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Fig. 1 A simple diagram of Hemiculter leucisculus

1 HR5HE

1.1 FAEREFMXE

WRYGHIE FN A5, AT 2022—2024 4
X8 AN LA TR A . WA E WA 2 PR,
Sk DS KA SN U RER e T & - AR AL
325 km?, FHIKIE 1.5 m; MBI T35 ks 3
R, KIRTEFRZ N 554 km?, FYI/KIE 35 m; £
KBTI AL B K, KB N 75 km?,
SEEPKER 175 m; KR ESE 3 RIRAKWI, 17
R RRAND NI R NN I & AT A IS
2338 km?%, FHIKIE 1.8 m; I FIT94 T8
HPH R RE, KERFRZ KN 9.1 km?, FH/KIE 2.2 m;
F A TULO A e N, KSR FRZ R 113
km®, PEIKGE 1.5 m; ISALT U144 76 B 5
W, KT AR 28 km?, F-RIKIE 14 m; THIEE
HE A R, AKIBIE Y 252 km®,
PRI 10.8 m.
1.2 HE\EREMREFE

i FH 2 H 52 600 K 8 (FR 0 B2 v i gk
BREAR . AV EROICE 3 2 BE S HIMA 3
FoE BRPOEIMELS ., 2 HEARMNMNER A
12. 2.4, 6,8, 10, 14cm, FFEMEK 125m. &
1.5 mo 22 B (FREOEIZ M B R4 1.6 cm,
ZMHK 10 m, 98 0.4 m, 0.4 m, WEJE 12 h
AR . BIRRISS e (VT2 )
A ChERRK 2GR ) | AU E 2R, i
B RORTHL PRI g a2k i) 4 IR Ak
T, KK 0.01 mm, AFEREHF] 0.01 g,

FIMARAEES ST AL LR,
ARAF RSB 0TE: Z5 Lon, £/ Lat, /Kif
AL s, MR Hy . BKE S, BREAH RESDIL. /K
T WQ. LA EFRIRASTEE TLL, 4R 20 CREL
Time. “FHEUKE WT. P50 T, FKE H, &
WHEE SD. %48 Do, pH. MW TP, EA TN, M4k
K chl-a, IFIFBhYIERE zoo FVFIHHYIEE phy .
1.3 4£KSHItHE

AR LR E AW, SEIAK AL, 4
T o, SHAEKKNT b, #HLEK L, @i
RE w,, ERAR K, H880 . KRR



TS HBREREE R R X & A K 15 903

N - N
40.06° - S1ZERM
Wauliangsuhai Lake

40.35°
43.67° |

40.83° 0 5010mile

S2FATEMA
Songhua Lake

012 4mile
Lo laaal

N
S3fsKi
Hengshui Lake

37.58°

00.51.02 mile
[T

108.67° 108.83°
N

109.0°E

S5E&IA
Lihu Lake

31.00° | SaA

Taihu Lake

31.33°
0 8 16mile
[EETEE

120.00°  120.33° E

ST
Erhai Lake
25.83°

25.67° L 0 4 8mile

100.00°

27.83° T

30.17° |
30.15° t
30.13° |

30.12° |
100.17°  100.33°E

126.83°E 115.58° 115.67°E
N1 seipyg

Qionghai Lake

0 0.751.50 mile
[ —

N 102.33°E

S8 i
Baima Lake

0 0.5 1mile
| SN E—

120.20° 120.22° 120.23°E

K2 SREHA

Fig. 2 Sampling locations
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Fig. 3 Length-weight distribution of Hemiculter leucisculus from different waters

Sample sizes from Songhua Lake, Qionghai Lake, Erhai Lake, Wuliangsuhai Lake, Hengshui Lake, Baima Lake,
Lihu Lake and Taihu Lake were 843, 474, 489, 391, 654, 190, 375 and 297, respectively.
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Tab.1 Body length-weight relationship and growth parameters of Hemiculter leucisculus from different waters
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Fig. 4 Correlation analysis of growth parameters of Hemiculter leucisculus with environmental factors
Lon: Longitude; Lat: Latitude; s: water Area; H,: altitude; S: water storage capacity; SDI: shoreline development index;

WQ: water quality; TLI: trophic level index; Time: number of days per year with air temperature >20 ‘C; WT: mean water
temperature; 7: mean air temperature; H: mean depth; SD: water transparency; Do: dissolved oxygen; TP: total
phosphorus; TN: total nitrogen; chl-a: chlorophyll-a; zoo: zooplankton density; phy: phytoplankton density; AL: average
Length; AW: average weight; L.: asymptotic oglength; W.: asymptotic weight; a: condition factor; b: allometric growth factor;

K: growth coefficient; #: inflection point; ¢': growth performance index; **P=0.05; **P=0.01; ***P<0.001.
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Tab. 2 Statistical information on RDA analysis between
growth parameters of Hemiculter leucisculus and
environmental factors

i1 2 K] i 4

F8%5 indicator . . . .
axis 1 axis 2 axis 3 axis 4

FHE M eigenvalue 0.7759  0.1403  0.0203  0.0022
MR REEEB)/% 7759 9162 9356 93.88

variation explained
(cumulative)

I R KL 0.9644  0.9987 0.9744  0.8403

correlation coefficient
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Tab.3 Correlation coefficients between the ordination
axes and environmental factors

H i 2 CUREY oy
indi axis 1 axis 2 contributi P value
indicator on rate

% W] /m -0.5831 —0.3871 41.2 0.08
transparency (SD)

JKJE water -0.0629 0.1967  21.5 0.176
quality (WQ)

RELEER R 0.0926 —-0.3375 15.8 0.204
shoreline development

index (SDI)

F- 27K /m -0.5218 —0.5236 0.8 0.192
mean depth (H)

SEH7KIE/C mean 0.2887  0.6464 18.4 0.028
water temperature (WT)

£hE latitude (Lat) —0.0828 —0.4699 2.3 0.32

1.0 t

—0.8 L . . .
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Fig. 5 Redundancy Analysis (RDA) of growth parameters
of Hemiculter leucisculus and environmental
factors in different areas
Lat: Latitude; SDI: shoreline development index;

WQ: water quality; WT: mean water temperature;

H: mean depth; SD: water transparency.

L RN 2 MR T AR B 251 77.59% 0
14.03%, i1 91.62%. K SEE BT 8k
AB I RIRE] T 0.9987, SWHER Al b SR B
A RSESIHEE TR RGEE 2). HF
1 5P R B E AR MR R, MG RECH
0.2287, 5% WM A AH G M e R, AHOCHE R
H-0.5831; HEF R 2 5 V4K IR EA SR RO,
HETE RN 0.6464, 534 7K TR B TR M
K, MRMEFRECN-0.5236 (3% 3).

RDA HEFP4s R BRnE s pin. BdKS
K ZFEKE AR, Wi BAT B A IE
PG R, M5 PRSI E R RAHG, &
KAEREFE R Rl A K N7 b SKREA R
IEAHESE R Wik iRk | Wiibih s . KBS ¢
%35 W EE R AR, WAL | PR 2 R
JEEFNES B I 52 M K o
2.5 HREEFHEEKSHNEIE
2.5.1 REERFHENERBRER o 2N

FIH AIC HEMITHER 7, RYE AIC /N
A B et GAM AL, 25 R BE, YK T
I 3 AN, B LA IS BT SR A U

log(t, +1) = 3, +s(SDD +s(SD)+ s(H) + &



578

Ti TR M BRER A N ZO B AR K2 907

Krh, o AEWNAERKD SAER, g H#EE, SD Ri&
WIRE, SDI WLk B REL H WV 4KIR, ¢ &Mk
MIEZS 53 A W BEHL R 22 30 . GAM 453 28U g 22 73 H7 1
N, BRI BT 2 AR R N 88.83%, FRiN 2
H6.57x107°, AIC SH—55.01, WK 4 FiR, REER
B RECRT- YK IERT & A K8 S AR B B
EHR

AR S REKRTE RE B ERT-K

R LR 6 Fim. BAKE S 5K S

BHIEGER, TF 0.5~1 m B W BE I SR B R A8
1[5‘53: 1.5 m B2 IEMK, & 1.5 m 5 5
Ko IBIRELE 0.5 ~ 1 m [ X 8] N R & iy e f A &
P, REETRENT 01~035 K, BRAEK
P bR HIE KMo, & 0.35 B, PisiEi
DB CIE MG R X REAE 0.3 ~0.4 X[ NNy
B AR KA PSR S W IR AR £ A
KRR, RIHBEE T EIKIEG M, 58515
BP0 TR

R4 ERKBRERERERY. EHEMFHKRE GAM EEISKI R
Tab.4 GAM model fit test for the relationship between growth inflection point and shoreline development coefficient,
transparency, and mean depth

T A D 22

Bt 22 R %

FHEAF environmental factor residual deviance AlC cumula\tive d;iance explained F
2 % E Z %L shoreline development index (SDI) 1.321 14.48 42.69 0.0105
%5 4 /m transparency (SD) 0.087 -1.6 76.62 0.087
SEHJ7K % /m mean depth (H) 6.57x107° -55.01 88.83 0.027
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Fig. 6 Relationships between growth inflection point and shoreline development coefficient, transparency, and average water depth

252 BERFHENEKRZHBLKHNZW FIH
AIC YEWTHE B AL -, MRS AIC S5/ W 44 4
B A GAM AR RS, 245200 K78 i 2 A~ B
LA, BRI IR AN

In(K +1) = 3, +s(SDI) + s(SD) + &

AP K NEAERKRE, po N#EEE, SD &P,
SDI MR K H REL, ¢ S MM IEZ 5370 1 B AL IR
ZEW, GAM FERIR Bt 22 i BER ol 36.63, B%
224 0.18, AIC Ky 4.088, Rk EH RE M AN
JEXT B I A K 5 B B,

x5 ERREVEFLRERY. ENERN GAM EEB SRR
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Impacts of geographical environmental factors on the growth of
Hemiculter leucisculus

FANG Yuhang' %, CHEN Yongjin’, HE Bin’, XUE Xue?, YANG Yunlei"?, XU Dongpo"**

1. College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai 201306, China;

2. Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences; Key Laboratory of Freshwater Fisheries
and Germplasm Resources Utilization, Ministry of Agriculture and Rural Affairs, Wuxi 214081, China;

3. Fisheries Research Institute, Sichuan Academy of Agricultural Sciences, Chengdu 611730, China

Abstract: To systematically investigate how geographical environmental factors regulate the growth of topmouth
culter (Hemiculter leucisculus) and its ecological adaptation strategies, this study collected related ecological
survey data from eight representative lakes (i.e., Wuliangsuhai Lake, Songhua Lake, Hengshui Lake, Taihu Lake,
Lihu Lake, Baima Lake, Qionghai Lake, and Erhai Lake) during 2022 to 2024. Multi-dimensional environmental
variables, including latitudinal gradients, lake basin morphological indices, and water physicochemical parameters,
were considered as potential environmental factors affecting the growth of H. leucisculus Statistical approaches,
including Pearson correlation analysis, redundancy analysis (RDA), and generalized additive models (GAM), were
employed to evaluate the impacts of environmental heterogeneity on key growth parameters of H. leucisculus. The
results revealed that the growth coefficient (K) and inflection point age (#;) of H. leucisculus were primarily
influenced by shoreline development index (SDI) and transparency (SD). Optimal conditions for maximizing K



578 Ti TR M BRER A N ZO B AR K2 913

and minimizing ¢, occurred when SDI ranged from 0.3 to 0.4 and SD from 0.5 to 1 m, indicating that moderately
complex shorelines and moderate water clarity create favorable microhabitats for resource acquisition and growth
efficiency of H. leucisculus. Additionally, water depth (H) exhibited a significantly negative correlation with ¢,
suggesting deeper lakes tend to delay the inflection point of growth, possibly due to reduced vertical habitat
complexity or thermocline-induced metabolic constraints. Water temperature (WT) and H appeared as critical
determinants for asymptotic body length (L..). L., reached its peak at 18-20 C, aligning with the thermal optimum
for metabolic efficiency and energy allocation to somatic growth, while the minimum L, occurred at a depth of
15 m, likely reflecting trade-offs between depth-dependent resource accessibility and energy expenditure. RDA
revealed strong correlations between SDI and zooplankton biomass, SD and zooplankton biomass, WT and
phytoplankton productivity, and A and phytoplankton productivity, further indicated that such environmental
effects are possibly mediated through trophic pathways, forming a cascading effect on prey availability that shapes
growth trajectories. By constructing a predictive model integrating lake morphology and hydrological parameters,
this study demonstrated that geographical factors indirectly impact fish life history strategies by altering prey
distribution and habitat quality. The findings provide a quantitative framework for adaptive management of fish
resources at the basin scale, enabling the identification of critical environmental thresholds to support optimal
growth. This research bridges ecological theory and applied fisheries management, offering scientific guidance for
balancing sustainable resource utilization with aquatic ecosystem conservation, especially under ongoing climate
change and anthropogenic pressures. The integrative methodology also serves as a transferable framework for
studying species-environment interactions in lentic ecosystems, emphasizing the value of multi-dimensional
datasets in unraveling complex adaptive mechanisms.

Key words: Hemiculter leucisculus; generalized additive model; redundancy analysis; growth coefficient;
inflection point age; hydrological factors; environmental parameters
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