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			ABSTRACT

		

		
			The Yangtze finless porpoise (Neophocaena asiaeorientalis asiaeorientalis) is a critically endangered species, as the whole population in the wild suffered sharp decline and fragmentation. Observations of the local spatial and temporal distribution dynamics can help establish better conservation strategies. In order to understand the characteristics of habitat chosen, a continuous 15 months observation on the distribution patterns of the Yangtze finless porpoise at the confluence of Yangtze and Wanhe rivers was conducted. The results showed that the distribution of the porpoise changed seasonally. From October 2013 to March 2014 and from December 2014 to January 2015, the observation rate ranged from 12.5% to 100% of each observation day, with the average being 60%. The average maximum number of individuals observed per day was 4 (range, 1–8). Porpoises was not observed in September 2013 and from April 2014 to September 2014. Spatial distribution dynamics analyses showed that from the six different hydrological zones of the confluence, the porpoise was more likely to prefer the flow deflection and flow stagnation zones of the confluence. The average occurrence rate in the flow deflection and flow stagnation zones was 32% and 44%, respectively. Based on these observations, we concluded that the confluence of the Yangtze and Wanhe rivers is a popular habitat of the Yangtze finless porpoise in autumn and winter. Conservation measures should be taken to conserve this kind of habitat.
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			Introduction

			

			The Yangtze finless porpoise (Neophocaena asiaeorientalis asiaeorientalis) is a critically endangered sub-species of the narrow-ridged finless porpoise (Neophocaena asiaeorientalis) that exclusively occurs at Yangtze River and adjacent Poyang Lake and Dongting Lake (Gao and Zhou, 1995; Jefferson and Wang, 2008). This sub-species of porpoise was previous occurred throughout the 1700 km Yangtze River mainstream from Yichang to Shanghai (Gao and Zhou, 1995), but its distribution is now primarily confined to about 1000 km of the Yangtze River mainstream, from Ezhou to Shanghai (Mei et al., 2012). The latest Yangtze Freshwater Dolphin Expedition (YFDE2012) revealed that at the end of 2012, there were only approximately 1,040 individuals remaining (Mei et al., 2012). This sub-species has been affected by a sharp decline in the population and population fragmentation (Mei et al., 2012). The heavy impact of human activities in the Yangtze River, including overfishing of prey species, water development projects, water pollution and accidental deaths was considered as the primary threaten to this sub-species (Wang, 2009). 

			The spatial and temporal distribution of animals is a complex and dynamic function of the species requirements for food, mates, avoidance of predators and competition, and the ability to move between habitat patches (Davis et al., 2002; Schofield, 2003). The distribution of freshwater dolphins is also impacted by the hydrological and geomorphological features and flow patterns of their habitat (Braulik et al., 2012; Kreb and Budiono, 2005). Yu et al. (2005) revealed that the Yangtze finless porpoise prefers slow water and shallow water areas around sand benches because of the low current and rich food resources. Xiao and Zhang (2002) reported that the Yangtze finless porpoise also preferred water areas around fishing nets and deep water areas near shipping channels. 

			Confluences, because of their deep water, abundance of fish, countercurrents that cause fish to be momentarily trapped and special topography that allow for easy foraging, are a favorite habitat of river dolphins (Hastie et al., 2004; Kreb and Budiono, 2005). The Yangtze finless porpoise also prefer confluences. For example, Kimura et al. (2012) revealed seasonal changed distribution patterns of the Yangtze finless porpoise near the conjunction of the Yangtze River and Poyang Lake. Wei et al. (2002) and Zhang et al. (1993) reported the conjunction of the Yangtze River and Poyang Lake, and the confluence of the Yangtze and Wanhe Rivers were Yangtze finless porpoise’s favorite habitat, respectively. However, confluences have complex hydrological characteristics. For example, a typical asymmetrical confluence, the most common style of confluence found in the Yangtze River, can be divided into six different hydrological zones based on flow dynamics: flow deflection, flow stagnation, flow separation, maximum velocity, shear layer, and the mainstream (Best, 1987; Wang, 2007). Each zone has very different flow patterns. It would be interesting to study the hydrological zone/zones preferred by the porpoise. 

			Wanhe River is the largest tributary of the Yangtze River in Anhui Section. Anhui Section has the highest porpoise density according to YFDE2012 (Fig. 1). At the confluence of the Yangtze and Wanhe rivers, Zhang et al. (1993) once observed large-scale porpoise distribution in 1991. Zhang et al. (2015) also reported seasonal changes in the distribution pattern of the Yangtze finless porpoise at this confluence, as these porpoises were found only in autumn and winter. However, Zhang et al. (2015) did not study the distribution patterns on the occurrence days and the distribution differences between the hydrological zones. In this study, we want to explore the spatial and temporal distribution dynamics of the Yangtze finless porpoise at the confluence of the Yangtze and Wanhe Rivers on the occurrence days in order to understand the habitat chosen by this sub-species. The observations may be useful for establishing effective conservation strategies for this porpoise.

			

			Materials and methods

			

			Study area

			The Wanhe River, which originates from the Dabie Mountain, is the largest tributary in the north bank of the Yangtze River in Anhui Section (Fig. 1A). The estuary of the Wanhe River is located in the West of Anqing City, and it has a width of 140 m (Fig. 1). Due to huge water level fluctuations in the Yangtze River mainstream, there were large variations in the water level in the estuary during the field investigation. The maximum, minimum, and average water depth in the estuary was 14.4, 4.6 and 8.5 m, respectively. 
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			Fig. 1. The location of the estuary of Wanhe River (A) and the divided six different zones (B): 1 flow deflection; 2 flow stagnation; 3 flow separation; 4 maximum velocity; 5 shear layer; 6 mainstream. Black rectangle represents the observation boat and the dotted curve represents the observation area.

			

			The confluence of the Yangtze and Wanhe rivers is divided into the following six zones: flow deflection, flow stagnation, flow separation, maximum velocity, shear layer, and the mainstream (Best, 1987). The flow deflection zone, which is located on the tributary side of the confluence, is the zone where the tributary modifies its flow to conform to the downstream mainstream. The flow stagnation zone is located in the upstream intersection angle of the tributary and the mainstream. In this zone, the flow velocity is small or even non-existent because of the block from the side wall (Wang, 2007). The flow separation zone is located downstream of the confluence. The mainstream flow is separated because of the injection of the tributary flow. The flow separation zone is usually characterized by backflow or a vortex. Further, the flow is disordered, and the flow velocity is low (Wu et al., 2007). In the maximum velocity zone, the flow velocity is rapid because of the change in the discharge area and the block of the flow separation zone. The shear layer is the zone where the flow from the tributary and the mainstream mixes. This layer is characterized by Kelvin Helmholtz instability (Best and Roy, 1991; De-Serres et al., 1999), and it is inundated with vortex and turbulence flow because of the large current gradient (Fig. 1B). The water from the Wanhe River is clear while the water of the Yangtze mainstream is muddy. On windless days, different zones can be easily judged according to the different color and the ripple. Therefore, different zones can be identified based on both theoretical knowledge and visual observation.

			

			Data collection and analysis

			During the period September 2013 to January 2015, the occurrence of porpoise were monitored at the confluence of the Yangtze and Wanhe Rivers. Observations were conducted on one to four randomly chosen windless days each month. Stationary observation with the naked eye was the method used in this study. A boat (length 15m; width 3m) was anchored at the center of the estuary. Three trained personnel (including two observers and one recorder) stood on the platform of the boat to to look for any porpoises within a radius of 300 m. One observer focused on the left (0°~90°), while the other one focused on the right (0°~90°). The recorder was used to record all the data.

			

			Table I.- Occurrences of the Yangtze finless porpoise at the confluence of the Yangtze and Wanhe Rivers in different hydrological zones.

			

			
				
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Season

						
							
							Date

						
							
							Weather

						
							
							Six different hydraulic zones

						
							
							Maxindividual/ day

						
							
							Cumfrequency/ day

						
					

					
							
							Flow 

							deflection

						
							
							Flow 

							stagnation

						
							
							Flow 

							separation

						
							
							Maximum velocity

						
							
							Shear layer

						
							
							Main-stream

						
					

					
							
							Autumn

						
							
							2013/9/15

						
							
							Cloudy

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							

						
							
							2013/9/28

						
							
							Cloudy

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							

						
							
							2013/10/13

						
							
							Sunny

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							5

						
							
							129

						
					

					
							
							

						
							
							2013/10/20

						
							
							Sunny

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							3

						
							
							104

						
					

					
							
							

						
							
							2013/10/27

						
							
							Sunny

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							3

						
							
							180

						
					

					
							
							

						
							
							2013/11/2

						
							
							Cloudy

						
							
							16

						
							
							28

						
							
							0

						
							
							3

						
							
							0

						
							
							8

						
							
							1

						
							
							55

						
					

					
							
							

						
							
							2013/11/16

						
							
							Sunny

						
							
							94

						
							
							98

						
							
							19

						
							
							9

						
							
							0

						
							
							9

						
							
							7

						
							
							229

						
					

					
							
							Winter

						
							
							2013/12/15

						
							
							Sunny

						
							
							132

						
							
							155

						
							
							54

						
							
							0

						
							
							15

						
							
							0

						
							
							7

						
							
							356

						
					

					
							
							

						
							
							2013/12/23

						
							
							Sunny

						
							
							49

						
							
							26

						
							
							7

						
							
							0

						
							
							0

						
							
							0

						
							
							5

						
							
							82

						
					

					
							
							

						
							
							2013/12/30

						
							
							Sunny

						
							
							67

						
							
							128

						
							
							10

						
							
							0

						
							
							0

						
							
							0

						
							
							5

						
							
							203

						
					

					
							
							

						
							
							2014/1/5

						
							
							Sunny

						
							
							71

						
							
							92

						
							
							22

						
							
							47

						
							
							12

						
							
							6

						
							
							6

						
							
							250

						
					

					
							
							

						
							
							2014/1/16

						
							
							Sunny

						
							
							61

						
							
							39

						
							
							26

						
							
							0

						
							
							0

						
							
							0

						
							
							4

						
							
							126

						
					

					
							
							

						
							
							2014/2/22

						
							
							Cloudy

						
							
							98

						
							
							106

						
							
							31

						
							
							3

						
							
							0

						
							
							0

						
							
							5

						
							
							238

						
					

					
							
							Spring

						
							
							2014/3/10

						
							
							Cloudy

						
							
							239

						
							
							358

						
							
							0

						
							
							22

						
							
							36

						
							
							148

						
							
							8

						
							
							803

						
					

					
							
							

						
							
							2014/3/23

						
							
							Cloudy

						
							
							1

						
							
							42

						
							
							0

						
							
							26

						
							
							0

						
							
							18

						
							
							3

						
							
							87

						
					

					
							
							

						
							
							2014/3/31

						
							
							Cloudy

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							

						
							
							2014/4/9

						
							
							Sunny

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							

						
							
							2014/4/28

						
							
							Sunny

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							

						
							
							2014/5/15

						
							
							Sunny

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							

						
							
							2014/5/31

						
							
							Cloudy

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							Summer

						
							
							2014/6/22

						
							
							Sunny

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							

						
							
							2014/7/7

						
							
							Sunny

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							

						
							
							2014/7/27

						
							
							Cloudy

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							

						
							
							2014/8/6

						
							
							Sunny

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							Autumn

						
							
							2014/9/27

						
							
							Cloudy

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							Winter

						
							
							2014/12/1

						
							
							Sunny

						
							
							283

						
							
							39

						
							
							81

						
							
							28

						
							
							0

						
							
							0

						
							
							3

						
							
							431

						
					

					
							
							

						
							
							2014/12/21

						
							
							Sunny

						
							
							0

						
							
							35

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							3

						
							
							35

						
					

					
							
							

						
							
							2015/1/18

						
							
							Sunny

						
							
							4

						
							
							8

						
							
							8

						
							
							0

						
							
							0

						
							
							2

						
							
							2

						
							
							22

						
					

					
							
							

						
							
							2015/1/19

						
							
							Sunny

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							2

						
							
							65

						
					

				
			

			

			From 08:00 am to 16:00 pm, monitoring was carried out for 10 min every hour. Thus, a total of 80 min were spent on an observation day. If the porpoise was detected in anyone of the six different zones, the corresponding time and site were recorded. The total frequency of detection above the water surface and individual number of observations were recorded every 10 min. Subsequently, the cumulative frequency (Cumfrequency) and cumulative individual number (Cumindividual) per day were calculated. The observation rate per day (number of time periods in which the YFP occurred/8 time periods) and the occurrence percentage per day (Cumfrequency at a certain hydrological zone/the total Cumfrequency) were also calculated. 

			

			Statistical analysis

			All data were analyzed using the SPSS 19.0 (SPSS, Inc., Chicago, IL, USA). Differences in the Cumfrequency of the six different hydrological zones and of observation times were assessed using the Kruskal-Wallis H test. 

			Results

			

			During the 15-month observation period, from September 2013 to January 2015, a total of 29 surveys were conducted at the confluence of the Wanhe River. On 17 of the 29 observation days, porpoises were observed: the Cumfrequency per day ranged from 22 to 803 (with an average of 199), and the Maxindividual per day ranged from 1 to 8 (with an average of 4, Table I). The distribution of porpoises at the confluence demonstrated seasonal variations (Fig. 2). From October 2013 to March 2014 and from December 2014 to Journal 2015, or in autumn and winter, the observation rate ranged from 12.5% to 100% for each observation day (with an average of 60%) (Table II, Fig. 2). No significant differences in distribution were found among the different observation times in a day (Table II, P > 0.05). In September 2013 and from April 2014 to September 2014, or in spring and summer, no porpoise was spotted.

			

			Table II.- Occurrences of the Yangtze finless porpoise at the confluence of the Yangtze and Wanhe Rivers at different times.

			

			
				
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Season

						
							
							Date

						
							
							Weather

						
							
							Observation time/day

						
							
							Cumfrequency/day

						
					

					
							
							08:00-

							09:00

						
							
							09:00-

							10:00

						
							
							10:00-

							11:00

						
							
							11:00-

							12:00

						
							
							12:00-

							13:00

						
							
							13:00-

							14:00

						
							
							14:00-

							15:00

						
							
							15:00-

							16:00

						
					

					
							
							Autumn

						
							
							2013/9/15

						
							
							Cloudy

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							

						
							
							2013/9/28

						
							
							Cloudy

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							

						
							
							2013/10/13

						
							
							Sunny

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							129

						
					

					
							
							

						
							
							2013/10/20

						
							
							Sunny

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							104

						
					

					
							
							

						
							
							2013/10/27

						
							
							Sunny

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							180

						
					

					
							
							

						
							
							2013/11/2

						
							
							Cloudy

						
							
							0

						
							
							55

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							55

						
					

					
							
							

						
							
							2013/11/16

						
							
							Sunny

						
							
							0

						
							
							45

						
							
							26

						
							
							11

						
							
							35

						
							
							28

						
							
							47

						
							
							37

						
							
							229

						
					

					
							
							Winter

						
							
							2013/12/15

						
							
							Sunny

						
							
							31

						
							
							74

						
							
							84

						
							
							45

						
							
							53

						
							
							73

						
							
							9

						
							
							0

						
							
							356

						
					

					
							
							

						
							
							2013/12/23

						
							
							Sunny

						
							
							40

						
							
							0

						
							
							7

						
							
							4

						
							
							21

						
							
							10

						
							
							0

						
							
							0

						
							
							82

						
					

					
							
							

						
							
							2013/12/30

						
							
							Sunny

						
							
							67

						
							
							17

						
							
							0

						
							
							62

						
							
							35

						
							
							0

						
							
							24

						
							
							0

						
							
							203

						
					

					
							
							

						
							
							2014/1/5

						
							
							Sunny

						
							
							31

						
							
							0

						
							
							47

						
							
							41

						
							
							92

						
							
							2

						
							
							0

						
							
							37

						
							
							250

						
					

					
							
							

						
							
							2014/1/16

						
							
							Sunny

						
							
							23

						
							
							0

						
							
							0

						
							
							48

						
							
							0

						
							
							51

						
							
							0

						
							
							4

						
							
							126

						
					

					
							
							

						
							
							2014/2/22

						
							
							Cloudy

						
							
							12

						
							
							0

						
							
							0

						
							
							73

						
							
							42

						
							
							0

						
							
							40

						
							
							71

						
							
							238

						
					

					
							
							Spring

						
							
							2014/3/10

						
							
							Cloudy

						
							
							127

						
							
							37

						
							
							141

						
							
							119

						
							
							71

						
							
							167

						
							
							97

						
							
							44

						
							
							803

						
					

					
							
							

						
							
							2014/3/23

						
							
							Cloudy

						
							
							0

						
							
							26

						
							
							42

						
							
							19

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							87

						
					

					
							
							

						
							
							2014/3/31

						
							
							Cloudy

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							

						
							
							2014/4/9

						
							
							Sunny

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							

						
							
							2014/4/28

						
							
							Sunny

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							

						
							
							2014/5/15

						
							
							Sunny

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							

						
							
							2014/5/31

						
							
							Cloudy

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							Summer

						
							
							2014/6/22

						
							
							Sunny

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							

						
							
							2014/7/7

						
							
							Sunny

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							

						
							
							2014/7/27

						
							
							Cloudy

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							

						
							
							2014/8/6

						
							
							Sunny

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							Autumn

						
							
							2014/9/27

						
							
							Cloudy

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							Winter

						
							
							2014/12/1

						
							
							Sunny

						
							
							37

						
							
							0

						
							
							2

						
							
							137

						
							
							57

						
							
							36

						
							
							79

						
							
							83

						
							
							431

						
					

					
							
							

						
							
							2014/12/21

						
							
							Sunny

						
							
							0

						
							
							35

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							35

						
					

					
							
							

						
							
							2015/1/18

						
							
							Sunny

						
							
							0

						
							
							9

						
							
							5

						
							
							8

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							22

						
					

					
							
							

						
							
							2015/1/19

						
							
							Sunny

						
							
							0

						
							
							12

						
							
							23

						
							
							0

						
							
							6

						
							
							11

						
							
							8

						
							
							5

						
							
							65
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			Fig. 2. Observation rate of the Yangtze finless porpoise at the confluence of Yangtze and Wanhe Rivers in different seasons.
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			Fig. 3. Occurrence percentage of the Yangtze finless porpoise in the six different hydrological zones.

			

			The average occurrence rate of porpoises in the flow deflection, flow stagnation, flow separation, maximum velocity, shear layer, and mainstream was 32.5%, 44.0%, 10.2%, 5.2%, 1.0% and 5.2%, respectively (Fig. 3). No significant difference in the occurrence rate was found between the flow deflection and flow stagnation zones. However, significantly more porpoises were observed in these two zones than in the other four zones. No significantly difference in distribution was observed between the flow separation, maximum velocity, shear layer and mainstream, with the exception of the difference between the flow separation zone and shear layer, which was significant (Table III). 

			

			Discussion

			

			Zhang et al. (2015) reported that the Yangtze finless porpoise appeared at the confluence of the Yangtze and Wanhe rivers only in autumn and winter in studies on the effect of the fish community on the occurrence of the Yangtze finless porpoise. In this study, detailed analyses were conducted on the spatial and temporal distribution dynamics of the Yangtze finless porpoise in autumn and winter. We found that in this season, porpoises appeared quiet often at this confluence. In the eight recording time periods per observation day, porpoises were spotted 60% of the time (on an average), and porpoise could be observed nearly in each observation day with an average size of four. Moreover, on 4 of 14 observation days with detailed records, porpoises was spotted in seven observation-time periods. That means, on 29% of the observation days, the porpoise was observed at this confluence nearly entire day. 

			

			Table III.- Significant differences between six different hydrological zones.
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			1, flow deflection; 2, flow stagnation; 3, flow separation; 4, maximum velocity; 5, shear layer; 6, mainstream; *, P<0.05; **, P< 0.01; ***, P< 0.001.

			

			The distribution of aquatic animals is considerately impacted by the hydrological characteristics of a habitat. Researches have shown that cetaceans in running-water environments prefer countercurrent pools, where they find refuge from downstream currents and where much of the biological productivity is concentrated (Smith and Reeves, 2012). In the present study, statistical analyses of the distribution pattern of N. a. asiaeorientalis in the six different hydrological zones of the confluence showed that the porpoise spent significantly more time in the flow deflection and flow stagnation zones than in the other four zones. This is probably related to the hydrodynamics of these zones, as the current in the flow separation, maximum velocity and shear layer zones is highly disordered and turbulent (Wang, 2007). From the findings, it seems that the flow stagnation zone may be the porpoises’ favorite zone. The flow stagnation region is where the flow velocity is small or non-existent (Wang, 2007). Porpoises probably prefer this zone both because of the high concentration of the prey species and the more stable water environment. These findings are similar to those of Yu et al. (2005), who argued that the Yangtze finless porpoise preferred slow current areas. The flow deflection zone is also the porpoises’ favorite habitat. Information from fishermen shows that before the year 2001, the porpoise seasonally inhabited the Wanhe River several kilometers from the estuary. However, in recent years, the porpoises have hardly been observed in the Wanhe River. In the present study, we found that the porpoises were distributed in the Wanhe River no more than several hundred meters from the estuary. The disappearance of the porpoise from the Wanhe River may be caused by lots of reasons, including increasing negative impacts from human activities. 

			At the confluence of the Yangtloö-p99ze and Wanhe Rivers, according to our observations, porpoises usually hovered and showed behaviors of prey. Zhang et al. (2015) found that at this confluence, fish resource were significant higher in autumn and winter than in spring and summer. Therefore, we inferred that this confluence is porpoise’s feeding habitat. Unfortunately, fishing and shipping were also dense here. Once on an observation day, nearly forty illegal fishing nets (trap net) were counted by us around the estuary and the flow deflection area near the estuary. The estuary was also dredged regularly, and 500-tonne ships can pass through the estuaru at all seasons. Habitat loss and fragmentation causing by human activities is one of the main factors that lead to sharp decline of the Yangtze finless porpoise population (Wang, 2009). Therefore, reducing the intensity of fishing and shipping around this confluence is probably the most effective measure to conserve porpoises and their feeding habitat. In the end, this study only explored the spatial and temporal distribution dynamics of the Yangtze finless porpoise at the confluence of the Yangtze and Wanhe Rivers. This kind of distribution dynamics may be regional specificity. More studies should be conducted to get understanding how porpoises use confluences commonly. 

			

			Conclusion 

			

			Confluence is a favorite habitat of river dolphins (Hastie et al., 2004; Kreb and Budiono, 2005). Our study found that confluences, as well as slow current water areas are all important habitat patches of the Yangtze finless porpise.  Habitat loss and fragmentation is one main factor for the Yangtze finless porpoise population decline (Wang, 2009). This study proposes that measures should be required to conserve important habitats such as the confluence area, the slow current and shallow water areas. In addition, travelling among habitat patches is a common behaviour of the Yangtze finless porpoise as revealed by Zhang et al. (2013), which may increase their chance of finding prey or mate. Therefore, measures should also be required to conserve the connection of different habitats.
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ABSTRACT

The Yangtze finless porpoise (Neophocaena asiaeorientalis asiaeorientalis) is a
critically endangered species, as the whole population in the wild suffered sharp
decline and fragmentation. Observations of the local spatial and temporal distribution
dynamics can help establish better conservation strategies. In order to understand
the characteristics of habitat chosen, a continuous 15 months observation on the
distribution patterns of the Yangtze finless porpoise at the confluence of Yangtze and
Wanbhe rivers was conducted. The results showed that the distribution of the porpoise
changed seasonally. From October 2013 to March 2014 and from December 2014 to
January 2015, the observation rate ranged from 12.5% to 100% of each observation
day, with the average being 60%. The average maximum number of individuals
observed per day was 4 (range, 1-8). Porpoises was not observed in September 2013
and from April 2014 to September 2014, Spatlal dlstrlbutlon dynamlcs analyses

was more likely to prefer the flow deﬂectlon and flow stagnatlon zones of the
confluence. The ARFTRODLHAIONe in the flow deflectionbaed fifledgdhitignsharp decline in the population and
zones was 32% and 44%, respectively. Based on these observatRinitlatiercdiguautation (Mei ef al., 2012). The heavy
aththe c¥amigieace dlbes Yamamoised Wdpkinetsrig a powabictabhuman gedivities in the Yangtze River, including
n@tieecAnieifiorpoisiaerianiadis)andswirfler. @iispityation eNeisishingiRfupchespecies, water development projects,

¢nkdan geredn seebesprsiRin oS Haditaarrow-ridged finless
porpoise (Neophocaena asiaeorientalis) that exclusively
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water pollution and accidental deaths was considered as
the primary threaten to this sub-species (Wang, 2009).

occurs at Yangtze River and adjacent Poyang Lake and
Dongting Lake (Gao and Zhou, 1995; Jefferson and Wang,
2008). This sub-species of porpoise was previous occurred
throughout the 1700 km Yangtze River mainstream
from Yichang to Shanghai (Gao and Zhou, 1995), but
its distribution is now primarily confined to about 1000
km of the Yangtze River mainstream, from Ezhou to
Shanghai (Mei ef al., 2012). The latest Yangtze Freshwater
Dolphin Expedition (YFDE2012) revealed that at the end
of 2012, there were only approximately 1,040 individuals
remaining (Mei ef al.,, 2012). This sub-species has

The spatial and temporal distribution of animals is a
complex and dynamic function of the species requirements
for food, mates, avoidance of predators and competition,
and the ability to move between habitat patches (Davis
et al., 2002; Schofield, 2003). The distribution of
freshwater dolphins is also impacted by the hydrological
and geomorphological features and flow patterns of their
habitat (Braulik et al., 2012; Kreb and Budiono, 2005).
Yu et al. (2005) revealed that the Yangtze finless porpoise
prefers slow water and shallow water areas around sand
benches because of the low current and rich food resources.
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