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AR B R R R 2R B (TR AR A, 2015; R
4, 2001), AR, il Bl A B h AR o B B Y
TRAR IR WG | A GBS (3T 1 P2 O A 355 2 8 T A7)
) R O o ARVT K IR v AR 2 B 1 A 3 2 DGR Y
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O B AR O A R L B AR B i WIS 4, AR
JE A3 A B F BE IR ST T KT 1 rh AR Y B 7= B 35 1)
O3 AT SRy S AR R AE AR O A G 45, 2014 B,
2018), Ay ifill a v A G35 M AR 4 0T A R A XY A 4
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Fig.1 E. sinensis spawning grounds survey sites in the Yangtze River estuary

PRI EE (L 107 H)4F Wl S2 8 %= 317 4 F58% J1 54 4 (catch per unit effort, CPUE)43 A4 5
B, GEit A ul SRR IR B B, JF RN BEAYECR S0 AT RN, CPUE Ay 19 /)N B 4 0 4 455 11



150 ook B

g3

N

545 %

W OP AR ECRE, B K ind./(neth). SRS, NFAE H LGN
BEREARIEATIN & | ) ANAR S50 AR I 5 . 0D
JEAREE | IR RS2 RS O A S . L, KBRS
PAGEHE] 0.01 mm, FERBHRFEHME] 0.01 g ZHH T
F )5 2% Pinheiro S5(2000)125 58, 4524500
A TR SR 12 h, SRIGTE 60 CHEAEHET =
fEHE, ARYE 3 BT REAR By T R 325 0 AT Y T
FEIH RGN (R, BN . SR
T 45(2007) 19 5 36 115340 01 58 () AH X 2451 T (relative
fecundity, RF) . Tl 45 £X (hepatosomatic index, HSI)
H: B 48 %X (reproductive effort, RE) 1AL i [ (condition
factor, CF), & ARIT .
RF (eggs/g)=AF/BW

HSI (%)=HW/BWx100%
RE (%)=FW/BWx100%
CF=BW/CW?>x100

AP, AF RO U0 i 4 X %08 11 (eggs), BW Ao
AL EIATE (g), HW 3l 5P /Y T IBEAR = (),
FW Ay 40 58 (%) 52 K5 B9 AT E (g), CW 4 D& 1 5
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Fig.2 Schematic diagram of construction of habitat quality index of E. sinensis spawning grounds
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W22 0 B SR BRARAIE 5 5052 23 T A SC A i i 5
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Tab.1 Comparison scale and its definition

bR Scale(ay))

7€ X Definition
LRI SR | FSHEE
JLE I TR MER
JTCE I HITER jREE
JLE I WK jIEFER
9 JLR IR X ER
2.4.6.8 AF LR 2 A AHERAE R 2 (8]
BB (12, 13, 14, FH0E i 5| WEZEEZ N a;, W

}g) 16, 177, 1/8, L& |5 i MEZEEZ A aia;

N D W=

123 FARHEBEE TG AR R E R H

AW, I IEN TR AR R IE s by, B
FEARBUE R R, RS R . 255 PR
T8 A0 10 075 35 43 A7 S A 1 2 O 25 S, et 2 A8 hR
BV (PR IE RS, 2019)TF 545 3 s, v A6 0 S 8 7= B
YA IR . 2R AR A SR
BanE .

D.

xiaerWB x Bix + W x i‘ax +Wy x Dmlax
P, M Bl 5 TR AR R B O A AR B T B R A
A. B. C I D M4 H i 15 J5 18 0 PR 4845 o
Wa. Wa. W Hl Wp 43 R4 VRN 5 bR AL A
A, Bi. C A1 D430l R i 3 A TN 8 b A S
Anax+ Bimax Conax A1 Dinay 73 51 0 38 F FIr A7 SR A 3l 5 P
FREE £5 PEA 8 A5 10 Fe KB o

1.2.4 EHHALN 69 A L ZAGBREE A VA1 1
FHKs: v Al 8 B 188 7= 00 3 A 1% o o 6 B0 T T B 45 SR BR
Hl7E O~1 Z [0 FEEMET 0, FRA B &K
SRS s BUEBRIET 1, A B s AR o AR
8 45 vl o5 1 955 o A B A 4 S o A G e
P 3 A B T SR AT A 25, Il rh AR G
B $7 A= 1% o PEA B 0] (R 2)0

13 i BEFIGERERERENHNRA

DL 1.2 i ARG Y rh AR Gl 7 O 3 A B T a4
BOR W R AR e, AR oM R RS &, AR A
BT B b 500 (simple effect) B A 52 i v 48 4% 2 =
1 b A 15 Ik ) O B PR B TR T

x2 HEHEBEFIFEERETMNAN
Tab.2 Habitat quality evaluation rules of
E. sinensis spawning grounds

LB A BT
Habitat quality index Habitat quality grade
0~0.20 fit Low
0.21~0.40 AL Medium-low
0.41~0.60 F 4 Medium
0.61~0.80 ¥ Medium-high
0.81~1.00 5 High
TE - Azt AR5 B AR S 2 B DR, D) A 58 o
HIEECH 0,

Note: If the E. sinensis spawning crab was not caught at
this site, the habitat quality index is zero.

1.4 HIRERSH

{6 11 SPSS 25.0 f4) Sperman A 564347 T EAG 1o A7y
FEbRZ I, TUAR 7 Hrilad Canoco 5.0 47, %
T ) P ARG I 7 O S A 5 S DA BN, R
ArcGIS 10.4 (25 [R MR, 84 S BE B A S A (T
B T T ARl B 7= B A 1 B o 1) e A e 3o

2 ZER55H

21 IEMIERREITRIE SR

SEIH R BURFAE P A5 VA 48 B 19 1 5 28 508G 56 4
K3 PR o, AaxFEEL Ty AL RE 5 7 vE AR ¢
KAWL (P<0.01), RUIZIHIVE (1 B AR

®3 FERIFMERTMIEIRA Sperman XL R

Tab.3 Sperman correlation test coefficient of each evaluation index of reproductive performance characteristics

18 F5 Index LT CW  EXFEAES] AF AHXTESH ) RF PRI 4 HST B FAFE 5L RE JITI B CF
FTECW 1 0.672" 0.054 0.132 0.053 —0.425"
2% 54 ) AF 1 0.721" 0.208 0.656" -0.269"
AEXS ZEFH 1 RF 1 0.250 0.895" -0.117
JF I i 46 % HST 1 0.224 —-0.211
HETHTEEL RE 1 —0.118

W B CF

1

e *FRR WEFHIC(P<0.05),

RN AR S AH X (P<0.01),

Note: * indicates significant correlation (P<0.05), ** indicates highly significant correlation (P<0.01).
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A FEAERSCS 4 X BB T RN SR T O AOG S R
(P<0.01)o MR AR FP A A BUAR X 258 1 55 1T IR iR 45
Bz MJC e E MK ER . I, BEIBUIT R 5 ZCRIAR
Xt BEBH T A Dy e A AR T 7 O g A 5 o A R B
SR BURHIE TR AR o

TN ERH N ES

BPEM IR AR SRR F I IUAR AT g Nk 4
TR o 7 H AR GY B 7 B 3 A 35 I DA 2R A v )
JZr, FREEIR X S 3R BURRAE ) R IR 3] 91.9%
(F=9.0, P=0.042), = THA R AMERE, LU
FE X} 40 B 088 ) B 5 3% BRI B 5% i L B O K FE AR AR
JEH, FRBE TR B R K, O 92.2%
(F=9.5, P=0.036), & W] 41 D& 14 AH X 2558 1 R AR HE A
ZIRBERHE RS W K, 5 AR B R IE 22 () HLA K47 1
N KRR o AR A8 A5 -5 PR EE R T 22 (R 8 TUAR 43 B 4
B, XA 8 bR 0 E B AT R, DU TS 220
SRR Mk AT A R B, BV R B AR > B
WORRIE, AR B > IR AR A

S5 G 2 UTEA A ZR B4 A5, 4 S0 o D J2 R0 4 A
JZHATPI LLEL o ARIE TR AT i 45 21, SR bR B 5>
FA T LI AR B, AT AR AT 5. B2 E R BLRRAE
FbBCR 20 A REAE R D, A SR g LU IR T R
I B SS  a it | AR A R R
BRI (E S5 M 0.17, 0.69 F1 0.14,

23 HPEREBEFIGERRENS TR

it Z AR PR ZE AV BT R4S Ul Y TR A g
BN A S AR, BRI 3 B, T 194
PR U R S R R, EE 10 A ul R AR
RS o S IR e S W TR Y R | A @ R LD Y
AR R B - BR  E R E F R AU T 0.33~0.84 2
), Horp, AEBE R S e A5 & DL B 3T 9 A4

2.2

AU, 5 47%. RIS R RGO
BEEEOT AL, VT A Y B 7 B b A B
A AL 4. SR B, B AL A ZROK R
A G R 7 B0 37 M 58 B K- TR K ATE K

24 HEHEEFNGERERERBRINA

BRI 5 50 o A FRIEAS A L AR B T 7= B
Yk B B AR B TUAR T LU 25 R e 5 o . H
BT RO AT FHIE S8 AR (CPUE, 72.2%), FREE 7%t
A 5T T A8 ) e A G0 B 7 R b A B T AR AR
(HQL, 93.7%) M fif B T 5 o RS PREE R - B4
fif AR R, Xof i A I 7 B A A 5 T R K i
BERNR 6 s, Hidr, JIZ/KA DO, SAL A1 T Xf
H A6 G B 77 B0 3 A B T S RO AR R R e, 43 )
H 74.0% (F=22.7, P=0.004), 44.0% (F=6.3, P=0.044)
33.0% (F=3.9, P=0.076), &WJEK/Z/KM DO, SAL 1 T
JER IR FP BB B B 7 B8 R ) SRR IR T

it

31 SEFEEREPEABEEFNGEERER
HMEPHNEEN

Az FRRAE 4 A BE A5 25 5 S Wit M ) b e o 2 A
TG S By B 9 A A T 2R LA Ok F1 K 35 A 355 ) RE Y )
FH 732 0 PR T 0 K S5k il 9 A [] 20 i) A
B R o EAT, EFXEIA] K Sl ) b A 35 o
D g A s S R e B S R e 0 R A
W B 4 BE 2 20 B SR AN (], 2 BOCHAEAS ] A2 17 B2 B B
SEBURRI L A7 R BURHE o Zh B B K 3R U BE
HILP R TR AR, DR R A KA
H 4/ (Biro et al, 2005; Post et al, 2001), i £ 21
B, 0N AR I e 1 LARE W7 A8 i A AR
I, SR R AU K RN A O S AR E SR

3

x4 EMERSHRERFITRISTER
Tab.4 Redundancy analysis results of evaluation indexes and environmental factors
> o Ml iy =3 PG =N T 5%
S R A ARIEEE iR e
. . Response Explaining Percentage of F P
Position of evaluation system . . . .
variable variable variance explained/%
D2 B A RFE
Normal Quantity distribution characteristics CPUE 72.2 2.1 0.270
level
N
IR IURFAE . R, HSI DO. SAL 91.9 9.0 0.042
Reproductive performance characteristics ’ >
o DEP, T, NTU
s XIRA RF 92.2 9.5 0.036
Index level Relative fecundity
v
FFIBefie i 8 HSI 65.6 1.5 0.400

Hepatosomatic index
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Fig.3 The habitat quality index of E. sinensis spawning grounds at various stations in the Yangtze River estuary
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The number on the histogram is the habitat quality index of E. sinensis spawning grounds.

SR AE R A5 (Do Carmo et al, 2019; Grande et al,
2016), 1A HE 5 Tl 0 W B B T AT A 3 5B B B
M HEAE T R MIAE ST K . R, RNA/DNA LUfE . H-
A1 2 3% 1 9 FE A Fulton”s K 458 8055 [ i &)y £ 1
KEBWEMRHEI bR T X A& 454 5%
255, P BRAE BRI TR R i £5 5 s i ol £ BB 1 B 1)
AR bR R VRN 77 00 3 A 35 T iR O o FEVF
2] K Bk a2 AR 35 B i PR F o v, i — 2R
VT AR BRRRAE bR A AR B T RN IR A i M
VFZ2 W58 B TS 1, Az BURRAE 38 A 78 W X 2 BRI AR
fk.(de Raedemaecker et al, 2012) ., /KI5 YR I (Meng
et al, 2001)FFF5E & 17K F-(Amara et al, 2009)55 77
TALELAT R A AR M L, 2 7 A 5 BT DR 0 1Y) v R
THh5 o

TEAE ZIH I R RE I 4 BRI S5 2 AH U (Bo et al,
2021; MiZR%E, 2016), {H 35 HA W AR 0 Sk
YRR BEASAE SE U™ NG B 5, S0 20K O AT [
EH TR AT IR EAL o PRI, 088 1% 4 B R 25 ok )

W™ 97 7 Ak SR B it T A 1 B9 UESE(Ogburn et al,

2015)0 AHIFTE T 75 18 AR S B B R 1) SR A )
SERHE, LI ONEE DR SRR S, BRI B ) | A
Xt B BE AR B AR RO ST AR A bR AT D O B

BT R VR TS AR L TR R . e MG T A
T 28 LUAH X BT 7 RS IR i A Dy o A g e e
I e S5 T VR T S ) SR AR AR . Hoh, AR
G I BRI TR B RE T ORI, )iz T IR
BRI BIPERE(RIB T4, 2007). AFBRAE A B 7
W) R A RE R A AF 2L, HAT WRSORIME A7 5 R
R IIRE , BENE Jy rh AR G B S8 )™ ORI sh AR A4
UK H i R R U5 A SR Wy o il (B 5 A 4
2020; WUKBAE, 1998), K, 58 i e 4 £ig
T ik rp AR R BT 0 o B RE R 5 R B

ABFFELR RN, 455 B R B IE A br T i
H ) v AR SRR 7 O 3 M B B e A U B — B RO
SR ATRRE SR bR, FA A PP AL AR 5 B Y B A0 B
(% 5). NI, WA a e Shi = O AT M AR AE i
K SRR BURFAE A A D T b AR SR 7 U0 3 2 85
B RO b R
32 NMESMAEPEABEEFINFEERERNN

BEhpnEGE

TERNL ] Z R AR AT 25 G VN B R v, PRAY 1R
PRACER 1 22 B BN SR AR M SRR S
B AE AL BEPEAN 8 AU BAT B R L B 4z
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Fig.4 Habitat quality distribution trend of E. sinensis spawning grounds in Yangtze River estuary
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Tab.5 Comparison of CPUE and HQI for explaining differences in habitat quality of E. sinensis spawning grounds

3%
SR b W2 R R L WIE
Habitat quality evaluation index Response variable  Explaini iabl Percentage of variance F P
q y p xplaining variable explained/%
=/ 4
ﬁg}{}‘?ﬁ. qﬁ. o .. CPUE 72.2% 2.1 0.270
Quantitative distribution characteristics DO, SAL, DEP,
JE R Bk T, NTU
e ﬁ%}ﬁi?ﬁﬁ . HQI 94.9% 12.0 0.038
Habitat quality index
x6 HMPEHEBEFNFERERENXBINERFHN
Tab.6 Analysis of key environmental factors affecting the habitat quality of E. sinensis spawning grounds
##3% A ¥ Environmental factor fi# B2 Percentage of variance explained/% F P
7% Dissolved oxygen 74.0 22.7 0.004
iR Salinity 44.0 6.3 0.044
JK i Temperature 33.0 3.9 0.076
JK ¥ Depth 33 0.3 0.628
P Turbidity <0.1 <0.1 0.936

SEARE, T N T AR S DA AR A B
W 251 22 400 (W B 25, 2002; A EREE, 2011; 4 RERL
%5, 2019), HAL S 2R AT IEAE 43 T AL (1) 3 72
I TN R G B (XI5, 2002), ME LA VER
VR B AL PR A AR B L, G AN 8 AR A
(BT RS o Hh T AR o B e B ™ D T o)) 2 2257
o] FK S A R IR S 00 O 46, 2014)  FEA D5
W AE G M T B IR B AR AE X 45 VR 48 B Y R i R

JE, FELLBEAE R P FE B A AT 1 AR o FRAE
A B A R, A R IRRE(91.09%) > £
WO RRIE(72.2%) 5 7E ZFHRIURRAE T, AT 2
$1(92.2%) > AT IR AR FE50(65.6%), K, 7EME HQI
R, ARSERRIEAS S AYAA XS L, X RF, HSI
HI CPUE #4777 1 K E/NIAT E MRAE o AN 5 38 3 & 08
PG AT SE B T PR HE bR S B R B R T, kb
T RS Mk i F it R v il = G- AR IR 1 i
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33 KIIAMEHEEFNGERRETNARER

4 M4 (2014) MR 2013 4F 4—5 KL O h
ROy B A OV T U PR BT A AL, S S R
PEFE RO M T 40 00 A KT 10 K S8 ) 3 B B AR B
A, HAFGT AR RN, 50 A B 7E YD LR
DL B IUB VD AR K5 o AL pR T HR AR PR 2 i) Bof i) 32 222
TE AR GBS O B BE AT, T DAL ST 45 AR XE Ry
AR MR 2S5 FEARMR D, RE T e
BRI AU TR A, Gl E HQL T HAM 7K
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Construction and Application of the Habitat Quality I ndex
of Eriocheir sinensis Spawning Grounds
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YANG Gang'”, ZHAO Feng'**”, ZHUANG Ping"**"
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Sciences, Shanghai 200090, China; 2. Wuxi Fisheries College, Nanjing Agricultuaral University, Wuxi 214081, China;
3. Shanghai Engineering Research Center of Fisheries Resources Enhancement and
Ecological Restoration of the Yangtze Estuary, Shanghai 200090, China)

Abstract Eriocheir sinensis is an important fishery resource in the Yangtze River basin, which has
brought about huge socio-economic benefits. The estuarine spawning grounds of E. sinensis, however, has
experienced negative effects, such as habitat alteration and degradation of the water environment, in the
mid- to late 1980s as a result of the construction of water conservation projects, land reclamation along
the estuary, and pollution input. In addition, the overexploitation of E. sinensis resources has contributed
to a sharp decline in its resources. To develop rational and scientific habitat management plans, the
estuarine spawning habitats of E. sinensis have received attention in recent years. Currently, the
distribution pattern and habitat characteristics of E. sinensis spawning grounds in the Yangtze River
estuary have been explored from the perspective of resource distribution; however, habitat quality has not
been further investigated. Studies on habitat quality can more effectively support the development of
fishery habitat management strategies by serving as a tool to objectively assess the functional status of
aquatic habitats. The habitat quality of the Yangtze River estuary has a substantial impact on the resources
of E. sinensis as it is the only spawning ground for this species in the Yangtze River basin and is also the
largest in China. Therefore, the behavior of E. sinensis during reproduction and spawning, which reflects
the habitat quality of the spawning grounds, served as the foundation for this study. The evaluation of the
habitat quality of E. sinensis spawning grounds was based on the parameters of reproductive performance
and quantitative distribution. The habitat quality index (HQI) of E. sinensis spawning grounds was built
by screening evaluation indices, weight analysis of evaluation indices, and construction of evaluation
criteria. To provide the necessary scientific tools for examining E. sinensis spawning grounds in the
Yangtze River estuary and to establish a solid scientific foundation for managing estuarine spawning
grounds for this species. The spawning grounds of the Yangtze River estuary were monitored using
egg-holding crabs of E. sinensis, and sampling was performed using gillnets positioned at certain
locations. Key environmental parameters influencing the spawning activity of E. sinensis, such as water
depth, turbidity, dissolved oxygen (DO) in bottom water, salinity (SAL), and temperature (T) were
gathered during the sampling process. Through anatomical measurements of collected egg-holding crabs,
physiological characteristics including carapace width, absolute fecundity, relative fecundity, condition
factor, hepatopancreas index, and reproductive effort were gathered and collected. The characteristics of
egg-holding crab population distribution and reproductive success were key factors considered when
choosing the evaluation indices. The catch per unit effort of egg-holding crabs is a quantitative
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distribution characteristic, and the reproductive performance characteristics primarily rely on correlation
analysis to determine the traits that can objectively respond to the reproductive performance of
egg-holding crab, which are RF and HSI. Subsequently, a hierarchical evaluation system is created based
on the characteristics of the evaluation indices. The response relationship between the environmental
elements and each evaluation index serves as the foundation for the weight analysis of the evaluation
indices. The environmental factors were analyzed separately with each evaluation index for redundancy
analysis (RDA), and the results of the RDA were used to understand the degree of influence of each
evaluation index on environmental characteristics. It is also used as the basis for the weight value of the
evaluation indices, and the weight value of each evaluation index is determined by combining the
hierarchical analysis method. Finally, a multi-index comprehensive scoring technique was used to
determine the HQI of the E. sinensis spawning grounds, and guidelines for evaluating habitat quality were
developed. The findings revealed a strong response relationship between egg-holding crab reproductive
performance characteristic indicators and environmental factors (91.9%, F=9.0, P=0.042), which has
significant application value when assessing the habitat quality of their spawning grounds. The evaluation
revealed that the survey sites” HQIs ranged from 0.33 to 0.84, and 47% of the survey sites assigned a
"medium" or higher rating to the habitat quality level. Overall, the northern bank of Hengsha had a greater
habitat quality than the deepwater canal. The HQI developed in this study has obvious advantages in
quantitatively assessing the habitat quality of E. sinensis spawning grounds because it has a greater
interpretation rate of environmental elements (94.9%, F=12.0, P=0.038) than quantitative distribution
characteristics. The maximum percentage of HQI was explained by DO, SAL, and T when each
environmental factor was used as an independent explanatory variable, accounting for 74.0% (F=22.7,
P=0.004), 44.0% (F=6.3, P=0.044), and 33.0% (F=3.9, P=0.076), respectively. DO, SAL, and T were the
key environmental factors influencing the habitat quality of E. sinensis spawning grounds. In this study,
the Yangtze River estuary was chosen as the spawning ground for E. sinensis, and the quantitative
distribution and reproductive performance characteristics of this species were employed as the foundation
for evaluating habitat quality. The spawning grounds of the Yangtze River estuary for E. sinensis were
further investigated in terms of habitat function using the HQI, which was built based on the
characteristics of the evaluation indices. This study identified the major habitat factors that influence the
habitat quality of these spawning grounds.

Key words Eriocheir sinensis, Spawning grounds; Habitat quality evaluation; Reproductive

performance characteristics; Quantitative distribution characteristics



