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Abstract: In order to improve the ecological operation effect and increase the success rate of ecological operation practice, a set of
ecological operation target quantification methods based on the bio-hydrological response model for stimulating reproduction of four
major Chinese carps is proposed. The method includes the definition of upwelling event, the selection of eco-hydrological indica-
tors, the definition of natural fish reproduction event and effective reproduction response, the construction of bio-hydrological re-
sponse model and multi-indicator discriminative preference. The actual observed data of 47 upwelling events and 24 effective repro-
duction responses of four fish in the Yichang River section for 6 years after the operation of the Three Gorges Reservoir from 2013 to

2019 (except 2016), were used to construct the model and quantify the ecological planning goals of the reservoir. The results
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showed that (1) the single-indicator bio-hydrological response model based on the four indicators of initial flow ( Q) , peak flood
flow (Qpeak ) » total flow growth (Q,,,) and daily flow growth rate (dQ) had the ability to discriminate whether the natural repro-
duction of the four major carp was responsive to hydrological conditions; (2) the optimal thresholds for the above evaluation indica-
tors were 14960 m®/s, 19610 m*/s, 4050 m*/s and 1405 m*/(s+d) , respectively; the performance of the single indicator model
was ranked as dQ>Q .. >Qum>Qo; (3) the comprehensive performance of the multi-indicator bio-hydrological response model
based on the combination of dQ or Q.. was the best. The model results are simple and predictable, and can be used to quantify
the ecological operating targets, which can provide a reference for discriminating fish reproduction response and formulating reser-
voir ecological planning in different watersheds and reservoirs.

Keywords: Ecological operation; four major Chinese carps; reproductive response; receiver operating characteristic; Three

Gorges Reservoir
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Fig.1 Study area and sampling cross section
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BB, AR EARZEL 5 B 1) I B R HAEBES RNk 2 Pios (Heb, ith T 248 b P I B TR IL 315 AUC
{6, LA NRI FACC VR R MERESHL) o TEREAT AR SR X I3 FEVERE ST I, 2E4% NRIFEXOR dQ FLspnpt
RUPEAT LS. R 2 il LA Y, dQ or Q. MR FRALS Jr 3, BRI IX A3 BEPERE S /5 1 17.2% , FHMER 2
BRI R 94.7% AR IR G IT UL ER B PR BE B, HL LU SRS AR i PR BV RE A dQ or Q.
AR bR 2L 5 77 23 ) AR AT DAy e = B 3R v ) 0B 8 R it JRE /A A AR L3R IR, R WK DL ik it
FERAF R — 22K g i ] SV ER DN A %k 25 J7 50T, Bk BOK S s ] ST 0 B1 7= B 47 A 34
R4 75 T BE 3R, X £ 24 AR 7 A B R ) T

K 2 ZARRALE M DR K HAE RES R

Tab.2 Response prediction model with multi-metric combination and its performance parameters

; REGE OBSRIE B WA
N 1) \2 I\ %
ik fbdla TPR/%  TNR/%  FPR/%  FNR/% NRI ACCr%

dQ and Q, 50.0 95.0 5.0 50.0 -27.8 73.7
dQ and Q. 61.1 95.0 5.0 38.9 -16.7 78.9

dQ and 0., 72.2 95.0 5.0 27.8 -5.6 84.2

- dQ and Qq and Q. 50.0 95.0 5.0 50.0 -27.8 73.7
(And) 3 dQ and Q, and Q. 44.4 95.0 5.0 55.6 -33.4 71.0
dQ and Q. and Q. 44.4 95.0 5.0 55.6 -33.4 71.0

dQ and Qy and Q. and Q,,, 55.6 95.0 5.0 44.4 -22.2 76.3

dQ or 0, 83.3 85.0 15.0 16.7 -45 84.2

dQ or Q. 100.0 90.0 10.0 0.0 17.2 94.7

dQ or Q,, 94.4 80.0 20.0 5.6 1.6 86.8

N dQ or Qg or Qe 100.0 85.0 15.0 0.0 12.2 92.1
(Or) dQ or Q or 0., 100.0 70.0 30.0 0.0 -238 84.2
dQ or Qe or Qu, 100.0 75.0 25.0 0.0 2.2 86.8

dQ or Qg or Qe or 100.0 70.0 30.0 0.0 -2.8 84.2

3.3 WAV IR WIE

SR AE NS 3.1 3501 3.2 755 8 57 () fip o B8 o g 17 A 281 22 435 i 7 A6 8 9 47 963, AT A2 287K 3C
FERRSROAUEZS RN 3 7R o IWRATTLIE H, SUT dQ B4 b B Hdw HE B (6K oK R 7 25 1R
PUR ZR 421 11 4% SR LA T P, SR v 64 9 S0k oK Sk (3 2 AR ST BE S R B A& koK F40F) |
BRI B IER 1T 8 U, 1 Ui (B B, SEBR 2 B1) L 0 0l 40 (B S BA , SRR B a4 b Y
FUHERG LI 88.8% o IHT dQ or Q. ZAEAREIELGES T 5 i , AR 0H 0 1CAR (8 AR AN dQ Fs pRAs 7
—H, KR dQ FRIEARIIALF dQ or Q. ZIRHREIALHS AT BAF A BRI BACR o BRATEIKAK F AT 5
B1,7 52 H—7 A 3 HEH oK b iE 10000 m’/s, HABOK BB H BRI IE T dQ S brkl e B, &
T RS 5 1 e U R ORIRAA, 5 B8O U SR iy B ) oL P 1
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Tab.3 Indicator parameters and validation results of the best single-indicator model and multi-indicator model

WRERRR MR a0 AQ or Qe

e 1 a0/ Owa/  WEEEE  sERR 0
(m*/(s-d)) (m3/s) fIESE S T 24

5 2013 6-5—6-7 3500 19200 1 1 1
8 2013 6-30—7-5 3520 29200 1 1 0
13* 2014 6-2—6-7 1500 18900 1 1 1
18 2015 5-1—5-5 153 13130 0 0 0
20 2015 5-12—5-15 183 13250 0 0 0
30 2017 6-15—6-19 1778 23920 1 1 1
32 2017 7-4—7-10 3512 28370 1 1 1
35# 2018 5-19—5-25 1558 25310 1 1 1
44 2019 6-10—6-12 1885 18370 1 1 1

1) S HRBOR P 5 B R dQ=1405 m®/ (s-d) , ZFEARER P51 B (Y dQ=1405 m*/(sd) or Qe =19610 m*/s;
s FENRL R G5 R 5 SRR OURFAE s #3571k A e phy 2 25080 B2 5 Ak ) N K S48 5 17 37 R, B 2 B0
W3 5 0 e B , BTG R BE BRI 3 o

4 itip

4.1 KR A S 5E N R 1 B B R A

RIS 2.2 /N5 v SRR T 0 A 5 B R IO £ B — K 9 S o 0 ) B MR /D T 2 4E % VT B
SVEBEHUE 5% o O T VTSR XGHA 25k A R () AR B R 1% (5% (8% (10% ,15% Al 20%
3R EAR R Y T SR BEFE R AUC F ACC 25 K 4 FoR .

MBI T L ), 2 20 T R (1 5 S 477 B ML 196 I, B bR AR F P RE T B AUC (ERGETE
KT 0.7 f9 B I TN I i), (EUASE R3] S8 3 ACC (R DUV A 205 S B 5y 5% B BT R, 24
RSB R R S AR 2 O A 8% L1096 1 15% I, Ui i Q. JHE SRR Q. AR HIMK R O [
PAFRFRI AR AUC Je ACC B YA 20 B0 (S R B I 2 T BERAEY . A R0 B B 7 R AR BRI
TR 15% I, SRAMERR AUC J2 ACC {52 b T  TRAMERRIY AUC J ACC (WS F A% L5 KAR i
WA B R R AT B S TR 5% 6 TR SC AT A A 9K S PO A TR 7 5 S B
4.2 BT HNRRYE

7RSI ST I TR AR T 2013 — 2019 AFELE — BB 2K SCAIA: 490 WL B , i3k e B 2 AiF 14 S8 =
WK R IR IE T SR (2010 4E 10 A LS, =Wk iE 175 200 Bk &K Z1E % &K A7 175 m, TR
IRBEREIAE 145 m) PUR 540 F B 72 455 [ 9K SR I 25 P 2 A5k SCAR PR i S A P o PRI, A3
ST ARSI R B T3 T = 08K A 12 7 0 25 4 DU R K 0B B 77 B3 11 S S M £ 9145 T30

FRIRIFFE I, 25 510 AR W AT B 2013 — 2017 4F A= 25815 08 ] 10 oK 5% £ Ft) S5 B 375 3 O , 75 ¢4 e
IKFFLER] T=4 d, i H KR dQ iAF) 1600~2833 m*/ (s-d) , Al UK a4 7= 00, 7™ 5t
F 2011 2018 477 Z Vb T VT BE DU R 52 f61 10 SRR S 0L , 42 W0 BB Q= 14000 m* /s, Wk /K 355 i i)
T=4 d, Fit H KR dQ=2000 m®/ (s-d) S HE P0G 075 B 1) A 2K SR , HISE RS bR 5 AR SRS b
IS ARSI K HC S B S5 TR D7, AEL bR T RIF 92 X RS [R] , A 56 A 280K SCHE AR 09 30 3 BRI A R Al 3 T8
TR W 45l O K SR A AL G 7 B 0t 2K SC AR A G S 0 1, T AR A R 7 B B B K S
AN | ST AR B A

53— 5T , AR SCHE HH F W S A R AR R R TR G T2 07 1, B R AR B 2, A5 000 T 0 4% SR 1
SO A HE— AR A SRR AR, 2% b 14 5% o B KL T BE W AT A8 L, Fre A 204 e o A 50 (0 6 b 20 15
P TTRER LA o A, X T8 1 I A 257K SO R B 905 1B ok A 2, B8 0] LR 75 i 5 AR I e
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Fig.4 Curve for performance of the model

4.3 BERIF KL R

S U L W4 09 ROC 3 B HC R R BB (05 0 b 12 5 47 3 L B A BB
SRIKTEF 7 ROC VI T4 25 G BUR P o, BRI A 50 A5 RS 41405 22 B S ROC iy
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REFR T2 9 ROC 1 B H A B (R0 52 0 0 R St SN 06 SO RO RO T DR 5
77510 1 4R ST A 57K SO PR R SIR) B FRR R0 70 o 28 BRI RIS , (835 )
S B8 R 2 B T 45 i A S B LA 5 P ey T 02 SR, 0 B P T =
HOK SCRB A 5 23 F IR R A0 793 1 R SO BT 55—y 7 A SR 0 P00 B
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5 5 AR 58 8 S0 25K S R 4 B K B B T 75, SE LA 008 R s P B 1
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