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Fig.1 Results of indicator independent analysis
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Fig.2 ROC curves for the problem of “ineffective vs low effective + high effective” in (a)

and “ ineffective + low effective vs high effective” in (b)
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Tab.1 Optimal thresholds and model performance parameters of eco—hydrological indicators for the problem

of (a) “ineffective vs low effective + high effective” ” and (b) “ ineffective + low effective vs high effective”

AUC WL REEP S A A ER A
For g6 A%
(a) (b) (a) (b) (a) (b) (a) (b)
kKR [R]/d 0.524 0.692 0.783 0.05%* 6.5 4.5 58.70% 67.39%
PG E/m? 5! 0.587 0.55 0312 0.608 16470 14470 63.04% 63.04%
VR /m? 5! 0.799 0.708 0.001%* 0.033* 17600 17600 78.26% 65.22%
i H K E/md.s! 0.835 0.632 <0.001* 0.177 1370 1463.75 80.43% 67.39%
M MK /md s ! 0.797 0.701 0.001* 0.04* 2810 3325 76.09% 60.87%
PR U W ] B B T/ 0.701 0.761 0.02* 0.008* 5.5 7.5 71.74% 73.91%
WA UL KA 2 57 /m 0.717 0.727 0.012%* 0.021%* 0.46 0.5 73.91% 67.39%

TE PRI R N T 45T 0.05.

Note: * denotes the progressive significance less than or equal to 0.05.
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Fig.3 Classification tree analysis of the relationship
between spawning scale of the four major Chinese

carps and eco—hydrological indicators

2.2.3 Logistic [l )3 BLF#iE 5 i) 7 AR /K L6 x
AR, 73 5 LA BIRUARE J R AR Ak sl v A7 A
2 TE R AR T 2 AR IR AZ B ] Logistic
[l =0 FEBEAT 70 A7, 45 HH 22 0 0 0 i3k NS Y ) AR
BRESHL R 2 PR

2 A Logistic AR RISHF RS
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S AR UY R KA R 00 . PAAE N ) kR v, 261
SRR 46 Uik K A2 H, A5 ) IR 33 37 IR, HE
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[ 1 40 ) ke 7K aek A A5 AT DA SRR PY K 5K £ A 4K
77 O B AE R R IIE 71.74%. B FH 23 S8 AW 047
FUTNET A HER R IE 60.87%.
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JIT R B AR AT B0 AIE , 75 06 MR AR 20 37 Yk /K i 72 )
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2.3.3 EARE ML VISR &L, Xt
S KR AL 73 B EL B BRI 70 I RS A K £
SR 104 . 73 3% 5 AR A Bk 3 Fp s it
TS BN RN ZRAR IR ) 0 5 & A 7%
AR R R TN HE R 3 . 45 SRR, A F ROC
LR HEAT 73 2 (R ) ) AE R 3 T A 18 2R 22 O A v K
P, I ROC 2R A & R A AR R (R 3)

*®3 3MIRBIEHEESTT %
Tab.3 Robust stability analysis of the three models

. ROC Ve S EIEE ) Logistic [ ]
5l Fil 5 T ) T FHl o T
MR dEmmEE dEMRER HETREE MEMRER AR
1 69.57 75 65.21 55 67.39 70
2 67.39 70 67.39 60 67.39 75
3 67.39 70 69.57 60 67.39 75
4 71.74 65 80.43 65 69.57 65
5 67.39 65 63.04 55 65.22 75
6 71.74 70 65.22 55 67.39 65
7 73.91 60 71.74 60 67.39 65
8 69.57 75 65.22 55 67.39 55
9 69.57 75 71.74 60 67.39 60
10 7391 65 71.74 60 73.91 45
¥ 70.22 69 69.13 58.5 68.043 65
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Relationship between Fish Spawning Behavior and Eco—hydrological Indicators:
A Case Study of the Four Major Chinese Carps in the Yangtze River

BAN Xue-jun'?, FAN Bo?, LIU Han!, YU Li-xiong*, LIN Jun-qiang', XIA Ji-hong?, ZHANG Di!
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China Institute of Water Resources and Hydropower Research, Beijing 100038, P.R. China;
2. College of Agricultural Science and Engineering, Hohai University, Nanjing 211100, P.R. China;
3. Science and Technology Promotion Center of the Ministry of Water Resources,
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Abstract: As important economic freshwater fish in China, the spawning scale of the four major Chi-
nese carps has declined significantly in recent years. Hydrological conditions play an important role in
the natural reproduction of the four major Chinese carps. Thus, to protect early stage resources of these
four species, it is important to determine the relationship between spawning behavior and eco—hydrolog-
ical indicators. In this study, the Yichang section of the middle Yangtze River was selected for re-
search, and we analyzed the relationship between the spawning behavior of the four major Chinese
carps and eco—hydrological indicators using a receiver operating characteristic (ROC) curve, classifica-
tion regression tree and logistic regression analysis. The performance, advantages and disadvantages of
the three data mining methods were then compared. The study was based on monitoring data for hydrol-
ogy and reproduction in the investigated section during the period 2013—-2023 (except 2016, 2021).
Stimulation of spawning behavior by ecohydrological indicators was analyzed for each of the four spe-
cies and divided into three levels (no response, low response, and high response). The discrimination ac-
curacy rates for each method were as follows: ROC curve (71.74%), logistic regression analysis
(71.74%) and classification regression tree (60.87%). The prediction accuracy rates of the three meth-
ods were, respectively 75%, 75% and 55%, and the ROC curve was the most robust. Therefore, we rec-
ommend the ROC curve for estimating the impact of eco—hydrological indicators on the spawning scale
of the four major Chinese carps. The best eco—hydrological conditions for effective spawning of the
four major Chinese carps was when the daily increment of flow was greater than 1 370 m?/s and the in-
terval time between two flood peaks was more than 7.5 days. In conclusion, our research identified the
eco—hydrological indicators and thresholds that effectively stimulate spawning of the four major Chi-
nese carps. This has important practical significance for optimizing and improving the ecological opera-
tion of Three Gorges Reservoir.

Key words : four major Chinese carps; eco—hydrological indicators; ROC curve; ecological operation



