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Fig. 1 Geographical distribution map of lake
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TR 2o AR K B R (162.08+27.43) mm, R IR AT B
1(157.49423.29) mm. 7K i51(147.49+36.97) mm.
JHE(137.88+37.08) mm. A 5I(130.81+ 32.00) mm,
FA A€ W (127.21£53.69) mmAl % & &K i (100.58+
33.84) mm P A K E /N . WCPIEE &, il
ORI 254K B A K (165.37+73.45) g, FLik it E
(126.98+71.02) g. #7K1(122.01£104.33) g #A{E
(106.41£106.43) g HifF(103.77£71.55) g, )5

N H1(93.96+£82.09) gl 1% 2 2K i (41.74+42.74) g
S YR EE A /N o K A5 I R AN A B B R AT B
DRI 28 7 22 40 W R B, THHLTBA ~F ¥ A0 K A7 0 W 0 =5
7 5(P<0.001), P-4 T 710 2. 35 22 5:(P<0.05).
HRKSHEERXR BRI T
KR E O R AT IA, VISR R B A A K
A RE o FURFRE b (R SHE 2)e REL a K
TAER SRR K SO BN 1 2R K SCRERE T, B
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Tab. 1 Geographical parameter indicators of each lake
wmKEKE o
T by Maximum GEE
N e g MR 71 w N
Wi sh g o TR T e KR S Hfr
. - . Average Water . o
Lake Latitude Longitude  Altitude storage . Comprehensive Position
depth (m) - quality L.
capacity Nutrition Index
(km’)
FATETH) 43°07'—  126°45'— 196 30—40 1.09x10° m 52.70 FH S VT 1 19 7K 2
Songhua Lake ~ 43°50' 127°38' AL, 2 AR AL DX 55 K
M T .
e N 40°36'—  108°43— 1018 1.20 3.00x10° v 47.18 TSI T TR L FFD ) 2, S
Wuliangsu 41°03/ 108°57' RN e 3= SN IR HERTA: 1
Lake
1 7K I8 37°31'—  115°27'— 21 1.75 1.88x10° m 62.57 KA B 2R A, H
Hengshui 37°41' 115°42' AR
Lake
S 33°06'—  118°10'— 10.5 1.90 2.44x10° m 55.20 193 E 3 4 % KA,
Hongze Lake  33°40’ 118°52’ L R 2 B i DR 7K 3k
e e 32042'— 119°06'— 15 2.04 8.90x10" \Y 55.40
Gaoyou Lake ~ 33°41' 119°25'
p N 30°05—  119°52'— 33 1.89 4.40x10° \'% 52.00
Taihu Lake 31032 120036’
T 24°40'—  100°03— 1972 10.80 2.95x10” I 4325 = KA, AT
Erhai 25044/ 100°42 7o JER A T S S
F2 SREMRMEE
Tab. 2 Specific sampling tables for each lake
7 Lake SKFEI [A]Sampling time KAFEZEYT Sampling season KAFFEAZ Sampling frequency
FATEHiSonghua Lake 202246, 9H H#H 1521
5% Wuliangsu Lake 202346, 8H HH LFE2IK
17K HHengshui Lake 20234F2, 8. 104 HEk& 14E39K
HhF W Hongze Lake 2023544 . 10H HE 14E2%
=i 75 Gaoyou Lake 20224E2. 8. 104 B & 14E3K
K Taihu Lake 20174F2, 8. 104 HEk& 14E33K
Vi3 Erhai 20234E8. 10 F120244E2 H HRKA 143K
+3 AR SECBISH
Tab.3 Physical and chemical parameters of the water bodies in each lake
bibE| 4% 2 Chl.a T A MUE O BEUIE OBA AR UMRHBE S mERETEH
Lake R pH DO Nt SD TN NH;y-N  NO;-N TP CODy,
FatEiiSonghua Lake 10.68 8.48 9.78  49.08 79.83 226  0.20 0.02 0.05 4.69
15 22 22 Wuliangsu Lake 7.89 8.69 952 581 10947 145 0.78 0.23 0.06 4.42
i /K #IHengshui Lake 14.80 819 1033 18.06 43.18 095 030 0.03 0.53 6.14
Bt Hongze Lake 15.50 8.26 8.95 3743 4200 2.01 044 0.06 0.10 4.20
11 838 Gaoyou Lake 8.23 924 1107 6531 20.03 083 0.3 0.01 0.06 474
KiHiTaihu Lake 28.33 8.80 841 4410 4206 203 025 0.05 0.11 4.50
T Erhai 18.46 8.04 744 489 151.67 080 0.14 0.02 0.05 531
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Tab.4 The sample size and biological indicators of crucian carp in each lake

WA HAK(R) [US'S TR RR LSS FH R E

Lake Sample size (tail) Body length (mm) Weight (g) Average body length (mm) Average weight (g)
FATEWISonghua Lake 261 37.78—223.99 0.93—407.96 127.21+53.69° 106.412106.43"
153 2 i Wuliangsu Lake 425 35.13—189.46 0.96—221.65 100.58+33.84" 41.74+42.74'
fii7 7K i Hengshui Lake 252 82.63—239.85 5.26—641.94 147.49+36.97" 122.01+104.33"
#kZE M Hongze Lake 479 79.36—252.58  13.60—460.70 157.49+23 29" 126.98+71.02°
BB Gaoyou Lake 291 33.92—235.22 5.86—205.43 162.08+27.43" 165.37+73.45°
K Taihu Lake 356 34.02—232.50 0.88—556.67 130.81£32.00° 93.96+82.09"
HifFErhai 382 37.01—250.32 1.28—538.35 137.88+37.08° 103.77+71.55"

I PEEUR ERRANFI RIS 22 5% i35 (P<0.05), 1 5 3% 7 57 (P<0.001)

Note: Different superscript letters after the average indicate significant difference (P<0.05), extremely significant difference (P<0.001)

x5 ZWREFEK-REFEUEXER
Tab. 5 Fitting equations of body length and body weight equa-
tions of Carassius auratus in each lake

#FLake K Regigsijs iigtion
FATEWISonghua Lake 0.95 w=1.36x10"L*"
132G Wuliangsu Lake  0.98 w=1.46x10"L*"
%7K Hengshui Lake 0.85 w=1.55x10"L*"
Bt Hongze Lake 0.85 w=1.67x10"L*"
&l Gaoyou Lake 0.89 w=2.08x10"L*"
K Taihu Lake 0.86 W=4.08x10"L**
i3 Erhai 0.97 W=2.59x10"L*"

R, R R T MEEK . EART T,
B39 B 1 @ MR B NK R K (4.08%107°).
VHIF(2.59x10 ) i HBI(2.08%10°°) VEFHI(1.67%
107 5 7K (1.55%107°) . 15 2 21 (1.46x10 )l
PATEWI(1.36%107). FEFEH b M T 2K H L KA
X, Y b T 2.9 3.1 2R, RoRfRES#AE
K Bp<2.90F, Af A K2 p>3.1 N IE s
AR, RIS R R R, 4P R
iy HIIS S AT A S 5 85 52 B A0 3 AR K, bAE 79 951 293,05
3.07F12.96, T 4 LA m BIRATEI . SRR,
AT A L 280 1) B S B OE S AR K, bfE BN
3.13. 3.15. 3.14%13.12.

SKEH, HHRAEKERBEER AR
ISR SRR HE. B, it
P T S K AT 7 AN T Y 8 0 2 K S (R 6),
PRIC T A [7) b 2R A0 B 558 1 0 7 A A R 1 22 5 o
A R EOE H T I8 ST R R i TR Y I AR K
B AE KR A . AT 45 R o, HEEE A K
REURK, 70.97, WA i K 51 AVEHE, 5 50N
0.78F10.71, A8 A1 i1 MBI 290.64F10.53, & 2 i
FURAET /N, 43 59 250.48F10.33 . W7 HE M4 K 2 £
FRIE E R AE KA BRAAREK, Be18 A T LA [R) 7K 38

i A KRR 7N B L T KA
225, WK R R N T (278,25 mm), HE K IR
FRAAEII(262.50 mm). ZFEEF(260.75 mm). =
HI1(257.25 mm), T4 7K 515 #1325 9246.75 mm,
PP B /N (243.50 mm); 15 AAF S B K O R A6 T
(2.99), B J5 12 2 0 (2.08) A1 5 1S (1.84), A
(1.46) VEE(1.37) HKII(1.27) Sk E#(1.02) 4K
PRI I 8 I oy i e IR, A8 A R 5 B K ) AR K
PEBE 38 B K 47680474, IR L EET . K
W A VHEE, 43 0N4.68 4.59. 4.54F14.51,
BONHIRRATEW, a8 N4.36. LIRS HE RIER
TARIKIBIR S (WrE F2KF MR 45 R )N
1 R KRB ISR
22 IMEEFEEKSHHNHERMES T

T R R 56 20 A 2 K 2 HORT S FEAS
INEE A 2 IR AH S 1, R M DR 1, AH 9% R A
K, PIEER/)S, iy 3RS0 R85 DR - 0 600 A= K 2 30 (3
R, ERK R PIAAER . KR T REK
FREO MR R, 45 BB R W 2 1 2 5% IEM
K(r=0.71, P<0.05). H gtk 5 AILHISDA +
i 35 M 22 (P<0.05), 7 5E. TE. WQ. CNIFIDO
BIEASE KT A KBS WSHIChLa 2 I
B K (P<0.05), A5 WARIEAM KK RE 3).

RDASE LU 4F5E TR, 5795 il B0 A RE
K H99.97% (Bl 115 99.74%, H12 4 0.23%). Hiodr,
Alt (65.9%). Ntu (20.8%). SDI (10.5%). E. pHA
DJE M A K S H R EIREN R T P AFER S
pH. AItZIEAME, 5SDI. ERIDE 7 AH < #iidk A
K5AIIEAH G A K, HCNSDLL D, 5pH. Ntu
A%, A K R A S NI ER) IEA e M ok, Hik
N SDIFID, 5 pHAAIE 1 #H 5% ; A4 K 8 40 S5 E.
SDIFIDIE A%, 5 Ntu. pHFIAIE AR, BE
PR 56 43 A7 3R BH, B85 (K1 o ALURT SDISY i) 2 2%
(P<0.05), Ntu. E. pHANEE . ZE&00, KT



6 KR R

2026, 50(1): 012615

FEAL AR AR, T 25 [A] A K R B B R  EK .
3 g

AT FE A IS 53 H B S A B A B 2
(7RSI A K SRR KR E G R, AK R
Bk, BdEARK L, SRR 6 4 At L), #87
T RS R A5 5 AR S HEAL R R S A K SR g
IR . B TR I, 800 A K S 5002 i 2 ] R 1
(Alts E. SDDEKAEALFFENu. pH. D) [
W HoR, MR A (A R (AR R R K B R D
XA K R B R 3, X — K L Zhang 5™
HORE FCAR — B0, 5 3 RN B . B8 K ki s 5 Hh 3
% [A] DR 0] £ SR VR 22710 22 R VE IR A8 52 1) i Ay
S, A, W fe s o E P R 16 AN I A
DHE VR 2H R R A R I, AR T IR R T, A [A] A
TR A B s oy B2 . X — R AEW
TEZK AR FOAR T AR P BV BB 9 b RIFE AR 21 1 58
EY,

EAFRRHR S E T, K. BE. SY5RIE,
NGB AR L3 72 7, T 48 £ 8 AR K 2R
Fe AR RSP R e 0, WAk St R 2

G, 548 SRR B IEME, T HE K 2%
R K-S Rp R M. R W, (R Ik
X 1 #2505 N ST 5 A AR X A i 1
W R F E RS IR, A, MR AR
AR A A A KR BT, R R IR B KA A £
FEVEM SRR R 7, 76 @ R WA g . SR %
WY, KA TR N L 2 R /D, W 23 1) B
BN 5 N L A v R v TR M G v U
A5 A AR KRB, KIB S TE W BT Ak, 2k
A K e, AR B RE IR . ML F,
ST (R O . VRIS R O 2 B
BRALY, B RS, ST, M
ERSHEIF BRI, AR REOK, Wit
KNI AR RS /NIORAE . SRTT, £R T & W 1
IS HEBETE SRR BOE AR, 62k
KT B SRR S R . N, AR A T
SRR R, HH SRR b b P e v 2 S L
R A 380K, T S 5 S5 2 ISP 4 K A
ANy A K Z B ARG R R A K BN B A KR

R E R RFEEARRESMANT
PR P f 7R T bR, S B v £ 25 1 ARG L b R
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Fig. 2 Fitting graphs of Carassius auratus body length and body weight equations in each lake
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GROWTH CHARACTERISTICS AND ENVIRONMENTAL INFLUENCING
FACTORS OF DIFFERENT GEOGRAPHICAL POPULATIONS
OF CARASSIUS AURATUS

2

YANG Yun-Lei"?, CHEN Yong-Jin’, XUE Xue’, LIANG Yi-Dong"’, FANG Yu-Hang"* and XU Dong-Po"

(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306,
China; 2. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization, Ministry of Agriculture and Rural
Affairs, Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China)

Abstract: To explore the relationship between the growth characteristics and environmental factors of Carassius aura-
tus, this study selected seven lakes with significant geographical differences (Songhua Lake, Wuliangsu Lake, Heng-
shui Lake, Hongze Lake, Gaoyou Lake, Taihu Lake, and Erhai). Based on growth parameters including the length-
weight relationship, growth coefficient (k), asymptotic length (L,), and inflection age (¢,), it quantitatively assessed the
growth and development of C. auratus in different waters. Furthermore, methods such as Mantel test, Spearman corre-
lation, and redundancy analysis were employed to analyze the impact of environmental factors on their growth. The
results showed that: (1) There were significant differences in the average body length and weight among different popu-
lations (P<0.05). The growth index b ranged from 2.96 to 3.15, with C. auratus in lakes at lower latitudes exhibited
isometric growth, while those in lakes at higher latitudes showing positive allometric growth. (2) All populations
demonstrated a fast-growth pattern (4£>0.2), with asymptotic length L, ranging from 243.50 to 278.25 mm. The inflec-
tion age #; exceeded 2 years in Songhua Lake and Wuliangsuhai Lake populations, while that in the other lakes was
around 1 year old. The growth performance index ¢’ ranged from 4.36 to 4.76. (3) The analysis revealed that geographi-
cal spatial factors (altitude, latitude, and shoreline development coefficient) and physicochemical parameters (pH,
turbidity, and water depth) jointly regulated the growth characteristics. Moreover, geographical spatial factors (altitude
and shoreline development coefficient) accounted for 76.4% of the variation (P<0.05) and played a dominant role. This
study elucidated the growth strategies of C. auratus populations across different geographical regions and their relation-
ship with the environment, providing a theoretical basis for further exploring the growth ecological characteristics of C.
auratus and its response to environmental changes.

Key words: Growth parameters; Altitude; Shoreline development index; Redundancy analysis; Carassius auratus



ik S1 BT XERRIBIHLASELE

Appendix S1

Summarizes some lake parameters based on literature retrieval
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