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AMRREIE OISR TER, I TH, X 2017 £5FG—6 A)FEKESR—11 A)
8 MITIK By i3 3 3t N R R A B B AR, AT T A A A 1T AT ER (<60 mm) B AT LA A
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REIE O, REFRGERLE . IR KESSEEESERENEKRAERARE, 4617
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B, EER AT HAREEE. RELZEMERGV B, M0 THBERENLETHAHE
Ko HFFHKESANA, 5—7 AR ZHENTTE 79 AKFR T HFE, £ 911 AKK
2K 50 mm AE&HWAFE; 8—9 A ey FIN, Tt 10—11 AEHEZFR I #FEL, 2 A%

RE3AZEEBERGAZEEK, £4—5 AKEREFEZF KK 50 mm &4 87T,
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sl (Laverock et al, 2011), [FIA}, [ HRG 2 /NS X 56
WEEREPRI, UZHMHTE IR mIEEN
£ (DeVries et al, 2016; Yang, 2001), X4ty
W 42 2 e AN AR e e B AR .

AR, EANTERRMAT, RE¥EZRGEHR
T RS AT & AR RIS, 2013; FEMESE, 2016) .
RGN KT HEILEE, 2011; TRAEREIZE, 2018)F14 ik
AREEQNEBEE, 2009; RAFEESE, 2018)55 BoH A
YI2FARRAE o JE TR TR) DX 38 A RS 6 90 il B VR R 2, At
Hr T AT LRI (22 R T 60 mm) A4 i 25 4343 [ H 53R
BRI R GRE R4, 2013; 2504, 2015; 256
4, 2020; Li et al, 2020; Zhang et al, 2020), Z5& 55
AR W AN EF AL SR AR AT, TR LR A K
TR B R B oy A LT AR A R A (R TR Ak 45
2006; BeAm A4S, 2009; MRS, 2010; TONES,
2016; Bk EFR4E, 2019; sk4FELE, 2019), 2R, KT
1 i R AN 78 A iR 3E 22 WL F H AR 3L (Kodama et al,
2004, 2006), 7EFKEARWAMRIE; KT OIRF %135
A3 A B HAT UG SR A A 15 B 7 O R 4 1, [ e 4k
A RAE . 7EFR ETE, (U FERAF(2018) Rk IR
TR AE D KA I, 8 A T S IR R S R 4h
IR B AT, I Hr T 8w oA 1) £ IR BE N
#; Zhang %5(2020)5H7 T H5 ifg H 5B M T K SR 3T 1A
AR K <80 mm 4 244 Az 171 IRyl A B8 B

ABFGTEET 2017 A3 el 9 U5 4 0 7 A 4%
P, A3HT T 1 R AF I (44 <60 mm) ) 2245 4 A B H
H5EEREE N TR, IEEA YA Y Z 58 A5
AR AR SCHEREORE, BRI T IR I R A A 430
e, BTEN CUER G B IR R E VAL L SRR
PRER LT 1 A4 P2 P A A5 2 e

1 MeERE
1.1 #iE

A G BCAE R VR T b FE K 7 B 2E 0 5 B ¥ TR K
FERFSERT T 2017 4EHEZE(G3—6 A)MEZEGB—11 H)
FE T R (432 ) el 9% U5 Hi Do 38 2 o 9 A DX 3l R
S AN 1 BN o WA RGE AT, L A
H, MO 6 m. 9% 22.6 m. KN 1740 H, MH
63 mm, HEMM H 20 mm, i 3 55, Bk HHE R
1 h, HEXRS, A7 E@AEE . 5567 7K R TR
SRR, 45 H A A Sl (A BT AN TR) A 93] il o7 448 o)
A1 he TEASUENL, BRI 0 BT 11 SR G A
HEATTECRIAR R, Phast foe KRN e/ VA4 43 31 £ i

HAKWL, mm)AUARE W, g). BEHLHE 50 Bk
(R 50 B B i Re) kAT e L IREE L M 544
SEERAEINE o HRPEAS U A0 S Y ARl i/ N K,
S fr i/ N K <60 mm, A Jgi% ki (o7 H 3 AR
GRIN(ERE

VE#E 60 mm AE K T HREEATFRRIG > s,
BURN R DERERE IR R E R T AT (2K
20 mm ZEA47) 5% R R AL T CRIVEELAE, 2009; SK4E[H
45,2018), BJEHXF A [ F kBT 4T — Bt E
A BEAE H A A PR B 1R 24 4R A AN R R R £
30~70 mm (A, 1998), Hop vkt sl i e/ IMA K
16 80 mm 2245 (1R B4, 1996), 5T CIER5 A7 IR 4>
A7 B Hosg e R i A 43 B S 75 B2 R F 30 mm
/NTF 70 mm 5 PEE A AR HE X TR AN A /N
BEEEME LA KR B2 A g LA A Ko 2 B 60 mm
SRR o T A RE A O 0 B A 3R AT B ) AR 3 A
JFE JE I FEA B

TN, FELS AU SR E IR R (CTD) I & & 4t [H)
AME R JZ IR | 2 SR B MUK IR FRBE 5 , JFA)
FH 1 307 A5 5 pR B Y (Pebesma, 2004)38 i3 25 ] i
BT X 3 P 45 A Y R Z IR (- 1), JRIR
GO . B S B E S, kAR RN
GYAT S RAR A BE A ) ER [ Yuan 45(2020).
PRI TR AR 737 R SF(E 2 1R, AR5 Jr 4 B IS
J R Ay O, 2R AR B IR T KNSR i
DIE U E S AE, KRANES R 1~8, FHuk, &
Ui DIESRIAR B, K/NEGR 1~6, Y
B, LA pm THARAR /N, UL Yuan 55(2020).

1.2 Sttt

T, R M AR B 1 AR I AR (<60 mm)
B R R T (T R (T A 79 S K o a8 = SR B2 O = 2
At PR AR 5340, IR, S0 RH R R K
Zx BT N 7Y (generalized additive model,
GAM)(Wood et al, 2002)53 47 [ Rl A1 1 SRR 5
WA FZHP R, HREA N
y=Y+¢
F(9) =By +D %)
i1
L, y W BUBERAERE, XHE— IR A ulhif,
RS O AREE AR, )y BUESH 1, 20 05 92K
y BAEIHE ;s f(9) iR, Ky IR I
AHEFE £(9) N logit B4 pR%L; Sy NHEEE; S(x) A
BN IEE G x ST IE REG e HIRZED,
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Fig.1 The monthly distributions of bottom temperature (‘C) in the Bohai from March to June and August to November in 2017,
overlapped with the sampling stations in eight cruises of bottom trawl surveys for fisheries resources in corresponding months

O R EC I8 553 39 278 A AR RN 2 0 MR AT AR 3 02, 2 S b T A R IR St 437
Circles and solid circles indicate stations without and with occurrence of juvenile O. oratoria, respectively;
black stars represent stations where juvenile O. oratoria were sampled and measured individually.

AR WIHEIE THKIR)ZREE | RJEEE | KR
Ko 5 AR AS B (BLAE S B b B & U0 A 43 He AR R b
T E ARG, R BB KN A BB AR |
JEFIE FE 25 2)) (Yuan et al, 2020) 8 PNERESH Fxf 1
R A7 R AR A S0, SR & 2P [T ¥ (Lu et al,
2014), R4 ALC {E A1 B X o A2 52 ) 1) o 2 e

0 12 ) A 2B R D 10 SRS - £ BABE AR A4 BTN -

BT R R B AR ST , 23R T [ 0 96 11 A i)™
G WA AR K I | AR A A B A A
AR T RE , IF45 5 il K i A AR AR B A AF
TR AT S T OIF TS A, B R 1 AR
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21 FHELHSHERWMETF

2017 FHFZE 4 MOS0 156 4>, Hrf,
A 48 Dol AR E) O AREEAFAR, 3—6 H iR R 5
BN 17.1% . 47.2%. 43.6%FH 17.4%, HZE4 Ak
TR B A7 SRR i 2 K 34 7E 50 mm DL L, {4 A
5 Az E 2K 40 mm DUFAY O EREMTER s fRER
TEFTA IR AR b i 7 HU7E 4 A e (11.0%), 3 A
s ARZGER 1.

2017 FHBE 4 DMHRIEEAERA 173 4, 1
W, 105 AN A7 AR E] T MRS AT AR, S ARME R IH
FTHEEMK . ERERRMRBRLL 10 A9 Ak
(O 88.4%F1 83.3%), 11 H K= (66.7%), 8 H
BARALH 2.3%). 8 HAUHK 1 B HEREfFaRe K
60 mm), 9— 11 F 4Ry 0 HR ik AR 4 3 H
i, H 11 HAfFIRHE ) B2 KAE 40 mm DIT
(F D)o AFERETA CHEREERE S P Y 5 HefE 11 A /b
72.9%, 9 HIRZ(14.5%), 10 A1 8 AHAKEE 1),

S T MR I AT IR A 43 A R B R A B 25 5% L 7
FZ, OISR 3 HR2EFE 00, 4 H EE0HT
JRJZKIRAE 8°C LA L (M T S AR K, 5 H 5
A X R Ay 8, 6 H ETAE T30 AT i

Il DL PG 25 K IR AR IR X IR 1), B, BEHm
AR ik A7 88 B3R () A 858 IR 7 IS 2R L IS
TP A% RS ORI AR I BE , =35 XA i BRARE 256 1 i
BN 221% (R 2)o MIKZRELE 1ICLELR, (IR
R e YIRZREALT 7CHE T 15°CHY,
FPUF AR B B PRI (BT 2). B2, DR IRAE
JIG O V- AR AR S RN B S S AR 4 DUTR i X8l
PME AR5 = (] 2)

BAkZ, DEREYFIRAE 9 AFN 10 AT Z 304 fE
AT XN, 76 11 A IR T Bk /A
(B 1), ERKZ: I 2 50 1Rk A0t R 5 1) P 45
W KRR | REBERRR S A, =&
XFAFUE AR A R RE R 14.8% (3£ 3). MIK)Z R
JEAE 1S CAAR, fPuF B R AT i HIK)2
HEEART 10°Calim T 25°CHE, AFUF 1 BRRER I ) [
(B 3a). HUREEfFERAEEREE 31 Dhb XIS B
B, MEREEANT 30 B H B SURI AT (B 3b).
J3AN, FUERIG AT B R, BEE R RSV E A e
3G I i AR (A 3¢)

22 EHEMBHEKEE

] AT S SCRROGE 1 4t 7= B 300 ) 41 5 —
TR R A5 (1996) AR 315 B S A0 AR BRI £ 5k J3E 25 1

x1 2017 £HEZRAALTREENFEORHFTENZERER
Tab.l Biological information of juvenile Oratosquilla oratoria sampled from the monthly bottom
trawl surveys for fishery resources in the Bohai, 2017

i - — Eﬂﬂ: Juvenile A %%K Length /mm _ PR H Weight /g
Month Station No. T il figd 31 [ HE 70 il SN
Sample size  Percentage /% Range Median Range Median
3 36 10 3.0 42~60 54.0 2.5~5.0 5.0
4 36 41 11.0 26~60 52.0 1.0~6.5 3.0
5 39 29 2.5 37~60 56.0 1.2~9.5 2.3
6 46 18 1.0 51~60 55.5 1.5~13.2 2.1
8 44 1 <0.1 - 60.0 - 6.8
9 48 29 14.5 43~60 55.0 0.5~3.0 2.1
10 39 5 2.2 47~60 47.0 1.6~5.7 3.0
11 50 353 72.9 24~60 38.0 0.4~5.0 1.6
*k2 BFENEEFREMENYPSER
Tab.2 Selected environmental factors and model fitting parameters for spring
AP T S 2 AR AlC FOr ke Pl
Added factor Cumulative deviance explained /% P value of chi-square test
JKJZIEE Bottom temperature 8.9 184.9 <0.001
JEBE R %52, Sediment mean size level 18.8 171.2 <0.001
JIE SR AR 0 BE 45 4% - Sediment skewness level 22.1 167.5 <0.001
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Fig.2 The effects of selected environmental variables, bottom temperature, sediment mean size level,
and sediment skewness level, on the presence of O. oratoria in spring
RN X ] BR (+se) Al T R (-se)o &l 3 [F],
The dash lines indicate the upper (+se) and lower (-se) thresholds of the interval. The same as in Fig.3.
*3 BEMFEHEEFHAMERPSER
Tab.3 Selected environmental factors and model fitting parameters for summer to fall
AA 5 1 2= R AIC KK P {H
Factor added Cumulative deviance explained /% P value of chi-square test
JKZ1EE Bottom temperature 8.1 289.1 <0.05
JEJZEEEE Bottom salinity 11.5 287.2 <0.05
Y E ST %YL Sand content level 14.8 279.8 <0.001
g L@ RN g g
g g 2 £ o5t
2, 2, 2
| g g O0f
8 _ g ]
g2 g 2 g 05|
w0 wn w2
B4 -4 1.0t
1% . M i)
561 v o151
B+ \OB o B+ N
B A b Wb R e e
5 10 15 20 25 30 29 30 31 32 33 1 2 3 4 5 6 7 8
Ji&J21RE Bottom temperature/'C JEE /2L Bottom Salinity AV E 4 %4 Sand content level

B3 Bk B T ORZ2 IR . IR JEER RS U0 3 L A )X F MR A7 0 £ SARE 2 114 52 i)
Fig.3 The effects of selected environmental variables, bottom temperature , bottom salinity,
and sand content level on O. oratoria occurrence in fall

AR, WL ARG AR 1L A0 237 COKIRAAMET, S SR 35~40 d KB N
Wi6—7 H)o FWEF(1998)5: T [ Py &b SCHR Fn A= = 512 LIAFIE s KR T, AR TR R E | 48k
B, PR IRRE BRI, O 4—9 A, BHHARW

ST H . MR 5 . B Q016 RIS R4 DRGERRLNE RN
i @fﬁ&*ﬁﬂ:% T j(]iﬁ H @iﬂji}zﬂjﬁ:{‘j‘j 12 cm c.()rrespgo%lclililr?g1 e?lt\l/(i):oggzrsltzl ter.ncl))r;:t:i:n
Ze AT RISV R K B R R AR AR A, R B L i T R e
P P A R 2 A, WM A I 5 Eﬁfﬁim I I S5 3k
F11 A, MEbEE s s e iZE 4 A1 A, 2R temperature /°C Incubation time Reference
FEK SR S BRAKIRAR BE , I Ry VIRt S5 R 7 5— 18,20, 22, 24 AL PIA - 55(2000)
9 ARG, 26~28 20d A

A 2000 AFJE COEREE A TEALSe a4 R, A 23~24 16d TEl ik A8 45 (2004)
20~24°COKIRAME T, HAZREIILT 16~19d £ 47 ; 26~28 8d
£ 26~28°COKIRSA T, S [RIRFFE IR T 14 095 Ak P ] 22 211 18d XI5 (2011)

PRI S (K 20 d ey, AN 8 d) (R 4). 1E 21.4~ 21.4-23.7 19d &4 SR [ 45(2018)
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x5 ONHHEREREMNERENRNERE, HEMERE
Tab.5 Time in day for larval stage of O. oratoria and corresponding environmental temperatures,
environmental salinities and survival rates

IR WEiEh Jr 5 I A 7R 27 3CHR
Environmental temperature /°C Environmental salinity Larval stage /d  Survival rate /% Reference
21.4~23.7 30.0~32.0 35~40 - TRAFEE 45 (2018)
24~25 31 53
26~28 22 16.0 N
28.6~29.0 AR A 55 (2004)
27~29 18 36.8
28~30 16 6.1

I R E ACR, (HKEE & (290, 1
B BCRLZRIEINER 5). MIEME, 78 20~24CLA
T A SRKIRIAEE T, FER 05 S2 K5 B 7 Akt R s s
JE R KE N 1T IR BT 41~59 d.

KT HUREAFIR A K R B, ERIMRER
o MR T I A (1998) X 3k ] 30T v 171 MR il A AT 25 A
AR RREER, 7 AR T B4R & B Rk i
11.5mm, K 52mm FME, TE2ANHLEL, B
B TR A= K % B R SBR[ 7 908 ok 4 [ 45
(R019)RiE, #£ S~8C/AKIREAME T, MBS
W, AR EATN KRR SCLUTRRT,
PRI ASE IR . 76 H AP R 208, SE)R
JZIKIRAE 11 A2 15°C, fERAE 2 A RS FE R
(8CLLF), MiJG7E 4 AFHE 10°C LA L, FESLIAN,
18R st A 4K 2% 18 (Hamano et al, 1987).

23 BEfihm&EX

TE SR 2T XA N, 20°C UL B JZKIRTE 5 A H
BT SEM ST, 6 H 1) db & 4 55 3 MV R 43 [X I
FUEIE TSI, 8 HA 9 A A s X4 ; R
R 8 A, A /KIEHET 28°CHI XA 1).
XERE, 78 6—8 H =iy [ Rk 32 K5 U A< ] 78
20~28°C [ IRTE N , 45 41~59 d (2 5 g st fap)
HEREE.ETATHZEIALEE N T WAFIR., Bk,
EA R, 10~13°C [ SR/K IR L 1Rl iR &
BHENFEROERSE, 2019), HOEREEA[7E 18°C
F AR KR A T =B (AN B 55, 2000), Rk, i
T X3 4—5 H KA PTG L TR, 5 H F=0p s
Ko 5 HENEIRIZKEZALT 20°C (& 1c), A 32K
BUist =, AR R e REME L 20 d, 76 6 H LfI)E
MEfb I RS ATATE 6—7 AKIRAMETE, Wit
Jitst 35~40 d 75 7 H & & M T WIAFER, #3287 A igg
W TR 2 A A A A K E 52 mm &K iH(E
PAF, 1998), 7 7—11 AJREKIEFMET, 7—9 HK
A T BAEER AT AR 24 4E 9—11 A K4 KR 50 mm

FEATAFUE o 33X — 31 b 7 o R A 4 W 5 AR A 9 285 SR oh
9—11 AAFEREY) iz 504 B ik

12 A, BiKZEKEEAREE 8CLIT; 1—2
A, Ehf KRS SR 3 H, B KRR
MELLIE 2 8°C (& 4) 7 FEATR XS 1R difi B 2 AR 1)
AR, i RS E 12 A BEWAE 3 R IRA
EAFE IR XEWE, BiBEFOLHE 45 H)
B AR EGAFER, FTREFRAT—AF 11 A Z24RER
T A7 SR ol st 4l PR e B A W (12— 3 APk &
i, W& 12 MARERMA. 3T EIE O
IR F=ERI o 5—9 A, & KR AR L, I
Wi 7 2 B A 11 SR G A1 3R N AT —4F 8—9 A/
FPEHR “BORAT BEA,
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Fig.4 Monthly trend in the bottom temperature of the
Bohai Sea from December, 2016 to November, 2017
ST I B 1R VS P el B U A CTD il == 19 ie 2 /KR
Kot o IR IR R KIRE, BEAREKER . TR,

Based on CTD data from the bottom trawl surveys for
fisheries resources. The circles indicate mean bottom

temperatures by month, and the dash lines represent upper
and lower limits of bottom temperatures by month.

3 it
31 FHFToakEZmMEAT
AHITFE ST 1AF - 0F DU 2 9 A 1 B RS A BRI



174 ook B

543 &

JEHEF . SRR AE(2015)XF il SN ¥ 11 R G A= 1y 2
SRR TR R, 3—6 A 8—11 A, B
S M S G Hi Do e 9 VR R A 38 il 4K 42 K 30~60 mm
B RS AR, HAREARRTE 4 Him, HE3 H .
11 AF10 H o FENAREHE, EKARE 50 mm /) R
IEAFERAE 2016 4F 10 AR 2017451 H . 5 H. 8 AW
Bl 5l A= s A Z Ak ERE, 2019), 5
Gb, B PN TS R ARAT R, PR K <80 mm ()
FTRBGAFIRAE R 22 (S AR Z(10—11 H)&Aa
(Zhang et al, 2020),

TE T I R I P VS S SR V3, X X A A T
(MK <80 mm) = JBE 43 A1 52 Wi 5 KA 858 IR 72 /K IR
HIBTHCRIE R BRI 30 43.70%H1 73.95%; %
M) YR 2 B IR DR, A A 2R UK A2 ek 8 ARG I (BT ik
AL N 42.6%F1 12.5%) , 1EFKZAR U IS AR
JE (TR AT T 208 12%F1 10%)(Zhang et al, 2020),
ARG, EHEBMEKS, KRGO
W s A0 23 A A S 3 DR o X AT RE SR R R i 2 50K
BTE 25 m DAYR, 7E IR RE K IRV R B
PN KGR B ) 5 v v R O B 2, KR S A
AR FCNE R B REMT RS
YIS PR R, B, 2l 7 A K IR IR 7 R BE 3
SR 1Rl A 78R 20 A5 o TS S5 AT 34 67 A2 R A28 B O
PR A M, B M 2 U A B v R X S
TR (Chen et al, 2017); [EAf, X 2 PHFHE—EFE
B R TR IR TR AR A ES S A a2 IS
5 AR BEPEBE(Chen et al, 2019), X 7E—EFLfE bl
BT 35 2R 0 KX 11 SRl A R A 6 S S 5

F3AN T EE XS 1 HR I A7 0R53 A 1) 5% e 2 S AR AR
FZE 3 H R AR 258 B 5040, AT g2 R 7E 8°C
PR AR AT, AT MR (GRAE ESE, 2019),
R o] 9k TR SRS N O, ME LA HE Al gk, 4 A
T FEE AT R 43 A0 I 52 ) d5c R BH S, ELR R BN AT &
S ITE R 2K IR N 8°C LA _E Y 3 M I K HLAI8 3T 7K d
(K 1b), XATREREH A, MKMIEE KT 8Chf, M
IRl IE W GRAE 25, 2019), 5B ITR 7 GH A,
BT HA AR R A E R, X T S A AT
B 25046 o 6 HAFER I BUAR U EAIG , 0Ai X 38 ey R
TR 2K IR R AT 14 10 2 V5 R o e L Ve 7K 3k, %5
J IRt J 2 1, 3] RS PR A ol e TR K S8k Bk
JEAE” AR KRB, 2K ETE 60 mm UL, KRBT
YLK gt A K 1) B ) B HL AR KR A 28 (R 22 5

32 BHiwidiE
H AR %:3# Kodama £8(2004) A T 45 72 75 1 4R i

I eGR4, BERRRWT, HERR,
AFEARIE L R R, — IR SEBHER ; /R /N T 10 em
(R EPE RIS 278 8 7705 AR KT 10 em (9 #EHE:
FREEZ2AE 5 H 7200, AR HELL5] 9 H 58 BUAHEDH ;
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Early Recruitment Pattern of Oratosquilla oratoria in Relation to the
Seasonal Pattern of Juvenile Occurrencein the Bohai Sea, China

GUAN Lisha'??, SHAN Xiujuan"**", YANG Tao"**, WU Qiang"??, JIN Xianshi'**

(1. Yellow Sea Fisheries Research Ingtitute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Development of
Marine Fisheries, Ministry of Agriculture and Rural Affairs; Shandong Provincial Key Laboratory of Fishery Resources and
Ecological Environment, Qingdao, Shandong 266071, China; 2. Laboratory for Marine Fisheries Science and Food Production
Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao, Shandong 266071, China;

3. National Field Observation and Research Center for Changdao Marine Ecosystem, Yantai, Shandong 265800, China)

Abstract Oratosquilla oratoria is a typical commercially exploited stomatopod species that is
widely distributed in the coastal waters of the Northwest Pacific. It also plays an important role in
structuring the benthic communities and can significantly affect marine nutrient cycling and energy
flow through sediment bioturbation. Few studies have been published on the early life stages and
recruitment of O. oratoria in natural waters, particularly in Chinese coastal waters. Moreover, despite
ample research on the egg and larval development, growth, feeding, reproductivity, and spatial
distribution of this species, little is known regarding the habitats required for juvenile O. oratoria
when they settle down to the bottom after the planktonic larval stage. In this context, one objective of
the present study was to investigate the seasonal distribution of juvenile O. oratoria and its influencing
factors. The other objective was to identify the early recruitment pattern of O. oratoria in the Bohai
Sea based on the seasonal pattern of its juvenile occurrence and published literature on the spawning,
embryonic and larval development, and growth of this species.

Data used to achieve these objectives were mainly collected from eight monthly cruises of bottom
trawl surveys for fisheries resources in spring (i.e., March to June) and summer to fall (i.e., August to
November) of 2017. The same pair of bottom trawlers was used in all surveys, following consistent
sampling protocols. O. oratoria catches were counted and weighed in number and biomass on the spot
at each station, along with the depth, geographic coordinates, date, and time at the beginning and end
of each tow. In addition, 50 O. oratoria individuals were randomly sampled to measure their biological
characteristics (e.g., total length, weight, sex, feeding status, and fecundity) at each station; at certain
stations, all individuals were measured when fewer than 50 O. oratoria were caught. The smallest and
largest individuals were selected at each station to record their total length and weight when any
O. oratoria was caught at a station. Moreover, surface-to-bottom temperature and salinity profiles were
obtained with a SEABIRD CTD within a few minutes of the bottom trawlers moving away from the
end of trawling at each station.

The occurrence of juvenile O. oratoria (<60 mm total length) was determined based on the total
length of the smallest individuals at each station. Subsequently, their occurrence over space,
occurrence probability, and sample size were analyzed by season and month. Generalized additive
models (GAMs) were used to identify significant environmental factors affecting the occurrence of
juveniles separately in spring and summer to fall. Environmental factors considered in the model
included depth, bottom temperature (BT), bottom salinity (BS), and five sediment-related variables.

Depth, BT, and BS were measured simultaneously with the bottom trawl surveys. The five sediment
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variables were classified into two groups: two content variables separately representing the
percentages of sand and silt and the other three representing statistical parameters of grain size
distribution (i.e., mean grain size, skewness, and kurtosis) in the surface substrates (0—3 cm). The
spatial distribution of these sediment factors was derived from recent literature on the grain-size
distribution of surface sediments in the Bohai Sea (Yuan et al, 2020). A pseudo-stepwise procedure
was used to identify significant environmental factors for optimal GAMs separately for spring and
summer to fall based on the Akaike Information Criterion (AIC). Furthermore, the early recruitment
pattern of O. oratoria in the Bohai Sea was elucidated in terms of the timing of early life stages and
recruitment through combined analysis of historical literature on the seasonal patterns of juvenile
occurrence and published literature on the spawning, embryonic and larval development, and growth of
this species.

Spring occurrences were severely limited by bottom temperature and sediment mean grain size
and skewness; most of the juveniles occurred in Laizhou Bay and its adjacent waters, with a few others
observed in the Liaodong Bay and coastal waters northwest of Dalian City. Juvenile occurrence
frequency was the highest in April, followed by May, during spring. Additionally, juvenile O. oratoria
occurred throughout the survey area within the Bohai Sea in September and October, with the highest
juvenile sample size recorded in November, following the same sampling protocol. The occurrence
distribution in fall was shaped by bottom temperature, bottom salinity, and sediment sand content,
although these three factors only explained 15.5% variance in fall occurrence. Therefore, temperature
and sediment elements have greater effects on juvenile O. oratoria occurrence in spring than in
summer. Furthermore, the recruitments of O. oratoria tended to be multi-seasonal in the Bohai Sea.
The spawning season may last from May to September. Fertilized eggs released from May to July
would develop into juveniles from July to September and then grow to 50 mm in total length from
September to November. Eggs released in August and September would develop into juveniles from
October to November, stop growing in December to March when the temperature drops below 8°C, and
then grow to large juveniles in April and May. The validation of such timings requires further studies
of the monthly or seasonal trends of O. oratoria larval abundance and distribution in the Bohai Sea.
Key words Oratosquilla oratoria; Juvenile distribution; Early life stages; Multi-seasonal recruitment



