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Fig. 1 Map of sampling stations of stow net in
northern Hangzhou Bay
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Tab.1 Water temperature and salinity for each station in northern Hangzhou Bay

JKi/°C  temperature

L salinity

vl station

#2Z spring  HZ summer  FKZE autumn & ZE winter #HZ spring  HZE summer  FKZ autumn & ZE winter
S1 19.9 30.3 17.8 13.5 13.5 12.7 14.1
S2 19.7 29.5 17.9 16.3 14.2 14.9 16.0
S3 19.2 29.7 17.3 15.8 15.4 17.0 16.3
1.2 #HiEaE SN, K 2 N, AR RN
121 EKMEE FEROMNMEWERY KRG 122 FK-FKEXF LZRAFHEK-AE

) B2 FE B, MR (W) TR K 4008 17K 53 & 1Y)
BE, RKAEME 1| mm, KRERHE 0.001 g, 4
LA 3 mm F10.2 g Ry 41 BE XA K AR 517534,
P 2H NSRBI 7 A A L A9 e s A 2 SR A
PR KA ML RAAR T A . R R 9 A8 5 R HL
(CV)& R BEFEAR R A KB ST i b, S
Bge R ARASEE IR, RN ERAERKER

R R R B A R TE

W=al®
b, WRIEHE (g); L A K (mm); a Jy&AFHF,
J W4z [ R R BT b R L 25, A T RE 3
filh K SCAE IR S B hr i, S5 afiise R, b
o 3 o ol v R ] I 2 5T 1B £ 5 e S B W o
Ko b<3 B, FPRER SR A K, B 1Y E
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R 5 R E AR R B R, > b>3 B, Fiff
N IE SRR AR, PR 3 R T AR g sk )
T R AULA B R MR R R OR, KL VMK
Bt g /N UG SEUR B, U 1
P F AR,
FH B SR X B 48 () A TP 2 R i 4 1k [l 1
P4 ma fil b, ARXWTF:
InW = Ina+ binL
A A SR ) sREICK a:
a = exp(lna)
1.2.3 BE#&E ] Froese &M MYAHXTA TR (W)
AP E R R R, AT
W
wmAw;E;
P, Won HARXT AT, W R SEPRIATE, L ALK
an AEFHAIER W a LT FIME, b A HE
e 5 b EMFEARFE, FIH 1ga 5 b 2k
PERIARE S a. b B8 E, 2450 = 105 LR
i 2 fERREZRE, BIUCNIZ SRR e T
I I53% 0 A 4 B9 X TS 6 B B S e, U T A
N B A B A ) AR K 4. (26~30 - mm) 35 AH X
[N
1.3 it
AR A F AT 40 A 1 A & T Shapiro-

Wilk 658, ~FRIPRIC | -2 A RIIC I B A 21
7= S0 B 2K 7 22 4 HT (one-way  ANOVA) K
¥ R K ARTE R SH a il b 121 2 7 )
75 2253 Mt (ANCOVAYK 55, 5 PREE DR 1~ A AH OC 5C
Z il Pearson fHXMEM TR . S8 b 5 3 W)
ST t RS, K FE S 0.05,

2 ERESW

21 KL%

E o | i [ A S L N SR NS IS
(34.6+3.8) mm, fL#MARK LK 33~36 mm (27.6%),
T RECN 10.9%, WK 2L, 43, &K
PRSP PR K R B8 (26.145.3) mm, fh#VA K 4H
h 24~27 mm (30.3%), ZREREN 20.1%, KK
B (R 2). NEFERNLE, ZRALTFY
K R T B G, TR 5 R AR B
TR, RERBCRNRAHE RN EERS
sy, BEMKERLEIMSM, LE2E4H WS
flio HZESTER, %L RALRF AR KR AR
b ELA 3B PE 22 5 (P<0.05) , MR it - 24144 KA Bk
T4 T2 (A B 3 1 22 5 (P>0.05), HAZT
Z IH YA 1 2 25 5 (P<0.05), T HE R A S 244
K&F 2 A B E 2R (P<0.05) . HEME
7, MERF AP A K T AR (P<0.05), KT
AR, M HERRE IR 22 F AN 2 (P>0.05).
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Tab. 2 Seasonal variations of body length of Palaemon annandalei in northern Hangzhou Bay

&S] P51 n 3 Fl/mm (X + SD)/mm e # /mm 5 R E % I A
season sex range dominant (6)% skewness
_ I female 132 25-44 36.5+4.1 36~39(33.3%) 11.2 —0.680"
%é Jf male 165 24-42 33.1£2.8 30~33(36.4%) 8.5 —0.190"
spring N
B all 297 24-44 34.6+3.8 33~36(27.6%) 10.9 0.002"
e I female 116 18-44 33.8+4.8 33~36(34.5%) 14.2 —1.059"
S ‘f‘;;er T male 184 21-42 31.6%4.1 30~33(29.3%) 13.0 0.367"
u
S all 300 18-44 32.5+4.6 30~33(27.0%) 14.0 -0.171"
_ I female 128 14-38 26.8+5.7 24~27(29.7%) 21.1 0.101%
SS i male 171 16-38 27.8+4.5 24~27(30.4% 16.4 —0.141"
autumn
utu:
S all 299 14-38 27.4+5.1 24~27(30.1%) 18.5 —0.058"
e M female 120 15-40 26.2+5.8 24~27(26.0%) 22.2 0.417"
w\‘ini ) JfE male 154 17-39 26.0+4.4 24~27(35.8%) 16.9 0.342
Bk all 274 15-40 26.145.3 24~27(30.3%) 20.1 0.438"

T 1s FRZEM M, rs FR A oA, nd FoRIES M, JERATE S NEERFR D05 L.

Note: 1s represents left skewed distribution of body length frequency; rs represents right skewed distribution of body length frequency; nd
represents normal distribution of body length frequency; and data in brackets of dominant represents proportion of individuals.
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B, BN LR 2 G AR 0 7 4 K ik 3
(0.623+0.206) g, TEHUH 0.4~0.6 g (35.0%), 2
S RE 33.1%; A Z, ZIRAMFR IR E S
(0.272+0.177) g, HH4HR 0.2~0.4 g (41.6%), 2F
S REL65.0% (£ 3). NEFFILTE, LKA

IR E T R, S5 RGBT 25
BrigR, &R AERE R E 2= A
P 22 55 (P<0.05), W AR 0 A A K B 7y 235 A8 A 2
Iy B 22 R (P<0.05), HEMEZE, M,
TR 22 1R B AR B 25 57 3 (P<0.05), Rk R4 2R,
W T SR 2 ] ) AR B G B 22 5 (P>0.05) .
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Tab. 3 Seasonal variations of body weight of Palaemon annandalei in northern Hangzhou Bay

=4y P51 1L Hl/g (X +SD)/g UE%?E/g AR5 R % P A4 EE
season sex range dominant ()% skewness

M female 0.168-1.195 0.727+0.228 0.8-1.0(32.6%) 31.4 -0.328"

ﬁé 1t male 0.186-1.080 0.541+0.140 0.4-0.6(52.7%) 26.0 0.461™

e B all 0.168-1.195 0.623+0.206 0.4-0.6(35.0%) 33.1 0.415"

i female 0.090-1.284 0.631+0.233 0.6-0.8(44.0%) 36.9 —0.042"

sifer HfE male 0.119-0.975 0.469+0.165 0.4-0.6(41.9%) 352 0.847"

A all 0.090-1.284 0.532+0.209 0.4-0.6(33.7%) 394 0.595"™

It female 0.038-0.997 0.370+0.232 0.2-0.4(33.3%) 62.7 0.709"

aj}t(uin T male 0.069-0.946 0.393+0.177 0.2-0.4(35.7%) 45.2 0.423"™

A all 0.038-0.997 0.383+0.203 0.2-0.4(33.8%) 52.9 0.568"

i female 0.016-0.897 0.287+0.202 0.0-0.2(40.9%) 70.3 1.105%

\f;ﬁr HfE male 0.054-0.770 0.252+0.136 0.2-0.4(49.2%) 54.0 1.160™

A all 0.016-0.897 0.272+0.177 0.2-0.4(41.6%) 65.0 1.249%

s FORZEM A, rs Fon AT o3 A, nd FoR BRI, RHAHES P 25 50N L.
Note: Is represents left skewed distribution of body length frequency; rs represents right skewed distribution of body length frequency; nd
represents normal distribution of body length frequency; and data in brackets of dominant represent proportion of individuals.
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K ARF KR BE a HAETERN 0.63x
10°~8.68x107°, BH b (HKAAL L Ky 2.48~3.23
(E 4. BE ali(A MR S5, &5,
MHEZE SN R IETH S G RN AR, =
b (HCN M) R I AR S AR A, TR
ZH a HEFRE, AFRK, NERILER
BT AR L, S50 b (H2 M W AR L
BN S a B R TR, X&KL WNEE
&R EHYTE RN AR b, S50 b E
WA R A, thr 2 R W, bt
IS JE R QMR K SR E X RS FE 1A
TRAE 25 F 5 2 2 [0) 6 B 35 Pk 22 % (P>0.05), H:
R Z A EA B2 5(P<0.05),
24 BFKGAEXZRSHOENSTETL

BEMETE, ZH8 b E50R 2.96 Fl 2.86, t
KR, b A5 3 27 EE(P<0.01), %K

HRE A S A K, BRAEMIA T, S50 b (4
Bk 3.01 F13.16, tKr B KA, Bk DS 3 LR
EMHZEFP>0.05), &F b HE 3 EZFMEE
(P<0.01), FKZF4 K FIUF 25l KB, &%
REIESEA R, R R 58 50 30T R A
IS b ES 3 R EM2E ST, &M
MEAR AR ZEAL T 10 5 BUE KB, HRFETAIESR
HA R, MR T ZE T AT R A K
B
25 FREGEXZSHREERRE

lga 5 b &AL R 2 Fis, B S0
IHERRE AL 2 fipaiEzs. HiL, M
hEX RS a5 b LT W, W a,=1.474x10",
bm=2.998.
2.6 REHE

NN B, 2GR AR i T
LR, & EERIMENE 3). %
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Tab. 4 Parameters of body length-weight relationship of Palaemon annandalei
. MK all I female 1 male

Z=75 season

N a(x107) b R? N a(x107%) b R? N a(x107%) b R?
%2 spring 297 1.64 296" 0.97 132 1.51 2.98" 0.97 165 2.26 2.88"  0.98
B Z* summer 300 2.30 286"  0.96 116 1.13 3.08" 0.96 184 8.68 2.48™  0.98
#kZ& autumn 299 1.57 3.01™  0.99 128 1.03 3.14™ 0.98 171 4.03 274" 0.99
&2 winter 274 0.80 3.16"  0.99 120 0.63 3.237 0.99 154 1.67 293" 0.98

E: NREEARE a. b HIAKMIKEWXRSE; RAMLEE; nstFE D5 3 HEEF AR EP>0.05); *LRbE 3 HEEFREE

(P<0.05); **ft3& b 55 3 L& 2% F 4 & (P<0.01).

Note: N means sample size; a and b are parameters of length-weight relationship; R* means correlation coefficient; ns denotes nonsignificant
difference between b and 3 (P>0.05); * denotes significant difference between b and 3 (P<0.05); ** denotes extremely significant difference

between b and 3 (P<0.01).
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Fig. 3 Seasonal variation of relative fatness
for Palaemon annandal ei

AR R, T IR R B AR R 2 N 2 2 T
oW FE M (P>0.05), HoRFEHZ MY HEA R
k22 5 (P<0.05) o 22 FG A IR R frg IS 36 (R 2
A= 2 A 35 Pk 22 7 (P<0.05), HRFETZ
[] 241 TG 1. 35 1k 22 5 (P>0.05) , 22 [ MR A A F A 3
JE AR 25 fN 2= 2 [0) 6t 35 Pk 22 5% (P>0.05), H:
KRBT Z A B2 5 (P<0.05), &R HIEF

W | AR 2 [RD A AR R A 2R T X g W 25
(P>0.05).
3 itig
31 FEREHKAER

LA RECH [ 7 B = AN S R R g B i e & Y P u
15 H, BN 4 A TR —EHirEE 10 H T,
BRI IR, £ EFEMZ R AR
SR, T B R A e AR R A R,
R PR 42 TG IR e/ MA K R IR 3 A
LI R S B S 5 N W 2 TN DRSS 2
AR #b FERER RIS B ZE AL i 4l ik . Bk 2R (11
), ZRAMF S OSSR, ki MeK
FER R SUA T REAIG, D8 B 55 —eeb s 8
ABIBKEREAR, St b e iR N oy 50210 1 4
Ko 22 G MR B B AR 1 P 3 IR Kl (37.1+
2.9) mm (n=29), X Z=2 G IR D0 BE R 1972
K H(35.6£2.7) mm (n=60), PA R T 2=/0Hr
B, 22 [ IR AL B R R (9 P 2 1A R 2 I 25 K
T H 22 (P<0.05), Ui H 2= F1 5 20 7™ O B RO
AR H—A A e ERn, BTN R A
HRRPEE R 2 AR, — OB ERA(S—
7 AWk, I3 — A B AR (8—10 Hi#1b),
PSR A B AR 280 AR K 5300 T 2 2 PRk ZE 9l il
W, WHTHE . KEER R AR A TR
3.2 EK#ENX

WKAKEXLRZRSE b HELZIELZHNE
S, anEREE L ARgAT NP PRI AR R
] A A B B PO AR B, AU LR 2 I
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FHAERBA, LAFEIFERHAERER, A
TREFNETAERZER, B2 R H IR AR AR
AR BT ) K R 01| R [ R (2 Wk
SRR X, BRI AR, KA 2 B 0 2 an
kM # 11 (Collichthys lucidus) . KL% (Coilia mystus)
EHEABTINTE R, 22 [ R R ik Mg 2 £ 7y
FEHEI e, Fi, AMEAES A K
TR R NN X R AR g RURS o e Ak, AT T L
FEE SRR I TR 8 H 1 HZ5 W, M4
B s 1t 2o R 22 G R el s AR KK, dede—
SEFPRERE T MK T A Z, KAt v im i k
AR 2R [l R R A, 22 [ IR 32 A B R
IR 7 R B R A, DA 3R O A R B O
HAE KRB
33 EREEFHXER

Pearson FHCYEM BT R B, HUMIE L2 A
IMAK AT X RS a5 bR 5KIEMN
FRME, a 5K P IEAHCKE R (P<0.05), b
5K 5 2 U R IE AR (P<0.05), AT L, JK il 2
SEMAAT N VS JE R4 G M MA K R S R S 5 a fil
b Z=N N FERERN T FREEE, KA
Wi, ZRHIMAK-AEXRSH aEZEKR, b
(BRI, D6 2 TG 0 A 0 A 5 25 AR A5 T 4
KRR TR TR 3, B2 WRERWH T
KM, NEFEELZTE, KEAK TR, &
KARTE X RSE a B2/, bEHZETZ R, Ui
A 22 [G AR T A 0 A 35 S (AR AR 4, IR I 3
R TR ARG, T 2 0 g & o R g A
DME R4S, J3 46, 22 QPR R A9 AR R ¢
RSERIN GEEM R EMCE, 28 a 58
JE R E AR LR (P<0.05), 28 b 5 ER
B3 B IE A K 2R (P<0.05) o 3 Ut A 22 1 11 R A B
() 4R AT B i 47 76 36 BE AR A K A K, R %)
PR A SRR A, HAR K I s e

S E Lk
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Impact of seasonal changes on Palaemon annandalei length-weight re-
lationships in northern Hangzhou Bay

WANG Miao', ZHOU Xuan', HONG Bo', XU Kaida®, ZHANG Yazhou®

1. Shanghai Fisheries Research Institute, Shanghai 200433, China;
2. Key Laboratory of Sustainable Utilization of Technology Research for Fisheries Resources of Zhejiang Province,
Marine Fishery Research Institute of Zhejiang Province, Zhoushan 316021, China

Abstract: Palaemon annandalei is a small commercial shrimp species in China. Palaemon annandalei is mainly
distributed in the Yellow Sea, East China Sea, and western coast of the Korean Peninsula. Since P. annandalei is
the dominant macroinvertebrate species in northern Hangzhou Bay, this species plays an important role in marine
ecosystem balance in this area. Hangzhou Bay is a traditional feeding and spawning ground for many fishes, such
as Collichthys lucidus and Coilia mystus. Palaemon annandalei is also one of the prey items of C. lucidus in nor-
thern Hangzhou Bay, and is important for C. lucidus growth and breeding. Based on data from 12 set-net surveys
in northern Hangzhou Bay in February, May, August, and November 2018, power function, relative body weight,
one-way ANOVA, and covariance analysis were applied in this study to analyze the body length-weight relation-
ships (LWR) and relative fatness of P. annandalei. The results showed that the impact of seasonal changes on P.
annandalei body length and weight compositions was statistically significant. Mean body length and body weight
decreased from spring to winter, and seasonal changes on P. annandalei mean body length and weight was statis-
tically significant (P<0.05). The condition factor (a) of LWR was highest in summer and lowest in winter, and
firstly increased, then decreased from spring to winter. The allometric factor (b) of LWR was highest in winter and
lowest in summer, which presented opposite trends to a. Covariance analysis showed that a and b was not signifi-
cantly different between spring and summer (P>0.05), and all the other seasons had significant differences be-
tween each other (P<0.05). The relative fatness of P. annandalei increased from spring to autumn, reaching a
maximum in autumn, then decreased to the minimum in winter. A one-way ANOVA showed that relative fatness
was not significantly different between spring and summer (P>0.05), and all the other seasons had significant dif-
ferences between each other (P<0.05). The research indicated that seasonal changes on a and b of LWR of P. an-
nandalei in northern Hangzhou Bay were statistically significant, and the changes on a and b of LWR was mainly
affected by predation, fishing pressure, and environmental factors.
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