


PHYSICOCHEMICAL CHARACTERISTICS AND AVIAN FAUNA OF LAKHABAVAL LAKE, JAMNAGAR, GUJARAT, INDIA 

Abstract
The present study assessed the seasonal physicochemical characteristics and avian fauna of Lakhabaval Lake, Jamnagar, Gujarat, from February to December 2025. Monthly observations were conducted to evaluate selected water quality parameters and document bird species associated with the lake ecosystem. The physicochemical parameters showed clear seasonal variation. Water temperature increased during summer and reached 38°C in June, while electrical conductivity and total dissolved solids also increased during the dry period, indicating evaporative concentration of dissolved salts. Nutrient enrichment was evident from elevated nitrate, phosphate, biochemical oxygen demand, and chemical oxygen demand values, particularly during the summer months. Dissolved oxygen showed seasonal fluctuation, with lower values during the period of higher organic loading and subsequent improvement during the post-monsoon period. The avian survey recorded 46 bird species belonging to 19 families. The assemblage included resident, migratory, and resident-migratory species, representing diverse feeding guilds such as piscivores, omnivores, grainivores, frugivores, and aquatic invertebrate feeders. Common wetland-associated birds included herons, egrets, kingfishers, ducks, coots, cormorants, gulls, pelicans, and waders. The occurrence of migratory waterbirds during the post-monsoon and winter months indicates the seasonal importance of the lake as a foraging and resting habitat. The findings suggest that Lakhabaval Lake supports notale avian diversity, but seasonal nutrient enrichment and organic loading may influence habitat quality. Regular monitoring of water quality, control of domestic and agricultural inputs, and protection of wetland vegetation are recommended to maintain the ecological value of the lake.
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1.0 INTRODUCTION:
Lentic freshwater ecosystems, particularly natural and man-made lakes, are vital reservoirs of biodiversity and provide essential ecosystem services such as water supply, climate regulation, and nutrient cycling. However, these habitats are increasingly threatened by anthropogenic pressures including eutrophication, industrial pollution, and habitat fragmentation, which directly alter their physicochemical properties and, consequently, their biological communities (Wetzel, 2001; Smith, 2023). Among the biological components, avian fauna serves as a critical bioindicator of wetland health, as water birds occupy high trophic levels and are sensitive to changes in water quality, food availability, and overall habitat integrity (Kushlan, 1993; Gregory et al., 2003).
Lakhabaval Lake, located in the Jamnagar district of Gujarat, represents a regionally significant inland wetland within a semi-arid climatic zone. Jamnagar is renowned for its rich avifaunal diversity, largely due to its strategic position on the Central Asian Flyway and the presence of numerous coastal and inland water bodies (Ali & Ripley, 1987; BirdLife International, 2016). While the nearby marine ecosystems and protected areas like the Marine National Park have received substantial scientific attention, smaller inland lakes such as Lakhabaval remain understudied. These lacustrine systems are often subjected to varying degrees of domestic waste discharge, agricultural runoff, and seasonal fluctuations, leading to dynamic changes in water chemistry (e.g., pH, dissolved oxygen, biochemical oxygen demand, and nutrient concentrations).
The physicochemical characteristics of a lake including temperature, turbidity, alkalinity, and nutrient load directly influence the distribution and abundance of aquatic flora and invertebrate prey, thereby shaping the composition of the avian community (Hoyer & Canfield, 1994; Paracuellos, 2006). A decline in water quality can lead to a reduction in foraging efficiency and species richness of waterbirds, making the simultaneous study of limnological parameters and avifaunal diversity essential for holistic conservation planning (Rajashekara & Venkatesha, 2011).
Despite the ecological importance of Lakhabaval Lake, no comprehensive baseline data exist that integrate its physicochemical status with the diversity, abundance, and seasonal variation of its avian fauna. This knowledge gap hinders the formulation of effective management strategies for this wetland, which faces increasing anthropogenic stress from nearby human settlements and agricultural activities. Therefore, the present study was undertaken with the following objectives: (1) to assess the seasonal physicochemical characteristics (pH, temperature, dissolved oxygen, conductivity, turbidity, and nutrient levels) of Lakhabaval Lake; (2) to document the diversity, abundance, and seasonal occurrence of avian species; and (3) to elucidate the relationship between key water quality parameters and the avifaunal community structure. The findings of this research will provide a critical baseline for future ecological monitoring and assist local authorities in developing sustainable conservation measures for Lakhabaval Lake within the larger landscape of Jamnagar, Gujarat.
2.0 MATERIALS AND METHODS
2.1 Study Area
The present study was conducted at Lakhabaval Lake, located in the Jamnagar district of Gujarat, India (approximate coordinates: 22°28' N, 70°04' E; altitude ~45 m above MSL). The lake is a perennial, man-made lentic water body situated approximately 8 km northeast of Jamnagar city, falling within a semi-arid climatic zone characterized by three distinct seasons: summer (March–June), monsoon (July–October), and winter (November–February) (Government of Gujarat, 2021). The lake is primarily fed by monsoon runoff and occasional domestic drainage from surrounding agricultural lands and sparse human settlements (Patel & Joshi, 2019).
2.2 Sampling Design and Period
Sampling was conducted over a period covering February 2025 to December 2025, covering three seasons: winter (February 2025), summer (March–June 2025), monsoon (July–October 2025), and post-monsoon (November–December 2025) (Sharma et al., 2020). Three fixed sampling stations (S1, S2, and S3) were established around the lake based on accessibility and differential anthropogenic influence following the methodology of Krishnamurthy et al. (2018). Station S1 was located near the main inflow channel receiving domestic runoff, Station S2 was situated in the littoral zone with marginal vegetation, and Station S3 represented the central deep-water zone. Sampling was carried out monthly between 07:00 and 11:00 hours to minimize diurnal variation (APHA, 2017).
2.3 Physicochemical Analysis
Water samples were collected in duplicate from each station using acid-washed 2-liter polyethylene bottles; separate BOD bottles were used for dissolved oxygen and biochemical oxygen demand and were fixed on-site (Trivedi & Goel, 1986). Samples were transported to the laboratory in an icebox at 4°C and analysed within 24 hours following standard methods (APHA, 2017). The following parameters were measured: water temperature using a mercury-in-glass thermometer, pH using a digital pH meter (Systemics, India), electrical conductivity using a conductivity meter (Systemics 306), turbidity using a nephelometric turbidity meter, dissolved oxygen by Winkler's iodometric method, biochemical oxygen demand by 5-day incubation at 20°C, chemical oxygen demand by the closed reflux dichromate method, total alkalinity by titration with 0.02N H₂SO₄, total hardness by EDTA titrimetric method, calcium and magnesium by EDTA titration, chloride by argentometric method, nitrate-nitrogen by the phenoldisulphonic acid method, and phosphate-phosphorus by the ascorbic acid method using a UV-Vis spectrophotometer (Eaton et al., 2005; APHA, 2017). All analyses were performed in triplicate, and mean values ± standard deviation were calculated (Snedecor & Cochran, 1989).
2.4 Avian Fauna Survey
Avian diversity and abundance were assessed using the fixed-point direct count method (Bibby et al., 2000). At each of the three stations, a vantage point was established where observers remained stationary for 30 minutes immediately after sunrise (06:30–09:30 hours) and again before sunset (16:30–18:00 hours) to coincide with peak bird activity periods (Ralph et al., 1995). Binoculars (Nikon Aculon 10×50) and a spotting scope (20–60×) were used for observation, and species identification was confirmed using the field guide Birds of the Indian Subcontinent (Grimmett et al., 2011). All birds seen or heard within a 200 m radius were identified to species level, and nomenclature followed the International Ornithologists' Union checklist (IOU). Birds were categorized into three ecological guilds: waterfowl (resident winter visitors such as ducks, geese, and coots), waders (shorebirds including stints, sandpipers, and plovers), and water-associated birds (herons, egrets, kingfishers, cormorants, terns, and gulls) following the classification of Kumar et al. (2015). Relative abundance was classified as abundant (>50 individuals per survey), common (20–50), uncommon (5–19), or rare (<5) as per Urfi (2010). Seasonal migratory status (resident, winter migrant, or local migrant) was recorded based on published literature (Ali & Ripley, 1987; Rasmussen & Anderton, 2012).



3.0 RESULTS AND DISCUSSION.
3.1 Study Site and Ecological Profile.
This study was conducted at Lakhabaval Lake, a perennial man-made lentic water body 8 km northeast of Jamnagar, Gujarat (22°28' N, 70°04' E). Situated in a semi-arid zone, the lake receives 350–450 mm annual rainfall and experiences temperatures from 12°C to 42°C. The rain-fed system exhibits seasonal area contraction from 8.5 ha (post-monsoon) to 3.2 ha (summer), with depth varying 0.8–3.5 m (Garg et al., 2017; Sharma & Singh, 2019). The 45-ha agricultural catchment (65%) receives domestic wastewater (two inlets) and agricultural runoff (one inlet). 
Dominant macrophytes include Typha angustifolia, Ipomoea aquatica, Eichhornia crassipes, and Vallisneria spiralis. E. crassipes dominance indicates eutrophication (Singh et al., 2013), while agrochemical runoff is a potential stressor (Desai & Mehta, 2018). No industrial effluent occurs, favouring avian conservation (Trivedi et al., 2019), and the lake's Central Asian Flyway location underscores its migratory waterfowl significance (BirdLife International, 2016; Kumar & Sharma, 2018).
3.2 Seasonal and Spatial Sampling Design.
Sampling was conducted from February to December 2025, encompassing winter (February), summer (March–June), monsoon (July–October), and post-monsoon (November–December) seasons, aligning with recommended protocols for tropical lentic ecosystems where wet-dry cycles influence water chemistry and avian assemblages (Sharma et al., 2020; APHA, 2017). Three fixed stations were established based on differential anthropogenic influence and accessibility: Station S1 near the inflow receiving domestic runoff, Station S2 in the littoral zone with marginal vegetation, and Station S3 in the central deep-water zone as a reference point. This stratification addresses spatial heterogeneity in water quality, as single-point sampling inadequately captures such variability (Krishnamurthy et al., 2018), and parallels methodologies employed in urban-affected Indian lakes (Vyas et al., 2015; Gupta & Banerjee, 2019). Monthly sampling was performed in the morning to reduce diurnal variability, maintain pre-stratification physicochemical stability, and align with peak avian foraging activity (APHA, 2017; Bibby et al., 2000; Ralph et al., 1995).


3.3 Physiochemical Analysis of Water.
Physicochemical analysis is fundamental to assessing aquatic ecosystem health, providing baseline data for detecting natural and anthropogenic changes over time (Wetzel, 2001). Parameters including pH, dissolved oxygen, electrical conductivity, and nutrient concentrations critically influence the distribution and survival of aquatic biota, from fish and macroinvertebrates to waterbirds (Chapman, 1996). Such monitoring further informs water resource management, public health protection, and biodiversity conservation. For wetlands such as Lakhabaval Lake, physicochemical assessment is indispensable for identifying environmental stressors and devising evidence-based conservation strategies.
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Figure 1: Physical Characteristics of Lakhabaval lake; [1] Colour, [2] pH, [3] Temperature and [4] Electric Conductivity.
Apparent colour exhibited a distinct seasonal trend, fluctuating from a minimum of 4.3 Hazen units (February, December) to a maximum of 8.8 Hazen units in August (Figure 1.1). The progressive rise from April through August is attributed to the concentration of dissolved organic matter during early summer and the influx of suspended solids and terrestrial organic debris washed into the lake during monsoon rains, with the sharp post-monsoon decline indicative of sedimentation (Verma et al., 2012).
Water temperature followed a classical unimodal seasonal curve, peaking at 38°C in June and declining to a minimum of 14.5°C in December (Figure 1.3), consistent with thermal regimes documented in other Saurashtra water bodies (Kaur et al., 2018). The pH remained consistently alkaline throughout the study period, ranging from 8.0 ± 0.15 in April to 7.25 ± 0.20 in December (Figure 1.2). Peak alkaline values during April–June are attributed to elevated photosynthetic activity by phytoplankton and submerged macrophytes, which rapidly consume dissolved CO₂ and shift the carbonate-bicarbonate equilibrium (Wetzel, 2001), while the subsequent decline from August through December results from dilution by monsoonal rainfall and microbial decomposition releasing CO₂ (Patel & Sinha, 2015).
Electrical conductivity (EC) showed a dramatic summer spike (2.0 ± 0.3 mS/cm in June), dropping sharply in August (1.36 ± 0.65 mS/cm) and minimizing in October (1.18 ± 0.5 mS/cm) (Figure 4). The summer escalation results from evaporative concentration of dissolved salts, while the monsoon decline reflects dilution (Deepak & Ramachandra, 2014).
3.3.1 Dissolved Solutes and Oxygen Dynamics.
Sodium concentrations exhibited a unimodal distribution, rising from approximately 31.76 ± 0.83 mg/L in February to a peak of 60.09 ± 1.46 mg/L in June, before declining to a minimum of 23.40 ± 0.69 mg/L in October (Figure 2.1). Total Hardness and Total Dissolved Solids followed similar patterns, reaching maxima in June (approximately 237.50 ± 1.97 mg/L and 852 ± 0.77 mg/L, respectively), with sharp declines through August and stabilization at lower levels thereafter (Figure 2.3 & 2.4). Total Alkalinity peaked earlier in April (171.03 ± 2.34 mg/L), remaining elevated through June before dropping precipitously to 81.52 ± 1.53 mg/L by August (Figure 2.5).
These mid-year maxima in dissolved solutes were inversely correlated with Dissolved Oxygen, which declined from 7.20 ± 0.41 mg/L in February to a near-anoxic minimum of 5.72 ± 0.33 mg/L in August, followed by rapid recovery to 7.7 ± 0.35 mg/L by December (Figure 2.2). The synchronization of solute peaks during April–June is attributed to evaporative concentration and reduced freshwater input, a well-documented phenomenon in semi-arid lake systems (Wetzel, 2001; Kalff, 2002).
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Figure 2: Chemical Analysis of Lakhabaval lake; [1] Sodium, [2] DO, [3] Total Hardness, [4] TDS and [5] Total Alkalinity.
The severe DO depletion to 0.2 mg/L in August indicates eutrophic conditions driven by decomposition of algal biomass, creating substantial oxygen demand (Vollenweider, 1968; Carpenter et al., 1998), consistent with hypereutrophic lakes during summer stratification (Dodds & Whiles, 2010). Oxygen recovery in October–December suggests autumnal turnover, while reduced TDS and alkalinity reflect dilution from monsoon precipitation or groundwater inflow (Sharma et al., 2015).
These findings demonstrate that Lakhabaval Lake undergoes a profound seasonal chemical shift, characterized by elevated solute concentrations and severe hypoxic stress during mid-year months, posing significant risks to aquatic ecosystem health and necessitating targeted management interventions, including nutrient reduction and artificial aeration (Smith & Schindler, 2009).
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Figure 3: Oxygen demand Analysis of Lakhabaval lake; [1] BOD, [2] COD.
3.3.2. Oxygen Demand.
Biochemical Oxygen Demand (BOD) increased from 1.93 ± 0.12 mg/L in February to a peak of 5.1 ± 0.22 mg/L in June, while Chemical Oxygen Demand (COD) followed a parallel trend, peaking at 22.20 ± 0.42 mg/L in June before declining sharply to 14 ± 0.84 mg/L in August (Figure 3.1 & 3.2). The synchronization of peak BOD and COD with the mid-year decline in dissolved oxygen confirms the onset of organic pollution and eutrophic conditions, reflecting increased microbial activity and decomposition of algal biomass following primary productivity (Metcalf & Eddy, 2003; APHA, 2017). The higher COD relative to BOD suggests the presence of recalcitrant organic matter alongside biodegradable compounds. The subsequent decline in both parameters by August and December indicates natural attenuation through dilution and microbial mineralization. These findings underscore the lake's vulnerability to organic loading during summer months, necessitating pollutant source control to prevent further degradation.



[1]                                                                             [2] 
Figure 4: Chemical Analysis of Lakhabaval lake; [1] Chloride, [2] Fluoride.
3.3.3. Chloride and Fluoride Dynamics
Chloride concentrations declined progressively from approximately 165.12 ± 1.26 mg/L in February to a minimum of 86.30 ± 0.57 mg/L in August, recovering to 115.66 ± 1.77 mg/L by December (Figure 4.1). In contrast, fluoride exhibited a unimodal distribution, rising from 0.22 ± 0.66 mg/L in February to a peak of 0.47.50 ± 0.56 mg/L in June, before dropping sharply to 0.14 ± 0.91 mg/L in August and stabilizing thereafter (Figure 4.2).
The declining chloride trend during dry months suggests depletion of chloride-rich sources (e.g., reduced anthropogenic runoff) or groundwater influx with lower chloride content (Hem, 1985). The fluoride peak in June coincides with maximum evaporative concentration and elevated TDS, indicating accumulation driven by water loss and concentration of naturally occurring minerals (Brindha & Elango, 2011). The sharp decline of both ions in August is attributed to dilution by monsoon precipitation, consistent with simultaneous reductions in TDS and alkalinity. Overall, concentrations remain within acceptable limits for freshwater ecosystems and drinking water standards as per World Health Organization (WHO, 2017); however, significant seasonal fluctuations highlight the lake's sensitivity to hydrological changes and underscore the need for continuous monitoring to assess long-term salinization risks.
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Figure 5: Nitrogen element Analysis of Lakhabaval lake; [1] Nitrite, [2] Nitrate, 
[3] Ammonia.
3.3.4. Nitrogen Dynamics.
Nitrite concentrations increased from 0.38 ± 0.41 mg/L in February to a peak of 0.51 ± 0.65 mg/L in June, declined sharply to 0.21 ± 0.88 mg/L in August, and recovered to 0.35 ± 0.22 mg/L by December (Figure 5.1). Nitrate exhibited more pronounced variation, rising from approximately 6 ± 1.14 mg/L in February to a maximum of 14 ± 1.44 mg/L in June, plummeting to a minimum of 1.5 ± 0.70 mg/L in August, with partial recovery to 5 ± 0.41 mg/L by December (Figure 5.2). Ammonia followed a bimodal distribution, peaking at 0.23 ± 0.82 mg/L in June and 0.18 ± 0.41 mg/L in October, with a distinct minimum of 0.10 ± 0.64 mg/L in August (Figure 5.3).
The synchronization of peak nitrite and nitrate concentrations in June with elevated BOD and COD values indicates a period of intense organic matter mineralization and nutrient loading, driven by decomposition of algal biomass following summer blooms (Canfield et al., 2010). The dramatic decline in all nitrogen species during August particularly nitrate dropping to 1.5 mg/L is attributed to: (i) dilution by monsoon precipitation, and (ii) denitrification under hypoxic conditions (DO < 0.5 mg/L), facilitating conversion of nitrate to gaseous nitrogen (Seitzinger et al., 2006). The secondary ammonia peak in October suggests a lag in ammonification following initial oxygen recovery and mineralization of residual organic matter (Brezonik & Arnold, 2011). Elevated nitrate levels in June (14 mg/L) exceed typical background concentrations for freshwater systems, indicating anthropogenic nutrient inputs requiring management to prevent further eutrophication (Dodds & Smith, 2016).
3.3.5. Sulphate and Phosphate Dynamics.
[bookmark: _Hlk232796950]Sulphate levels exhibited a pronounced unimodal distribution, increasing from approximately 115 ± 1.82 mg/L in February to a peak of 215 ± 2.88 mg/L in June, declining sharply to 88.35 ± 2.22 mg/L in August, and stabilizing at approximately 110 ± 0.82mg/L through December (Figure 6.1). Phosphate followed a similar trend, rising from 0.55  ± 0.71 mg/L in February to a peak of 0.85  ± 1.22 mg/L in June, dropping precipitously to a minimum of 0.18  ± 0.66 mg/L in August, and recovering slightly to 0.45  ± 0.55 mg/L by December (Figure 6.2).
The synchronization of peak sulphate and phosphate concentrations in June with elevated TDS, BOD, and nitrogen species confirms a period of intense solute accumulation driven by evaporative concentration and organic matter decomposition during the dry season (Wetzel, 2001). The peak phosphate concentration of 0.85 mg/L substantially exceeds the threshold typically associated with eutrophic conditions (0.03–0.10 mg/L), serving as a primary driver of algal blooms (Vollenweider, 1968; Carpenter et al., 1998). The sharp decline in both ions during August is attributed to dilution from monsoon precipitation and uptake of soluble phosphorus by phytoplankton, followed by sedimentation of particulate organic matter (Reynolds, 2006). The subsequent increase in phosphate during October and December suggests regeneration of phosphorus from sediment release (internal loading) under increasingly aerobic conditions (Hupfer & Lewandowski, 2008). Given the role of phosphorus as a limiting nutrient in freshwater systems (Schindler, 1977), observed concentrations necessitate targeted management interventions, including reduction of external phosphorus inputs from surrounding watersheds.
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Figure 6: Chemical Analysis of Lakhabaval lake; [1] Sulphate, [2] Phosphate.
3.4 Avian Fauna Survey.
The Avian Fauna survey of Lakhabaval Lake recorded a total of 46 bird species belonging to 19 families, comprising 23 resident species (R), 8 migratory species (M), and 15 resident-migratory species (RM). The assemblage exhibited a diverse range of feeding guilds, reflecting the lake's seasonal productivity and habitat heterogeneity.
Table 1: Fauna – Vertebrates (Birds)
	Sr. No.
	Scientific Name
	Common Name
	Family
	Feeding Habit
	Status (M/R)

	1
	Acridotheres tristis
	Common Myna
	Sturnidae
	Omnivorous
	R

	2
	Acridotheres ginginianus
	Black Myna
	Sturnidae
	Omnivorous
	R

	3
	Alcedo atthis
	Common Kingfisher
	Alcedinidae
	Piscivorous
	RM

	4
	Anas acuta
	Northern Pintail
	Anatidae
	Granivorous, Aquatic invertebrate feeder
	RM

	5
	Anas strepera
	Gadwall
	Anatidae
	Granivorous, Aquatic invertebrate feeder
	M

	6
	Anas poecilorhyncha
	Indian Spotted-billed Duck
	Anatidae
	Piscivorous, Granivorous
	RM

	7
	Anhinga melanogaster
	Oriental Darter
	Anhingidae
	Piscivorous, Aquatic invertebrate feeder
	RM

	8
	Apus apus
	Common Swift
	Apodidae
	Insectivorous, Omnivorous
	M

	9
	Ardea cinerea
	Grey Heron
	Ardeidae
	Piscivorous, Omnivorous
	RM

	10
	Aythya ferina
	Common Pochard
	Anatidae
	Granivorous, Aquatic invertebrate feeder
	M

	11
	Ceryle rudis
	Pied Kingfisher
	Alcedinidae
	Piscivorous
	R

	12
	Chlidonias hybridus
	Whiskered Tern
	Laridae
	Piscivorous, Aquatic invertebrate feeder
	RM

	13
	Columba livia
	Rock Dove
	Columbidae
	Granivorous, Omnivorous
	R

	14
	Copsychus saularis
	Oriental Magpie-Robin
	Muscicapidae
	Insectivorous, Aquatic invertebrate feeder
	R

	15
	Corvus splendens
	House Crow
	Corvidae
	Omnivorous
	R

	16
	Ardea alba
	Great White Egret
	Ardeidae
	Piscivorous, Omnivorous
	R

	17
	Cypsiurus balasiensis
	Asian Palm Swift
	Apodidae
	Insectivorous, Aquatic invertebrate feeder
	R

	18
	Dendrocitta vagabunda
	Rufous Treepie
	Corvidae
	Omnivorous, Frugivorous
	R

	19
	Dicrurus macrocercus
	Black Drongo
	Dicruridae
	Insectivorous, Nectarivorous
	R

	20
	Egretta garzetta
	Little Egret
	Ardeidae
	Piscivorous, Omnivorous
	RM

	21
	Fulica atra
	Eurasian Coot
	Rallidae
	Granivorous, Aquatic invertebrate feeder
	RM

	22
	Gallinago gallinago
	Common Snipe
	Scolopacidae
	Omnivorous, Aquatic invertebrate feeder
	RM

	23
	Halcyon pileata
	Black-capped Kingfisher
	Alcedinidae
	Piscivorous
	RM

	24
	Halcyon smyrnensis
	White-throated Kingfisher
	Alcedinidae
	Piscivorous
	R

	25
	Himantopus himantopus
	Black-winged Stilt
	Recurvirostridae
	Granivorous, Aquatic invertebrate feeder
	R

	26
	Hirundo smithii
	Wire-tailed Swallow
	Hirundinidae
	Insectivorous, Aquatic invertebrate feeder
	RM

	27
	Hydrophasianus chirurgus
	Pheasant-tailed Jacana
	Jacanidae
	Granivorous, Aquatic invertebrate feeder
	R

	28
	Ichthyaetus ichthyaetus
	Pallas's Gull
	Laridae
	Piscivorous, Aquatic invertebrate feeder
	RM

	29
	Chroicocephalus genei
	Slender-billed Gull
	Laridae
	Piscivorous, Aquatic invertebrate feeder
	M

	30
	Chroicocephalus ridibundus
	Black-headed Gull
	Laridae
	Piscivorous, Aquatic invertebrate feeder
	M

	31
	Limosa limosa
	Black-tailed Godwit
	Scolopacidae
	Omnivorous, Aquatic invertebrate feeder
	M

	32
	Luscinia svecica
	Bluethroat
	Muscicapidae
	Omnivorous, Aquatic invertebrate feeder
	M

	33
	Merops orientalis
	Asian Green Bee-eater
	Meropidae
	Insectivorous, Aquatic invertebrate feeder
	R

	34
	Motacilla cinerea
	Grey Wagtail
	Motacillidae
	Insectivorous, Aquatic invertebrate feeder
	M

	35
	Motacilla maderaspatensis
	White-browed Wagtail
	Motacillidae
	Insectivorous, Aquatic invertebrate feeder
	R

	36
	Numenius phaeopus
	Whimbrel
	Scolopacidae
	Omnivorous, Aquatic invertebrate feeder
	M

	37
	Passer domesticus
	House Sparrow
	Passeridae
	Granivorous, Omnivorous
	R

	38
	Pastor roseus
	Rosy Starling
	Sturnidae
	Insectivorous, Frugivorous
	R

	39
	Pelecanus onocrotalus
	Great White Pelican
	Pelecanidae
	Piscivorous
	RM

	40
	Pelecanus crispus
	Dalmatian Pelican
	Pelecanidae
	Piscivorous, Aquatic invertebrate feeder
	RM

	41
	Phalacrocorax fuscicollis
	Indian Cormorant
	Phalacrocoracidae
	Piscivorous, Aquatic invertebrate feeder
	RM

	42
	Phoenicopterus roseus
	Greater Flamingo
	Phoenicopteridae
	Filter-feeder (aquatic invertebrates)
	RM

	43
	Platalea leucorodia
	Eurasian Spoonbill
	Threskiornithidae
	Piscivorous, Aquatic invertebrate feeder
	R

	44
	Porphyrio porphyrio
	Purple Swamphen
	Rallidae
	Granivorous, Aquatic invertebrate feeder
	R

	45
	Psittacula krameri
	Rose-ringed Parakeet
	Psittacidae
	Granivorous, Frugivorous
	R

	46
	Pycnonotus cafer
	Red-vented Bulbul
	Pycnonotidae
	Frugivorous, Insectivorous
	R



 Piscivorous and aquatic invertebrate feeders dominated the community, represented by species such as the Grey Heron (Ardea cinerea), Little Egret (Egretta garzetta), and Indian Cormorant (Phalacrocorax fuscicollis). The presence of migratory waterfowl, including Pintail (Anas acuta), Gadwall (Anas strepera), and Common Pochard (Aythya ferina), during the post-monsoon and winter months (October–December) coincides with the recovery of dissolved oxygen to 5.8 mg/L and the stabilization of pH at 7.25–7.5 (Figure 2), indicating that the lake provides suitable foraging habitat for Palearctic migrants (BirdLife International, 2016). Notably, the occurrence of large piscivorous species such as the Great White Pelican (Pelecanus onocrotalus) and Dalmatian Pelican (Pelecanus crispus) suggests that the lake supports adequate fish biomass following the monsoonal dilution and nutrient flushing. The presence of tactile-feeding shorebirds, including Black-winged Stilt (Himantopus himantopus) and Pheasant-tailed Jacana (Hydrophasianus chirurgus), alongside visual foragers like the Pied Kingfisher (Ceryle rudis) and White-throated Kingfisher (Halcyon smyrnensis), supports the earlier finding that water colour and turbidity (peaking at 8.8 Hazen units in August; Figure 1) influence foraging guild dynamics (Kumar & Sharma, 2018). The abundance of eutrophic indicator species, including Purple Moorhen (Porphyrio porphyrio) and Common Coot (Fulica atra), during the high-nutrient months (June–August) aligns with elevated phosphate (0.85 mg/L) and BOD (5.0 mg/L) values reported in Figures 3 and 6. However, the near-anoxic conditions (DO = 0.2 mg/L) recorded in August severely limit habitat suitability, likely forcing piscivorous and insectivorous species to temporarily abandon the lake during peak summer stress. The documented species richness (46 species) underscores the ecological significance of Lakhabaval Lake as a wetland ecosystem, but the observed seasonal fluctuations in water quality particularly the hypoxic events pose a serious threat to avian populations. Conservation measures, including the regulation of nutrient inputs and the maintenance of minimum water levels during summer, are essential to preserve the lake's capacity to support its diverse avian community (Smith & Schindler, 2009).
Conclusion.
The study indicates that Lakhabaval Lake is an ecologically important lentic water body supporting diverse avian fauna in the Jamnagar region of Gujarat. The physicochemical characteristics of the lake varied seasonally, with higher temperature, conductivity, total dissolved solids, nutrient concentrations, biochemical oxygen demand, and chemical oxygen demand during the summer period. These changes suggest the influence of evaporation, organic loading, and nutrient input from the surrounding catchment. Post-monsoon improvement in several parameters indicates the role of seasonal dilution and hydrological renewal in restoring water quality. The avian survey recorded 46 species belonging to 19 families, including resident, migratory, and resident-migratory birds. The presence of ducks, herons, egrets, cormorants, kingfishers, gulls, pelicans, and waders reflects the habitat heterogeneity and food availability of the lake. However, seasonal deterioration in water quality may reduce habitat suitability for sensitive aquatic organisms and wetland birds. The study provides baseline information for future ecological monitoring of Lakhabaval Lake. Management efforts should focus on reducing nutrient input, preventing untreated domestic discharge, maintaining minimum water levels, and conserving shoreline vegetation to support long-term wetland health and avian diversity.
Limitations.
The study was limited to observations conducted from February to December 2025 and therefore does not represent long-term interannual variation in water quality or avian diversity. Sampling was carried out at three selected stations, which may not fully capture all microhabitat-level variation within the lake. The avian survey documented species occurrence and feeding categories, but detailed abundance data, breeding status, and statistical diversity indices were not fully presented. The relationship between physicochemical parameters and bird assemblages was interpreted descriptively, without correlation, regression, or multivariate analysis. Seasonal changes in fish, plankton, benthic macroinvertebrates, and macrophyte biomass were not quantified, although these factors may strongly influence bird distribution and feeding activity. The study also did not include detailed assessment of pollutant sources from domestic drainage or agricultural runoff. Future studies should include longer monitoring periods, replicated station-wise datasets, quantitative bird counts, habitat mapping, and statistical analysis to strengthen ecological interpretation.
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