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Fig. 1 Sampling sites of early-stage resources in the upper reaches of Yangtze River from 2017 to 2019
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Fig. 4 Environmental variables at the three sampling sites at Yinbin (YB), Luzhou (LZ) and Jiangjin (JJ)
sections in the upper reach of the Yangtze River during May through July from 2017 to 2019
F1 KIELFERETEIERESNEGESHE
Tab. 1 Distribution of spawning grounds of Hypophthalmichthys molitrix from Yibin to
Jiangjin in the upper reaches of the Yangtze River
5 7 IR P B /km A0y PR/ (< 10° L) i H /%
serial number location of spawning ground drift distance year spawning scale proportion
1 P L AT 39.35-80.73 2017 0.43 32.59
Baishazhen-Wenshanpingcun
2 R L AR B 4 98.2-139.11 0.44 33.69
Rongshanzhen-Mituozhen
3 Vb 39.35-98.2 2018 0.83 66.32
Baishazhen-Rongshanzhen
4 FIIR X _Eh B3I 61.7-98.34 0.06 44.49
Nanxiqu-Yanpingba
5 Vb B4 LD 39.35-98.2 2019 0.24 31.46

Baishazhen- Rongshanzhen
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PR RN T R IR X B PP EE, 2018—2019
A VDB R BB VLB O 33 LA T4 /DN, 4
INT 29 30.0%, 2017—2019 4E 5 D= BRdgrh (b
BBV S e, RO R, R
1.50x10% k7, 5 =B HUARAY 75.0% . PRI, K
L it = O S B AR VDB A LD BT TEL
2.4 5B ER IR X 7k 32 2 B Nie S
2017—2019 4F 3 AWy B 2L s i 5 8 vk ™
GRS, 2017 AEVTHEVT B I 2 W7 B iy g
W1, 2018 AFESLUEINE] 3 Y=o mride s, Horp oM
VLB 2 ¥k, VLHETEE 1R 2019 48 WEmi £ 3 vk o
R, Y VTR 1R, VIHELEE 2 (3 2),
X B = B g WA U ) UK SCHR BREA TSR T o koK
R EJE R 3~10 d, WG SIEE N 4656~
16340 m’/s, JEIEHEIE Y 8770~20565 m’s,
TEBKIETEE N 840~12975 m’/s, it K 3R
Fil & 280.00~1808.00 m’/(s-d)(¥ 2). /KCHEhr 5
1 W 30 7 B i A S P A3 B S s, dik KRR B T A
T ik W 5 7 B A S ) IE A DG (P<0.05) (%
3), T HH — 7 i 7K B 1) R 3 i oK e X i R

T ELA R RN o

UFKKAREEI TR N 3 d, WERTKIE Jy 4225 m’/s
I, BEORAR TR 0.035%10° kL, HiZAETH AT
BEROPER) 25.00%; MEKKFFLERE R 4 d, %
kIR 5030 m'/s B, BEBIFLHIER N 0.168x10°
ki, AR RATLECR O 40.68%; “HikoKERE
Zemtlal oy 5 d, WEKRIE N 9040 m’/s B, fEFIEE
TR 0.287x10° ki, %A AR VT B O R 1Y
19.51%; ¥k KFFLenf a2y 9 d, I & ks b
7430 m’/s 5, BEGNARYE A 0.186x10° K, i%4E
PHA VLB AT 12.64%; 4Kk HE L at ] Ky
10 d, JEBKIEN 12975 m’/s B, BEIRFRGEES
0.385x10° i, 5 1Z4F 8 A5 VT B M UR 48 1) 26.48%.
FHUCAHEI, YakK B ElEEk 4 d Je DL b, s kiR
N 5030 m’/s Je LA bR, A F AR AR KT BT B
25 MERFEH&IPEESHRZME

Xof R A B 1) 858 R T EA T 22 Fh R R O ok S
R, . KR, B EEMEIEE Y
JVIF (/N T 4, RAETEL RS ), ok

* 2 LTGRO R 7K TR

Tab. 2 Ecological hydrology indexesin the survy sections

ORI HOKFREG ORI gt WCREMORY R IO RERRNBENE
0y WMV time of flow  duration of flow i f&/(m%/s) (m*/s) (m’/s) [m®/(s-d)] i /(< 10° 1)
year section increase increase initial flow peak flow flow increase  the rate of flow sliver carps’
(T2s) (Tawr) (Onn) (Omax) (Qinc) increase (Qrinc)  eggs abundance
2017  VIEE 1) 6.10-6.18 9 6270 13700 7430 825.56 0.186
TLHE JJ 6.22-6.26 5 9710 18750 9040 1808.00 0.287
2018 P LZ  5.20-5.23 4 4656 10281 5625 1406.3 0.031
VWM Lz 7.13-7.15 3 16340 20565 4225 1408.33 0.035
PR BN 6.19-6.28 10 5825 18800 12975 1297.50 0.385
2019 PM LZ  6.25-6.29 5 7240 9925 2685 537.00 0.028
TLHE JJ 6.14-6.16 3 7930 8770 840 280.00 0.100
TLHE JI 6.26-6.29 4 8920 13950 5030 1257.50 0.168

R3 BUETEKZERSH®HTNENEXEY

Tab.3 Correlation coefficient between ecological hydrology indexes and spawning amount of Hypophthal michthys molitrix

HAIKSCHEAR ecological hydrology index

Tk R £E E] /d K R/ [m’/(s- d)]

fifx item e o PR/ (ms) LI I B /(ms) Vi ik B b/ (ms) N o
uration of flow s ! : ) the rate of flow
increase (Taw) initial flow (Qin) peak flow (Omax) flow increase (Qinc) increase (Orine)

i 7= B 0.711° -0.239 0.527 0.858" 0.372

spawning amount

T = AH M il 2 (P<0. 05).

Note: * represents significant correlation (P<0.05).
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SF RT3 B R B N

S AR IR 1023

— A GAM FERIRG LA 0 5 %% B A e
b, KA T Tweedie-GAM F- 1Y, ]
I AIC s/, 7535 GAM Sl #
In(Y+1)=0+s(WD)+s(Dis D)+s(SD)+s(WT)+e

K, o HEEE, WD A s, Dis D NEINEEE,
SD ABHEE, WT A/KIR, ¢ Hik2E.

GAM R 25 0T 7R, i fi e s E‘Sﬁﬁ
1 D5 B 1Y) S 25 AR R O 48.9%, Hihini &
B 2% B 1 I 22 R R e, O 29.4%, ,\ﬁ\%%
RS (8.7%) . F RSB, T A1 i B i 1 1

0 B %% B Wl 25 AH 56 (P<0.05)(3% 4)

M GAM BRI, 0 DR R S | B
PR . i B RUKR S5 R BE 2 (a1 2 8 35 1 AR 4L
PELZR (K 5). Bl T A3 i, e £ D19 4% 3 252 0
e b FHE TR AR S fifh £ 515 B 4 A A 6000~
14000 m’/s i fdIEREAN, R KT 15000 m'/s
B, 60 B2 B 5T R (8 Sa). Bl 2SR
BB, i DR R R RO R((E by, BEE
75 W RE (38 0, G £ D 2% B R BT R kA, 24
A B R T 50 em (7S BN (] Sc). 7F

x4 RGAM BREYSERNRESN

Tab. 4 Analysisof deviance for generalized additive models (GAM)

i B A

AlC S 2 %

(CES iR 0

explanatory variable cumulative deviance explained deviance explanation P
WD i & 337.485 29.4 29.4 2.8x107"
+Dis D B R 321.365 38.1 8.7 0.0045"
+SD &R 310.458 43.5 5.4 0.0041"
+WT JKil 304.289 48.9 5.4 0.0020"

s #* RN 22 B B 3 (P<0.01), *F8/R 25 57 3 (P<0.05).

Notes: ** denotes extremely significant difference (P<0.01), * denotes significant difference (P<0.05).

s (Wi & water discharge, 3.21)
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Fig. 5 Effects of environmental factors on density of Hypophthalmichthys molitrix
eggs from the GAM analysis in the upper reaches of the Yangtze River
Solid carve indicates the predicted values. Dotted curves indicase the 95% confidence interval, and the vertical
bars on the X axes indicate the data elements in data sets of the explanatory variables.
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Abstract: Dam construction alters natural river flows and hydrological regimes, including water temperature
regimes, and this is a key environmental factor influencing fish reproduction. The aim of this study was to
investigate the distribution and replenishment mechanism of the early population of silver cap, Hypophthalmichthys
molitrix under the influence of the cascade hydropower station on Jinsha River Dam. Based on the early resource
survey data of three sections [Yibin (YB), Luzhou (LZ) and Jiangjin (JJ)] in the upper Yangtze River reaches taken
from May to July of 2017 to 2019, generalized additive models with Tweedie distribution were used to analyze the
major environmental factors influencing their temporal and spatial patterns. The results revealed that the density of
silver carp eggs showed a consistent trend from 2017 to 2019. Spatially, no H. molitrix egg was collected at YB,
which was closest to the dam in the three river sections, whereas the density of H. molitrix eggs was highest at JJ,
which was the farthest from the dam with the highest flow and water temperature and the lowest water
transparency. Temporally, the density of fish eggs in June was significantly higher than that in May and July,
suggesting that June was the peak breeding period of H. molitrix in the upper reaches of the Yangtze River.
Generalized additive model analysis indicated that water discharge, distance from the dam, water transparency,
and water temperature were the main environmental factors significantly affecting the spatial distribution of fish
egg density with different relative contributions, together explaining more than 48.9% of total deviance observed
(P<0.05). The highest interpretation rate of the deviation of the flow was 29.4%, followed by 8.7% by the distance
from the dam. Density distribution of H. molitrix egg were mainly in the range of water temperature 21-23 C,
flow rate 6000—14000 m’/s, and transparency of less than 50 cm. Comprehensive analysis indicates that the
low-temperature, low-flow, and high-transparency water released by the dam operation impact the natural
reproduction of H. molitrix in the river section near the dam, while the degree of dam impact on fish reproduction
is gradually weakened by increasing distance on the dam and the inflow of tributaries along the river, thus forming
the longitudinal recovery gradients. The correlation analysis between spawning yield and hydrological indexes
showed that the quantity of fish eggs was positively correlated with the duration of water rise and the increase of
discharge (P<0.05). The natural reproduction of H. molitrix in the upper reaches of the Yangtze River benefits
when the duration of water rise lasts for more than four days and the cumulative increase of flow exceeds 5030
m’/s. Additionally, the spawning activities of H. molitrix showed a tendency to migrate upstream in the post-dam
of the Three Gorges Dam, and the upper reaches of the Yangtze River from Baisha Town to Rongshan Town were
the main spawning grounds of H. molitrix. Hence, the river sections further away from the dam, especially the
Chonggqing-Luzhou section above the reservoir tail, are suggested to be protected as the key breeding area for the
growth and sustenance of H. molitrix population.

Key words. Hypophthalmichthys molitrix; spatial-temporal distribution; environmental factors; Tweedie-GAM
model; the upper reaches of Yangtze River
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