0.63) %0, 8N JLFE K 2.74 %o .

HEPEREAS 8 C FME R (—24.5241.13) %o,
CR N 4.18%0; MEMEFEAS 8°C SEHE K (—24.71+
0.77)%o, CR N 2.82%0 (7 3); M. HMEREA ]
837C R ALE (P>0.05), METEFEA 8N FH{E
H(7.13+£0.48)%0, NR N 2.27%0; MHEMEFEAR
8N SEHIE N (7.05+0.73)%0, NR K 2.71%o0 (£ 3);
W BEREARIE] 8N 227N (P>0.05),

K B IR B E SRR AT 2.68~3.48, FI(H
4 3.0840.18;5 MEHAEAE TR T 2.81~3.48, 1
{7 3.10+0.14; HEMFEAREFRHEAN T 2.68~3.47,
WA 3.0740.22 (3% 3). ME. HEFEASEI IS FRTC
B EMEZES (P>0.05), HEMEREASA) TA. SEAc ¥R
THEMEREA (R 3, K1), . HEFEAT) SEAC HE
4 0.58, SEAc HEMIN 1.33%0°, 53l i i1
FEARIY 74.30% FHEPEREAR I 67.86% o
24 KETEMR. REMEEEKEN D HIFE

K B ik 41 MLAAES T, 87°C F 8PN 43
MIAE 110~120 mm Fl 70~80 mm 1A K 4 5 Bl K
8, 43 HIHE 70~80 mm H1 90~100 mm A2 5L B
fe/ME; CR Al NR ¥J7E 90~100 mm RK 4 ok,
1M CR 7F 80~90 mm A K4H#%/)N, NR 7E 100~110 mm
KA/ (35 3),

TA Al SEAc ¥J7E 90~100 mm KKK, 7
100~110 mm &K 4HF/N; 90~100 mm 1 110~120 mm
R4 H] SEAc & H A (0.63) , EESMAS
5 90~100 mm &K 4 SEAc T ALAY 74.49% Al
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Table 2 Fatty acid mass fraction of 7. tenuis in different body length groups mg-g!
G 14140 Body length group Pearson
Composition 0-80mm  80-90mm  90-100mm  100-110mm  110-120mm | AB%HE
HIFIAR IR SFA 101.15+15.55  82.69+24.67  67.85+18.74  69.72+16.32 57.30+12.77  0.000  —0.577"
FRHIFIIR TR MUFA 84.11417.90  63.19423.25  59.29+28.35  73.81423.14 57.67421.49  0.212
ZAFIEIER PUFA 69.03+17.18  55.21*16.70  55.21#20.97  68.90+20.15 53.68+13.85  0.666
i?ﬁsﬂfgﬂﬁ R/ AR 0.69+0.13 0.67+0.14 0.79+0.13 0.99+0.14 0.9340.10 0.000 0.598"
ZHBRFAIFEER C20:5n3 (EPA) 36.39+12.65  25.60+7.99 24.06+12.26  30.14+12.92 22.89%7.00 0.143
TR C22:6n3(DHA) 10.23+2.19 10.05+1.61 9.5142.63 12.36+2.95 10.28+1.33 0.178
= MR n-3 54.67+14.57  42.71+16.80  42.71¥16.80  51.62+1827  41.11%£11.17  0.478
IR n-6 14.35+3.26 12.50+4.41 12.51+5.06 17.28+4.81 12.57+3.75 0.543
ZHGBRI7SIERR n-3/n-6 3.8540.65 3.5340.57 3.5140.95 3.12+1.12 3.3740.93 0.076
g&éﬁ;}:ﬁ%@/:erﬂiﬂﬁ 0.29+0.06 0.43+0.17 0.47+0.19 0.4740.19 0.48+0.15 0.020 0.361"

e * 2R (P<0.05); ** ZRMEH R (P<0.01),
Note: * . Significant difference (P<0.05); **. Very significant difference (P<0.01).

R3 KESERHEREESMERFEE

Table 3 Basic information and isotopic signature values of 7. tenuis

AR S PR R TR 1 15
. . o . 5°C/%o0 6"N/%o0
Classification criteria Sample size  Body length range/mm  Average length/mm
i Female 20 70.01~118.75 92.32+13.71 —24.52%1.13 7.13+0.48
PEHI) Sex ‘
HEME Male 21 70.06~112.26 94.59+12.65 —24.71+0.77 7.05%+0.73
70~80 7 70.01~76.72 71.99%2.25 —25.73%£0.71 7.4410.64
80~90 11 83.64~89.96 85.62+1.72 —24.87+0.89 7.12+0.61
-4
e 90~100 8 91.65~99.97 95.67+2.63 —24.16+0.98 6.7240.62
Body length group/mm
100~110 10 100.46~109.16 104.11+2.67 —24.35%0.32 7.1710.46
110~120 5 110.06~118.75 112.40+3.27 —23.92+0.89 6.931+0.59
Kt Total 41 70.01~118.75 93.48+13.23 —24.62+0.97 7.09+0.62
IyZEhRifE 3VC 8N Ju SR Wl 23540 BN
Classification criteria CR/%o0 NR/%o0 TA/%0> SEAC/%0’ Trophic level
i Female 4.18 2.27 5.31 1.79 3.10
P Sex ‘
TEME Male 2.82 2.71 5.76 1.96 3.07
70~80 1.91 1.57 2.6 1.98 3.19
80~90 1.04 1.72 2.74 1.77 3.09
-
i 90~100 2.86 1.93 3.83 2.47 2.98
Body length group/mm
100~110 1.17 1.50 1.04 0.57 3.11
110~120 2.42 1.61 1.72 2.31 3.04
i Total 4.18 2.74 7.96 1.96 3.08

110~120 mm A1 79.65%; 70~80 mm 5 90mm K 3 4H, HJ 70~80 mm. 80~90 mm Fl1 90 mm L) I
P EARK AN ESHAMESREN 0; AR (GR3—4, K 1—2), WAZRULH] 70~80 mm &
2 8C FI 8N RS E b, DR A KAMWEEARS 90 mm DU bR A REA Z B 1) 5%
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10 ¢ 10
9t 9 |
8 PO g AL
i /,'O o g | Body length
§ 7 dd gof’ @ 9°°0 ° § 7 | groups/mm
= . S < 6 o T80
5 | o HfEE Male 5 [ ©90~100
o M Female 100~110
4l 4 | o 110~120
-28 -26 —24 —22 -28 —26 —24 22
8,,C/%o 8,,C/%o

K1 K S5k TA . SEAC #EE A
T BRI TR BB SR AN (TA), EH D TR (SEAC),
Fig. 1 TA and SEAc based on §"°C and §"N values of T. tenuis
Note: The dotted lines represent the total area of convex hull (TA) and the solid lines represent the standard ellipse area (SEAc).

R4 HKAZE SEACEEARREER
Table 4 SEAc overlap area and overlap rate between
body length groups

Body leiifgiup/mm 70~80 80~90 90~100 100~110 110~120
70~80 0.18 0.00 0.00 0.00
80~90 0.69 0.26 0.21 0.22
90~100 0.00 0.88 0.16 0.63
100~110 0.00  0.41 0.42 0.16
110~120 0.00 0.73 1.84 0.40

T XML B SEAc &, WHMLLIT R SEAc EETIH,
Note: Above the slash is the SEAc overlap rate, while below the slash is
the SEAc overlap area.

70~80

80~90 ‘

90~100

110~120 4’T

100~110

K2l Body length group/mm

0 02 04 06 08 10 12 14 1.6
1% Distance

B2 AREAEKL §°C M §°N ERIErir
Fig.2 Clustering analysis of 5"°C and 8"°N values in different
body length groups
iU, TTREIRNESE FRA 2250, FAAEAEIEE
B, BIE 2 nbiiA R AR BN R
BIRPAE 70~80 mm KK AR, 16 90~
100 mm AR RAK, (H2EFARIEEBEIEKF (P>
0.05), X1 B & JRefk §°C 1 §'°N #E47 Pearson £H
KA, H 8C A B3 b & 23 hn

(r=0.590, P=5.000x10"", ¥ 3-a); 8N H5{AKAHH
KA B (r=—0.186, P=0.246, &l 3-b),

3 hE

30 KESESEHRARLESE

f AR TR L BRI 2 PPN HOE SR (A
P FRIE A BB AR AR . ARTFIT LA Y 22 FPAR G
fii, HP IR RASIR & R, ARSI R &
WIRZ, ZAMFRRNITR &K, TER AR DR
i Cl6:0 i W EE, NIRRT &
45.57%, BL&5 RS EME AR Xk B I e |
B 25 22 GHIEB) (Cobitis taenia Linnaeus) ST
G5 —3, C16:0 ZNEMITR G B h i e A B IR T
finz—, Pk, Feramps i S mAa i m =,
K B i R SRS AR AR DT R Hh Cl6:1 T C18:
In9c i, o ERAMEAIIRIGIR & =1 97.13%,
R AR IR T MR A i 81 oA — e 2
R ZORMRR AR I R B B dR o 19O DHA A
EPA, JEMRMFTHIRIIR, fEAEWNRA AR T
PR 2 5N SR . AR EE | A0 B
R oy A KB rAR
32 ETHUERBRSTKESESRME

TG E &g, K EEIRseshYy
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Table 5 Characteristic fatty acids indicative of diet
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