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WAy, SEEE 16 uhfz, KN 28~87 m (& 1),
JECH I ) ELRILAS A 1020 H x80 mm., AU 4
W EIFRELE R 1 h, SEHEH Y 3kn, FIFHIRER
TRA(CTD) 554 M [R5 047, W7kl . SR . K
TRECHE o il B8 U5 B R A Ty 4l R U Il 9%
VR A FTE ) (SCIT 9403-2012) 50 47 , 4 3k a3
Yy ARE M AE, IR TS . ke IR
FE, A I SEEG F HE AT A BT AL B, IR o i A el
RKATAEYFIE

N
31.2° — , ,
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Fig. 1 The survey stations of fishery resources
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(%) Bray-Curtis #HITE R %L, WEAPERRE, A
Y- A RO A o B Y B, AR SO L
T 5 SN R 28 A M) i (kM) B 2517 4 WO 5%
e, SR FI 2 N T S8 B A s 1 AT 2R 00
(CLUSTER) FHE S 445 HEF 23 #1 (non-metric
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i, EATRECFRYE, 0.05<dress<0.1 A}, Z55H5E
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PE o ARG BT TR KR (DP). %
JZIRPE(ST). RIZELE(SS). IRZRIEBT). K2
L (BS),
1.3 SZitah

] A i 57 ] R R 288 A S Ko A A R
Surfer 11 R{F4sl, YFhZHE0E . BETR G510 40 B
WY H PRIMER 7 S, CCA 2 #r FH#1F
CANOCO 5.0 #1ria %, HEF 45 R HYFh—3R5
R S GALE T

2 HRE5SMH

21 FhESHEM

B B2 AL AR e AR 32 Fh, SR
J&F 108t 21 Jg, HrpFRZEwl 22 F, RET
ofl 16 Jm, FkE%EH 29 F, HIET 9FL 208 .
WA RL RSB e, MERE AR Z, 8
J& 14 Fh, (IR FRERY 43.75%, HUOR IR
L2 )% 3Fh, HURIEEFPELR 9.38%. FLAKRFI L
LR 1,

®1 ALBRERNEEE. RFHRXARRAEF

Tab.1 Thecomposition and dominant species of shrimp in spring and autumn in the offshore waters of Zhoushan Ilands

, . FZ% spring FkZ autumn
Fh 2 species
N% W% F% IRI N% W2% F% IRI

Jii JE 5% IF Atypopenaeus stenodactylus 0.08 0.18 18.80 3.00 0.02 0.02 6.30 0.20
v [ B X ¥R Fenner openaeus chinensis 0.00 0.00 0.00 0.00 0.00 0.04 6.30 0.20
H A4 %+ #F Mar supenaeus japonicus 0.00 0.00 0.00 0.00 0.02 0.34 18.80 4.20
AR UF Metapenaeopsis barbata 38.75 53.71 3750  2167.10 3.98 11.45 50.00  482.40
# FE AR iF Metapenaeopsis dalei 3648  18.00 93.80  3192.40 3.43 0.86 75.00  201.20
= AR AR Metapenaeopsis lamellate 0.00 0.00 0.00 0.00 0.00 0.00 6.30 0.00
£ ff R IF Metapenaeopsis provocatoria 0.05 0.10 18.80 1.80 0.01 0.04 6.30 0.20
JH FS B iF Metapenaeus joyneri 0.04 0.15 12.50 150  0.17 0.64 18.80 9.50
5 IG5 %R Parapenaeopsis hardwickii 0.41 1.36 31.30 3440  42.27 40.74 100.00 5187.90
0I5} X iR Parapenaeopsis tenella 0.37 0.31 12.50 5.40 8.86 2.96 100.00 738.90
JI1%475 %1 iF Parapenaeopsis cultrirostris 0.00 0.00 0.00 0.00 4.08 7.14 87.50 613.90
K& XHIT Parapenaeus fissuroides 2.62 4.83 31.30 145,50 0.00 0.00 0.00 0.00
FIEAUXTEF Parapenaeus lanceol atus 0.00 0.00 0.00 0.00 1.48 0.94 18.80 28.40
J&% JIVEF Trachysalambria curvirostris 0.51 2.73 50.00 101.20 2.81 8.00 68.80 464.60
rRAE45 §iFUR Solenocera crassicornis 4.10 5.08 75.00 430.50 11.16 16.18 93.80 1607.50
KA HIUF Solenocera melantho 0.21 1.44 31.30 32.30 0.00 0.00 0.00 0.00
= B HEER Solenocera alticarinata 0.00 0.00 0.00 0.00 0.03 0.32 12.50 2.70
1 [# I Acetes chinensis 0.00 0.00 0.00 0.00 0.02 0.00 18.80 0.20
H ARG 4T Alpheus japonicus 0.80 0.31 62.50 43.30 7.03 2.29 81.30 473.20
fif B 5% R Alpheus distinguendus 0.77 0.73 81.30 76.10 3.32 1.96 81.30  268.10

2T 2 AT Lysmata vittata 0.03 0.01 6.30 0.20 0.01 0.00 6.30 0.10
K HE B KR Exhippolysmata ensirostris 0.00 0.00 0.00 0.00 0.02 0.02 6.30 0.20
B IS IE IR Tozeuma armatum 0.00 0.00 0.00 0.00 0.11 0.01 31.30 2.30
2 [ 4T Exopalaemon annandalei 0.02 0.00 6.30 0.10 1.23 0.66 43.80 51.80
5 G KB iR Palaemon gravieri 7.07 8.02 93.80 884.10 371 2.34 50.00  189.00
ZRIEZLUF Plesionika izumiae 6.56 2.38 25.00 139.80 5.11 2.46 50.00 236.50
AT Plesionika ortmanni 0.01 0.01 12.50 0.10 0.16 0.15 31.30 6.00
B % s Procletes levicarina 0.26 0.26 25.00 8.10 0.10 0.05 37.50 3.70
ZHEL T Leptochela gracilis 0.15 0.01 12.50 1.30 0.00 0.00 0.00 0.00
$i 22 UTF Aegaeon rathbuni 0.63 0.21 18.80 9.80 0.00 0.00 6.30 0.00
P75 P4 IR Pontocaris pennate 0.00 0.00 0.00 0.00 0.04 0.02 6.30 0.20
H A S48 4T Processa japonica 0.06 0.17 12.50 1.80 0.70 0.36 37.50 24.80

T Woosk A BT o5 E ], Ny R ASOIT o5 L i), Fooch R

Note: W% is the proportion of biomass; N% is the proportion of the mover; F% is the rate of occurrence.
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1Y 40.74%. 16.18%, SRR 42.27%. 11.26%.
Iy DG %o M P 250 i 285 88 DA )R] e ¥ 3l 1) 1 B8 A PG g
PR, DAZR R PR A AR AR
B 5% BE DLl A v %) P R R R T R
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Fig. 2 Distribution of shrimp by individual density in the offshore waters of Zhoushan Islands
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Y15 uifii, fAR{E A 0.28, ST Y2 Subfii, MEy
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Tab.2 Seasonal variations of shrimp diversity index in the offshore waters of Zhoushan Islands

. F & FE R 4(D) YIS EEFR (D) ZRAPEREE(HY)
Z=1Y season

X +SD YUl range X +SD JL Il range X +SD YUl range
2% spring 1.11+0.39 1.89-0.54 0.64+0.16 0.89-0.31 1.82+0.51 2.59-0.99
FkZ= autumn 1.30+£0.32 1.85-0.75 0.57+0.16 0.80-0.28 1.99+0.58 2.71-0.85

AN ) AR DX i) MR 288 22 A M 8 BB AR fL BH B
BEMWEEEIE(D) . ZRMEEBE)EY/NF
FkZE, HSI RO EAE/NT 50 m KIR X [ &
FNFRE, EHAKIRX K TS, HF
F & EARE(D) . LR E(H) L 60~70 m /K
TG B, 5] BEFRR(I) R A & 7K TR I3
MF e, KEEEEIRE(D). ZHEREH)E
HILINF 50 m KIR X 8] dc i, 120 TR 503 1E
70~90 m K IRYE N fe i, T s R S (D) W LA
60~70 m 4b 7K R R 5 5 (% 3)

2.4 BEEEWRES T

TS LS SN A . KRR A
AT RIS A nMDS HE 7 3 AT vl #5181 3), BEIS
G5 R R AL T 25 R R 1 B B AR i T, Ry

M5 vl 5 nMDS HEF ot 45 R 5o S8, flife
L5 S B A 2 E . nMDS HEF 715
FF . BKERAFEBEE I ra 2505308 0.1, 0.2,

20+ %2 spring
g sl |
£ oo}
g
< 80t
g
100-
g2
>"

£ 3 FAUBEDIIMNEEARREKRIFESHFEIEHNTN
Tab. 3 Change of shrimp diversity index in
different water depths

7K Im water depth

%4—"
- r # 7 spring k2 autumn
season

<50 50-60 60-70 70-90 <50 50-60 60-70 70-90
ffﬂﬂg 116 1.02 126 1.03 1.35 1.33 141 1.05
T8%U(D)
Yy5)
w 051 066 065 0.75 062 049 0.58 0.69
FRE(J)
%ﬁh& 151 1.78 201 195 218 171 214 217
F8E(HY)

WITE0.1~0.2 2 |, BHIIZE REA —E Wk E
X, i 3 PR B2, IR ERIETE 45%0 FH AL
K ERT 4R Al i g, A5k | 2B (Y9.Y 10
SUEAL), 1 ALBECY L5 56 07), 11 2 (Y 13 53 r)
AV AHBE(Y2, Y3, Y4, Y5, Y6, Y7,Y8,Y12,
Y14, Y15, Y16). #kZF, ZBEEAFETE 60%

#kZ autumn

[3o]
S
1

N
(=
T
—

I 111

(=)
S
T

AEAUE similarity
8

2 autumn stress: 0.1
by12)
11
vis
Y15
4

Kl 3

FHILUEE By SNBSS B AN R o B 28 1 7 1) Bray-Curtis SRS EI FIE S B 28w bR 17 40

Fig. 3 The seasonal variation of Bray-Curtis cluster and nMDS analysis of shrimp species
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ALK L, R0 3SR, 43500 | 4l
HE(Y8 Zulifii). Il AHHEF(Y4. Y5, Y6, Y11,
Y12, Y14, Y15 Sub0) M 1 AR (Y1, Y2,
Y3, Y7. Y9, Y10, Y13, Y16 Sufi); H*k
AT nMDS HEFF 4 BB R T A LR B S0
WK S50 X R T o A 22 R AR . B
AR R

PR T ARPE 2 HT (ANOSIM) B, . #kZE
HRZE VR S 25 25 7 (R=0.367, P<0.001). #H{L
PET 3 FE 20 BT (SIMPER) FT 45, S LR 5 A S
L0 NF-BAEAUME DTk R i 90% ) ARk Fif
FIVLEL () AR S M DTk R T 90% ) 4 1 il
(& YR, HFE, ANFEMELIER 18.16%, 5T
kR BRI 90% I AP AT Mk [C AR EF | B G K

¥R (Palaemon gravieri) . J& JINHF (Trachysalambria
curvirostris) . B A B AR | f6F B 57 4F (Alpheus
distinguendus) .4 &5 %t iR 3L 6 Fil, ol 91.61%, #k
%, A RIE S 33.50%, Rt siwkRiET
Q0% Ft AT JIE JTCHE | rp AR A BT | 1 [ o B
J1 % {5 %t M (Parapenaeopsis cultrirostris) . 45 7
WR . 413515 % R (Parapenaeopsis tendlla) 1L 6 1, &y
93.27%. = HIFKZ=LL AR S=4H 82.36%, 4
FABELECIRIE | & R E R T | AR |
ik W SHR L P EQp XA L AR RTEE L 2R AR
Y355 %R . KA #EUF (Solenocera melantho) . H
AGEAE . BT %R (Metapenaeus joyneri)3t 12
i, MM BT ST 91.67%, LARS Cpi Xt IR
TR e R, 9 18.03%.

x4 ALBERMNEBHEUSHRANBUERABHERERRKE

Tab. 4 Thesimilarity and dissimilarity between shrimp groups of fishing ground in spring and autumn

%

%% spring FkZ autumn #F+Hk 7 spring & autumn
2k species Av.Sim%=18.16 Av.Sim%=33.50 Av.Diss%=82.36
Av.Sim% Con% Av.Sim% Con% Con%
3 [C AR UF Metapenaeopsis dalei 6.47 35.64 - - 12.74
I KT Palaemon gravieri 459 25.29 - - 12.09
J& VIR Trachysalambria curvirostris 2.30 12.65 111 3.31 9.15
Hh AR 45 HAR Solenocera crassicornis 1.63 8.97 9.09 27.15 11.36
AR Alpheus distinguendus 0.87 4.77 - - 2.79
W5 EGAJ XT R Parapenaeopsis hardwickii 0.78 4.29 14.84 44.29 18.03
JI%ii % F Parapenaeopsis cultrirostris - - 2.75 8.20 4.68
IR MF Metapenaeopsis barbata - - 1.75 5.21 11.36
A 15405 % KR Parapenaeopsis tenella - - 1.71 5.11 2.35
KAEHIUF Solenocera melantho - - - - 2.70
H A% #F Alpheus distinguendus - - - - 2.27
J& B3 4 IR Metapenaeus joyneri - - - - 2.18
25 MEBHESHBENXR 55— 5 ZHE R Bl R A S 43 5] D9 —0.0532
P R VR 5 R 2R E(ST) . IKJZIR —0.8055, HorLL Y12 S i & [T A KRR Y 16
JE(BT) K2 (SS) SR ZHRE (BS) FKIR(DP) S Ui AH[CHRIF . KA HEIRZ H R m K, ik

4 5 AN K SCHEE R T CANOCOS5.0 #ff ik 471z
. CCA /MR, . BRI 5B 7
2 ] 4 5 3 AH EPE (P<0.01),CCA  HEJF 45 5
(K . FZ, A RIS 252 £ )2
TR (ST) . JEZHE BT K, RIZIEE(ST)

EIREEBT) 55— 45 HF R AE k2 5
—0.0424,—0.9847, Y7 5 3 vf (1) AR A5 S0 52 HiRY
M AR FKZR, TR IR SIS 4540 32 R 2R
JE(ST), RIZELE(SS). JKIZHE (BS)H i ik %,
FIZEE(ST) S8 — . 28 HEF Bl A0 2 2 531
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-0.0350. 0.8569, H:H1 LA YO 5 i3 (1) 251 A% HF Al
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Shrimp community structure and its relationship with environmental
factorsin the offshore waters of Zhoushan Islands

YU Nanjing, YU Cungen, XU Yongjiu, ZHENG J, JANG Xingin, DAI Dongxu, SUN Beibei, LIU Kun, ZHANG Pelyi
School of Fishery, Zhegjiang Ocean University, Zhoushan 316022, China

Abstract: In order to learn about the condition of shrimp resources in the waters outside Zhoushan Islands, the
relationship between shrimp species composition, dominant species, biodiversity, community structure character-
istics and environmental factors was analyzed in April (spring) and October (autumn), 2018. The research indi-
cates that:firstly, there are 32 varieties of shrimp in outer waters of Zhoushan Islands, belonging to 10 subjects, 21
genera, 22 species in spring and 29 kinds in autumn. Compared with historical survey results, the number of
shrimp species in this sea area has decreased and the trend has slowed down. Secondly, the dominant species
changes significantly, with the spring dominant species being Metapenaeopsis dalei and Metapenaeopsis barbata,
which are mainly inhabited in the southeastern sea of the survey area, and the autumn dominant species is Parap-
enaeopsis hardwickii and Solenocera crassicornis, which are mainly found in the north and southwest of the sur-
vey area. Thirdly, both Shrimp Richness Index (D) and diversity index (H') in spring are lower than those in au-
tumn, while uniformity index (J') value in spring is greater than that in autumn. Shrimp is the most abundant in the
water depth of 60-70 meters and the uniformity index (J') value is the highest in the water depth zone from seventy
to ninety meters. That’'s because spring is the breeding season for most shrimps, shrimp mainly spawning grounds
and habitats in the near shore waters, when the richness and species diversity of the outer waters are low, and in
autumn, with the weakening of Taiwan’s warm currents resulting in a decrease in warm waters, some shrimp spe-
cies are in the deep waters of the sea that contribute to the richness of species in autumn. In spring, there is more
shrimp in this field with better uniformity, and the autumn shrimp in the sea is mostly adults. The hydrologic en-
vironment has less influence on it, so the uniformity is lower than that in the bottom. Fourthly, according to cluster
analysis and non-measured multi-dimensional scale sequencing analysis, spring at 45 percent of the similar level is
divided into 4 communities, while autumn at 60 percent of the similar level is divided into 3 communities. The
similarity between the sea communities is lower than the degree of similarity, and the similarity of autumn shrimp
communities is higher than that in spring, indicating that the similarity of autumn shrimp species in the waters
outside the Zhoushan Islands is higher than that in spring. Spring in the biological volume and species level are
lower than those in autumn. The average similarity in the spring group is lower than that in autumn, and the char-
acteristics with the highest similarity contribution rate in the spring and autumn groups are Dai's prawns and Haas
imitation prawns, and the inter-group sex of the two seasons is as high as 82.36%, which may be because in the
spring and autumn shrimp catches, individual species has a larger amount of each season or a significant advan-
tage in their respective seasons. SIMPER analysis shows that the shrimp with the highest similarity contribution
rate in the spring and autumn groups is consistent with the species of each dominant species. The ANOSIM test
demonstrates the shrimp community structure is significantly different in the two seasons. fifthly, CCA analysis
makes it clear that temperature is one of the main environmental factors affecting the distribution of shrimp in this
area. In autumn, the high temperature high saline system impacted by Taiwan's warm currents becomes the main
water group factor in the survey area, and the salinity is regulated by the physiological activities of shrimp, such as
shrimp metabolism and osmosis pressure regulation, thus influencing the structure of the shrimp community. Sa-
linity only has a significant effect on the structure of shrimp communities in autumn.

Key words: type composition; relative importance index; community structure; biodiversity; CCA andysis, Zhoushan
Islands

Corresponding author: YU Cungen. E-mail: cgyu@zjou.edu.cn



