


Assessment Of Functional Feeding Groups Of Benthic Macroinvertebrates To Evaluate River Ecosystem Functioning In The Bhagirathi River, Indian Himalaya

Abstract
The present study was focused to determine the distributional patterns of the functional feeding groups (FFG) benthic macroinvertebrate in assessment of river health of the river Bhagirathi. The benthic macroinvertebrate samples were collected bi-monthly at seven stations (S1–S7) during November 2023 to October 2024. Scrappers (31%) were most dominant group at S1, while gathering collectors (37%), filtering collectors (36%), predators (30%) and shredders (13%) at S7, S6, S3 and S4, respectively. Longitudinally, scrapers declined from S1 to S7, while gathering collectors increased from S1 to S7. However, no definite patterns were observed for filtering collectors, predators and shredders. Shredders, scrappers, gathering collectors, filtering collectors and predators were found significantly different among the stations. Longitudinally, scraper decreased while filtering collector increased from headwater to mouth, shredder, gathering collector and predator did not exhibit any pattern. The functional state of the river exhibited two groups; shredder-scraper and collector-predator. 
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Introduction 
[bookmark: _Hlk214042860]Water resources are essential for preserving the ecosystem's composition, functionality, and material cycles (Vorosmarty et al., 2010). The Himalayan freshwater ecosystems are undergoing unprecedented changes, because the glaciers are retreating at accelerated rates and directly altering hydrological regimes of rivers like the Bhagirathi, Alaknanada etc. (Bhambri et al., 2011). Benthic macroinvertebrates are one of the important sensitive communities to pollution and habitat changes, and their variations in functional feeding groups indicate the trophic status of the river. “According to ‘River Continuum Concept” (Vannote et al., 1980) the variation in physical variables along the river length from headwater to mouth, control the structural and functional characteristics of communities.
Previously, in India, few studies have been conducted on Bhagirathi-Ganga River especially distribution and food chain assessment (Nautiyal 2010; Mishra and Semwal 2022; Kumar and Nautiyal 2023 Mishra 2024),  in Central Indian rivers (Mishra and Nautiyal 2013; Mishra et al., 2024). Thus, based on above information, the present study was designed to determine the functional state of the river Bhagirathi form headwear to mouth by using benthic macroinvertebrate communities.    
Materials and Methods
Study area 
The river Bhagirathi, one of the principal headstreams of the sacred Ganga, originates at Gaumukh, the snout of the Gangotri Glacier, located at an elevation of about 3,900 meters above sea level in Uttarkashi district, Uttarakhand, India (Figure 1). In its upper reaches, it flows through steep and narrow valleys, cutting across rugged Himalayan terrain characterized by sharp gradients, rocky substrates, and sparse alpine vegetation. The river receives contributions from numerous snow-fed tributaries and mountain streams, which maintain its perennial flow throughout the year. Eventually, at Devprayag, the Bhagirathi merges with the river Alaknanda to form the Ganga, which is revered as one of the holiest rivers in India and holds immense cultural, spiritual, and ecological significance.
 Characteristics of sampling stations
Seven sampling stations (S1–S7) were selected along the river length form origin to mouth. The forest landuse was observed at S1 (Bhojwasa), S2 (Gangotri), S5 (Dharasu) and S6 (Koteshwar), while station S3 (Harsil) was covered with forest – tourism landuse. The forest -agriculture landuse was evident at S4 (Gangori) and S7 (Devprayag), while forest landuse was observed at. The forest -agriculture landuse was also observed at S7 (Table 1). “The substrate predominance at each sampling station was estimated visually. If the river bed was extensively littered with cobble substrate followed by boulders and gravels, then substrate type was recorded as C: B: G. Substrate names and their categories were determined through Wentworth classification of substratum particle size” (Wentworth 1922, Blott and Pye 2012). 
Sample collections & Data Analysis
The benthic macroinvertebrates fauna was sampled bi-monthly between November 2023 to October 2024 by 0.09 m² frame, 500 µm mesh from 1foot square area. Ten quadrates (0.09m2 each) were operated at each station to cover all the possible microhabitats available within 200 m up and downstream of the river. “Lifting of stony substrates (boulder, cobble, pebble, gravel) and sieving of soft substrate (sand, silt, and clay) were adopted to collect benthic macroinvertebrate samples. The substratum in the form of small boulders, cobbles and pebbles was lifted carefully from the marked area and washed in a bucket full of water by dipping it a number of times to dislodge the attached fauna. The fauna that remained attached to the substrate surface were removed with the help of a brush. The bucket water was filtered through a 0.05 mm sieve to retain benthic macroinvertebrate fauna” (Singh & Nautiyal 1990). 
Total number of samples 126 =1*3*7*6) and preserved in 4% formalin and brought to Benthic Ecology Lab (BEL) for sorting and identification. Family level identification is used to determine the functional feeding group (FFG) in the rivers (Edmunds et al. 1976; Edington & Hildrew 1995; Cotta Ramusino et al. 1995; Merritt & Cummins 1996; Cummins et al. 2005). The count data were computed to obtain the functional feeding groups. A relative abundance of various taxa at the above stated sites was computed as a percentage of the total benthic macroinvertebrate count from 10 quadrates to determine the functional feeding groups. Functional similarity among the stations between these two rivers was determined from the relative abundance by cluster analysis (Ward’s methods). The ordination techniques (Correspondence Analysis) applied to determine the functional feeding groups of the various benthic macroinvertebrate fauna PAST; http://nhm2.uio.no/norlex/past/download.html).
Results and Discussion
           Total 43 benthic macroinvertebrate taxa were recorded along the river belonging to five functional feeding groups. Functionally, maximum 20 benthic macroinvertebrates taxa found belonging to predator, while 8, 6, 5 and 3 belong to gathering collectors, shredders, filtering collectors and scrappers, respectively (Table 2). However, richness increased from S1 to S4 and declined at S7 for predator, scraper and gathering collector, while shredder and filtering collector were highest at S3 then decline to S7 (Figure 2). 
The one -way ANOVA indicated shredder (F1,12 =9.89, p<0.05), scraper (F1,12 =49.34, p<0.05), gathering collector (F1,12 =35.83, p<0.05), filtering collector (F1,12 =10.38, p<0.05) and predator (F1,12 =47.38, p<0.05) were significantly different among the stations (Table 3). Among all the functional feeding groups, the taxonomic richness of taxa having predator role, were highly abundant due to presence of suitable environment for heterotrophic status of the Bhagirathi River. However, the taxa with collector (gathering and filtering) functioning were second important group, attributed to abundance of fine particulate organic matter (FPOM). The low richness of scrapers indicated poor autotrophic condition of the river. The abundance of heterotrophs was also evident in the river Bhagirathi in the during 1985 to 2005 (Nautiyal 2010).
The composition of functional feeding groups varied among the stations. Scraper was found dominant at S1 (46%) followed predator (25%), gathering collector (20%), shredder (7%) and filtering collector (2%). Similarly, at S2, 31% share was recorded for scraper and gathering collector each, followed by predator (24%), shredder (9%) and filtering collector (5%). However, at S3, gathering collector and predator were dominant simultaneously 30% each followed by scraper >filtering collector >shredder. At S4 gathering collector (29%) was most dominant followed by predator >filtering collector >shredder > scraper. At S5, gathering collector (34%) was most dominant followed >filtering collector> predator>scraper> shredder. At S6, filtering collector (37%) was dominant followed by gathering collector =predator >scraper >shredder. At mouth zone (S7), gathering collector (37%) was dominant > followed by predator >filtering collector >scraper >shredder (Figure 3). 
Longitudinally, scraper exhibited decreasing trend while filtering collector exhibited increasing trends in functional composition from headwater to mouth. However, shredder, gathering collector and predator varied irregularly along the river length (Figure 4). The cluster analysis functionally divided the river in 2 groups; a) scrapers-shredders and collectors, while taxonomically in headwater - mouth (S1-S2, S5-S6) and middle section (S3, S4-S5). However, the middle section further indicated grouping (Figure 5). Correspondence analysis (CA) indicated that axis 1 (eigen value=0.0956246) and axis 2 (eigen value=0.0167927) caused 77.33% and 13.58% variation in the functional feeding group (Figure 6). 
[bookmark: _GoBack]Vannote et al (1980) defined “characteristics of lotic communities and roughly be grouped into headwaters (orders 1-3), medium-sized streams (4-6), and large size rivers (>6).  As per hypothesis many headwater streams are strongly influenced by the riparian vegetations which reduces autotrophic production by shading and contributes large amounts of allochthonous detritus. By increasing stream size, the importance of terrestrial organic input is reduced with enhanced significance of autochthonous primary production and organic transport from upstream. The scrapers were dominant in the headwater section of the river indicated the autotrophic nature due to deforestation of the riparian vegetation in view of various developmental activities like hydroelectric project, tourism industry and road construction. The canopy cover area decreases in the headwater which allow sun rays penetration in to the river help periphyton growth”.
The abundance of periphyton provided habitat for the scraper. However, in the rest part of the river, collectors either gathering or filtering in nature, was dominant because of dominance of fine particulate organic matter (FPOM) in the river. The dominance of FPOM in middle to mouth section of the river, was attributed to conversion of coarse particulate organic matter (CPOM) in to FPOM via natural riverine process. However, adjacent landuse and as well seasonal/perianal tributaries also provide inputs in the form of FPOM to enhance the level. Minshall (1978) suggested that shifting from heterotrophic to autotrophic zone of river is primarily dependent upon the degree of shading. Jiang et al (2011) observed “the scrapers abundance upon the availability of the cobble substrate in Chinese river system”. “Collector gatherers were most abundant in downstream sites with fine substrates” (Mishra and Nautiyal 2013). According to Rawer-Jost et al (2000) and Kelly et al (2002), the benthic macroinvertebrates can change their feeding mechanism in varied environmental conditions. Unfortunately, the FFG information from the Bhagirathi River is very scarce, and fundamental research is very essential on this subject.
Conclusion:	
	The present study clearly indicated that scrapers were dominant in the headwater section while collectors were dominant in the remaining sections of the river Bhagirathi. Thus, the river was reported as heterotrophic functioning. At functional scale two zones were evident i.e. shredder-scraper and collector-predator zone.  
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Table 1: Geographical characteristics of the river Ganga at various stations. Acronyms: F- Forest, F+ Tou-Forest+ Tourist Place, F+ Ag=Forest+ Agriculture, F+Ct- Forest+ City, Ct-City, R-Rock, B-Boulder, C-Cobble, P-Pebbles, Gr-Gravel, S-Sand

	Station/Code
	Latitude 
(ON)
	Longitude
(OE)
	Altitude
(m)
	Source Distance 
(km)
	Landuse
Type
	Substrate Type

	Bhojbasa (S1)
	30.94944
	79.05
	3794.04
	5
	F 
	R+B+C

	Gangotri (S2)
	30.99389
	78.94167
	3068.89
	19
	F
	R+B+C

	Harsil (S3)
	31.03833
	78.73833
	2487.29
	39
	F+Tou.
	B+C+P+G

	Gangori (S4)
	30.755
	78.45667
	1183.31
	115
	F+Ag
	B+C+P+G

	Dharasu (S5)
	30.61
	78.31694
	865.98
	143
	Forest
	C+P+B+Gr

	Koteshwar (S6)
	30.25278
	78.52333
	542.41
	172
	Forest
	C+P+B+Gr

	Devprayag (S7)
	30.14778
	78.5975
	490.23
	196
	F+Town
	C+P+B+Gr





Table 2: Taxonomic composition of macroinvertebrate taxa along the river based. SH-Shredder, SC-Scraper, GC-Gathering Collector, FC-Filtering Collector, PR- Predator
	S.N. 
	FAMILY
	FFG
	S1
	S2
	S3
	S4
	S5
	S6
	S7

	1. 
	Ephemerellidae
	SH
	6
	7
	6
	6
	5
	-
	1

	2. 
	Helodidae
	SH
	-
	-
	-
	2
	4
	1
	-

	3. 
	Elmidae
	SH
	-
	4
	2
	1
	-
	3
	1

	4. 
	Helophoridae
	SH
	-
	-
	-
	5
	1
	2
	2

	5. 
	Limnephilidae
	SH
	-
	1
	6
	11
	10
	2
	2

	6. 
	Limoniidae
	SH
	-
	-
	-
	2
	4
	-
	2

	7. 
	Heptageniidae
	SC
	43
	43
	34
	25
	19
	18
	19

	8. 
	Psephenidae
	SC
	-
	-
	-
	1
	2
	-
	1

	9. 
	Blephariceridae
	SC
	-
	-
	1
	-
	7
	-
	-

	10. 
	Baetidae
	GC
	6
	13
	22
	14
	7
	12
	29

	11. 
	Leptophlebiidae
	GC
	6
	21
	12
	10
	17
	7
	5

	12. 
	Ephemeridae
	GC
	2
	4
	2
	4
	1
	1
	-

	13. 
	Caenidae
	GC
	5
	5
	10
	10
	3
	2
	3

	14. 
	Pyralidae
	GC
	-
	-
	-
	-
	-
	2
	-

	15. 
	Simuliidae
	GC
	-
	-
	3
	5
	12
	2
	4

	16. 
	Chironomidae
	GC
	-
	-
	7
	17
	32
	5
	3

	17. 
	Dixidae
	GC
	-
	-
	3
	1
	1
	1
	-

	18. 
	Hydropsychidae
	FC
	2
	6
	23
	37
	41
	36
	16

	19. 
	Philopotamidae
	FC
	-
	-
	3
	4
	6
	5
	-

	20. 
	Glossosomatidae
	FC
	-
	-
	1
	2
	2
	1
	-

	21. 
	Brachycentridae
	FC
	-
	-
	4
	4
	6
	-
	3

	22. 
	Annelida
	FC
	-
	-
	-
	-
	-
	9
	2

	23. 
	Gomphidae
	PR
	-
	-
	-
	3
	-
	-
	-

	24. 
	Lestidae
	PR
	-
	2
	2
	5
	2
	-
	3

	25. 
	Aeshnidae
	PR
	-
	-
	-
	2
	-
	-
	-

	26. 
	Perlidae
	PR
	4
	7
	6
	3
	4
	4
	3

	27. 
	Perlodidae
	PR
	9
	6
	12
	9
	3
	9
	8

	28. 
	Capniidae
	PR
	6
	8
	15
	7
	7
	3
	-

	29. 
	Chloroperlidae
	PR
	2
	3
	9
	3
	6
	-
	1

	30. 
	Leuctridae
	PR
	-
	-
	-
	-
	1
	1
	-

	31. 
	Nemouridae
	PR
	2
	2
	1
	3
	-
	1
	-

	32. 
	Pleidae
	PR
	-
	-
	-
	-
	3
	-
	-

	33. 
	Dytiscidae
	PR
	-
	-
	-
	1
	2
	-
	-

	34. 
	Gyrinidae
	PR
	-
	-
	-
	1
	2
	1
	1

	35. 
	Hydraenidae
	PR
	-
	-
	1
	-
	1
	-
	7

	36. 
	Rhyacophilidae
	PR
	-
	1
	1
	3
	1
	-
	1

	37. 
	Leptoceridae
	PR
	-
	1
	3
	3
	-
	4
	-

	38. 
	Polycentropodidae
	PR
	-
	3
	1
	3
	2
	3
	2

	39. 
	Tabanidae
	PR
	-
	-
	3
	-
	-
	-
	-

	40. 
	Ceratopogonidae
	PR
	-
	-
	2
	1
	3
	-
	-

	41. 
	Tipulidae
	PR
	-
	-
	1
	3
	2
	4
	1




Table 3: The counts values of functional feeding groups of benthic macroinvertebrate fauna at various stations in the river Bhagirathi. The table also depicts the ‘F’ values (obtained from one-way ANOVA). Functional Feeding Group (FFG) was found significantly different among the stations at P < 0.001, df(1,13), as table value > calculated value.
	[bookmark: _Hlk211152741]FFG
	S1
	S2
	S3
	S4
	S5
	S6
	S7
	F-value
	p-value

	Shredder
	6
	12
	14
	27
	24
	8
	8
	9.89
	0.008

	Scrapper
	43
	43
	35
	26
	28
	20
	20
	49.34
	0.00001

	Gathering Collector
	19
	43
	59
	61
	76
	32
	44
	35.83
	0.00006

	Filtering Collector
	2
	6
	31
	47
	55
	51
	21
	10.38
	0.007

	Predator
	23
	33
	58
	51
	40
	32
	27
	47.38
	0.00001
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Figure 1: Location of study area in Indian map along with sampling locations in the river Bhagirathi 














Figure 2: Distributional patterns of FFG at various stations along the river length 
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Figure 3: Functional feedings groups (FFG) analysis of benthic macroinvertebrate community at various stations in the river Bhagirathi. Acronyms: SC-Scraper, SH- Shredder, GC- Gathering Collector, FC-Filtering Collector, PR-Predator
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Figure 4: Longitudinal variation in taxonomic composition ofFFGat various stations from headwater to mouth. 
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Figure 5: Cluster analysis for grouping the FFG.
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Figure 6: Correspondence analysis to determine percentage of variation in FFG (FFG) in the river Bhagirathi. 
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