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Fig. 1 Sampling stations in Ma’an archipelago
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Tab.1 Diet compositions of Larimichthys crocea

TR 2E prey item BEES W% MEESIEN% IR F% A TSRS ECE 4 I IRI%
X5¢2 Lamellibranchia 0.62 1.62 3.75 0.37
J5 DL 414K Pectinidae sp. larva 0.62 1.62 3.75 0.37
B /£ Copepoda 0.02 0.54 1.25 0.03
K% Daphnia sp. 0.02 0.54 1.25 0.03
Uit £ 2 Amphipoda 0.29 3.24 7.50 0.59
FHFH Caprella sp. 0.18 1.62 3.75 0.30
FUR Gammarus sp. 0.11 1.62 3.75 0.29
HEUF 2 Mysidacea 0.06 9.83 16.65 7.05
AL HERR Siriella sinensis + 0.1 0.4 +
AT HEABERT unidentified Mysidacea 0.06 9.73 16.25 7.05
4R35 Euphausiacea 0.18 12.43 18.75 5.62
KWW Euphausia pacifica 0.04 3.24 5.00 0.73
PAEB IR Pseudeuphausia sinica 0.02 0.54 1.25 0.03
A BEABEUF unidentified Euphausiacea 0.12 8.65 12.50 4.86
£ FEZX Natantia 34.80 21.07 41.25 21.93
HhAEAE IR Solenocera crassicornis 10.20 1.08 2.50 1.25
HAGLEF Alpheus japonicus 2.21 0.54 1.25 0.15
IRIGLLME Plesionika izumiae 3.27 1.08 2.50 0.48
EBRKEUR Palaemon gravieri 3.61 1.08 2.50 0.52
J1EA) X UF Parapenaeopsis cultriostris 3.69 0.54 1.25 0.23
IG5 X HR Parapenaeopsis tenella 2.77 1.62 3.75 0.73
HHE B HF Acetes chinensis 1.93 3.24 7.50 1.72
A HEAUF unidentified Decapoda 7.12 11.89 20.00 16.85
I7 £ 2% Stomatopoda 8.37 11.89 25.00 22.44
F1 ¥R, Oratosquilla oratoria 8.37 11.89 25.00 22.44
Ji K22 Brachyura 5.12 11.89 23.75 11.17
KR 414 megalopa 0.17 2.16 5.00 0.52
VBT Carcinoplax vestitus 0.48 0.54 1.25 0.06
A HHAE unidentified crabs 4.47 9.19 17.50 10.59
12 Pisces 50.53 26.48 51.25 30.74
KW ZL T 85 Cynoglossus joyneri 2.73 0.54 1.25 0.18
I3kttt Harpadon nehereus 21.50 5.41 11.25 13.41
Yl 25 K26 Apogonichthys lineatus 6.26 4.32 10.00 4.69
B ) Cynoglossus purpureomaculatus 0.90 0.54 1.25 0.08
G AR BE Thryssa kammalensis 1.70 0.54 1.25 0.12
-+ BJEAT i Benthosema pterotum 1.60 3.24 6.25 1.34
K I Acropoma japonicum 10.68 2.70 6.25 3.71
it Engraulis japonicus 0.94 0.54 1.25 0.08
U] BN 2 unidentified Pisces 4.22 8.65 12.50 7.13
ASATHEIN T 3 unidentified Macroalgae 0.01 1.08 1.25 0.06

e HRFE AT A L A1<0.01.

Note: + indicates the ratio is smaller than 0.01.

BRUFSEIFF I 720 HORXGGEde | R SONMARVEIRL . SRUDR A A5~ 1, MR HE
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HEA W, PR AR AR 3 R
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2.79)%0. Hirf, BEEFAEHY 87C (AR, SFEHIEAL
H(=21.74+0.33)%0; JEREZKR 8C (s, V1
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Tab.2 The "C and 6"°N value of Larimichthys crocea and its main prey groups

Y60

2 category FE i i number oc N

FIMEAPRAER: meantSD i range  PIEHEARHEE meantSD  JEIH range

K# i Larimichthys crocea 35 ~16.70+0.82 ~19.20~-15.17 10.76+0.93 8.86-14.74

12 Pisces 14 ~18.51+1.83 ~21.03~-16.00 9.71+2.45 4.48-13.03

£ ¢ Natantia 10 ~17.11£1.52 ~19.44~-15.57 9.04=1.31 6.62-10.38

% 8 %% Brachyura 6 ~16.55+0.71 ~17.36~-16.06 8.93+1.88 7.81-11.11

M /£ 2% Stomatopod 5 ~17.7620.08 ~17.82~-17.68 9.89+1.10 9.33-11.26

Wi UFJE Euphausia 4 ~19.98+0.13 ~20.14~-19.84 6.27+0.74 5.51-7.30

HEUF2E Mysidacea 4 ~21.74£0.33 ~22.06~-21.40 3.91+0.41 3.53-4.35

%t /£ 2% Amphipoda 4 ~18.30+0.97 ~19.14~-17.24 3.07£0.21 2.88-3.29
o Pl s 222 RIETEE MRE R A LR E Y
‘: et BE) 8°C A 51N {1, 58 SIAR BUSH 5455061
;g) ol LA . . 3 A, MEIRTTHERA . T R ok, KAl E
3 ol R TRPREREE i 226, HTTEAR T 33.27%,
£ 7 LR 11.01%~49.88%, Uk RAEMK R,
g_ls_ TR ME AN 26.93%F1 16.68%. THEHE:
¥ o AP T ) R A b 9 TR K 1k d PR 2, SR
2| L : 0~57.64%2 1, KIBHK. MEHK., k. BHIF%
N R S BB F 25 0 53K 50 B4R 90 0 0~56.89% . 0~
S i v A 40.19% . 0~37.29% . 0~29.16%F1 0~19.28% (/4] 3).

| 23 BERAER ST
P2 fi. Adese F A R B Y 22 1k

Fig. 2 Changes of stable isotopes of carbon and
nitrogen with body length
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SEAGIN 31 ARG AR, A AR IR (saturated
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fatty acid, SFAYEL % 11 #(C12 : 0.C13 : 0.C14 :
0.C15:0,C16:0,C17:0,C18:0, C20:0,
C21:0, C22:0F1C23:0), §EEHRSEN
40.45%; A1 F1HE 7 B2 (unsaturated fatty acids,
UFA)YL 8 Ff BN 15 /5 2 (monounsaturated
fatty acids, MUFA)(C14 : 1, Cl16: 1, C17: 1,
C18 : 1n9t, CI8 : In9¢c. C20 : 1n9, C22 : In9
Fl C24 = In9)AI 12 Fh Z A1 FiBg 5 R (polyun-
saturated fatty acids, PUFA)(C18 : 2n6t, C18 :
2n6¢., C18 : 3n6, C18 : 3n3, C20 : 2, C20 : 3n6.
C20 : 3n3,C20 : 4n6, C22 : 2, C20 : 5n3, C22 :
5n3 Fl C22 : 6n3), 43l SARIITR & Y 39.94%
F119.61%. GnEl 4 FoR, RRWTRR & &>1%/3h
11 A, (245 4 i AR TR, 2 P SRS TRLFN i 1D 2
5 R ARG DIIR; AR TR & &
KT HuFIREIITR; SFA & s fe i IARINIRR M C16
0 (27.6%); MUFA F1 PUFA & 2 i = OIS iR 4y
A C18 = 1n9c (24.64%)F1 C22 : 5n3 (8.94%),
232 ERRWRSMERERE FHENs R T L
RAEYIRNETE, dAaeaUrR, BHEmE 3 5
o MR KB AR I RR LR, PTG A LA
hEEA 12 FARHIERR IR, 45 C14 - 0. Cl6 -
0. CI18 : 1n9c. C20 : 5n3 FI1 C22 : 6n3 &, Hrp
C16: 0, C18 : 1n9¢c Al C22 : 6n3 45 JLFP EE K

FEAE R DT R 5 R, 2 TARIENE W R 46 /8 K o
MR IR A . REBE . TP, B P
WS AR 55

P C18 : 2n6¢ C20 - n

4 RBL B R 7 R 2 A

Fig. 4 Fatty acid compositions of Larimichthys crocea

®3 KREENAFERERERRERER
Tab.3 Signature fatty acids in muscle of Larimichthys
crocea and their sources

5 7 1R /% Y BN
fatty acid content food sources reference
Cl4:0 3.52  fEBE diatom [14]
Cl6:0 29.6  HE@E diatom [14]
C20 : 5n3 439 @ diatom [14]
C22 : 6n3 8.94  HI# dinoflagellates [15]
Cl5: 0+ 117 40E bacteria [16]
Cl7:0
C18: 1n9c  24.64 33 brown algae [17]

TFIFsIY zooplankton

C18 : 2n6+ 1.88  BHUEAEY) terrestrial plant [18]

C18 : 3n3 W seagrass
KAEIHEZE macroalgae
C20 : 4n6 1.49  JEWIEHY zoobenthos [19]

4 BR T RKEANFEIRIR S B S5EK
(A SEME, g 4 T, RE@IIALHLS T A 4
FRARFAERR D7 R & i 5 R K Z [ A7 7R 4 B 2 bk
K&, 4l Cl4:0, Cl6: 0, C22: 6n3 Al
C18 : 2n6+C18 : 3n3, H:F C14 : 0 F1 C16 : 0 Fifi
FHARK BB FEAR, €22 : 6n3 Al C18 : 2n6+
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C18 : 3n3 A A3 I s .

R4 REBAKEREENBRAIEZHMNXER
Tab. 4 The relationship between body length and
percentage of specific fatty acids in Larimichthys crocea

FE SR
NG iTR fatty acid parameter of determination
R’ P

Cl4:0 0.232 0.013"
Cl16:0 0.634 0.002"
C20: : 5n3 0.023 0.817
C22 : 6n3 0.521 0.001""
C15: 0+C17: 0 0.141 0.782
C18 : 1n9¢ 0.043 0.911
C18 : 2n6+C18 : 3n3 0.597 0.007"
C20 : 4n6 0.241 0.342

TE: R WSy B UL 00 B 1 BE i *3RUR 1 3 A O (P<0.05),
** RN i A5G (P<0.01).

Note: R’ means coefficient of determination; * means significant
correlations (P<0.05); ** means very significant correlations (P<0.01).
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WAaE PRy KE M /N A (Larimichthys
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POIA UL i A v bR s, il WL sh 2k,
i IS FBRIT S . 72 B St b, A
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Study on the Feeding ecology of Larimichthys crocea in the Ma’an
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Abstract: Larimichthys crocea is an important economic fish to China’s coastal waters. Once, resources were
exhausted owing to unreasonable fishing methods such as knocking operations, catching the incoming fish, and
rounding up overwintering fish groups. In recent years, through a series of protection measures such as
enhancement and release, the resources of L. crocea have shown signs of recovery. In order to understand the
feeding habits of L. crocea after the changes and provide basic information for rational protection of wild
resources of L. crocea, 328 rare wild L. crocea samples were collected from Ma’an archipelago from October to
November in 2021. After basic biological determination, the food composition was explored by stomach contents
analysis. Based on the stable isotope values of carbon and nitrogen of L. crocea and prey groups, the nutritional
contributions of prey groups to L. crocea were calculated, and the fatty acid content in muscle of L. crocea was
detected to analyze the feeding characteristics indicated by signature fatty acids. The results showed that there
were 10 categories of prey groups, including Pisces, Natantia, Brachyura, Stomatopoda, Euphausiacea, etc.
According to the index of relative importance, the most important prey species of L. crocea were Oratosquilla
oratoria (22.44%), Harpadon nehereus (13.41%), Apogonichthys lineatus (4.69%), and Acropoma japonicum
(3.71%). Results of the stable isotope analysis showed that "°C of L. crocea ranged from —19.20%o to —15.17%,
with an average of (—16.70%0+0.82%o0), and the 5"°N of L. crocea ranged from 8.86%o to 14.74%., with an average
of (10.76%0+0.93%0). Spearmans correlation test showed that there was no significant correlation between 3'°C
value and body length of L. crocea, while the §'°N value was positively correlated with body length (P<0.01). The
average contribution rates of prey groups to L. crocea in descending order were Amphipoda (33.27%), Brachytail
(26.93%), Natantia (16.68%), Stomatopods (7.59%), Pisces (6.45%), Euphausiacea (5.55%), and Mysidacea
(4.04%). A total of 31 kinds of fatty acids were detected in L. crocea, among which the content of saturated fatty
acids was 40.45%, and contents of monounsaturated fatty acids and polyunsaturated fatty acids were 39.94% and
19.61%, respectively. According to the signature fatty acid results, the initial food sources of L. crocea include
Bacteria, Diatom, Dinoflagellates, Brown algae, Zooplankton, and Zoobenthos. This study explored the feeding
habits of wild L. crocea after resource change by a combination of various methods. According to the results of
stomach contents analysis, L. crocea has the characteristics of “mixed feeding” and “predatory” fish, and the food
source is relatively wide. According to the stable isotope results for carbon and nitrogen, the contribution rate of
Amphipoda, benthic shrimps, and crabs to L. crocea was higher, which was related to the suspended farming area
widely distributed in Ma’an archipelago; thus the feeding habits of L. crocea were closely related to the habitat
and environment. Based on the analysis of signature fatty acids, it can be seen that L. crocea also ingested
terrestrial inputs, algae, bacteria, and phytoplankton. This study provides the basic data of feeding habits of wild L.
crocea. In order to better protect the resources of L. crocea, the feeding ecology of wild L. crocea will be more
comprehensively analyzed by considering the habitat and environmental factors of L. crocea at the temporal and
spatial scales in subsequent studies.

Key words: Larimichthys crocea; Ma’an archipelago; feeding habit; stomach content; stable isotope; fatty acid
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