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Using fish conservation as object to estimate environmental flow
in Jiaojiang River

WANG Xi-Qin', ZHANG Yuan?, LIU Chang-Ming’

(1. School of Agricultural Economics and Rural Development, Renmin University of China, Beijing 100872, China; 2. Laboratory of
Riverine Ecological Conservation and Technology, Chinese Research Academy of Environmental Sciences, Beijing 100012, China;
3. Institute of Geographical Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China)

Abstract A relationship between fish conservation object and flow rate was developed using a concept model. In Jiaojiang River,
fish was considered as the main conservation object in identifying the key components of environmental flow. Then environmental
flow in two monitored sections was estimated via FLOWS method. In the Baozhiao section, the low, highest and full bank flows were
6.8~17.3 m>s ™!, 22.2 m*s™" and 948 m*s™!, respectively. Also the low and high flow pulses were 74 m*>s™' and 110 m*'s™', respec-
tively. In the Linghai section, the low, high and full bank flows were 16.0~31.8 m*'s™', 46.0 m*s™' and 2 488~3 184 m®s™', respec-
tively. The suitable environmental flow occurrence time, duration and frequency were also estimated. Compared with the Tennant
method, the results from FLOWS method better reflected the seasonal characterizes of environmental flow in the river. The study also
simulated the interconnection between environmental and natural flow. The findings therefore laid the theoretical basis for water
resources utilization and fish conservation in Jiaojiang River.

Key words Jiaojiang River, Environmental flow, Fish, Protection object, FLOWS method, Tennant method, River section,
Flow, Pulse
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Table 1 Protected fishes, its habits and ecological characteristics in Jiaojiang River
Fish Adult habitat Spawning habitat Larval habitat Foodhabit Migratory Spawning
pattern period
Mid reach of A eds, mid ri ¢ ) 8
Coilia ectenes 1¢reach o fnong reeds, mid river Eastuary Omnivorous (algae) Anadromous ~ Mar.~Aug.
river reaches
, ( ) 3
Plecoglossus altivelis UpperA reach  Freshwater, silt free gravel Lower reaches Ommv‘orous Anadromous Mar.
of river beds (benthivore)
@E >
Flowi h ’ Fresh >
Spinibarbus sinensis Riverine OWIng Walers, upper reac Riverine Zooplankton, planktonic reshwater May~Sep.
of river migration
Flowi ’ h ’ ’ Fresh >
Aristichthys nobilis Riverine OWIng Watefs, upper reac Riverine Zooplankton, benthic and planktonic reshwater May~Sep.
of river migration
Flowi ’ h X Fresh s
Ctenopharyngodon Riverine owing waters, upper reach ;1.1 rivers Vascular plants, algae reshwater Apr.~May
idellus of river migration
i Flowi ’ h Fresh s
Hypophthgln?lchehys Riverine OWIng walers, upper reac Riverine Phytoplankton, detritus reshwater Apr.~May
molitrix of river migration
Ris Flowi , h Zooplankion, benthic and Fresh s
Mylopharyngodon 1ver§, owing water_s, upper reac Lowland rivers ooplankton, e_nt 1C and re;s w_ater Apr~May
reservoirs of river planktonic migration

piceus
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Fig. 1 Daily flow variation process under different assurance rate (P) at typical sections of Jiaojiang River
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Fig. 2 Concept model of the relationships between the target of fish protection and flows in Jiaojiang River
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Table 2 Environmental flow components and hydraulic parameters based on the protection target of fishes in Jiaojiang River
Target Fishes Environmental Hydraulic parameters
flow components
1, ,h>1.5m; 2,
. L. , h>3 m
To maintain minimum water depths for Fishes of Cyprinid Low fl
fish in pools 1shes ot Cyprinidae ow tlow Reach 1,_ pools, hi>1.5; reach 2,
in pool, A>3 m
il
Ta intain sufficient depth of d iti Shoal fish i1 ";)Eb 1,02 m
0 maintain sullicien ep’ o eposition oal 11shes, such as spinibarbus
habitats in shoals and outside river channel denticulatus Low flow pulse Reach 1, £>0.2 m
’ ’ 1, 7>0.15 m‘s’l;
. 2, 7>0.25 ms™'
During the high flow period, to provide habitat, ~Ctenopharyngodon, hypophthalmiche- High flow Reach 1 V>0.15 mes:
induce fishes spawning and maintain transport of hys molitrix, aristichthys nobilis cach 1, mean o m S,l’
. A, Reach 2, mean V>0.25 m's
semibuoyant eggs within the water column
To stimul ing migrati d maintain  Fishes of anad d fresh 1, 20.25m
o stimulate spawning migration and maintain  Fishes of anadromous and freshwater High flow pulse Reach 1, #5025 m
longitudinal connectivity migration
1, h>1.74 m; 2,
,h>7.5m
Fishes of anadromous and Reach 1, #>1.74 m; reach 2, sufficient

Bankfull flow or
overbank flow

To obtain the food or access to floodplain habitats ’ >
depth to inundate the floodplain such as

wetlands, #>7.5 m

freshwater migration

x3 WIIREREEFER

Table 3 Recommended environmental flows of Jiaojiang River

/ /
Secti Components of Appear- Peak flow Daily flow Frequency Duration time Frequency .
eeton environmental flow ance time (m*s™) (m*s™") (times-a™") (d-ah) condition Rlse‘/event/
fall time (d)
10~1 6.8 6.8
Low flow Oct.~Jan. Natural Natural
Baozhiao 23 17.3 17.3
section Low flow Feb.~Mar. Natural Natural
i 49 222 222 2/4/3
High flow Apr.~Sep. Natural Natural
10~3 96.0 74.0 4.00 _4d 2/7/3
Low flow pulse  Oct.~Mar. Continuous 4 d Each year
. 49 146.0 110.0 6.00 . sd 2/1/2
High flow pulse  Apr.~Sep. Continuous 5 d Each year
1289.0 948.0 1.30 1d"
Bankfull flow Natural Natural
10~1 16.0 ] Natural
Linghai Low flow Oct.~Jan. Continuous
section 23 31.8 . Natural
Low flow Feb.~Mar. Continuous
‘ 49 46.0 ‘ Natural 1/1/1
High flow Apr.~Sep. Continuous
3110.0 2 488.0 0.59 1d 7.0m 1/1/1
Bankfull flow Natural Water deep 7.0 m
3545.0 2 836.0 0.48 1d 7.5 m 1/1/1
Water deep 7.5 m
3980.0 3184.0 0.45 1d 8.0m 2/4/3

Water deep 8.0 m

1) The flood peak appeared at the same day and met the requirements of average daily flow.
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1 2 6.8~17.3 m*s™' , “«or 2
16.0~31.8 m*s™', 10 ©orae “o,
1 2~3
Tennant
1 2 222 m’s™! , 29 m*s™ 48 m’s!,
46.0 m3-sfl, 4~9 | 22m’s 46 m3~s’l, Tennant
, 1 ( ),
1 96 m3~s_1( ) , Tennant
74m’sT( ), 1 , 74
) 10 3 m>s 110 m3-s_1, 948 m3-s_1, Tennant
4 4d 1 « ” 43 m’s™!
146 m*-s™( ) 110 m*s7'( ), Tennant
4~5 ,
, 6 7d , )
, Tennant s
2 , , 2 ,
1 1 289 m*s™'( ) 3 &t
948 m*s'( ), 1.3 (1 , ;
3 4 2 )
s 7.0m 7.5m 8.0m s
2488 m’s 2836m’s” ,
3184 m’s ™, 1d, 2 ,
1
, 1 2) FLOWS s
2 , FLOWS Tennant
Tennant  ['%! ( Tennant
4), )
1 “ » »
%4 TennantZitELZERE FLOWS ZiIHEMIKTRE. 3RE2ERILK
Table 4 Low flow and high flow calculated with FLOWS method and the Tennant method m’s™
( 1) ( 2)
Baozhiao section (section 1) Linghai section (section 2)
Calculation ltem 10~3 4~9 10~3 4~9
method Oct.~Mar. Apr.~Sep. Oct.~Mar. Apr.~Sep.
dry season wet season dry season wet season
Tennant Outstanding 29 43 48 72
Tennant Excellent 22 36 36 60
classification Good 14 29 24 48
grade
Fair or degrading 7.2 22 12 36
Poor or minimum 7.2 7.2 12 12
Severe degradation 0 7.2 0 12

FLOWS Low flow, high flow 6.8~17.3 22 16~32 46
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