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BB D) o RERGT A7 TR BE A 5~10 m (BEI
), KA ERAEOR 13~14 m, ARSI AYSE 1y
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Fig. 1 Fishery resources sampling sites in in rocky reef habitats of Dachen Islands
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Tab.1 Composition and ecotypes of fish species taken by combined gillnets in rocky reef habitats of Dachen Islands

Fiok AT D ik BT G
Species Eco-Types  Code Species Eco-Types  Code
%JZ H Pleuronectiformes KB Apogonidae
EH#HEL Cynoglossidae LR KAEMH Apogon semilineatus WW*LC ~ SP32
JEWIE 5 Cynoglossus abbreviatus WT*LC SP1 UFE R Gobiidae
I H Clupeiformes P AR HRFE 4 Odontamblyopus lacepedii WT-LC ~ SP33
iR} Clupeidae N2 AR P A0 Amblychaeturichthys hexanema ~— WT*LC — SP34
HFE/AND T 10 Sardinella lemuru WW+0D  SP2 | B8P} Cheilodactylidae
/N T 4 Sardinella zunasi WW+0D SP3 W REFEEE Goniistius zonatus WW-0D  SP35
L AR Pristigasteridae VU JEF8 4% Gondistius quadricornis WW*0D  SP36
iy Iisha elongata WW+0D SP4 R} Lateolabracidae
fif R} Engraulidae HEERY Lateolabrax maculates WT*LC SP37
oyl Setipinna tenuifilis WW+0D SP5 | fif fi H Anguilliformes
R Coilia mystus WW+AD SP6 HFEB R Muraenesocidae
I B il Thryssa kammalensis WW+0D SP7 RIS Muraenesox cinereus WW*0D  SP38
KA fift Thryssa setirostris WW+0D SP8 || H Scombriformes
AT fift Thryssa mystax WW+0D SP9 H40R} Trichiuridae
i H Perciformes Vb Lepturacanthus savala WW-0D  SP39
7} Sparidae 1 H Siluriformes
SR Acanthopagrus schlegelii WT#LC ~ SP10 | #BH5EL Plotosidae
HE AR Pagrus major WW#*0D  SP11 ZEEBE Y Plotosus lineatus WW-LC  SP40
4 £6 %} Chaetodontidae #J% H Tetraodontiformes
FNBISELG Cheatodon modestus WW#0D  SP12 || HffyfifiF} Monacanthidae
figfaB} Kyphosidae 22 kAl Stephanolepis cirrhifer WT*OD  SP41
/N IRAL Girella leonina WT-LC  SP13 || ffiF} Tetraodontidae
A% t6 Microcanthus strigatus WWwW#*0D SP14 SR TT 8l Takifugu oblongus WW#0D  SP42
B} Terapontidae B S AR TT i Takifugu alboplumbeus WT#*0D  SP43
RIEWIEH Rhynchopelates oxyrhynchus WW-LC  SP15 B ARTITL Takifugu niphobles WT*0D  SP44
TR} Siganidae filiZ 8 H Aulopiformes
¥ W T4 Siganus fuscescens WW#*0D  SP16 | A ihfaFl Synodontidae
i F} Polynemidae 3kt Harpadon nehereus WW-0D  SP45
INTR 248 Sk Polynemidae sextarius WW#*AD  SP17 |filif& H Scorpaeniformes
K ICHIEL Acropomatidae -l B} Sebastidae
s IRAK 8 Malakichthys wakiyae WT+LC  SPI8 e B Bl Sebastiscus marmoratus WT*0D  SP46
1 iR} Haemulidae fifiF} Scorpaenidae
1EEEH] Hapalogenys analis WT-LC  SP19 Pl Hoplosebastes armatus WT*LC  SP47
—ERHLE Parapristipoma trilineatum WW-0D  SP20 | i} Platycephalidae
Ak} Sciaenidae fiff Platycephalus indicus WW-0D  SP48
Uit Pennahia argentata WT-0D  SP21 ||fif{JZ H Mugiliformes
H A (10 Argyrosomus japonicus WT-0D  SP22 || #FF} Sphyraenidae
Kt Larimichthys crocea WT-0D  SP23 itlg Sphyraena pinguis WT+0OD SP49
/T Larimichthys polyactis WT-0D  SP24
Uit Atrobucca nibe WWHLC  SP25
il Nibea albiflora WT-LC SP26
%iﬁ@ﬁq@ﬁ Chrysochir aureus WW-LC  SP27
% Miichthys miiuy WT#0D  SP28
s EEN I8 Johnius distinctus WW*LC  SP29
Fe Y il ta Johnius belangerii WT-AD SP30
J& Y W4 Johnius trewavasae WW-LC SP31

TE W MR s WW. KRR 5 OD. MR RR s AD. (IR LC. S SRl s +. o B2 ARG R — op N 2 ARG 5 . )2 A i i
Notes: WT. Warm temperate species; WW. Warm water species; OD. Oceanodromous species; AD. Amphidromous species; LC. Local
species; +. Pelagic—neritic species; —. Benthopelagic species; *. Demersal.
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TEA A I TT I Gl e b, SRR A2

HRA BRI 21 Ff, B2 K A 28 R, JC¥E KR A B
z3fa] b, R 10F, b N R A 18, i

SRS 21 B FE R b ) g R 41 2 3 L i
FEIERL 29 Fp s JEHL 17 R (R 2) .

R2 ABEREEHEHBERELRESE ST
Tab. 2 Statistics of the ecotypes of fish in rocky habitats of Dachen Islands i

ZE7 Season

AT Eeo-Types 5 Summer # Autumn % Winter % Spring R ol
% 7KFh Warm water species 19 18 2 4 28
B Warm temperature species 14 14 5 5 21
f | )2 Pelagic-neritic species 5 6 1 2 10
"1~ )2 Benthopelagic species 14 12 3 4 18
JiKJZ Demersal species 14 14 3 3 21
TR A Amphidromous species 2 2 1 2 3
IFEEIF AP Oceanodromous species 21 22 5 5 29
FEJEFT Local species 10 8 1 2 17

22 BREBMAN

A FE FE RN A e 1L, o 7 R h
RERE R (K 3), A 4 ROk E %
T H B XS SR (3R 4) o B il 2 R
AR 35 A A 35 1) A AR X O34l | LAt fE 34l

A2 s e ] A . TR R RUEE |, BT
(Larimichthys crocea) F1 FZ & WY U4k £4 (Johnius
belangerii) 5545 W . 0 8 3440 A it 1m) , 7€ ADS Fff
U OLHAEE 2

R3 KERBEHAREVTEHRERELXMABMREMEE

Tab.3 Composition and IRI of dominant fishes in rocky habitats in different seasons of Dachen Islands

FEiES ZE7T Season

Species H Summer FK Autumn % Winter % Spring
K# A L. crocea - - 1385.37 -
BEEEI A1 J. distinetus 4110.59 - - -
il S. marmoratus 1429.77 1 656.02 8285.53 6246.40
i N. albiflora - - - 1221.79
Je G i 1 J. belangerii - - 1036.82 -
225 YRGS S, cirrhifer 3585.19 - - -
TR g T. mystax - 2276.63 - -

23 BERFRoeZHMEFNPB SN (B HE PR 2

RS o ZHMRR TR E (RS, £ 5
FEHREL (D) 5 ZREPEFR B (H ) i B fb e S5 AR —
B, FEEEIRE R (5.324) , ZFEPETR AL
16 H Z5f 1 (2.300) , [R]85 fi o A o 4%
FRIR TR M) R E ()N LR R
i S A 2 ) AR AR, e (B IR 4 2, BRI
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Xt He ADS A A i S R 2R 4% 22 R 4 R (1]
2) , KB DX ) 22 A 4 ) 2 ) BE R A e
HSILAR—F B T & F LIS, ADS A i a2k
TR Z R AR BN S AR O B FDS s &
JESE BT T, ADS JAl 1 i) 0.6 2 5 AR A F= D
FEFDS AR, H =Rk i & ik
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Tab.4 Composition and IRI of dominant fishes in rocky habitats in different areas of Dachen Islands
- H Summer K Autumn 4 Winter % Spring
Species FOTAE WP TH FONTHC WETH JUNTHE WP R WE T
ADS FDS ADS FDS ADS FDS ADS FDS
KFf - - - - - 1902.15 - -
L. crocea
%%HHEQ 3063.97 4995.34 - - - - - -
J. distinctus
i 3 5
i - - 2427.39 - - - - -
M. cinereus
o Bt
. 1708.99 1201.75 4261.81 1193.06 9109.88 7 649.52 4613.24 7093.70
S. marmoratus
Eg/uRi
N. albiflora N N N N N N 2922.85 N
Sl b -
7 = T ) ) ) ) ) ) )
P. sextarius
-
ST D - - 2072.91 - 1554.47 - - -
J. belangerii
24 72 a1 ik faili
LTS 334464 3747.02 - - - - - -
S. cirrhifer
=N
hjﬁ:ﬁ 1110.77 - - - - - - -
P. major
AT fiEL
rh R i _ _ _ 4081.86 _ _ _ _
T. mystax
Wil 7
S. fuscescens 147731 N N - - - - N
RS 7/ 11 R U 1 e VAR 1 7 7 O 1/ R L)1 7 T K VA
Notes: ADS. Aquaculture disturbance sites; FDS. Fishing disturbance sites.
x5 ABEREBEHEBEREERTT o ZHEMEY
Tab.5 Seasonal a—diversity indices of fish assemblage in rocky reef habitats of Dachen Islands
PEM 5 %8 Evaluation index H Summer Pk Autumn £ Winter +H Spring
FEERE(D)
Margalef’s species richness(D) 4.694 5324 1.595 2140
: G/ (]
P?Eh’u,ﬁj HEU) , 0.658 0.611 0.681 0.579
Pielou’s species eveness(J')
o b HE R '
SRR 2.300 2.116 1.325 1273

Shannon—Wiener's diversity index(H")

[7] 25 15 T 4% 0 57 22 8] 22 R A AN AR AL v 45
AL 6) . Mg ZErE, B EEKESY
LA R PE H8 805 18 17.14%~20.00% , J AN
AEARL 5 3 4% 215 (] A A ALPEAE 27.78%~47.73% , 1
HREEARAL
24 ERBBREHSH

& T YRS B (KL 3) X N ) nMDS
HeJF Uh ok 2 B8 T 0.2, B HEF B — &
B . H i AL AE 66.55% B AR AL K S T
gk S (E 3a), 40 1T 8 F KBRIL R ADS J&

W, 40 TR PE 0 FDS, 48 1L AR5 &K ADS i i, 41
IV FDS , 20 V Ry il 45 /5% FE IR & i 6 5 Bk
A 46.79% ) K - L0l 4 o0 5 A4S sl A 2 (K]
3b),40 1 i ADS 35y, 44 1T FDS w7 , 0 1
R R BRILES L FDS & 3 () i o7 41, 41 IV LA
ADS A ¥, 4 V N M FDS ; & & FI 4 74y HIAE
56.51% . 62.71% AHALLZK *F- 7] 43 14 4 20 (&l 3¢ F01
3d), 41 1 i ADS uli i, 21 1T 45 0 FDS 35 437,
2Ty 32 28 0 AR 4 B il VR Bl 6, 2L IV 3
SR A A
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(a)

(b) ©
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2 FERBAMES SHEERTHE

Fig.2 Changes in a—diversity indices of fish species within and outside the aquaculture areas

F6 FZT7ah{rE] 7 LL B Jaccard HHLE
BHARHE
Tab. 6 Distribution of Jaccard similarity indices for
two—by—two comparisons between sites in each season

Jaccard FHBLPAEHE B X [1H]

=y wifi K Jaccard similarity index interval
Season No. of sites ~ ~
<25% 255007;0 57050{;0 >75%
% Summer 14 11 76 4 0
X Autumn 14 70 20 1 0
£ Winter 13 31 39 4 4
7 Spring 12 35 21 0 10

ANOSIM %5 3 92575 2 [a] B AT B0 iy 22
S (Global Test, R=0.465, P=0.001) , 5 & 54
Z 2 [6] 2 5 K F M W % (Pairwise Tests, R=
0.826, P=0.001), & Fk . 5 FZ 1] 22 V85 W 3%
(Pairwise Tests, Re[0.662, 0.676] , P=0.001)
R4 SIMPER 730 M7 (3 7) B T &K 4 5 AL
30.01%, Hiax 4 24540 57 M3 7E 70.00% LA, AH
S e R (R AR AT 86.69% . Bt ik b v 5 %
MU Gl £ 2275 A sl 4 B il | Bz DG Y 4 £ 55 2 1
BT R 22 S BT

[F] 2% 95 A [|) 2 o7 41 =2 6] 1Y) ANOSIM 43 M &
B, B 25 A ufi v 4l 2 [A] 22 55 W 2 3% (Global
Test, R=0.817, P=0.001) ,H 8] SIMPER V- 4H 7
P 93 H R 33.45%~44.97% , 5 i Fh 5 Ky 2275
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Nl 7S H8 248 Dk (Polynemidae sextarius )55 ;
Bk 5 A a7 41 2 1) 9 22 54 4 3% (Global Test,
R=0.846, P=0.001) , V- ¥J # 5 ¥ B 53.21%~
100% , 3 % 43 B h H AR [ 4 16 (Argyrosomus
japonicus) . WA AR B¢ (Thryssa mystax) Fl 48 & fifl
B AT AN LU 2 A) 25 5 W) 5 3 (Global
Test, R=0.923, P=0.001) ,F¥JAH 3 & 4 b A
43.49%~100% , =253 R SR R B 45 il 55
B2 4Dl 20 22 18] 22 5 . 2 (Global Test, R=
0.966, P=0.001) , ZH [H] - 3 AH 5 14 Ky 37.29%~
100%, Bz [ MY &fi €1 | #5 1 €8 ( Nibea albiflora ) Fl1 4
(=% P o S
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S KPR R - R B (IEAR DG ), HAR R il B (7
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(SP30) KB (SP23) 45 | 22 5L 2 1 3
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(SP46) VM ARTE S, i S OC R B V) s W g n) 4
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(SP28) 4 K & W) F 5 ik B 1E AH OC 5 2% B b 2
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Fig.3 Cluster analysis of fish assemblages in rocky habitats of Dachen Waters
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Tab.7 Contributions of dissimilarity of major contributing species to fish assemblages between seasons %
WFh Species H-#Su—Au. H-ZSu-Wi. HE-FSu-Sp. #-LAu-Wi. F-FAu-Sp. Z-FWi-Sp.
Ad 78.62 82.25 86.69 72.28 76.78 30.01
B [CIN i 71 J. belangerii 6.62 7.26 732 13.93 14.34 25.93
ey Eifill S. marmoratus 6.01 10.13 10.91 14.85 15.75 30.35
W BEN i f1 J. distinctus 13.41 16.79 16.47 - - -
22 Ml S. cirrhifer 10.37 14.16 13.89 - - -
MG A, nibe 6.43 7.99 7.83 - - -
KEAN L. crocea - 7.46 - 11.81 7.80 20.68
PR i T. mystax - - - 7.79 7.60 -
HZAR {1 A. japonicus - - - 5.72 5.65 -
HUfith J. belangerii - - 5.25 5.98 9.83 16.71
FLIR M P. major 5.64 7.18 7.04 - - -
ZERWLE P. trilineatum 5.46 7.29 7.15 - - -
W5 T4 S. fuscescens 5.17 6.26 6.13 8.16 8.00 -
NTELZHE Sk P. sextarius 6.01 - 5.88 - - -
FNIE LD R, modesta - - 5.05 - - -
JRUF6E M. cinereus - - - 7.26 7.12 -

T - P AU R BTHRELR T 5% BT T2 5 Ad s IR S v 23 L

Notes: Only species with contribution greater than 5% are listed in; Ad denotes the average percentage of dissimilarity.
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*8 ABEBEEHARETEREETHRESY
Tab.8 Average environmental parameters in rocky
habitats in different seasons of Dachen Islands

Z575 Season
"7 #k % =

Summer Autumn  Winter  Spring

M1

Environmental factor

WL Temperature/'C 2692 1855 1047 1545
LI Salinity 2745 2994 3054 2931
YRR Dice
HE R Dissolved oxygen/ ;oo 824 1031 9.47
(mg/L)
M C .
4 % a Chlorophyll-a/ 506 0.99 0.78 529
(pe/l)
pH 809 814 825 8.2

1.0 F

ASP35
DO
Chl.a
Spa6,” SP26
SP20 p3o-— P
Pi7AASPas T E
SP115P41as . SP23
SP16 SP38
SPOa P22
A
-0.4 plemp . SP7 .
-1.0 1.0

Temp. #E ;Sal. ;DO WA pH. BRIEE ; Chl. a. M4 E
a; Mg g1,

Temp. temperature; Sal. salinity; DO. dissolved oxygen; pH.
pH; Chl. a. Chlorophyll-a. ; Tab.1 for species codes.

4 KEEBEEHERELFESNEE TR CCAHRF
Fig. 4 CCA ordination of fish abundance and
environmental factors in rocky habitats of Dachen
Waters
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Characteristics of fish assemblages in subtidal rocky reef habitats around
Dachen Islands

MAO Jiaxuan', WANG Zhenhua'?, ZHANG Shouyu'?, LIN Jun"?, ZOU Qindong', CHEN Yihui'
(1. College of Oceanography and Ecological Science , Shanghai Ocean University , Shanghai 201306 , China ;
2. Engineering Research Center of Marine Ranching, Shanghai Ocean University, Shanghai 201306, China)

Abstract: To comprehend the fish assemblage characteristics of the rocky reef habitats in the sea area of
Dachen Islands, we collected fish samples from the subtidal rocky reef habitats using gillnets with multiple
mesh, once per season from September 2020 to April 2021. Multiple statistical methods, including
Jaccard similarity index, relative importance index, o —diversity index, clustering and ordination, and
canonical correspondence analysis, were employed to investigate the characteristics of fish assemblages in
this habitat and their relationship with environmental factors. A total of 49 fish species were collected from
the subtidal rocky reef habitats of Dachen Islands. These species belong to 10 orders, 27 families, and 40
genera. The highest proportions were found in the Sciaenidae family (22.45%) and the Engraulidae family
(10.20%) . Eleven dominant species appeared throughout the year, with Sebastiscus marmoratus, Johnius
distinctus, and Stephanolepis cirrhifer exhibiting high dominance. The multivariate statistics results indicate
significant spatial and temporal differences in fish communities in subtidal reef habitats on Dachen Islands.
Different degrees of dissimilarity between various site types were observed, with the aquaculture areas and
eastern rocky reefs forming assemblages that differed significantly from other areas (P<0.05) .
Additionally, significant seasonal variations were observed (P<0.05) , with the highest biological
diversity observed in summer and the lowest in winter. Canonical correspondence analysis identifies salinity
and temperature as the most significant factors influencing fish assemblages in the rocky reef habitats of
Dachen Islands. On a local scale, the study reveals that rocky reef habitats around aquaculture disturbance
areas exhibit more stable and diverse fish assemblage patterns. The negative impact of aquaculture activities
on fish assemblages is currently not significant, and fish within these habitats may have already developed
adaptive strategies to cope with human disturbances. But in general, the fish assemblage composition of
subtidal reefs was simple and structurally fragile, emphasizing the urgent need for targeted conservation and
management measures.

Key words: rocky habitats; fish assemblages; spatio-temporal pattern; local scale; multivariate analysis;

Dachen fishing ground
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