


An assessment of the fish assemblage in dolphin-inhabited areas of Assam

 

ABSTRACT
[bookmark: _Hlk209145546]Several causes have been identified for the steady decline of the Gangetic dolphin (Platanista gangetica gangetica). Several causes have been proposed for the steady decline of the Gangetic dolphin in the rivers of Assam. As fish are the primary food source of dolphins, an in-depth study was conducted to assess the fish diversity and abundance in selected dolphin-inhabited areas of Assam. An attempt is made to provide detailed insights into the hydrobiological characteristics, including the major physicochemical parameters, of the Brahmaputra and Barak Rivers in Assam. The various issues about river management and fisheries ecology have been addressed.  The negative impacts of human activities, such as the regulation of water flow, overfishing, and siltation on aquatic habitats and their biota have been pointed out. It also highlights issues such as habitat alteration and calls for urgent conservation efforts to save the aquatic habitats and their associated biota. 	Comment by Manas Paramanik: Both sentences give similar information. Should be concise.	Comment by Manas Paramanik: Methodology, in short, should be mentioned.
Specific results and outcomes of the study should be included, instead of making generalised statements.
Keywords: Ichthyospecies, river dolphin, habitat ecology, R. Brahmaputra, R. Barak, Assam	Comment by Manas Paramanik: revise

1. INTRODUCTION

Aquatic ecosystems interact with various physical, chemical, and biological processes, which in turn depend on the physical structure of the Earth's surface (Braulik et al.,2012). It is crucial to comprehend how aquatic systems and broader landscapes will respond to climate change. As numerous forces continue to alter the water landscape in the Himalayan region, adaptation to the changing environment must be prioritized for the protection of aquatic megafauna, including the river dolphin. The Gangetic dolphin (Platanista gangetica gangetica), India's national aquatic animal, was once considered abundant, with an estimated population of tens of thousands; the numbers were estimated to be between 4,000 and 5,000 (Mohan et al., 1997). This was later reported to have dropped to around 2000 individuals by the beginning of the 21st century (Bashir et al., 2012; Braulik et al., 2012; Behera et al., 2013). The sharp decline of the Gangetic dolphins throughout their entire distributional range was due to several factors, mostly because of habitat shrinkage, poaching for oil, accidental killing, and shortage of prey food (Shrestha, 1989; Biswas et al., 1997; Kelkar et al., 2010; Baruah et al., 2012; Singha et al, 2013; Sinha & Kannan, 2014; Paudel & Koprowski, 2020, ; Braulik et al., 2021). The Gangetic dolphin is an exclusively piscivorous mammal, and it is well-known that the dolphin prefers the particular riverine habitats where fish assemblage is high (Sinha et al., 2000), a stretch where fish congregate. The feeding behaviour and food preferences were discussed primarily in the context of how they might relate to the role of prey depletion as a causative factor (Reeves & Leatherwood, 1995). However, very little information has hitherto been available about the prey base in the dolphin-inhabited area. Therefore, the fish assemblage pattern in certain known dolphin inhabited areas of Assam was investigated to assess the relationship between the fish abundance and the existence of the Gangetic dolphin. 

2. MATERIALS AND METHODS
2.1 About the study area: The study areas include the dolphin-inhabited areas of the Brahmaputra and the Barak rivers of Assam. Three sampling sites in the Brahmaputra system and five past dolphin-sighting areas were selected for the present study. The exact locations of the study areas are as follows:-
(1) R. Dibru in Tinsukia Dist. (N 27°35΄39.7˝ - E 95°19΄32.8˝);
(2) Maguri Beel in Tinsukia Dist. (N 27°34΄36.2˝ - E 95°23΄42.9˝);
(3) R. Brahmaputra at Nimatighat in Jorhat Dist. (N 26°51΄31.0˝ E 94°14΄55.4˝);
(4) R. Barak  (a)  Narain Dahr ( 24°43'36.8"N 93°04'07.8"E)
(b) Dilkush Dahr ( 24°46'52.2"N 93°01'56.1"E)
    (c) Lalmati Dahr ( 24°49'37.2"N 92°51'43.0"E)
(d) Neairgram Dahr (24°47'37.5"N 92°50'00.0"E)
(e) Kathakal point (24°49'40.8"N 92°38'16.6"E)                   

2.2 Physicochemical parameters of water: Water samples were collected from all the sampling sites every month for consecutive 2 years from December 2021 to November 2023 and finally the monthly data was divided into four seasons. The samples were collected in plastic containers from a depth of 5–10 cm below the surface water at each sampling site. The physicochemical characteristics of water like temperature, pH, transparency, conductivity, dissolved oxygen (DO), total dissolved solids (TDS), total alkalinity, total hardness, and calcium were determined seasonally by following the standard methods of Trivedy et al. (1987) and APHA (2005). 
2.3 Fish sampling: Collection of the fish specimens was done on a seasonal basis i.e. PRM (Mar-May), M (June-Aug). PSM (Sept-Nov) & W (Dec-Feb) with the help of volunteer fishermen using cast and gill nets of different mesh sizes, and different traditional bamboo traps from the various study sites as well as from different fish landing centers of the river and were identified using standard taxonomic keys following Talwar & Jhingran (1991), Nelson (1994) & Vishwanath et al., (2014). The confirmation of the scientific name of the collected specimens was identified with the help of whereas the nomenclature was based on Fish base (2014) (https://www.fishbase.se.), and Seriously Fish, (2009) (https://www.seriouslyfish.com) and Catalog of Fishes (Eschmeyer et al., 2021). The conservation status of the fish specimens was determined using the IUCN Red List (IUCN, 2021) (https://www.iucnredlist.org).	Comment by Manas Paramanik: Full form in first use and abbreviation in brackets
[bookmark: _Hlk175001804]2.4 Evaluation of fishing intensity and gears used: Fishermen of the study areas were personally interviewed through a semi-structured interview schedule on the basis of a questionnaire. Information regarding the type of fishing gears operated, gear operation, their dimensions, species composition and average catch were was recorded. Types of fish caught and catch per unit effort (cpue) of all principal fishing gears were recorded. Fishing intensity was recorded seasonally (Biswas, 1993).
2.5 Health status of fish: Condition factor (K) is used to compare the condition or the well-being of the fish and is based on the hypothesis that fish with a heavier weight of a given length exhibit a better physiological condition (Bagenal,1978). The K factor is influenced by the age of fish, sex, season, stage of maturation, fullness of gut and type of food   consumed (Sarkar et al, 2019). 

List 1 : K Value Classification for Fish Health and Body Condition	Comment by Manas Paramanik: Should be mentioned in the text. 
Give reference for the standard scale in List 1.
	K value
	Remark

	1.60≥
	Excellent condition

	1.40-1.60
	Good health, a well-proportioned fish

	1.20-1.40
	Fairly healthy fish

	1.0-1.20
	Poor health, long and thin body

	≤1
	Extremely poor health, having a big head, and thin body



3. RESULTS
3.1 Fish diversity: In and around of the Dibru-Saikhowa National Park is a prominent area for river dolphin sighting. The Brahmaputra, Dibru, and Lohit rivers that almost completely encircle Dibru-Saikhowa and the numerous rivulets and channels that crisscross the entire 340 km2 of the national park provide ample habitat for several species of fish. The commercial fishery here is mostly dominated by three major groups of fish: (a) Catfish such as Wallago attu, Sperata aor,  Eutropiichthys vacha, Clupisoma garua, Rita rita, Ompok spp, and Mystus spp.; (b) carps and barbs represented by Labeo bata, L.calbasu, L.gonius, L.pangusia, Catla catla, Cirrhinus mrigala, C.reba, Cabdio spp., Puntius spp., and Pethia spp; (c) miscellaneous groups comprised of Notopterus notopterus, Trichogaster spp. Channa spp., Anabus testudineus, loaches, etc. On average, the catfish group (Bagridae, Siluridae, Schilbeidae, and Sisoridae) contributed about 35% of the total catch, carps (Cyprinidae) approximately 30% and the rest was shared by the miscellaneous group, mostly murrels. The trend of fish landing in other sampling sites in the surveyed dolphin-inhabited area of the Brahmaputra basin is almost similar. The list of species recorded in the surveyed area is given in Table 1. The cyprinids (carps and barbs) were found to be dominant in the species composition of the studied area  (Table 1 ).



Table 1:  Fish species recorded in the river dolphin inhabited areas of Assam
	Order
	Family
	Scientific name
	IUCN
status
	Local status

	Osteoglossiformes
	Notopteridae
	Notopterus notopterus (Pallas, 1769)
	LC
	Common

	
	
	Chitala chitala (Hamilton, 1822)
	NT
	Occasional

	Anguilliformes
	Anguillidae
	Anguilla bengalensis (Gray, 1831)
	NT
	Rare

	
	Ophichthidae
	Pisodonophis boro  (Hamilton, 1822)
	LC
	Rare

	Clupeiformes
	Engraulididae
	Setipinna brevifilis (Valenciennes, 1848)
	DD
	Occasional

	
	
	 Setipinna phasa  (Hamilton, 1822)
	DD
	Occasional

	
	Clupeidae
	Gudusia chapra  (Hamilton, 1822)
	LC
	Occasional

	
	
	Tenualosa ilisha   (Hamilton, 1822)
	LC
	Occasional

	
	
	Gonialosa manmina  (Hamilton, 1822)
	LC
	Occasional

	












Cypriniformes
	












Cyprinidae
	Amblypharyngodon mola        (Hamilton, 1822)
	LC
	Common

	
	
	Cabdio morar (Hamilton, 1822)
	LC
	Common

	
	
	Chela cachius   (Hamilton, 1822)
	LC
	Occasional

	
	
	Cirrhinus mrigala (Hamilton, 1822)
	LC
	Common

	
	
	C. reba (Hamilton, 1822)
	LC
	Occasional

	
	
	Crossocheilus latius  (Hamilton, 1822)
	LC
	Rare

	
	
	Cabdio jaya (Hamilton,1822)
	LC
	Occasional

	
	
	C. Morar (Hamilton,1822)
	VU
	Occasional

	
	
	Devario devario   (Hamilton, 1822)
	LC
	Occasiona

	
	
	Esomus dandrica (Hamilton, 1822)
	LC
	Common

	
	
	Catla catla (Hamilton, 1822)
	LC
	Common

	
	
	L. calbasu (Hamilton, 1822)
	LC
	Common

	
	
	L. gonius (Hamilton, 1822)
	LC
	Common

	
	
	L. pangusia (Hamilton, 1822)
	NT
	Rare

	
	
	L. rohita (Hamilton, 1822)
	LC
	Common

	
	
	Neolissochilus hexagonolepis (McClelland, 1839) 
	NT
	Rare

	
	
	Osteobrama cotio (Hamilton, 1822)
	LC
	Occasional

	
	
	Pethia conchonius (Hamilton, 1822)
	LC
	Occasional

	
	
	Puntius chola (Hamilton, 1822)
	LC
	Common

	
	
	Puntius sophore (Hamilton, 1822) 
	LC
	Rare

	
	
	Pethia ticto(Hamilton, 1822)
	LC
	Common

	
	
	Systoma sarana (Hamilton, 1822)
	LC
	Common

	
	
	Rasbora daniconius (Hamilton, 1822)
	LC
	Occasional

	
	
	Salmostoma bacaila (Hamilton, 1822)
	LC
	Common

	
	
	S. phulo (Hamilton, 1822)
	LC
	Common

	
	
	Securicula gora (Hamilton, 1822)
	LC
	Occasional

	
	
	Schistura scaturigina (McClelland, 1839)
	LC
	Occasional

	
	

Cobitidae 
	Botia dario (Hamilton, 1822)
	LC
	Common

	
	
	Canthophrys gongota (Hamilton, 1822)
	LC
	Occasional

	
	
	Lepidocephalichthyes guntea (Hamilton, 1822)
	LC
	Common

	
	 Nemacheilidae
	Acanthobitis botia (Hamilton, 1822)
	LC
	Occasional

	








Siluriformes
	
Sisoridae
	Bagarius bagarius (Hamilton, 1822)
	VU
	Rare

	
	
	Bagarius yarrellii (Hamilton, 1822)
	VU
	Rare

	
	
	Gagata cenia (Hamilton,1822)
	LC
	Common

	
	
Siluridae
	Ompok bimaculatus (Bloch, 1794)
	NT
	Rare

	
	
	O. pabo (Hamilton, 1822)
	NT
	Rare

	
	
	Wallago attu (Bloch & Schneider, 1801)
	VU
	Common

	
	Chacidae
	Chaca chaca (Hamilton, 1822)
	LC
	Occasional

	
	Heteropneustedae
	Heteropneustus fossilis (Bloch, 1794)
	LC
	Occasional

	
	


Schilbeidae
	Ailia coila (Hamilton,1822)
	NT
	Common

	
	
	Clupisoma garua (Hamilton,1822)
	LC
	Common

	
	
	Eutropiichthys murius (Hamilton, 1822)
	LC
	Common

	
	
	Eutropiichthys vacha (Hamilton,1822)
	LC
	Common

	
	
	Neotropius atherinoides (Bloch, 1794)
	LC
	Rare

	
	
	Pachypterus atherinoides (Bloch, 1794)
	LC
	Rare

	
	
	Silonia silondia (Hamilton, 1822)
	LC
	Rare

	
	




Bagridae
	Batasio tengana (Hamilton, 1822)
	LC
	Occasional

	
	
	Hemibarus menoda (Hamilton, 1822)
	LC
	Common

	
	
	Mystus cavasius (Hamilton, 1822)
M.dibrugarensis (Chaudhuri,1913)
	LC
LC
	Occasional
Occasional

	
	
	M. tengara (Hamilton, 1822)
	LC
	Common

	
	
	M. vittatus (Bloch, 1794)
	LC
	Common

	
	
	Rita rita (Hamilton,1822)
	LC
	Occasional


	
	
	Sperata aor (Hamilton,1822)
	LC
	Common

	
	
	S. seenghala (Sykes, 1839)
	LC
	Occasional

	
	Mugilidae
	Rhinomugil corsula (Hamilton, 1822)
	
	Common

	Beloniformes
	 Belonidae
	Xenontodon cancila (Hamilton, 1822)
	LC
	Common

	Cyprinodontiformes
	Aplocheilidae
	Aplocheilus panchax (Hamilton, 1822)
	LC
	Occasional

	Synbranchiformes
	Synbranchidae
	Monopterus cuchia (Hamilton, 1822)
	LC
	Common

	
	
Mastacembelidae
	Macrognathus aral (Lacepede, 1800)
	LC
	Common

	
	
	M.  pancalus (Hamilton,1822)
	LC
	Common

	
	
	Mastacembelus armatus               (Bloch & Schneider, 1801)
	LC
	Common

	









Perchiformes
	


Channidae
	Channa aurantimaculata (Hamilton,1822)
	LC
	Occasional

	
	
	C.bleheri (Vierke,1991)
C. gachua (Hamilton,1822)
	LC
LC
	Occasional
Common

	
	
	C. marulius (Hamilton,1822)
	LC
	Occasional

	
	
	C. marulius (Hamilton,1822)
	LC
	Occasional

	
	
	C. punctata (Bloch, 1793)
	LC
	Occasional

	
	
	C. striata (Bloch, 1793)
	LC
	Occasional

	
	
Osphronemindae
	C. stewartii (Playfair, 1867)
	LC
	Commom

	
	
	Trichogaster fasciata                           (Bloch & Schneider,1801)
T. lalius (Hamilton,1822)
	LC

LC 
	Common

Occasional

	
	
	T. sota (Hamilton,1822)
	LC
	Occasional

	
	Anabantidae
	Anabus testudineus (Bloch, 1792)
	DD
	Occasional

	
	Gobiidae
	Glossogobius giuris (Hamilton,1822)
	LC
	Common

	
	Cichlidae
	Oreochromis mossambica (Peters, 1852)
	VU
	Rare

	
	Nandidae
	Nandus nandus (Hamilton,1822)
	LC
	Occasional

	
	Badidae
	Badis badis (Hamilton,1822)
B. assamensis Ahl, 1937
	LC
LC
	Occasional
Occasional

	
	 Sciaenidae
	Otolithoides pama (Hamilton, 1822)
	DD
	Occasional

	
	
Ambassidae
	Chanda nama (Hamilton, 1822)
	LC
	Common

	
	
	Parambassis lala (Hamilton, 1822)
	NT
	Rare

	
	
	Parambassis ranga (Hamilton, 1822)
	LC
	Occasional

	Tetradontiformes
	Tetraodontidae
	Leiodon cutcutia (Hamilton,1822)
	LC
	Occasional


 



3.2 Fish health status: The condition factor (K) and growth coefficient (b) of certain randomly selected fish species were calculated to assess the health status. The seasonal growth coefficient of almost all the species studied was <3.0. However, the K factor was found to be > 1.0 in most of the species throughout the year . Among the studied species, Mystus cavasius was in poor condition, and Macrognathus aral, with a K value of 1.807, depicts the excellent condition of the species (Table 2). K value for most of the fish was found to be > 1, which indicates that the fish were in a good, healthy condition. 














Table 2: Seasonal condition (K) factor and  growth co-efficient (b) of selected fish  species 
	 Seasons→
	Pre-Monsoon
	Monsoon
	Post-Monsoon
	Winter

	Fish species↓

	
	
	
	

	
	Mean “b" value
	Mean “K” value
	Mean “b” value
	Mean “K” value
	Mean “b” value
	Mean “K” value
	Mean “b” value
	Mean “K” value

	1.Canthophrys gongota
	2.61
	1.14±0.31
	2.89
	1.67±0.17
	2.81
	1.53±0.09
	2.52
	1.03±0.23

	2. Botia dario
	2.77
	1.01±0.45
	3.15
	1.44±0.63
	2.44
	1.23±0.07
	2.31
	1.0±0.06

	3. Trichogaster fasciata
	2.73
	1.17±0.17
	2.97
	1.78±0.32
	2.32
	1.34±0.21
	2.57
	1.13±0.18

	4. Xenentodon cancila
	2.88
	1.37±0.05
	3.13
	1.89±0.22
	2.65
	1.28±0.19
	2.52
	1.14±0.23

	5. Mystus cavasius
	2.47
	1.82±0.14
	2.64
	1.87±0.24
	2.55
	1.37±0.43
	2.51
	1.07±0.42

	6. Chanda nama
	2.45
	1.76±0.04
	2.46
	1.99±0.15
	2.67
	1.27±0.13
	2.41
	1.21±0.19

	7. Channa stewartii
	2.57
	1.16±0.09
	3.06
	1.87±0.22
	2.52
	1.33±0.22
	2.12
	0.83±0.22

	8. Puntius sophore
	2.36
	1.03±0.02
	2.99
	1.47±0.33
	2.61
	1.33±0.15
	2.43
	1.03±0.17

	9. Cabdio jaya
	2.42
	1.15±0.09
	2.88
	1.44±0.9
	2.64
	1.43±0.22
	2.49
	1.02±0.17

	10. Macrognathus aral
	2.53
	1.04±0.34
	3.28
	1.81±0.33
	2.68
	1.55±0.33
	2.45
	1.01±0.23

	11. Ompok pabda
	2.88
	1.24±0.44
	3.45
	1.78±0.32
	2.71
	1.42±0.01
	2.35
	1.04±0.16

	12.  Ailia coila
	2.51
	1.05±0.04
	3.19
	1.66±0.44
	2.59
	1.45±0.04
	2.19
	0.85±0.55

	13. Rasbora daniconius
	2.66
	1.18±0.9
	2.82
	1.33±0.14
	2.73
	1.23±0.14
	2.45
	1.04±0.05

	13. Badis badis
	2.87
	1.67±0.03
	3.63
	1.85±0.29
	3.21
	1.56±0.42
	2.55
	1.26±0.21





3.3 Fishing intensity: Catch per unit effort (cpue) was recorded season-wise in the Dibru River and in the Maguri Beel (Table 3A). Fishing intensity was lowest (0.67±0.20kg) in the monsoon with the cast net, a common fishing net used in the Dibru River and adjoining Maguri Beel. Again, with the cast nets, the catch per unit effort (cpue) was maximum in the post-monsoon season (0.93±0.33 kg), followed by the winter months (0.82±0.45 kg) and the pre-monsoon season (0.61±0.15 kg). Fishing by ber jaal (seine net) was recorded when the river is not flooded (Table 3B). However, with the fine-meshed gill nets, the catch is always better, due to the entanglement of undersized fish. The seine net was mostly operated in the post-monsoon and winter seasons (Table 3B). 






Table 3A: Seasonal fishing intensity in the Dibru River
	Fishing gear ↓
	Seasonal cpue in kg

	
	Winter
	Pre-monsoon
	Monsoon
	Post-monsoon

	Encircling gear
(Cast net)
	0.82±0.45
	0.74±0.17
	0.67±0.20
	0.93±0.33

	Scooping gear
(Lift net)
	0.52±0.23
	0.67±0.33
	[bookmark: _Hlk173356295]0.80±0.24
	0.93±0.36

	Seine net
	[bookmark: _Hlk173358223]1.25±0.24
	--
	--
	1.65±0.30

	Fine meshed Gill net 
	1.63±0.18
	[bookmark: _Hlk173357325]1.70±0.21
	[bookmark: _Hlk173357404]1.65±0.25
	1.67±0.67




	Fishing gear
	Local name
	Size (length/ bredth) in m
	Mesh size
(mm)
	Major target species
	Seasons of operation
	Average catch/day
(kg/day)

	Cast net
	Khewali Jaal
	Length 2.0 -2.5 
	7-15
	 Small fish
	All seasons
	1.5-2.0

	Entangling gears
	Langi Jaal
	Highly variable
	8-20 
	Small-sized fish 
	Dry season
	3.0-5.0

	
	Phansi Jaal
	Length 30-60, Breadth 0.90-1.20
	10-35 
	Mostly carps, barbs 
	Pre-monsoon, monsoon and winter
	4-6

	Scooping gear
	Dheki Jaal
	Length 6.0 -7.5
	50-80
	Carps and barbs
	Monsoon
	5-7



Table 3B: Catch per unit effort (cpue) of major fishing gears used in the Dibru River

3.4 Habitat ecology: Physico-chemical parameters of the Barak (Table 4) and the Brahmaputra River (Table 5) were found well within the permissible limit (BIS, 2005). However, water depth, during dry season was found to be very low in the Brahmaputra River at Nimatighat.

Table 4: Mean physico-chemical parameters of water at various sampling sites of R. Barak
	Sampling
sites
	Water temp.
 (0C)
	pH
	Conductivity (m/s)
	TDS (mg/L)
	D.O(mg/L)

	
Narain Dahr
	18-30.2
27.24 ± 2.75
	6.6-7.84
7.24 ± 0.28
	70-140
100.47 ± 22.90
	20-60
34.68 ± 11.02
	6.23-8.5
7.62 ± 0.56

	
Dilkush Dahr
	19.2-30.7
26.93 ± 3.25
	6.8-7.5
7.26 ± 0.25
	60-140
103.33 ± 26.33
	20-60
35 ± 10.72
	6.23-8.1
7.48 ± 0.56

	
Lalmati Dahr
	24.7-30.2
27.70 ± 1.75
	6.8-7.66
7.29 ± 0.32
	60-140
103.80 ± 27.65
	18-62
38.78 ± 11.10
	5.85-8.1
7.43 ± 0.72

	
Neairgram Dahr
	18.8-30
26.9 ± 3.10
	6.81-8.5
7.39 ± 0.43
	60-150
101.90 ± 25.42
	27-60
39.47 ± 11.47
	6.26-8.6
7.25 ± 0.67

	Katakhal Point
	25-31
28.20 ± 2.03
	6.5-7.8
7.28 ± 0.31
	70-150
108.42 ± 25.66
	29-62
41.72 ± 12.02
	6.5-8.4
7.43 ± 0.54





Table 5: Mean seasonal physico-chemical parameters  of R. Brahmaputra at Nimatighat
	Parameters
	Monsoon
	Post-monsoon
	Winter
	Pre-monsoon

	Air temperature(ºC)
	32.6 ±1.1
	30.1±0.05
	22.0 ±0.67
	34.3±0.21

	Water temperature(ºC)
	25.9 ±0.56
	24 ±0.03
	15 ±0.32
	26.1±0.23

	pH
	6.7 ±0.29
	6.9±0.20
	7.5±0.24
	7.2±0.12

	Water Depth(m)
	15.21±3.03
	11.76±2.03
	1.7±0.85
	5.3±1.64

	Transparency(cm)
	15.0±3.9
	23.0±1.9
	70.8±2.8
	45.0±1.8

	Current flow(m/s)
	1.01±0.07
	0.79±0.32
	0.43±0.12
	0.76±0.09

	Conductivity(µScm-1)
	70.0 ±2.16
	117.0 ±1.5
	71.0±1.8
	107.0±1.3

	Dissolved oxygen(mg/l)
	6.52±0.05
	6.16±0.15
	5.9±0.30
	6.23±0.21

	Free CO2(mg/l)
	2.2 ±0.2
	4.1 ±0.4
	4. 2 ±0.7
	4.2 ±0.32

	Total alkalinity(mg/l)
	50.6±0.10
	63.6±0.05
	112. 5±0.05
	92.5±1.13



3.5 Sighting of river dolphins: A dolphin survey was conducted in the upstream of the R. Barak from Fulertal ghat to Jaikura dahr (about 40km) to investigate the physical status of the river in October 2021 and also in May 2022. This particular stretch of R. Barak was a well-known dolphin habitat till the 1980s. Certain known dolphin-inhabited areas were visited, but not a single dolphin was sighted in the particular riverine stretch of about 25 km. The riverbank on the two sides of the Barak is fairly stable. Both sides of the river banks have excellent riparian vegetation the banks are also utilized for cultivation of seasonal crops. R. Barak is an excellent mode of communication as well as transportation of goods. Fishing pressure is evident as undersized fishes (Bagarius bagarius, Aorichthys aor, and Rita rita) are seen at the local fish market (Fulertal ghat). Use of a fine-meshed gill net was noticed during the trip. Illegal fishing using explosives is said to be a common practice in the upstream of the river. Another trip was made in May 2023 in the downstream from Katakhal to Bhanga, but in this trip too, no dolphin was sighted. 
 In the Subansiri River, the largest north bank tributary of the Brahmaputra, dolphins were mostly congregated at Dhunaguri point, near the confluents, where there is a high concentration of fish assemblage. In June 2023, 5 dolphins, including a calf, were noticed. Biswas (2023) reported that the water temperature of the Brahmaputra and its tributaries ranges from 18.5 °C (Dec-Jan) to 27.8 oC (Jun-July) in the main river and tributaries, while it was from 11.2 to 32.7 oC in the beels (riparian wetlands). The pH of water shows no definite seasonal trend and ranges between 7.2 and 7.7 in lotic systems. A marked difference in the seasonal values of transparency (17.9-45.8cm), total dissolved solids (76.5–133.5 mg/L), and conductivity (94-136.6 μS/cm) has been noticed. The river and the adjoining wetlands remain turbid during rainy months, but the situation considerably improves during the dry season. High fishing intensity was observed in the receding floods, especially near the confluents of the tributaries, as well as the mouth of the connecting channels of the beels.

4. DISCUSSION	Comment by Manas Paramanik: Several previous studies on various aspects of dolphin population reduction are reviewed and mentioned here, but their relation or comparison with the present study is not discussed at all. Then what is the significance of mentioning them here? Extensive revision is necessary.
The fisheries sector significantly contribute to states economy by offering livelihoods to numerous inhabitants (Baruah & Hazarika, 2019; Biswas & Abujam, 2022). However, several challenges have been faced by the sector including the underutilisation of natural aquatic ecosystems and the adverse impact of flooding (Debnath et al., 2021). Having in a high rainfall zone (Biswas, 1996), the subtropical climate of Assam, offers potential for freshwater fish cultivation, sustainable resource management and suitable farming systems are essential for enhancing fish production and generating employment (Pomeroy & Andrew, 2011). Socio-economic research indicates that numerous fishermen in Assam lacks formal education and dearth of proficiency in contemporary fishing methods, underscoring the necessity for policy interventions to rectify these challenges and enhance the overall condition of the fishing community (Baruah & Hazarika, 2019). Efficient management of Assam's fishery resources is essential for economic advancement and the preservation of its abundant aquatic biodiversity for the nutrition of the state's populace (Daniel, 2017).
 The condition of a fish is prone to variation owing to various factors depending on its nutritional profiles and biological cycles. It shows significant variation among fish species inhabiting in different geographical locations (Blackwell et al., 2000).  The condition factor not only helps in determining the feeding condition it also helps in understanding the gonadal development (Biswas, 2002). Therefore, the index is widely used to compare the wellness or health status of a fish and ultimately assessing the fish stock assessment of a riverine area (Seher & Suleyman, 2012). 
Physiochemical properties play a significant role in fish assemblage (Bhat et al., 2004; Biswas, 2014; Das & Biswas, 2019; Deb et al., 2024). Cyprinids dominate the assemblage’s structure as they occupy all possible habitats in the study areas due to their high adaptive variability.  Widespread distribution and their high abundance suggest that cyprinids are able to cope up with an extensive range of environmental conditions (Porter et al., 2015). High fishing intensity was observed in the receding floods, especially near the confluents of the tributaries, as well as the mouth of the connecting channels of the beels. Larger numbers of individuals are commonly found in pool habitat and at the confluences whereas fewer, smaller individuals in shallow habitat.  Variations in species diversity at sampling stations suggested that changed environments supported fewer biological communities, whereas less disturbed sites were characterized by a diversified fish fauna in a range of environments, as the present study clearly demonstrated. Relationship with habitat diversity and fish diversity in the Barak follows a similar pattern of habitat concept. 	Comment by Manas Paramanik: How is this concluded? No such evidence in the results and tables of the present study.
 The importance of habitat has already been identified as the primary basis for the organization of biological communities. Several studies have examined the structure of the fish community  in order to forecast species richness (Arunachalam, 2000; Biswas, 2021 & 2023). Biswas (2023) reported that the water temperature of the Brahmaputra and its tributaries ranges from 18.5 °C (Dec-Jan) to 27.8 oC (Jun-July) in the main river and tributaries, while it was from 11.2 to 32.7 oC in the beels (riparian wetlands). The pH of water shows no definite seasonal trend and ranges between 7.2 and 7.7 in lotic systems. A marked difference in the seasonal values of transparency (17.9-45.8cm), total dissolved solids (76.5–133.5 mg/L), and conductivity (94-136.6 μS/cm) has been noticed. The river and the adjoining wetlands remain turbid during rainy months, but the situation considerably improves during the dry season.  There have been several changes in the riverine fish community in the Barak and the Brahmaputra systems due to various physical, chemical, and biological properties (Biswas et al., 2018; Lianthuamluaia et al., 2023). According to Basavaraja et al. (2014), seasonal variations in water quality indicators such as water temperature, pH, electrical conductivity, DO, BOD, and turbidity were investigated. Singha et al. (2013) reported that during the first flooding (May–June), individual dolphins were sighted moving upstream. This is the time that most of the riverine fish move upstream for spawning ( Biswas, 2021) and adjoining wetlands act as spawning ground for most of the riverine fish species (Biswas & Michael, 1992;; Bhattacharjee et al., 2024). 
Habitat is the comprehensive surroundings of plants, animals, and the adjacent environment, and it is a particularly useful indicator for evaluating river health because it provides the natural link between the physical environment and its inhabitants (Maddock, 1999). The two main characteristics of aquatic environments are their hydrology and water quality. In aquatic ecosystems, appropriate habitats are critical to species survival and variety. Therefore, habitat conservation or improvement is essential to aquatic ecosystem recovery (Bellmore et al., 2012).  Based on the Rosgen system of river/stream categorization, the river's degree of entrenchment was determined. Changes in water quality and physical structures of channels alter the composition of the biotic community and reduce the biological biodiversity of the river ecosystem. Biswas & Boruah (2000) viewed that continuous widening and aggradation of the Brahmaputra due to bank erosion, high rate of siltation, and loss of prey base in the habitat are major threats to the survival of dolphins. High rate of siltation has also reduced the depth of the river, especially ‘deep pools’ by 30% in the last four decades, and this is the prime reason for the shrinkage of dolphin habitats in the upper reaches of the Brahmaputra. Participatory approach, involving all the stakeholders for the sustainable development of fisheries, has also been advocated (Boruah & Biswas, 2002). One of the reasons for the gradual decline of dolphins in Assam is the fragmentation of the dolphin habitat and inadequate prey base. Boruah et al. (2008) also depicted the occurrence of a major avulsion and the highly braided nature of the Brahmaputra, which in turn affects the habitat of aquatic megafauna.
 Intentional killing for body oil and incidental death by entanglement in fishing nets were widely reported (Shrestha, 1989; Biswas & Michael, 1992; Mohan et al., 1997; Biswas & Boruah, 2000 a,b; Reeves et al., 2000; Sinha & Kannan, 2014). In one particular instance, more than 50 dolphins were killed and their body oil was extracted by some professional killers at Narain Dahr, in the upstream of the Barak (near Assam-Manipur border) in 1985-86. Since then, no ‘residential’ dolphin has been reported from the upstream of the Barak. 
The establishment of dams, embankments and other water infrastructure initiatives has led to habitat destruction and the disruption of fish migration patterns in India (Biswas & Boruah, 2007; Das et al., 2017). Agricultural runoff, industrial effluents and domestic sewage are adversely impacting freshwater fishes (Biswas, 2014). Again, overfishing poses a substantial threat, as inadequate management and regulation of fisheries result in the overexploitation and depletion of fish populations (Biswas et al., 2018). Climate change presents a considerable threat, as alterations in temperature and precipitation patterns influence the distribution and abundance of fish populations in India (Bhattacharjya et al., 2017). Invasive species, including the Nile tilapia, are causing the decline of native fish species and jeopardising the livelihoods of fishing communities in India (GIZ,2014; Das et al., 2017; Singh, 2021).
Strategies for fish conservation: Fish catches from inland waters have declined due to over-fishing, habitat degradation, together with climate change, El-Nino factors (Kogan, 2000) are well known. Many factors can influence the wellness of a fish species, like the quality of the habitat, population parameters, presence of food in the surrounding, and abiotic parameters of the habitat (Biswas, 2002). It is well-known that the developing countries are very much inclined towards fisheries resources (Pomeroy & Andrew, 2011). Therefore, it is necessary to implement effective measures to prevent the declining trend of production of fisheries and to eliminate the food shortage (Macusi et al., 2015), and also other mega-fauna like the Gangetic dolphin, dependent on riverine fish. Dams and embankments regulate the natural flow of the river along with temperature, and detritus loading, which provide optimal conditions for a large number of aquatic organisms (Reeves et al., 2000; Biswas, 2014).  The extensive use of water resources for fulfilling the demands of livelihood is creating stress in the waterbodies (Biswas, 2021). A widely accepted approach is integrating fisheries management into an ‘ecosystem approach’, which aims to balance conservation, sustainable use, and the fair allocation of benefits to the stakeholders. The application of the ecosystem approach to fisheries has been endorsed internationally through the United Nations Food and Agriculture Organization Code of Conduct for Responsible Fisheries (FAO, 2003). One of the strategies for conservation of fish bioresources is the ecosystem approach to fisheries management (EAFM). This approach considers interactions between (a) fish biota and fishermen, (b) fish habitats and environmental parameters and (c) the socio-cultural, economic, and governance systems related to the fishery (Garcia et al., 2003). However, EAFM requires varied types of information, financial involvement, legal and institutional cooperation, and stakeholder participation for the overall management of natural fisheries (Staples & Funge-Smith, 2009; Cowan et al., 2012). Institutional inertia often presents a significant barrier to cooperation across sectors and can lead to maladaptation. Surely, this can be addressed by establishing inter-ministerial coordination and cooperation among the various stakeholders (Heenan et al. 2015). During COVID- the COVID-19 period (2020 -21), significant changes were noticed in the physical and chemical attributes of the Brahmaputra, with direct and indirect knock-on effects on the restoration of aquatic habitats and replenishment of fish stocks to a large extent. Such changes will definitely help to accelerate and eventually dominate the impacts on inland fisheries production from local stressors. The well-being status of a species includes both the physical and psychological well-being, as stated by Bovenkerk & Meijboom (2020).    
5. CONCLUSION
The Gangetic dolphin faces a severe threat to its survival, as this aquatic mammal depends on fish as its primary food source. Overfishing is a serious threat, along with siltation, habitat shrinkage, and accidental killing due to entangling in nets. Therefore, fish conservation strategies must be implemented in conjunction with the strict enforcement of existing fishery laws, particularly in the upstream areas of the Barak River during the fishing ban period, and with the involvement of all stakeholders to maintain habitat quality and the prey base for the Gangetic dolphins.	Comment by Manas Paramanik: Only generalized statements were made. What is the outcome of the present study? The title of the study is not signified at all. Needs revision.
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