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FJEHK 102 m, MAKE2K 50 m, ERNK ST m, T
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Fig. 1 Map of sampling stations in the Daya Bay
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0 IS T 5 R0 R FH 2B 15 B B 45 %l (seasonal
dynamics of replacement index, AI)FIiE# 45 %
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14 IEREFNE

B 7 W SR A e O R DU R YE ) (GB-
17378.5-2007) 47, 8 2k A BRI A A5 451> v
5 7K R, i3 YSI Pro Series B £ W RE K B R
AEFE S B K BB R bR R L RIR)Z KR
Vs ik SEL(DO) FIR B8 (pH) 35 4y B PR B8 508l
1.5 HiELLE

T lA kS DR SR, WESHS
DI A — 3, FJ 4 I B[] 5 AR OB A T 25 57,
R T IS S BEARIR 22, WO BT AR 07 4 3 57 Hi I Fsf
AN 1 h, HERESmEARER, H
ArcGis10.3 4 F11 SPSS19.0 G143 W ik fF itk 7%
P i B3 Ar, B XTI 73 H7 (canonical  correspon-
dence analysis, CCA)Wi HH CANOCO 4.5 #4347,
HEy 285 R I b -2R 58 I 26 R I BUT BIR KR o

2 ZERE5HH

21 FhEAER

4 WA LA TE 2k 131 B, ralskE 14
H.53 8. 84 g, ¥jm T mems, Hp,
JE H (Perciformes) 5 6 X L3, 45 71 Fh, RJE 23
FL40J®, 2R EFET 54.20%; H IR 8 i
H (Anguilliformes) 1 i J& H (Pleuronectiformes),

Brfr 13 #p, (GO SWFENY 9.92%, Hrh, 68
iHA SF 7R, S EA 48 8 J&E; HAb 114
H R Fh2E A F 10 F, BEL JBAFET S H B
R 1),

F1 KWEEHEALF. BAEMEMKELH)
Tab.1 Compositions of species, family, and
genus of fishes in the Daya Bay %

fif # s

H order species  family genus
i) H Perciformes 5420  43.40  47.62
#B1H H - Anguilliformes 9.92 9.43 8.33
¥ H Leuronectiformes 9.92 7.55 9.52
filif H Scorpaeniformes 6.87 5.66 5.95
ifiJ H Tetraodontiformes 4.58 5.66 7.14
#JE H Clupeiformes 3.82 5.66 5.95
YT %48 H Myctophiformes 3.05 5.66 4.76
Jf1 H Gasterosteiformes 2.29 3.77 2.38
#fIZ H Mugiliformes 1.53 3.77 2.38
fifJ% H  Siluriforme 0.76 1.89 1.19
it H Salmoniformes 0.76 1.89 1.19
2 H Gasterosteiformes 0.76 1.89 1.19
)% H Siluriformes 0.76 1.89 1.19
#JF H Cypriniformes 0.76 1.89 1.19

4 DAL R BN, KOS i A 2
TEVR L AR B 028 =, @)1 H R R B
(71 R, (HRNEEEY 54.20%, HUOZ 886 H (13
FOFIERIE H (13 F), & 52885800 9.92%, 4
AE 4 ADEATH I ARG 3 B, AR
B 2.29%, 53504 SR ER(Solea ovata). Bz IR 4
ffi (Johnius belengeri) F1# ¥ & %F f§ ff1 (Paracha-
eturichthys polynema); 3 \~Z= 77 th LBy A W P Ay
8 Fh, dFPEENY 6.11%, 555 W) i (Leio-
gnathus brevirostris) . %= [K#i(Callionymus richa-
rdsoni) . JE#E(Clupanodon punctatus) . LR 4 K 2
fti (Odontamblyopus rubicundus) . ¥t 5§ [ & f
(Argyrosomus pawak) . 7 FEUF % i (Chaeturichthys
stigmatias) . ¥ 2288 FE A (Cryptocentrus filifer)FlfL
WR & £ (Trypauchen vagina) . faZ8Y)Fh 2 WATAE 2=
5, B.FH B =G0 B R e, HoAh =24
ZEAR, HhEFYMEZ, g 12 H 41 F 54
J& 69 Fft; HFEWAhi >, Fim 8 H 24 B 30 J& 32
Fl, gk 2,
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Tab.2 The proportion of fish species classification unitsin the Daya Bay by seasons

H order Bl family J& genus i species
Bt /% Hot HAr /% Bt H 53 /% Bt HA /%
number percentage number percentage number percentage number percentage
%2 spring 8 53.33 24 4528 30 35.71 32 24.43
HZ summer 12 80.00 41 77.36 54 64.29 69 52.67
#Z autumn 9 60.00 27 50.94 35 41.67 41 31.30
425 winter 8 53.33 25 47.17 34 40.48 42 32.06
44 annual 14 53 84 131
22 BEBEANMERBE kR, HORAER| T 41 Fh, LHF 1 Fh
G 4 WA SR, & A E 24 W ig, 5 SR RENY 2.44%; BHEFG 7 Fh,

(Index of Relative Importance, IRI) & KV
TRE S B SRV A4 (3R 3).

B, HoRERAIEFNAE 32 Fh, Hrh LR F
A 4 B, 530 K BALYG 88 (Evynnis cardi-
nalis) 2% [CHi  BEBEFNAT JE 40 (Trachurus japonicus),
d A 12.50%; HEFAA 107, 55 sk
BEA R YT 5% fA (Acentrogobius chlorostigmatoides) .
i BE BT (Pseudorhombus levisquamis) . %< fif
(Lionfish) . K 2248 j% f | 4 4% fi (Scatophagus
argus). A FEEFpE A . ORfE | 7 RN G KR
(Leiognathus fasciatus) Fll Bt £ 7 ¥F 2 fa (Gloss-
ogobius olivaceus), 5 EFPZEEAT 31.25%; FH WLAP
A8 Fh, RN IEY 25%; — MR 10 B,
SRR 31.25%.

B, HCRERAIEFIE 69 Fh, HrbfLHFh
A 3 Fh, 43k B g i (Thamnaconus hypar-
gyreus) . FW)EEFIA 55 K2 (Apogon lineatus),
SR REY 4.35%; BHEFA 11 R, 5 R
Ji#i(Callionymus meridionalis). — K IRALUGH |
AR 3 V4 R B8 f4 (Oxyurichthys ophthalmonema). K
20 BRAE 5§ 11 (Acentrogobius caninus) . 4 2kl
(Nemipterus virgatus). ¥t ¥ (Siganus ora-
min) . ELA V8 R 5§ fi(Oxyurichthys papuensis) |
N8 S8 (Polydactylus sexfilis) . 7 YR
/> 1% B8 (Sillago japonica) Ml 4l 2% K #& fh (Apogo-
nichthys lineatus), 5 SMAEEHY 15.94%; & WLFH
24 %0, 5B E 34.78%; —MLFP 21 F,
MR 30.43%; D ULFP 10 7, 5 ERREE
14.50%,

AR R R R fa . JE Sk fi(Harpodon neher-
eus). BEEE L0 42 [CHE . 7 RAFE M, WA
i1 8 f(Umbrina russelli)F13E 55 ¥i(Callionymus
kaianus), 5 SFIEEA 17.07%; F LA 16 Fh,
A FPRE 39.02%; — MRl 17 7, A7 EAPREL
(1 41.47%.

A7, HORERMICTNA 42 B, ILHFD 1 A
W g, 5 SRR 2.38%; LA 14 Fh,
O3 R R A Tt S SR (4 canth-
opagrus schlegelii), 44kt . Bl K fh (4Apog-
onichthys ellioti). 47 FEEF M . K Gyl fh |
22 M. HR R R R 8 . 4 A (Argyrosomus
argentatus), ZIARFUFEAG . RELE R (Leiognathus
ruconius) . Wi K28 (Apogon taeniatus)FIIEHE,
R R 33.33%; HULAN 13, (5 BRI
[4930.95%; — e 14 Fh, i SR EEHY 33.34%.
23 MM EiEY

ZHE AL R DR, ZHEEREHRE)ZET
LGy 1.516~1.998, DA%, BRI,
B Ly AR RN =T AR AL Dy 0.494~0.869, LA
K Fm, AR FEERBEDO)ETEN
WHN 2.230~3.777, IR Fhkm, KERIRGEE
4), =TT [ YRR I 2L Js AR RS R
4 0.100~0.177, LLF-FKFR K, H-FKEFHR/D,
Bi: 5. Bk R ny A ESos, B SR m2ER
AR BN (R 5) ZE15 484 AT Z21BuF N
31.82~75.86, LIFHFEF i, AERML. THHEL
MI 5L R—2.63~1.52, DI e, A
ik AT A MIESGE [0 REUH B (8 2).



$ TR AE: ARG DN 15 T 3 0 ST 22 R e L A 2
%5 3 4 A R0 AE s NS S0 Y V2 9l 1 S 22 A P S L Y 5 599
®3 AUEZEHXFTLEXTEYHNENEELEHK(RI)
Tab. 3 Indices of relative importance (IRI) of fish speciesin the Daya Bay by seasons
%7 spring HZ summer 7 autumn 475 winter
4 specie IRI 4 specie IRI 4 specie IRI 44 specie IRI
AL A 6475 ifig i faf 9108 K7Wyl 9557 wIwyli 1421
Evynnis cardinalis Thamnaconus hypargyreus Leiognathus brevirostris Leiognathus brevirostris
2= [t 1474 Jwy)fig 1878 7 RdFIE M 568 BRI R 871
Callionymus richardsoni Leiognathus brevirostris Parachaeturichthys Umbrina russelli
polynema
Bin S 1210 41 5% KA 1047 g3 fh 21 i 607
Clupanodon punctatus Apogon lineatus Harpodon nehereus Sillago japonica
et HIST Rirdf 842 pEEE it 357 R 596
Trachurus japonicus Callionymus meridionalis Argyrosomus pawak Acanthopagrus schlegelii
R DR BT L% 1 630 T CRAL A Y 531 Z=[UHf 288 4rtkfn 406
Acentrogobius Evynnis cardinalis Callionymus koreanus Nemipteras virgatus
chlorostigmatoides
[R5 B 492 IRAIH AR FE £ 340 FRUFRRML 213 AR 375
Pseudorhombus Oxyurichthys Chaeturichthys stigmatias Apogonichthys ellioti
levisquamis ophthalmonema
Efih 487 RIF LI 5 A 251 WREAAE A 156 fLorRUFE M 324
Pterios volitans Acentrogobius caninus Umbrina russelli Parachaeturichthys
polynema
KeziFpeta 367 gxékfh 193 HLEyH 137 gz fififa 306
Cryptocentrus filifer Nemipterus virgatus Callionymus kaianus Johnius belengeri
s 4l 278 PR T 173 AR VA R £ 1 255
Scatophagus argus Siganus oramin Oxyurichthys ophthalmonema
F RIFE 184 A S AR pE A0 163 2 [ 249
Chaeturichthys stigmatias Oxyurichthys papuensis Callionvmus koreanus
B 158 ik 163 Filififa 163
Solea ovata Polydactylus sexfilis Argyrosomus argentatus
B PR df £ 139 #p AR R M 159 LURA R R 158
Johnius belengeri Parachaeturichthys Odontamblyopus rubicundus
polynema
Kb 132 Dy 12 FEBEH 134
Leiognathus fasciatus Sillago japonica Leiognathus ruconius
BESCHAR R 13 gR2Z 102 XUt R 122
Glossogobius oliyaceus Apogonichthys lineatus Apogon taeniatus
B Clupanodon punctatus 105
#z4 KRIEZTHEGEEPMZHENSTHTL 1.91. 1.90. 1.83; H{H AR 3 Pyl BB 1Y ST .
Tab. 4 Seasonal variation of biodiversity indices of
AN =] (N =] SEI
fish SpeCIeSIntheDayaBay SZ iFl] Sg llljj, ]jjJIJIE 129\ 157\ 1370 ﬂzigi//j/:‘]
SR B R JEFR B SV FI R 0.59~0.76., S5, S6. S9. S12 Al

Z=H7 season

FAHL species

" H 1R g R D

/2 spring
H 2 summer
FZ& autumn
A7 winter

32
69
41
42

1.541  0.655  2.335
1.523  0.494  3.777
1.516  0.687  2.230
1.998  0.869 2919

A AT, Al Y b 47 35 2
PEFEEE HYGH N 1.29~1.91, HERE Y 3 ol
B S13 wl MRS i S5, S6 uhi, 705lh

®5 RKIEEEHXRFTE&XYMBLEEK)
Tab.5 Jaccard similarity index (Js) of
fish species among seasonsin the Daya Bay

Z=7 season 472 spring E 2% summer £ Z% autumn 425 winter

#Z spring 0.122 0.177 0.175
HZ summer 0.100 0.156
#Z autumn 0.153
K2 winter
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Fig. 2 Seasonal changes of replacement index (AI) and migration index (MI) of fish community in the Daya Bay

EBFEH MI

£ uk/NTF 0.70; JMEEE [ S5, S6 v FNTE 114 S13 ¥, 43514 3.59. 3.31.

®6 RAIEEEHIHMBXEFZDHMER. NORERNFERRR

Tab.6 Diversity index, evennessindex and richness index of fish communities of stationsin Daya Bay

3.07; D'{HEARKY 3 b2 AR ST, S11 2 FIvE

[T S12 3, 43310 2,19, 2.65. 2.47(% 6).

24 FEEFHEHEW
YA, KT i1 2K B 2 A7 R B 1

EE PR FAAE LR A Z T YERE o R Tk

8% index FHA] time St S2 S3 S4 S5 S6 S7 S8 S9 S10 S11  S12  S13

divfﬁy‘%ﬁi . #HZ spring 152 1.65 1.76 148 246 147 - 109 1.92 178 184 115 1.62

HZ summer 156 110 - 197 1.09 1.68 — 072 133 174 155 165 238

#*ZF autumn 070 1.53 1.06 1.66 1.72 214 — 228 167 143 090 1.66 1.45

&7 winter 174 222 - 208 234 203 149 138 230 177 256 191 218

¥ average 138 162 - 180 190 1.8 — 137 180 168 171 159 191

8 /”@E'bﬁ #Z spring 0.69 075 071 058 093 056 - 045 0.83 0.81 0.80 050 0.68
evenness index, J'

HZ summer 054 036 - 065 033 050 — 021 043 0.53 053 066 0.69

#Z autumn 036 064 044 080 083 08 — 092 080 056 043 080 0.81

K7 winter 089 084 — 084 094 097 0.62 077 092 085 092 098 0.88

¥ average 062 065 - 072 076 072 — 059 075 069 067 074 0.76

riciiﬁiﬁ%y HZE spring 1.68 2.11 258 276 3.86 3.19 - 1.96 242 210 190 1.98 2.40

HZ summer 372 333 - 376 445 433 - 449 321 403 258 270 4.95

7 autumn 1,52 226 240 177 200 267 - 361 206 277 178 234 159

K7 winter 204 319 - 334 406 3.04 1.84 185 3.02 210 433 289 3.34

¥ average 224 272 - 291 3359 331 - 298 268 275 265 247 3.07

AR e SR8

Note: “—” means no investigation.
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AL R 17.80~30.10°C, 4EYE K 23.18°C,
Hop, B Emm, £FRAM; KRB EE R
2.86~19.50 m, 4E¥J{E K 9.57 m, Hh, HFHH,
BN R EEY 30.78~35.73, FHIMH
3322, Hh, B, MERI; pH 2k
Flh 6.62~8.71, 4EXJE A 7.96, Hrh, X ZfH,
BB, MK S 5 6, 7 i 4(DO)Y A kv
Flh 4.10~13.23, 4E¥J(EN 6.82 mg/L, H, &
Ftm, KERMKER 7).

25 BASEXTRZ 4> AT
RBED R 5B T CCA HEP 45
TR 3), 4521 BT N 7% 0 8 BEVE 4544 1 5
Wi VR FAFAE 25 5, BB 1 I BRI
A K. DO, pH FIEEE; HF MK, &
B HRE . pH A1 DO; BFA/KEE. DO, HHE .
R pH; &ZFRIRE . KB DO, Eh A pH,
LR, MR . B FK PRI 52 0 KV 1
WAARMEESMN EERERN T, B, 5
551 HEP 2 AR S IR BE R T A (DO) A
R, 2SR T R E . KB pH;
5555 2 HEFP il 2 A R OE AR S B A D B R 85 IR
Sr0lch DO FIEhEE . HZE, 5% 1 HHpHiE EAM
KRR R TN . B RUKIE, AW
WEEH T8 DO Ml pH; 527 2 HE 7l 2 5 K IE A
SN AR O 1A PR R -0 30l SR K R A pHL, B, S
MHATFHESWAH PR IEH X, 45, 55 1
HEP 2 IEA GBI T8 DO, pH FIELEE,
BRI R T RRE R, 55 2 HF
0 522 o R LE R S RN A7 A DG B R B8 R T 43 51 DO

FIEE

3 e

31 WM E MR

TR V5 i 358 £ S ) o 22 0 1 22 B0 1 o S v
TR RIS R e, I 38 5 Shannon-
Wiener ZFEVEIEE . WS R8T . FEEHS
B DAY & TR R, . Shannon-Wiener
ZREVER R H RIS BE AR E O 2 AR AR L A&
i, M BAERK B E 2, 5
68 D'E AR, BAAR, HIS R iRy
AN A [ AR AN, UL R 2R T iy 1 5
2B A MU R B, X5 ARSI
R AP B A — B, BRI YRR I 0 A
55 A S AR A IR VA O, AR B9 R
EREE | KRNI EE 25 PR3 PR 10 S e £ S T VR )
P F B, x5 B A PR 5 A — 5
2% 3 AR PSR G 35 26 AR MR A AL 5 3 A
KHPLHE . BRI B AE K U RN N8 A5
FUIMR R . AWV b 2R S 35
I TR IE R I (R 8), RE . A pH
MRS P 22 FE A 52 I (P<0.05 5% P<0.01),
T Ho At 2R 58 A 7 5 W) Fh 22 4 M B AH DG 1 (P>
0.05), XA HE 5S4 M kAR S REHN 7 X R
ANEYR K, B0 ZMe Thn R 221k
AP HE, GRETE, KRR, BREER
(E7), FFShEY R S5 a2 ok E s
FRUPRL, R BT RAK, I EFEE R
25 g R D), ghtnke %, 6—8 A4yl
MR AR, BOEA R 2, T8 R
R B o FEA R R AT 8 A4y F skl it
REFHIF R A, ZH5m, 2R

®7 AEESEHEITEFRRFHEDEN

Tab. 7 Seasonal changesin major environmental factorsin Daya Bay

pH 7%/ (mg/L) DO EHhE salinity JKHR/°C temperature FJZ /K% /m surface depth
EST o ) o ) o ; S ) . ;
1 season i el i Pt i i i Pt T i
range mean range mean range mean range mean range mean

8.03-13.23 10.54
4.10-8.88 5.51
4.28-5.75 4.86
5.84-7.46 6.37

%2 spring  7.26-8.71  7.94
B % summer  7.89-8.32  8.12
X2 autumn  6.62-8.56 7.46
& Z= winter 8.10-8.52 8.32

31.05-32.94  31.90
32.73-35.73  34.85
30.78-32.57  31.83
33.71-34.67  34.31

17.90-20.90 19.39
26.20-30.10 28.56
24.40-26.60 25.41
17.80-21.20 19.36

3.90-19.00 9.48
3.30-19.00 9.66
2.86-19.50 9.55
3.80-19.50 9.59
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Fig. 3 Ordination diagram of CCA based on fish community species and environmental factors in the Daya Bay area
a. spring; b. summer; c. autumn; d. winter.
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Tab. 8 Correlation between fish species diversity and environmental factorsin the Daya Bay

B2 KT environmental factor ZRAERAL H W EARE S A D

r P r P r P

¥ salinity 0.156 0.296 —-0.084 0.574 0.540 0
KT depth 0.168 0.260 0.193 0.194 0.072 0.631
/KL temperature -0.291 0.047" -0.531 0 0.356 0.014"
PRI pH 0.269 0.068 0.137 0.358 0.367 0.011"
#inE DO 0.049 0.742 0.076 0.612 -0.160 0.283

1B r FOREIN T 5 YR AR AR C R A * 308 B35 22 50 (P<0.05); **3RoR il .35 22 5+ (P<0.01).
Note: » means correlation coefficient between fish species diversity and environmental factors; *means significant difference (P<0.05); **
means extremely significant difference (P<0.01).
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Fig. 5 Changes in the number of fish species from different
years of the Daya Bay in Spring
The solid line is the trend of fluctuation, and the
dotted line is linear term.
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Tab.9 Comparison of fish species composition in
different years of the Daya Bay in spring

G KR

. flt#Ff dominant species
year species

19858 53 Bt Clupanodon punctatus)
AR B8 (Pampus argenteus)

S M (Leiognathus rivulatus)
it (Trichiurus japonicus)
HE A (Pagrosomus major)
19878% 54 Bt Clupanodon punctatus)

S5 (Leiognathus rivulatus)

W Al (Trichiurus japonicus)

Y13t (Trachurus japonicus)
SRR/ T A4 (Sardinella jussieu)
T RKIARLG 95 (Evynnis cardinalis)
Wi i%(Caranx kalla)

19928 48 Bt Clupanodon punctatus)

S M (Leiognathus rivulatus)
SRR/ T A4 (Sardinella jussieu)
it (Trichiurus japonicus)

48 # (Plotosus anguillaris)

T BE W T i (Siganus oramin)

55 W) K (Leiognathus brevirostris)

2004 46

FEIG/NA ffi (Stolephorus commersoni)
P (Clupanodon punctatus)
SRR/ T 44 (Sardinella jussieu)
2005 57 55 W) i (Leiognathus brevirostris)
BRGNS fa1 (Stolephorus commersoni)
BE#E(Clupanodon punctatus)
A58 i (Osteomugil ophuyseni)
T/ ND T fa(Sardinella zunasi)
B85 45 6 (Osteomugil ophuyseni)
Z= [ #i(Callionymus richardsoni )
K ALY 8 (Evynnis cardinalis)
¥ BE AR (Leiognathus bindus)
3kt (Harpodon nehereus)
TR IBEAL W (Evynnis cardinalis)
2 R M (Callionymus richardsoni )

Bt Clupanodon punctatus)

201581 31

2016 32

Yy Jéfa(Trachurus japonicus)
LR AN AT P £

(Acentrogobius chlorostigmatoides)
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The effects of anthropogenic activities on the diversity and succession
of fish community in Daya Bay
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boratory of Fishery Ecology and Environment, Guangdong Province; South China Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Guangzhou 510300, China;
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Abstract: The aim for the present study was to analyze data from four otter trawl surveys (conducted between
2015 and 2016) in order to investigate variation in the composition and diversity of fish species in Daya Bay,
South China. The data included 131 species, which belonged to 84 genera, 53 families, and 14 orders. Species of
the Perciformes were the most predominant, accounting for 54.20%, followed by those of the Agunilliformes and
Pleuronectiformes, each accounting for 9.92%. Seasonal (temporal) variations of species number were obvious,
with the greatest number of species observed during summer (n = 69) and the lowest observed during spring (n =
32). The predominant fish species included Evynnis cardinalis, Callionymus richardsoni, Clupanodon punctatus,
Trachurus japonicus, Thamnaconus hypargyreus, Leiognathus brevirostris and Apogon lineatus. Diversity analysis
revealed significant seasonal and spatial differences in fish species diversity. The diversity index (H') ranged from
1.516 to 1.998, with the greatest value observed during winter and the lowest during autumn, whereas the evenness
index (J') ranged from 0.494 to 0.869, with the greatest value observed during winter and the lowest during sum-
mer, and the richness index (D') ranged from 2.230 to 3.777, with the greatest observed during summer and the
lowest during autumn. Model analysis indicated that temperature, salinity, and water depth are the main environ-
mental factors affecting the structure of the fish community in Daya Bay. In terms of spatial distribution, fish di-
versity was greater in the middle of the bay than in coastal waters. Compared with historical data, the fish com-
munity structure has changed significantly, as a result of disturbance from anthropogenic activities, including ob-
vious changes in the composition of dominant species and reduced diversity, suggesting the simplification of fish
species appeared in this bay.
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