544 55 1 KEXZFRZE Vol.44, No.1
2023 4F 11 Journal of Hydroecology Jan. 2023

DOI:10.15928/j.1674-3075.202108200286

ETFEAFREERIGERR A ZHHR
UL Bk R 28 25 1
KA B L TRELEAL R R B 4

(LAFBEERFEKTRESFRI, KABAIREARNEAABEE S LEE, W RN 430079;
2. R WH T A%, #dh R 430023
3BHNEEHHAFAKEEREZEAT, WEF FEF 022150)

I AT HL BOX A1 f 2 T S 7 S v, R i /K R K T S B TSt B (R 3 O R AN R S
2019 4F 10 A 12020 4 4=5 J3 , X WA DU/R T 4L 3500 #0258 BRI B 2 IR RGLIR &, 22565 43 BT 1 58 8 L TS 1) o
&, FERT AR | I 8] S A5 B SR O T ST LRI B . S5 IRER W FLEOR i 16 P ek, SR
BT 245 H8FH1I5 8. b, BRI I 4R, 5 EFEIN 25%. I IAEIRER M 130, 3112 899 2,
#37 188.9 go ZH ALY FEHREVEIREL (IBD , I I ORA AL L 22 5 I =0 1 PP B R 2 AR AR B A
TEEFHARRE S 6 I H A 8T » 1 ARk ek (Brachymystax lenok) <5 % ik (Hucho taimen) < B %1115 . ( Thym-
allus grubii) < FLICHER 1 (Leuciscus waleckii) ~ BBIEH 0 (Esox reichertii) 165 (Lota lota) %5 6 B (R4 EE LT
A AR TRIE WO A G R AL R SR (Lampetra moriD VRN IT HITCRAT &, IE I R Z IR N TYIF EF

BRI ARG B TT . T T2, HERA TR B 16 J1 e /a.

RGEIR] - f0 R VYR A A O s FLECH
FE 2SS :5932.4 XHERFRERD A

1 2RI T CRAE KR K LR R R ) EE K AR
BRI —  (E BB R RIS WM E )
Rl 3R 40 25 R W) 22 REME L 25 7 TR H% T B
VEF CRBFEATT AL, 2012) 0 #0809 5 0R /& —
T A= (0 &R 40 TR, B0 3O 7 S AR v vt 38 5
TGRS O 2R R B i L B AT B S 4
PR BCR VA DL S BATBC 5 %8 BIARA T B A
Wil e & A R UE S W KT A 'R B
ITEIE R, KBS RGRMERE. b, Bk
77 5 CRLFE T B B RS | Hb s i 0 3
S8 (R R RI RN 1 TS T e A 2 B O 1) AR R
i, 16 45 & BTS00 G2 8 (D NIGR , 2016) , 1T
T B ) A ) e L T RN S B R (K AR
AT RFE 20100 .

Yoim HH#A:2021-08-20  f&[E] H #A:2022-09-08

EeTH FZx AR YT (31800391) 5 /KL T LM
A S R A I AN AE B G B OB R AL o E R
(DJ-ZDXM-2020-02) .

EB BN IKEY, 1985454, 55, @I L 04, N FMIER
2R 9T . E-mail : zhangzm@mail.ihe.ac.cn

BIEVEE REE 1981 -4, 55 0 51, BN MRS K
FZK B TRE KA RPN 9. E-mail: chenfeng@mail.ihe.ac.cn

X EBERE:1674-3075(2023)01-0041-08

FLEOKRINR A T A LA T /K 9 3, ey it
FRAR K REIE e I FRHH R F 2 I RE M S5 A KR
XA TR RO T R — G SO S il FJRFL
o] b, BBy B 2EHL 2 i 2 500 kKW, L FE 2
0.9306 12 m?, Fe K3 26.3 m, 7K FE [F] KK FE 8.85 km.
FLE G T2 A AR R O IR R B,
MAK 125.7 km, FUA A L) 2 750.8 km?. FLEX A
TR RS » RHUBERE 2 X B K ST A e AR 20
YA SRR R — AR . 7 B TR RS e B £
PP R S L VIR A AT IR A2 1) s e 1 (R 5 e
MIRTEE . ARHECH 5t BTG XA DUR T HLEOKFIAX
g1 TREIREERAH S 1) (A 58 B 7R XKFIK H i
Wit ,2012) , GIERMILHA A TG 5 H 13 8140 KTk
FLIORT A G T ST, W R A v IR RN, AKUR BRI
F TP B TR B A 5 S T S — B AE
BORBEIN . #Z H AT, A LSO IR 2R
S A e o R A I S T ) SRR R

ARAIE TS 1 U6 LR 0 S R IR AT RS
7, 750 T L] I SR 2 2 R % o) A B
MR IR R ML BN A SRR PR SR B
R TREEFREE M T EHH AR B E6AN T
25 T e 7 BRI AR 28, FEXS TG AARE | Fif
() b R R B I S T30 7 R AT BRI B v, N



42 B A4 5 1

X & A

2023 4 1 H

RO AR A TR ot S BRI AS A
SEPEREA UL, Ry Hefh KR 7K L TR 1 SR 58
TR SRR B B R AR AR AR S5

1 #RlE7HE

1.1 HARE

2019 4F 10 H 12020 4 4-5 A %I & 1 R EF 4R
L, BRI A AP T 20 do 2 B YL TR
=R L 5 km B FLEEAIC R E2 km, FE1HZ)
50 km AT B, AKX [H] 2SRRI YA AL I (B Do

SR A R B AR E e A, 51T
W SE AN ) A AR 2 A 7 AT . R R AL
H1 7 (15 mx0.5 mx0.5 m, B H 1 cm) Fl5E E ] 7 (]
H 3~4.6~7.8~10 cm) o XF KRB EEREA AT Rl
Y e R BUAE ) S0 &, B 4 K (TR VAHK (SLO A
RE (BW)E, KEFEH 2] 1 mm, AEAEFHR 0.1 g.
R RYE KRS (BT a2 E) (KRR,
1998) FHCZR bt X 3 /K 41 58 ) (i £ 35,2007 .

/\ &R /
N 10km

T — SERE ¢ J\\,’/\ﬂ
i (

4 al )
- S SRERE ‘[/j
(/ Smmu (ﬁ‘/‘
Sxmn
" 2N
s B Anme /\?”‘7@’ i
n AN 7
"W z
* |
\

Ot
# gﬁ
Gl =
\\ S\
= &
x;s;

n
Koopmn
o R S -
o g%ﬂ oSHEA |\
T L
— TR \ b

1 HBTaREFFRFAENE
Fig.1 Location of sampling sites for fish resource
investigation of Zhadun River in Hulun Buir,

Inner Mongolia
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Tab.1 Expectation indicators and scoring standards

for fish breeding and release scheme design
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Tab.2 Species composition and taxonomic statistics of Zhadun River
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Tab.3 Ecological groups of the fish community in Zhadun River
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Tab.4 Fish catch statistics for Zhadun River

. fAK/em /g " .
Hi's £ pp i o T i T R H /% 22 B /%

1 A6 T7 1L 2.8~10.0 7.3 0.2~4.2 42 12.6 0.03 3 0.10

2 A6 75 2otk 4.5~11.1 8.6 3.1~13.9 6.6 2212.4 5.95 334 11.52

3 RAb-LAEHES 15.7~18.6 17.3 4.8~8.6 7.0 422 0.11 6 0.21

4 B I By i 2.9~13.0 5.8 0.4~77.3 7.7 508.0 1.37 66 2.28

5 SRPEA £ 29.5~48.5 40.6 226.7~851 593.8 2968.9 7.98 5 0.17

6 YT 8.1~24.1 16.7 6.1~174.2 83.7 2176.4 5.85 26 0.90

7 IR 5 4~6.5 5.0 1.8~6.8 3.6 146.3 0.39 42 1.45

8 fif 11.8~13.6 12.7 71.9~102.3 87.3 174.5 0.47 2 0.07

9 VLA 7.5~46.5 26.8 4~880.5 216.1 12315.2 33.12 57 1.97

10 ir Rk 2.3~14.9 8.9 0.1~42.9 11.1 12609.7 33.91 1366 47.12

11 PNERL! 6.5~13.6 10.2 4.6~82.1 243 291.0 0.78 12 0.41

12 Y i fick: 8.4~33.1 22.3 6.6~554 225.7 1805.7 4.86 8 0.28

13 H ik 0~7.8 5.1 0.1~5.2 2.2 1926.0 5.18 972 33.53
Gt 37188.9 100.00 2899 100.00
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Tab.5 Fish resource distribution in Zhadun River
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Tab.6 Expectation scores of each fish species

for fish breeding and release project

Ry 2e0F e SZ5Pm BHRE BEHOR

B e o v mBE R e S8
o e 5 5 5 5 5 5 30
P ik 5 5 5 5 5 5 30
Wil S 5 5 5 3 5 28
LIRS 1 3 5 5 5 5 24
ZRAc-bhifg s 1 5 5 3 1 20
VL6 1 3 3 5 1 5 18
BEtff 1 3 1 3 3 5 16
iz PR A 1 3 1 3 1 5 14
R 1 3 3 1 1 3 12
fi) 1 3 1 1 1 5 12
e zss 1 1 1 3 1 5 12
BIETEE 1 3 1 1 1 3 10
R fify 1 3 1 3 1 1 10
Ty 1 1 1 1 1 3 8
Jerfesf 1 1 1 3 1 1 8
FLA 1 1 1 3 1 1 8

2.4 FRITERUAE B iE] R R

R4 AH OCHIF 9 A, T £ 28 1) 7 O A Je o
FI BT RIS TR I 18] G0 T - 4 5 e | 7 B fiek B W A
5-7H , Kifk 8~12 T, AL IAZ1 17 d, 7-8 H [ K &
5~7 em(Fh K Z 55,2011 BRE 1LEF, 2017) s BRI TH
i1, L ECHE 11 BHE IAE 4—6 H , /Kl 8~10 T, 4k
#15~20d, 7-8 A AT K & 3~5 em (4R F 5%, 2006 2
B ISR, 2008) 5 HABE M) 77 R AT AE 4-5 H, 7Kg
6~10 CHF, AL EZ110d, £33 10~15d 7T K £ 3 cm,
7-8 AR K ATIA 6~8 cm (K [ %, 2017) s VL% = G Z= 15
fE12 AZFE2 A £ 1 A, KR 2~4 TR, 4L
W140~50 d,3 H ) Hi i, 7-8 F Al K & 5~6 cm (EH 3,
2017) ; AR AL g ZhE H— it 5-6 H , /K 8~12 C
Fedr, 7-8 AT K & 3~4 em(ZE 45 ,2019) . HIL, K

®7 EEMRBELILSH

Tab.7 Analogical analysis of fish release quantity

TR ML SRR Rt PR (et il m) JERIES
5l L T 18.88 78 4.13 BT e O | RV T R L DR fR L 5 O B e
RITWETIK e L8 4.03 24 5.96 AT P70 i BB VL AT
Ny N 1.27 11 8.66 P e M | BT T R TS R LS

1 8.06 37.67

6.25
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1. b, BB VTS RS N R K AR B, HZ
PR P ERL D DX PR £ S, DRy S T e 0 Atk TS0

IR B RS R A, LR B AE R DX TR 5 40
firg Y5 % i | BRI fh FU IRMESS L R A L 68 0k
PR A B EOR B =y » AF D40 (V0 T DK RE 7 1% 55, 9 PRAIE
FLRE FRFEAE T S R VA LB, bR S
TR VA 6T A5 7 22 18 AR 3 5 T BRI
Pito PETE TR UM I 8] b i IR 8.
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Tab.8 Fish release size, time, quantity and location

; o . X A )T R ea!

bl Fh /)i Ra! TR /om IS 5] e P e =

o ke 4.0 5~7 1.5 1.5 1.0

IR TE £ 4.0 3~5 1.5 1.5 1.0

e FLIHES 2.0 3~5 0.5 1.0 0.5
IR Lessip i) 2.0 6~8 7-8 H 2.0
AN 2.0 5~6 2.0

jup s 1.0 5~7 0.5 0.5 0.0

TEIBOR P w133 1.0 3~4 0.5 0.5

it 16.0 4.0 5.0 4.0 3.0

2.5 mifBt AR

8 FE RO A 2021 4 FF 46, 1 58 sl g 15 3 ) R R
FH A 22 1 B A % 5 ) 1 R a7 M S 1 7 U
oy 2 (O TG IR %P #9790 ik A fik | SRRV T 1
ORI . WIEATI B, BRI BN TR F
ARy 2 ) 1 28 Chn g ek L 97 0 Mk | BRI T
1 TU A D £ BE B 0 AR SO A 5 [ R J T
£ 71 7R Ak G R 68 5% 1 3 R AN TR F HOR 7 BT
Flo 2021 FFJI 4.5 T3 B T, B 5 I AE S, 2025
SR IR B A S B AL Ve B TSOALA R (GR 9D

RO BT AERFHE

Tab.9 Schedule of time and quantity of fish releases

o B/ JiReat
20214F 20224 20234F  20244F  20254F

2 fiffick: 1.0 2.0 3.0 4.0 4.0
T A 1.0 2.0 3.0 4.0 4.0
FLIRHER 2.0 2.0 2.0 2.0 2.0
TR £ 1.0 1.0 2.0 2.0
YL 0.5 1.0 2.0
SR 3 0.5 0.5 0.5 1.0 1.0
&t 4.5 7.5 10.0 14.0 15.0

3 i HEIN

HEBEE B ABOR T GORIG BRI O A S L A
2 ff DR 18 L TR 8O ¥ 31 S Ak 38 3 4 SR R R
AW 2 REE ORI R ROR L DR B S AT KR 2 R
Gt 2% 4 e BE  BEN R AT B R 0 2 ) i AN S B R

ROBR AR T, 2007) . B HIBIRANGEA B 5L
P A2 0 R TR IR 1, RO AT R 3 AR S R
Tl Ia] G R AR A= 22 BEPE T B 46 47 TR SO, (Medow-
ell,2002) o Al 1 A A, AK R 7K AT M £ 28 38 B i
TN R B (R R T AR (K L TR 2R A
JRCAL S R ) (A N R L0 [ BRUR AT ML AR #E
2014 AT €K el 3 it e 25 ) (R 48 N R LA
IKFNER 19940« Horfr, J A 4 1 38 BE RO 0T B
AR 5 1R — Mk S I, R &5 tH 2 W o 2 1)
J7 AR Giti X H £8,2009) ; 538 15 H 1978 T i
b 3858 A2 B aR R T, AN E T KR B AR A
M 3 B O R AR R e . DR, TP
TC 48— IS5 7K R 7K F S A 1) 38 B TS b 248 B B
58 1 7 V2 AR R E (X &, 2015) .

S &, BT A 52 T RE R0 1) f 235 B TR0 , {H 3
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Design of Fish Breeding and Release Schemes Based on Fish Resource Surveys:
Case Study of Zhadun Water Control Project
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Abstract: Fish breeding and release is an important method for alleviating the negative effects of hydro-
power development, playing vital roles for restoring fishery resources, conserving rare and endangered
species, and maintaining fish biodiversity. We conducted two systematic investigations of fishery resourc-
es in Zhadun River in October 2019 and April-May 2020. Then, based on the results, a fish breeding and
release scheme was designed for the Zhadun water control project, focusing on the fish species to be re-
leased, quantity, time, location and schedule for fish release. There are 16 fish species known to inhabit
Zhadun River, belonging to 15 genera, 8 families, 5 orders and 2 classes. Among the species, four are
rare, accounting for 25% of the total number. During the two investigations, a total of 2 899 individuals
from 13 species were collected, weighing 37 188.9 g. Based on the fish index of biological integrity
(F-IBI), we conducted a comprehensive analysis and evaluation of species collected in the river section
affected by the Zhadun water control project. The F-IBI included conservation status, economic value,
migratory habits, status of fish resources, degree of engineering influence, and whether artificial breeding
technology had broken through. Six species were selected as short term release targets, including Brachy-
mystax lenok (Pallas 1773), Hucho taimen (Pallas 1773), Thymallus grubii (Dybowski 1869), Leuciscus
waleckii (Dybowski 1869), Esox reichertii (Dybowski 1869), and Lota lota (Linnaeus 1758). Lampetra
morii (Berg 1931) was selected as the long term release target, and near term work should focus on artifi-
cial domestication and breeding technology of the target species and habitat conservation. Based on analo-
gy analysis, we recommend releasing 160 000 fish per year to maintain the sustainable development of
fish resources in Zhadun River, with the following species composition: B. lenok and T. grubii, 40 000 of
each species; L. waleckii, E. reichertii and L. lota, 20 000 of each species; H. taimen and L. morii, 10 000
of each species. In addition, fish size, location and the schedule of fish release time and quantity were in-
cluded in the design. In summary, this study provides an objective and quantitative method for determin-
ing the target species for fish breeding and release for the Zhadun hydro—junction project, and a detailed
description of the steps in designing the fish breeding and release scheme. It provides theoretical and tech-
nical support for implementing fish breeding and release in water conservancy and hydropower projects,
and will enhance the ecological benefit of fish breeding and release projects.

Key words : fish resource investigation; fish breeding and release; Zhadun River



