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Fig.1 Map of the sampling section at Jianli section
in the middle reaches of the Yangtze River
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Tab. 1 Fish species composition of eggs and larvae at Jianli section in the middle reaches
of the Yangtze River in 2018 and 2019
2018 2019
Er?jl Fik 050 ceg frfi larva 0l egg fffa larva
number species WA HA%  BORE T BURKE BALY%  BORR FAM%
number percentage number percentage number percentage number percentage
¥ H Cypriniformes
#1%} Cyprinidae
1 *D[C&Hemiculter bleekeri 204 41.55 254743 37.79 288 56.58 679007 48.24
2 *Pifi Pseudolaubuca sinensis 3 0.61 8723 1.29 4 0.79 169960 12.07
3 *Rfif] Squalidus argentatus 67 13.65 113047 16.77 93 18.27 9069 0.64
4 )& Culterinae sp. / / 28778 4.27 / / 16788 1.19
5 *fif Parabramis pekinensis 48 9.78 26621 3.95 56 11.00 4631 0.33
6 *fi Hypophthal michthys molitrix 2 0.41 12033 1.78 4 0.79 17350 1.23
7 #JE Xenocypris sp. / / 16198 2.40 / / 8786 1.19
8 *I fii] Saurogobio dabryi 14 2.85 785 0.12 7 1.38 12998 0.92
9 * & ffi Ctenopharyngodon idellus 8 1.63 3226 0.48 7 1.38 8657 0.61
10  *f## Elopichthys bambusa 8 1.63 2334 0.35 4 0.79 7817 0.56
11 ## Cyprinus carpio / / 656 0.10 / / 3360 0.24
12 *# {1 Mylopharyngodon piceus 1 0.20 958 0.14 1 0.20 2013 0.14
13 *4fH Xenocypris argentea 16 3.26 2441 0.36 2 0.39 / /
14 H4EEEE Rhodeus sinensis / / 102 0.02 / / 1712 0.12
15 il Carassius auratus / / / / / / 1007 0.07
16  H 144 Opsariichthys bidens / / 494 0.07 / / 228 0.02
17  *fj Aristichthys nobilis / / 111 0.02 / / 508 0.04
18  *#ifa Coreius heterokon / / 30 <0.01 / / 434 0.03
19 *W)f# Rhinogobio typus 2 0.41 / / 3 0.59 369 0.03
20  4Efif Sarcocheilichthys sinensis / / 197 0.03 / / 95 0.01
*
21 Cilaﬁfoﬁfﬂthys erythropterus / / 82 0.01 / / /
22 {tfgHemibarbus maculatus / / 2 <0.01 / / 24 <0.01
23 ZRlifa Pseudorasbora parva / / 6 <0.01 / / 10 <0.01
24 *{plfif; Pseudobrama simoni 44 8.96 13 <0.01 4 0.79 / /
25 *Zlif] Erythroculter mongolicus / / 4 <0.01 / / / /
26  Kf&fif Acheilognathus macropterus / / 1 <0.01 / / / /
27  *H B #kE Gobiobotia filifer 23 4.68 / / 9 1.77 / /
28  *jRMRfE Squaliobarbus curriculus 12 2.44 / / 3 0.59 / /
* ‘B fik ]
2 Ps%eﬁﬁ;jﬂe%buca engraulis 5 1.02 / / 2 0.39 / /
30 *[FA Y Rhinogobio cylindricus 6 1.22 / / / /
31 B Gobiobotia sp. 2 0.41 / / 3 0.59 / /
32 ;ryitjoﬂ?dili hupeinensis / / / / 2 0-39 / /
B %} Cobitidae
33 *4LiH Leptobotia taeniops 21 4.28 164931 24.47 10 1.96 150759 10.71
34 VJE Botia sp. / / / / / / 260644 18.52

(f¥2% to be continued)
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(823 1 Tab.1 continued)

2018 2019
Eril Es 150 ege {740 larva 5 egg ff101 larva
number species MR BN BRI EAMEL MR ERILM BCRE EAME%
number percentage number percentage number percentage number percentage
39 gﬁﬂgﬁknus dabryanus / / ! <0.01 / / / /
36 Liijcjb}?gt)i%a?fﬁiai ensis hansuiensis / / / / > 0.98 / /
37 *FEBEEI VK Parabotia fasciata 1 0.20 / / 1 0.20 / /
38 *R AR Parabotia banarescui 1 0.20 / / 1 0.20 / /
SEAE Rl Balitoridae
39  *F43LHH Lepturichthys fimbriata 3 0.61 / / / / 7 <0.01
851 B Siluriformes
#2F} Bagridae
40  H# il Pelteobagrus fulvidraco / / 1548 0.23 / / 3555 0.25
41 LK EHi {0 Pelteobagrus vachelli / / 68 0.01 / / 2484 0.18
fii B} Bagridae
42 KWff Leiocassis longirostris / / / / / / 32 <0.01
fili#} Siluridae
43 fif Silurus asotus / / 5 <0.01 / / 47 <0.01
44 FJ7 ki Slurus meridionalis / / 1 <0.01 / / / /
iy H Perciformes
fiE#l Serranidae
45 % Siniperca chuatsi / / 2857 0.42 / / 3311 0.24
fi#%} Channidae
VYL Odontobutidae
46 Y YERE Odontobutis obscurus / / 7 <0.01 / / 48 <0.01
47 /N¥E®) Hypseleotris swinhonis / / / / / / 2 <0.01
R & Rt Gobiidae
48 W)UF AR Rhinogobius sp. / / 30733 4.56 / / 34578 2.46
4 ﬁiﬁfiﬁfw myxoder mus / / 62 0.01 / / / /
w4l 1 H Beloniformes
£ %} Oryziatidae
50  F# Oryzias latipes / / 11 <0.01 / / 1317 0.09
w4t 1 H Beloniformes
%%} Hemiramphidae
51  [A] T i Hyporhamphus intermedius / / 397 0.06 / / 449 0.03
ft:JZ H Salmoniforme
AL Salangidae
52 K 4R 1 Neosalanx taihuensis / / 1937 0.29 / / 4798 0.34
i H Clupeiformes
2%} Engraulidae
53 M Coilia brachygnathus / / / / / / 810 0.06
BT total 491 100 674143 100 509 100 140794 100

T R B O f 2
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Note: * represents the fishes laying pelagic eggs.
Flfi (Parabramis pekinensis) iy 32, 43 1) i £a.51 &
TEE 1 49.2% ., 16.0%H1 10.4%., R4 K
(2018 4F 67.4 J1 2, 2019 4E 140.8 JT &), VAN K
BRI L, HWR R VDS (Botia sp.) Fil £ i fifk
(Leptobotia taeniops), 43l /5 47 fa B 4l 3K & 1Y)
44.9% . 15.2%FH1 12.5%.
22 &, FaRXENZEEMREHNT

2018 4F 5—7 H, b4 5o (3.2+
2.5)ind/100 m’, e K#EHBAE 5 A 31 H, K
9.8 ind/100 m’; £ WIME] B 5 7SO0 R g, 4y
WItES H 25 H—27H,5 31 H,6 21 H—22
H,7H3H—6H, 7H 13 H, FH%ESHIN
6.8 ind/100 m*. 9.8 ind/100 m*. 9.0 ind/100 m>.
6.3 ind/100 m*. 3.6 ind/100 m® (&l 2). 2019 4k
AIYIIA], f8 B0 P-4 9 M (3.6+2.8) ind/100 m°, %
KEBFREHIIAE 5 A 18 H, H 14.2 ind/100 m® (& 2).

2018 4EA£4 V-4 5 1% 49(37.6490.5) ind/100 m’,
KRB HPAE 6 H 29 H, 4 566.4 ind/100 m’;
AT F % B T H AR L, A7 2 A
6 HIE 7 A4, 0 1m) W 2] = v 4 S B A A e
sl e H1sH—17H., 6 H23 H—24 H. 6
H 28 H—30 H, P8540 0 245.1 ind/100 m* |
163.5 ind/100 m*. 275.2 ind/100 m® (& 3), 2019
AR A0 OF 24 %5 BE R (101.9+171.3) ind/100 m®, {F
e P EYE 6 AP Al—7 A LA, Wi
T RE B 3 A B, 4302 6 H 29 H—30

—— BB density of eggs
--------- & water discharge o

44 595% #F/(ind/100 m®) density of eggs

0 &
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SESS7%073% 3333735304
h:ag —— wﬁﬁ% —_—
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B B H 221
Fig. 2 Daily variation densities of eggs at Jianli section in the
middle reaches of the Yangtze River in 2018 and 2019
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Fig. 3 Daily variation densities of larvae at Jianli section in
the middle reaches of the Yangtze River in 2018 and 2019
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ki, FF100 324.2x10% B AL HRR DL G & AT AR
M 96.6x10° F& . 4k 35.4x10° 2 4RfifN
46.1x10% & 2019 4F i 1 1) 378 s g <7 0o v FsF 11
GRE A2 R 1176.6x10° Ri(), Hrhfa oy
35.9x10% ki, fFfah 1140.7x10% &, AR3Fh 01K
B Bl ST AR ) 540.2x10°
. 138.7x10° B, 104.6x10° .

Xof 8 T L 7 M O R S P B 3 7
A, 45 R (3K 2), =WAEKTE L E 100 km
W) 2 i & X et e =g iy . Hih it
FEON S AR R WA B E DGR B R R
B E MR R | GBI E, AR Ep g
S e WA B S B T T B
24 AFAESHERETF

2018 A3 2 1 1] W A1 VT B i = A8 Ak [ A
10600~34100 m*/s, KA AL FEl A 28.5~34.5 m,,
2019 4 RAALIE B 11200~21200 m/s, KA
AALIE R N 28.6~34.0 m. KA R B A A B EAH
[F] %) bk R (B 4),2018 4F 3 2 1 [a] W AT Bk
2B LT, HAREIE R 18.7~25.3 C;
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Tab.2 Spawing ground distribution of fishes producing drifting eggs at Jianli section
in the middle reaches of the Yangtze River in 2018 and 2019
e = PR IE M (x10%) number
Vil k7] IAHE /km AR g i A Hit/(x10%)

spawning ground distance to year Ctenopharyngodon Parabramis Squalidus total

Sanzhou Town idellus pekinensis argentatus
W A1 Jianli 324 2018 0.05 0.41 0.58 1.04
2019 0.06 7.46 0.94 8.46
P& 3% Tashiyi 42.9 2018 0.09 0.18 0.30 0.57
2019 / / 0.24 0.24
i % Tiaoguan 67.2 2018 / 0.24 / 0.24
2019 0.18 0.36 0.18 0.72
/INAT I Xiaohekou 77.6 2018 / 0.06 / 0.06

2019 / / / /

40000 — ViiE water discharge 40

(]

EJ — KL water level —
232000 7
5 o)
£ 24000 | 133
§ 3
16000 [, . &
C &
5 8000 2 ®
i)

= o 25

H#j date

60— BB transparency 3
———7K{R water temperature

Z5 A & /cm transparency

JKiR/°C water temperature

H 4 date

Kl 4 2018 F1 2019 4 I AT B PR EE A 1~ H 484k
Fig. 4 Daily variation of environmental variables at Jianli
section in the middle reaches of the Yangtze River
in 2018 and 2019

B R T REEH, W 10~116 cm; 2019
FRIRI Y 17.3~24.4 C, 24 LTHE; &
W BESE I o 29~148 em (1K 4).

2018—2019 4F =K FEILHEAT T 3 A= 20
JE, Hrb 2018 4F =Wk SEkAT 2 ARSI EE, 4B
—WIHEM 5 H 20 H—25 H, 4L 6 d, 551K
JEEEMN 6 A 17 H—20 H, #5%E 4 d; 2019 44k

T VRS, BFEh S H 25 H—31 H, #F&:
6 do HF 2018—2019 4 W R VLB ™ B ey e HH A% 7K
CHRFRIEAT ST (R 3): HkOKAFIRI N 4~12 d, #0UR
Wi 10700~18600 m’/s, HLUE I H N 14600~
34100 m’/s, WEHKIE N 700~17900 m’/s, i
K2k 175.0~1750.0 m*/(s-d).

2.5 faEBRHEIRXT & Ak SOTFE R mE R

2018 A1 £ 33 1] s BV V% g ) 7= B g
PRER BT 6.2x10% ki, 4.9x10° ki, IR
P U CE . ER L R, ROKHIMEKIR .
ZFERIE ST 91K 20.3~21.5 C . 6000 m’/s, 23.0~
24.9 °C. 5900 m’/s; 2019 4EA= S EEXF I 5 H 28
H—6 A 1 HE/=onEg, BBk 2.3x10% k7, 7
BRPE 3R R DL FC 2 | AR SROKIRIKIR .
ZFEKRIE K 20.3~21.1 "C. 2000 m’/s. fABRARG
TN HAE SRR AT & B LR 3. oK SR BR
55 1o VA A B o AT A S A B, L ik K SRRk B
[] 5 77 B 5 W 3 A I A DG (P<0.01), I ik
iR 577 O 5t A I A 56 (P<0.05), Hifh$g b
T S B AR S, 15 I ik K 4 e i [ R e R AR
KR X 7 D A R (3R 4).

MEkoKFLEmtEl Sl 4 d, e RREkIE N
3500 m/s FF, B AR JE AT 0 A B (Y 8.4%;
koK RSN 5 d, i EAUKIE Y 5600 mY/s
F, DR 9.6%; YEK/KRREENT RSN 7 d, i R
IR > 6000 m*/s B, BPHE 5 18.7%; 4ikskE
ZEmtiE] R 9 d, Wik Z2EUKIE R 5900 m’/s B, B
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Tab.3 Ecological hydrology indexes at Jianli section in the middle reaches of the Yangtze River in 2018 and 2019

R IR

B KK B (8] BROAKRREERT ) /d PR aR T E BRI piikelid ] M is-d TR O A2 T L%
time of flow duration of flow /(m*/s) /(m*/s) /(m*/s) [m/(sd)] /(x10* ind) .
year . . L . the rate of flow proportion
increase increase initial flow peak flow  flow increase increase eggs abundance
2018 5.9~5.13 5 13900 14600 700 175.0 2.3 6.9
5.21~527 £
) & J__U; 7 14600 20600 6000 1000.0 6.2 18.7
ecological operation
~ IR
6.18 6"26 S ﬁf; 9 10700 16600 5900 737.5 4.9 14.8
ecological operation
6.28~7.8 11 16200 34100 17900 1790.0 7.6 22.9
2019 5.13~5.24 12 11500 18700 7200 654.5 9.8 27.4
~ 25
528 6,'] EE‘“UJE 5 15200 17200 2000 500.0 23 6.5
ecological operation
6.17~6.20 4 14000 17500 3500 1166.7 3.0 8.4
6.23~6.27 5 16200 21500 5300 1325.0 1.6 4.5
6.29~7.3 5 18600 24200 5600 1400.0 3.4 9.6
7.8~7.11 4 15300 16700 1400 466.7 0.5 1.3
x4 BATIREDKIERSSIERNSMEXRLY
Tab.4 Correlation coefficient between ecological hydrology indexes and peak eggs amount at
Jianli section in the middle reaches of the Yangtze River
A= KA bR Tk KRR 22 ) B4 R T A R TR
ecological hydrology index Taur Qin Qmax Qine Qrine
HRABR 0.926™ -0.390 0.424 0.675" 0.278

T * R 1E 0.05 /K- | B EAKE(P<0.05); **FK/RAE 0.01 K- 834 56(P<0.01).

Note: *represents the correlation is significant difference (P<0.05); **represents the correlation is significant difference (P<0.01).

0 14.8%; Yk KIRLEmE] 11 d, i B
i 4 17900 m’/s 5, B 5 22.9%; kK FFLLit
)4 12 d, Hif ZFEkIE N 7200 m’/s B, AL
27.4%, MLV UL, YEKKESEHRESE 4 d KXDLE,
i BRI 3500 mi/s M L bR AK St FR,
R W VT B 2 R R s £ O e i

3 it

3.1 MRARRFEFEELTWN

AR YR I A e W VT B 1) fa S R R R L 54
PR, FhI B KR 4l 5 2 i 00 (51
Fifty AR — 3750 Bl 7E W AT BEJE AE 1 45 AR,
2 I = e AR S W RV B Al R R R IR A R A
BB K o KILH = R 5 i,
fi | 4 £ AR A SRR R 22 200 ook 24
SRR IR 2, Py L RO R AT R i T
PR P I 2R AN T 25 RIS AHIRSE W
2| 26 Fp- BRI A, FRHUIR 2T SkE

K G Wi AT B 4t 50 3] B 5 KT AR i S
THBEROR . AW B E R A O A A
W 1) = 07K PR E K R 24 A DL A (3 i,
FH W R T B R 1 O s 2R PR b 2 B8 B3
AR B AT, PORFE M dl i 2.2%, fHI
2008—2010 4E Wil 1.5% [ FHI 2 x4 ]
AE SV H S A RO IS S A G, H 2010 4FELIK
RIS I T KRB U R R SE AT, A
RN TE T BT R

Yot He A VI R it AN TR VI B £ 2 R 0% 5 i O B,
W T B A7 #0423 4 (0.7x10" B) M AR T A
(1.6x10" Y oOT B (1.4x10" B, e
SRR VT B AT X T BT BL A 9N 1) #h FEAE
H; BCAME S5 ] DUV A X Y VB A )
N FEAERA G AR AR B XS R B, 2019
AR R R R 2018 4E R FIF, HIER AT
AEAE: (VK= FhBTos IR A3 X N 4TI ZE; (2) 2016
TR SE R 2R M 5 (3) 2019 4R 7K SCI-HN £ 25 B
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BE AR RO A, AS T 5% 2 W A S ) £ 2 7
P 5 55 K K B (] S 0 2 TE AR OG, 5 i R R 2
BEIEAH G, Hid koK Frge st e 4 R DL,
i EAIRIE R 3500 mY/s M A E I, WA R Bt
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The early-stage fish resources and effects of ecological regulation on
fish reproduction at the Jianli section of the Yangtze River
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Abstract: An investigation into the status of early-stage fish resources was carried out at the Jianli section, in the
middle reaches of the Yangtze River, from May to July in 2018 and 2019. The survey focused on the changes in
species composition of fish eggs and larvae, the amount of eggs and larvae, spawning site, and the ecological hy-
drology index following the experimental ecological operation of the Three Gorges Reservoir. About 49 species of
fish eggs and larvae belonging to 14 families and 7 orders were identified, and among these fish, there were 26
species spawning drifting eggs. Hemiculter bleekeri (44.9% of the total count) was shown to have an absolute ad-
vantage in the species composition of larvae, followed by Leptobotia taeniops (15.2%) and Botia sp. (12.5%). In
2018, it was estimated that the total runoff of fish eggs and larvae were 33.3x10% ind and 324.2x10% ind, respec-
tively. In 2019, there were 35.9x10° ind and 1140.7x10%ind, respectively. The Jianli section has become an im-
portant spawning ground for Parabramis pekinensis, Squalidus argentatus, and other fish. Ecological regulation
played an obvious role in promoting the natural reproduction of Hemiculter bleekeri, Parabramis pekinensis, and
Squalidus argentatus at the Jianli section. There was a positive correlation between the quantity of fish eggs and
the time of flow increase, and a positive correlation between the quantity of fish eggs and the flow increase. When
the duration of flow increase is four or more days, and the flow increase is 3500 m*/s or more, the spawning quan-
tity could account for more than 8.4% of the annual survey total. We suggest continuing and optimizing the eco-
logical flow scheduling to strengthen basic research on early-stage fish resources at the Jianli section.
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