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The impact of Xiaolangdi Dam operation on the habitat of Yellow River Carp
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Abstract; Xiaolangdi Reservoir is located on the lower end of the middle reaches of the Yellow River, downstream of the
major water and sediment source areas of the basin. At this point the catchment area is 92.3% of the basin total, runoff is
91.5% of the basin total, and sediment load is 98% of the basin total. Xiaolangdi Reservoir has a total capacity of 12. 6 x
10° m’ and a capacity to trap 7.5 x 10° m’ of sediment. Thus, the reservoir is effective in regulating water and sediment
regimes. This regulation has a major impact on channel morphology, sediment transport processes, and flow regime, with
consequences for biota that are dependent on these river processes. Changes to flow and sediment regimes affect all trophic
levels, with some direct and some indirect impacts on fish. The Yellow River Carp ( Cyprinus ( Cyprinus) carpio
haematopterus Temminck et Schlegel) is an iconic fish in the lower Yellow River, and a suitable ecological indicator of river
health impacts from flow regulation. Although operation of Xiaolangdi Dam is thought to have affected the breeding habitat
of the Yellow River Carp, this paper quantifies the impact. The habitat and flow requirements of the Yellow River Carp are
defined through reference to historical information and field ecological surveys. The paper also determines suitable eco-
hydrological indicators of the impacts of regulation, with a focus on the reach downstream from the Yellow River Bridge in
Huayuankou from 200 m downstream to 1 km downstream.

A Yellow River Carp habitat simulation model was established, based on the known habitat and flow component
requirements. Then, the impact of operation of the Xiaolangdi Dam on the ability of Yellow River Carp to survive and
multiply was determined by running the simulation model for pre- and post-reservoir scenarios. The study showed that; (1)
The flow components identified in the unregulated river regime are closely correlated with the known ecological habitat

requirements of the Yellow River Carp. The operation of Xiaolangdi Dam significantly altered the pattern of flow pulses,
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small floods and large floods. Elimination or reduction in the frequency of flow pulses compromised the availability of
spawning habitat for the Yellow River Carp. Declining frequency of small floods reduced the availability of food sources and
rearing habitat for the Yellow River Carp. Elimination of floodplain inundation events caused loss of access to food and
habitat opportunities on the floodplain. (2) A River2D hydraulic model was used to predict the area of suitable hydraulic
habitat available to Yellow River Carp over the range of flows known to be relevant to the important life stages of the fish.
The model showed that, following construction of Xiaolangdi Dam, significant reduction in frequency and duration of flows
exceeding 1400 m’/s had a negative effect on Yellow River carp eggs. The pattern of low flows did not change significantly
after Xiaolangdi Dam construction, but this range of flows was found to be less important in terms of habitat provision for
juvenile and adult fish compared to flow pulses and floods. (3) In order to restore the habitat for Yellow River Carp, it will
be necessary to operate the flow and sediment releases from Xiaolangdi Dam to be sympathetic to the ecological requirements

of the fish.
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Table 1 Habitat requirement for Yellow River in different life stages
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Fig. 1 Mean daily streamflow hydrograph in 1952 at Huayuankou gauging station
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Fig. 3 Daily average runoff delay curve compare before (from

1987 to 1999 ) and after ( from 2000 to 2005 ) construction of

Xiaolangdi dam

®2 FERBEASMNARESRENER

Table 2 River ecosystem significance of different flow components
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The ecological significance for aquatic organisms
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i Low flows
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Table 4 Result about the extreme flows change with time/(m’/s)
N /) 1d /N 3d /N 7d /h30d  H/)Hh90d wK1d Bk 3d wA7d K 30d K 90d
Y Minimum Minimum Minimum Minimum Minimum Maxmum Maxmum Maxmum Maxmum Maxmum
ear 1d 3d 7d 30d 90d 1d 3- day 7d 30d 90d
1987—1999 142.1 153.8 180.3 307.5 527.0 4397.7 3673.8 2990.7 2106.6 1541.9
2000—2005 181.3 194.8 205.1 231.4 362.1 2563.3 2433.5 2331.8 1757.7 1215.2

25 A RTE MR , BEAR TR AR EEAL 7K
W, T 2T & 4—6 H iy T & Bk o I 2R 508
A BT AR PR R = A Y PR BRAT S b s 7—10 A
ANBEAK IS, B R TR AT B D s 7—10 A 18
TR N 2%, #ETR #E F 2 25 DATRT b 3R AS B )
WS ML B S UK B & R R W #R A SR TR
G
3 MRERERETEEHSMERTHN 4
L

23038 ] River2D R (I Hi/K 3h J1 M fa2s 4k

http ://www. ecologica.

®5 FAEHBEEOKESS AREEFHE

Table 5 Average low flow from Nov. to Mar. at Huayuankou
station in different periods /(m>/s)

ﬁo{ﬁh 1987—1999 2000—2005

11 563.9 537.1

12 587 488.6

1 456.5 360.3

2 510.9 357.5

3 820 679.8
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Table 6 The change of flow pulse, small flood and floodplain flood at Huayuankou station in different periods
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4—6 A UM E Bk oh 1987—1999 25 1.9 10.68 1524.80 45 3110
Flow pulse 2000—2005 5 0.8 9.00 1598.00 15 2840
/7K Small flood 1987—1999 71 5.5 6.4 1964 51 5060
2000—2005 13 2.2 11.3 2173 34 3100
BIUK 1987—1999 15 1.2 11 4215.3 42 7270
Overbank flood 2000—2005 1 0.2 14 3050.0 14 3050
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Fig. 4 The simulation result for depth and velocity of 1000 m>/s discharge
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Fig. 6 The habitat distribution of juvenile fish Fig. 7 The habitat distribution of adult fish
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Table 7 changes of habitat area for Yellow River Carp in different life stage and discharge

it/ (mi/s) PR/ o/ a/m WR/(ms) FE/m o/ m? Yt/ m?
Dsicharge Spawning/ m? Adult fish Juvenile fish Dsicharge Spawning Adult fish Juvenile fish
100 9419 6087 5996 200 6623 13338 4060
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1600 23822 7419 4794 1800 22240 17026 8900
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