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Fig. 1

Survey stations of fishery resources

The curves in the figure represent the depth contour (m).
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23 HEBMNUEE HRIE IS 22466 R AT 58 fi.(Amblychaeturichthys hexa-

WA | BT A 2 AR A E B nema) (1.92)F1 H ALLUR 1 (Lepidotrigla japonica)
M 2 pim, £Z, EEMBESMREEMENT  (1.58), S50 55 B/ NMAUJRLFE 5 6F(Arnoglossus
0.06~2.01 Z[8], A= 2S00 08B e KIS/ N F.(2.01),  tenuis)(0.09); FkZ, FEMEESNMEENT

1 ALUBESRMNEEETEZEEREANEEHERRERERE
Tab.1l Theindex of relativeimportance (IRIl) and mean crowding of major fish species
in the waters east of the Zhoushan Islands

ok XS S index of relative importance (IRT) “EXJHHEFE mean crowding (x7)
species 2 spring FZ autumn HZ spring  FkZ autumn
BEEWHE Pisoodonophis cancrivorus 2.03 228.70 6.06 901.76
Jeskfti Harpodon nehereus 241.08 223.11 150.78 739.54
HARLLUR A Lepidotrigla japonica 878.75 2.46 597.30 38.39
Wil Erisphex pottii 459.73 0.10 392.76 1.53
HA %I Acropom japonicum 2.05 1401.00 13.57 3522.61
4R Apogon lineatus 3401.37 5867.19 3276.13 17953.83
W5 Decapterus maruadsi 0.11 114.15 0.06 322.70
ik fa Johnius grypotus 239.57 175.90 499.51 122.26
fit Miichthys miiuy 12.73 800.18 2.18 54.29
/NTEAL Larimichthys polyactis 43491 127.01 94.27 61.48
W Trichiurus haumela 45.50 125.57 28.88 1255.48
INEERREF R M Amblychaeturichthys hexanema 391.74 163.62 179.87 359.67
JEEE Gt Champsodon snyderi 161.27 0.93 253.54 6029.58
R BEGE Pseudorhombus cinnamomeus 15.46 103.61 5.34 62.51
LB Arnoglossus tenuis 204.15 4.38 1271.91 10.33
AN Pleuronichthys cornutus 290.42 14.76 52.05 30.69
V) =258 Cynoglossus abbreviatus 10.59 179.30 7.70 1209.38

x2 ALUBHEENSHIZEXESUEEE
Tab.2 Thenichebreadth of major fish speciesin the waters east of the Zhoushan Islands

- 25 spring - #Z= autumn
code ﬁ‘% ﬁiﬁfﬁﬁ@f code K species ﬁiﬁfﬁﬁ@f
species niche breadth niche breadth
S01  Jgskfh Harpodon nehereus 1.23 A0l BEGYER Pisoodonophis cancrivorus 1.29
S02 HALINE Lepidotrigla japonica 1.58 A02 Jgkfl Harpodon nehereus 1.60
S03 il Erisphex pottii 1.24 A03  HAKE M Acropom japonicum 1.71
S04 AR Apogon lineatus 1.02 A04 ARG Apogon lineatus 1.70
S05  M4&ifh Johnius grypotus 0.08 A05 #5658 Decapterus maruadsi 1.18
S06 /INE{fh Larimichthys polyactis 2.01 A06 WUl Johnius grypotus 2.19
S07 NZELRIFE M Amblychaeturichthys hexanema 1.92 A07 ffe Miichthys miiuy 2.12
S08 EEEYi . Champsodon snyderi 0.93 A08 /INE{ffi Larimichthys polyactis 2.18
S09 LN E Arnoglossus tenuis 0.06 A09 Wl Trichiurus haumela 0.34
S10 KM Pleuronichthys cornutus 1.38 A10  NZEGRYFFEM Amblychaeturichthys hexanema 2.01
All BERZBEEE Pseudorhombus cinnamomeus 1.29

A12  JEW =58 Cynoglossus abbreviatus 0.58
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®3 AUBBRANEEEFTIEEXETNERE

Tab.3 Thenicheoverlap of major fish speciesin spring in the waters east of the Zhoushan Islands

45 code S01 S02 S03 S04 S05 S06 S07 S08 S09
S02 0.03
S03 0.01 0.64
S04 0.01 0.87 0.83
S05 0.12 0.00 0.01 0.00
S06 0.07 0.91 0.59 0.90 0.11
S07 0.33 0.40 0.83 0.55 0.02 0.33
S08 0.03 0.90 0.77 0.98 0.00 0.93 0.45
S09 0.00 0.89 0.54 0.90 0.00 0.94 0.21 0.95
S10 0.01 0.84 0.86 0.94 0.03 0.85 0.60 0.92 0.81

TE: 2P g X B By A LR 2.

Note: The fish species corresponding to the codes in the table are shown in tab. 2.

Tab.4 Thenicheoverlap of major fish speciesin autumn in the waters east of the Zhoushan Islands

x4 ALERERMNEENSZTTIEGRETMNESRE

5 code A01 A02 A03 A04 A05 A06 A07 A08 A09 Al0 All
A02 0.08
A03 0.25 0.00
A04 0.06 0.04 0.85
A05 0.97 0.00 0.37 0.17
A06 0.70 0.30 0.25 0.17 0.65
A07 0.13 0.41 0.11 0.11 0.09 0.41
A08 0.38 0.19 0.33 0.29 0.35 0.49 0.32
A09 0.98 0.00 0.25 0.04 0.99 0.64 0.08 0.26
Al0 0.64 0.16 0.26 0.12 0.64 0.50 0.30 0.32 0.63
All 0.07 0.01 0.73 0.51 0.22 0.06 0.04 0.20 0.09 0.14
Al2 0.99 0.02 0.24 0.03 0.98 0.66 0.09 0.28 1.00 0.63 0.06

TE: R gt 0 B P L3R 2.

Note: The fish species corresponding to the codes in the table are shown in tab. 2.
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Fig. 2 Redundancy analysis of major fish species and environmental factors in the waters east of the Zhoushan Islands
ST: surface temperature; SS: surface salinity; BT: bottom temperature; BS: bottom salinity;
Depth: water depth. The fish species corresponding to the codes in the figure are shown in tab. 2.



106 Hh [ K R A

428 &

W F B Y FEA A R A R 2 A . TEWA
T R A BT AR AR T, A AR R AL R Y AR N E
BEMEFR B F- SHB EE R B o i, AR
M8 2 2 v DX/INFRY 2 B A AR, AT P
DA 22 B £ 25 1 T B R R DO g LR R AT
e PR I B 38 S H AR A TR VD g IS,
BB T R SRR e T, L5l
5 0 G A AR % 10 R /N TR £ 28 Y AR A v A L 34
KIGLERPY Iz G m Ak E a2 B EC 4
EIB AL T 7820 AR Y BEC2, 40 4% R AL 4
HD, B £
32 AEBMEEDW

23 [ A A A2 W A AR Sl N M L RS A
ol 5] 5 4 A B B2 0, AT LA e S 40 ol e 3 R 1)
ARBCIRBLE S RS A OB A5 Y A S A 9
JEER RN, . B EE A0 5 A4k
BOIFR(1.0>B>0) (F 3a BY). " AESMMQ2.0>8,=
1.0) (Bl 3b BRI A 8AF(B;=2.0) (B 3¢ B)
3FPi BRI, B B/ INE AT AR
(7 B=2.01; k7 B=2.18), {EHAIFE N>
MHLIHE Tz, BF . /a0
BRI BT B 2.40%F1 0.33%, i

2.5
) b/

o

[ &%

spring

yl
o

20 -

15+

1.0 [

a -
o.s-J
0 N L

S09 S05 S08 S04 SO01 S03 S10 S02 S07 S06
Fi5S number

H: A5 55 B niche breadth value

YIRS R B, X RESE B . R
15 YL A 2, SO R A v R T A T R
B R R AP Ak, T A S
o RN, ET RSN E T RS,
P N BNy IR R e 7 O 7 &2 BN VA
SERE(EA R . SR HR A, T RE R RS S
WmE TR, Wi 2o mieyys], i,
FZ LE 3L B, TRK R H BLTE 13 AU,
XA AR - b e BE T 32 FH A AN S X R A T
BERR S, BN A B S . i
Bk 07 S H A A 2 SRR T 2R A i R DY

AR LS R BN, YR A S AL
X EEIESOF R HEZE LR, WF . KZE
1) 240 2% K A2 i B 34 Ol A 4 Fh (IR1>1000), (B HAY
R AR S LR, TN A SRR, B
e RAMHEE M AE 207 . 209, Z10 X 3 P ubfi,
R S5 KA AR Th 43 A 7E Z08 . Z09. Z16 iX 3
Auhfr, SRR, PR BEOIR S AR R R
DL E 434 Rl AU RA X b o3 A A B4 A B, A X
TR B K W B A S A7 Y BE RN R, X 5K
FRHeg D s g RO PS5 DT g 2 SR A
™NE o

2.5
c

2.0

1.5

1.0

0.5

H 7545 5 BE niche breadth value

0 L i ! L ! L L L ! L i
A09 A12 A05 AO01 A11 A02 A04 A03 A10 A07 AO8 A06
Fi'S- number

P 3 LA A A 0 i Al i 28 A 256 8 B Ak
a: ZEETSALA b PARSALRN o TTAEZSALRN.
Fig. 3 Variation of niche breath of major fish species in the waters east of the Zhoushan Islands
a: narrow niche species; b: medium niche species; c: wide niche species.
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The gpatial niche and differentiation of major fish speciesin the waters
east of the Zhoushan Isdlandsin spring and autumn

LIU Kun, YU Cungen, ZHENG Ji, XU Yongjiu, YAN Wenchao, HAN Lei, LIU Hui, SUN Beibei, DAI Dongxu,
YU Nanjing

College of Fishery, Zhejiang Ocean University, Zhoushan 316022, China

Abstract: Based on data from the fishery resources survey in the waters east of the Zhoushan Islands in April
(spring) and October (autumn) in 2018, the index of relative importance was used to determine the importance of
various fish species in the survey area. The niche breadth and overlap of major fish species were examined using
the mean crowding, Shannon, and Pianka indices. Our results showed that there were 10 and 12 major fish species
in spring and autumn, respectively. The niche breadth of major fish species in spring and autumn were 0.06-2.01
and 0.34-2.19, respectively, indicating differences between the two seasons. Larimichthys polyactis was the only

wide-niche species (B;=2.0) in spring, whereas four were found in autumn: Johnius grypotus, Miichthys miiuy,
Larimichthys polyactis, and Amblychaeturichthys hexanema. There were six medium-niche species (2.0>B,=1.0)
in both spring and autumn, whereas there were three narrow-niche species (1.0>B;>0) in spring and two in autumn.
The degree of niche overlap was unbalanced in the two seasons. There were 20 pairs of species with significant
overlap in the spring niche, accounting for 44.44% of the total number of pairs, with a relatively high degree of
overlap. Conversely, the major fish species overlap in autumn was low, with 16 pairs of species with significant
overlap, accounting for only 24.24% of the total number of pairs. Redundancy analysis (RDA) showed that tem-
perature and salinity were the factors directly affecting the distribution of the major fish species, though depth was
also an important factor affecting the obvious niche differentiation of major fish species in spring and autumn.

Key words: the Zhoushan Islands; East China Sea; index of relative importance; mean crowding; niche breadth;
niche overlap
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