55 41 B 6 W KoBEOE RO 20254 11 A
Vol. 41 No. 6 Water Resources Protection Nov. 2025

DOI; 10. 3880/j. issn. 1004 - 6933. 2025. 06. 027

HEF LA A2 2B KT Dz 73 ™ s P O £ 2%
SR/ VI RSEIN A RE SN N
BB KRR & T KRS FEN XK

(1. P EHC VT AR A PR B BT 5K B2 S ol s Wik ‘|5 443133;
2. KA E RN B K TRA SR, W4t I 430072,
3. TR S R GE E OCHEE R ATET A, W1k B 430072)

WE ARZRITLHRAZZAMIPERLAGREMERFRHIEG T FHK F, IR F A A
AR IR AR A E $2 AU, Adaboost , Xgboost , Lightgbm #F= Catboost 5 8 #r AU % 5 5] B A M
TR E KeEpiFe B Honih B AT & K6 0 TN AR b T SR e Ak A I AT
BMEFIER RKAT BMELSRIFEIAFZAGMERXR R FREREW A3 348
AR R FIRTRM T AP SR R AL ¥ BLR A5 6 TR M, L P Catboost BE A AR K I AT H R
34k B ARE K I AR B IRFAFAEL B KB B RE, KL KRIBRKIRE T HFIE
EELEFEFHORR; — &M ECEAN AERRA ARG TN EILEREREFATHE
EARR R A ESKBFSGAREFMFET IR, mKREDNGFZREDRERE KRB EEELXZ,
L5AF20MAXRE, KEPH F N RETRKBFAAZTR NN BIKT4AEAEE 98, KBFR
FA3AAFEREY T EARAN R B & T AL E 6K A KB &M 2R3
B E R AN Kb A B AR AR

KR, TRARNER  ASAE, ANAE ASRKRIL M B F IR, Kiz L

FES S .5932 M ERFR SRS A M EHS 1004 - 6933(2025)06 - 0251 - 08

Research on relationship between natural reproduction of typical producing semi-buoyant eggs fish in upper
reaches of the Yangtze River and environmental characteristics based on machine learning models//CAO Jun'?*?,
ZHANG Xiaomin®, ZHU Di*, ZHU Qiguang’, TANG Zhengyang', REN Yufeng' (1. Hubei Key Laboratory of Intelligent
Yangize and Hydroelectric Science, China Yangize Power Co. , Lid. , Yichang 443133, China; 2. Institute of Hydroecology ,
Minisiry of Water Resources and Chinese Academy of Sciences, Wuhan 430072, China; 3. Innovation Team of the
Changjiang Water Resources Commission for River and Lake Ecosystem Restoration Key Technology, Wuhan 430072, China)
Abstract: To explore the quantitative relationship between the natural reproduction of typical producing semi-buoyant eggs
fish in the upper reaches of the Yangtze River and environmental characteristics, eight machine learning models, including
decision tree, random forest, extra trees, gradient boosting classifier, Adaboost, XGBoost, LightGBM, and Catboost, were
introduced to construct spawning prediction models for the target fish species of Coreius heterodon, Rhinogobio ventralis,
and Rhinogobio cylindricus. The performance of each model was compared, and interpretable machine learning techniques
were integrated to investigate the correlation between the target fish species and environmental characteristic indicators. The
results showed that: for the spawning prediction of the three target fish species, seven ensemble models achieved high
prediction accuracy, with the Catboost model performing the best overall. The most critical environmental factors
influencing the spawning of three target fish species were daily average water temperature and daily average discharge, while
short-term variations in hydrology, water temperature, and water environment had little impact in the evaluation of each
model. Within a certain range of conditions, the spawning activity rate of Coreius heterodon and Rhinogobio cylindricus was
positively correlated with both water temperature and discharge, indicating a preference for spawning under high-

temperature and high-discharge conditions. In contrast, the spawning activity rate of Rhinogobio ventralis exhibited a
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unimodal relationship with water temperature and a negative correlation with discharge, and its optimal water temperature

and discharge ranges for spawning were significantly lower than those of the other two species. Water temperature and

discharge exerted a strong interactive effect on the spawning of all three target fish species, and suitable and mutually

synergistic hydrological and water temperature conditions were identified as the key habitat characteristics promoting their

spawning activities.

Key words: producing semi-buoyant eggs fish; ecological flow; ecological operation; ecology-hydrology response ; machine

learning model ; upper reaches of the Yangtze River
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