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Il Js H AR B 2 1 A, 5T MEAT 40 48 28 i ]
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DIRR LGB, A5 BT T AR 4 FREE KT 66 R B IR Y
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FEh T 2021 4E7E 9 16 75 VD RIL SR TR IR 4R, 34
B FE X A (110°207 E~110°38’E, 16°47'N~
16°40'N) #1 X 3, B (112°14’E~112°29'E, 18°16'N~
18°24'N), A, B N HARuG S (B 1)o REEM A E
IR B2 A5 e R g K P A e B S B,
YOV TR Sl EHE R A, ALK 136 m,
F&21m, MEMHE K 1 cm, FEHEE N 2 m/s, 7T
W SR il B PR S R A, PR Bl I (e K
[ BT 0~5 m KJZ 7K P-4 M 20 min, K &
FAERNRE LB T 100 mL AESI T,
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Fig. 1 Samphng station for four species of Diaphus in the
adjacent waters of Xisha Islands of South China Sea
A and B are sampling sites.
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e AR XS NEXT S E AT A5, AL R
VEUE S o AR SRR RSt HEAT A AE 4 A
KA R iF oy . iR38 . Sk EImemds, 1t
I RIHECR A 1R 25 65 ) R K /N F 55 F 40 mm
k229 B RK/NFEAET 25 mm 1y H A
JE A5 20 AR S WAL i 5 0 AT ik AR E W)
7S, 15 2k AR E RO 2 A

e AT A Y i, RRKR S 1 mm, &
FAGHH R 0.01 g TRMAMEHMEL 0.1~0.2 g 1l
THEHACNA, SFRELBUETIA, k2
B LB F R R R 07 . Lt o,
P Ak 2 S A5 2 LA FE S ECE T 60 CHEIR
HEAF LT 48 h B, BT E MR IS
U IS 2503 A o 17 e Sh R & i il K P8 3% 4 h
J&, &= 500 CHKEE 5 h Y What-man GF/F
b, AESCER T, R UEROCE T 60 CIERHLAE
WHET 48 h EAETE, F T4 1R 5 FHAFESCF
FEZ R AR . PTA RS FRENZ 250~300 ng Btk
i TR, LRSI AT .
1.3 HmARERMEDH

Bk . R E A7 &R KX 4% 4 Elementar
isoprime visION Fg i A7 2 b B4, A fR4s
JEWER AL ARG, B 20 AFER A 2 A FR
WERE, bR o RE N [ PR A B bR E A R
B2155 (protein standard OAS)(8"°N: 5.83%o; 8'°C:
—26.98%o0) . =5 S FRIEY) i B2159 (sorghum flour
standard OAS)(3"°N: 1.58%0; 8°C: —13.78%0)%%,
FE B . SRR R 2 40 WA M +0.2%o

FasE AL & ek 8 #oR, X o Pe ek PN, 2
P T I A i 1) ) A7 2 LH AL (Rsample) 55 % 1 1) ] B
s HE ) 0 5 A 5 R R 2 HE 1 (Rytandara) L3R
RCERN W F

X :( Rsample _

standard

1} x1000

B IR (trophic level, TL)FHRAUTT frs:
615 Nsample _8]5 Nbaseline
= +1
AP N
ﬁ EF., 815Nsample ﬂ:ﬂ 815I\Ibaseline ﬁ%ujﬁ@?iﬂuﬁlﬁﬁ%
JE R A B AE Y AR e RN R . AT
GELE Y HE L LR W) o TR s W, AR AR A ()

TL

LR 4.10%0, T P77 5 W) 9 W10 2 4,
PRI 2 B 2. ASUN FoRfriseh 8N i 4,
BRI R MBI 3.4%,

MG Layman ZEPYRF57 dh 42 H A9 B SR A5 1Y
6 MEALIEARIETITSE: 5N JEFI(8"°N range, NR),
B A 35 R G AR IRETR B SR K B Y BE I
J#; 8°C JE Bl (5"°C range, CR), Sz ¥l 25 1y ik
YR ZAEME; BT (total area, TA), St
YRR o5 P 0 A AL R AS 8] SO B B (mean
distance to centroid, CD), it 4 M g 3% L2kt
PR R ;- 34 B 4B T B S (mean  nearest
neighbour distance, MNND), Jz BB % Hi B 5B
B M K- R A B 1 349 o 4 30 S s 1 2
(standard deviation of nearest neighbour distance,
SDNND), Jz Bty srAn 515, RnEFHRE
SO ATEE AR AR ER D, Y
i A A s LA A TA R2ERK, AMiTH
ESHEAT 9T

Jackson ZEUHR I T B AR AR E AR A 22 ],
T UL S0 [ 45 Y (stable isotope Bayesian ellipses
in R, SIBER), i1 4R i F SEA (standard
ellipse area), M Jm7E LA L $2 A8 1 A vE AR (5]
i1 SEAc (standard ellipse area corrected)#/ Il i}
Hrbn MG R i Y SEADb (standard ellipse area of
Bayesian estimation, SEAb), 1z A ] DAFAE e
AN [E W o 1) 8 SR A S 8 BE, ) o m Al 55058 7
A S, SEAD TEFEAR R/ NMEOL T 45 R B Ny
HERf, ASWF5 R SEAL 1E A S8,

FIHH RA.13 B HEATER /307 . B R1ES
1Y SIBER. siar AT 4 BPHELT 005 57
sEiMtE bR, 1 DU M-HR AL K siar SFEAT
oA Al A IR DTER L . [ Pearson AHOCHEST
Bk 36 B A5 REAT £ 8N A 8¢ S HMAK
AR ARG OC R o WA [ AP S HIE AT #1022 [1] Fr)
8N .8"C R EIFAE B E X R, P<0.05 FR T
TERH 25, P>0.05 mERARE . BIRHNS
AT AL BRI AE SPSS 27.0.1 58 o
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Forpm FERELT 0 i) P R K e/, B IRHEST
B AR R 4 B HE KT A A E AR A LA
0.14~1.65 g, H: b % i fE 4T 2 1) 7 24 14 5 fe /),

Sl 2 HE T £ 9 S SR B B R (3R 1) AH PR BT &5
R, 4 FHHEAT Ay 8N 1 8"°C 5 HA K FIA
FIPRAELEF LK R (P>0.05),
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Tab.1 Stableisotoperatiosand and body length and weight of four species of Diaphus

o &K /mm body length 1A /g body weight 8" N/%o 813C/%o
species sample size FEREe| ¥IH FiEn e ¥iH FEn e ¥IfH bRl ¥
range mean+SD range mean+SD range mean+SD range mean+SD
Jilp 2 HE KT f71 50 26.00-44.00 35.06+4.33 0.20-1.65 0.77+0.28 8.35-10.52 9.44+0.59 -21.62 --18.19 —20.57+0.52
D. fulgens
A 1 EE T 21 16.00-36.00 29.71+6.31 0.14-0.57 0.39+0.11 8.31-10.66 8.90+0.49 -21.88--19.51 —21.20+0.48
D. mollis
= ELT 1 8 30.00-42.00 36.63+3.28 0.32-0.87  0.63+0.20 8.72-10.24 9.62+0.50 -21.21 ——-20.45 —20.99+0.25
D. splendidus
B ICHENT £ 12 31.00-43.00 37.36+4.16 0.29-1.30 0.64+0.27 8.82-11.08 10.04+0.69 -21.88 ——20.51 —21.22+0.40
D. luetkeni

4 FHBELT f0 8" N 1 612 C Hiedh K AUz R sk 1
K2 fise 4 FRIEAT AR 8N JEFER 8.31%0~
11.08%0, A5 REK 2.77%0; 8"°C L H—21.88%0~
—18.19%o0, BN 3.69%0, Hih B FCHEXT fafy)
SN HMEEK, H(10.04+0.69)%0, % HEHELT fo
SN YIME /N, H(8.90+0.49)%0, Al HE AT £ 11y
SBC WK, M(—20.57+0.52)%0, E FCHELT
8°C BE /D, H(—21.2240.40)%0, It A ZE T
2207 BT HLH 4 FRHIE KT £ ARk BB e TR R A, 45
R RERE KT f0 5 A R RE T f0 IR BE AT f0 5 5
MEXTfA . JEERNELT A 52 IELT f . MEERIELT f1 5
B ECHEAT 1 2 [A]f 8"°N 2557 i35 (P<0.05), HiAts
HEAT £2 01 8'°N 22 8] G i 3 1k 22 5(P>0.05) o AlAHE
I 0 S NEAT 41 IR REAT f7 5 ) FCHET £, Al

11.0 ® JJERET £ D. fulgens
® SGHRHELT £ D. mollis
105 ¢ m B [RHEXT 48 D. luetkeni
A ZHEXT 48 D. splendidus
a\g 10.0 - —_ ! 1
2 s

B |

80 1 1 1 1 1 1
-219 -21.6 -213 -21.0 -20.7 -204 -20.1
88C/%o
Pl 2 4 FPHEXT £ §'°C F1 6N (XU IA]
Fig. 2 Bipartite map of 5"°C and §"°N values of
four species of Diaphus

PEMEAT 1 SAENE Tt 2 (Al 81°C WA AR
(P<0.05), HABHELTf8 8"°C A TG B35 25 5(P>0.05).
22 BER

4 FREEXT €108 FRRVE Tl 3.24~4.05, Hr
S R HIE T 0 () S SR AR, YA 3.41£0.15,
B TQHEXT 0 i~ F- Y 8 e s, MER 3.75+0.20,
T RERT €0 () B FRHIAE Ry 3.57+0.17 SEHEAT £ 1)
BRI N 3.63£0.15 (Kl 3). HLHE T Z55HT
B Rl RE R KT 1 S A R T £ R IE ST fa S
[CHEXT fa . A FEHELT f6 55 RELT f0 | SO FERELT 4
HSERESAMWERFZMHHFEREES
(P<0.05).
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13 4 MRHEXT 05 IR AR L
TR F] 22 52 AN .3 (P>0.05), FREANIR] 22 5 i 35 (P<0.05).
Fig. 3 Box plot of trophic level of four species of Diaphus
The analysis of variance showed that the difference of the same
letters was not significant (P>0.05), but the difference of
different letters was significant (P<0.05).
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2.3 giRETHEktt

4 FHELT f8 340 5 U S0 0 0 B PR 1Y) DT R R A
K(42%~64%); UFZRFISK RAXT 4 FPHELT a1
B TTRR A HE 14%~23%F1 12%~17%; K%
X E TGHELT fa B M DTkl 25%, X HAD 3 FRHE
KT 0 PR TTIR A B AR (10%~16%)(18] 4) 0 B 5 [HE
KT ik, HAM 3 FRIELT € IR b L a5 Rk
TS P>t 2>k 22k, B IRHEST IR
7 L2 N TRl sh > fa st 2>k 2
24 EFESMIER

TFEAEHELT (8, S RERELT 1, SSHELT N
i G HE KT 01 78 FREE AR R (R 2). 1 3N AZiR
NR |, %5 HELT 5 K (2.36), 2 HEXT i /)
(1.51).7E 8" C 7508 CR |, AIREHE LT fid5 K (3.43),
SEHELT 0 5% /1N0.76) 0 TEF- AR ITHEE MNND
b, FEHEAT AR B K (0.31), AURZHELT £ 5 /1N 0.18),
TS Y AR IR B bR ifE 22 SDNND |-, SR HEAT
i K oA(0.38), H ERHEAT ff/IN0.15),

T30 zooplankton =3 4 fish
0 3k JE2& cephalopoda WF2& shrimp

E

—
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AEXT TTERE %
relative contribution rate

my
. 64%
20+ 1% 47% 42%
O NIRRT e A Rk B REN A

D. fulgens  D. mollis D. splendidus D. luetkeni

Kl 4 RTRIBRIRNS 4 FRIELT A AR STk
Fig. 4 Relative contribution rate of different carbon sources
to four species of Diaphus

B A A58 B (SEAbYAN B HEAT £6.(0.97)>
G HE T £8.(0.93)> % # HE AT #4.(0.49)> 5% HE T f4
(0.47)c BN ESIHTRW, MEHEL @, FEE
MEXT fa . SEHELT (A0 B [RHELT A H 0 E S, 7
TESEF KRR (A 5),

R 2 ATEEATENEFEMIER

Tab.2 Trophicstructureindices of four species of Diaphus

CR NR TA SEAc SEAb CD MNND SDNND
NUREHEXT €1 D. fulgens 3.43 2.17 4.26 0.97 0.97 0.67 0.18 0.23
JEMEHELT 1 D. mollis 2.37 2.36 1.36 0.44 0.49 0.50 0.24 0.38
SENEXT 8. D. splendidus 0.76 1.51 0.66 0.46 0.47 0.52 0.31 0.24
B RHELT 8 D. luetkeni 1.37 2.26 1.60 0.92 0.93 0.70 0.24 0.15

TE: NR i 8PN {i[fl; CR 2 8"°C Jilfl; TA 4 075 A S E AR CD S 724 8.0 FEE; MNND 473455 48 I #E 24 ; SDNND 4 - ) fi 45
PR AR IE RS ; SEAC SR IEAR HEAG IR I AR ; SEAD Sy DT - Sr o o A 189 i 7K.

Note: NR is 8'°N range; CR is 8'°C range; TA is total area; MNND is mean nearest neighbour distance; SDNND is standard deviation of
nearest neighbour distance; SEAc is standard ellipse area corrected; SEAD is standard ellipse area of Bayesian estimation.

O MZHELT #4 D. fulgeens

A G IEHELT 8 D. mollis
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A BIRHELT 1 D. luetkeni

8BC/%o

9.5
S15N/%o

K5 4 FPHEXT i S0 S50 K

Fig. 5

Distribution of 8"°C and §'°N values of four species of Diaphus
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UV HE T #0155 S HEE KT £2 8 A 2507 93 8 T 5 T
R, 8 AR o S HEAT #8225 057 5 W 114 e 4]
BOR, N 49.41%, (AR MERT £0 04 A 25 B I
Fetl ol 23.39%. AIAZHEAT £ 5 B QHE T f A9 A= 25
A7 58 1 B B i B/, HE WAL B RIEAT 4=

AL TENE B ELBIR 0.10%, f i HE LT 0 i A 75
AL MR A Lo 0.09%. JIEHELT f1 . JEENEAT
MFNSEMERT ) A A Ty E & . B IRHEST
i 5 IEAT (R p AR S AP T S, SERIELT f
AHE(FE 3).

R3 AMENTEREMIERESAEBEMRLE

Tab.3 Overlapping area ratios of four species of Diaphus

JYENEST 1 D. fulgens JEEEHEXT 8 D. mollis

SNESTt0 D. splendidus B [RNEAT 6. D. luetkeni

WEMALLAR (AL )%

overlapping area ratio (D. fulgens)

FEMARLLA (5T f)/% 30.14%
overlapping area ratio (D. mollis)
HEMBAR (H5ElELT 1)/% 49.41%

overlapping area ratio (D. splendidus)

HEMALE (48 RIEXT6)/% 0.10%

overlapping area ratio (D. luetkeni)

13.58% 23.39% 0.09%

21.94% 0.00%
20.87% 47.13%
0.00% 23.50%

3 iTig
31 HBRARERMEXILEREFRASH
RBEGERNE T HTRRERR, ERHK
I TH B A B A A, AR e R R
WP ETEAL, TREEAFEGE, g
37 28 FUARL R A K A AR 2 2 S 2T
AMEgErh 4 FELT 0 8N i 8VC 1 Sk
R TCA OGO R, HEWABISE D 4 FPHELT £ A
Gt Ko, BHEAS R B AR, X ]
A S5 HE AT FARTE /DS, AR RN A B 72 AR B AN R
A, XE4HTEPINFRE T EaR AT
%610 H i9-& BT it (Benthosema pterotum) ) £
PERF SR A5 AR, £ BRI AR KA By
AP EAFFA K, TSP L AR —
KR AL 5] (Evynnis  cardinalis) {5441 55 FE H: AR
KA A B KA, 30~59 mm AR 4] 24
BIRHFEIY, 60~69 mm (R4 FEHEE M, X
Al e T ROBRAL UG R B 2 A A A KT AR BB D
KH LT P AFNIELT fo b B FCHEST £ 79 8N
PIEER, RS HADL 3 MHELTMAHLL, B JIRIE
ST AR S S SRR e . Hoesel i iR A
Fasg A R MAS B RHEAT £ 8N (R 9.9%0 54
W L5 AR, & Tt iy 4 B HELT @

(7.8%o) FIEl W) &7 58t (Myctophum obtusirostris)
(8.6%0) o IAHEXT (1) 81°C ¥yflf Ak, H 8"°C 1K
B, SRR HE T fa 45 B i 2R M

4 FRUEAT £ b B FRHIEXT 8 A28 37 24 (3.75)
5, 5 Fishbase HLArifjfd 3 19 #E 7790 3.8 M,
O PRI 2 B TCRELT fa 5 A REXT fa B 22 7
P g3k, MITE R IRSS L AT B CHELT fi 4 5t
BRA 2 e PR s o b/ Al 3 FPHELT 44,
A RE . SR RTTRRRE N, 4 FREELT
B FRYIE SN 3.56, 5 Fishbase HILALHELT
BIRREERME, HAE 0.5 NMERIAIRZELR
PP, Fishbase 127 i) 45 [CHE KT 1(D. fragilis) &
FH A 3.1, BRHELT f.(D. hudsoni) ) & = N
3.3, HIHELT ff1(D.metopoclampus) g FH N 3.3,
22 EH P B E SR T & SHELT
(D.chrysorhynchus))E I 3.49, Valls %2z
FH R B AR E R 2L 5T T KR RE LT #4.(D. holti)
B FRH N 3.7£0.3, DLW FIELT 38 =05
ARG 4 FHRELT 0 E SRR, BEUE T A
AR, E—2EsE T RoE R RE AR T
TR ATAT M . AN ST T 2R TS ER VLA
TS5, 4 Ja 58 nl LU [R)F 6 2R [F] 20 4L
FooE M R (H 25 7 OB RPN 2 R TR IF, 5
X AN [ b DX [ £ 28 R AR TR, 3R 22 e A T 9
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32 |YWkiR

38 R H A CUR T A Yk e e s ST £
(D.chrysorhynchus) &1V, & B H = 2R & 777 H
FEENY) . Kosenok % WBESE 1 NN HE LT #1.(D. theta)
MR, KR RAEM I EFELETHR,
Battaglia 255452 F B & W 0F 58 7 Ho b i vh i i
I8 Y v AR HE LT £8.(D.metopoclampus) & VE, K& BLH:
R EtE . DL BT S5 R R NE AT 1 2L
VIR sh &, Y uEARI S5 R E N M
SEFIA, HEXT f0 £8P ) T 32 Ui 3 ) vl fg
5 HE AR EE B ARIE A S SRR sh Y
AR RIS IS, N8 Z R A5
B PT, Sassa 4PV R HLE ICHE AT £ (D,
garmani)fE1E/BE RCBCE B R B . A Ok >
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Trophic niches of four Diaphus species in the adjacent waters of the
Xisha area of the South China Sea
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Abstract: To explore the feeding habits and trophic niche of mesopelagic fish in the adjacent sea area of Xisha in
the South China Sea, this study focused on four mesopelagic fish: Diaphus splendidus, Diaphus mollis, Diaphus
fulgens, and Diaphus luetkeni. Carbon and nitrogen stable isotope technique was used to investigate the trophic
levels, trophic niches, and primary food sources of these four species. The results showed that: (1) The 3'°N values
of the four species ranged from 8.31%o to 11.08%o, and the 5"°C values ranged from —21.88%o to —18.19%o; (2)
There were differences in trophic levels among the four species, with D. luetkeni (3.75) > D. splendidus (3.63) > D.
fulgens (3.57) > D. mollis (3.41); (3) D. fulgens had a largest trophic niche width and a stronger ability to utilize
bait resources. The trophic niche width of D. splendidus was the smallest, and which had strong selectivity and
feeding specificity towards bait organisms; (4) There was a certain competitive relationship in food resource
intake among the four species, but there was no competition between D. luetkeni and D. mollis; (5) Bayesian
mixture models indicated that zooplankton was the main food source for the four mesopelagic fish. This study
revealed the main food sources and trophic niche characteristics of the four mesopelagic fish species in the
adjacent sea area of Xisha, providing basic data for the study of the feeding characteristics and nutritional structure
relationships of mesopelagic fish, and was significant for further research on the energy flow and material cycling
in marine ecosystems.
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