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Original Research Article

Food and Feeding habits of Garra paralissorhynchus (Vishwanath & Shanta, 2005) from hill streams of Manipur, India.
Abstract
The gut content of Garra paralissorhynchus (Vishwanath & Shanta, 2005), a bentho-pelagic fish inhabiting the fast-flowing streams was studied. Specimens were collected seasonally from the hill streams of Manipur, and dietary analysis was conducted using gut content examination and gut length measurement. Gut content analysis revealed that G. paralissorhynchus diet primarily consisted of Bacillariophyceae, Chlorophyceae, and Zygnemophyceae, along with miscellaneous food items, highlighting the herbivorous and plankty-herbivorous feeding habits of the fish. Bacillariophyceae species dominated the gut content with Amphora sp. as the most preference food items. The relative gut length (RGL) of the species varied from 3.195 to 5.063 across different size groups, confirming its adaptation to an algal diet. Feeding intensity fluctuated seasonally, with the highest activity during March–May (67.02 % active feeding), likely due to pre-breeding energy demands, and the lowest during June–August (20.83% active feeding), coinciding with the spawning period. Seasonal variations in feeding intensity and diet composition were linked to food availability and physiological changes during reproductive phases. Comparisons with other Garra species and freshwater fishes indicated that the diet composition also varied significantly. The findings indicate the seasonal variation in the diet of G. paralissorhynchus is correlated with fluctuations in plankton availability reflecting the interaction between the trophic behaviour and environmental conditions. This research contributes to understanding the species biology, aiding in the development of effective conservation and ecosystem-based fisheries management strategies within the ecologically sensitive and biodiverse riverine systems of Northeast India.
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1. Introduction

The Labeonine species Garra Hamilton (1822) are small- to medium-sized, elongated, bentho-pelagic fish inhabiting swift-flowing rivers and mountain streams distributed in Africa and Asia (Kottelat, 2020). They have ventrally positioned sectorial mouth with keratinized jaw structures. The river drainage system of Manipur is home to a diverse range of Garra species, with 22 endemic species identified so far. However, there is a notable lack of comprehensive studies on the biology of these fish species, leaving gaps in our understanding of their ecological and biological characteristics. Knowledge of fish biology is essential for understanding the life history, behaviour, and environmental needs. Food compensates for energy loss during foraging and reproductive activities and helps in the growth and vital function of the body (Begum et al., 2008). 

Several studies have reported the diet of Garra species identifying them as predominantly herbivorous, with a strong reliance on algal consumption. The preliminary study of the gut content of Garra mullya (Sykes) revealed comprising algae, phytoplanktons and detritus matters (Rudresh et al., 2010). Similarly, Garra gotyla gotyla has been identified as herbivorous, consuming algae from classes such as Chlorophyceae (e.g., Volvox, Oedogonium, Spirogyra, Ulothrix, Chlorella), Myxophyceae, and Bacillariophyceae (Gaur et al., 2013). Ozadilek & Ekmekci, 2006 and Demirci et al., 2016 also reported that Garra rufa, commonly known as the doctor fish, exhibits a grazer-type nutritional characteristic, primarily relying on phytoplankton. In contrast, G. quadrimaculata in Lake Hawassa, Ethiopia, demonstrates omnivorous feeding habits, with a diet comprising phytoplankton, macrophytes, detritus, insects, and fish eggs (Tekle et al., 2016). For instance, Garra ghorensis, an endangered species, primarily consumes detritus and algae, with occasional ingestion of macro-invertebrates like Odonata nymphs and gastropods. (Hamidan et al., 2016).
The food and feeding habits of freshwater fish species is a subject of continuous research because it constitutes the basis for the development of a successful fisheries management programme on fish (Oso et al., 2006). The study of food and feeding habits is crucial for understanding the life history of fish, including growth, breeding, and migration, and is useful for determining their habitat, distribution, and fishery management (Bal and Rao, 1990). Unrevealing food and feeding habits of fishes is the centre of research in aquatic biology, ecology, conservation biology and fisheries (Sodhi et al., 2022). It also helps to determine the ecological condition of fish, niche in the ecosystem and preferred food items (Polling, 1993). The diet of fishes changes with a number of factors which are extrinsic (biotope, region) or intrinsic (species, size, behaviour) and thus information on diet of fishes is important to understand the basic functioning of fish assemblages which are important for developing Ecosystem Based Fisheries Management (EBFM) models (Hanson and Chouinard, 2002; Kulbicki et al., 2005).Therefore, the present study aim to evaluate the food and feeding habits of Garra paralissorhynchus (Vishwanath & Shanta, 2005). To help conservation efforts for the habitat, this study aims to offer essential knowledge into its ecological requirements.  Additionally, the findings are expected to contribute to a broader understanding of the trophic dynamics within the ecosystem, offering valuable information on the feeding habits of co-occurring species and serving as a foundational reference for future research in the region.

2. Material and Methods

2. 1. Fish collection site

A total of 155 specimens were collected quarterly between March 2022 and April 2023 from the streams and creeks of the Maklang River (Chindwin drainage), Tengnoupal District, Manipur using scoop nets and traditional gears such as fishing traps. After the collection, specimens were brought to the laboratory, dissected and digestive tract were carefully removed from the cavity and preserved in 5% formalin. Identification of fish was done following Kottelat (2001) & Rameshori et al. (2022). 
2. 2. Points (Numerical) Method 
Total number of individuals of each stomach are given and expressed as a percentage of the total number of food items in all the fish examined (Hynes, 1950). Macroscopic and microscopic examinations were conducted for qualitative analysis. Identification of phytoplankton was done following Needham & Needham. The feeding intensity was assessed by classifying intestinal bulbs as full, ¾ full, ½ full, ¼ full, poor and empty, and were awarded as 20, 15, 10, 5, 2.5 and 0 points respectively, depending on the amount of food in it.
2. 3. Relative Gut Length (RGL)

RGL of the fish was determined by the using the general formula, RGL= Total Length of Gut/ Total Length of Fish (Al-Hussaini, 1949).
3. Results and Discussion
3. 1. Qualitative and quantitative analysis of food items
Qualitative identification of the fish indicates the diverse variety of food items, consumed by the fish. The food items and their percentage composition, found in the gut of Garra paralissorhynchus, are described in Table 1. It shows the percentage frequency of each food items in different season of the year. The recorded diet comprised algae from the Bacillariophyceae (diatoms), Chlorophyceae (blue green algae), Zygnemophyceae and other miscellaneous food items. The Bacillariophyceae were composed of various species, including Amphora sp., Cocconeis sp., Cymbella sp., Gyrosigma sp., Gomphonema sp., Navicula sp., Nitzchia sp., Ulnaria sp., Synedra sp., Pinnularia sp., and Diatoma sp., with Amphora sp. being the most abundant among them. The Chlorophyceae was represented by Spirogyra sp., Ulothrix sp., Cladophora sp. and Scenedesmus sp.. The Zygnemophyceae was represented by Micrasterias sp.. Therefore, phytoplanktons can be considered as basic food for G. paralissorhynchus and sand and miscellaneous items as incidental food.
Table 1. Percentage composition of different food items in Garra paralissorhynchus
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S.No. Food items

Mar-May
Jun-Aug

Sep-Nov

Dec-Feb

Mean
S.D.
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Bacilleriophyceae

1. Amphora sp.
16.85

18.45

23.61

32.66

22.89
7.12
2. Cocconeis sp.
7.26

2.70

2.60

-

3.14
3.02
3. Cymbella sp.
15.86

13.99

14.23

17.84

15.48
1.78
4. Gyrosigma sp.
0.75

3.21

2.29

-

1.56
1.45
5. Gomphonema sp.
4.63

4.23

2.36

1.00

3.06
1.69
6. Navicula sp.

3.49

10.65

14.73

0.26

7.28
6.60
7. Nitzchia sp.

1.65

6.16

1.33

-

2.29
2.68
8. Ulnaria sp.

2.46

4.02

3.51

0.76

2.69
1.44
9. Synedra sp.

2.31

9.02

5.63

1.71

4.67
3.38
10. Pinnularia sp.
2.21

2.70

0.73

3.11

2.19
1.04
11. Diatoma sp. 2
4.62

2.27

0.45

8.92

4.07
3.66
12. Diatoma sp. 1
2.15

2.09

3.74

13.06

5.26
5.26
Chlorophyceae

13. Spirogyra sp.
3.43

0.72

-

0.13

1.07
1.60
14. Ulothrix sp.

1.53

0.53

-

1.33

0.84
0.71
15. Cladophora sp.
3.74

0.42

1.62

0.61

1.60
1.52
16. Scenedesmus sp.
0.25

-

2.60

-

1.21
1.41
Zygnemophyceae

17. Micrasterias sp.
1.25

0.01

0.56

-

0.46
0.59
Others

18. Sand

11.45

11.95

9.07

6.65

9.78
2.44
19. Unidentified 
5.12

3.34

5.68

6.18

5.08
1.24
20. Debris

6.99

3.54

5.26

5.80

5.40
1.43
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Figure 1. Graphical representation of percentage composition of different food items in Garra paralissorhynchus during one year.
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Figure 2. Figure showing the gut content of Garra paralissorhynchus (a) Amphora sp.; (b) Cymbella sp.; (c) Navicula sp.; (d) Cocconeis sp., (e) Gyrosigma sp.; (f) Nitzchia sp. ; (g)Pinnularia sp.; (h) Diatoma sp.; (i) Spirogyra sp.; (j) Ulothrix sp.; (k) Scenedesmus sp.; (l) Micraterias sp.; (m) Cladophora sp.; (n) Gomphonema sp.; (o) Sand and detritus matter.

The species belonging to the genus Garra mostly display herbivorous or omnivorous feeding behaviours, with a significant dependence on algae, phytoplankton, and detritus. Many species, including Garra mullya, G. gotyla gotyla, G. rufa, and G. ghorensis, generally feed on algae and detrital materials, indicating a prevalent behavior of grazing and detritivory (Rudresh et al., 2010; Gaur et al., 2013; Demirci et al., 2016; Hamidan et al., 2016). However, certain species like G. quadrimaculata show more omnivorous behaviours, including animal matter such as insects and fish eggs in their diet (Tekle et al., 2016), which indicates some dietary flexibility within the genus. 


In Garra lamta (Ojha, 2002), gut analysis showed that its primary diet consisted mainly of algae belonging to Chlorophyceae, Xanthophyceae, and Bacillariophyceae families. Kanwal and Pathani (2012) also noted that Chlorophyceae was the dominant group (30.36% and 34.98%) for G. lamta over two consecutive years, followed by Bacillariophyceae. For G. gotyla gotyla, Bacillariophyceae formed the largest part of its diet (46.15%), followed by Chlorophyceae (38.44%) and Myxophyceae (13%) as reported by Gaur et al. (2013). In G. rufa (Ozadilek & Ekmekci, 2006), Chrysophyta members plays an important role in the diet where Navicula sp. (66.7%) and Gomphonema sp. (63.6%) were most frequent.
Studies by other workers on freshwater fishes includes viz., Aborichthys kempi (Ering et al., 2020); Accrossocheilus hexagonolepis (Das & Goswami, 1997); Amblypharyngodon mola (Gupta & Banerjee, 2013); Barilius bendelisis (Jabeen et al., 2023); Barilius vagra (Gandotra et al., 2007); Oreochromis nilocticus (Abdel Tawwab, 2000); Puntius gonionotus (Mondol et al., 2005); Tariqilabeo latius (Jongkey et al., 2021). Gut content of A. hexagonolepis shows major content of Bacillariophyceae,Chlorophyceae, Euglenophyceae and Myxophyceae (Das and Goswami, 1997). In A. mola (Gupta & Banerjee, 2013), Chlorophyceae (44.46%), Bacillariophyceae (24%), Cyanophyceae (11.58%) and Euglenophyceae (8.30%). T. latius (Jongkey et al., 2021) have shown that algae constituted a substantial portion of their diet, the highest in Bacillariohyceae (42.1%) followed by Chlorophyceae (31.58%) and Cyanophyceae (26.32%). In O. niloticus (Teferi et al. 2000) it was observed that Bacillariophyceae, Cyanophyceae and Chlorophyceae were consumed abundantly depending upon the seasonal availability. Similarly in P. gonionotus (Mondol et al., 2005), Chlorophyceae (39.94%) constituted the bulk of the diets, Bacillariophyceae (23.38%), Cyanophyceae (10.79%) and Euglenophyceae (3.23%). In A. kempi (Ering et al., 2020) and B. bendelisis (Jabeen et al., 2023), the main diet was consisted of insect larvae and followed by phytoplanktons.
The diatoms are a good source of i. primary metabolites, such as proteins, peptides, fatty acids, sterols and polysaccharides, and ii. secondary metabolites, mainly carotenoids and polyphenols (Nieri et al., 2023). Teferi et al. (2000) also observed that Bacillareophyceae is highly digestible than other plankton group. In the present study, for Garra paralissorhynchus, Bacillariophyceae (78.53%) were observed more frequent than any other species of hill stream fishes. However, these dietary variances might be due to the diverse types of food species found in different environments.
3. 2. Relative gut length
The relative gut length (RGL) of Garra paralissorhynchus showed some variations among different size group as shown in Fig. 3. Alhussaini (1947) categorized fishes into three category according to their feeding nature namely herbivorous (RGL value = 3.7–6), omnivorous (1.3–4.3), and carnivorous (0.5–2.4). The value of RGL varied between 3.195–5.063 of the size range of 35.97–85.0 mm. The lowest value of RGL was found as 3.195 in 35–45 mm size group and the highest value as 5.063 in 75–85 mm size group. The length of the alimentary canal consistently exceeds the total length of the fish. The value of RGL indicates that G. paralissorhynchus is a herbivorous fish. This genus is categorised as an algae-eating, bottom-dwelling according to the relative length of its gut and ventral position of its sucking mouth (Kanwal and Pathani, 2012). The alimentary canal of this fish species is adapted to its specific feeding habits and nutritional requirements, with the coiling and increased surface area of the intestinal wall enhancing the digestion of its low-nutrient diet (Bhat et al., 2021). G. paralissorhynchus generally possesses longer and coiled intestine, similar to other member of the genus. According to Nicolsky (1999), the fish exhibits plankty-herbivorous feeding habits, which is characterized by the presence of an intestinal bulb with an anterior gallbladder opening. 
 
Figure 3. Variation in the gut length of Garra paralissorhynchus
Feeding intensity and fullness of stomach

The feeding intensity of Garra paralissorhynchus is categorized into three levels: active feeding (F and ¾ F), moderate feeding (½ F, ¼ F), and low feeding (Poor, and Empty). The percentage distribution of feeding intensity across various months and seasons exhibits notable fluctuations, as reported by Kanwal and Pathani (2012), Gaur et al. (2013), and Bhatt et al. (2021). These variations are summarized in Table 2.The highest feeding intensity was observed during March to May, where active feeding accounted for 67.02%, moderate feeding for 28.57%, and low feeding for 4.41%. This peak in feeding activity is likely to be associated with the approach of the breeding season. Conversely, the lowest feeding intensity occurred from June to August, coinciding with the spawning period. During this time, active feeding dropped to 20.83%, moderate feeding increased slightly to 40.67%, and low feeding peaked at 38.50%. In the succeeding months, September to November, feeding intensity showed a recovery, with active feeding increasing to 54.55%, moderate feeding to 36.35%, and low feeding decreasing to 9.10%. This trend continued into December to February, where feeding intensity sharply rose to 62.96% active feeding, 29.63% moderate feeding, and only 7.41% low feeding. These fluctuations are attributed to the availability of food resources and the physiological demands of pre-spawning and post-spawning periods.
Table 2. Intensity of feeding habit (in percentage) in different months in Garra paralissorhynchus

	Months
	No. of  fish
	full %
	3/4 full
	1/2 full
	1/4 full
	poor
	empty

	Mar-May
	29
	35.71(10)
	31.31(9)
	17.86(5)
	10.71(3)
	4.41(2)
	–

	Jun-Aug
	24
	8.33(2)
	12.50(3)
	16.67(4)
	24.00(6)
	29.17(7)
	9.33(2)

	Sep-Nov
	22
	31.82(7)
	22.73(5)
	18.18(4)
	18.17(4)
	4.55(1)
	4.55(1)

	Dec-Feb
	27
	33.33(9)
	29.63(8)
	18.52(5)
	11.11(3)
	7.41(2)
	–


*The number in parenthesis is the number of species

The influence of seasonal variations on feeding intensity in Garra paralissorhynchus aligns with the findings of other related species. For instance, in G. rufa, Ozadilek and Ekmekci (2006) emphasized that seasonality is a critical factor affecting diet. Understanding the feeding patterns and diet composition of G. paralissorhynchus is essential for elucidating its ecological preferences and habitat use. Furthermore this information is very significant as the study area is facing the challenges posed by habitat degradation due to deforestation and urbanization. It will also help to elucidate the food and feeding habits of other co-occuring species found in the habitat which includes Neolissochilus stracheyi, Lepidocephalichthys berdmorei, Schistura reticulata, Balitora sp., Garra sp., Glyptothorax sp., Barilius sp., Schistura sp., Pethia sp. Hence, the study can contribute to conservation and management efforts by the policy makers.
Conclusion

The results revealed that the food and feeding habits of Garra paralissorhynchus vary from season to season. G. paralissorhynchus primarily feeds on algae. The active feeding was found during the onset of monsoon and poor feeding intensity was observed during winter season. High percentage of sand in the gut especially during monsoon season indicated that this bottom feeder species is forced to feed on the available miscellaneous items since less preferred food items is available. The qualitative and quantitative food items show a relationship between the available planktons present in the water bodies. This study highlights the trophic behavior and ecological significance of this relatively understudied species. This research contributes to understanding the species biology, aiding in the development of effective conservation and ecosystem-based fisheries management (EBFM) strategies within the ecologically sensitive and bio-diverse riverine systems of Northeast India.


Further investigations are required on feeding strategies in different ontogeny of life, trophic interaction and investigate compatibility with other cultivable fish species.
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