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Fig. 1 Survey area of Qixing Islands spawning ground reserve
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Jo kS B FhH BE % 45 € IR BUR W F, 0%
B AR B m 2 AR, X T Io i S AR S
ASEMAT 4 o BT E RS (AR IX %
GRS b R K P ) U
13 HIRAESSH

(1) fabp A HE BT I

G.=N,/(SxLxC)

Kb, G, Fon L UIEUFHE B TT IR R, B kL
FEREAL T K (ind/m?); N, #2751 sl A1 fa A%,
AN SRR/ B (ind); S Feam S Bl R ) 1 A,
BT K (mY); L3RR C FoRii
HZIEE, 1031,

(2) LTI

K FHAR XS # B 45 5 (index of relative impor-
tance, IRI)XJ i1 B FIAFHE 2 1 O3 A7 3507,

IRI= N%x F%x10*

2, NY% 7 B 1 B B34 FHE 0 55 U5 B R 5%
VR T LBl %o i £ B9 SO AFAE £ HR A
MR, IRI>1000 HYFPEPEHF; IRI=100~1000
(EIESSN A

(3) FERL T

K HI Primer5.0 FX6) £ B FAFHE €07 SR AFAE
AT YR I EHE S EZ 445 JE 53 BT (nonmetric
multidimensional scaling, NMDS)[IQ]O HEVR [B] 1) 22
5 MR 5 R OAH UL K 5 (analysis  of
similarities, ANOSIM)AE S84 £ 04311 7 i, 1y
i Z2 B (Stress) A K /NS NMDS 4 15 B4 B %
B L FEE: Stress < 0.05 FE78 NMDS HEF K %%
RARGF; 0.05<Stress<0.1 F/x NMDS HEJ7 EI 2R
SATT {7 0.1<Stress<0.2 /8 NMDS HEF E5UR
HA —EMn{EE; Stress=0.2 ¥/~ NMDS HEF
PR A B i g e P,

(4) IEEH T34

K RE T P linkET BP9 52 i fa0p | 1
HEAf 5 3R385 [H 7- 56 22 1Y Mantel test AHIE /M, 2K
H Canoco 5.0 3RA4:XT 0 5P FTHE A P Fh 3= B 5 35
BTG R BEATHISE, B B A (W] #0904 HE £ 52
B FREE T B FEE 6 A A AT I R
W F 53] 43 BT (decentred correspondence analysis,

DCA), R4 &1+ B K/ (length of gradient
axis, LGA)EFE iR Ok o LGA<3, Wik H£I0
A #r(redundancy analysis, RDA); LGA>4, Jij %
P HLHT XF )% 43 HT (canonical correspondence analysis,
CCA); 3<LGA<4 i, PiFh#En] iz A%, 4 DCA
SIATEE R, AR ITAR 78T (RDA),

K H Arcgis 10.8 FA 2 il st {57 B LS Bt 25 73 A
€], Microsoft Excel . SPSS 26.0 Ak {4 75 da Ab 24

2 HRS5HMH

21 MEAMRERENL

2018 4F 3 ALk i A R E M BN 188 Fi, fF
fefn 73 8, BT 6 H20FL 37 (K 1), BB H
i, NI 58.33%, M, B 12, )8
5 H 8 B, 89 HME R £(58.33%); {FHEf 28
i, S 5 H 16 B, #9F HR K5 £(57.14%). 5
Az, 23 Fh, 51t 63.89%, Hrfr, g
(83.33%) . 1FHEML(57.14%) 4 5 AR5 ik
Z ., Y AFHE @ AT B2 5 00 O g (Engraulis
japonicus), J¢ 3k ffi(Harpodon nehereus). i [F %
(Decapterus maruadsi) . fiftfifk(Coryphaena hippurus),
3 AR 0 8 A 1 e IR e Sk £ RN i

2019 4 3 MU A LR AL A BN 1302 K2, 1T
Mef 205 2, sRIET 9 H 22 Bl 44 Fh (3R 1), BB
HRhEiZ, 5 35.71%., Hod, g 22 f, s
J& 5 H 10 B, #98 HR2E 5 £ (31.82%); 1T
Mt 24 A, FJE 7 H 16 B, B HFREKZL
(37.50%). 5 HFpiRZ, 23 Fh, 4k 54.76%.
Hodr, 00 (50%) AFHERL(62.5%)¥8 R 5 H Fp2E &
lbie 2, P, fFfEm g R nl i sk
fii . fi#(Planiliza haematocheilus). % [Fl65 . g
(Planiliza carinata), 3 ™t U Y i £ 34 & & IS
T £11(Benthosema pterotum) Flfift .
22 MBM, EEMARRERETL

2018 AFa PO 3 R e Sk fa FIBE A% (Konosirus
punctatus), {1 H#E 1 L 3 Sy BE I A /) 2 £
(Solephorus commersonnii), 2019 44 B HFh
i | ALK E FP(Soleidae sp.), FEEFONBREES | iz
i LA e m 4k #41 J R 7€ b (Johinius sp.); AFHE 1 A9 G
PR, HERh A fE 6 (Lateolabrax japonicus) .
oF B2 M & ff1 (Chaeturichthys stigmatias)(&l 2).
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F1 LEINEFPHRPE 2018—2019 F & PAFHAF AR
Tab.1 Speciescomposition of fish eggs and larvae in Qixing I slands spawning ground reserve in 2018—2019

" 2018 2019 o
S::Cj;s 4 A 5H 11A 47 5H 11 A ﬁ;
Apr. May Nov. Apr. May Nov.
#EF Clupeidae
B Konosirus punctatus # O O E1801; E1904
/N T 0 JE R E Bl Sardinella sp. A
2%l Engraulidae
fiz Engraulis japonicus W (@) AO A (@) AO A g}g?g :ig}g’
H# ) Setipinna taty * A @) E1906
R AR /Nt Stolephor us chinensis * A A1822
J3E EG A /N2> 1. Stol ephor us commersonnii - % A A1819
/NS R R 2 F Stolephorus sp. A
#/K &R} Osmeridae
2 [G 4 1. Neosal anx ander ssoni ¥ A A1924
¥ & Fl Synodontidae
J¥3k i1 Harpodon nehereus gAs AO O AO AO AO Egg%’lﬁifgfz
g il J& K 2 Fh Saurida sp. O A
KT% £ % Myctophidae
£ £ JEJT 1 Benthosema pterotum * A A A A Al915
LT 5 £ Bl K %€ F Myctophidae sp. A
% Mugilidae
#f2 Planiliza carinata * @) @) OA @) E1806; E1910; A1910
fi# Planiliza haematocheilus Y O OA E1914; A1917
fifff Mugil cephalus * A A1923
iR )@ A& 2 Fh Planiliza sp. A
B R Pegasidae
1 1% 1. Pegasus laternarius * A A1904
%} Scor paenidae
5 fih Sebastiscus marmoratus F A A1905
i fill Erisphex pottii gAs A A Al914
&%} Lateolabracidae
Acfiti Lateolabrax japonicus e A A1907
### &l Coryphaenidae
fift it Coryphaena hippurus Y AO @) O E1912
#%] Carangidae
% /%5 Decapterus maruadsi * A AO AO A1805; E1909; A1909
55} K € i Carangidae sp. O O
%} Sparidae
BB} E R 1 Sparidae sp.1 0 o
Bl A E Fh 2 Sparidae sp.2 O
AHEEF Sciaenidae
K # £ Larimichthys crocea # O E1809
/¥ A Larimichthys polyactis e A Al1815

(f§8L to be continued)
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(8231 Tab. 1 continued)

GBS

species

2018

2019

4 A

Apr.

5H
May

11 A

Nov.

4 A

Apr.

5H
May

11 A

Nov.

i

code

AH &R Sciaenidae
#ifita Nibea albiflora
nu 4t £ Ja8 A 72 Ff Johnius sp.
A E fABREF 1 Sciaenidae sp.1
A E AR ER 2 Sciaenidae sp.2
F &7 Mullidae
H 7R £ Upeneus japonicus
fi#l 7} Theraponidae
41145 Terapon jarbua
g7} Blenniidae
/G EI Parablennius yatabei
% JH #38# Omobranchus elegans
REE&ER Gobiidae
Bl £ £ Synechogobius ommaturus

Ve

N HFEE £ Amblychaeturichthys hexanema v

“HF & £ Luciogobius guttatus
7F RS &1 Chaeturichthys stigmatias
Fir B AR T 12 £ Odontamblyopus lacepedii
Fe4m IR g 0 Tridentiger barbatus
R pg AR E A Gobiidae sp.
EF &% Siganidae
K fE % 111 Siganus canaliculatus
# &R Trichiuridae
74 Trichiurus lepturus
#57} Scombridae
[ % Auxis rochei
fiff Euthynnus affinis
fifj J& & 52 F Euthynnus sp.
W48 Rl Nomeidae
8 JE R E R Psenes sp.
#5%} Soleidae
H 75481485 Pseudaesopia japonica
BHRLA E Fh Soleidae sp.
EH#% Cynoglossidae
5 W) 2175 5 Cynoglossus joyneri
& BRFL K EFF 1 Cynoglossidae sp.1
B R Monacanthidae
223% #R ik fili Stephanolepis cirrhifer
tili &l Tetraodontidae
W 1ig 75 77 fili Takifugu xanthopter us
fuli B} & 22 Fh 5 Tetraodontidae sp.5

w
Ve

(@]

A1803; E1905

A1920

Al814

Al1818
A1809

A1902

A1807; A1901

A1802

Al1913

A1906

Al817

A1908

A1801; A1903

E1920
E1917

E1913

A18011; A1916

A1804

(f§8L to be continued)
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(8231 Tab. 1 continued)
2018 2019
LS Hi '
species 4 A 5H 11 A 4 A 5H 11 A code
Apr. May Nov. Apr. May Nov.
SREM unindentified species
Gen. sp.1 A
Gen. sp.2 O
Gen. sp.3 O
Gen. sp.4 O O
Gen. sp.5 e)
e OfmuN, AfFHEM, *BEIRFD, o BEAKF
Note: O fish eggs, A fish larvae, ¢ warm-temperature species, * warm-water species.
VA
Lateolabrax japonicus
o 652.01
oo FRAFR
Engraulis japonicus Csaitamgits syhthciruteah
B NA 1233.43 183.26
Stolephorus commersonnii
1310.88
o
66.59 %ﬁ S,
e,
1ag
5
1 4t
) NE*%# JO}lnius sp. .
84.33 o3k 4 Harpodon nehereus
iR Planiliza carinata 9305.57
326.27
. S
end nippe™
Cofypha
[TUN
‘0\5,42 o
o
SV
st
£ b‘%'\% /
® B
Konosirus punctatus
2508.03

B2 BRS80S R AR ER | A £ I 3 Ao A E 2 4 A

Fig. 2 Composition of dominant species and important species of fish eggs and larvae in Qixing Islands spawning ground reserve

23 H=ESH

2018 AE KRB 188 ki, 13 NJEA A P A
9 Aufr BN, HEUIR 69.23%, 45Uk
HTE 0~83 R Z Al 3N, V% 14.46 Ri/ulh, fix
P =R A i R A i R QP
(715.89x10° Hi /37 75 K); REAFHEM 73 B, 13 4
PHA AR 12 AU B HE R, B R

92.31%, FubNKETE 0~36 B A3, 1%
JE 5.62 BB /v, v (B T 1 A DX IV 35 10 2
B(75.31x107° RB/37. 07 K).

2019 4ESRAEFEP 1302 ki, 13 DA A
12 b7 DN, IR 92.31%, a4
TE 0~318 FiZ [a) i 8h1, P34 100.15 K/, e
(B A7 F 8 A5 96 5 AR 0 1 2 v X 4k BRI (971.66%
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107 Ki/~7 97K, REAFHE 205 |2, 13 DA 7

1~47 RBZIa1sh, S 1577 BB/, weEis

H A AFHES M, HEUER 100%, AubfiBoere TR R /KB (80.42x 107 /7 77 k) (181 3).

N .
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. [ J
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o 10-100
2667 1.7 SEES ®100-200
' ot 200-1000

120.33°  120.67° 121.0° 121.33°  121.67°E

B3 b A= PR X A B R ATHE o R 2 R e s oy A
a. 2018 4R 0; b. 2018 4FATHEf; c. 2019 4E A BE; d. 2019 4FATHE .

Fig. 3 Density distributions of fish eggs and larvae in Qixing Island spawning ground reserve
a. Fish eggs in 2018; b. Fish larvae in 2018; c. Fish eggs in 2019; d. Fish larvae in 2019.
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INARE; D OB TS X M, DSk
FBEAR Ry 3 ARG 50 (ANOSIM)AE S $ £ 041
Bras R Bon 4 DR A7 72 B 3% 22 5% (Global
R=0.833, P=0.001), #BH 2018 4F-ff G FIf1-HE £
REEHIX B 22 I B . NMDS HEF Ao 250k
0.07 (stress<0.1), FRIHHEF RS,

2019 AEFTA SEAIAE 29.35%FH L35 $oK 7
R E. Fo G. H, 15484, Hob E #E7
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[CAR 7 iR ;2 £ (Odontamblyopus lacepedii) . 5 2 7l
IR B f21.(Synechogobius ommaturus) iy 5 F BEA T
AN, DU | e Sk f00h 325 G BEGL T4
WX ZAM, Dogsk . GERES . fE . B
B2 35 H B T A v b s, LIRS LA
AT F; T B TR A R A, LA (Mugil
cephalus). Je3k ik 3. AH UKL 58 (ANOSIM)
S L IO EE R BN 5 ADNREAAFTEN 3 22
5t (global R=0.953, P=0.001), ZHH 2019 4z 5 Al
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58 RN 0.13 (stress<0.2), FH] NMDS 7 &l H
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K4 LRI X 2018—2019 4F i B AFHE 98 25 5 528507 Al NMDS HE 7 14

Fig. 4 Group average clustering and NMDS ordination of sampling stations of fish eggs and larvae

25 MERTFSW

Mantel test 73T &5 R FLH (& 5), 2018 4FJEEER
(BSS)-5 f01 B 43 Ay 122 i 3 1E AH G (P<0.05) X &, K
& (BST) 5 £ B 43 A A B IE A OGO &R Kb
(SSS)S A1 70 A1 A 5 IEAH R L FR . 2019 4F K
R (BSS) FI £ (Lon) -5 £ B 43 A 22 5503 1E AH 56 ¢
F; VR A (DO) 5 A1t £ 4 A 2 4 I8 3 IE AH ¢
(P<0.01)% %,

RDA 7 Hrés R R B (E 6), 2018 4F 10 35T
7R T BN R S IR RN 53%, SH—4
(RDA-1) 5% — i (RDA-2) [ F (B 2 514 0.1178
A1 0.0990, 5 IREEE T A9 AH 7508 0.9730
F1 0.9258, RDA-1 MJZERFRIK & A 3 (R
F=2, P=0.026, &3¢, RDA-2 BS54 RI% %
PER I (E N F=1.9, P=0.006, WM, B,
e Sk £ B 37 JRC TR K, it D 37 3% TR
R, K fa(Larimichthys crocea)ffi B 3= 357 %
FARZ IR 10 DI TR RE T AT HE L R 5 20

BEZAN 45.9%, F—HH(RDA-1)5% —#lI(RDA-2)
AREAE(E 43590 ) 0.1268 F1 0.0813, H 54+
AR I E SR 30 0.7987 A1 0.9221, RDA-1 Y52
iR E MR E ) F=2.3, P=0.002, 3%
I, RDA-2 WIS RIE B E MK E N F=
1.2, P=0.238, K2 8L A Gk . 22 7 4 i
(Stephanolepis cirrhifer) . &l (Terapon jarbua)
Z AR pH 2R, Hilfifi(Nibea albiflora)
i) | A HF g £f (Luciogobius guttatus) ,  #5 # 75 Jy fill
W& . %8
(Omobranchus elegans) . /\ #f &l i (Parablennius
yatabei)sZ £ BE 52 0K, Fe 4 i I8 £ (Tridentiger
barbatus) 3= 2L 37 1 ML RN A S ), g Sk £
il R = A 1 N/ £ RN Rl 1 0 /AN
(Stolephorus chinensis)sz i . ¥ i 2 52 MR AR,
Wi (Trichiurus lepturus) . 7~ 225 B2 i pg 1o 3 5%
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Fig. 5 Correlation analysis of fish eggs and larvae with environmental factors by Mantel test from 2018 to 2019
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Fig. 6 Redundancy analysis of fish eggs and larvae with environmental factors
a. Fish eggs in 2018; b. Fish larvae in 2018; c. Fish eggs in 2019; d. Fish larvae in 2019. SST: surface temperature; BST: bottom
temperature; SSS: surface salinity; BSS: bottom salinity; DO: bottom chemical oxygen; Chl.a: chlorophyll a; Turb: turbidity; Lon:
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Abstract: Elucidating the occurrence and persistence of spawning grounds is warranted to minimize the damage
caused by human activities to fish. Fish eggs and larvae, which aggregate in high numbers in a limited area, can be
particularly vulnerable to negative environmental impacts. The increasing pressure on the fishery resources in
Zhejiang fishing grounds have led to a sharp decline in the resources and damaged the structure of fish
communities. In 2017, the government established the Qixing Islands and other 9 spawning ground reserves to
protect and repair the resources of the main economic fish species. The Qixing Islands are a group of outer reefs in
the southernmost part of Zhejiang Province. Located at the intersection of Taiwan Warm Current, Zhejiang and
Fujian coastal currents, and the Kuroshio Current, the waters around these islands provide suitable hydrographic
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environment and abundant food resources, making it an ideal spawning and nursery ground for many fish species.
The fish eggs and larvae phase marks a crucial period in early fish life as it is a highly sensitive and vulnerable
stage. Changes in its abundance can directly impact population recruitment. Therefore, understanding the
community structure of fish eggs and larvae is of great significance for conserving and utilizing marine fish
resources. Additionally, fish community structures respond to the changes in environmental factors in the waters
where they are located. At present, limited research has been conducted on fish eggs and larvae in the Qixing
Islands spawning ground reserve. This study aimed to explore the correlation between the species composition of
fish eggs and larvae and their relationship with environmental factors in the spawning ground reserve of Qixing
Islands. Samples were collected during six cruises conducted in 2018 (April, May, and November) and 2019 (April,
May, and November) using a large plankton net. These samples were then analyzed to assess the species
composition, spatio-temporal distribution, community structure, and their relationship with environmental factors
of fish eggs and larvae in this area. A total of 1490 eggs and 278 larvae were collected, belonging to 9 orders, 26
families, and 60 species. The most prevalent species of eggs included Harpodon nehereus, Konosirus punctatus,
whereas those of larvae included Engraulis japonicus and Solephorus commersonnii. The spatio-temporal
distribution of fish eggs and larvae exhibited a non-stationary characteristic, primarily in the eastern part of the
surveyed area. Moreover, there was a higher density of fish eggs and larvae in 2019 than in 2018. Cluster analysis
and nonmetric multidimensional scaling (NMDS) sorting results indicated a highly significant difference (P=
0.001) in the cluster composition of eggs and larvae, and the community structure was characterized by obvious
regional division. Mantel test correlation analysis and redundancy analysis showed that environmental factors such
as temperature, salinity, and dissolved oxygen were closely related to the distribution of fish eggs and larvae. The
study indicates that in the early stages of establishing protected areas, there has been a positive impact on the
replenishment and restoration of early-stage fish resources. However, the area is predominantly characterized by
small-sized and low economic value fish. In light of existing measures for the recovery of fisheries resources, it is
recommended to further strengthen the conservation efforts for economically important species and promote their
rational development and utilization. Spawning peaked during spring, with the reserve being predominantly
populated by warm-temperature or warm-water species of fish during both spring and autumn. Less significant and
smaller species dominate over those considered more significant and larger within the community. The spatial
distribution trend indicated that the eastern part of the surveyed sea area was closer to the closed area line,
followed by coastal areas and central region. Eggs were mainly concentrated in the waters around the closed area
line, and larvae were densely distributed in coastal waters. Temperature, salinity, and dissolved oxygen influenced
the distribution of eggs and larvae. The community structure of eggs and larvae in the spawning ground reserve of
Qixing Islands was in a state of dynamic change, and the establishment of the reserve played a positive role in
restoring the early resources of fish. The reserve remains the spawning and nursery ground for most fish species.
Consequently, resource protection must be strengthened and rational development and utilization of economically
important fish species must be undertaken by building upon the existing restoration measures used for fisheries
resources.
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