FEKFER2E 2022 £F 3 A, 29(3): 446-468

Journal of Fishery Sciences of China

DOI: 10.12264/JFSC2021-0422

seMEh EENARBRFTFEENTSREIINERINEER

TRA, TmE, BHE, 44"

L AR BRI ST B S K BT ST, AR AR TRE P ] 3585 Sl R SR 2, LA AR Yl BT IR S A AR ER
BE AR, R T8 266071,
2. H IR SEARGUTE R LR %, WA S ey g R RE SR, IR H i 266200

FEE: [ 2028 804FE LISk, w2 /INE £ 24 G sl £ 7 A 2 1) V0 S ) T 5 A A o B SR O Ry A S R R R
TR o T D5 A TR A A AN TN A A SN IS O . AT HE M R AR BRI TN SR AR, W RS i
S3 NEHE 4R rh 4R ER D B2 NI S B AR W AR R AR D R ArcGIS B2 I & R AN AR B (B 4%
YA 32 FH ]330 R LTS X R 43 BT 8 BH L 9% R A A5 % (EDN-ELH) 5 KF PR AR U BR AR % (PDO) . £ &
ENSO FHAFEE(MED ., i A A4 R 2 (MRYR) RN #7598 B (FEBH) 5 Bl T2 M . 45 EoR, MEH -
Z/NEO AR B IE SR T T AR N THE S, 7R 00 E IR ERVE FEAE X T 7R B0 (R 4h) S I S 00 AR A2 A0 R KR T
MWK F A EIE K It B A g S v, 88 (Engraulis japonicus Temminck et Schlegel, 1846)BR4A1, £5Fh 251k
ERVAT CUSE 7 ORI B, [R]A R £ £ B 52 I S T R A A A A SRV vh 1 )2 /NI 6 2% EDN-ELH ) Ho ™ B
(BI04 W AEBR FAEAR PR sh . MR 20 4D 80 4FAR, % | B[ Konosirus punctatus (Temminck et Schlegel,
1846) AT /N> T £ [Sardinella zunasi (Bleeker, 1854)] EDN-ELH i & F&AK, JREMEEL Thryssa kammalensis (Bleeker,
1849)] 5. & T+ &, # P [Setipinna tenuifilis (Valenciennes, 1848)|MI¥P Kt [(Hyporhamphus sajori (Temminck et
Schlegel, 1846)1P& FFHIXIEEE . PDO FIl MET 48 £ A B A1 v [C T i EDN-ELH $5im7, “Ve SLAR I ok S b i |
B /NPT A ANBEAY EDN-ELH %5 . MRYR X 4% 1 38 (BRI o5 S b 6257 4 EDN-ELH 22 3l 520 & 3%
(P<0.05), S, BEEFT /NP T i EDN-ELH fFAHC, SR T EIEM S, i#xt 62 Bt f% EDN-ELH 0
S, FE LR B S B ORI A X L DR A S R B B o AR AT RSN TS b 2N 2 R R e 3 A
R LATESI AT AT EE, BAERAREIEIG b2 /N 2N 0 4R AR A 1 SR

KR MG, h RN RN R, O KIAR L B AR A
RESES: S931 M ERAREAD: A XEHS: 1005-8737—(2022)03—-0446-23

S BRVE RN R /N R 2 T B O R

BT T BE Y, A L A, 3

(Engraulis) . & (Clupea) M1 ¥ T 11 2% (Sardina,
Sardinella, Sardinops, Dussumieria Fll Escualosa),
R AER RGN EEH N, 2
U KA Y, RSk T 2 25% (I
60 AEFRYLF XN 20%ZE 43%) i Il Fi
e B op b2 Nt 2 e P S, PR,

KB 2021-09-02; &ITHHE: 2021-10-29.

EEBARTI I, XA YRR
Fe e NI T AR 0 R s TR B ) (|1 28) i 22
AR, P e RN A R RS R G
AR A F A, i )2/ R
TERRIE S HAE I PR AR 25 AR G R B U i A v Y
AR, RO R AR T B I AR S R AL

E&WH: FEZKESHLIT AR CRHL G E 5 L T(2018YFD0900903); [ A R B #5411 H (41506168); 4Rl A& AT
FRE LI H < EhE O3 P A (125C0505); AR A Ze 123 L Ui 400 H (tsqn202103135); il w5 4

2546103 A1 BA I H (2020TDO1).

EER/N: FThEARN981-), H, L, FINFIER, NI3EEEaISRE TS b L HA S 05T, E-mail: bianxd@ysfri.ac.cn
BEEE: & WA, F5ER, AL FEA A=, E-mail: jin@ysfri.ac.cn



%5 3 4

TR AR SIS LR /N A T U B A AN SR B I R 447

AR AR R A ISR, RSB RAR
41(20~30 4F) 4 EK [F] 25 (global synchrony) i 4514 2%
ghUL A W S R G K R I AR B
R E . W (regime shifts)!* 4, E RN
AU A0 SR R I PR (R 0T AR e B D 28 R — i 5
KA SRS 7 FE R S F A OCHER . 4 20
70, 80 AR I KRN B[ Engraulis encrasicolus
(Linnaeus, 1758)]F0# 1 & wh 5 K VG AFE PR AR
# (Atlantic multidecadal oscillation, AMO) #H
S 20 4D 80 AR PEIL KF-TE H AW
KGR, SR ZRIUVD T [ Sardinops melanostictus
(Temminck & Schlegel, 1846)]FhHf %3 5 &N 5
KAEFEARAR R A 2R (Pacific decadal oscillation, PDO)
F >0

TNV S M TS kg > o DA P Sl T T, R T T
AT RR TN . RINATE B B
ST 9 s R 2R AT ol T RN FE R Sk,
S TS £ 2 FUI e A AT RD FE I LA e v )
2 IO VR S S B T R v AT A
W, 1982—2019 4E3M VS i R B I A= 25
bR, AR IEFEREAE 20108 (2010—
2019 4F, N RD)PIIERE P AR, ARk R —
FERREE I, 0 ORAFHE ) Fh Z A MoK 2 4B
FVAEACPRIBIZN 3 3, AR IR 2245 A 3450 08 2 o 52 1
W, HOEAER 2 WP a R fE R8N
(5—8 ), #&(Engraulis japonicus Temminck et
Schlegel, 1846) ., T&fil[Setipinna tenuifilis (Valenciennes,
1848)]. BLf&[Konosirus punctatus (Temminck et
Schlegel, 1846)]. T /N> T ffi[Sardinella zunasi
(Bleeker, 1854)]. ZREMi¢[Thryssa kammalensis
(Bleeker, 1849)|F1VD K [ Hyporhamphus sajori
(Temminck et Schlegel, 1846)]5 /1 [ JZ /N f1 2%
£ Gl A1 f0 2 45 I8 A s 3 0 2 R SRR TR
TR SN RN 2 L O o
Jo FH i 5 25 X0 S N VS 7 B A7 Ty g 2L 4 ol 4R
T 72 I O SE Wil AN [R] 38 95 9 2 [R] 1Y RE
BN, ORERAE S R G RE AN X S A E R
S e bR INR AR SRR 0 28 T AR S
AL, R TN b SR SN A, I e & B
A R B TR R AP R T SR W DA CRAIE LB R AT R A
RN RTA G W

Wl Al B A8 B 2 i Ab e AR LIRS . i
JEEAHA5 AL S b FE A 2 S U I BT R R Y P
SN o AHE C AT P ) 2 52 i i M v =/
R0 R PP A R S i R ARG Sz —, [H]
PRI R R K Sl i 2 WA A . K A7
AR A Yy e sh (B AT D W T E)Z
JINFRL A 2JS (Y A 2 il R B A 3 s B B
Je HAE A P R a0 B PR A A SR e iR
AR B, /N RIS B 58 A% Al 7T BB 2 %o B kb 72 3k
R A I ZLRE M 20, B B SN TS ep 2N
T R R BT IR ER S L, e R R MR
S A 1 S B A A R ORI | B S
Bilt P58 2% 1 L B, R A 5 B P b )= /N A
e R BT IR B A 5 R U - KR R AR A S
4, 2 A & ENSO F 45 % [multivariate ENSO
(E1 Nifo-southern oscillation) index, MEI], PDO #&
Bz 8] 2 AR O, T ) B 5 i e A
SN0 TRl S ok M (LY L N UMY LT B o P i
AWFFEHET Py S A ORI S5 S A ST A, TR
AP - PR 55 30 R SR I v bR /N £ 2 R A
I S B B B BT R L kb FE R B AR S D e
KSR WSE

1 #MRE5FE

1.1 FAEHEFRIE

1982—2020 4F, F& iR F= A5 B 7 SN V4 it
BRI R BOR R gy . fFHEmE A, B
TSI B 2024200 A 5 5 B o SN TS
1980s. 1990s. 2000s £l 2010s H |- )2/l ff1 2
BN E 4 ZE T (5—8 A)HIt 36 Mk M | AT
ME 0 B0 #E AT Ge it b o [l 2D R i K R IR
(SST). #Er(SSS)FI/K IR (depth)FE A Ei i o 450t
PR E] s (E B LR 1 I 1, 1982—
1983, 1992—1993 . 1998—1999 FI 2007—2008
AR AU R B R S R T L 2k 2 SCRR BRI ag;
e AR AP, AR A IR T R A 30
T) IR ER ) T AL (3E [ Seabird 19plus B¢ f# [ SST
CTD60M) S &4l . R )ZRMERBHR A 0.5 m 7K
VLN BHE T 41E

£ 5P AFHEACRAE TN 1T N4E 80 em . 270 em .
36 GG (fL4% 0.505 mm)iii 28 il 5 1) R H 77 i A= 9



448 R R A

529 %

M, RN, AR ZHM 10 min, #iH
B 2 n mile/ho FRASH 5% 7K B S 5 o
S 2 P AL I U A 0 O SR R i R Pk o £ B
FUFHRES . FE S RFEA AT, RO T &8
BHEEE, ARG YR HIC, RS
KA BB e SRS BB B iEon (o2
WL A AR . AR . BEER) R AEL)

(R eI rf . MEd AL f),
1.2 PDO #E#. MEI #E#. HTANBRRE
R E SR EF S5

WAk A& A PDO 5%, MEI 1550, B H
42 5 (monthly runoff of the Yellow River,
MRY R) A1 154 457 5 J& (fishing effort in the Bohai
Sea, FEBH)% K+ #F47 Bf [1] )3 41 43 #7 . 32

N >
w3 i
38°30' &3 Bohai Sea
®g
a. ° ° ° %ﬁ". &
&
38° ° ° ° ° O :
SEMYE Laizhou Bay X
e o o o

37°30

> b
oA it
iz g Bohai Sea
EE R e é@?

MY Laizhou Bay é\}‘b
o -

N
d
w8 i ¢ w8 Wit
38°30" - g 3 Bohai Sea B3 Bohai Sea
R R &
A @ %‘.@

38° o o °
3EMYE Laizhou Bay

37°30"

) g i g g f
38°30' % a Bohai Sea % E Bohai Sea
®S . & o
g e % B o e . .« e %ga&g}&
S
38° e o o o ggp?‘ .
MY Laizhou Bay x&

37°30

119°30’ 120°

118°30’ 119°

120°30" 121°E  118°30’ 119°

120°30’ 121°E

119°30’ 120°

P 1 SR A ] e g 40 0 B4 £ R AR 3l o &1
a. 1980s; b. 1990s; c, d. 2000s (c. 2008 &= 5. 6 H; d. 2007 4£ 8 H); e, f. 2010s (e. 2011-2012, 2012-2013,
2013-2014 120142015 4F; £. 20152016, 2016-2017, 2017-2018. 2018-2019 4F).
Fig. 1 Survey area and sampling stations in the Laizhou Bay of Bohai Sea across different survey periods
a. 1980s; b. 1990s; ¢, d. 2010s (c. May, June in 2008; d. August in 2007); e, f. 2010s (e. early 2010s, 2011-2012, 2012-2013,
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%5 3 1 AR SRS b2 /Nt S R B e Bl 2 S MR Sl PR 3R 449
F1 FAREBARMNEEZEFNET(5-8 )& IPF# & 72 5 | 0 uh i 5
Tab.1 Surveytimeand number of sampling stationsin the Laizhou Bay during the main
spawning season (from May to August) across different survey periods

B ARy # 72 Spring #-HZ Spr-Sum H7Z= Summer
survey year ff[B] time i %% No. A E] time i %% No. A 8] time X No.
1982-1983 5.6-5.19 20 6.7-6.17 21 8.5-8.27 20
1992-1993 5.25-6.7 15 5.25-6.7 15 8.8-8.18 13
1998-1999 5.25-6.4 17 5.25-6.4 17 8.5-8.13 15
2007-2008 5.28-6.1 29 6.14-6.19 29 8.22-8.24 21
2011-2012 5.6-5.11 17 6.9-6.12 18 8.1-8.5 18
2012-2013 5.11-5.18 15 6.21-6.27 15 8.5-8.11 15
2013-2014 5.17-5.26 17 6.18-6.26 19 8.10-8.20 14
2014-2015 5.17-5.26 16 6.15-6.24 16 8.13-8.22 22
2015-2016 5.17-5.30 25 6.13-6.25 23 8.5-8.17 27
2016-2017 5.16-5.26 26 6.18-6.28 26 8.2-8.12 27
2017-2018 5.22-5.30 21 6.10-6.19 22 8.10-8.18 22
2018-2019 5.24-5.31 28 6.14-6.23 22 8.2-8.11 23
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Fig. 2 Abundance indexes in the early life stages of the main small pelagic fishes in the Laizhou Bay since the 1980s
eggs of =—#=Engraulis japonicus, =< *Sardinella zunasi, =®:Konosirus punctatus, ==@=Setipinna tenuifilis, and
=¥:Thryssa kammalensis; =/ larvae fish of Hyporhamphus sajori.
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Fig. 4 Decadal variation of the distribution patterns to the spawning ground or nursery area of small pelagic fishes in the
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Tab. 2 Physical factorsin the Laizhou Bay acr oss different survey periods
X +SE
A1y %2 Spring #-HZ Spr-Sum K2 Summer
year KR/ C SST FHh SSS FR/C SST FEh SSS FW/C SST FEh SSS
1982—1983 14.60+0.34° 29.72+0.29® 21.17+0.43%f 30.31+0.24°F 27.21£0.16° 28.70+0.70"
1992—1993 18.10£0.59° 30.45+0.31BF 18.10+0.59" 30.45+0.31PFF 24.37+0.37° 30.65+0.11°P
1998—1999 16.17+0.49% 31.20£0.215¢ 16.17+0.49* 31.20+0.21%F 26.04+0.45% 30.48+0.40<°
2007—2008 17.34+0.30% 28.73£0.16" 19.98+0.30% 28.73+0.18"" 26.57+0.15%" 29.77+0.295¢
2011—2012 12.32+0.61° 30.06:£0.295P 19.37+0.52° 30.47+0.62°F 25.10+0.39% 30.80+0.19°
2012—2013 11.32+0.30° 31.73+0.14%¢ 20.44+0.30° 30.69+0.595F 24.59+0.28" 28.84+0.36"8
2013—2014 16.83+0.62°% 29.94+0.445¢ 20.39+0.33°% 29.42+0.25%¢ 25.62+0.24% 28.52+0.37"
2014—2015 15.89+0.54% 28.61+0.29" 22.53+0.48¢ 27.92+0.58" 26.44+0.28°% 29.01+0.234"
2015—2016 15.89+0.47" 29.87+0.21° 21.32+0.36' 29.48+0.19B“P 26.19+0.27% 29.72+0.155¢
2016—2017 15.82+0.28" 30.78+0.13P%F 22.12+0.35" 31.000.10"F 27.40£0.25™ 30.65+0.12<°
2017—2018 17.46+0.50% 31.26+0.165¢ 19.73+0.35° 31.44+0.14" 27.98+0.32¢ 30.81+0.18°
2018—2019 17.66+0.45° 30.68+0.26°PFF 20.49+0.41°% 30.44+0.32°%F 28.90+0.32" 30.62+0.24<°

BRI WL 1. AR A M R Z T A RIRESST) T EAMF/NG FHE @, b, ¢, d, e, f, g, h), £IRESSS)TEAMFKRE
F1HE(A, B, C, D, E, F, G) L r /R BUH 2 7] 22 57 B 35 (P<0.05).

Note: Number of sampling stations were listed in Table 1. Values without same superscript of lower case letters (a, b, c, d, e, f, g, h) in the

same column of SST of the same season in different survey preiods (years), without same superscript of capital letters (A, B,

the same column of SSS were significantly different from each other.

ENSO#3
multivariate ENSO index (MEI)

HEALE A ATS R E
normalized Yellow River monthly runoff
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Fig. 5 Time series of the PDO, MEI and monthly runoff of the Yellow River (MRYR)
a. Monthly averages of the PDO and MEI; b. Normalized MRYR based on monthly average water discharge

observed at the Lijin Hydrometric Station from January 1973 to December 2018

[30-31]

(S
C,D,E F,G)in

pacific decadal osilltion index (PDO)

1982 1983 1992 1993 1998 1999 2006 2007 2008 2011 2012 2013 2014 2015 2016 2017 2018 2019

4y (A1) year (month)



456 K R R 2 %294%
=1
5 a - ; . £
S 21 [ AnEARAE MHa 3k normalizd annual total catch 12 5
I - PREIL AR B normalized annual fishing effort £ %‘J
BE = 2
g1 1 3RE
m s E£3
& & g
23 ° 0323
&g % %
E %%
8 1 1 1 1 1 1 1 1 1 1 1 1 1 Q
1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 =
AEf} year

E 4F b B 14
g [ #vi L AR B398 normalized annual fishing effort m
i _%o 3r FRMELAECPUE normalized annual CPUE 13 i g
£E 2 2 23
N 2
g g0 0 =g
&g & N
1% ,f‘ﬂ’ -1’3
=g Ll 12 g
£ 2

o _ 1 1 1 1 1 1 1 1 1 1 1 1 1 .

&3 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 20203
)y year
Bl 6 1953-2019 4Rt =4 —TOL T WAL IIAE RORET i E5 3% (FEBH) 5 4F B3k it (a) fl CPUE (b)4FF7s )

Fig. 6 Annual variation of total fishing effort (FEBH) with annual total catch (a) and CPUE (b) from 1953 to 2019 in the

Circum-Bohai-Sea Region (Liaoning, Hebei, Shandong Province and Tianjin)!
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Fig. 7 Tweedie-GAM analysis between EDN-ELH and the main environmental factors in the Laizhou Bay
across different survey periods since the 1980s
Engraulis japonicus eggs: a. SST, b. SSS, c. depth, d. MYRY; Sardinella zunasi eggs: e. SST, f. SSS, g. depth, h. MYRY; Konosirus
punctatus eggs: i. SST, j. SSS, k. depth, 1. MYRY; Setipinna tenuifilis eggs: m. SST, n. SSS, o. depth, p. MYRY; Thryssa
kammalensis eggs: q. SST, r. SSS, s. depth, t. MYRY; Hyporhamphus sajori larvae: u. SST, v. SSS, w. depth, x. MYRY.
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Fig. 8 Canonical correspondence analysis of EDN-ELH of pelagic fish to the main environmental
factors in the Laizhou Bay across different survey periods since the 1980s
Fish eggs taxas including Engraulis japonicus, Thryssa kammalensis, Konosirus punctatus, Sardinella zunasi, Setipinna taty,
Thryssa mystax and Scomberomorus niphonius. Fish larvae taxas including L-Engraulis japonicus, L-Thryssa kammalensis,

L-Konosirus punctatus, L-Sardinella zunasi, L-Hyporhamphus sajori, L-Atherina bleekeri and L-Strongylura anastomella.
Environmental factors including SST, SSS, PDO, MEI, depth, MRYR and FEBH.
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Bay
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Abstract: Due to their short lifespan, rapid maturation, strong coupling to lower trophic levels, and quickly
replenishing resources, populations of small pelagic fishes are often excellent bio-indicators of climate-driven
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changes in marine systems worldwide. This was particularly evident during each of the survey periods undertaken
in this study in the Laizhou Bay of Bohai Sea, where the eggs and larvae of small pelagics were the main
components of the ichthyoplankton community (1982-2019). The major small pelagics taxa in the Laizhou Bay
were Japanese anchovy Engraulis japonicus, dotted gizzard shad Konosirus punctatus, Japanese sardinella
Sardinella zunasi, kammal thryssa Thryssa kammalensis, scaly half-fin anchovy Setipinna tenuifilis, and Japanese
halfbeak Hyporhamphus sajori. Based on a pooled analysis of the historical data of almost 40 years and combined
with the field survey of current fish habitat conditions, a long-term data set of ichthyoplankton with major habitat
factors in the Laizhou Bay was built. Firstly, general additive modeling and general line modeling were used to
interpret the correlations between changes in ecological density number in early life history (EDN-ELH) and
habitat environmental factors for each of the small pelagics taxa, and species-specific spawning habitat optima
(temperature, salinity and depth) were also examined. Secondly, the decadal distribution patterns of the spawning
ground or nursing area of each of the small pelagics would be plotted by using the interpolation method in
Geostatistical Analyst of ArcGIS Software. Third, the time series analysis and canonical correspondence analysis
would be used to examine the synchrony of variation patterns, by comparing time series data of EDN-ELH
statistics of major small pelagics along with climate indices e.g., Pacific Decadal Oscillation (PDO), Multivariate
ENSO Index (MEI), etc., monthly runoff of the Yellow River (MRYR) and annual fishing effort in the whole
Bohai Sea from 1982 to 2019. The results conveyed that spawning activities of the small pelagics were
concentrated in the water temperature increasing season. The main spawning period of the Japanese anchovy and
dotted gizzard shad was slightly earlier. Other species such as the kammal thryssa, Japanese sardinella, Japanese
halfbeak and scaly half-fin anchovy spawned later. Each of the small pelagics taxa examined in the Laizhou Bay
adapts to a wide range of optimal temperatures and seawater salinity for spawning (eurytherm and euryhaline
species). There was a species-specific spatio-temporal distribution pattern of the spawning ground or nursery area
of each of the small pelagics in the Laizhou Bay, which was influenced by water diluted by the Yellow River and
the offshore water. Each small pelagics taxa adapts to spawn at the low salinity estuarine and nearshore waters
(except Japanese anchovy), with a general near-shore distribution trend when comparing the location of its nursery
areas to the spawning ground. EDN-ELH of each small pelagics taxa was in interannual and decadal fluctuation, as
was the distribution patterns of its spawning ground or nursing areas. Compared with the 1980s, EDN-ELH of
Japanese anchovy, dotted gizzard shad and Japanese sardinella had decreased significantly, while EDN-ELH of
kammal thryssa increased significantly, and half-fin anchovy and Japanese halfbeak remained constant.

In the PDO and MEI warm phase, EDN-ELH of Japanese anchovy and Japanese halfbeak remained at a higher
level. In contrast, in the PDO and MEI cold phase, EDN-ELH of kammal thryssa, scaly half-fin anchovy, Japanese
sardinella and dotted gizzard shad remained at a higher level. MRYR had significant effects on the EDN-ELH of
all the small pelagics except scaly half-fin anchovy. The EDN-ELH of Japanese anchovy and Japanese sardinella
was significantly negatively correlated with the MRYR, while dotted gizzard shad, kammal thryssa and Japanese
halfbeak was positively correlated with the MRYR. Fishing has a significant effect on EDN-ELH of Japanese
anchovy and dotted gizzard shad, due to high fishing intensity applied to their spawning stock outside of the
closed season before 2017. This study interpreted the recruitment variation and “bottom-up” or “top-down” factors
that may affect the early life stage recruitment process. The factors fill the gaps in knowledge that currently limit
our ability to understand the key mechanisms involved in responses of small pelagic fish species to environmental
changes in Laizhou Bay of the Bohai Sea.

Key words. Laizhou Bay; small pelagic fish; EDN-ELH; ichthyoplankton; long-term variation; monthly runoff of
the Yellow River (MRYR)
Corresponding author: JIN Xianshi. E-mail: jin@ysfri.ac.cn



