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WEWH . 2 FTRMNERE R, FENRIR 26 Aarkd, 11 A4 AN WSSV [HE; 2016,
2017 #n 2018 45 WSSV [H 4 KA 35 5 8 & 27 O 48.40%., 38.75%7H1 21.74%, # 24 d § WSSV
TH A B He % 4 5] 4 16.86%. 9.60%71 4.80%. GFM A2 AL A o, AR AR B PH A & B 09 3T 4%
(In_posi)” wt v f7 78 B 4T 26 4 7 B 6y 3T 8 (In_Abu)" 8 EZ X & 5. GAMM 441 i, AR 75 15 B
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r [ T L IR R R T, SRR PRI AR
Wl ARG b e EE L (F R T, 2006; RoE
%, 2012), H 20 {2t 80 4FMR LK, Zid i . <
EARAL . IR TS Y 2 R IR, BRI AE S R
Gk AW B AL, G AR 2R R B — E R
F IR, ALFEHRIEAE PN A F S22 B8R T B3] B T
= (Jin et al, 2013; Tang et al, 2016; Wu et al, 2018), it
WIRAH G SE R, 32 NG 3l H a0 2R 45k
AR AT R B s ] A G R PR VA T I 4
(Ramos et al, 2018; Baltar et al, 2019; Ward et al, 2019;
Walworth et al, 2020) ., Briififs R Z 4, iwifEH 535 8)
WA RIS Z K IRZEE . $hE . &4E | R
Jo 2R R 5 I A5 PR -1 52 (Grrbble et al, 2007;
WEPOPEAE, 2009; iR fRA, 2015; @X#RAE, 2017; sk
%5, 2018), WRAE MG FEAEB RE D ELERIR B A"
B, R EE YNGR | fEATRE I Sh R B A
T AN T G ) SRR T (BR/NERSE, 2010; B4 ¥4,
2015), PRutt, I VE R 2 AR P AR Ak S LR
(R 2 X 30T V6 A W PP sh S RN VR AR S A A R

20 {22 80 4FAR LUK, XHHFFRAE L 7E tH 5t £ [H %
FIXGE, AT R AL B sh ) 8 AR T %R
TR (R =%, 2006). SR, 5 43RO IR 5 58 M PR
R SEAHTE Y A2 22 B0 25 VRS A W B, I R0 ™
b B b (R ZE A, 1998), Hith, MR PBELE A
HF 975 5 (white spot syndrome virus, WSSV) 2 & 4 18 14
X W 2 PR B v A ™ H AT KR i — 28
J7 Ji (Lightner, 1996; fif 4 [& 4%, 1999; & Jii 3C %,
2002, 2003; [F4& %, 2004; 254/, 2009), i3 %5 X
WRE YL WSSV J5 2~7 d WY RiHPET- % AT 35 100%
(75 FiSCAF, 2003), B T IRGL FRHH XTURAL S 4E K bl
ZL WSSV B YL ik i H 522 3 ) g 4, i Chapman
Z£(2004)i 5 PCR. ZH 21 Hil 2% M4 2L o) = 58 5L 56
WE SZ 3R A R K PG VE T B L 40 I X EF (Litopenaeus
vannamel) B i TR AE7E WSSV JEL . Mijangos-Alquisires
25 (2006) M 52 7 HJ i1 1) 45 JE 0725 SR 4 10 30T Vi R S A
HORLIN E] WSSV EAIG BH 4 2R (0.8%) 1Y 8%+ . Orosco
£5(2017)i# 3 PCR il e, RAE H JEA 223 e /K3
FERZ A WSSV BHEAS . Gholamhosseini %5 (2020)
i PCR. ZH 2055 #2500 Flz 5 v i 3l ige 12 AR Hff
FE T B i B BH X BT (Penaeus  indicus) A TE
WSSV, %F WSSV Xt H7e iy iz 8ok, i
SERMEM A WSSV AT AN 5| & LT fE fo i B
AR MRS Sh A L

HETI, AT 2016—2018 4E44E 8 A X

WSSV 7 B ifg Fl A W 6 IR 26 v i i A 51 Bl AT &R
G, A i) A B B AL £R MR 7 (gradient random
forest model, GFM)F1J™ UM IR & #5244 (generalized
additive mixed models, GAMM), ¥fl WSSV Fif7T1H
50 B AH 6 R85 [R5 IR AR Sal R 2K A s (R R O
DI Ry 488 715 7K 7 55 58 2 i s S e Vg 1 R 52 2 R R A 52
e $ A LA

1 MRS
11 HREE

2016. 2017 Fl 2018 4F 8 H (fkifat), &3¢+ H
IR Rb 2 W 5 e B I K P 5 e AL S ol R
FiFs b OV A AR M AL R S AT 3 AR IR, IR
G H D00 SR 4 BRI A i o MR 0 1 3 3 7 ] 98 B 5 A S
AR, FEF ) 120 Aok 5 e B ol o5 A 7 BURE
(B 1), HREIRHE R AT AR AR RS R i, B4R
FES, AT REHLEURE 4~6 F2 o HURERT, KRR AN A 3k g
FHIFSRHET FTA® KR B, AR TSR T-20C
UKAE, VAR S . A A N E S RO T R A
(2011), #a K 3.0~3.5 nmile/h, R E 0.5~1 h,
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0S4 Ul 5 A BRI B A S FE R, AN (R i 23 1)
s HE AL Ry B /N I 1) B8 (A Th) AR S b R AR )
(M= 55, 2013).,

1.2 HREHZFB WSSV HIRNTSEEY E(LAMP)
el

Fiz IR T 55 %5 (2016) 438 1 7 ik, i FH WSSV #ilig
PR 7 R AR IR SRR T FTASR A B BORE
AT LAMP Kl o Ay sl G A I o i rb s B4 PH A
b, R 2 EARRGIYHIVER WSSV 3Lt
i R AR I ) G X ) — A A R T R AR I RN R A%
1.3 BEFEREHE

AU IR IR 2R W AR
iF SBE25plus [ % : CTD (SeaBird A #), 3 H)i#EfT
PR AL IR 2R AN (BST) S % 1 227 (2014) R 38 1) 5
BT, I E RS IR PR A o i g, A
VAU SRS 4 FR2ER. W (B . R
WA D) . AP B . Ry b (B HE R D U D B R 1)
A+ R (56 1 SOk D Al £ 5D .

1.4 EEIWHE

141 AR EE PL WSSV PR sk i
VR AT e 107 [R5 % 18 S R3S A= i e B S O
i 2% 20 A (B SCYL, 2015), LLMF 26 82k W 6 0 v 5
(In_Abu) /& g i )37 A8 . BEHL WSSV BH M6 &
(P_rate)fE MR [ fige e Ar i, JHBRIE WSSV PR
Ftl WSSV YL AR —F,  RIIRE B FH MR A AL
T =PHMEAG H R xR S A B IR B S R AT
XFRCAL B, A5 (1 BH R i 2 0 % 5 (In_posi ) 7E A 5
R AL i

142 BAFwaRE TR T P_rate Fl
In_posi LISk, #R#JEC &R MIAEE R FXTURE A ) i
S B WS 4 (Gribble et al, 2007; & PR FESE, 2009;
SR, 2015; B R, 2017), UK 2R |
ERRE . SRR | IR RZALRN S I AR AR O AR N
IR F) i R AR o

143 SFEAEMEHwE TG T RN K
JE BEATLAR AR AL G5 256 1, 0028 PR 45 PR 85 IR 7 6t
U EWR PR BE A A 5 . GFM S —FlbLas i >
B, AL AEREHLAR ARG IERNE 1, 8 A 45 W 0 A
B BN BE B AR AR50 BT Sk A 3R Vs E AH G F0 PR AN
L 0 AR i 22 (0] A &2 2 56 & (Ellis et al, 2012), AR
bk, BEHLAR MR —Fh A, e i Ry AR e
ASTRIN P F p AR S EVE R R 2 4, D R Ak [

Ftk o 5 HANRE S, A6 B ARARER AL T A e AR
RIS RS LA REIBCA S 20, XB6 E 7%
MAEAT 1000 izfT, $RAGF REAAESEBE , IFf A A
fib e RS (BRI AR R KA T it — 24047 o
1.4.4 F1JA GAMM #ER 3F 4 30358 B F 4 5F % 45 69
EAG] % R R B RE ) TN e T T EE R R
FRT SO TR A B TR0 X6 T B 52 i R 2 26 4y o 1 B 28
AT BRI TR WSSV FH A ) FR G AT 4
Hr(Derville et al, 2018), FEEALZHT, X it
IR0 . K DL A il iR Ay, £ 2G0T S
LI 590 5% A B A 2 i Ao A it 22 () Y e etk SRy 22
A 7 (VIF) B 2 F b ek M O AR, IR X Ly
WIta R 617 22 B L2 PR 56, 0 56 T 4 ARS8 1) [
+-(Shono, 2008)., VIF #i, 2 52 15 e k™
&, DL VIFSS AR IR & A7 7E 2 d AR A M bR e
fiff A% v RS S S B (BST) VE M BEALANE o 45528 1Y) 3%
RSB “identity” (Kabacoff, 2015), FIJH F # 5 F
Y B SR P L N B v R i e e g
LM GAMM A

K 747 B 72 ] (Akaike information criterion,
AIC)HI )T 2% T % (deviance explained) i b 45 fig e 5
IR PERE(R 2 A, 2014) FE T A B AR (P=
0D MW IR EE A B — B, AT B RARBIRL, &
BUBR . DAIBRAE RN 2E B/ A BE AR R 2)A
fBfL i GAMM 2I%dE; I)EmE LT 1 ML 2, H
F| AIC i % /)b (deLeeuw, 1992; Burnham et al,
2003) ., Hds o A A AL R 2 0 s AR R A B R 4R
Ry “car”, “gradient Forest” Fil “mgev” #£47 (R Core
Team, 2017).

2 #R

21 WSSV ZEEBESRGIMIFERPFHRITHER

£ 2016 2017 FI 2018 4F 8 H X i ifg I A AL &
EA R, A 73 AREE RS 517 R HRZEEE N
(K 2, & 1), LAMP filZ5 R B 7s, 2016, 2017 #il
2018 4 Jir b Je 1y 25, 31 Fll 46 /R Afuli i, WSSV
FH A R 3 5000 L 451 43 53] 3K 48.40% ., 38.75%F1
21.74% (& 2. & 3), H 3AEEERE S WSSV FHH:
Kt #4398 16.86%., 9.60%F!1 4.80%(/&l 3); ik
3AMERETRERE S EEE 26 FpIRE, Hrh, HKiE
I~ (Crangon affinis) . % [ K/ U (Palaemon gravieri),
I FC A3 X5} IR (Par apenaeopsis harbwickii) . H A< 2 % iF
(Penaeus japonicus) . # [ 7 #F (Metapenaeopsis dale) .
v [E & #F (Acetes chinensis) i # #F (Latreutes



B0 RIS JET GFM Al GAMM RS 3By X iR (1 BELE G AE (WSSV) X 8 1 HIAR 13 10 K BRI 26 Wy 8 1 52 ) 49
N 2016 N 2017 N 2018
42° 42° v 42° T
e ) e O\ aFE N~
41°1 th’(ég M Llas_nmg ‘f 41° ij@\ o~ Lisoning 47 4 41°r ﬂjb(gi o~~~ Liaoning /1*/
Hebei N\ Province = Hebei | ,,;/ ;’ Province //‘/ Hebei Ve /? Province /
40° avamc‘( : .v{ il 40°p ,Provmc,e’ A S 4Q° Heber 7
w0 -’ - A o d’rovm}e ai / "
39°F AT o 39°F . 39°K '
X Lo eeo e
g 380 Py .o gefe L oee
“*f; )’] e T i: g e e e
37°F Wiz ki o 37°r WWEE . 37°F lllﬂiétd ; ik e e
| Shandong 5 ° ° o | Shandong - . o| Shandong 5 . ‘ : ¢ :
36° Provinc he/’,)f 36 Province ,,r'? : ° 36 Provmcer“") e @ o .
35¢ r /’1 . . [ ] 35° P 1; . 0 O 35° . P
i . MR . o el .
33°F ) \ L 33° 'él\f\ ,_K\}ﬂ%% LI 330L" ~ .
. ’“ Jlangsu . o 5 Jiangsu * o °
32°¢ "':,] Province ”'05 Q .. 32°F Lm] Province “(\j\\\\: N . 32 ¢
3°F A e 31°fF . 31°
30°F j 'm[éi/“ NG . 30°F . 30°
29° \ Zhejiang 315 gﬂ%}*&ﬁ(}tﬁ% Positive rate 29° L i gﬁl‘lf-ltﬁﬁl %$ Positive rate 29° ! \ Zhejiang gﬁ%&%%$ Positive rate
ogo | ¢ Provinee st g 0200001~0.333333 280 -JfL‘r: Province 572" 4 0.111112~0.200000 agel 7 PrOviRee st 00 100001~0.181818
mEE S @ 0.333334~0.400000 ﬁﬁ\u’é‘/\}/ 4§ @ (.200001~0.250000 *EQE%I\J (5/ © (.181819~0.200000
27°} Fujian = ©0.400001~1.000000 27° | Futian .2 ©0.250001~0.400000 7oL TR T ©0.200001~1.000000
%{5 7 o AP A Negative site Y @ o BAMEY S Negative site Fujian ?&ff' o FAESG A Negative site
26°1 Provmce & ) jﬁﬁé 3% 5 No sample site 26° _ll’mvu}ce & ) ) xﬁlﬁ,j“l} A’{ No sample site 26° _l?mviqce & . ) ) ﬁ#lﬁﬁﬁﬁi No sample site
118°  120° 122° 124° 126° 128°E 118° 120° 122° 124° 126° 128°E 118° 120° 122° 124° 126° 128°E
P2 2016—2018 4F & ifg Al AR g L AR MRS o WSSV i 3473 el Al AL T %
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Fig.3 WSSV positive rate in the sampling sites and
the collected samples of the Yellow Sea and
the northern East China Sea (2016—2018)
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siensis), IR . & [CK IR FIE E R IR WSSV
BHAEAS 255 7 10%L) B (3 1),

2.2 GFM #=EIH RN HF

FIFH GFM A5 RS MR 24 A= 4 s K G 52 il PR (14 9
PR 4 R R, In_posi (FHPERE 5 50 X 450 5 2
B, RO IR (Temp) . & A2 H 55 (Distance) . 4
(Lat). £ (Long). FHYESR(P_rate) . £ (Sal)Flik ot
ZAIBST)(A 4).

2.3 GAMM H#EEIFLZE R 547

Wk VIF XRG04 2 s v g
KI5 Z AR LB . #% P_number
FREE 2 A HEBR I, &7 VIF E/0 T 5, A
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Sal. BST_No fERHE: GAMM AL & Hesg i K+
(% 2), 48 AIC F/Ns N, i AP HIRAE S A F,
HF AR Modd 6: In_Abu~P_rate+in_posi+Long.
P rate Fl In posi & Model 6 Hriytk i 40 6K T
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Tab.1 Number and WSSV positive rates in different shrimps collected from Yellow Sea and the northern East China Sea (2016—2018)

2% Species P T 4 Scientific name 2016 2017 2018 FH4: 2% Positive rate/%
eSS Heterocar poides laevicarina \ 3 \ 66.67
EHEATY Leptochela gracilis stimpson \ \ 4 50.00
T3 %R Parapenaeopsis a cultrirostris 2 \ 5 14.29
H A2 R R Eualus siensis 1 5 23 13.79
2N Latreutes anoplonyx 20 1 21 13.46
BHIRK IR Palaemon gravieri 5 7 13 12.00
H IR AR Crangon affinis 38 57 82 11.86
BN Penaeus japonicus 5 3 6 7.14
SRIEEETHS Acetes chinensis \ 14 5 5.26
W EG A5 X HF Parapenaeopsis harbwickii 5 11 27 4.65
ERECSLES TN Solenocera crassicornis 5 2 17 4.17
i figg AR Lysmata vittata \ \ 1 0
AW Metapenaeopsis dale 4 9 13 0
B A 4D IR Parapenaeus fissuroides Crosnier \ 1 \ 0
P BT Euphausia pacifica \ \ 5 0
20 15 45 X6} iR Parapenaeopsis tenella 1 \ 7 0
fif B B R Alpheus distinguendus 2 5 2 0
J&g TR Trachypenaeus curvirostris 18 7 11 0
PETE e AR Latreutes planirostris \ 2 \ 0
i 2 SRR Atypopenaeus stenodactylus \ 2 \ 0
KA HEATR Solenacera melantho \ \ 2 0
LA I X R Litopenaeus vannamei 1 \ \ 0
15 B M Solenocera alticarinata 4 1 \ 0
ERNGT Alpheus japonicus 2 1 2 0
G Metapenaeopsis barbata 6 2 \ 0
JE G %o} U Metapenaeus joyneri \ 4 5 0
Feo“\ TTRER
Note: “\": No samples
R? weighted importance
v B 3 itig
Distance WSSV 15| F AU AR 1 BELR 45 6 3205 B
LOL:g‘ 1992 4F ¥ & BL T3k [E & 7 (Chou et al, 1995), /5
b rue ] FUH S AE B A BRI AR A% [ L K bS5
sat [] R A, 4 4 RO IR R AL R T K R 2
BST_No (Nakano et al, 1994; Inouye et al, 1994; Momoyama
0 0.05 0.10 015 et al, 1994; Takahashi et al, 1994; Wang et al, 1995;

E 4 KRS R GEM B i 5B i
Fig.4 Importance analysis of different predictor variables
from the gradient forest

In_posi: BHMEAEMEHXTEL; Temp: JEAE; Distance:
BRIER; Lat: Z5F; Long: 4&F; P_rate: FHPER;
Sal: L/ ; BST_No: JEFiZEM
In_posi: Logarithm of the number of positive samples; Temp:
Temperature; Distance: Distance from shore; Lati: Latitude;
Long: Longitude; P_rate: Positive rate; Sal: Salinity;
BST_No: Bottom sediment types

Lightner, 1999), fiff58 & B, 7ERVGHF, JEFE MG
B 46 [ 30T Vi A AR 0 B A MR 2R TR A E WSSV gy
(Chapman et al, 2004; Mijangos-Alquisires et al, 2006;
Orosco et al, 2017; Gholamhosseini et al, 2020), {H
WSSV 2 A5 71 178 125 Fuly 1 7 3l 258 rh i A7 1 K AL
HRIE o AT B HE AR M AL A I AR 2 wissV
WATIE B A A A 45 S R, WSSV TEFR [ A g 4uk 1)
TATIERR LA AT AR R 2016 4F , WSSV
IF P SR A Sy o R BHL PR A o 1 B 2803 Sl i 18 48.395%
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K2 %&i%k GAMM EEHHIEHR
Tab.2 Fitting effect of candidate GAMMs
ﬁgﬂﬁze i /N = Model formula R? (ad) Deviaffjiﬁén % AlC
Model 1 #i%— In_Abu~Temp+Sal+Distance+BST+P_rate” +In_posi” +Lat+Long  0.387 41.0 405.702 6
Model 2 #i%1 — In_Abu~Sal+Distance+BST+P_rate” +In_posi” +Lat+Long 0.387 41.0 405.700 8
Model 3 #i% = In_Abu~Distance+tBST+P_rate” +In_posi” +Lat+Long 0.387 41.0 405.702 9
Model 4 #5710 In_Abu~BST+P_rate” " +In_posi +Lat+Long 0.387 41.0 405.703 4
Model 5##1 7 In_Abu~P_rate”"+In_posi”" +Lat+Long 0.387 40.9 405.545 9
Model 6 I In_Abu~P_rate” “+In_posi” +Long 0.398 42.1 403.9339
Model 7 %1 In_Abu~P_rate”"+In_posi™™" 0.382 40.1 405.440 5
Model 8 ##I/\ In_Abu~In_posi™" 0.364 38.6 408.736 1
Model 9 %I}, In_Abu~P_rate’™ 0.081 9.84 442593 2

e In_Abu: SRJAEYIRANELG In_posi: FHPEREALECAOXIEL; Temp: ifiJi; Distance: Bj#HEES; Lat: £5)i; Long:
25 P_rate: FAVER; Sal: $hE; BST: R, RIUBBIATHZE N o RS ERFHTIY EE : *** . P<0.001; **: P<0.01;

*. P<0.05

Note: In_Abu: Logarithm of the shrimp biomass; In_posi: Logarithm of the number of positive samples; Temp: Temperature;
Distance: Distance from shore; Lat: Latitude; Long: Longitude; P_rate: Positive rate; Sal: Salinity; BST: Bottom sediment types. The
best model is highlighted in bold. Asterisk (*) indicates the significance of smooth terms: ***: P<0.001; **: P<0.01; *: P<0.05
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Fig.5 Therelationship between significant variables and abundance of shrimps for the final generalized additive mixed models
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Analysis of the Effect of White Spot Syndrome Virus (WSSV) on
Shrimp Biomassin the Yellow Sea and the Northern
East China Sea Based on GFM and GAMM Models

XU Tingting', TENG Guangliang®, L1 Yingxia', WU Qiang",
SHAN Xiujuan'?, ZHANG Qingli*?”, JIN Xianshi®?

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences;
Key Laboratory of Marine Aquaculture Disease Control, Ministry of Agriculture and Rural Affairs;
Key Laboratory of Marine Aquaculture Epidemiology and Biosecurity, Qingdao, Shandong 266071, China;
2. Laboratory for Marine Fisheries Science and Food Production Processes,
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Abstract Shrimp plays a key role in the functional group of marine ecosystems, and its biomass is
affected by multiple factors. Based on an epidemiological survey of white spot syndrome virus (WSSV) in
wild shrimp in the Yellow Sea and the northern East China Sea, the impact of WSSV prevalence on the
biomass of shrimp in these regions from 2016 to 2018 was analyzed using the gradient random forest
model (GFM) and generalized additive mixed models (GAMM). The results of molecular detection
showed that 11 out of 26 species of shrimp obtained in the survey were determined to be WSSV-positive;
the percentage of WSSV-positive sites in 2016, 2017, and 2018 was 48.40%, 38.75%, and 21.74%,
respectively. The percentage of WSSV-positive samples was 16.86%, 9.60%, and 4.80% in 2016, 2017,
and 2018, respectively. The GFM analysis results showed that the explanatory variable "logarithm of the
number of positive samples (In_posi)" showed the highest priority to the response variable "logarithm of
the shrimp biomass (In _Abu)". The GAMM model analysis results showed that the optimal model
selected according to the minimum principle of Akaike information criterion (AIC) was In_Abu ~ WSSV
positive rate (P_rate) + In_posi+longitude (Long), in which the In_posi and P_rate were crucia factors
affecting the biomass of shrimp, and the biomass of shrimp decreased with the increase in WSSV positive
rate. The above results revealed that the WSSV was prevalent in the shrimp of the Yellow Sea and the
northern East China Sea, and will have a potential impact on the biomass of shrimp.

Key words White spot syndrome virus (WSSV); Yellow Sea and the northern East China Sea;
Shrimp; Gradient random forest model (GFM); Generalized additive mixed models (GAMM)
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