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Abstract: To recognize the fish composition of cold seep ecosystems, and provide a scientific basis for biodiversity conserva-
tion and monitoring in the relevant regions, we investigated the mesopelagic fish resources inside and outside the cold seep in
the Xisha Islands by a mesopelagic trawler. A total of 106 species of mesopelagic fish had been identified which belong to 62 Gene-
ra, 31 Families and 12 Orders, with the dominant groups of Myctophiformes and Stomiiformes. Among them, 84 species of fish

belonging to 54 Genera, 30 Families, 11 Orders were collected inside the cold seep; while 60 species of fish belonging to 32 Gene-
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ra, 13 Families and 6 Orders were collected outside the cold seep. There were 38 shared species of mesopelagic fish belonging to
22 Genera, 9 Families, 5 Orders inside and outside the cold seep, and the main shared species were Chauliodus sloani, Cerato-
scopelus warmingii and Diaphus garmani. The Jaccard species similarity index shows that the species similarity of mesopelagic
fish was moderately different inside and outside the cold seep (I=35.8%). The average taxonomic distinctness (A") of mesopela-
gic fish was significantly higher inside the cold seep than outside (P<0.01), but the variation in the taxonomic distinctness (A")
of mesopelagic fish community was inverse (P<0.01). From the perspective of pelagic distribution, there were significant diffe-
rences in the species composition of the mesopelagic fish communities inside and outside the cold seep (P<0.01). In the surface
waters, the mesopelagic fish diversity inside the cold seep was lower than outside, while it's inverse in the deeper water layers.
There was a correlation between the fish communities at different stations inside and outside the cold seep in terms of water
stratigraphy and timing, with higher similarity between the deeper layers inside the cold seep; and higher similarity between the
nocturnal surface layers inside the cold seep area and the nocturnal surface layers outside the cold seep. The results show that
there are differences in the mesopelagic fish communities inside and outside the cold seep, with more species of mesopelagic fish
inside the cold seep and a higher diversity of species in the deeper water layers. Eight key species that distinguish the mesopelagic

fish communities in the waters inside and outside the cold seep include Bolinichthys longipes and Vinciguerria nimbara, having a

cumulative contribution of 56.06%.

Keywords: Mesopelagic fish; Cold seep; Species composition; Dominant species; Xisha Islands
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Fig. 1 Sampling station for mesopelagic fish in Xisha Islands of western South China Sea
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Table 1 Information of sampling stations for mesopelagic trawl in sea area inside and outside cold seep in Xisha Islands of South China Sea

g s PRI BRI ER RSk TR B iR
Station No. Sampling water layer Station depth/m Mean towing speed/(m-s™) Trawl time Trawl duration/h
Al wIZE 400~600 2.06 EPN 1
A2 w2 400~600 1.90 K IH] 1
A3 7 75 226 K1 1
Bl IS 400~600 1.85 EPN 1
B2 w2 400~600 1.90 K IH] 1
B3 #Z 75 1.90 1] 1
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Fig. 2 Percentage of number of mesopelagic fish species by
Order in sea area inside and outside cold seep in
Xisha Islands of South China Sea

) T ) AR X IR A ST R LR £ 5T
IR IXREFIEMZE 11 H 30 B 54 )& 84 Fh,
IR 6 H 13 B 32 J8 60 Bl (5% A, 3F
I http://dx.doi.org/10.12131/20210370 F4 % I ff
PF); S8R XN LT, ¥ SRS e R B
WA HAE D H a2, 400X i B
A2 b AT 88%~100% (1€ 2), BIE TR
P VSR DX H R i ] e H £ 2K AE R SR AR X
R RS ¥ R NSRRI TE H 25 9 Fi,
Ve RAMURAERIZ H s 1 Fh, RPEE 7 Sk B
(Cubiceps squamiceps). FEFRBITEHAH, BRI
WZ/KI (A1, B1) Zr il RAEGZE 49 Al 16 F . 7E
WIRFEACRAE T, VIR NAMRIZKIE (A3, B3) Jir
SRAER 2 R 26 Fls ¥ SR INANERIZIK
(A2, B2) RAEM T ZMIEFA S 61
49 i, KL TR SEOR AN = BE (4 2R I8 4 B AL R 2k
B, Y SR NI T R IR)Z (A1) AR ENRJZ (A2)
AU 5 RIAS, Y SR N A X2 ] (78 1) 2 )22
(A3, B3) RIHE S BAHMLIE (K 3). Jaccard A

2.1.2


http://dx.doi.org/10.12131/20210370
http://dx.doi.org/10.12131/20210370
http://dx.doi.org/10.12131/20210370
http://dx.doi.org/10.12131/20210370
http://dx.doi.org/10.12131/20210370
http://dx.doi.org/10.12131/20210370
http://dx.doi.org/10.12131/20210370
http://dx.doi.org/10.12131/20210370
http://dx.doi.org/10.12131/20210370
http://dx.doi.org/10.12131/20210370
http://dx.doi.org/10.12131/20210370
http://dx.doi.org/10.12131/20210370
http://dx.doi.org/10.12131/20210370
http://dx.doi.org/10.12131/20210370
http://dx.doi.org/10.12131/20210370
http://dx.doi.org/10.12131/20210370
http://dx.doi.org/10.12131/20210370
http://dx.doi.org/10.12131/20210370
http://dx.doi.org/10.12131/20210370
http://dx.doi.org/10.12131/20210370

555 M 855 PUUDRE S v R X b 2 SRR 4 IR 13
) (b)
A2 N A2
E 1 Al g N L a
% 5 B2 & 2T B2 %
R 2 b O T2 s @
&= & = Sz =
i Bl & Bl
20 40 60 80 100 20 40 60 80 100
AEABA: Similarity AEARAE Similarity
B3 RTINS SN AMX IR b 2 el 3 R4 H

Fig. 3 CLUSTER results of mesopelagic fish species in sea area inside and outside cold seep in Xisha Islands of South China Sea
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Table 2 Difference of species composition in each station in sea
area inside and outside cold seep in Xisha Islands of
South China Sea

¥ifi Station Al A2 A3 Bl B2 B3
Al 31 17 10
A2 39.24% 16 16
A3 29.31% 22.54% 15
Bl 18.18% 15 6
B2 30.95% 30.0% 16
B3 40.54% 16.67% 27.12%
PR 61 26 16 49 26

Species number

e XAEA Ly Nl R AL R, XA T TR Tac-
card FHAIME R AL

Note: The number of shared species between stations is above the diago-
nal line, and the Jaccard similarity coefficient is below the diago-

nal line.
213 SR SHMR

SR INFRAS Sl 67 ATE I 70.16~70.745 HMEB
B ATYEE K 55.82~64.20; ¥ SR P ERAS v £1
Byt 2 A*i’ﬁﬁ‘ﬁjﬁ?(‘ IRANERAS S AL (e-F 5,
P<0.01), & RN XA SRHEE ) ALl 275.45~
334.20; AN ATTERIN 453.31~531.4; ¥ SR P X5,
A5l o ORI 1) AT I 3 /N TV SR A B (-
K, P<0.01, % 3),
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WHREZ (A1) BRI 5 F, R EEH
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BHRSEERTRIGE
Table3 Average taxonomic distinctness (A*) and variation in
taxonomic distinctness (A") in each station in sea area inside and
outside cold seep in Xisha Islands of South China Sea

L AR AR IYRE TR REL
Station A" A"
Al 70.24 275.45
A2 70.74 334.20
A3 70.16 324.31
Bl 63.17 453.31
B2 64.20 454.80
B3 55.82 531.40

Z Mk 47.93%; KBNS (A2) 31 2 Fh (23.21%),

WIE R )Z (A3) er%ﬂF (75.41%) ; VR IRAMERIFIK
R2 (B1) 4 1+6%EP(7927% W IER)Z (B2) Heif

3 b (29.82%), WIEFK)Z (B3) it 5 F (71.72%)
TEEIRNES, AREZ (A1) ARENRE (A2) A
2 P R RF; R IRAMBARIRZ (B1) AR AR
2 (B2) A 1 MG HF HRIRZ (BL) FIKIE
EKZ (B3) A 1 A ILRAFN . ¥ R NP XI5 AH
[ B[] oK 2l 7 2 0], FRIR)Z (A1, Bl) Joik
BT WENEE (A2, B2) A MHF 1 Fh;
W) (A3, B3) S PLHF 2 Fh
222 BELHM

B RN Z M2 H LA 2.04~3.54, Hip
IR IZ A A3 1) H' /I (2.04); & RAMBR T
E2 H BN 2.23~3.32, Hrpak ) 2wl
B2 Y H' f5cis (3.32) 0 R RMNHR T 3 Blilﬁ063~
0.89, ,ﬁ\ﬁlﬂ?ilﬁ]%%):'lﬁu A3 1 J % (0.63); ¥R
HNERHY T TE R 0.68~0.85, Horfpg [a] )2 k7
B3 1 J' #Ak (0.68). [AAE, & RNER D LN
2.30~7.27, HrP&HERZE (A3) D AEH1K (2.30); #
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Table 4 Dominant species of mesopelagic fish in each station in
sea area inside and outside cold seep in Xisha Islands of
South China Sea

AT B fEHRE
8 Aol
IRI IR1%

uhifis HLEFh

Station Dominant species

Al Rl Chauliodus sloani 2957.81  14.79

e 11 5 A2 4 Heterophotus ophistoma 2 870.73  14.35
KAt Gonostoma elongatus 1335.23 6.68
KABIT 4 Lampanyctus tenuiformis 1320.00 6.60
¥ Sternoptyx diaphana 1102.62 5.51
A2 SIS C. sloani 292860  14.64
KAIZAT 8 Lampanyctus tenuiformis ~ 1713.85 8.57
A3 BRI 4 Ceratoscopelus warmingii 5206.78  26.03
W& [CHELT 11 Diaphus garmani 4072.03  20.36
RifE¥s H 1 Lestidiops jayakari 2427.66  12.14
HSRHEL] 1 D. malayanus 1720.47 8.60
FUICHEXT 81 D. watasei 1656.03 8.8
Bl  KARF M Argyropelecus affinis 531129  26.56
Vgt G. atlanticum

JUEEHEL] # D. fulgens

327297 16.36
2186.23 10.93

it A, hemigymnus 1.893.63 9.47

AT Vinciguerria nimbara 1611.99 8.06
RZEF 10 Malacosteus niger 1578.59 7.89

B2 ki C. sloani 3123.79  15.62

ICHT 8 Hygophum proximum 1439.34 7.20
WAt G. atlanticum 1399.58 7.00

B3 RWIMT i C. warmingii 449493 2247

KABNLLKT 8 Bolinichthys longipes 3239.39  16.20
W% [CHEAT f4 D. garmani 2692.64  13.46
HAT a0 Vinciguerria nimbara 2131.97 10.66

AP HELT €4 D. brachycephalus 178502  8.93

D 5 (437, %5).
223 @EEYARNINR R G EBEE E 5T

FETF RN PCoA FARFREMAMT Bk, B3R
PR RIRZ K8 (A1) AR R IZ KK (A2) Bl
AL, VB RANR 3 iy 2 (R B B s ki SR N Ak
XX AT A, HRIRZ (A1, Bl) FIERIEZ
(A2, B2) BB K, HTFYHMFEEN PCoA £
AEFRE AT R, ¥ RN LRI Z K (A1) Al

x5 WBEDRRENIREHREEL SRR
Table 5 Diversity index of mesopelagic fish in sea area inside and
outside cold seep in Xisha Islands of South China Sea

Shannon-Wiener ~ Pielou #J2J  Margalef & &

vl f

7 i i
H J D
Al 3.47 0.89 6.45
A2 3.54 0.86 7.27
A3 2.04 0.63 2.30
Bl 2.34 0.84 2.67
B2 3.32 0.85 4.37
B3 2.23 0.68 2.58

BRRIZ R (A2) BN, ¥ SR AMRIR AR =
(B2) MBI (B3) Z MR HG ; X HLi% SR A
SMXIRATHT, AR R R AL Z ] (A3, B3) B
B AR (K 4),

i SIMPER 1 45, RIF-H AU R T
2 WAL 8 F, BRI STERIE A 56.06%, XLt
Py bR B SR NSNS 22 5 B SRR (35 6)
Hrp, KEEUTLT 81 (Bolinichthys longipes) F1H3 %1 4
(Vinciguerria nimbara) W ¥ ANFALE ¥R T
5%, DURKEERIR T 10%; Bboh, BRwsGHEST
(Diaphus garmani) F 5 RHELT 2 (D. malayanus)
b, FAWMIETEVS IR AR o3 LU R B v
SRER/INT YR IR MR

3 e

30 EEALARANIINRBAEEEFEAREK

=R

WA HRETGTIUPR RIX 20 84 Ff, B 5%
AR X, 60 Ffr, ¥ IR INAMX BRI DAKT 0 H B
Ffa H oS, R e R RE i U R 3 v
BB LSTEMHME OME R E, 54
WL —20, SRS IR MO X I 2 2%
FRASZH BT LA UL, ¥ SR TR IX AT 40 H AN H
1 H A 7 LEAHRTS R AMERIX SR D, A SR N
BB TR B ARRT S R . SRR E
Fh-FRER Cluster MRV IR INAM S b vh
JREFA 225 B (P<0.05), HAERIXAK
TRIZ A SR X R )2 50— AR, [RIBRREv R
SME IR Z NS RN AR RIZ AT — R, X
JE ol N R RE AL B M AR . Jaccard FHALL
P FREE Cluster RIS E5 R BIAEAE ) 22 50T H
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Fig. 4 PCoA (Principal co-ordinates analysis) ordination of merger of mesopelagic fish in sea area inside and

outside cold seep in Xisha Islands of South China Sea
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Table 6 Results of similarity percentage analysis (SIMPER) of mesopelagic fish in sea area inside and
outside cold seep in Xisha Islands of South China Sea

i 5 43 L Quantity percentage/%

Yyl SEAAAEBLBE FItoThkEE
Species Average dissimilarity/%  Cumulative contribution/% e ¥R
Inside cold seep Outside cold seep

K AEUT LT 4 Bolinichthys longipes 5.31 10.40 0.64 8.87
BT Vinciguerria nimbara 5.12 20.42 0.17 8.28
W& [CHEAT 0 Diaphus garmani 3.67 27.61 27.46 10.52
T 0 Hygophum proximum 3.48 34.42 0.60 5.91
S NEAT 01 Diaphus brachycephalus 3.18 40.63 0.04 5.10
Vi1l Gonostoma atlanticum 3.10 46.69 0.56 5.28
LRHELT 61 Diaphus malayanus 2.55 51.69 12.81 3.57
Z 5Kk Melamphaes polylepis 2.23 56.06 0.68 3.98
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