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Abstract. 
Freshwater ecosystem degradation in the Turag River basin is increasing due to rising human settlement, reduced water flow during the dry season, new large land development projects, and toxic emissions caused by brick kilns. The population of river dolphins was estimated through surveys carried out from December 2012 to November 2013. Surveys were conducted on a fortnightly basis. The dolphins were counted within an 18.4 km stretch (known to be the most polluted stretch) of the 75 km long river. A total of 62 dolphin sightings were recorded, both as individual sightings and as groups. The highest monthly count was in August. The best-high-low estimates of 9-11-7 individuals were recorded in August 2013 in river ecology. Seasonal changes in spatial distribution were observed. The survey revealed that rising floodwater stimulated an increase in the dolphin population in the study area from July to October. The maximum encounter rate was also 0.49 sightings km−1 for the month of August. The sightings and encounter rates of dolphins were lower from December to July (dry and premonsoon period) likely due to reduced water flow and adverse water quality of this river.



1. Introduction
The Ganges river dolphin, Platanista gangetica gangetica (Roxburgh, 1801), also known as “shusuk” in Bangla, is a freshwater dolphin species distributed throughout the Ganges-Brahmaputra-Meghna river systems in India, Bangladesh, and Nepal [1, 2]. Its geographical range has been reduced, and its abundance has declined in many areas where the animals still appear [3–5]. The International Union for Conservation of Nature (IUCN) revised the threatened status of the Ganges river dolphin from vulnerable [6] to endangered as per IUCN Global Red List guidelines [4]. At present, it is thought that there are about 3500 individuals of this species throughout its distribution range [7]. This species is placed on the First Schedule of Bangladesh Wildlife (Conservation & Security) Act, 2012, and it is classified as endangered because of the numerous anthropogenic and natural constraints to its survival, for example, water pollution, boat traffic, and reduction of water flow during the dry season [8]; however, the population of river dolphins has declined rapidly in recent years with much of their habitat already degraded [4]. Freshwater ecosystems inhabit only 0.8% of the earth, but 100,000 species are estimated, which is about 6% of all described species [9]; unfortunately the river ecosystem is polluted due to human intervention.
The Turag River is tide-influenced and passes to the west-north and north of Dhaka City; its average width is 107 m with a total length of 75 km [10]. The river ecology is seriously impacted by heavy discharge of industrial effluents; indiscriminate dumping of household garbage and rubbish (including bottles, cans, clothing, and food packages), medical items, and commercial waste; petroleum hydrocarbon fuels; and untreated sewage wastes [11, 12]. Brick fields and land development projects have added pollution to the extent that the abundance and diversity of aquatic life have decreased alarmingly in the river [11, 12].
In India, Choudhury [13] mentioned the distribution of this river dolphin species in both Brahmaputra and Barak river systems of Assam. In Nepal [14, 15], population status and distribution patterns of Ganges river dolphins in the major rivers, namely, Karnali, Narayani, Mahakali, and Kosi rivers, were investigated [16]. Anderson [17] recorded the upstream distribution of dolphins, not Jones [18], in the Meghna river system of the country. Other authors reported on the status of these dolphins in the Karnaphuli River, Halda River, Matamuhuri River, Bangkhali River, and Kaptai Lake of the country [19–22] but a comprehensive survey of the Turag River has not yet been conducted.
This paper discusses the status (sightings of individuals and groups, dolphin density, encounter rates, and ecology) and distribution of the Ganges river dolphins in the most polluted section of Turag River [11] and identifies areas where research and conservation activities are most needed. We emphasize collection of quantitative data for assessing the abundance of this river dolphin.
2. Materials and Methods
2.1. Study Period and Area
River dolphin survey was held in the Turag River from December 2012 to November 2013. The Turag River is about 75 km long, which was not feasible to cover in a day by the kind of motorboat used for survey. Therefore, the stretch of Amin Bazar bridge to Kamarpara bridge (approx. 18.4 km) was surveyed by motorboat for river dolphin study. The survey team always started observations from Amin Bazar bridge (23°47′ N 90°20′ E) and surveyed all the way to Kamarpara bridge (23°52′ N 90°24′ E) in the Turag River (Figure 1). The Turag River is an upper tributary of Buriganga, a major river in Bangladesh. The river is so polluted that it has been declared as an “Ecologically Critical Area (ECA)” by the department of Environment, Government of Bangladesh [23, 24]. This section of the river is situated around Dhaka city and lots of industries are situated by this section of the river.




	
	
		
			
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
		
		
		
		
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
	


Figure 1: Map of the Turag River.


2.2. Data Collection and Analysis
This study was conducted on a fortnightly basis. Boat-based surveys were conducted twice per month, giving a total of 24 surveys during the study. Boats maintained a constant speed range of 7–10 km/h. Survey design followed previous studies conducted by different authors [15, 25–31]. The observation team mostly consisted of three researchers. An average of 18.4 km of the river was covered in each survey. River average width is about 0.1 km. Sampling was undertaken in sighting condition in the river. The locations of dolphin sightings were recorded by a Garmin Map 72 GPS. We considered a single platform with 2 primary observers and 1 rear observer. Surveys began at 07:00 h and ended at 16:00 h during clear weather conditions in the river. Two primary members were positioned at the front of the boat and left and right of a data recorder and continually searched for dolphins using binoculars and occasionally with unaided eyes. Eye height was 1.5 m above the water surface. During survey period one interviewer visited river bank (other platform) and conducted a cross-check interview with boatmen and fishermen about sightings of dolphin. The question was “Did you see the susu or dolphin?”
Once a dolphin or a group was sighted, the number of individuals was recorded with a best-high-low estimate of group size. Encounter rates (sightings km−1), for each survey, were calculated by dividing the sightings (events) by the total distance surveyed. The direct count method was used to estimate the population [15, 32].
2.3. Hydrology of the River
The Bangladesh Water Development Board (BWDB) set up a water level monitoring station at Turag River to forecast the flood gauges in Dhaka city. This station was located at 23°78′33′′ N and 90°34′ E for daily monitoring of Turag River’s water level, which included staff gages. Therefore, this study collected daily water depth data during the study period from the BWDB office (72 Green Road, Farmgate, Dhaka, Bangladesh).
3. Results
3.1. Sightings and Number
A total of 62 sightings of dolphins were recorded in the entire 18.4 km survey area of the river (Table 1). Of these sightings, 17 were groups (range of 2-3 individuals per group), while 45 sightings were single individuals (Table 1). Maximum numbers of dolphins were observed () in August with best-high-low estimate of 9-11-7, followed by October with 8-10-7 individuals (Figure 3). Maximum number of sightings () was observed in August and October, while the minimum () was in December, January, and February. We identified three locations as dolphin hotspots (Tamanna Park, Birulia, and Rustampur) as the highest number of dolphins was sighted at those locations despite a high level of human disturbance.
Table 1: River dolphin appears at different geographical position on different time in the Turag River.
	

	Sl. number	Place	GPS coordinate	Dec	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov
	

	()	Amin Bazar bridge	23°47′N and 90°20′E	 	 	 	 	 	 	√	 	√	 	√	 
	()	Nober par	23°48′N and 90°20′E	 	 	 	 	 	 	 	 	 	√	√	√
	()	Tamanna Park South	23°49′N and 90°20′E	√	√	√	√	√	√	√	 	√	√	√	 
	()	Tamanna Park North	23°49′N and 90°20′E	 	 	 	 	√	 	 	√	√	√	√	√
	()	Birulia Landing Station	23°50′N and 90°20′E	√	√	√	√	√	√	√	√	√	√	 	√
	()	Birulia Bhanga bridge	23°51′N and 90°20′E	 	 	 	√	 	√	√	 	√	√	√	√
	()	Uttara 3rd phase	23°51′N and 90°21′E	 	 	 	 	 	 	 	√	√	 	√	√
	()	Rustampur	23°52′N and 90°21′E	√	√	√	√	√	√	√	√	√	√	√	√
	()	Ashulia Landing Station	23°53′N and 90°21′E	 	 	 	 	 	 	 	 	√	√	√	 
	()	Kamarpara	23°52′N and 90°24′E	 	 	 	 	 	 	 	 	√	√	√	 
	

	Number of sites for sightings	3	3	3	4	4	4	5	4	9	8	9	6
	

	Total number of individuals	5	4	5	6	5	6	7	6	11	10	10	6
	


Notes. Each tick mark represents sighting of dolphins in the particular location during corresponding visit and not the number of dolphin individuals sighted. The last row of the table, however, shows the total number of dolphins sighted in a particular visit (month column).


3.2. Dolphin Distribution
Dolphins were observed at 10 locations in the study area (Table 1). Dolphins appeared at the following locations: Amin Bazar Bridge, Nober par, Tamanna Park South, Tamanna Park North, Birulia Landing Station, Birulia Bhanga bridge, Uttara 3rd phase, Rustampur, Ashulia Landing Station, and Kamarpara area of the river (Figure 1). Dolphins were observed at Rustampur, Tamanna Park South, and Birulia Landing Station consistently almost throughout the year (Table 1); at the other sites, dolphins were recorded from August to October 2013.
3.3. Dolphin Encounter Rates
We recorded that highest encounter rate of dolphins was 0.49 sightings km−1 in October 2013 and lowest encounter rate of dolphins was 0.16 sightings km−1 in December 2012 to February 2013, respectively, in the Turag river (18.4 km) (Figure 6). Water depth varied monthly in the Turag River during this study (Figure 2). Water depth began to increase in May due to premonsoon rain. This initial increase in discharge was followed by very sharp rise due to monsoon, usually occurring in June and July, leading to peak flood in August and September. The water depth normally decreases after these peaks from September onwards, reaching a minimum level in March.




	
	
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
	


Figure 2: Water level on different time in the Turag River ecology.






	
	
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
			
		
		
		
			
			
		
		
		
			
			
		
		
		
			
		
			
		
			
		
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
	


Figure 3: Best-high-low estimate of river dolphins in the Turag River.


4. Discussion
Our survey indicates that the Amin Bazar and Birulia area is the most important stretch of the Turag River in terms of dolphin abundance. This study is an effort to make an informed assessment of river dolphin’s status in specific areas in this river for the first time. Alam and Sarker [26] mentioned that the Ganges river dolphins are location-specific and they identified 15 locations in the Buriganga River, which is adjacent to the present study’s site. However, we also found the dolphins in 10 different specific locations within the study area (Table 1). Seasonal changes in distribution were found: the maximum number of dolphin sightings was recorded in the wet season (August to November); dolphin sightings decreased from December to February because of the dry season. Lower counts in the dry season may be because pollution is concentrated and dolphins migrate to other areas [12]. Water pollution, reduced water flow, and boat traffic were observed to be the major threats of the river dolphins in the Turag River ecology. Interviewer also recorded answer with “yes” from 15 boatmen and 12 fishermen through cross-check interview in the bank of the river.
We recorded maximum encounter rate of 0.49 sightings km−1 in October 2013 in the Turag River (Figure 6). On the other hand, encounter rate was 0.13 in the Jamuna River (189.6 km) in October 1995 and 0.08 sightings km−1 in the Kushiyara River (113.0 km) in April 1996 [33]. The encounter rate in the Brahmaputra River was 0.24 sightings km−1 [34] and in the Karnaphuli river it was 0.76 sightings km−1, respectively [22]. In a survey in the Koshi River, Nepal (a range of 38 km), also eight dolphins sightings were recorded between the Koshi Barrage and Barahachetra during the period from October 2006 to January 2007 [35]. The variations in encounter rates of this river dolphin might be attributed to length and width of the rivers. The water level and dolphin density () or the water level and sightings presented a strong positive correlation (), meaning that more dolphins can be sighted in high water level. Water level could be an important factor that influenced the dolphin density and sighting in this study area. The changes in dolphin’s densities are due to fluctuations in water levels [20]. Ganges river dolphins also appeared in various rivers of the Sub-Himalayan Cooch Behar district of West Bengal, India, on dry season habitat condition [2]. Therefore, in the dry season, dolphins may leave Turag mainly due to adverse water quality of this river and again return to Turag in the time of high water level (during rainy season).
The results of this study can lend insight into a number of ecological features driving the formation of groups in river dolphins and direct the focus of further research and influence management actions. Chemical pollution, in addition to habitat destruction, is a significant factor in the observed decreases in river dolphin populations [36]. Furthermore, river dolphins are often found in small groups, with two individuals being the most common group size found in this study (Table 1). The Ganges river dolphin usually travels alone or in small groups, but as many as 3 to 10 individuals have also been observed feeding in some other areas [14, 33]. Further detailed studies are necessary to identify the causative/limiting factors. However, if this environment exists for long time, there is a possibility that the dolphin would face extirpation from this river.
Other threats to the Ganges river dolphin in the Turag River include boat traffic from motor vessels of different types and size [11, 12, 26]. Alam [37] found that, on average, 188 vehicles crossed two different observation points in the Buriganga River and another 1,270 vehicles remained standing around the same points. The constant noise of vessel traffic might inhibit the ability of river dolphins to avoid collision with potential fatal consequences [33]. However, we have frequently seen the dolphins to avoid vessels in the Turag River (Figure 4). Flood pulses are essential for maintaining productivity and seem to be major factors governing the dolphins’ behavior. Furthermore, the entire river faces environmental threats by encroachment of river area for physical infrastructures like land and housing development, brick kilns, and sand loading, which make the river and river channel narrower, decreasing the dolphin habitat (Figure 5). Our results may provide some guidance for identifying areas of high conservation importance in the river ecology for river dolphins. Future research should focus on how river ecology is affected through flood or pollution for better management of natural resources and river dolphin. Also fund or support is required to conserve river dolphin in the Turag River.




	
	
		
			
		
		
	


Figure 4: Transport vessels moved on feeding zone of river dolphin in the Turag River.






	
	
		
			
		
	


Figure 5: Environmental threats of Turag River. (1, 2, and 3) Encroachment of river by filling up river beds. (4) River fill-up by sand using unload dredgers. (5) River blocked by water vessels. (6) Brick field along the river.






	
	
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
				
					
						
							
								
									
										
											
												
													
														
															
													
												
											
										
									
								
							
						
					
				
			
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
	


Figure 6: Monthly encounter rates of Ganges river dolphins in the Turag River.


The Ganges river dolphin is the only aquatic mammal in certain riverine ecosystems on the Indian subcontinent. It is one of four species of freshwater dolphins found globally. Various anthropogenic activities including industrial and domestic pollution, boat traffic, reduced water flow and prey depletion mainly in the dry season, and housing/land development projects along the Turag River are potential threats for the long-term survival of the Ganges river dolphin. Our study shows the need for improved public policies aiming at the conservation of this endangered dolphin species and for programs of environmental education to raise the awareness of local residents regarding their land and its fishes and dolphin. A wide study is straightway essential in the Turag River system for conservation of the species as it is endangered (A2abcde) in IUCN Red List. River dolphins need to be considered in the valuation of impacts of river water improvement plans.
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