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Tab.1 Catalogue of fish larvae species in Daya Bay
HEAF P24 55 11X areal I X area II IIT [X. area III

species of fish larvae DI D2 D3 D4 D5 D6 D7 D8
#i#7%} Blenniidae sp. A X AO®Xx * AO®Xx AO®Xx A*x Ao Ax
&} Sparidae sp. * AO® A x AO® A * A *
W g Al Gobiidae sp. A A AOx AO®
26 A 883 Omobranchus elegans A A A * A A
/NS T 8 Sardinella sp. A A A A A A
fi Liza sp. A A A
il Bl Triglidae sp. A
“E£a Rl Mullidae sp. A
fili%} Scorpaenidae sp. A
Hl B Rl Acanthuridae sp. A
/NS A Solephorus sp. () A
4%} Pomacentridae sp. °
fifi Bl Mugilidae sp. ()
fi# Sillago * % * *
428 1Rl Nemipteridae sp. -
KAHFL Apogonidae sp. *
%%} Carangidae sp. * *
fiti Callionymus * *

o AUEREZHH, ORFEZHH, oMNFKELHN, »NELFHH.

Note: Different shapes represent appearance in different seasons. Aspring @ summer 4 autumn * winter.

*2 ALZE&IPMHAER
Tab. 2 Catalogue of fish eggs in Daya Bay

R Rh 2 4 IIX areal IT [X areaII I X area ITI

species of fish eggs D1 D2 D3 D4 D5 D6 D7 D8
fiz2J& Sillago sp. AGOOx AOGO X AOGO AGOOx AOGO X AOGOG X AOGO X AOGO
/A 6 )& Solephorus A®x  Aex A ° Ao x . Ae Ae
fif§#} Sparidae sp. A X A X A X * AO®x * * o x
W62 J& Thryssa A A
58 Cynoglossus A A . . A A A
%%} Carangidae sp. A A A A AO (] AO®
fi Liza haematocheila A A *
#2145 faF} Champsodontidae sp. ° (] (] [ ® ®
B R} Mugilidae sp. () ) o x () ® () () [ )
fiiJ& Callionymus * * * * * * *
fi& %} Scombridae sp. * * * ®
##7%} Blenniidae sp. * *
/NPT 4 Sardinella sp. A * A X A X A A Xx * A X
AR} Mullidae sp. A A A
figfifi H Anguilliformes sp. Y
¥+ %L Synodontidae sp oo o (]
4x 28 18l Nemipteridae sp. *
H 47} Lutjanidae sp. A
Hi 4 J@ Trichiurus lepturus *

H: AREREZLY, ORKRAFNY, ARKENI, o ARLFHI.

Note: Different shapes represent appearance in different seasons. Aspring @ summer 4 autumn * winter.
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fHoN, AFHEMA AR R A W . A DN Fp
FKhElg . N ORI EEA K, SRRk ZE
KAEBL, WRE. #3FF . 4 )8 (Trichiurus lepturus)
A ZA K, #2105 fFH(Champsodontidae sp.)
Fi4ig i H (Anguilliformes sp.)ff JIAY /e H 2= H H1
FEHE £ 288 v AR R AR DO 22804 R IR, 7ERKRHR
BEA K BB FL AN AT 52 £ 8} (Gobiidae sp.) {1 11,
IUAERZE BB 6 Fl: 3R/ T, 68 Hifdh
Bh(Triglidae sp.). FfEl . il (Scorpaenidae sp.).
| BBl (Acanthuridae sp), MAEHHEH( Pomacentridae
sp.). B RHMUAE E 2, S ARHMUAER I,
K2R Apogonidae sp.) . #5F} | i\ HBIAEA 2,

rh 1] B X R 4 RER A 2 SR K L, £l
GRANE rh AU At @ AR TE s B i, H R
FE RGO 4 Bl sro R e H | fkk k)
(Synodontidae sp.). &ZfaFl . AR, g R
MILTETS DR R X, M HAR R ZRAE 3 S XA
I3 AFHE AP S b FOA SRR TE th Je 51 5
HAE e y] 5 A wh bl . st ahgl

fI MR, LR, SLmBl . K2R 8
ot TR RV O AR R X 40 A

212 HEHSNH AREELEDR, HEHR
5115 D6 Shfi el F iR, A 4905.35 ind/1000 m’;
BEMIPNFERZ, A 10 F; @IFEEERS
&K, K 1214.85 ind/1000 m*, #HZErH 55 D7
sl S ATHEf EE R OR, 4 19.28 ind/1000 m’; &
BAFHEmMRIRZ, A 11 Fh, BEFHEAEYE
JER K, M 9.13 ind/1000 m® (3 3).

MBS ] RS SR, 0,073 2 L >0 2>
ME>L T, BMEERTRENEE, Mgk
g/, AL 6 Fl X SRR AR b
FHIA] AFHE@AT Y R >4 > >,
ANE RPN EOL T3 F B R AR AR, 30
h 3 RN 0.66 ind/1000 m®, FE s Ak fa e 5 F g
FHTR], fEBP R AR R, &R/, AFHEf
BB KB BB/, A0 B0 FATHE (R 2 AE L
P, KRR, FEREE 2), AR
TV 7K 35 1 S 1) 2 BB ZE S

x3 KLZ&IP. FHEFE
Tab.3 Abundance of fish eggs and larvae in the Daya Bay

X $a F1 3 o7 #Z= spring H 2 summer 2= autumn K2 winter
area and station 00 egg  AFHED larva 000 egg  fFHESR larva DY egg  fFHES larva  fABH egg  ATHELA larva
1% area 1 DI 71.63 16.53 179.01 0 5 0.5 938 2
D2 260.33 5.51 576.82 2.06 1.5 0 40.3 0.2
11 X area II D3 545.45 5.51 73525 0 197.9 0 150.9 5.9
D4 727.27 5.51 967.08 2.06 302.7 0 27.3 1.5
D5 1190.08 11.71 297.67 2.74 42.8 1.2 58.3 2.1
D6 4264.46 0.69 4905.35 0 26.4 0 55.3 3.5
D7 504.13 19.28 1061.73 0.69 705.6 3.6 188.3 14.5
111 [X area III D8 268.6 8.26 995.88 0 81.6 0 137 2.7
FH4-E average abundance  978.99 9.13 1214.85 0.94 170.44 0.66 93.9 4.05
a == FHFE average abundance b gﬁg&g average abundance ;E\
12 - — YIFIEL species 1 1600 % 12 species 112 S
114008 », =10} —30: 7+ 1108 g
glor n=32; X +SD o8 8 ¢ 10 n=32;x+8D . S
S gl S§ 8 s} 18 B
28 1 1000 Eg & <5
% 6f 1800 S5 W 6 -6$g
& 4l -600@&§4 la g 8
& 1400 25 T 1, B8
2r ;I 4200 }i— 3 $ il
0 5 5 0 \zi 0 5 5 0 T;%
&60 (4) y _&@ & &So 2 y .é@, s
K ) K N &
7 4 49(% 4;@'" % 4 49(% &/@ 4
Z=4Y season ZB75 season
B2 KW E(a), fFHEM(b) T2 B S W Fh g

Fig. 2 Average abundance and species number of fish eggs (a) and larvae (b) in Daya Bay



18 Hh [ K R A

%26 &

M3 ARk A, fhP Ry B>
RE>NT A, HFFRT V5845 a kA g
Y5H 2 Nukfi D5, D6, HZEH D6, BEA 3
Muifii D3.D4.D7, &4 2 Ui D3.D7, 1
HoAth DX SR T F B AR A T O R REIX
() D8 wfifir; AFHE =B g B> N T A>T
HARRE, TRslBFHEERK 4.02 B, FF
KFVPEFEREWA RG] BA 2 A~ubs DS,
D7, EFH 2 il D4, D5, BKFENA 1 4k
fii D5, 424 2 A uify D3, D7, WiFsh 2 AKX
WAL T X 2 i /2 D1, B2 D2, i
TR B BTG URARA DXAZ o X T e 5] I £ B
AP fa R e K
2.1.3 PR TN
TS A DN ZRETEFR B 1.17, O ZREEE AL

T H R R IX> N T A > e i) B, 78 N T AHEX
A I RAH 2.26  APATFHEM Z AR E0N 1.98, 4T
HE M ZAEPEFR B0 JL 5 5>V 1 7R ¢ K> N T i
X, 7Erp B 7 D7 A iR MH 2.53. B 24
PEFE B T i K (1.42), Bk /N (0.48), HHfEf
LRV R T e K (2.74), BAE /N (0.86), £
RS AR {345 5 f B AR [F] (3 4)

K VE S AF PR ) JEFR B 0.41, by
AYREFR B T4 X > N T A ffe> i e 51 1, 78N
TAURE X AT B RAE 0.99, S 4EA1HE 2R FE 4L
070, fFHE IS EIREOE W AR R X> A T4
> gy, e g 56 D4, DS A iR (E
1.00, 05U 3)5) BEFR R R KOl 0.46, BAZRiR/I
12 0.27, fFHEMIGL TR TR 0.79, 45 &
/N0.57, B EFRBUE S AR (R 5).

*4 KLERL. FHEEZIHMER

Tab. 4 Diversity indexes of fish eggs and larvae in Daya Bay

#Z= spring H 2 summer #ZE autumn A2 winter A total
DML area and station gy fpfiEt gy AFAEtn fad9 PR mEp AFEEM @Ep (At
egg larva egg larva egg larva egg larva egg larva
1 X area I DI 226 1.19 0.19 0.00 0.69 0.86 0.87 1.06 1.43 1.39
D2 2.23 2.16 0.36 0.92 0.64 0.00 0.63 0.00
I [X S 4A& total of area I 1.77 1.17 0.33 0.64 0.69 0.00 0.81 0.68
X area 11 D3 179 1.41 0.27 0.00 0.05 0.00 0.70 0.61 1.06 1.87
D4 0.25 2.00 0.73 1.58 0.02 0.00 1.12 1.46
D5 1.86 1.78 0.59 1.00 1.04 0.00 0.64 0.00
D6 0.45 0.00 0.69 0.00 0.62 0.64 0.34 1.62
D7 1.37 2.53 0.79 0.00 0.54 0.00 0.79 0.16
IT X 544 total of area II 0.89 1.84 0.72 1.49 0.49 0.80 0.90 1.07
III X area 111 D8 1.70 2.19 0.96 0.37 0.10 0.00 0.87 1.38 1.53 1.60
S total 1.42 2.74 0.74 2.02 0.48 0.86 0.95 1.71 1.17 1.98
k5 KLZE&I. FHEMIEEY
Tab.5 Evenness indexes of fish eggs and larvae in Daya Bay
%72 spring K Z* summer #ZE autumn K72 winter A total
IRIS{T area and station gy fFffetn B8 fPFER B9 fFAEfa D fpREf@ sl fPfEf
egg larva egg larva egg larva egg larva egg larva
X area I D1 0.80 0.75 0.27 0 0.99 0 0.54 0.67 0.56 0.67
D2 0.79 0.93 0.33 0.92 0.92 0 0.35 0
I X 4 total of area T 0.81 0.66 0.30 0.92 1 0 0.45 0.62
X area II D3 0.69 0.89 0.25 0 0.07 0 0.44 0.39 0.38 0.66
D4 0.16 0.86 0.41 1.00 0.02 0 0.81 0.92
D5 0.80 0.77 0.37 1.00 0.75 0.92 0.46 0
D6 0.23 0.00 0.50 0 0.89 0 0.25 0.81
D7 0.59 0.84 0.49 0 0.79 0 0.57 0.16
IT [X 4K total of area IT 0.40 0.79 0.35 0.93 0.27 0.73 0.46 0.52
III X area IIT D8 0.66 0.94 0.59 0.37 0.14 0 0.63 0.87 0.64 0.89
BUA total 0.43 0.79 0.34 0.78 0.27 0.78 0.46 0.57 0.41 0.70
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22 &, FHESNRERFHXER

221 &b, FHEE5MEERFHELYE AKiH
7, EHCTIRE T (temperature) . /& S(salinity), -
£ 2 Chl (chlorophyll) . 2774 SM (suspended matter) ,
pH Fli% f# % DO (dissolved oxygen)%5 [F 2 5 1 B
e PP F AP HEf RIS | A7 HE R BE kAT
FHOCHE LU 9% o S5 SRR, FEA KR A rh, fab)
Fh IS 5 7K BEAH DG MR . 25 (P<0.01), S 4
BA BEHENEP<0.05); AIiFEES pH BAH
2 Y AHOCPE(P<0.05); HEAFfAhSE SR | i
A W R DG (P<0.01), SEIFYA B E
A DG (P<0.05); HMEAFfF I SR | S A A

W 25 R S (P<0.01) . R 2 TR 5 7 fit S
s fa ONAEATfa g E R N, [RIRFEREE . BRI
pH SFFRGERFX (0N | AFHEfBA BEFEIE 6).
222 MEREFE&D. FHEEWNXERER MHER
EAE 21~27C2 0, SRBEMERMLXER, |
JE MR N R, TR 21 CHEA SR AHE,
TEZ) 27 CAA e/ IME; BE#A(DO) 5 B &2 1EAH
KFKR, TEHEMA 4.5~7.5 mg/L JEEIN, KA
W R PR, EWREZ R 7.0 mg/L &b
AR 2, SEE MM AN B, 7R
Arifg i pHYE N, o5 pH R AAMHC KR,
pH KR £ B =F B IR (1A 3).

Fo XIZ&UN, {FHfSIMESHIEAY Pearson HHX R

Tab. 6 Pearson correlation coefficients between fish eggs and larvae and environmental factors in Daya Bay

WS H environmental factor

Wi H item FHHKE R relationship

Y I o R
temperature salinity chlorophyll suspended matter dissolved oxygen
Vel R ES A 2280 correlation coefficient  —0.474%* 0.012 0.005 -0.170 -0.226 0.414%*
egg species B PE significance 0.006 0.950 0.976 0.352 0.213 0.018
1250 2 AR B correlation coefficient  0.172 0.306 0.316 -0.063 -0.377* -0.057
egg abundance B 31 significance 0.347 0.088 0.078 0.733 0.033 0.756
FEHE f 2k FHOCHE R B correlation coefficient  —0.552%*  —0.184 0.137 -0.380* -0.274 0.614%*
larva species i #E M significance 0.001 0.315 0.455 0.032 0.128 0.000
FEREAn i FHIM: R AL correlation coefficient  —0.533**  —0.233 -0.061 -0.274 -0.024 0.471%*
larva abundance I %1% significance 0.002 0.200 0.740 0.129 0.898 0.007
T * R AR M .35 (P<0.05), **3RR M SE PR 235 (P<0.01).
Note: * denotes significant correlation (P<0.05). ** denotes extremely significant correlation (P<0.01).
2 7F ) " [ [
E‘; 6 o - 0 ‘% 6 . oe .
@ o
WS e oo e o :) . oo o o0
o )
“ 4} e . ° gé-’( 41 e ° X
§ 3t . ﬁ: [ 0 L] .
&12- ® wee %2' o-ome *—9
1 24 27 30 0 55 60 65 70 7.
3 5 50 55 60 65 70 75
1R BE/°C temperature VR4 (mg/L) DO
Q L] Q
2] g 7500
= L] =] .
_§ 6000 _g o
2 4000 3 S000T
£ 8 2500
© 2000 o
i - o ol i . * 5o = ° e
# o - o* H ot ® LR
& &
g L L L L & : L L L '
34.5 35.0 355 36.0 8.0 8.1 8.2 8.3 8.4
LR salinity PH
3 O R 5 BRI T A DG OC &R

Fig. 3 Correlation between fish eggs and environmental factors in Daya Bay
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s i S8 AE R AT I S BN LI R 4R(DO)<
7.0 mg/L i, SAFHEFNR R 2 IEAHC(P<0.05),
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THF IR % TE 6.8~7.0 mg/L I XHFHE Y A4 K

KRB AR, TE I A R A, R A
SRR G OC R, UL LI R R
IR B R 2 TEAR WA, BIEYI(SM)
547 #E f0 5L 5 56 56 R (P<0.05), =77 Wi,
At R 2 b/ () 4).
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Fig. 4 Correlation between fish larvae and environmental factors in Daya Bay
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Tab.7 Survey data of juvenile fish eggs and larvae in Daya Bay in recent years

P A s [ ey, BOIFERE HEFAFER , . ,
S = Sl e £ 5% 5k
survey . ish eggs arvae . . . . e
time species @ dance abundance species of fish eggs species of juvenile fish reference
2015 27 31361 244 f=)E Sllago sp. (73.03%) . 7l Blenniidae sp. (31.56%) NI
fiffi &l Mugilidae sp. (6.71%). fii Callionymus sp. (19.67%) current
fifjF} Sparidae sp (5.64%) fifjF} Sparidae sp (12.70%) study
2004-2005 21052 #E Bl Leiognathidae (50.3%).
PiEfi% Clupanodon punctatus (17.3%) .
/NPT #4 Sardinella sp. (6.5%)
(8]
2003-2004 14643 fig Bl Leiognathidae sp. (74.1%).
5 B fill Sebastiscus marmoratus (7.0%)
/NS ff Stolephorus sp. (3.0%)
1994-1995 28 29959 4750 /NBT £ Sardinella sp. (59.2%
/N T #4 Sardinella sp. (64.7%) . S nella sp. (39.2%)
. ) A} Leiognathidae sp. (11.7%) [18]
fi§i Bl Leiognathidae sp. (28.1%) N .
MERGH 2. Ambassis gymnocephal us (9.2%)
1982-1983 46 30425 1919 2R} Engraulidae sp. (62.2%). #2F} Engraulidae sp. (29.4% )

A} Sparidae sp (15.9%).
i} Clupeidae  sp.(9.0%)

#5721 #} Gobiidae sp. (25.8%) [1]
#ifBl Clupeidae sp. (10.6% )
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Population characteristics of fish eggs and larvae and their relation-
ship with environmental factors in Daya Bay

WANG Jiujiang" %, LIU Yong®, XIAO Yayuan®, WANG Teng’, LI Chunhou®

1. Fisheries College, Zhejiang Ocean University, Zhoushan 316022, China;

2. Key Laboratory of Exploitation and Utilization of Fishery Resources of South China Sea, Ministry of Agriculture and
Rural Affairs; Key Laboratory of Fishery Ecological Environment of Guangdong Province, South China Fisheries
Research Institute, Chinese Academy of Fisheries Sciences, Guangzhou 510300 China

Abstract: This study aimed to evaluate the relationship between the dynamic changes in the abundance of fish
eggs and larvae with respect to the environmental factors in Daya Bay. In the fourth quarter of 2015, 31361 eggs
and 244 larvae were collected, including eggs from 19 species, belonging to 6 orders, 16 families, and 18 genera.
There were fish larvae from 18 species, belonging to 5 orders, 15 families and 16 genera; 11 fish species were
common between the eggs and larvae collected. The eggs and larvae of Perciformes accounted for 57.9% and
73.6% of the total collection, respectively. Fish eggs belonged to 3 dominant species: Sillago sp., and Callionymus
sp, and species of the family Sparidae. The average abundance of fish eggs and larvae were 614.55 individu-
als/1000 m® and 3.69 individuals/1000 m®, respectively. Horizontal distribution of abundances revealed that in
general, the abundance in the central islands of Daya Bay was the highest, followed by that in the artificial reefs of
Daya Bay. The value of Shannon-Wiener index (H') for fish eggs in the investigated area ranged from 0.05-2.26,
with an average value of 0.86, while that for larvae ranged from 0-2.53, with an average value of 0.86. The value
of Pielou’s evenness index (J) for fish eggs ranged from 0.02-0.99, with an average value of 0.5, while that for
larvae ranged from 0—1.00, with an average value of 0.52. The results of Pearson correlation analysis showed the
environmental factors that were most correlated with the population were temperature and dissolved oxygen (P<
0.01). Low temperature and low dissolved oxygen, within their respective suitable ranges, were more beneficial to
the growth and development of juvenile fish. The spring and summer were important periods for fishes to spawn,
and the central islands were the key areas for the reproduction of fish in Daya Bay.

Key words: fishery resources; Daya Bay; fish eggs; fish larvae; environmental parameters
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