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in pool-riffles

Huan Lin, Ruijiao Li, Yangxiao liu, Gen Yang, Wei Yang, Zhengbo Shu, Li Wang

National Inland Waterway Regulation Engineering Research Center, Chongqing Jiaotong University, Chongqing 400074, China

Take the Guangyang Dam section of the upper reaches of the Yangtze River as an example to build a physical model of continuous pool-riffle fish habitat to simulate the natural fish habitat.By analyzing the changes of water depth and flow field in the corresponding river reach before and after the implementation of the model scheme, the influence of habitat construction scheme on fish spawning field, habitat, overwintering activities and waterway is discussed.It is found that after the implementation of the scheme, the area of the slow flow area of the test area increases greatly, and the local slow flow is formed between the spur-dike group, which is conducive to fish spawning and habitat of the fish, the fish habitat construction scheme is proposed.
1 introduction
Beach deep pool is a common geomorphological unit [1-2] in mountainous rivers of pebble riverbed and riverbed with a slope of less than 2%.The shoal deep pool system can increase the riverbed resistance, control the riverbed erosion, and stabilize the riverbed and bank slope [3-7].The relatively stable and diverse aquatic habitat environment shaped by the shallow and deep pools can improve and maintain a good river aquatic ecology[8-10].Taking the Guangyang ba section in the upper reaches of the Yangtze River as an example, we construct the physical model of continuous shoal-deep trough fish habitat, analyze the changes of water depth and flow field of the corresponding reach before and after the implementation of the model scheme, and discuss the influence of habitat construction scheme on fish spawning field, predation, overwintering and waterway.

2 Materials and methods

2.1 Research area
The Guangyang Dam section is located in the upper reaches of the Yangtze River from Chaotianmen to Fuling, with a channel length of 642-635km, leading out from southeast to northeast.Guangyang Dam in the reach is the center of high water level. It divides the trough into left and right branches. The left branch is the main channel, relatively wide and deep, and the right branch is relatively narrow and shallow.As can be seen from Figure 1, the river is winding and the width along the river varies greatly, which is a typical mountain river.
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Fig 1. Location of Guangyang Dam reach and DingDam model
2.2 Physical modelling experiment
Model introduction
The physical model ranges from the upstream middle section of Causeway Gorge (upstream channel mileage 643.5km) to the downstream Yuzui Bridge (upstream channel mileage 629.5km), with a total length of about 14km.The inlet of the model is Causeway Gorge, 2km away from the end of Guangyang Island. The river flow is more rapid, so multiple energy dissipation panels are arranged at the inlet to ensure the reasonable distribution and relative stability of the flow into the model.

The water level of the model test section is measured by precision leveling meter of 0.1mm; the section flow velocity is measured by rotary slurry velocity meter of 0.1 cm/s; the surface velocity is measured by XKVMS wide range surface flow field meter developed by Southwest Water Transport Engineering Research Institute.

Test water flow conditions
For detailed study of the influence of fish habitat construction scheme on fish habitat, select the impact of fish spawning boom (5-June) flow analysis on fish reproduction, select the river of fish foraging peak (July-August) flow analysis on the influence of fish feeding and fertility, select the river dry season (12-February) flow, analyze the impact on fish overwintering.Therefore, the annual average flow rate of Zhutuo Station in December, June and August in the upstream of guangyang Dam reach was selected as the water flow control variable in this test.

Table 1 Physical Model Test water flow conditions

	Serial number 
	Zhu Tuo flow（m3/s）
	Yu Zui water level（m）

	1
	4500
	156.55

	2
	13500
	162.55

	3
	22100
	166.55


Habitat construction scheme
This model test adopts two groups of test schemes, each group scheme of three working conditions.Through the field research of guangyang dam reach area, found that the large back and large fish between the back, so the large back downstream one kilometer range as a fish habitat area, by building six ding dam, combined with the large back natural horizontal ridge stone beam landform to build continuous shoal-deep pool fish habitat.
Table 2 Parameters of ding dam in the habitat construction
	Serial number 
	Center position of dam root
	Center position of dam head
	Central axis length (m)
	The dam crest elevation is 165m.The dam top is 25m wide Press 1:3 slope.

	1#
	29°33′39″N, 106°41′22″E
	29°33′46″N, 106°41′25″E
	249.45
	

	2#
	29°33′41″N, 106°41′29″E
	29°33′47″N, 106°41′28″E
	196.91
	

	3#
	29°33′44″N, 106°41′33″E
	29°33′49″N, 106°41′32″E
	161.11
	

	4#
	29°33′46″N, 106°41′39″E
	29°33′51″N, 106°41′38″E
	154.44
	

	5#
	29°33′49″N, 106°41′44″E
	29°33′52″N, 106°41′42″E
	143.70
	

	6#
	29°33′51N″, 106°41′49″E
	29°33′55″N, 106°41′46″E
	147.12
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Fig 2. Picture of the model test after the fish habitat restoration arrangement
3 Results

Analysis of the water depth change before and after the construction of the habitat construction scheme

In the dry season (Q=4500m³/s), the Dingba group is non-submerged.As can be seen from Figure 3 and Figure 4, the water level along the test range showed an overall upward trend, and the water level trend was relatively consistent with the front line after the test, and there was no sharp rise or sudden drop.Due to the decrease of overflow area after the dam construction, the water level along the test range after the implementation of the scheme is generally higher than that before the scheme, and the most obvious in the middle reaches (640.25-639.km).Since it is in winter, the increase in water depth after the program implementation expands the area of fish at the bottom of the river, which is conducive to the overwintering behavior of fish.

When the flow increases to 13,500 m³/s.According to Figure 5 and Figure 6, the water level along the test range shows an upward trend, with the maximum increase of about 0.16m; the difference between the upper reaches to the lower reaches (641-639.4km) is higher than the water level before the test.After the implementation of the scheme, the high frequency of water depth facilitates the hatching of fish eggs and fish eggs in the reach.
During flood period (Q=22100m³/s), Dingba group is submerged.According to Figure 7 and Figure 8, the water level along the test range section shows an overall upward trend.After the implementation of the scheme, the change law of the water level along the route is not obvious, the maximum increase is about 0.08m(640.7km and 639.5km), the maximum reduction is about 0.06m(640.2km), the rest of the route range is slightly decreased, but the change range is not large.The change of water level before and after the test had little effect on the fish in the reach.
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Figure 3. Change of water level along the route(Q=4500m³/s)
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Figure 4. Change of water level along the route (Q=13500m³/s)  Figure 5. Change of water level along the route(Q=22100m³/s)
3.1 Analysis of the flow rate change before and after the construction of the habitat construction scheme

As can be seen from Figure 9-14, before the implementation of the habitat construction scheme, most of the river flow rate in the pilot area was higher than 1.2 m/s, and the slow flow area was small, which does not meet the habitat flow rate conditions of most fish in the river reach.After the implementation of the scheme, due to the water resistance of the Ding dam, the slow flow area between the current groups decreased greatly, and many local slow flow area was formed in the deep pool near the head of the dam, and the area with the downstream flow rate below 1.2 m/s increased, thus expanding the scope of fish habitat.
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Fig 6. Flow velocity before scheme (Q=4500m³/s)          Fig 7. Flow velocity after scheme (Q=4500m³/s)
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Fig 8. Flow velocity before scheme (Q=13500m³/s)         Fig 10. Flow velocity after scheme (Q=13500m³/s)
[image: image10.png]


                      [image: image11.png]



Fig 11. Flow velocity before scheme (Q=22100m³/s)      Fig 12. Flow velocity after scheme (Q=22100m³/s)
4 Discussion
4.1 Effect of habitat building schemes on spawning grounds in fish
After the implementation of the construction scheme, the existence of Dingba makes the test range basically less than 1.2 m/s, which meets the conditions of the fish producing drifting eggs, and the local flow field between the Dingba group and the dam head becomes more complex, which contributes to the fertilization and hatching of drifting eggs.

After the implementation of the restoration scheme, the flow rate ratio of the habitat restoration area is reduced before the implementation, and the flow rate between the dam groups is mostly between 0.3-0.8m/s, which is beneficial to the survival of viscous fish eggs. However, since the complex flow rate, the dam may adversely affect the survival of viscous fish eggs.

4.2 Impact of habitat creation programmes on fish habitat
Effects on fish foraging
As can be seen from the figure, after the implementation of the scheme, the flow rate of the test reach decreases, the slow flow area increases, and many reflux areas conducive to the deposition of nutrients are produced in the deep trough between the Dingba groups, creating suitable water flow conditions for fish foraging.

Effects on fish overwintering
As can be seen from the figure, after the implementation of the habitat construction scheme, the water level in the lower reaches of the river reach increases the area with high water temperature at the river bottom in winter and expands the scope of fish wintering grounds in the river reach.At the same time, the deep trough between Dingba has also become an ideal wintering place for fish.Dingba group increases the area of slow flow area in the basin, and also provides better flow conditions for fish to overwinter.

4.3 The impact of the habitat construction scheme on the waterways
Before the implementation of the fish habitat construction scheme, there were bad flow states in the middle navigation channel of the test reach, and the flow rate distribution was uneven, which affected the passage of ships.
After the implementation of the plan, in the dry season, the overall water level of the trough does not increase much, mainly in the middle reaches of the reach, and the largest increase is in the middle and lower reaches of the reach, about 0.08m.The bad flow in the middle of the trough improves the navigation conditions of the ship.The flow rate of the middle and lower reaches of the reach has increased compared with the previous scheme, with the maximum increase of 0.8 m/s, but the overall flow rate is not large, and the flow rate distribution is uniform, which does not affect the passage of ships.
When the flow rate increases, the implementation of the scheme affects the water level in the middle and lower reaches of the reach by about 0.16m, and the flow rate of the middle reaches increases by 0.5 m/s. The downstream channel makes the test channel smooth, and has little impact on the passage of vessels.
Fish habitat building program recommendations
（1）This paper mainly focuses on the fish habitat construction by means of the unique topographic conditions of the Guangyang Dam section. If we want to build the fish habitat in other rivers or other reaches of the Yangtze River, relevant research needs to be carried out according to local conditions.
（2）There are many factors affecting the fish habitat environment. This paper only considers the influence of water depth and flow rate on fish habitat. In the next step, the influence of current flow on fish habitat.
（3）Due to the limitation of the physical model size, the structure of the water flow in the fish habitat construction area is not analyzed. The next step can consider increasing the model size or using relevant professional instruments to explore the internal structure of the construction area, so as to better analyze the impact of the constructed habitat on fish.
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