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Abstract: Species coexistence depends on how organisms utilize their environmental resources, namely trophic niche
partitioning. The comparative study of interspecific trophic niches is helpful for understanding the coexistence mechanism of
sympatric species. Fatty acid profiles reflect the feeding information of organisms obtaining a relative long time scale, and

play an important role of revealing the trophic niche partitioning among species. There are eight pelagic shark species
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inhabiting in the tropical Eastern Pacific, including blue shark ( Prionace glauca) , silky shark ( Carcharhinus falciformis) ,
oceanic whitetip shark ( C. longimanus ), bigeye thresher shark ( Alopias superciliosus) , pelagic thresher shark ( A.
pelagicus) , shortfin mako shark ( Isurus oxyrinchus ), scalloped hammerhead shark ( Sphyrna lewini), and smooth
hammerhead shark (S. zygaena). To study the differences of their feeding habits, nutritional relationship and trophic niche
partitioning , the fatty acid profiles of shark muscle tissues were analyzed. Results showed that shortfin mako shark occupied
the highest trophic level while blue shark occupied the lowest one. The trophic niche overlap of bigeye thresher shark,
pelagic thresher shark and shortfin mako shark indicated their intense prey competition and the spatial segregation compared
with other shark species were also detected. Bigeye thresher shark showed the most niche similarity to pelagic thresher
shark , indicating they may compete for the same resources. Blue shark and silky shark occupied the largest trophic niche
area indicating their strong environmental plasticity. Shortfin mako shark and scalloped hammerhead shark occupied the
smallest trophic niche area, which may imply the specialization of their feeding habits and this was proved by their relatively
high trophic levels. This study demonstrated the potential application of fatty acid profiles in shark feeding ecology studies,

especially in the fields of their trophic niche partitioning, allocation patterns and coexistence mechanism.
Key Words:; pelagic shark; fatty acid profile; feeding ecology; sympatry; trophic partitioning
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LI RE R R B B A K B AR T T
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JEAY (Mixer mill MM440) BERE R AR ( AL 5 wm) o B z
HURE B 200 mg FRIEBLLEH MA 12 mL =5 [
H - R B (2/1 BR800 , EIR TR 24 h, & .
OJFEC RS IMA 4 mL 0.9 % B @A ENIE R Ve, st PO
EEER A R TR AT R S ke *Cee
AR AR A BR LA HULHE , A 4 mL .|
AL — T AT (0.5 mol/L) B i, IRAE LN Bl o AR
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ﬂi‘{/‘v\ %ﬂii‘{ﬁ,ﬁﬁﬂ/\ 4 mL Eaf%,}ﬁf% 30 s )i ,j][] A Fig.1 Sampling location of pelagic sharks in the tropical
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Table 1 Collection and biological information of sharks

X, =F, x

24K Precaudal length/cm

fli£ Species 4i5 Code FEASE n F5(8 Mean {6 Range
K% Prionace glauca BSH 16 143+35 65—195
KR B & Alopias superciliosus BTH 5 132+27 97—158
BRARELE Carcharhinus falciformis FAL 16 138+34 63—181
KEEH R Carcharhinus longimanus 0Cs 7 132243 72—195
HIHFK B Alopias pelagicus PTH 9 150+23 113—173
RUIBHE Isurus oxyrinchus SMA 4 11940 76—153
BRI Sphyrna lewini SPL 5 13724 65—176
RSk MBS ¥ Sphyrna zygaena SPZ 10 138+32 105—171
1.3 Kot

8 A1 IR R AL E &5 S LA S-S + R IR 227 (mean £SD ) F s, 5K FH A K K 7 22 70 1 (analysis of
variance, ANOVA) Kz 5645 N8 TR & & B AFAFE WS AP 22 57 . RIS (cluster analysis) H L2 B4k 2 [7]
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AR BHER R 43 2 . 05343 HT (principal component analysis, PCA ) 7] F THR58 Z 0P 1) EE 500 A
Rl PR 2 A HOCER U L AL U B B A M DG B FE bR o PR AR i 53— 20 1 HT PCA ¢ i 7 1%
SESERIEZR 48 PRI R 1B S T SIAR AT RARER B T AL (SEAC) | ARAES B Y Fh 5 77 AR S
frtst ) 2K Origin 2021 pro FI R k44 4.0.2 #2:4F

2 HER545%
2.1 JEWERA L

8 Fifrig fr fIL PA) o L AG I A5 A T R 35 B, S KT 0.5% B3t 21 Bl (2 2) , AR IR & s FLA
39.29%—48.64% , FA] 22 57 I 3 ( P<0.05) , FEF2E K C14.0.C16:0,.C17:0,.C18:0,C20:0,C22:0.C23.:0 Fl
C24:0, HrH C16.0 F1 C18.0 & id i, 0N 13.22%—25.18% 1 15.22%—28.52% ., WiFhifd F i 15 R 5 2
FETE R E PR 22 5+ (P<0.05) .

®2 ZENMAEHERAR %
Table 2 Fatty acid profiles of muscle tissue of shark species

Eff]ﬁil q BSH BTH FAL 0CS PTH SMA SPL SPZ P

Cl14:0 0.60 £ 0.14b 0.75 £0.24ab 0.59 +0.19b 0.61 £0.17b 0.87 £ 0.22ab 097 £ 0.52a 0.56 +0.13b 0.55 £ 0.15b 0.007
C16:0 21.15 + 4.61 ab25.18 + 3.54 ad 18.14 + 3.55 bed13.22 + 1.14d 20.65 + 5.59 abc 19.88 + 3.38 be 18.42 + 1.48 be 15.92 + 1.77¢d  0.000
C17:0 038 +£0.06d 077 £0.26a 0.42+0.09cd 048 £0.10cd 0.75 £0.11a  0.56 £ 0.20bc 0.67 + 0.03ab 0.51 £0.09¢cd  0.000
C18:0 21.55 +4.25bc 1442 + 2.35d  25.75 £ 423 ab 28.52 + 248 a 1522 +3.02d 1557 £2.21d 18.23 +4.22cd 20.64 + 2.71 ¢ 0.000
€200 0.45+0.17ab 054 £0.18ab 0.52 +0.19ab 0.65+0.26a 0.59 £0.20ab 032 £0.11b 049 +0.18ab 0.59 £ 0.25ab  0.142
(22:0 042 +0.17ab 0.51 £0.19ab 0.49 + 0.20ab 0.63 + 0.26a 0.57 £ 0.21ab 029 £ 0.11b 0.46 + 0.18ab 0.56 + 0.26ab  0.135
€230 041 +£0.18ab 0.26 £ 0.24ab 0.46 + 0.20ab 0.61 +0.26a 0.55+0.21ab 027 £0.11b 044 £0.19ab 0.50 £ 0.30ab  0.078
C24.0 039 £020 051 +0.19 0.45 £0.23 0.62 £0.27 045+ 0.21 0.28 + 0.11 0.45 £ 0.19 0.55 £ 0.26 0.220
2.SFA 46.95 £ 5.00a 45.00 + 4.90ab 48.64 +2.81a 47.67 = 1.85a 41.86 + 4.43bd 39.29 + 3.25d 41.56 + 3.21 bd 41.87 £+ 2.63bd  0.000
C16:1n7 136 + 0.54b 094 £021b 1.54+151b 1.23+038b 1.04+029b 492+520a 0.50+0.10b 0.79 £0.16b 0.000
C18:1n9 454 + 148ab 3.69 £ 0.4lab 4.96 £2.02ab 593 +254a 4.11+08lab 573+400a 477 +1.16ab 3.11 +0.64b 0.042
€201 0.98 +0.23b 130 £0.26ab 132 +0.63ab 1.02+0.25b 138 +0.26ab 1.00+051b 1.54+0.10a 0.89 +0.24b 0.007
C22:1n9 0.52+£022  0.66 +0.22 0.57 £ 0.25 0.69 £ 0.44  0.83 + 0.48 0.54 £ 0.24 0.62 + 0.27 0.78 + 0.46 0.360
C24:1n9 1.47 + 1.06ab 1.35+0.41b 266+ 158a 1.15+032b 1.65+027ab 222+ 1.06ab 2.35+0.32ab 221 +0.25ab  0.007
2 MUFA 9.59+1.77b 881 £098b 11.90 +3.17ab 11.12 +2.72b 9.93 + 1.31b 15.08 £+ 9.96a 10.52+1.05b 8.75 £ 1.07b 0.012
C18:2n6 1.87 + 0.61 1.79 + 0.55 1.86 + 0.60 222 +0.77  2.09 = 0.81 1.15 £ 0.34 2.14 + 0.60 2,13 +0.73 0.231
€20:2 0.59 £ 0.15ab 0.74 £ 0.21a  0.60 + 0.13ab 0.60 + 0.20ab 0.77 £ 0.16a  0.44 £ 0.08b 0.70 £ 0.09a 0.68 £ 0.17 a 0.014
C20:3n6 050 £ 0.11a 051 £0.14a 050 +0.12a 059 +0.16a 058 £0.13a 029 +0.09b 048 +1.10a 0.55+0.18a 0.023
(20:3n3 6.00 £ 2.64bd 3.90 £0.77d 4.60 + 1.67d 430+ 1.04d 3.95+096d 573 +1.15bd 7.29 + 0.57 abd 9.13 £ 1.25a 0.000
(20:4n6( AA) 6.04 +2.60bd 3.96 £0.83d 4.66 +1.66d 441 +1.02d 3.99+095d 576+ 1.17bd 7.33 +0.63ab 9.20 + 1.24a 0.000
(22:2n6 224 +08la 081 £0.14cd 098 +036cd 1.83+0.24ab 1.00 £0.43cd 051 £0.15d 1.39 +0.30bc 1.26 £ 0.33bc  0.000
C20:5n3(EPA) 334+ 125a 101 £0.15¢d 1.29 +046cd 2.50 + 0.33ab 1.25 £0.58cd 0.64 £ 0.19d 1.91 +0.34bc 1.67 £ 0.45bc  0.000
(22:6n3(DHA)  22.32+4.57¢  32.92+4.07a 2441 +4.19¢ 2413 +251c¢ 33.89 +525a 30.78 £ 5.06 ab 26.06 + 1.77 be 23.97 + 2.05 ¢ 0.000
> PUFA 43.46 + 5.27 abed6.19 + 5.30ab 39.46 + 4.11¢ 41.21 + 1.96bc48.21 + 5.28a 45.63 + 7.24ab 47.93 + 2.75a 49.38 + 2.54 a 0.000
222+%24 27.35 £+ 6.50  36.77 + 12.27 2955 £ 4.66  29.05 + 7.52 38.38 + 9.64  34.62 + 12.61 31.34 £ 9.94  29.01 + 5.84 0.000
DHA/EPA 8.38+6.74 33.72+8.72 21.34+7.90 9.76+1.49 33.12+17.00 50.68+15.07  14.05+3.15 15.21+3.87 0.000

BSH: K # & blue shark; SPL: [ XU % scalloped hammerhead shark; SPZ: 4 3k XU % smooth hammerhead shark; FAL: 4k 2LE& silky shark; OCS: K8 &
oceanic whitetip shark; BTH; KR KB % bigeye thresher shark ; PTH . %Il K B2 pelagic thresher shark ; SMA : RV % shortfin mako shark ; 47504 PR E/NG F-bE 3
TR 5% .

PR RIAG R 5 G BB 8.75%—15.08% , Fh ] 22 53 1. 3 ( P<0.05) , EEFIZEH C16:1n7 ,C18:1n9 Al
C24:1n9, i, C18:1n9 & iHELR 8 3.119%0—5.93% , KEEECE NP C18:1n9 5 fkfi i, Sk WU 2

http ; //www.ecologica.cn



13 Frol AR TR BT TS AR PR Rl 1R a8 TR AR A 5299

5%, FhiE) 22 5 8 3 (P<0.05)

ZAMIFINE TR & L L 39.46%—49.38% , Fli] 22 5 .35 (P<0.05) , FE Ry C18:2n6,C20:2,
€20:3n3.C20:3n6,C20:4n6 ,C22:2n6 ,C20:5n3( EPA) Fl C22:6n3(DHA) , H:#,€20:3n3,C20:4n6,C20:5n3
M C22:6n3 S HREE, 258 3.95%—9.13% .3.96%—9.20% .0.64%—3.34% il 22.32%—33.89% , itk X5
BWLAH €20:3n3 Al C20:4n6 & i f i , K BNLAH C20:5n3 & ki IRIBRK B ENA Y C22.6n3 & i
R, M 4 BRI TR & B E) 22 57 3 (P<0.05) o Ak, 222+ X24 & B IH N 27.35%—38.38% , i 22 5+
B3 (P<0.05) , KTt T HA 7 fiata, EalLAT DHA/EPA &5 HIH , JRVIEG & (50.68) >R K2
% (33.72) > KRIRK B % (33.12) >Hlk B & (21.34) >HESL WEE (15.21) >R NEE (14.05) >KEE H &
(9.76) > K75 %(8.38) .

22 A

Tyt L ERIT 8 Tl IR TR 2 MURR I O R MK 5 KT 0.5% 1Y 21 DMIRNTRRFEARFEAT 10 240 Hr
SRR (K 2)  BAREITERE B 8—10 M- M4, 5 — 41 KIRK B IR K R R MRy tsE B ilE H ;
WK E R Sk Be KRR BN L SR, B BE H, i, KR ek B ik 68 &
BlE H R B IR ML WU B B XU e fl, (A — 2 fa /e SRR I T i WK TG B B AR BE 450, R 1]
LU PR g 1 P 2 A A A AR o

16

14 |

JE B Fusion distance

2_

c20~406_ BSH SPL SPZ FAL OCS BTH PTH SMA
o W7 Species C16:1n7

C24:1n9
C20:5n3 f | (C22:6n3
- 2 =5
P J { A;
2 RESWHE

Fig.2 Cluster analysis of fatty acid profiles
BSH: K75 % blue shark ; SPL: H [CXEE % scalloped hammerhead shark ; SPZ 43k X224 smooth hammerhead shark ; FAL : #e{R FL & silky shark;
OCS: KHEFL 4 oceanic whitetip shark ; BTH: KHR 1 2% bigeye thresher shark ; PTH . {5 < 2% pelagic thresher shark ; SMA ; QWi % shortfin

mako shark

2.3 FERSTHT

A 3OS AT 20 (18 3) L3 Al RS O e AR R X B, 22 B LG D RR 4L AL, 53 AR S 5 R LR
FEATAT AN ] X3, e WY FL T 107 R 28 W AEAE 22 5 o 974y T ) B2 ey ol 2 S ) R B AR I IR A SIS, K 1 Ao
Bl L3 A& AL H C16:0,C16: 1n7 1 C22.6n3 ¥ &, 1 5 AP E& C18:0,€20:4n6,C24:1n9 Fl C20:5n3
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FRE R, ER AR S RI AR, B IR RSO A WK 3, K B IR R G
REYE TR, JM 6 0 % FOUUE T 4 B SR AE S SR BN, 3 R S 5 e B R AR 25
HFIEM B s A BN ES, RIRKEEMABREE S ESNESRER R,

C22:1n9

PC2 (15.40%)
o

= BSH
<yl
N wnd FAL
0oCs
PTH

+ SMA

SPL
SPZ

I
[\

PC1 (37.69%)

B3 EMSAHE

Fig.3 Principal component analysis of fatty acid profiles

£3 FATHSHEAURERESNER(SEA) REEERES L/ %
Table 3 The corrected ellipse area (SEAc) values and the percentage of overlap area (%) of the muscle trophic niche of eight shark species in

the Eastern Pacific Ocean

BSH BTH FAL 0cs PTH SMA SPL SPZ SEAc
BSH 100.00 — — — — — — — 9.74
BTH 0.00 100.00 — — — — — — 7.13
FAL 46.63 0.00 100.00 — — — — — 12.58
0CS 66.65 0.00 33.96 100.00 — — — — 6.27
PTH 0.00 72.39 23.93 0.00 100.00 — — — 9.19
SMA 0.00 15.57 0.00 0.00 0.72 100.00 — — 5.52
SPL 70.68 0.00 65.90 33.91 0.00 0.00 100.00 — 2.09
SPZ 55.99 0.00 2.50 13.71 0.00 0.00 0.00 100.00 6.83

ARBTG5 8 Flrh 2 (A S0 42, dl ik 43 B WL PR 2 2R R 28 ) i B S A= A8 AL 43
1k, 8 Bt JULPA A AR 1D R A 22 AN A AT DT 2 o AR T B AN AT iR D5 R 5 B, X 5 Cardenas-
Palomo %5 X Jill #) Lb i 85 % ( Rhincodon typus) M Davidson 4§ X} 55 AE 75 16 2 9 A K 7 & fa () ifF 5% 45 IR —
g m TN A B A U IR DR D, B C14:0.C16:0 R C18:0 LA EAITE
A° LA ARG AE F R 72 A2 19 C14.: 1n5.C16: In7 1 C18. 1n9 RS AR . 2075 B8 Wi 2 (essential fatty acid) 1
(20:5n3 ,C22:6n3 F C20:4n6 SEALARE ML & BN & 1, I I B W sk IR P PR T & Ry, il
THoRemmEaR R . Hb,C20.503 FEMAER A SAMK, Bk BREAN T RERE" " A5 H
K& MR B NLA H C20.5n3 S, LUK 2 Fpog fa T Ab & W5 i 2 4 7= 3 ml e Rk, ELAwm s
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MRk R, XS 2 ME i &Y R —80, C22.6n3 2 H B RRE G 72, BT 5 7m A B bR
JEROR BRARW i TR R T AR IR K R e UL PR T A Y €22 6n3 B HL AT BB R R R Y
FIREA LR EHERER ., BEOMERALA T 20406 &, 1T C20:4n6 £ i W5T IS 52 ik £ 0
BB AER N, AT FH TR R I 8 X 522 & Flores-Martinez 25 HF 5T & B, % [ W52 8 17 7F 3 118
SR B B 2R 728 3024304 i AT —E R b MR AR A Y K B ILA
322+324 F it T H A 7 A i U3 BTHT R P2 A I TR AR TR SR ARRAE , SZ REIR I R AN WEE R
B, LA T DHA/EPA TR 5 FRPURIE L, ABESE s QWi i LU fE e s, o 50.68 , T K7 B AU H
8.38,, Silveira %5 I FHERE [F 7 R HEAR ST 1 IR AR R G pg v 5 A £ 7 8 IR 90, IR W) 65 T 15 97 P i
1 KR A A

BRSO B S W T b )X B PR FH B AR AR B B b (B AR B 5 4 G R B IR A 2 oA T 3%
TEFp I P 2E 5 I S e iR BRI KIR KRR SRR @ EEE, T HREK R MK
IR R T REAATE B I R IR e 4 DG R 0 . Fh Il 48 s Il B B R B M W IR se P A O iR, K
MR 247 9 (rete mirabile) &3k , PTERE P IR | Akt K 8 o W38 N R VR . RIS i KIR K
R MR R 5 A 5 A 008 IR AR AR TE IR A B s B/ N B | 3R WM ] 2 ) B U8 S 2
FIFHRSES AR . =AU B &t AW 5 % J& IR 1M1 (endothermic ) % £, 44 I W] A6 90 B8 0L B &y 36
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A RRPAEAE B AL MRS B8 4 e S -4 B 2% B 6 ( Diodon hystrix ) , T Mk = 4 B 25 2 £ ( Dosidicus
gigas) , T BUAFHEMER B 8% ( Euthynnus affinis) " A5 T A S0IR L& R BARZEQ R RSUAREAS , T RERT &5
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