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Tab.1 Sampling information of recent (2015 to 2021) and historical surveyson early life stages of fish in Liaodong Bay

A AL Ay A1k H /A 4 5 WA R Bl 25 3CEk
survey institution ~ year  start and end date/month station number survey net sampling method data reference
HOHE K 7B 5% 2015 5.19-5.30 28 KAIFi#E Y macroplankton net KP4 horizontal trawl 7Y this study
3? I 2015 6.13-6.25 29 RENFFAE 4 ™ macroplankton net 7K 4™ horizontal trawl  ANHF5E this study
ellow
Sea 2015 8.05-8.17 29 REFFAE 4 ™ macroplankton net  7KF-4 ™ horizontal trawl  ANF5E this study
Fisheries
Rescarch 2016 5.16-5.26 28 KA 4 ™ macroplankton net  7KF-4 M horizontal trawl  ANF5E this study
Institute 2016 6.18-6.28 29 KIUTFUFAE PR macroplankton net 7K™ horizontal trawl A5 this study
2016 7.18-7.24 27 KIUFFUFAE IR macroplankton net 7K™ horizontal trawl A5 this study
2016 8.02-8.12 25 KIUFFUFAE IR macroplankton net 7K™ horizontal trawl A5 this study
2021 4.11-4.17 23 KIUFFUFAE PR macroplankton net 7K™ horizontal trawl A5 this study
2021 6.06-6.14 19 KIUTFUFAE IR macroplankton net 7K™ horizontal trawl A5 this study
2021 8.22-8.25 20 KIUTFUEAE IR macroplankton net KP4 horizontal trawl A5 this study
2021 9.18-9.22 25 KIUTFUFAE IR macroplankton net 7K™ horizontal trawl A5 this study
2021 10.13-10.19 25 KIUFFUFAE IR macroplankton net 7K™ horizontal trawl A5 this study
2021 11.18-11.24 25 KIUFFUFHE PR macroplankton net 7K™ horizontal trawl A5 this study
2021 12.09-12.10 25 KAV )W macroplankton net 7K -4 horizontal trawl AT this study
WOAKFEHFFTRT 2013— 2. 5. 6. 8. 10 H  16/13(% %) KAWEFAHIM macroplankton net 7KF-Hil¥ horizontal trawl |4 ZE
Yellow 2014 | February, May, June, 16/13(winter)
Sea 2014-  August, October
Fisheries 2015
Research {9 3 1 : o [25]
Institate 2009- 5.8, 10 A 16 KALF#E Y macroplankton net 7K -4 horizontal trawl 4 it f1:
2010 May, August, October
1998  525-6.04, 8.05-8.13, 15 KL E MM macroplankton net 7K F-4i % horizontal trawl 2 5 £F 4524
10.08-10.16
1992—  2.15-221, 525-6.07, 18/6(%Z) KAPF#A Y™ macroplankton net 7K F-4i M horizontal trawl Ji Fif 5 %5 (23
1993 808-8.18. 10.07- 1021 18/6(winter)
1982.04 JH4E% H 12/4(%&Z5)  KAVPFHF4 9™ macroplankton net 7K F-#i ¥ horizontal trawl 22 7 {15 4512
21 983.0 month-by-month 12/4(winter)

ALK 2014-20
FIBISEBE Liao- 1€
ning  Provincial

Marine  Fisheries 2008
Research Institute

throughout the year

3.5.6-8, 104
March, May, June—

August, October

5.25-5.29. 7.25-7.30, 46
9.24-9.30.10.25- 10.30

28 KISVE#AE IR macroplankton net

water type I plankton net

JK -4 ¥ horizontal trawl #& v &5 27

horizontal/vertical trawl

WK 1 BRUEAEYM shallow- K F / & B O W FHEHD

W Hok THRIE A MBS (MK 145 cm, 42 50 cm, FL42 0.505 mm, MO EFA 0.2 m?).
Note: shallow-water type I plankton net (145 cm length, 50 cm mouth diameter, 0.505 mm mesh size, 0.2 m*> mouth opening area).

12 &0, FHEZEZEMETEZ~PH

0P A £ T R R R A B U T
(ecological density of number in early life history,
EDN-ELH), 7EEHise Bt B2 rp, Ay /K SF-4i o) k
JEME L AR R ], 8T R BT L A A R B A
il A i A e A3 BT LA A3l g P SEE PR e AR A B | AT
HE R0 (ind /haul /fE A 9 TR BEFRPRET T HE AR

gﬂ%ﬁo

AR Hh 18 A 1 (] 7 30 2R V8 I 0 vt o B A 2
TR R P S B ek 2 R R R (B O | fTAE £R )
S-S5 O U R R A AR O O O A 0 1)
oF PR £ S U BRI R R T 13 Bl sl R
YIRS BT 100 ind./haul BATHE 7 1 %%
VR T 50 ind./haul (9 H £y, Bk 8
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Fig. 1 Sampling areas and survey stations for fish eggs and larvae in the northern waters of Liaodong Bay
a. May, June, and August in 2015 and 2016, and April, September, October, November, and December in 2021;
b. June and August in 2021; c. July in 2016.

1.3 faip, (FHAIEEEMFMEST
131 &, FHEEMEMLBEE R Pinkas 4
%o} T EPEFE £ (index of relative importance, IRI)"?!
JEARYE IR (R K/NFIWT 2 A 3t Bl . fFHEf Y
PEFAFIARI=1000), FEFF(1000>IRI=100)., &
LA (100>IRI=10) . — AP (10>IRI= 1)F1/b L F
(IRI<D)PY, HFE AL T
IRI = (N% +W%)x F% (1)
IRI = N%x F%x10* )
FETC T, N%ZR7R F A0 51 sl A7 fa 45
o7 24 7 A o O AR B BOR A E A Fo%l
S £ B BT A AR Sl A HE B W R
PyRh e PR A A b A Ay b TRUREERCHE 2R B,
Z R B AR W A R 22 SN (R F 2 T
0.001 g/kr, 1FHEfH 0.005 g//8), fAifk IRIFHE({L
TE N%5 F%) 5588 A HF — 8k, XA
TR AN, %k A FRT AR 28 2 L 28 2 28
132 ARMEEH HMHAMKERREkKE
MEREYS S H PRIBl I P Rh R, 283X
A
T A+B 3)
T3, ARIR AN E P g im0 5 08
DRZ RN, B WA AN F 1) AH R P i e s
133 STEGHITSH  H49% Bray-Curtis FH{BUEE

FEFESS, XFaon ., AFAE g ik A (i ROE 31T
RIS (cluster analysis) M AF B 1 22 4EbR B 43 Bt
(non-metric multi-dimensional scaling analysis,
NMDS) LA % #F v 25 0 47 0F 58, 4 138 &R 4L
(stress)/NT 0.05 B, FKUISHr 45 R HA BAF R
FAEPSSL, T YAIF NMDS 5 SR 9 T e, SR A
AHALLPE 53 HT (analysis of similarities, ANOSIM), Jf:
LA Global R E AN P {EAR A bR . it — 4R
SN (] £ BT 55 47 £ 7 2 01 ) 2 BEARAERR, X
& 7y B 95 SE AT AH AL 4 L 43 BT (similarity
percentage analysis, SIMPER). FH{LL4: DTk % RN
IKF] 90% Wy HT, AL AL FEE R

WA, R R AR 5T F A A A 6T AR AL 155
GERNSE I, A 0 B 5 AT HE fo i IR % R A
Bk T log(x+ D AT ARMEAL AL B
1.4 FREIMEHEFF 54750 Mantel 1038

TUAY /M (redundancy analysis, RDA)FIHLE X
V.43 (canonical correspondence analysis, CCA)J&
Pl Z W) Fh AL 1t 5 22 P05 PR 178 s AR DG PR A
RO o PERERRHET J73RT0, Xy A% e e 3 i)
KT W 43 M (detrended correspondence analysis,
DCA)E R a1 HF 7 5l 5986 B K JEE (length of
gradient, LGA)J|Wir kA RDA 1 CCA, # LGA>
4.0, WK H CCA4r#r; #7 LGAALTF[3.0, 4.0]1X [H]
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P, CCA Fl RDA ¥ {if; # LGA<3.0, NiRH
RDA ZMHiP% f1 T LGA HHEME N 4.2, R HSLEA
MATHT(CCAYHEAT AT . FEA 25T, Mantel
R385 FH R A3 BT B V% B 5 4 [ (B35 F Bray-Curtis #H
) RN A A o R R R R 2 TR A A e g
FEE LA PAE/NT 0.05 AbrifE, Hd Mantel 41
KRB r>0 FRIEMIE, r<0 N F /R fARER,

TERRHE B B B, 4300 DL A v s H 0 F E
B PR P AR = 5% A £ BT R0 HE £7 E IR
W PR R BCIR B o R I BRI 2 R
Wi, Xt BTG fa B 5 7 A ) 0 D 2 R A 38 i A 7
log(x+ 1)/ b B 081,

WA BT AR A5G SST. SBT. SSS. SBS.
Depth, RD & WW. RGlFk L EILL M, ff
P75 22K R 7 (VIF, BIMER 4)PVR B R b Al
KEBNIAT AR, FEE, AL ESS
R ELR, YT AR IR IEAT log(x+1)F5
b BB 2R R 92 i 45 R R, SBS 5
SSS(VIF=6.32, r~1.0)Ll J% SST 5 SBT (VIF=4.61,
r=~1.0)Z [EfF7E /= E ALt . S8 T U MmirfE A
FEIM KR IZ, RJZ IR T X H 5 5
i3, WA R SST . SSS. Depth, RD Fll WW
VM f B8 T 5 22 Mantel K256 Al CCA 434
1.5 HIES AL A2

5% SST. SBT. SSS #il SBS j#E47 3 ¢
B oz [aldf(E, R ArcGis 10.7 FAF2 65 A b
fii . faBp . fF#Ef H PR EDN-ELH, SST. SBT.
SSS #il SBS %5 [i] 43 #i 4]

CLUSTER ,NMDS } SIMPER %4 /3 #7 Fi1 4
RIGUEE 2 7058714 4 PRIMER 5.0 58 Ao

ffi ] R 155 F Y linkET #2751 T Mantel K
B, AT B AT f 5 R PR T 22 ] A A DG o

X H Canoco 5.0 84 H CCA 43 M T R AR 2R
35 DR X B R 0143 )5 W 2 R AR5

2 ZHERE5HH

21 &I, FHAeFEAR. EBRHEEME
AT A), 3T AR T b R U G 3 R 4R b

41907 ki, fFHEf 9812 BB, &/rirsE, iRy

WA REIIR S1 M, FET 9 H 31 8L, H,

g 23 0, 5 H 16 B, WiREHE H 6 fi | SiHE
H28. 692 H 10, 602 1 # 8IEH 4 F;
fPfEfD 45 Fp, s 9 H 27 B, @EEEIEE 7 5 G
JEH 27 # L i0E B 3 8 g8 HMEE H 45 2 i,
W E . wistaE | 82 HMEE B4 1 M GR
2)o 4 A A RER IR, (UL 3 FrHEf, I
7 [C = 8 (Pholis fangi) (% 3). 5 A1 R4
B o FheaBPFN 17 MAFHEM, fOPoR B H R,
o S 40 35 B 8 (Setipinna tenuifilis) . 1 A D5
(Scomberomorus  niphonius) Fi fifi (Platycephalus
indicus); {1 ff fa 5 L Fh S K 4R 4 (Protosalanx
hyalocranius) 1 f& (Planilaza haematocheilus) (#
3)o 6 A HRAER 17 R ORI 25 FifFHES, Ny
SAEMERZ ) H Oy MUPTCIHE T, TSRy
fit(Engraulis japonicus) . %5 W) £ 7 #5(Cynoglossus
joyneri) . [ 4 fii (Pennahia argentata) . MY & fir
(Johnius grypotus) . # #l F1 7% £ ¥ i (Thryssa
kammalensis); {1HEfa Jo L # R, & b 52 Fp (R
3)o 7 A RS 13 Fha b 18 FifrHEfa, bl
DEFRh S W) 21 85, AFAE A F R o o B b i
(% 3)o 8 A HRAESR] 9 PPN 13 FfrHEfa,
1 O ARSAFP S W) 21 8 AP TR S,
T b A 5 B (Konosirus punctatus) Ff&2 (% 3). 9
HOyREEF] 2 Fpfa bl 2 FRAFAEfa, e AFp
Jy 2 g5 5 (Cynoglossus semilaevis); f7-#E £ ) &
FERP O HR U B (Thryssa mystax)(% 3). 10 A f32k
L3N 3 AP BRI 2 P AFAE R, faBRJoi SR, B
i ok B8 F01 4E % (Lateolabrax maculatus); HE £ (1
Ol &F IR IR (Syngnathus schlegeli) Fil & ff;
£ (Ammodytes personatus) (% 3). 11 A {CR4E
B 1 Fh e G AN 4 FPAFHE R, AEPIJCOLIAF, B E
SR AFHE A LR R KU 7S 4R £ (Hexagrammos
otakii) (% 3), 12 H {3 R IR H e 2 Rh; RAE
2| 4 FirHEfa, PLRAFIR EHfAGR 3), AR
PRI O IE S A TR =T A TR 12 A
FEONH N AR AFHEA LR IR,
GUEE TR R | R L0 . m | SR
M fPHEfE AR . BEAE . KM Ok
BRI R o (R 4). REUINE, 254
SRAFANFEE FNEARAE ML 2 S R BRI, 4 H &9
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Tab. 2 Species composition of fish eggs and larvaein the northern Liaodong Bay from April to December,
with spawning types, thermal preferences, and habitat types of corresponding adults
e I e
il ik #5 ﬁiii #m 48 SH 68 7H 8A 94 10A LA 124
family species €82 adaptation habitat Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec.
type type

%} Clupeidae BEHiZ Konosirus punctatus Pel WT  CPN O Oe Ce e
8} Clupeidae HiND T4 Sardinelazunas Pel WT  CPN oce O Oe
%R} Engraulidae #i% Engraulis japonicus Pel WT  CPN O oOe O Oe o O
#%F} Engraulidae IR B R Thryssa kammalensis Pel WW  CPN o® O e
6} Engraulidae iR B2 Thryssa mystax Pl  WW  OEP °
28} Engraulidae JRUEF Coilia mystus Pel WT CPN oce
5%} Engraulidae ZHl)) Setipinna tenuiifilis Pel ~ WW  CPN © O Oe Oe
HIAFL Atherinidae 1 FRARTN A Pel WwW  CPN ()

Hypoayherina valenciennei
fifP} Hemiramphidae ~ 7PFS M Hyporhamphussajori ~ Adh - WT  CPN e o
W JPBl Syngnathidae  £F[GiF i Syngnathus schiegdli Ovo WT CD PY Py
IRl Syngnathidae ~ H SIS Hippocampus mohnikei  Ovo WT  CD ®
fi¥#} Sphyraenidae JHifi Sphyraena pinguis Pel WT  CPN O O
iRl Mugilidae fi% Planilaza haematocheilus Pel WT  CPN ce Ce e
{58} Serranidae 1E87 Lateolabrax maculatus Pel WT CRA @ 0 °
KGR Apogonidae 4145 K411 Apogon lineatus Adh WT  CD O e
fizh} Sillaginidae /LM% Sillago japonica Pel wWw  CD e Oe
A EaFL Sciaenidae /N £l Larimichthys polyactis Pel WT  CBD O O
i faF} Sciaenidae Flf4 Pennahia argentata Pel WW  CBD oce 0@
AE 0B} Sciaenidae  BY4fiff Johnius grypotus Pel WT  CBD O O
£5%} Sparidae FLfi Pagrus major Pel WT  CD oe
##F} Blenniidae ZEJH i3 Omobranchuselegans ~ Adh WT  CD ®
i8R} Pholidae J7 [CZ:#4 Pholisfangi Adh CT CD e o o ° °
L3R} Stichaeidae 72l Ernogrammus hexagrammus - Adh CT (D )
HEHHEL Pholidae %4 Azuma emnnion Adh CT CD PY
LffitaRl Ammodytidae Effifa Ammodytes personatus Adh CT CD e o o PY PY
iR Callionymidae 4kfigiCallionymus beniteguri Pel WT  CD o oOe ®
A# R} Trichiuridae /N7 Eupleurogrammus muticus — Pel WW  CBD ce 0@ O O
%R} Scombridae 5 14 i Scomberomorus niphonius  Pel WT  CPN oce Oe
IR & Rt Gobiidae SRR Adh  WT  CD e o o o

Tridentiger trigonocephalus
WFpE 4R} Gobiidae PRI Ynechogobiushasta Adh WT  CD ()
WREELIAL Gobiidae PSR P A Adh CT CD [ °

Chaenogobius stigmatias
HRpEAaA}L Gobiidae PRI SR A Adh  WW  CRA Py

Favonigobius gymnauchen

(f¥%% to be continued)



930 [ K R 2 %3245

(&% 2 Tab. 2 continued)

i . HHG e
\ , EEE
B Py T e S 4N SH O 6R 7TA 8 9N 104 1A 12
family species egg dai)tation habitat Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec.
type type
WRpEfF} Gobiidae K MHFpE£s Chaenogobius gulosus Adh CT Ccb (]
IR Rl Gobiidae HHE IR AL Adh CT CD PY
Acanthogobius flavimanus
WAl Gobiidae 4IPS Luciogobius guttatus Adh WT  CD e o
iR g Rl Gobiidae ANLAELRIF R A Adh WT CD )
Amblychaeturichthys hexanema
R A0} Gobiidae TRt Adh WT CD e o o
Chaeturichthy stigmatias
HREE A} Gobiidae K AR B MR BE 5 Gymnogobius Adh WwTr  CD ®
macrognathus
KRR A} Gobiidae L [C AN AR f2 /. Acentrogobius Adh - WW - CD )
pflaumii
UFE AL Gobiidae IR g £ Lophiogobiussp ~ Adh WT  CD )
BEWFFE £f1 R} Taenioididae 1A A MR Adh WT CD [ )
Odontamblyopus rubicundus
BBUFHE AR Taenioididae HAEHTFLIT Rt Adh  WT  CD e o
Ctenotrypauchen chinensis
AR} Hexagrammidae K752k 47 Hexagrammosotakii ~ Adh cr CD [ ) e o
#ifFl Platycephalidae i Platycephalusindicus Pel WW  CRA ce O O
A0l Salangidae AR A Protosalanx hyalocranius  Adh WT  CD e o o ®
FLALfF} Cottidae WA At Porocottus allis Adh CT CD )
ZFF} Paralichthyidae #5776 Paralichthys olivaceus Pel WT  CD O O
-l Sebastidae VEICFil Sebastes schlegdlii Ovo CT CD e o
8} Pleuronectidae R Cleisthenes herzensteini Pel CT CD O
HHHFF Cynoglossidae 45417515 Cynoglossusjoyneri  Pel WT  CD O Oce O O o @
HHHFF Cynoglossidae 2755 Cynoglossus semilaevis  Pel wT  CD o O

T COVRFERERIMIY, “ @ REREFNFMAM. Pel: FEME; Adh: FEHEMERIIHL); Ovo: B4, WT: IBiRYE; WW: /KM CT:
WIRYE. CD: KRGHEKIRIE M2, CBD: KMiZREIK FIRE M2, CPN: KRR T F2 02 CRA: KEGiZEA#EM: S OEP: K
Rl A v B2

Note: “O” means the presence of eggs, and “@” means the presence of fish larvae. Pel: pelagic; Adh: adhesion (the eggs with adhesive

egg filaments); Ovo: ovoviviparity. WT: warm temperature; WW: warm water; CT: cold temperature. CD: continental shelf demersal fish;
CBD: continental shelf benthopelagic fish; CPN: continental shelf pelagic-neritic fish; CRA: continental shelf reef-associated fish; OEP:
oceanic pelagic fish.

22 &, FHRAEEKXAEMESTE, AOBE  52.63%, NEERACME, 00 FFHE R 1
510 T IR0 71.20%F0 85.20%., 8—9 H, F

ORI GEIRFP R R R R R REEREETEE 93.10%, AU FFHE MRS
W 2 PR 2)0 4—5 A, PR ZGR PRI R 510 80.70% 1 100%. 9—10 H,
95.83%, BN FIAFHECREE T IA R0 P2 Rk B (100%), £0 B0 FIATHE (RIS
100%H1 99.70%., 5—6 H, FEREHERER  HEYMHFMES R 100%,10—11 A, FEEHER
63.83%, BN FIFHEMBE AP SM 0 o 88.89%, 0B FIAF-FEfafE ¥ 19 72440 5 1 43 S
88.5%FH 74.60%.6—7 H, FhZEEEAR R 62.00%, N 93.10%H 100%, 11—12 H, FhIEEHEER
01 1 FIATHE R VR 0 S YA SR 40 K 80.00%  75.00%, f2 BRI HE 2 E V& 1Y 7 S A0 S 1 ok
il 86.00%., 7—8 H, MREEHRI L EME  100%. SMHrEMH, FEEERAE 0—10 H ik 3
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Tab. 3 Dominant and important species of fish eggs and larvae in the northern Liaodong Bay from April to December

A g fa ) fish eggs g {1 larvae
month No. PFh species IRI No. YFh species IRI
4 H April Bl Ji K= Pholisfangi 1219.05%*
5 H May Al 55 5 Scomberomorus niphonius  795.74* B2 f& Planilaza haematocheilus 979.83*
A2 HE Setipinna tenuifilis 445.46* B3 K4Rfh Protosalanx hyalocranius 158.77*
A3 fifi Platycephalus indicus 499.01%*
6 H June A4 fi Engraulis japonicus 778.28%* & Planilaza haematocheilus 677.36*
A5 JEW)LE ) Cynoglossus joyneri 439.57*
A6 HIkfa Pennahia argentata 328.76*
A7 W4k Johnius grypotus 280.9*
il Setipinna tenuifilis 214.63*
A8 FREMEER Thryssa kammalensis 149.7%
7 A Tuly %5 W) £ 7 5 Cynoglossus joyneri 4557.90%* B4 R FLB R Thryssa kammalensis 1045.70%*
B5 HAEMIFLER G i Ctenotrypauchen chinensis  531.43*
B6 Bt Konosirus punctatus 143.26*
8 A August J5 W) 217 5 Cynoglossus joyneri 3406.09%* fi#2 Planilaza haematocheilus 580.30%*
A9 /Nifi L Eupleurogrammus muticus 199.51%* FEf% Konosirus punctatus 333.48*
9 H September  A10 3§ % Cynoglossus semilaevis ~ 2915.09%* PR g Thryssa mystax 500.00*
10 A October A1l 4Efif Lateolabrax maculatus 785.71% #7 I & Syngnathus schlegeli 200.00%*
fiz Engraulis japonicus 228.57*  B7 Efiijfi Ammodytes personatus 200.00*
1A i Engraulis japonicus 400* B8 K/ Hexagrammos otakii 2765.85%*
November B9 JH W41 5 Cynoglossus joyneri 321.95%
12 A it Ammodytes personatus 4609.17%*
December K752k i Hexagrammos otakii 550.43%
75 Bz Pholis fangi 323.78%

i oo RoRPL A, o RREERN, 5 H CCA I YT 'S
Note: “**”means dominant species, “*”means important species, and No.
Fk4 TRZIAMBEZEFNHGCATAZETA
TAfM 12 B)EXRHPFFEETEMEN IR
Tab. 4 IRl of dominant early life stage fish speciesin the

northern Liaodong Bay during the main spawning period
(late May to late July and December)

caét::g;fry Yy species N% F% IRI
111 5] fiz Engraulis japonicus 28.97 17.31 501.76*
eggs 4 W41 5 Cynoglossus joyneri  10.02 26.82 268.57*
nj 4k 4 Johnius grypotus 9.14 13.97 127.61*
Wl Setipinna tenuifilis 10.21 12.29 125.50*
% 45 T8 Scomberomorus niphonius 19.28 527 101.61%*
H4fifa Pennahia argentata 19.29 5.03 96.98
J B Thryssa kammalensis ~ 5.02 16.76  84.11
f7#efn 8 Planilaza haematocheilus 35.57 25.14 894.25%
larvae  FEfi% Konosirus punctatus 25.30 15.50 392.15%
T/ f4 Ammodytes personatus 11.79 13.18 155.39*
IR B Thryssa kammalensis  12.38  10.06 124.62*
J7 R =6 Pholis fangi 8.05 14.73 118.61*
K4Rfh Protosalanx hyalocranius  2.51 10.85 27.27

e 7 T L

Note: “*” means important species.

is species codes used for CCA analysis.

B, 4—5 Az, T 7—8 Ak, fEpRETEmT
I SELE 4—5 H . 9—10 AF 11—12 AR
100%, 7—8 H 5K (71.2%) o A1HE i fE 7% 1 -2 4
SYEFE 8—9 H . 9—10 A, 10—11 Al 11—12
H 553 100%, 5—6 H 5K (74.6%)

.50 7 By BIEAE 21.45%FA UMK E - 3R 43
J3 ABEA(E 3a), A BELHARAE AP R A
(Cleisthenes herzensteini), ~F¥ LIS 4.95,
A ARALE TTHR RN 4.95%; B BELLRRAE AP S 40
2 KAt (Apogon lineatus), AU 2.78,
SERARRIE TTRR R R 2.78%; C BELH AR AEFD A
WL s B, AR 20061, SEXARIPE
TIHRE N 20.61% (F 5). frfifa A0 REE
16.28% A0 U K- gkl 43 Sk 4 ASHELL(E 3b),
A BEARRAEFP A B0, SEHARRME R 7.65, F
BRI STk 28K 7.65%; B ZHRAF Fh g ny 4t £,
SERIARIE R 1.59, SF-IIFHAUPE BTERR N 1.59%
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100

4—5A 100.00 99.70

April-May

5—6A 63.83 88.50 74.60

May—June 90

6—7H
TaneTuly 80.00 86.00

7—8H - 80

July—August

8—9H
August—
Spetember

9—10H
Spetember—
October

71.20 85.20

=70

L

10—11H
October— © 88.89
November
11—12H
November— = 75.00 100.00 100.00
December 0
A EIFEXS R 2R /% £ NRETE A % FFHEGBER T YA %
intermonthly relative average dissimilarities of average dissimilarities of
turnover rates fish egg community fish larval community

P2 TR0 ek H 18] £ B0 B A-HE #1688 SRR R P 4940 S5

Fig. 2 Species turnover rate and average dissimilarity of fish eggs and larvae in the northern Liaodong Bay

6H June
]
a . 9 A September 7H July 58 May
I ]
—— . ... 2
— 7H Tul 8 August

: 4| A July 9}1 September ):J =

: 61 June 10/ October

E 5H May ¢

i 10 A October SZSS =0.01

group 11H N b
11HNovember o A A . B
0 20 40 60 80 100 E g
AABIE/% similarity
A . e
| 11 A November v
8 A August
12 December
67 June +4H April
7 A Jul ¢ 11 H November
SHM ’ stress =0.01 10 October °
A i 21 group
10 H October
. oA 5H Ma;
47 April o B 87 August
: ; ; : ; 9H September ¢ C 6H June'TYl 75 July
0 20 40 60 80 100 vV D
HUIHE/% similarity

B3 IR LRI 4—12 7 00 (a) 5 17 HEf (b) Rl S R K& & NMDS HEFF K
Fig. 3 Cluster analysis and NMDS of fish eggs (a) and larvae (b) in the northern waters of Liaodong Bay from April to December
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(3 5); C AR ]y £ A fa, “F-IAHRIME, 21.74,
SESARUE STRRE N 21.74%; D AUEREFR A A
s ik, TR R 100, SRR LM BT K
100% (3 5). ANOSIM %55 G, 0G0 [l fE4H

(6] 7£ 75 i 35 2% 5 (Global R=0.875, P=0.01), f{#
0 AN [ B 2 o) 0 A7 7 0 3% 2% 5 (Global R=0.929,
P=0.02), FHAREE LS AE RS B RO - B A B3
5,

x5 TRZTIAMEBHEMRFHEREAN(E ISP A ZE D H)TEHFEHM
Tab.5 Themain typical speciesin cluster groups (from A to D in Fig. 3) of fish eggs
and larvaein the northern waters of Liaodong Bay

2l group f PIERAEFP typical species of eggs  As Cl% fFHEfAFIERD typical species of larvae As C/%
A4 group A HHREE Cleisthenes herzensteini 4.95 4.95 T f . Ammodytes personatus 7.65 7.65
B4l groupB 44K {0l Apogon lineatus 2.78 2.78 ny 4% £ Johnius grypotus 1.59 1.59
C 4 group C  JEWIZL 75 # Cynoglossusjoyneri  20.61  20.61 E . Ammodytes personatus 21.74 21.74
D 4 group D R A5 B Thryssa mystax 100 100

{E: As ZoR AR, C KR P I AR I STk,

Note: As means the average similarity, and C means the contribution of the average similarity.

23 EIHFMNEEFHZESREL

TEVE A W], AR TS AL AR SST . SBT . SSS
1 SBS I WA ZE AL, 4 A, SST 1K,
i [l 3.82~9.54 C (&l 4a, 4j), SBT M{IK(/# 5a, 5j);
R R, SSS TE 27.34~31.63 2 [a] (/4 6a, 6j), SBS
1E 27.66~31.55 (& 7a, 7). 5 A, METFE, SST
£ 10.44~21.12 'C (& 4b, 4k), SBT A 11.41~
21.39 C (¥l 5b, 5k); SSS (& 6b, 6k)Fil SBS ([&] 7b,
T AEFE. 6 J, REAMLLFE, SST K
17.53~24.17 “C (/& 4c, 41), SBT H 11.68~23.93 'C
(¥ 5¢, 51); SSS A JIrFEAR (A 6c, 61), SBS .3 5 T
SSS (Kl 7c, 71).7 A, HEAKIR R S, SST H23.71~
25.5 ‘C (K 4d, 4m), SBT 2}y 16.69~25.40 C (|& 5d,
5m); SSS B AR K (&l 6d, 6m), SBS B&A T (] 7d,
Tm), ILJFIS BT A T SBS iRk, 8 A,
AR IR B RS AEET, SST 4 23.39~29.04 °C (&
4e, 4n), SBT # 17.28~28.56 C (¥ 5e, 5n); SSS
T+ (Bl 6e, 6n), SBS K T+l 7e, 7n). 9 H,
SST & 21.13~23.74 C (&l 4f, 40), SBT 24 21.20~
23.80 ‘C ([&l 5f, 50); SBS (&l 7f, 70)f = T SSS
(Kl 6f, 60), 10 H, /KA T, SST H
13.78~19.68 ‘C (I&l 4g, 4p), SBT K 13.61~
19.63 C (I8 5g, 5p); FREEA AT T FE(1A 6g, 6p;
7g, 7p), WS AR ILEB R B EAR(SSS S 22.83~
27.33, SBS N 26.34~27.34), 11 H, KRB ET

[%, SST & 6.49~12.53 C (I&l 4h, 4q), SBT K
6.49~12.47 'C (I¥l 5h, 5q); SSS HFZL FRE(A 6h,
6q), SBS (&l 7h, 7q)#%ik SSS. 12 J, /KiEFE=
SAERAR, SST M 4.30~9.50 °C (&l 4i, 4r), SBT
J 4.49~9.46 C (I 5i, 5r); SSS (& 6i, 6r)F1 SBS
(B 71, 7o) 8 AR H SSS F S B b, ¥7E KF
AR T 2 o) BTV ) = R ot . SST 2R
(8 AT Edemi o, BKEMA =R W T %, SSS
TERZEMBCEMBRAL, 2L SBT 2k
SST #H{Ll, SBS i = T SSS, IR ik i+
[ia] /MR 3 18 T R
24 b, FHEREHHEIT

4 H R AR RS 40N (K 4a, Sa, 6a, Ta); 5 H
PEAT R AE PRI 2861 K7, HIBUAR K 44.83%, F
W% IR B B R 51.09 ind./haul, 0P FEAS LD
ZRVEARACTR R /NG T . KBTS R AL T A
1 B 3T (Pl 4b, 5b, 6b, 7b); 6 H R4 £ B3 34097
i, HOEH RN 100%, V3 W B E N
420.95 ind./haul, %077 P DX A7 T4 M 75 F b
TSRV (] 4c, Sc, 6¢, Tc); 7 H REEfMEPIL
3923 ki, HBRN 73.17%, FHIEFEE N
85.28 ind./haul, F AR LE AV LI A/ N2 ]
A FUREE IR, KA A& 401 (K] 4d, 5d,
6d, 7d); 8 J RAEMIIIL 2470 K, B ILAAR
82.76%, IR A 33.38 ind./haul, HH -
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H

Te); 9 ARGt

1015 DA b i Jaf £ B 5%

95 (K 4e, Se, 6,
106 ki, HEIFE K 35%, -
PR 25 BE WA M 5.3 ind./haul, 4G 7E B 5

HOK X (8 4f, 55, 6f, 7f); 10 H R fmpit

HBLIAR Ty 2

N 119°30'120°  120°30' 121°
T T T T

28%, V-4 BT IR R E— P R =

28 ki,

121°30' 122° E 119°30 120°  120°30' 121°
T T T T T T

1.12 ind./haul, 5 H oA 7852 PV B v B (5] 4,
5g, 6g, 7g); 11 H{CRER Y 1 ki, faBpH I
RH 4%, FITE
5h, 6h, 7h); 12 H B RAful i 54 R 4L 5] £ b)Y
(Kl 44, 51,

IR N 0.04 ind./haul (5] 4h,

6i, 71),

121°30' 122°E  119°30" 120° 120°30' 121° 121°30' 122°E
T T T T T T T T

121°30' 122° E 119°30" 120° 120°30' 121°
T T T T T T

121°30' 122°E  119°30’ 120° 120°30' 121°
T T T T T T

41°30' ot
« e e
41 r o oo
40°30" _’Um
Linodong BaY g sy
£
a0 | b
39°30"
39° b
N
41°
40°30
40°
3930
39°
19°30' 120°  120°30' 121° 121°30' 122°E 119°30' 120° 120°30' 121° 121°30' 122°E 119"30'120“ 120“30' 121° 121‘30' 122"Ell9°30' 120° 120°30' 121°  121°30' 122°E 119°30 120° 120°30' 121° 121°30' 122°B
N T T T T T T T T T T T T T T T T T T T T T T T T

D) o.
oo

/. .Mg

Liaodong Bly

IDSE*H:
uodnng

J:D}E*Eb
].nodong

o

@ 3.82-5.06
@ 5.06-6.30
@ 6.30-7.54

481 B[1 2% ¥ /(ind./haul)
abundance of fish eggs @ 501-1000

AFHE £ 25 BE/(ind./haul)

abundance of fish larvae

o1

@ 501-600

WKERZIRE/C @) 3.80-3.82 (1) 7.54-8.78
seawater surface
temperature

12.50-13.74 17.46-18.70 [ 22.42-23.66
) 8.78-10.02 13.74-14.98 18.70-19.94 @ 23.66-24.90
10.02-11.26 14.98-16.22 ) 19.94-21.18 [ 24.90-26.14
11.26-12.50 1622-17.46 gy 21.18-22.42 ([l 26.14-27.38
@ 27.38-28.62
°2-10 ¢ 11-50 e 51-100 e 101-200 ® 201-300 @ 301-500
@1001-5000 @ 5001-10000 @ 1000120000
®2-10 e11-50 @ 51-100 ® 101-200 @ 201-300 @ 301-500
@ 601-800 @ 3801-1000 @ 1001-1650

K4 TLARTE AL AR i B £ B (a—1) R AE £ G—r) Bt 04 S SST A B )
a,j.4 A;b k.5 H;c,.6 H;d,m.7H;e,n.8 H;f,0.9H;¢g,p. 10 H;h,q. 11 A;i,r. 12 A.
Fig. 4 Monthly variation in the abundance and distribution of fish eggs(a—i) and larvae (j—r),
and SST in the northern waters of Liaodong Bay
a, j. April; b, k. May; c, 1. June; d, m. July; e, n. August; f, 0. September; g, p. October; h, q. November; i, r. December.
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N 119°30'120° 120°30' 121° 121°30’ 122°E  119°30" 120° 120°30 121° 121°30’ 122°E 119°30" 120° 120°30' 121° 121°30" 122°E 119°30" 120° 120°30" 121° 121°30' 122° E 119°30" 120° 120°30' 121° 121°30’ 122°E
T T T T T T T T T T T T T T

41°30" ?}- T T T T T T T

*I .‘:lé l4 7>

i 7

119°30" 120° 120°30 121° 121°30' 122°E 119°30' 120° 120°30' 121° 121°30" 122°E

119°30" 120°  120°30' 121° 121°30" 122°E
T T T T T

T

WK IR/ C @0 300465 () 828949
seawater bottom temperature - 4.65-5.86 9.49-10.70
@ 5.86-7.07 10.70-11.91
@ 7.07-828 11.91-13.12
£ JP%5 BF/(ind./haul) e 1 *2-10 ® 11-50
abundance of fish eggs @ 501-1000 @ 1001-5000
{FHEM % EE/(ind/haul) e 1| ®2-10 @ 11-50
abundance of fish larvae
@ 501-600 @ 601-800

13.12-14.33 17.96-19.17 @) 22.80-24.01
14.33-15.54 19.17-20.38 @ 24.01-24.90
15.54-16.75 20.38-21.59 @ 24.90-25.22
16.75-17.96 ) 21.59-22.80 (@ 25.22-26.43

@ 26.43-27.70
® 51-100 e 101-200 @ 201-300 @ 301-500
@ 5001-10000 @ 1000120000
® 51-100 ® 101200 ®201-300 @ 301-500
@ s01-1000 @ 1001-1650

Bl 5 AL ZR LA £ B (a—i) FIAFHE B G—r) 431 B SBT H B8 5
a,j.4 A;b, k.5 H;c, .6 A;dm 7 H;e,n. 8 H:f0.9H;gp.10;h,q. 11 A;i,r.12 A.
Fig. 5 Monthly variation in the abundance and distribution of fish eggs (a—i) and larvae (j-r),
and SBT in the northern waters of Liaodong Bay
a, j. April; b, k. May; c, I. June; d, m. July; e, n. August; f, 0. September; g, p. October; h, q. November; i, r. December.

4 ARERFHEM 21 B, HBHEN 20%,
SRR N 0.84 ind./haul, {FHEM FEAMRTER
JINGEA] ALK ] AV T IR (& 44, 55, 65, 75);
5 A REATHEIE 2384 B, HHEUATRA 51.72%, 4
PR N 42.57 ind./haul, (FHERIMETEREIY K, ¥
DA TR LTS - TS A b R(1A] 4k, 5k, 6k, 7k); 6

A REEATHES 2500 J8, HBUIR N 93.10%, FH%
U E R 30.86 ind./haul, FEAEHRMNTE- RS LIALHY
TRV Y iU FHE R 2 AR X (1A 41, 51, 61, 71); 7
FCRAEAHE L 2224 B, RN 65.85%, T3
PR 47.32 ind./haul, T B M AE R A
1RSI 4m, Sm, 6m, 7m); 8 H KA FHE 1550
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B, B RN 100%, F % IR FE N
20.95 ind./haul, AFHE f 530473 38 FIA B K, AKX
ATHAE BNV - VRS LA A ¥ 35 (] 4n, 5n, 6n, Tn);
9 A AU REHEM 1, IR 5.00%, F
B8 % B 9 0.05 ind./haul([# 4o, 50, 60, 70); 10
Ay REArEmIL 2 B, AN 8.00%, 1
PEPEBEE K 0.08 ind./haul, FE5EA¢ A 76 1LV A

N
119°30"120°  120°30 121° 121°30 122°E 119°30' 120° 120°30 121° 121°30 122°E 119°30" 120° 120°30 121° 121°30 122°E 119°30"120° 120°30 121° 121°30 122°E 119°30'120° 120°30 121° 121°30 122°E
T T T T T T T T T o T T T T T T T T T T T T T T T

TR LA g R (B 4p, 5p, 6p, Tp); 11 4y RAEAT
fefndl 82 B8, BN 56.00%, V340 U5 %
4 3.28 ind./haul, FEEIA T AL AR TP AR
VR (15] 4q, 5q, 6q, 7q); 12 7 4y R AEATHE 81396
B, MR N 84.00%, V-3 ¥EHEE 22
55.84 ind./haul, VS rp R R4 LS BT VR 2 B
PR o 3 e e D 2% e =i (1] 4, S, 6, 7r)

41°30

7

4

&
o o o

“\\g o . « o 0 \}
P .

Liaodong Bay ’{ I'mqm,

119°30" 120°  120°30 121° 121°30 122°E

119°30" 120°

119°30" 120°  120°30 121° 121°30 122°E
T T T T T T

WgKFR)ZEEE /psu

u (@ 22.00-22.83 () 24.33-24.83 26.33-26.83 2833-28.83 () 30.33-30.83
seawater surface salinity
0 22.83-2333 24.83-25.33 26.83-27.33 28.83-2933 () 30.83-31.33
@ 2333-23.83 25.33-25.83 27.33-27.83 29.33-29.83 ([ 31.33-31.83
- 23.83-24.33 25.83-26.33 27.83-28.33 - 29.83-30.33 - 31.83-32.33
@ 3233-33.00
44 57 % B¥/(ind./haul) ° 1 ®2-10 ® 11-50 ® 51-100 ® 101200 @ 201-300 @ 301-500
abundance of fish eggs @ 501-1000 @ 1001-5000 @ 5001-10000 @) 1000120000
fFHfEfa B /(ind /haul) @ 1 ©2-10 ® 11-50 @ 51-100 @ 101200 @201-300 @ 301-500

abundance of fish larvae @ 501-600

@ 601-800 .801—1000 .1001—1650

Pl 6 L AR TR £ B (a—i) FATHE £ G—r) 431 S SSS H BR7E 3
a,j.4 A;b, k.5 A;c, .6 A;d,m 7 H;e,n.8 A;f0.9H;gp.10 A;h,q. 11 A;i,r. 12 A.
Fig. 6 Monthly variation in the abundance and distribution of fish eggs (a—i) and larvae (j—r),
and SSS in the northern waters of Liaodong Bay
a, j. April; b, k. May; c, 1. June; d, m. July; e, n. August; f, 0. September; g, p. October; h, q. November; i, r. December.
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25 ZABEBRHEERBMINEEMRES
MEEFEER

ILREACTR I 4 2 12 H A 09(& 8a)FI{T-HE
(L 8b) L34 K AP e H 5 45 SRS 1
Mantel #3325 REH], HGhifh . Wiy afns
RD B#FIEM X (P<0.05, r>0), EAfifa . fRATHEM
23 (8] 734 5 RD fAAHSG(P<0.5, r<0); Bl £ oA

N

fiR . PLEXAFHEL S SST i3 1EAHE(P<0.05, r>0),
TRt Rig/Neta, 5mW)Lr S 5 i fa iy
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Community structure of early life stage fish resources and its
relationships with environmental factorsin northern Liaodong Bay
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Abstract: To understand current status of fish spawning and suitable spawning habitats in northern Liaodong Bay,
this study utilized data from 14 surveys on fish eggs and larvae. Cluster analysis, non-metric multidimensional
scaling (NMDS), and similarity percentage analysis (SIMPER) were applied to characterize the community
structure of fish eggs and larvae. Canonical correspondence analysis (CCA) and Mantel tests were used to explore
the spatial-temporal distribution patterns of ichthyoplankton and their relationships with environmental variables,
including sea surface and bottom temperature (SSTand SBT), sea surface and bottom salinity (SSS and SBS),
depth, monthly runoff of the Liao River (RD), and plankton wet weight (WW). A total of 51 fish species at early
life stages were identified and recorded during the survey period. The community structure of fish eggs and larvae
exhibited significant monthly succession, with species turnover rates exceeding 50% and average monthly
dissimilarity over 71.2%. NMDS and month-based cluster analyses revealed that fish eggs could be classified into
three groups, while larvae could be divided into four groups. The major spawning period in the northern Liaodong
Bay occurred from late May to late July and in December. No single species overwhelmingly dominated the early
life stage assemblages. The primary spawning species included Pholis fangi, Ammodytes personatus, Planilaza
haematocheilus, Konosirus punctatus, Engraulis japonicus, Scomberomorus niphonius, Thryssa kammalensis,
Setipinna tenuifilis, Johnius grypotus, and Cynoglossus joyneri. From late May to late July, the main spawning
grounds were concentrated near the estuarine areas of the Xiaoling, Daling, Liao, and Daliao rivers, from Jinzhou
Bay to the north of Baisha Bay. In December, larvae were mainly concentrated in the waters north of Lianshan Bay
to Taiping Bay. SST, RD, and Depth were identified as the key environmental factors affecting the spatio-temporal
variation of fish early life stage communities. SST had a particularly important influence, driving seasonal shifts in
dominant spawning species, with temperature preferences shifting from warm-temperate to warm-temperate &
warm-water and eventually to cold-temperate types. The spatial distributions of S, tenuifilis and J. grypotus eggs,
as well as K. punctatus, T. kammalensis, and P. haematocheilus larvae, were positively correlated with SST, while
the densities of E. japonicus, S. niphonius eggs and P. fangi, A. personatus larvae showed negative correlations
with SST. RD influenced the gradient of salinity and nutrient levels, indirectly affecting the distribution of fish
eggs and larvae. The distributions of C. joyneri, J. grypotus eggs and K. punctatus, P. fangi, T. kammalensis larvae
were positively correlated with RD, whereas S. niphonius eggs and A. personatus larvae were negatively
correlated. Depth was closely related to the physical-chemical characteristics of the water column and the structure
of biological communities, significantly affecting fish spawning ground selection. J. grypotus, C. joyneri eggs and
P. haematocheilus larvae were positively associated with depth, whereas S. tenuifilis eggs and K. punctatus, T.
kammalensis larvae showed negative correlations. This study provides baseline data for the evaluation and
conservation of early life stages of fish in Liaodong Bay.
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environmental factors; suitable spawning habitat
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