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el Pl R 9% IR A0 AE B R R RN e ok o
SE, WIS B . KB AR AR [ 2R 5E
T A5 T I T 20 I 5 45 21 4 M2 (Hutchings et al,
2004) 7= BE IR K Sl A R AR 3 s B B i)
TR ML, 0 ORI ) A B AU T A0 B B AT RE
f RS | B AR R BRI, 2 I XA £ 2
Fo b A B (R IR 44, 2018; Beaugrand et al,
2003), Ik, XFF=R7F R B | A7FE KRBT
2, ] DL A S 0 S A 45 T ol R VR Rh Al
B AN TR DL

AT o I A0 2 PR B A AR T 4R T 1953 A
FEL 7 VT R 3 I 5 VR S L B X £ 3 1 7
BCRPBE, 1959), ZBEAGHW TR e K
SCRAPR A A IR BRI, TIESE T R I 7 W S A7 AR
3 (1 #i5(Scomber japonicus);” §l37 ., 1985—1988 4F,
Hh [ K PR R B 5 B T K PR ST BT T T R T
KL . Z AU £0 B0 FATRE fr R A R 45 T4, Hop T
121°~124°30'E . 37°~38°N Ju NI & 39 ~ubifr,
s SO B I = SR W o WA )7\ <=7 L 3
fi O AR AT X, 5 BE I 35 B 7R R b 2 ok g
(Engraulis japonicus). Zfi##(Sllago sihama). #if}
(Callionymidae) .  h¢fifff(Saurida elongata)Flit 7
T fa(Sardinops sagax)4F 5 i A X) HE A i 3 S B
Vg L 3 3 £ B R S 7 O AR XY L, A5 R
NI ARRE . ity BN st
(T ER 5625, 1998), 1997—2001 4F, R8T 54
75 00 0T 7 VA ) AR S ER BT 5 A W R R S T R 4
HAFGE (R 2R, 2018), {HEA A 2. 5. 8 Al 10 A)
KT FE OIS, 2014—2018 4E, FHRTILA
e S AU AT VT R T BRI AT (4—T H)
1 25 R 7R BRI A TARE (R IR AR, 2018), {HPTX
Sl (57 AR AN EAR G b B B 7= B 4 3 A PR o B PR e
“IEEEHT BIOAT, MR BT R TR B B AR SR R
Z R R, DA 5T K% B0 3 £ U1 R THE £ )
RS BuE . A LB BUR I T R

K AU YA 388 R 22 o 28 T 0 28 2 R A 1013 a0
NS5 5 = Ra3 NP~ e M 3 O s 2 = U | A
EREZ IR 67 P EEKEE, 2019), HEMAINHE
PATE IRl e 7 T v PN B B, R ML A A
BV I A5 TRV PR B0 5 B 2 S G A 7 IR R v i
WA, s R A K A B IR T R A
B4 F (& WALAE, 2005; skFEIAE, 1959). VENHE
VR A0 I A R T P T T A R I 10 A R e b %
FO A IR, R R BT s O B B A
P KN F BRI IR | 7 B0 3 LR A T

AE 3 LB Il 1 £ 288 5 B % AR A T 50 1 B T B
SC, T2 i 4 H 7 B 7 A S ) B R
7 S I BUR B B R A I, ARBPREEET
2020 4F 4—9 HA MR R iR 36 vl H i AR 4R
ORI R [ R EDNEZ 8k V6 I R Pt 3 RN B
FAREV 45 R VRO 3 A R b H B A8 8, BJRIBOHR i
i TR A0 28 7 B S BB RN, Dy s o T £ 2K LA %
URSRAP A B A7 PR 3 SR ] 5 £ (B2 2 Al

1 #MH5TE
11 BEREMBERSH

2020 4 4—9 H, EZKZ RIS BE BT K
WEGERT T 00 B V3T T 38 6 itk . BMTIK 36
i AL 2 A R A (B 1), A i R
101/102 5, VAR 3510 4 A4 H 22 H—5 H
1 H). 5 HIK—6 H#I(5 H30 H—6 H 9 H). 6 HIJK
(6 H25—30 H). 7 H#a)(7 H 12—20 H). 8 HF
AI(8 H 16—25 HYF1 9 A FA)(9 H 16—25 H), ¥
AoRAER] 4—9 W4 H gty | frRES)fa . K
TR . KRR . KR, i | RliEshid
Yyl 5 WUE FREREE . U R A TR A S QTR
VR RSV PEAE R4 ) (GB/T 12763.6-2007), 4%
TR f N RIATHE (R FE AR A R e — B, RV &
sl (VL A R B R AR (M N AR 0.8 m, MK
2.7 m, M HFLAE 0.505 mm) T 7K 3¢ )2 7K P-4 J R 4
1K, &KL 2 n mile/h #EHHEFT 10 min, JFRM O
T T AT AR K A o I IS A ) 43 R R K T
IR (R P42 0.316 m, W HFLEE 0.160 mm)FI7EK
TR R (R T 942 0.370 m, R H LR 0.070 mm) i
KR )ZE T B ) RS, RJZ Mgk R G o R AR
500 mL K ZEK G, 08 2 B 5 2 2 98 B (fL#2
0.7 pm), T20CHRHRIRAF, . JIZH AR E R
[ i i 5 [F Seabird 19 plus B % [F] Sea & Sun
Technology CTD 60M i £h R 1R &, K i1 1a]
0.5 m HE NRZWAK, WKL 0.5 m A NIKE
7K o A SR A A5 T 7K R B 38 Ao M 287 M AR

oy AFHEARNEIE PR SR EIS, 5%1
TR VS VR 1 5 o A0 P R HE (A S R REAR 4B, AR
MR T 2R F eIt R ESE, SRR FH S
(1985) ., whilI5EHE(2014)F1 7 Fii 5 45(2016), N =&
— PR TT, IR 2 SO R F B B e AR
B, BTl B AR ST U R A R — T AR
) (GB/T 12763.6-2007), ¥F24451 1 World
Register of Marine Species (WoRMS, https://www.



150 W B B %43 %
120.5° 121.0° 121.5° 122.0° 122.5° 123.0°E
T T T T T T
N
38.0° o [ J
[ ] [ [ ]
ST
Penglai City 'Y ®
ESR
Taozi Bay
37.5° |-
HilX Jiming Island
Laishan District  #°FX  Huancui District =~ & o0 Chengshanjia
Muping District s
ﬂi]é?fﬁ Rongcheng Bay o o
Yantai City BT W
o AN
Weihai City Sanggou Bay
37.0° |- ® Y
s
s WA

0 20 40 60km ¢ ® Mty

| | | | e Sampling stations
36.5°

1 2020 AR AR I B 47 9 5 i o7
Fig.1 Sampling stations of the spawning ground survey in the Yantai-Weihai offshore waters in 2020

marinespecies.org/), FEHFSIEYIME LS FE,
it AL 3R 53 BT 5 15 A ST O IR A S — T AR
YIJE A ) (GB/T 12763.6-2007), &5 2% U 5 0] £ifi
90% MK T—20°CYR RZEH 12 h J5, FI] Turner
Designs Trilogy »¢ G0N E M2k R a Wk

12 YMEEE

it Pinkas AHXFEE Z 48 %4 (index of relative
importance, IRI) (Pinkas, 1971) ¥ W4 A 47 (00 | f1-HE
LR M (RI=1000) . FZF(1000>IR1=100) ., %
JLFH(100>IRI>10) . —MFf(10>IRI>1)Fi1/> WA (IRI<1)
(PR3 E, 2004), HEARIT .
IRI = N%x F%x10 (1)
A, Ny A £ O Bl AFHE 2 0 $ict 5 Y ) fa Bp ek
FEHE B B B A B, F% A 5l o D sl -7 £
sl o7 BRI R

1.3 PR

i1 Margalef 5 JEF5 %0 D (Margalef, 1957).
Shannon-Wiener ZF:PE4§%1 H’ (Shannon, 1948) 7
Pielou ¥J2] R L I’ (Pielou, 1969)HIWi4s H 13 (1) £ 4)
ZRMROL, TR AT

o_S-1

"N 2)

SN, . N,
H=-) —‘In— 3
SN (3)
HI
J =— 4
InS @)

Arb, SOy A mnEF A AR NV AY
i B £ B s RE A R s N 25 A TR PRk Y f R
EAFAE SRR

14 BEASEMRAEZHSH

PR TR 2(E) R 4 A 5P 5 47 FE 0 )R %) JF:
Lttt AXCHFRARSE, 2010):
A
“A+B 2
Krp, ASh 2 A H ARG IS S Wb Bz f; B A
2 A aAH R R
¥ Bray-Curtis FHRUBEAERE, XTA0P . frfEfA
F BRI A Oy RE ST RS0 Hr (cluster analysis)
AR B L2 4555 B 43 HT (non-metric multi-dimensional
scaling analysis, NMDS) LUK 7% 25 4 A T0F 5T o 38 3
AHRLPE 43 BT (analysis of similarities, ANOSIM)fffF 5% 4H
(] 25 5 W 2V, R LR R B (stress) Kz % NMDS %5
Bk, 2 Stress < 0.05, UiHZE R EAREFHIE
ZE(Khalaf et al, 2002; Crona et al, 2006)., ¥ ff15p &
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A A= (R BT 8 7K R AR 31 B £ B Bl £ £
0, Abu)fEJ Cluster & NMDS H {54 Fh — 446 4t
ZE, HEAKXE:

N

Abu=— (6)
Rxqgxzxr

A, NGB (ind.); R 0 H RO (E
(round); q M F1 R a9 R BS54 40 L (m/round) 5 1
R RIS PEiE A 7K T4 A R 1 2428 (m) o

X 2020 4F 4—9 H #5157 HE P R HEAT A8 A
(] A5 AU F 43 He 43 B (similarity percentage analysis,
SIMPER), #4 H A2 112 2 5 4 Wy i i 7 4 40 =
PETTHRAS , S WARAR ()7 v 45 K TR 100 B F2 %247
I B CF 2900 55 P ST R Z Rk 90% 1y ) Ay 5 kit
Cluster Fl NMDS 45t} i £ 51 5 A7 HfE (L Fh 24 H {20
HEATARARUIE 23 A , 38 5 A W 1 1 BT AR AL B ik o
WA [) H 3 21 %) 3 BELRRAE A (COF- Y A0 B 53 ik 2 il
15 90%HYPIFH) o

1.5 IMEEFSH

U453 M (redundancy analysis, RDA )1 {5 X i
43T (canonical correspondence analysis, CCA)/2& 55
Z2 W) Fh s 1 5 22 PRI DR 17 ] AH SR B A RO T
(W 4, 2019; SRUHNEAE, 2021). BT 2020 4E0H &L
IR A R, 4 A9 H A RTHRE@FPE . 5K
N i SR RS L 2 (AP B 7 € o e Sl =
W 5—8 BN = 5% fa B | AFHE RN A EE )
Tl A5 A B (R B 45, 2020), It HE B (Abu) BEAT
[log(x+1)] %% % 48 LA e AT A s {1 52 Wil (A7 4% 3% 55
2020 >R A A dE A I v % i S0 I 1) B 58 K00
P PR A B AR I, A4V R IR BE (SST) . IR
(SBT). ¥ 3EL 2 (SSS) . M IE £ B (SBT) . IR JE (DEP) .
M FR M4 E a VR (SCHLA) 7 i 3h ¥ s gk (ZP) AT
i HL ) S (PP)IE 8 A FRIF S

X 4 o AR 8 R I 3 o o R 6T 1B 43 BT (detrended
correspondence analysis, DCA)ZE H:H 25 1 HEF 5l 11 k6
JE K HIWTR ] RDA % CCA, #5755 1 HEF i r B 1
KE>4.0, PR CCA 7345 AR IEALT(3.0, 4.0]
XA, CCA il RDA ¥Jrlflif]; # kK AE<3.0,
RDA J3 BT & B 45 (1) % £ (Ter Braak, 1986). il 5¢%F
1% B KI5 (Monte Carlo permutation tests) ] W #155%
At i EE, PREE P<0.05 AYBREEAR b El Fr 2R A
| Ve A 58 D] 5~ 0F £ BT e A £ AL 3 A A Y

=2
W ﬂﬁ o

1.6 HESWEATHLIE

{8 ArcGIS 10.2 %F 2020 4F 4—9 H 4 g0 52 16
FEURE HEA T 57 B 2SR E A2 K, i Excel
2016 THEEYMERE . SRR E R, i
Primer 6 AT HEVE 4549 /0 Hr , 1833 R 4.0.2 F11 Canoco 5
ST R PR TR A S

2 #R

21 &NR{FHENZSM

2020 4 4—9 H G 5y sl 7 43 A A5 LUK 2 PR
4—9 FHoRAEAGN 337 038 ki, Hidr, 4 AJEREE 46
ki, PR N 33.33%, ¥ 1.28 ki, EREE R
3.09x107 ind./m*, 8431 T 40 5 3% K- AL
S R X I AL R R IR A R SR TS AR AN
RKEEHN 0.04ind/m*; 5 HIK—6 HPIREMIY
287 844 K, HIPUSF N 94.44%, vt 7995.67 ki,
SR 35.40 ind./m’, KA 5 3 S T R IR RS R 1
AU A RS A A R AN, U A AR i X
o8 B AL M LAY U U0 R OK S e, mOREEN
498.15 ind./m’; 6 H KRN 43 542 Fi, B %
J100%, 355 1209.5 ki, SFHERE K 3.99 ind./m’,
£ B A vh o AR AR A B AR T — T Y N S R R i
B, BRFEREEN 29.75 ind./m?; 7 A hAIRAE 4751 ki
oy, IR R 94.44%, it 131.97 ki, FHFE
JER 0.69 ind./m’, N & A2 F— RS NS 1 AR B R U
3ol RN 28 TS — 5 9 VS AR R AU e VA s ) 3 O e UK P R
B, RKFER K 11.54 ind/m’; 8 H T AR 641 ki
oy, RN 77.78%, Wity 17.81 ki, FHFF
}7°0.05 ind./m’, KRR SC F S VA 1 ELA B i 1 £
U1 H BRI R O K, K FEEN 0.71 ind./m’;
9 AP NAaRAEMEN 214 KL, HEUR N 33.33%, vk
Y7594 ki, SEHFEREH 0.01 ind./m?, G FE A
TR 5 75— T X8 85 15 1R AN AR LA — 2 BT
IR, K FEE R 0.22 ind/m’,

2020 4 4—9 H AT-HE A Y 3 A7 7 A 1 DL WL IR 3.
4—9 F IR EfrEHEfm 2122 BB, H, 4 HIRRES
181 &, HMBHR N 47.22%, 53 5.03 B, FH+E
JEHR 6.12x107° ind./m?, {FHE 32 B o0 A0 78 B X 25
5o LTSI R, KEEN 0.18 ind/m’; 5 A
JIK—6 HPIRAER 271 &, MBI 47.22%, ¥
7.53 B, FHEEH 0.04 ind./m’, {FHEM B
T M0 6 3 L1 DX A 080 2 i R T 24 i TS AR B Ak
W, OKEEON 163 B, WKEE N 0.96 ind./m’;
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offshore waters from April to September, in 2020
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Fig.3 Monthly distribution patterns of fish larvae and sea surface temperature in the Yantai-Weihai
offshore waters from April to September, in 2020

o0
iR

6 HIERES 186 &, HIIR N 77.78%, vy 5.17 %2, mKFERE R 0.12 ind/m>; 7 AhARE 1323 &,
B, F¥EREN 0.02 ind/m’, {FHEf S, WEL R R 72.22%, v 36.75 B, FHEEN
Hodr 0 5 22 S0 X0 2 I Al R VR Sl A 1 0 e g 0.11 ind./m?®, & AL ERANEE T 50 . B X1
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O 83 3 V3 D N N 5 bR AN 4 AR A R AT HE
fi, e KFEHEH 1.50 ind./m’; 8 H FAIRE 92 B,
HBECR N 61.11%, it 2.56 &, FIFEREH 7.63x
107 ind/m’ , fFHEf A Hs, mREEN
0.05ind/m’; 9 A FHRE 690 B, HBM R
58.33%, ¥4 1.92 BB, V¥ H 5.66x107 ind./m’,
WG TSR I, | i X2 5 AU S RN 52 i
SRR Z, RN 0.02 ind/m’,
22 BPRFHEEFERAN

2020 4F 4—9 HHRAE 33 Fhfalp, 1 FpAsEFh,
32 P IR, )8 6 H 21 Bl BX M, ff
¥ H (Perciformes) 21 Fft, i H (Pleuronectiformes) 5 Flr,

fifEJ¥ H (Clupeiformes) 4 1, 4T % fi H (Myctophiformes)
FESIE H (Mugiliformes)#$ 1 Fl; HoRAEAFHER 28 Fi,
$E 8 H 228}, Hor 69 H 16 Fh, ikl 1 H (Beloniformes)
MEEIE H 4% 3 Fi, ¥k H (Syngnathiformes) 2 Ffr, #E
& B . 43U H (Atheriniformes) . kT % i 0 FIEETE H
2 VAP, NIHE] B, 4 AJRRIER] 4 S 4 Fh
fPHEfE, 5 HE—6 HWIRAER 21 Fh G 6 Ry HE
fir, 6 HJRRAER 19 M 13 FfrsfEf, 7 A
FAIRAER 13 PR GRA 12 RIfFHEM, 8 T AR
11 AP oAl 10 Ppfrfita, 9 A NAIREESR] 9 Ffa
GO 8 FhirAESn, Hid, 5 HIK—6 H¥IREFIAY
IR RERZ, 6 HIRRERINFHEMM R RE, i
%) 00 BRI FRE £ 25 AT B B9 ] O3 IR B3R (3R 1),

F1 2020 & 4—9 AMMBUE RS E M R FHATHEAR

Tab.1 Species composition of fish eggs and larvae in the Yantai-Weihai offshore waters from April to September, in 2020

i B Yk 5H 6d 7H 8° 94
No. Family Species April May June July Aug. Sept.
1 iRl Clupeidae B Konosirus punctatus @)

2 iRl Clupeidae F/NP T 4 Sardinella zunasi @) (@)

3 #2%} Engraulidae fif Engraulis japonicus oOe Oe Oe OCe Oe
4 #2%} Engraulidae b Thryssa kammalensis @)

5 L FL Atherinidae M ECER I {4 Hypoatherina valenciennei () () () ()
6 ¥£kfaRl Synodontidae K UEEf Saurida elongata O @) @) oe

7 W4T fFl Belonidae AW A4 £ Strongylura anastomella () () () ()
8 ##F} Hemiramphidae I T Hyporhamphus sajori ) ) ) ®
9 KfaRl Exocoetidae FL3HE#E Cheilopogon agoo )

10 ¥ JgFl Syngnathidae #F IR E Syngnathus schiegeli ® ®
11 # PR Syngnathidae H 7 & Hippocampus mohnikei [ ) [ )

12 #F¥F} Sphyraenidae ¥ Sphyraena pinguis @) @) ()
13 Bl Mugilidae #f Mugil cephalus [ )

14 &R} Mugilidae #2 Planiliza haematocheilus ]

15 4Ef%l Sparidae 1E6f Lateolabrax japonicus @)
16 RZHFl Apogonidae 90 4 K44 Apogon lineatus [ )

17 #F} Sillaginidae /> ig#% Sillago japonica @) @) oc®e O °
18  #F} Carangidae i 4 Hfieriola lalandi o) o® O

19 B8} Carangidae #4 [ #5 Decapterus maruadsi @)

20  #BF} Carangidae #15% 48 Trachurus japonicus @) @)

21 Rl Coryphaenidae fill#ifk Coryphaena hippurus O @)
22 AEfFL Sciaenidae /NEEff Larimichthys polyactis @)

23 AEfFl Sciaenidae M%fifa Pennahia argentata O O

24 fiEfaFl Sciaenidae H it Nibea albiflora O O

25  fiEfak}l Sciaenidae nj k4 Johnius grypotus @) @)

26  fiEfFl Sciaenidae UMM Collichthys niveatus oce O

27 4%} Sparidae 4 Acanthopagrus schlegelii @)

28  #i{F} Blenniidae il Parablennius yatabei ° ° ° ®
29  ##} Blenniidae 25 J8 i85 Omobranchus elegans () ()
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Number Family Species April May June July Aug. Sept.
30 #R#HEL Pholidae IR = Pholis fangi )
31 EMAB Ammodytidae  Effifi Ammodytes personatus ce
32 #§F} Callionymidae 4k Callionymus beniteguri o) ) ) ) )
33 Hifa®l Trichiuridae Wi Trichiurus lepturus O O O O
34 aFfaFl Trichiuridae /Niti 1 Eupleurogrammus muticus @) @) (@)
35  #%Fl Scombridae fify Scomber japonicus O O coe O
36 #%Fl Scombridae % 5 D#r Scomberomorus niphonius @) @)
37  #8Fl Stromateidae #i#E Pampus argenteus O O O
38 #EEMPl Gobiidae ResEuspEn Tridentiger barbatus )
39 #EMFl Gobiidae 4R Tridentiger trigonocephalus ° °
40  #EE PRl Gobiidae PRI S 1 Favonigobius gymnauchen ° °
41 Pl Sebastidae PRl Sebastes schlegelii () ) )
42 “FlElL Sebastidae 5 E fith Sebastiscus mar moratus [ )
43 iRl Triglidae 4340 Chelidonichthys kumu o)
44 R AaFl Hexagrammidae KiE7/SZifi Hexagrammos otakii e o
45  fifiF} Platycephalidae fifi Platycephalus indicus O O
46 FHACfaB} Cottidae *HAVTEE Trachidermus fasciatus )
47  FHERL Paralichthyidae ¥ FF Paralichthys olivaceus O
48 R} Pleuronectidae FliRfE Cleisthenes herzensteini o o o o O
49 f#F} Pleuronectidae Wy i Pseudopleuronectes herzensteini O )
50  EHEIF} Cynoglossidae EWE M Cynoglossus semilaevis @)
51 H#3Rl Cynoglossidae 4G £1 7 5 Cynoglossus joyneri (@) (@) (@) (@)
52 KER 1 KEFD 1sp. 1 O

HE: O Fonfminihi,

‘@7 FORfFHEMIMIL. *: SR AR IN(123°3029"E, 37°05'56"N)

Note: “O” indicates the presence of fish eggs, “@®” indicates the presence of fish larvae; *: Sampled at 123°3029"E and

37°05'56"N in Sanggou Bay

2.3 MBFHIMEZEFH

2020 4F 4 HJE, MBI 7 s A B AL Rl o R
W) 5 3 fi (Pseudopl eur onectes her zensteini), %2 fh
fify (Scomber japonicus) ; 1 #E i fL & Fh S £ i 4
(Ammodytes personatus), = E Fl A 7 [ = i (Pholis
fangi). 5 HJIK—6 A%, fOpiEs#F h i fes, JoE
TRy AFHED R FF 1T [Tl (Sebastes schiegelii),
EEM ML, 6 ANK, MUPLREFCN R, FEROE;
FFMEALF D R i, HEFp b G 4 (Hypor hamphus
sajori) FIfJL# (Parablennius yatabei), 7  F1f), a5
Pt Sk g, HE R A R W) 21 85 (Cynoglossus
joyneri) . /L diE (Sllago japonica)fiIZlf (Callionymus
beniteguri); fFHEfMALIHAFIHEL, TEZEM, 8 AT
f, ORI SAFR A S W 21 A D g, E R OA A
f(Trichiurus lepturus); fFHEfPLFFN M, H2fh
hy A FCAR I A (Hypoatherina valenciennei) . 70 G %
FI EL e (Cheilopogon agoo)., 9 H H FH), JCrabpFl

FEHE LT, o GRS P RN W) 2155 B, A1 HE
o EZ A WU ANET [Tk (Syngnathus schlegeli)
ATLVE H, SRR 4 AR 8 H ANHA A 4y i) fa BR 4
i B Y A s s, HAE 6—9 H i HA Y
A Eos AFHEf AR, & 4—9 H M EOR i 4
O FTHE £ 1Y =

2.4 YFh B REMEIEE

2020 4F 4—9 H, MR A I A B0 K AT AE fa R
HEIE Z R EA B A EAZ S (B 4), fbiFE R
W(DYE 4 Aed%, 5—9 A¥yse, Hd 6 Afm;
U ZREPEREEL(H)E 6 AR fik, 7—9 A ¥%m, H
H 8 Afn; MUNYAI R E(I)E 6 AR, 4 A
e o AFAES B IR B(D)E 4 AR 5 A KK,
6—9 H#wmr, H 6 Hfwm; (a2 retEsesH)
fEA4H .S AM T ABAR, f£6 . 8 A9 HEw,
Ho 8 Hfiein; AFHEMIS)BEFEE)TE 8 Himm, 7
H B B AL FHAb A 6y .



SRFRTAF - 8l A 5 A S £ A% 1 S B A o 20 Ky B ™ 0 A 8

155

F 2 2020 F 4—9 AEER B A RFHEERBEHMREEEM

Tab.2 Dominant and important species of eggs and larvae in the Yantai-Weihai offshore waters from April to September, in 2020

a5l Fish eggs

{f#Ef Fish larvae

A1)y Month
YFh Species IRI YFh - Species IRI
4 F April RV T P, herzensteini 1111.11 Effifa A. personatus 2 780.85
fit S. japonicus "688.41 7Kz P. fangi *399.02
5 A May fit E. japonicus "5 841.38 YRGS schlegelii "1 139.81
fit S japonicus "1 706.39 i E. japonicus *225.50
6 H June #2 E. japonicus "8 386.82 #2 E. japonicus "2 106.44
% S japonicus "114.31 YW T H. sajori *541.07
WL P. yatabei *209.50
7 A July fi% E. japonicus "4 664.92 fi E. japonicus "4 459.56
W4 RS C. joyneri "212.24
/g S, japonica "199.08
44 C. beniteguri *109.80
8 H August WL C.oyneri "1 840.01 % E. japonicus "1 026.57
/Mg S, japonica 1 005.37 M [GARI M H. valencienne "380.43
H o T. lepturus "360.55 VIR T H. sajori "326.09
HiERE C. agoo 211.35
9 | September 2 E.japonicus *778.82 % E. japonicus 998.39
WA C. joyneri "210.28 LiE P. yatabei *547.50
#ICI e S, schlegeli 209.34

VE e JORMEHR, 7 o R

ko

Note: “**” indicates dominant species,

20r a

1.5¢

101

0.5

£ G0 Z RS
Diversity index of fish eggs

indicates important species

2.5

1.0

fHE SRS

Diversity index of fish larvae

o
W

P4 2020 4F 4—9 H N B 5 £ 1 (a) S AFHE £ (b) 2 R PR L
Fig.4 Diversity index of fish eggs (a) and larvae (b) in the Yantai-Weihai offshore waters from April to September, in 2020

#: Margalef 35 FEF5%L D; M. Shannon-Wiener ZFEPMEFEE H'; N Pielou 5] EEFE %L I’
#: Margalef richness index D; M: Shannon-Wiener diversity index H'; N: Pielou evenness index J’

25 AEFMERUSEZER

2020 4F 4—9 HHSRAEF 52 Fpfa BRI FHEM, 4—
5 H A0 G0 R AFHE (AR 28 B R 90.00% , £l B V& T
Pt PER 99.98% , A7 HE M #E ¥ F- 40 S M R
99.68%; 5—6 HAIEH B AN 51.35%, MIHET
PSRN 80.65%, AFHE 0 I V5 - 4 M1 S 1

81.37%; 6—7 HFREEZN 50.00%, M HHHEH-F-
VIR SR 73.34%, AFHEfREVE T A0 S
78.79%; 7—8 A RN R AN 53.57%, MONHEdE T
PIMISEPE R 87.83%, A7k 0 HE V5 F A 74k N
93.47%; 8—9 HMEI AN 47.82%, MUIHESF
WA S 81.77% , A HE L RE & 7 24 4H 53 1
59.03% (P 5). MIEl 5 AT HE, 4—5 H BA 5
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HECLREVE T AIAI L, 7—8 HikZ. 8—9 AFKE g o IN <
\ #H e §»:+:+:« §
Bk, 6—7 AmnEEE-FMR IR, 8—9 o S § §
R P s i
FAFHE SR 7 T T S ARG R N N N
a—s A ER Ry, (e X85 N INPN
= e i) i 4
% AR BER My VE G 4 B (Sebastisous £ 5 % %
T e Bl g N N
marmoratus), £ AIEE; 5—6 H MmUNEETE 8y 5 2 § § -
fiiiid] e (o] ]
RO BRI £ B T B ST ECR Y ICP- o [N NN
™ S| 2 ™ B | il

e, B VIR 6—7 H mOnEEs 3
LIS Ay I | A AR B T b ok RN AL
ZE#% & fh(Tridentiger trigonocephalus); 7—8 J ffi Bl
TR 2 B2 A P Ay it AT, A HE £ % S 2o
g BN SR PR A1 5 8—9 F £1 B R4 = T4 A ok
Wyer g D EE | BRI, fPHE R R
PRl | &7 e . ERERE | (AR | VDI T
B KRN JS M e A4 1. (Srongylura anastomella)
(K 3).

H Month

Bl s H 0] 0 B AT AfE f b2k S 3 P AR S 1
Fig.5 Monthly species turnover rates and average
dissimilarities of fish eggs and larvae

W RN N DR A
e AR R
W: Monthly species turnover rates; N: Average dissimilarities
of fish egg communities; #: Average dissimilarities
of fish larva communities

x3 REENEFHEFHEISERERKEZ G 90% X L #Y5 b f

Tab.3 The discriminating species that contribute more than 90% to the monthly average dissimilarity of fish eggs and larvae

. 4—5 A 5—6 A 6—7 H 7—8 H 8—9 H
Sztfiges April to May May to June June-July July to Aug. Aug. to Sept.
Ad C/% Ad C/% Ad Cl% Ad C/% Ad C/%
1150 Fish eggs
#% E. japonicus 70.12  70.13 5399 6695 64.18 8751 7581 8632 11.17 13.66
/Mgt S, japonica 19.02  23.25
4Ef C. beniteguri 433 4.93
W T. lepturus 5.85  17.16
fiy ' S. japonicus 2550 25.50 2247 2787 375 512
WL C. joyneri 39.12  47.84
¥ H#Ef Fish larvae

#% E. japonicus 930 933 10.80 1328 6736 85.50 80.53 86.15  5.15  8.72
M R4 H. valenciennei 6.61 11.20
Kigff S elongata 3.86 6.54
W i W f S anastomella 3.68  6.24
WK T# H. sajori 520  6.39 547 927
K% C. agoo 7.74  13.11
&[G S schlegeli 10.45 1771
WL P. yatabei 329  4.04 1052 17.83
Effif A personatus 20.70  20.76
LUSEERR M T. trigonocephalus 5.21 6.61 6.17  6.60
PRl S schlegelii 37.00 37.12 3145 38.65
¥y E il S marmoratus 2723 2732 2370 29.13

T Ad B RRTE, C R FMRPETTHk R

Note: Ad means the average dissimilarity, and C means the contribution of the average dissimilarity.
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26 AMEERMBUESH

171 99 A HE LAY Cluster 1 NMDS 25 R 5
N, TE 17.88% A UMK L ATKE = B0 H A543k 4 2
A4l a4, BHARNSHMOH, cCHAN5SH, D4
Jg6 AT A(E 6); TE 32.67%H MUK [, Al
frfefad K M a4 . AU N4 H, BHATH,
CHlNsH.DH K6 H. .8 HF 9 H(E 7). ANOSIM
gz R o, MO FAFHED Cluster #5240 [ fE7E
2 22 5 (P<0.05), VW44 453 ; NMDS ik

a 7R July %1 Group
64 June OB ¢D
5H May 9 September 7H July

o
9 September ¢ <
6 June

8H August °

SH M
; ; : :  4A April 451 April H May

0 20 40 60 80 100 A

U Similarity/% Stress = 0.01

b 9H September
8H A t
6H June

4H April 8 August ©
A (]
SHM (o4
H May 64 June 78 July
I (@]
7H July 5H May
4H April 4 Group
0 20 40 60 80 100 AA@C
HBLHE Similarity/% 8B ¢D Stress = 0.01

ZB Stress %4 0.01 <0.05, UiHIHET 45 5L BA W AT
AR

PRI B, A ZH A TR ERE A R A RS
Wt S5, B ZH B ARR IR A T | ) £ A
C 21 BRRRAE R A AR, D 4 f2 D4R AR Fh by B2 Fn 4k
i, APHEMER A4 REA T, A dUTHE AR
hE AT G, B AU AFHE R R o 5S4
BEPE A0, C ZHLAFHE fOUARRAEFR S 177 QT fifh | e 25 i R it
D HAFHEAERAE RN B | BILER | o AR A ATVD IR
(R 4),

El 6 2020 4F 4—9 A 1051 (a) FTHE £ (b)FI 2 T 5 E K NMDS HEF El

Fig.6 Monthly scale clustering diagram and NMDS ordination diagram of fish eggs (a) and larvae (b)
from April to September, in 2020

x4 BEANE 6 T A-D ) EIPRAFHE S F MMM R Z 50 & 90% LA _E Y45 1EF
Tab.4 The tipical species that contribute more than 90% of the average similarity in cluster groups
(from A to D in Fig.6) of fish eggs and larvae

. ) A 2H Group A B 4 Group B C 4 Group C D 4 Group D
2% Species
As C /% As C/% As C /% As C/%

fa Bl Fish eggs

fiz E. japonicus 1.34 7.38 70.12 70.12 23.85 89.44

4k C. beniteguri 1.37 5.13

W T. lepturus 7.80 42.78

fif S. japonicus 46.62 46.62 25.50 25.50

R E B P, herzensteini 44.85 44.85

WL C. joyneri 7.36 40.40
ffHE£n Fish larvae

fix E. japonicus 88.26 88.26 12.43 12.43 21.48 60.68

HER4RI 1 H. valenciennei 3.60 10.16




158 wool B o R 43 %
&gk 4
F2 Species A 4 Group A B 41 Group B C 4 Group C D 4 Group D
As C /% As C /% As C /% As C /%
YW T H. sajori 2.87 8.10
W8 P. yatabei 5.06 14.28
I Kmt P. fangi 15.50 15.50
Effif A. personatus 82.16 82.16
LU 4R PR £ T, trigonocephalus 6.58 6.58
YRl S schlegelii 49.46 49.46
¥ & fil S, marmoratus 39.40 39.40

TE: As FoR-FIARIE, C Fom PR R STk

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

2.7 WFH5IREREF RDA 5347

BEHX 2020 4F 5—8 J] i B FIAFHE MO L A Fp | %2
Tl S JHC At PR 3 A v HL L K 4 5 M (L e & 4
IS (EL 0 P Tl k) 2 o A o R B, 3220 M L B
% 5 ¢ (Scomberomorus niphonius) . # £58i(Seriola
lalandi) . /D g . ifa . 4R, = HREE(Cleisthenes
herzensteini) . %5 W21 7 fi | £ bgfif | PR EH(Acanthopagrus
schlegelii) iy 1 B = B A8 1 562 7 [CF-fih 7D [CH
WU . QAR ff . BT () F AfE £ = AR B M i
YA R DCA AT R s, 55 1 HEp i
BEEEK N 1.88 <3, PR, )47 A% f 6 R 1 34
BeAR w A FEIEAT RDA 4007, DARG I 2055 - &
HXTaon , fFfEfaFERE A . RDA A ]S P i 4
BRI, 55 1 HEPRRIE(E 0.242, 55 2 HEFRIRRE
{H 0.005; 2 HEF R B R R T 10 24.61%, 4t
fEREIREEAE T 99.56%; 5247 R I B 4k 16 45 S ik
R, 1 HEE R P=0.002, FTAHEF RN P=0.002, ¥
B E LS R BIIRE | R AR
JEE 2 5 ) 00 B R AR £0 S B ) 0 2 AR B, TR B T
BB B R, R, WAL, WA
wARGER 5). MOPFEEASHErh, SEPY R 5 EREN A
SEIEAHDG, 5 B A R T 2 e, SIRE
TCAHSNE 5 /Dt B =F 37 5 V6 L B 2 55 TEAH G,
55 R FE AR BE O OC, 5 ilE SR ER 2 55 A
Koy i BN SRR E 2 IEA G, S5 REE
EHIEAMSC, SR E R MG, STHRE RS HE
Koy B W MO SRR IEAHX, 5
T 2% T B R JIC IR B S A G, IR B R 55 A OG
TEARH | ARSNGB F U e B 2 E A
XK, HURBERIGIEM S, 5 I EE A 2R I B 5 1
AHOG; FRERAO DN F R HIRE A RIEE RO, 5

R e 2 MR R R BE AR S AN K 5 W) 20 7F B8 £ B =
J3E 5 ¥ 2 U B AN IR LB 2 IEAHOG , Sl RER I R 1
FIK, SIREES A gl iy £ 2 51 IR iR
JERIEMR, SHERBIE . WRERAMRE, SERE
JERRMEARE 7)o fFHEMFEEA T, BAFHES
FHE 5 AR RN IR 1 55 IE AT OG5 e 3t
JRE UL BE AR DG PEAN A 5 1 PR D A A 1 £ 5 3l
M RIRE RIS, SR RTME, SRER
S5 URISE s V0 I R AE £ P S R AR 22 1
G, SRR RSIEMR, SRR MG
LM A HE 0 2 SRR | R IR TR 2 1
G, SiEREEE AN DU FAE a2 12 S il
JERSSIERC, SRR MR 5 G, 5
TREEASEPEANI; VRISl A £ P SR S R
JERAEE, SRR R R A P EAN R (8] 7).

08F ‘f p—
L SST
| sss 51
48
3. =N 7
7 ~—
/ N
35 \ 6 . SBT
-0.2 b I 36 I 27 17 L L L L !
-0.6 1.0

K7 e R AFHEM RIS SFREEIN TR RDA HEFP &

Fig.7 RDA ordination of fish egg and larva taxas with
environmental factors

H SRR ARYFI R 1 iR, —»: HEERT;
—>: MY . AFHEM Y
The fish species names corresponding to the numbers are
shown in Tab.1; —»: Environmental factors;
—: Fish egg taxas; : Fish larva taxas
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Tab.5 Statistical parameters of significant
environmental variables in RDA

WA 7 fif B % D¢ Ff P
Environment  Explains Contribution F-value P-value
variables 1% /%
WFICIRE SBT 1222 421 20.8  0.002
R SST 5.1 17.6 7.3 0.006
M RERE SSs 4.0 13.7 59 0.008
R)JE DEP 3.4 11.7 6.0 0.014
3 itig

3.1 MHEGE RS & IR AT #E SR = 2 HFE

55 1985—1988 AF i (J7 Kt 5%, 1998)%5 S AH
1, 2020 4F 4—9 H HH gk 5 v 3 e B R A 7R £ 174 X
wA B, PIRISE 5s—6 A, fiifa
BIAE 7 A, 1985—1988 AR LE R s, i
A PO TR R 37 O VG BRI, 9 S i AR EGE
VPR 5 7= BR 37 H O 28 A 7 R A 300 i %) £ 288 R 9%
R AE IR 0 37 2 g Sl R 4 (U7 B 56 5%, 1998). 2020
F4—9 HRESRER, Mg EP LN THEE
V5 2 T A 0 I S I, A £ U A A
B R N I AR BT 2020 AR E A b A
KB FE 123°E UL, B, ARG BEEN X%
WATHEAE 9 AR LA TH D8, 4 AR,
A AT R T B P e v E K ARG, Rk 3 4 K &2
B R 0 2 P O KR BRI B A LI
AR P 5 30T e R SR I VS T R VR IR AR D A O, A
AV R Ky 2 B VS T o VA SR SR AT, 5O A
JIE—6 A%, MR ERA T B Aok Fiem, H
Bl E KR RFLE BT, 28t AF=Bnil], =gt
PRI S5 LU AR B LR g O 52, P XK T e 1
W B B F V- b A S A 2 O i e v (L X 3 TR
B0 AR BT T AT HE B AR A XY K, HRE
I EB I S ATAE B KA BT . 6 A, KRt
—ETEE, RO M ORSE R, BRI 4
TR A 5 22 V- 2 G Y 5 U B R T AE £
HREANS 4 AJRARY, (B BRI T 2 2 F KR K
e, R E X RO AR R R A B G AR - X
BAeEsiEk. 7 A, WEEFIE UK KEE &
T 204°C, (HEFRIEEHBACT 4—6 H, 3™
BEINZE A, B B R B AT RRE 90% LA I, {2 fa
UK 1000 KA LA 1 3 AFHE B0 I
PR A ik, BMPRHEM IR K L, &
A7 (B X B AR 0 R B AN B A TR XA

e, 8 A, M AL R A KR T 2 24.1°C LA
b, A ZRSEIRA PR BRRh IS TR IR, o R ) 41
RSN, A D i KPR S B B, -S4k B
Ffa op B AR T R, DR S E X R R 2 L
BB AR A R A £ PSR A I S T 4 A
JEH S AK—6 A4, (RAFHEM %R W REAL. 9 H
AR IBK IR T 4R T 1%, MR 7 3 1 B 0t 0 B
R BRRE B v (X RS O XA B A6 B R i
B AFHEOBOR PR E A A O R ERAR K .

32 MEEREEGaNRFHREHEEFNMRAESE
B th Y FFAE Fh A0 53 b

2020 4F 4—9 H , M@ A i s OR 4 3 M 2
W PRANE 52 B, F45 33 B 3SRy 337 038 Rifa
128 Fh a2 hy 2122 RBATHES , 0N SA7HEMARETE 45
RN AR, BRI 8—9 H AN, 45 H [ElFh
FERRANET 50%, 000 547HE BT H [)F 244
SEPEARRT 73% o MR a0 S R R A BT 1) (8 5 AR Ak
RIS 2SR R EE R, 4 AR,
LI T 35500 K TR B AR, R B R R 2K L R A
fi RV EEE . 7 RS RO AR A IR T
HhE; 5 HIKR—6 A¥I, Zi-FREE T 16T,
MK RICZ RN E S T 32.4, HAERdL 5w
FEREE AL B (L AR), B B R R
KB AR, D SRERARE K T LR RO R R )Z
TP | I K 0 SIS 1 SR A R AR ™ B AL T
P KIR 2, FLICER & 3 10— i1 A b 3R
IK KAAEFE— A IR IRAR T 12°CRRIRAK AT, ik
ELAE TV TR TR K R 2 B e R AR A B 4
BETARIRIRAEE; 6 A, JbHE R IRZ R K IX LBk
BRI, B IR A 7 B I M KR A, AN TR
REP= G0, B A 222 IR X R v iR M 1 2K 0 R
L, F=BRA iRk 7 Adfr, KiRAY4E
SR TF i by BRATHE £ 0 AR K R BRI E IR A
(BRI R KRR 31.6 IF, MAEETE-M
A S AL ER B H o 7= B0 37 e Eh TR M ELIE i I B e
o T BOE B R K A 2 B R T R B
BRI 8 A M 9 AR YMER T 23.5C, IR
REFEHEET 208°C, HEKEREFYHEMET
320, XHER=I RN FERIRM . Mtk ad
FOE LM T R, RO IR A S 2 i i K Bl
B2, BEORE, MEGE R s AK—e6 AW
HEA T BB 1 R PR A v ) R TR AT L e L
K- Ho B 25 5 W 35 1) R ER IR LA KK IR 1 7 ) S S5
PRI B 1) 26 IR 22 5%, AR KSR 7 AR 2
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Je KR B 2 2020 440 I i 77 B b £ B0 =
KW m K F I EE N E

2020 4F 4—9 H, MHEGL R B 33 Ffa
B, BRAE 5—9 A 3 ANEEE R B EREF, fin
S 4 ABEIERN S A VR (O RRAE Rl AW 25 0 4
F BT O O ARAE R, A6 6—7 A RBEVE SRR HE Rl
WA AR W25 R e 8—9 H VR MmO iERr, 4 A
JEE, T A A dnl 1 PP P S R0 4SS R S B 4 Fh e
WA, FE RO STEA A MRk, mis s
BOoh AR A H 0y B i 5 BRFNEG Y 3 10 2 LA 2 1 DA
T ) S i 2 0 vt 37 7 B GBX A 4R, 1990), SR TE
IZMLK IR A, 5 R 4R AR H e IR 2 H
FEF, SO0 HAEARTE 2 5 B EHACRER] 1k,
Wl 4 HIRE A — & B iy fin 25 fi AR A 73m i 2k A
Kk 3t 37 PR B I FE 4R 7= B0, AR U VA 8 Ak
MAE A RO, 5 AIE—6 A%, MHEL =i
S BREREG R A IR, SRR 19 T AR ER IR
o TACKIBREN, 524 H RO 95.76%, K,
{2 R iy 2 R AT VA S 28 7 B U 114 o X A
1 4—5 F N EEE A TR 1) B R, g2 S
HIE—6 AW ZREE 8 BOm s 5] B8 50 2 4 A 4y
AR F2 B AL 5 2 B 30 00 a0 e 98 Sk £ D A S 8 1
T 21 F), BREZFERIN, 55 e mHR
il BEORHTON BTN, A . 48 F BF (Paralichthys
olivaceus) . /b s Ay H WL, 33t (5 75 00 AT e Tk
FEERRBOAEERE ., 6 AR, ML A e £ )
FREANGREE 19 Fh, fEECR I W TR, WL
IR & AR AU B e AE i, (A2 AR SOy
BRE B 2 AR AR BROS SR L XN, (HEL
R TR, SRONFREONE B, 3L 2 Fha i AR
e AR 5—6 H fa B VA 45 F4 TR 1 3 240 Iy
s PR = BRADIZE R, W T L AREIR i MRl
PRI 25 o, Ly | /L iR o 40k £ B 38 0 S 4R T
Kot A EZ 2o, 7 Ay, ARG i i
YRS TR, BN E 13 Fh, MO0 E R
TR BRONFEPPL IR, (HER R R, BRiEA
FEORARR, XA EEAER NN 6—7 H BEE S H R
() B3 I R, At 3k i i B A B 5 At £ R A
B2 S AR/, 124 H a0 SRR BOm ¥ 5 B
SR R A 11/ AN N 743 RSB 3y R
Firo 8 HFAI, MR i 3 40 DR S0 i — 2L BRI
MOIFEREN 11 B, FEERE . SRR Y
SIREFEEORE AT Thim 5 BRI 7= 5P S 25 o HAS P £ B
PEBAFh, ARSIE A =0 R 1 7 B0 B0 B TS R
SRR L/ EARC A Y Sl R

U T, MO A M E R, 9 A A,
RS 9 Bl 25 B /DA DN, BRBZA Y HAth £0 By
TRMBL, vy, D BHE A kT a R
A 8—9 HRF IS 45 B2 iy 27 oAl s BREPEL
WA LT, O FEE R —, Rad H B
CL AL T X 2 B AL RSN

2020 4 4—9 H, MHEGE R AR B 28 AT
Hifa, 824E 5—9 H Y 3 DREVE ¥ I ATHE AR IE R,
J7 Rz 5 A fa e 4 H BEVE AT HEARRAERR , 7 G
il F4 B il 5 H TEIE AT HEGRRIEFD , SUaatlR 2
7 A BEEATHEARRIE R, FICART M VDT AL
e 6. 8. 9 AMVEIFHEMARIERN . 4 A, MEHr
PR FUORAE R 4 R e fn, EE IR &
A AL, SRR EUR 5] B AR 0 & IR
% EAfE S A AN R 83.43%, JEME—
PRSP, 5 HIR—6 AW), MG 5 A
FEH P R RV LGP il R AR B il £ E £ K
B, EAATREAIN S, YA FE IR 2
BRI L) FE P B0CA BT T . 6 AR, ML 2 i 4
FPREFFPISIGINE] 11 Fl, F5 BEHRECR 2R MR 5L
BT 78 5—6 HATHEM R, SE4FHE My
ZIF AR, U0 I s BILER AT HE fa to B 1 22
IERCHE B, P Tl HE 0 B 8D, & i
MEfTE G o 7 Hha), IR R T el HE £ P S B0
TN 14 B, (BAFHESECE TR = 6 AEM 7 51
I, HARRAFHEOEGE 3 A T 5—6 AR
iR EREIL A R, AT HEf B R O B, S A AT RE
i B 89.19%, X (i FF 8RN 6—7 HATHEMBETE
SER TR R T R LA K 7 AT R — D b
Wl 2 35 R A 2R SO 34 5] B 48 £ L
6 HIEEM W TR, — & e S iy fefn T
AWML, W T HEGE BA K TR AR E K 88 (Slynko
et al, 2020), {3 THH & 728 28 B X 28 5 30 7 o o
8 HFA), Mg 7 ¥ A R f0 B BRI, AN Fhe
B A OREE 10 B, (4550 F 5 EHeE. MR
BR8] BE RO 28 2 A H 0y B 5 S RLER AT
MR IR R, 153 7—8 HATHE MBS A S
e, O TETE S5 R R 0 AR 9 AR R 4],
R 0T 7 VAR £ 8 o 2 R R A Y A IR,
GIFRAEIR 2 8 Bl , F W IR ZREMIRECRIY ) B
FEECFIE; T 9 A a5 8 A FA) Z M A7HE 4L
EEMERN, SATHEAMZEA B M EE e, B
U, HEVRZ5 R0 T 9 HA S AAIC, 45 fa R X S 3440 = 1
DTN R AA A 225 BAORE, 87E 5—9 AM
JAAUT o Vi 3 A0 BRI £ B 5 g rp L B A
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S A% I 31 A2 B AR A 1010 P A Y T 2R £ e,
JeA H RER S T (Y B B Rl s BRTE 4—6 H I
VAT 7 T 358 0 AR i 4 4 v ) T RS T B, A
AT S 0 21 7 DI A £ B R i 45 4 R R 2
FEPERFOEAZ Bl 7 LR TR 2R
33 FEBMEESNER

J R B M A I TAE 4—9 A7ZEshil e, i
AV 0 2T B (SST)JE I A 8.27~26.05°C, #HIRIR

i (SBT)ti [l Ky 8.01~24.52°C, M 32£h BF(SSS)L
30.87~33.27, MK R FEE A 4.4~82.0 m, WL
VIV B | VAR B TR ) A s AR B i 2 ) £ 2k
FEONAERE . A AP A . 358 O X R
PRABE N 6 TR o

1007 o R = 1 b/ 1 S N Sp e o g R N )
TR Y FS T4, 2005), Hofo O 85 i O B 5
4F,2008; Priti, 1984)4% =g HH R E , KR
RIS BRI AE 4 H F AR AL ER

x6 FTESEMTNAMG. TETPXBREFNEE

Tab.6 Spawning month, major spawning areas and suitable spawning habitats of main species

AR 1EER BRI KR

72 [T \
g PAD P . . . . PG T
Species Spawning Maior spawnine areas Suitable Suitable Suitable Suitable Spawnine suitabilit
p month Jor sp & SSS  SST/C SBT/C depth/m °P & y
figt 4—9 A S0 R I S VA 32.0~33.0 16.4~21.7 8.5~15.7 11.0~43.2 {& SST. SBT HI&; SSS
E. japonicus  Apr. to Sept. Areas north of Yantai-Weihai IR
Areas with low SST and
SBT, and high SSS
4 4—7H AR RIS ILHER 32.0-33.0 164217 85~162 26.5-432 {f SST. SBT Flf SSS
S.japonicus  Apr. to Jul. Areas north of Yantai Muping IR
District-Weihai Liugong Island Areas with low SST and
SBT, and high SSS
W L 5—6 A HA G LA S AL, 32.0~32.6 16.9~19.8 8.6~16.2 10.6~43.2 { SST. SBT M SSS
S niphonius ~ May to Jun. Ares north of Yantai Laishan TR
District-Weihai Liugong Island Areas with low SST and
SBT, and high SSS
e R fe 5—9 H R 2R - X 2 By L g 32.2~33.0 16.9~19.1 8.6~13.5 19.8~43.2 {ik SST. SBT FIf SSS

C. herzensteini May to Sept. [ i1
Farther offshore areas north of
Yantai Muping District-Weihai
Liugong Island

T3k
Areas with low SST and
SBT, and high SSS

Ee ] 5—7 A R A 3 1L — 0 X 20 65 L 3 B 32.1~32.7 16.4~21.6 8.5~15.9 18.4~432 {f SST. SBT Fl& SSS

S lalandi May to Jul. gk TR
Farther offshore areas north of Areas with low SST and
Yantai Laishan District-Weihai SBT, and high SSS
Liugong Island

S s 5—8 A E - Tl 30.9~32.6 16.9~22.9 15.3~20.1 10.4~31.7 & SBT [ /KJic/2

S. japonica May to Aug. Areas north of Yantai Penglai Bottom waters with high
City-Taozi Bay SBT

L fi 5 A K —6 MAER LKL AR 32.0~32.6 16.4~19.6 13.5~16.9 10.4~23.7 {k SST (11 /K 1

A. schlegelii A# Offshore waters north of Yantai
Late May to Penglai City-Laishan District

early Jun.
< e 5—8 H A 7 FE 3R L X L i
S. elongata May to Aug. Areas north of Yantai Penglai
City-Laishan District
RV HEE 4 A Apr.

P. herzensteini Areas north of Yantai Penglai
City-the border between Yantai

and Weihai

Shallow waters with low
SST

31.0~32.6 19.3~21.9 15.3~20.6 16.8~30.4 75 SBT. { SSS. /K&

B 1 3k

Medium shallow waters
with high SBT and low
SSS

K63 2% S MBS AL 323~33.0 9.6~12.2 8.4~112 8.4-242 ({f SST, SBT Flf SSS

FA) e 7K TR 3K
Shallow waters with low
SST, SBT, and high SSS
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FEh g 1 HE B AR R (N AR 48, 2022b; 4 W A5,
2005), BETE KR B R ORI 4—9 H, HiAA DR
16 5—9 A mBpREE T R b A, F =
Wk 5—6 H, il B U A B IR R s v,
UPFE A T R R 32.0~33.0 . I K E
16.4~21.7°C . EIKIRJE 8.5~15.7°C . TAF 11.0~43.2 m
B M L B T3, K TR R o 88 BT 43 A 5 M K

iy Jp B KPR P R S, 7EIR E I . R
HER oA, BARENLFMEERESE, 2012),
20 t22 50 AR, MR AN it 2 BB (R R = BR 3 (R W B
1959), {H LA S fif 0 Y5 e U s R (BRI, 1991),
A FE 43 A B0 A B R AR AR Y A2 BTz SR
(ZEHEE4E, 2018; Takasuka et al, 2008), 7T 4—7 H
TEMR G R = B, R E I s—6 A, Hifa
YUk s AL AR 4 H . 6 A EER, 655 f0E BAE
IR 2 R PEIRBE P00, SR BN R A T R AR
32.0~33.0 FIRIF 16.4~21.7°C | HHEIRIE 8.5~16.2°C .
TREE 26.5~43.2 m IHH {5 22 F— gl X 5 ALtk

W S R rh )R a2 BT mE AT
PrE(ERESE4E, 1993; MBS, 2019), EHEH =4
B AR = SR E A B (R I AR 45, 2022b), 5 HIK—6
A1 00 G e TR B B R i T S, AN ad
SRR, HAORTE 6 AR Z G 3 AH K o KR Mk
JEE o i A 05 9 = R R ) A AP v R TR B B
R S R, Hofn U0 B T R R
32.0~32.6., HEFRIELE 16.9~19.8°C | MFIKIEIE 8.6~16.2°C .
R 10.6~43.2 m WA 5 3 1L DX - X 28 i 3R i
B (EHAR—HEIE, R KRR et vh 2 s
it | BRI ORI SR P O R E S,
I 5 7 Y s, A5 R 1) £ ) L v 2 oy Ml AT (K
W, 2018; FkFEAE, 1959), Kk, EEEZm F, 872
TRE 0 A7 X B R i 0 S 85 7 B e PR R R 2, X — a5
T MR R8T e V6 3 B85y 7 B X 3l 52 i) R F 9% (7 TR 4
2022) S # | I BT O o3 A IR AR (S
1980)H1 15 2| EPYIE

e MR SRy v YR R RS 2 A0 2 (O B 5 5, 1998), S
B AR S RGP R ER R 52, 2018),
A T B AR KB, FE A T ILA R
B ARG | e B SRR R AT e VA R e IR A
FEEIIE 5 AR 9 A, 5 AIKR—6 AW A=
B, Z R AN B oA, AR e AR PR I L e R A
B, HAOPY 2500 TilRER R 32.2~33.0. WRIRE
16.9~19.1°C . MFJIEIREE 8.6~13.5°C | ¥RJF 19.8~43.2 m
(AR 5 2 S 1) 5 b B8 V3

AR ON A BRME A0 A B I 1 L )2 R IR A

W s, EhEWEAT 2076 (Chai et al, 2009),
AR, MEK . R6EE, BARENEF
W AE A P (R 5245, 2020) 8 B2 e 2 458
PRI 5—T7 H, 5 Ao e, 7 A gL
T, 8 HITFUAANTE ™= B o K I o 2k 1A 1ol B v 2 ™
B, faBP F LA TR 32.1~32.7, BRIEE
16.4~21.6°C | M) IRIE 8.5~15.9°C . IR 18.4~43.2 m
AR 15 3 Ly DX —Jal 1A A P 13 b 38 8 I 3

gt A K ML R IR 2 2, B BT
{8, A0S BAE MK (<93 m) (/52 (<22 km)iE,
TRBE . B 5 BB B A K IR I 43 A A7 88 K 5% k) (Zhang
etal, 2019; Jiftise, 1996). MR ET e ek b = O A
Jy5—8 H, FRENEIERI N 6 A, 5—6 H /s hily
FEM TGS X IR, 7 H r=O0 X,
RAY BRUEXVA IR, 8 H FE =00 X B R A #
BIREARTACER, R TR RIS AT, ©F
AR LA ) P 0 B o /D il e B S3AT { S TE
JEC I E K A A S A S, JECTRLAS a1 T8 K DX/ D i
g B BV, HLAG DN 3R A A TR R AR 30.9~
32.6. MBRIRE 16.9~22.9°C . MFIRIESE 15.3~20.1C .
TREE 10.4~ 31.7 m B9 5 3% 36— T LR

PRI PEIC )R 2, EAE TR R A
X NS RBIR ACOK BRI A, 2015), B4
VEOAE, TR A B O T R (AR,
2021)0 BT R i S A B 7= B A 5 H iR—6 A %1,
Hofl O 4r A T R L E 32.0~32.6 . 1 R R E
16.4~19.6°C MR E 13.5~16.9°C J&JF 10.4~23.7 m
(AR 55 3 S L X AUHR T R i3, LA 311 X
B |t ST W R NS G = =R U3 R €Y TR REY '
) 92.60% . i3RI 7K RS2 52 M 24 4 7= B 56 5 1) 8 3
PRI, HLEE ™ O A B8 R IR R A e v 3

e g i 0 BR VR PRI E A0 2, R A 28 U AR
(RN, 1991) o AR R A i S e S 7= B A A £
R 5—8 H, 6—7 A EE =, iE B AEREE R .
AR EE AR A B K R B, L AG BN 2 B A AR T R
R 31.0~32.6., WREE 19.3~21.9C . WIKIEE
15.3~20.6°C . YR 16.8~30.4 m MYHH & %3 —3 110 Xt
ST 8K

JW) B 5 B N AT I RS R 2, B —E )
VA, HAE AT R 3 H tA B IMETRIK XA
Y4y 2 346 Ly opimiie, — 32 4 A EHEi e, o)
— 35 F e 0 5 B P O (R K, 1991; BR T
4, 1993). 4 HIKC A RW) B w5 8T 65 3% -0 28
FACEEEE =0, Z R AEHEL, 6 A T Ak LHAT
Mefh, HA P F 250 A0 TG RELE 32.3~33.0, iR
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IR 9.6~12.2°C TR 8.4~11.2°C . VAJE 8.4~242 m
B0 15 32 SR DL U AR IR 3 2R R K 3

34 MELREEEETEaETNHERN

Hp [ K PR A I B FE I K PR RESE E T 1985—
1988 A1 Xof ¥ Vg il 1 £ 248 7 B 37 00 A 5 27 A A (O B 5
%, 1998), ZIHESAMAME, WA BEETr
T TV il ) ) AR — 30, AR 7 26 T A B
TR IR A R A 2 EE O . 1986 4F 5 H 15 H—5 H
29 HEGBKIE 86 wifiar HoRAE 14 Fpldig i
299 592 fifa b, SEYBEIRE N 3 524.6 ind./haul,
B JBE i v PV M TS Y S B T A Y 3 P T I S
4 v 0 UN AL A 2.8~16.6 )7 ind./haul, N ECHE
HUL =B 22—, TR i 3 P LR 4R XA £ B 2
FEAY A 500~4000 ind./haul; 1985 4FE 6 A 25 H—7 A
12 H#EMRICBREL 63 whiida R 15 P
138 942 Hifa b, RN m K% 450 X A 5 g 7R
B 2OV U AR R R R VR %R A
1000 ind./haul LA F, & K 2 #iik 18738 M
21 112 ind./haul , X &k ¥ 37 V5 38 Fep 302 & 2 A
1000 ind./haul DL AR X, f i %% B 49 )ik
30 000 11 7231 ind./haul (J7 B4, 1998), HiZiH#&
RN, 2020 4F 5 HIK—6 H¥I, AP F 00T
PR 36 B IRAEF 21 Fh S 287 844 it bl ,
R PRREE K 7995.67 ind./haul, UPEEMHE
R ORAER] 12 JTTAkifabl, 5 4 vy
BUEA 10 000~40 000 K7, 785 T 1985—1986 4F- 1 #
rh O e 37 1 R B K o YET A A, AR RO R i
IR RN B S AP EAN, B 20 AR ORI ke
B ol B R B AR S R R, o
ARZ A W S TR/ 5 £8 (Larimichthys polyactis)
R EE A TR, fFEH T B Em . A
iF, ARBFGETE 1986—1988 4E A (J7 % 5445, 1998)4
8 55 B A 37°30'N Lhra 1 00 gl e vl 30K o g Y
FBEER 5 BLAk, B A8 NS = O 2 AR a3 e T 45
027 B 1T & B .

T I S VS A B AR 22 Yl A ) S A R b
TR A Y BT O L B i i 2 it
WS a7 (Jin et al, 2013), %I f0 51 - 34 %8
B T 2T AR AR 5 A0 0 R A ) L YR TR
FE. REP I, EELRTRE, KENAETE
PR (R SRS, 2022a); Aat, SEARSEME £ 2
BHREFGS—6 ) o on-F 4 R % B (R 2
1473.61 ind./haul, #E 2 146~983.14 ind./haul) &% Fh
PR EZ 16 Fp, HEEZF 18 AN IR AL T 10 BT

BRI [T, VR R EGE B g8 S—6 H B %™
O Fp—fG | R | B AR I AR AR SNV VIR
BN REAREE, 2022a), 1L ARV Ry [E 25 44 fa 2= R 37
KUSFESE, 1990), 2008 4F- 5 HIREALE R BR, 1L
IRV R 46 U URAE 15 B by, -4 0 R % B
¥ 1.07 ind./m’, % N 16.68 ind./m’, 8] AL
TR TR RN K 5 eI A A IR AR S, B
[ Y %3t £71 (Johnius belangerii) . /)N i 1, B #5(Konosirus
punctatus) F1 7 8§ /N> T 4 (Sardinella zunasi) £ 5[ 4§
LR 5 H 0N S i &7 b S s T
B (T B 6, 2018), A2 FR T8 A i 3] Fn sy
PEysEme , b AR v O A7 7 B fa B A
B i 5 B T 45 A P A R T e k) ST o 2 B sl 0
FFAE QB R — AR, AN AT AT S R R VI
BB F0 20872 O 3 i B M7, B B SRR T 5
i PH S R AR S Ve k7 7 O S 1) B e R 5 B VR
M —E 2R, BIE 5—6 H f2Rupig e~
TR gl W = i 7/ R = g il LB/ M ) B e (3
R A BT A B 2 S B IR RS AR, 2022), BHAF
P 768 2% 37 101 i 22 AR 30T S [R) 3R R 38 B 2R T
B I HZ A 58 1™ IR BT 55 o AR gk 5 T ek H
A2 s E R R S gz —, HFEE W7o Fh
FERA A PP E R, SR Ul FEIR AN 7R A EE B Sk
T CE R R R A 6 s it e 5 7 IR g R i i
MG 2 A 2 R e AL

4 B

AWFFEHT 2020 4F 4—9 A& H FEAEZEE, Xl
ZR 0 5 AR 0 e U S S P O I IR AT T R
Gripik, 59K, 2020 4F 4—9 H, MG R R
2577 G 3G 5 A 4 K S U SR RER, A7 52 Fh
1 S 11 £ P SATHE L AEIZ ™ O N B, 7 O Sy
5—6 H, fFHEMBERIIN 7 H, FZ/=5 50 fife 4R
BETIEF BG5S, fFfEfM F AR E
BT G 22 Vg i 4G g 5 Jb R s . s
WIGEIRREIE 25000 H B8kl i, 4 A Z % iRt
J5, BEEOIIAN LUK R 2R . Kk
RFEF, PEERAR BN Z 0 R EOK SUA a2 i
KR ER IR BT A I 2 2 S 02 £ 28 R ) B U AR AR sl M
TR LSRR R RN, 7 A Ha) 2 05 AR ER B K
-2 7 BB A RS R ) BRI T LR AORE, MW
JEE R R SN ASURA £ /N AR R S B 2 R
BATHN iy, WOREE . Bh . S AR BRI
FREEU FEIR I B RO, UL, G
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Abstract

Spawning grounds are essential habitats for the early life stages of marine aquatic animals.

The habitat conditions of fish spawning grounds determine the quantity and growth of eggs and larvae,
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which in turn have an important impact on marine fish recruitment. Historically, there was one important
spawning ground of Scomber japonicus in the Yantai-Weihai offshore waters, which were considered an
unstable spawning ground as it is the main breeding migration channel for most of the breeding fish
stocks migrating from the Yellow Sea to the Bohai Sea in the spring, and a feeding ground when adult and
juvenile fish migrate out of the Bohai Sea in summer and autumn. Therefore, the Yantai-Weihai offshore
waters have not been well studied in recent years. To determine the current fish spawning ground status in
this area, monthly surveys were conducted from April to September 2020. Pooled analyses of the fish
eggs, larvae, and environmental data employed spatial interpolation, clustering analysis, non-metric
multi-dimensional scaling, similarity analysis, and redundancy analysis (RDA). The spatio-temporal
distribution patterns and monthly community turnover of the marine fish early life stages and the optimal
habitat of the main species were also examined. In total, 52 fish eggs and larvae species were collected,
including 337 038 eggs of 33 taxa and 2122 larvae of 28 taxa. The main spawning season was from May
to June, with 21 taxa accounting for 98.32% of the total species observed during the whole year. The main
spawning ground was located in northern waters from the Yantai Taozi Bay to Weihai Jiming Island.
Engraulis japonicus, S. japonicus, Scomberomorus niphonius, Cleisthenes herzensteini, Seriola lalandi,
Callionymus beniteguri, Sllago japonica, Acanthopagrus schlegelii, Cynoglossus joyneri, and Saurida
elongata were the main spawning species. The eggs and larvae community structures presented apparent
monthly variance in the Yantai-Weihai offshore waters. Apart from the end of the spawning season
between August and September, the monthly species turnover rates were over 50%, with average
dissimilarities between eggs and larvae communities in the adjacent months of more than 73%. In April,
Pseudopleuronectes herzensteini was the dominant eggs taxon, while the dominant larvae taxon was
Ammodytes personatus. In May, E. japonicus and S. japonicus were the dominant eggs species, while
Sebastes schlegelii was the dominant larvae species. E. japonicus eggs and larvae were both dominant in
June and July. In August, the dominant eggs taxa were C. joyneri and S. japonica, and the dominant larvae
taxon was E. japonicus. There was no dominant taxon in September. From April to June, E. japonicus was
the indispensable species to the community structure and contributed the most to community turnover,
while S. japonicus was the second most important species. Habitat environmental factors in the
Yantai-Weihai offshore waters within the survey areas from April to September 2020 varied as follows:
the sea surface temperature (SST) ranged from 8.27°C to 26.05°C, the sea bottom temperature (SBT)
from 8.01°C to 24.52°C, the sea surface salinity (SSS) from 30.87 to 33.27, and the seafloor depth from
4.4 to 82.0 m. The RDA results showed that variation in SST, SBT, SSS, and seafloor depth affected fish
spawning activities significantly. The suitable spawning habitat of E. japonicus, S. japonicus, S. niphonius,
S lalandi, C. herzensteini, and C. beniteguri was the areas with low SST and SBT, and high SSS. The
suitable spawning habitat of P. herzensteini and A. schlegelii was the shallow waters with low SST, while
low SBT and high SSS was suitable only for P. herzensteini. The suitable spawning habitat of C. joyneri
was the areas with high SST and SBT, and low SSS, and for S. elongata and Trichiurus lepturus was the
medium shallow waters and areas with high SBT and low SSS, respectively. Finally, the suitable
spawning habitat of S, japonica was the bottom waters with high SBT. During the peak spawning season,
the species number and ecological density of fish's eggs in the Yantai-Weihai offshore waters were
significantly higher than those distributed in the Liaodong Bay and Laizhou Bay, which represented the
typical spawning grounds in the whole Yellow Sea and Bohai Sea. In conclusion, typical fish spawning
grounds are currently distributed in the Yantai-Weihai offshore waters; therefore, research on the early life
history and spawning grounds of marine fish in this area is critical. This study provides important
ecological information on the early life stages of fish for conservation and formulation of spawning
ground protection strategies in the Yellow Sea and Bohai Sea.

Key words Yantai-Weihai offshore waters; Spawning grounds; Fish eggs and larvae; Community
structure; RDA



