Seasonal Avifaunal Richness and Conservation Implications in the BITS Pilani, Goa Campus, India. 
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ABSTRACT 

	Aims: This study aimed to document avifaunal diversity, analyze seasonal variations in species richness and abundance, characterize feeding guilds, examine breeding activities, and assess the conservation significance of BITS Pilani Goa Campus for bird populations, particularly threatened and migratory species.
Study Design: A systematic year-round survey using encounter rate methodology with bi-weekly observations across all campus habitats.
Place and Duration of Study: BITS Pilani K.K. Birla Goa Campus (15.3911° N, 73.8782° E), South Goa, India, covering 188 acres on a plateau between the coast and Western Ghats; November 2023 to October 2024.
Methodology: Bird surveys were conducted bi-weekly during peak activity periods (morning: 7:00-10:00; afternoon: 16:00-18:00) along standardized transects covering diverse habitats. Species identification followed standard Indian bird guides, and data were analyzed using PAST 4.14 software. Diversity indices (Shannon-Wiener, Simpson's) were calculated seasonally, and birds were categorized by residential status and feeding guilds.
Results: A total of 102 species from 14 orders and 38 families were recorded, with 2,436 individual observations. Passeriformes dominated (53.53%), followed by Columbiformes (29.64%). Resident species comprised 65.69%, residential migrants 23.53%, and distant migrants 10.78%. Abundance peaked post-monsoon (28.00%) and during monsoon (26.85%). Shannon diversity was highest in summer (H'=1.506). Insectivores dominated all seasons (40.7-47.6%), followed by omnivores (29.9-35.3%). Twenty-eight species (27.5%) exhibited breeding activity, primarily during pre-monsoon and early monsoon periods.
Conclusion: The campus supports substantial avian diversity year-round, with seasonal fluctuations driven by monsoon patterns, migration, and resource availability. Semi-urban green spaces serve as critical refugia for biodiversity conservation in rapidly urbanizing Western Ghats landscapes.
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1. INTRODUCTION 
The drop in the world's biodiversity, caused by cities growing fast and habitats breaking up, means we need to rethink how we see human-made areas. They could be places that protect wildlife. Natural areas are getting smaller, so green spaces in cities and towns are becoming key "green islands." These include parks, gardens, and school grounds. They help keep different types of living things alive. In tropical areas, cities are growing especially fast. The managed green areas there often have some native plants left, mixed with plants brought from elsewhere. This makes new kinds of ecosystems that support many bird groups (Blair, 2018; Leveau & Zuria, 2022a).
In India, school and college grounds have become safe places for nature. They usually have lots of land that is protected. These areas have different small environments, like forests, fields, and ponds. Recent research in India shows that many kinds of birds live on these grounds (Praveen et al., 2019; Ramakrishnan et al., 2021). These places give birds spots to raise families and find food. They are also important resting spots for birds that are traveling. But how these environments work is not well known. We need to learn more about how bird numbers change with the seasons. Also, we should study how birds connect to plant life in different areas.
The Western Ghats are a special place recognized by UNESCO. They are also known as one of the world's eight most important areas for different kinds of life. But, building and development are putting a lot of stress on them. The state of Goa is in this delicate area and has a mix of coasts, flatlands, and woods. People have studied the birds in the protected parts of the Western Ghats quite a bit (Robin et al., 2015; Kasambe et al., 2020). However, we don't know as much about the birds living on Goa's quickly growing flatlands near cities. To protect birds in cities well, we need to learn how they use these changing areas during different times of the year (Kumar et al., 2020).
The BITS Pilani K.K. Birla Goa Campus works well as a system for this study. It sits on a plateau that has both moist forest pieces and planted gardens. This shows how growth and nature meet. Even though it could be great for birds, no one has fully checked them out for a whole year. We don't know how the changing seasons, mainly the heavy monsoon rains, affect the kinds of birds that live in these partly city-like places. This makes it hard to learn more.
This study had a few main goals: (a) to keep track of all the different bird types on the campus and what kinds of birds they are; (b) to look at how many birds there are at different times of the year, and how the bird groups change; (c) to figure out what the birds eat and how they get their food; (d) examine breeding activities and their temporal patterns; and (e) to see if the campus is important for keeping birds safe, especially those that are in danger or move around. By understanding how the seasons, plants, and bird variety are linked, this work hopes to help manage the land better. This could make places like the campus better for saving birds in the Western Ghats area.
2. material and methods
2.1 Study Area
The research took place at the BITS Pilani K.K. Birla Goa Campus (Fig.1). It's in the Zuarinagar part of South Goa district, India (15.3911° N, 73.8782° E). The campus covers about 188 acres (76.08 hectares). It sits on a plateau on the mainland. This is a typical landform of Goa, between the coast and the Western Ghats mountains (Joshi & Janarthanam, 2004). The area's geology is mostly pre-Cambrian quartz–sericite rocks. The soil is lateritic, coming from pink phyllites. This type of soil is the most common here. The natural plant life around the campus is mainly moist deciduous forests. However, the campus has a mix of gardens, school buildings, homes, and areas with wild plants.
[image: ]
Fig.1. Aerial view of the BITS Pilani, K.K. Birla Goa Campus (Source: Google Earth)
Plant surveys show there are 136 kinds of trees. These are made up of 8,063 trees in total (Devarajan et al., 2024). The area looks different in places. You can find thick groups of trees in the 'Shanti Kunj' section. There are also open grassy areas and tree-lined streets. Common trees include Lannea coromandelica and Trema orientale, which are local. There are also foreign trees like Leucaena leucocephala and Spathodea campanulata, planted to make the area nice. This variety of plants makes different small environments. These include tree top levels, bushes, and ground plants that are important for different types of birds.
2.2 Climate
The area has a tropical monsoon climate (Köppen classification), means it's hot and humid all year. The year is split into four clear seasons. There's Winter (January–February), then Summer (March–May). Next is Monsoon (June–September), and finally Post-monsoon (October–December). It rains a lot here, mostly during the monsoon. Over 90% of the yearly rainfall, which averages 3,048 mm, happens in those monsoon months. Maximum daytime temperatures typically exceed 35°C during May, with apparent temperatures potentially reaching 48°C due to combined heat and humidity effects.
2. 3 How We Studied and Counted Birds
We watched birds for a full year, from November 2023 to October 2024. Every two weeks, we counted birds using a method called 'encounter rates' (Bibby et al., 2000). We made sure to count when birds are most active. So, we counted in the morning from 7:00 to 10:00, and in the afternoon from 16:00 to 18:00.
We walked set paths to cover all the different places on campus. This included where people live, school buildings, gardens, and bushes around the edge. We used Olympus 7×35 DPSI binoculars to see the birds. We also took photos with a Canon 1300D camera to help figure out which birds were hard to identify. We used books about Indian birds to make sure we knew what we were seeing (Grimmett et al., 1999; Ali, 2002; Vijayan,2024). We tried not to count the same bird twice during each count.
2. 4 Data Collection and Analysis
We wrote down certain details for each thing we watched. These details included its scientific group like Order, Family, Species (Praveen et al., 2020; Gill et al., 2023), how many of them there were, and what kind of place they lived in. We put each type of animal into groups based on if they lived there all the time. The groups were Residents (R), Residential Migrants (RM), and Distant Migrants (DM). We also grouped them by what they ate. The four main groups were Insectivore (I), Carnivore (C), Omnivore (O), and Phytophagy (P). We learned this by watching them and reading about them. We also wrote down when we saw them making nests or having babies, and when we saw certain birds and plants interacting. We kept an eye on when the main trees were flowering or making fruit. This helped us see how it related to when the birds were around.
Bird watching information was put into Microsoft Excel. Then, it was checked using PAST 4.14 software (Hammer et al., 2001). A full list of bird types was made. Birds were sorted by their scientific group. We looked at different times of the year by sorting the data into four seasons based on weather. Variety scores were found to see how the bird group looked in each season. The Shannon-Wiener Index (H') helped us measure bird variety. It looked at how many of each type there were and how balanced the group was. The Simpson's Diversity Index (1-D) was used to guess how likely it is that two birds picked at random would be different kinds. Evenness (e^H/S) and Dominance (D) scores also helped show how the birds were spread out among all the types. These checks were done with normal computer programs for studying nature.
3. RESULTS
3.1 Overall Species Composition
The study at BITS Pilani, K. K. Birla Goa Campus found a lot of different birds, 102 kinds in all. These birds belong to various groups, showing that the campus has many types of birds. The list has birds that live near water and those that stay on land. This is because the area has lakes, wet areas, and land habitats. (Table 1).
All the birds we saw are not currently in danger, according to the IUCN Red List. Most are labelled as Least Concern (LC). However, some, like Coracias benghalensis and Coracias garrulus, are Near Threatened (NT). The fact that these rollers birds are on campus shows that this area helps birds that are losing their open habitats in the area. (Table 1).
The lack of species in the more at-risk groups, like Vulnerable or Endangered, shows that common species rule here. These are types that do well in towns or areas changed by people. But, seeing wetland, field, and forest birds living together means this place is important for nature overall. This is especially true for birds that are dropping in number in the area, even if they are not at risk worldwide. (Table 1).
Table 1. Checklist of Avifauna species with their respective taxonomic position in BITS Pilani, K.K. Birla Goa Campus, India, recorded during study period, together with their feeding guilds (C =carnivore, O = omnivore, I = insectivore and P = phytophagy) and IUCN status. 
	[bookmark: OLE_LINK1]Sl No.
	Order/Family/Species
	Common Name
	IUCN Status
	Feeding Habit

	
	CICONIFORMES: PHALACROCORACIDAE

	1
	[bookmark: OLE_LINK4]Phalacrocorax fuscicollis (Stephens,1826)
	indian shag
	LC
	C

	2
	[bookmark: OLE_LINK5]Phalacrocorax niger (Vieilot,817)
	little cormorant
	LC
	C

	
	CICONIFORMES: ARDEIDAE

	3
	[bookmark: OLE_LINK6]Ardeola grayii (Sykes, 1832)
	indian pond heron 
	LC
	C

	4
	Bubulcus ibis (Bonaparte, 1855)
	cattle egret
	LC
	I

	5
	[bookmark: OLE_LINK7]Ardea intermedia (Wagler, 1827)
	median egret
	LC
	C

	6
	[bookmark: OLE_LINK8]Egretta garzetta (Linnaeus, 1766)
	little egret
	LC
	C

	
	 FALCONIFORMES: ACCIPITRIDAE

	7
	[bookmark: OLE_LINK9]Milvus migrans (Boddaert, 1783)
	black kite
	LC
	C

	8
	[bookmark: OLE_LINK10]Haliatus indus (Boddaert, 1783)
	brahminy kite
	LC
	C

	9
	[bookmark: OLE_LINK11]Accipiter badius (Gmelin, 1788)
	shikra
	LC
	C

	10
	[bookmark: OLE_LINK12]Elanus axillaris (Latham, 1801)
	black - shouldered kite
	LC
	C

	11
	[bookmark: OLE_LINK13]Haliaeetus leucogaster (Gmelin, JF,1788)
	White-bellied sea-eagle
	LC
	C

	
	GALLIFORMES: PHASINIDAE

	12
	[bookmark: OLE_LINK14]Pavo cristatus (Linnaeus,1758)
	indian pea fowl
	LC
	C

	
	GRUIFORMES: RALLIDAE

	13
	[bookmark: OLE_LINK15]Amaurornis phoenicurus (Pennant, 1769)
	white breasted waterhen
	LC
	C

	
	CHARADRIIFORMES: JASANIDAE

	14
	[bookmark: OLE_LINK16]Metopidius indicus (Latham, 1790)
	bronze winged jacana
	LC
	C

	
	CHARADRIIFORMES: LARIDAE

	15
	[bookmark: OLE_LINK17]Chlidonias hybridus (Pallas, 1811) 
	indian whiskered tern
	LC
	C

	H.
	CHARADRIIFORMES: CHARADRIIDAE

	16
	[bookmark: OLE_LINK18]Vanellus indicus (Boddaert, 1783)
	red wattled lapwing
	LC
	C

	
	[bookmark: _Hlk196208413]COLUMBIFORMES: COLUMBIDAE

	[bookmark: _Hlk197785370]17
	[bookmark: OLE_LINK19]Columba livia (Gmelin,1789)
	blue rock pigeon
	LC
	P

	18
	[bookmark: OLE_LINK20]Spilopelia chinensis (Scopoli,1768)
	spotted dove
	LC
	P

	19
	Treron phoenicoptera (Latham, 1790)  
	Yellow-legged green Pigeon
	LC
	P

	
	PSITTACIFORMES: PSITTACIDAE

	20
	[bookmark: OLE_LINK21]Psittacula krameri (Scopoli, 1769)
	rose ringed parakeet
	LC
	P

	21
	[bookmark: OLE_LINK22]Loriculus vernalis(Sparrman,1787) 
	indian hanging-parrot
	LC
	P

	
	CUCULIFORMES: CUCULIDAE

	22
	[bookmark: OLE_LINK23]Eudynamys scolopacea (Linnaeus, 1758)
	asian koel
	LC
	P

	23
	[bookmark: OLE_LINK24]Centropus sinensis (Stephens, 1815)
	greater coucal
	LC
	O

	24
	Clamator jacobinus(Boddaert, 1783) 
	pied crested cuckoo
	LC
	P

	25
	[bookmark: OLE_LINK25]Phaenicophaeus viridirostris(Jerdon, 1840)
	blue faced malkoha
	LC
	P

	26
	[bookmark: OLE_LINK26]Cuculus canorus (Linnaeus,1758)
	 common cuckoo
	LC
	I

	
	STRIGIFORMES: STRIGIDAE

	27
	[bookmark: OLE_LINK27]Tyto alba (Scopoli, 1769)
	barn owl
	LC
	O

	28
	[bookmark: OLE_LINK28]Athne brama (Temminck, 1821)
	spotted owlet
	LC
	O

	
	[bookmark: _Hlk196161676]CAPRIMULGIFORMES: CAPRIMULGIDAE

	29
	[bookmark: OLE_LINK29]Caprimulgus asiaticus (Latham, 1790)
	common indian nightjar
	LC
	I

	
	APODIFORMES: APODIDAE

	30
	[bookmark: OLE_LINK30]Apus affinis (J.E. Gray, 1829)
	house swift
	LC
	I

	31
	Cypsiurus balasiensis (J.E. Gray,1829)
	asian palm swift
	LC
	I

	
	[bookmark: _Hlk196161427]CORACIIFORMES: ALCEDINIDAE

	32
	[bookmark: OLE_LINK31]Halcyon smyrnensis (Linnaeus, 1758)
	white breasted kingfisher
	LC
	C

	33
	[bookmark: OLE_LINK32]Alcedo atthis (Linnaeus, 1758)
	small blue kingfisher
	LC
	C

	34
	[bookmark: OLE_LINK33]Ceryle rudis (Linnaeus, 1758)
	lesser pied kingfisher
	LC
	C

	
	[bookmark: _Hlk196161369][bookmark: _Hlk196161313]CORACIIFORMES: MEROPIDAE

	35
	[bookmark: OLE_LINK34]Merops orientalis (Latham, 1801)
	small bee eater
	LC
	I

	36
	[bookmark: OLE_LINK35]Merops leschenaulit (Vieillot, 1817)
	chestnut headed bee eater
	LC
	I

	37
	[bookmark: OLE_LINK36]Merops philippinus (Linnaeus,1767)
	blue tailed bee eater
	LC
	I

	
	[bookmark: _Hlk196161205]CORACIIFORMES: CORACIIDAE

	38
	[bookmark: OLE_LINK37]Coracias benghalensis (Linnaeus, 1758)
	indian rollar
	NT
	C

	39
	[bookmark: OLE_LINK38]Coracias garrulus (Linnaeus, 1758) 
	european roller
	NT
	C

	
	[bookmark: _Hlk196161130]CORACIIFORMES: UPUPIDAE

	40
	[bookmark: OLE_LINK39]Upupa epops (Linnaeus, 1758)
	common hoopoe
	LC
	I

	
	[bookmark: _Hlk196161011]PICIFORMES: CAPITONIDAE

	41
	[bookmark: OLE_LINK40]Psilopogon asiaticus (Latham, 1790)
	blue throated barbet
	LC
	P

	42
	[bookmark: OLE_LINK41]Psilopogon lineatus (Vieillot, 1816)
	lineated barbet
	LC
	P

	43
	[bookmark: OLE_LINK42]Psilopogon haemacephalus (Muller, 1776)
	coppersmith barbet
	LC
	P

	
	PICIFORMES:  PICIDAE

	44
	[bookmark: OLE_LINK43]Dinopium javanense (Ljungh, 1797)
	common golden backed woodpecker
	LC
	I

	45
	[bookmark: OLE_LINK44]Dinopium benghalense (Linnaeus, 1758)
	lesser golden backed woodpecker
	LC
	I

	46
	[bookmark: OLE_LINK45]Jynx torquilla (Linnaeus, 1758) 
	eurasian wryneck
	LC
	I

	
	[bookmark: _Hlk196160797]PASSERIFORMES: ALAUDIDAE

	47
	[bookmark: OLE_LINK46]Galerida cristata (Linnaeus, 1758) 
	common crested lark
	LC
	P

	48
	[bookmark: OLE_LINK47]Alauda gulgula (Franklin, 1831)
	oriental sky lark
	LC
	P

	
	PASSERIFORMES: HIRUNDINIDAE

	49
	[bookmark: OLE_LINK48]Hirundo smithii (Leach, 1818)
	wire tailed swallow
	LC
	I

	50
	[bookmark: OLE_LINK49]Ptyonoprogne concolor (Sykes, 1832)
	dusky crag martin
	LC
	I

	51
	Hirundo daurica (Temminck,1835)
	red rumped swallow
	LC
	I

	52
	[bookmark: OLE_LINK50]Hirundo rustica (Linnaeus, 1758)
	house swallow
	LC
	I

	
	[bookmark: _Hlk196160599]PASSERIFORMES: LANIIDAE

	53
	[bookmark: OLE_LINK51]Lanius cristatus (Linnaeus, 1778)
	brown shrike
	LC
	C

	54
	[bookmark: OLE_LINK52]Lanius schach (Linnaeus, 1758)
	long-tailed shrike
	LC
	C

	
	PASSERIFORMES: ORIOLIDAE

	55
	[bookmark: OLE_LINK53]Oriolus larvatus (Lichtenstein, 1823)
	black headed oriole
	LC
	P

	56
	[bookmark: OLE_LINK54]Oriolus oriolus (Linnaeus, 1758)
	eurasian golden-oriole
	LC
	P

	
	PASSERIFORMES: DICRURIDAE

	57
	[bookmark: OLE_LINK55]Dicrurus macrocercus (Vieillot, 1817)
	black drongo
	LC
	I

	58
	[bookmark: OLE_LINK56]Dicrurus caerulescens (Linnaeus, 1758)
	white bellied drongo
	LC
	I

	59
	Dicrurus leucophaeus (Vieillot,1817)
	ashy drongo
	LC
	I

	
	[bookmark: _Hlk196160432]PASSERIFORMES: STURNIDAE

	60
	[bookmark: OLE_LINK57]Sturnus malabaricus (Gmelin, 1789)
	chestnut tailed starling
	LC
	I

	61
	[bookmark: OLE_LINK58]Acridotheres tristis (Linnaeus,1766)
	common myna
	LC
	I

	62
	[bookmark: OLE_LINK59]Acridotheres fuscus (Wagler, 1827)
	jungle myna
	LC
	I

	[bookmark: _Hlk197786020]63
	[bookmark: OLE_LINK60]Pastor roseus (Linnaeus, 1758)
	rosy starling
	LC
	I

	64
	[bookmark: OLE_LINK61]Sturnia pagodarum (Gmelin, JF, 1789) 
	malabar starling
	LC
	I

	
	[bookmark: _Hlk196160342]PASSERIFORMES: CORVIDAE

	65
	Corvus splendens Vieillot,1817
	house crow
	LC
	C

	66
	Corvus macrorhynchos (Wagler, 1827)
	large billed crow
	LC
	C

	67
	Dendrocitta vagabunda (Latham, 1790)
	indian treepie
	LC
	C

	
	PASSERIFORMES:  CAMPEPHAGIDAE 

	68
	[bookmark: OLE_LINK62]Coracina melanoptera (Ruppell, 1839) 
	black headed cuckoo shrike
	LC
	I

	
	[bookmark: _Hlk196147905]PASSERIFORMES:  IRENIDAE

	69
	[bookmark: OLE_LINK63]Aegithina tiphia (Linnaeus, 1758)
	common iora
	LC
	I

	
	[bookmark: _Hlk196147849]PASSERIFORMES: CHLOROPSEIDAE

	70
	[bookmark: OLE_LINK64]Chloropsis aurifrons (Temminck, 1829) 
	gold -fronted chloropsis
	LC
	I

	
	[bookmark: _Hlk196147793]PASSERIFORMES: PYCNONOTIDAE

	71
	[bookmark: OLE_LINK65]Pycnonotus cafér (Linnaeus, 1766)
	red vented bulbul
	LC
	O

	72
	Pycnonotus jocosus (Linnaeus, 1758)
	red whiskered bulbul
	LC
	O

	
	[bookmark: _Hlk196147749]PASSERIFORMES: MUSCICAPIDAE

	73
	[bookmark: OLE_LINK66]Argya caudata (Dumont, 1823)
	common babbler
	LC
	I

	74
	Argya striata (Dumont, 1823)
	jungle babbler
	LC
	I

	75
	Terpsiphone paradisi (Linnaeus, 1758)
	asian paradise flycatcher
	LC
	I

	76
	Saxicola caprata(Linnaeus,1766)
	pied bushchat
	LC
	I

	77
	[bookmark: OLE_LINK67]Saxicola maurus (Pallas, 1773)
	siberian bushchat
	LC
	I

	78
	[bookmark: OLE_LINK68]Copsychus fulicatus(Linnaeus, 1766)
	indian robin
	LC
	I

	79
	Copsychus saularis (Linnaeus, 1758)
	oriental magpie robin
	LC
	I

	80
	Ficedula parva (Bechstein,1792)
	red breasted fly catcher
	LC
	I

	81
	Muscicapa dauurica pallas,1811
	asian brown flycatcher
	LC
	I

	
	PASSERIFORMES: CISTICOLIDAE

	82
	[bookmark: OLE_LINK69]Prinia inoranta (Sykes, 1832)
	plain prinia
	LC
	I

	83
	Prinia socialis (Sykes, 1832)
	ashy prinia
	LC
	I

	84
	Prinia hodgsonii (Blyth, 1844)
	grey breasted prinia
	LC
	I

	85
	[bookmark: OLE_LINK70]Orthotomus sutorius (Pennant, 1769)
	common tailor bird
	LC
	I

	86
	Cisticola juncidis(Rafinesque, 1810)
	zitting cisticola
	LC
	I

	
	[bookmark: _Hlk196147650]PASSERIFORMES: PHYLLOSCOPIDAE 

	87
	[bookmark: OLE_LINK71]Phylloscopus nitidus (Blyth, 1843)
	green warbler
	LC
	I

	88
	Acrocephalus dumetorum(Blyth,1849)
	blyth reed warbler
	LC
	I

	89
	Phylloscopus trochiloides(Sundevall, 1837)
	greenish warbler
	LC
	I

	
	[bookmark: _Hlk196147600]PASSERIFORMES: MOTACILLIDAE

	90
	[bookmark: OLE_LINK72]Motacilla flava (Linnaeus,1758)
	western yellow wagtail
	LC
	I

	91
	Motacilla alba (Linnaeus, 1758)
	white wagtail
	LC
	I

	92
	Motacilla maderaspatensis(Gmelin,1789)
	white browed wagtail
	LC
	I

	93
	Motacilla cinerea (Tunstall, 1771)
	grey wagtail
	LC
	I

	94
	Anthus rufulus (Vieillot, 1818)
	pady field pipit
	LC
	I

	
	[bookmark: _Hlk196147566]PASSERIFORMES: DICAEIDAE 

	95
	[bookmark: OLE_LINK73]Cinnyris lotenius (Linnaeus, 1766)
	lotan’s sun bird
	LC
	P

	96
	Pachyglossa agilis (Tickell, 1833)
	thick billed flowerpecker
	LC
	P

	
	[bookmark: _Hlk196147526]PASSERIFORMES: NECTARINIIDAE

	97
	Cinnyris asiaticus (Latham, 1790)
	purple sunbird
	LC
	P

	98
	Leptocoma zeylonica (Linnaeus, 1766)
	purple rumped sun bird
	LC
	P

	
	[bookmark: _Hlk196160709]PASSERIFORMES: PLOCEIDAE

	99
	Passer domesticus (Linnaeus, 1758)
	house sparrow
	LC
	P

	100
	[bookmark: OLE_LINK74]Ploceus manyar (Horsfield, 1821)
	steaked weaver
	LC
	P

	101
	Lonchura punctulata (Linnaeus, 1758)
	scaly breasted munia
	LC
	P

	102
	Lonchura striata (Linnaeus, 1766)
	white rumped munia
	LC
	P



3.2 Residential Status and Migratory Patterns
Most of the bird types were Resident species (R). Of the 102 species we saw, 67 (65.69%) were residents. This shows a solid, steady group that the campus helps all year. Residential Migrants (RM) move around locally, often for food. They made up 24 species (23.53%). Distant Migrants (DM) come mainly in winter from places like the Palearctic. These included wagtails and some warblers, rosy sterling, adding up to 11 species (10.78%) (Fig. 2).
Out of all the Passeriformes, which include 55 kinds, 32 stayed put, 13 moved around locally, and 10 went far away. This shows they live in different ways. Some groups, like Ciconiiformes, Falconiformes, Galliformes, Gruiformes, Charadriiformes, Strigiformes, Caprimulgiformes, and Apodiformes, only had birds that stayed all year. This means the area is good for them all the time.

[bookmark: _GoBack]Fig. 2. Residential Status Distribution of Avifauna community in the study area
3.3 Seasonal Variations in Abundance and Species Richness
In total, we noted 2,436 separate times we saw birds during the study. Looking at the seasons, we found most birds after the monsoon, at 28.00%. The monsoon season was next, with 26.85%. We saw fewer birds in winter (23.36%) and summer (21.80%). This trend changed among bird types. For example, Ciconiiformes increased a lot in the monsoon (28 records) versus winter (2 records). This is probably because of new, short-term ponds. On the other hand, Sturnidae numbers were highest (as predominantly winter visitor’s species like Pastor
roseus) in winter (92 records) but went way down in summer (27 records) (Fig. 2 and 3).
We found 102 types of birds in 14 orders and 38 families. The Passeriformes group was biggest, making up over half (53.53%) of all birds counted (1,304 counts). The Columbiformes group was next, with about 29.64% of counts (722 counts). All other groups each had less than 3% of the total counts. (Fig. 2 and 3).
Looking at bird families, the Columbidae family was seen the most (almost 30%). This is mostly because there are many Blue Rock Pigeons and Spotted Doves. The Ploceidae family (mainly spotted munia/weavers) and Sturnidae family (mynas) were next, making up about 16.91% and 7.55% of all counts, respectively (Fig. 3).

Fig. 3. Order-wise Seasonal Frequency of Occurrence of Avifauna community

Fig. 4. Family-wise Seasonal Frequency of Occurrence of Avifauna (Top 10 Families)
3.4 Community Diversity and Structure
Seasonal analysis shows clear changes in both species’ richness and abundance over time. Species richness stays fairly steady throughout the year—winter has 12 taxa; post-monsoon rises slightly to 14 taxa (see Table 2). Bird abundance, though, doesn’t follow the same pattern. Numbers spike after the monsoon (682 individuals) and during the monsoon itself (654), but drop off in winter (569) and fall even further in summer (531).
Diversity indices tell a clear story: community structure shifts with the seasons (see Table 1). Shannon diversity hits its peak in summer at 1.506, slips a bit during monsoon (1.454), drops further post-monsoon (1.313), and bottoms out in winter at 1.204. Simpson’s diversity follows the same track—highest in summer (0.6516) and monsoon (0.642), lowest in winter (0.5473). So, in summer and monsoon, species spread out more evenly, but winter communities get taken over by just a few dominant species.
These shifts in abundance point to several ecological factors at play. Migratory species arrive after the monsoon, boosting numbers. During the monsoon, territorial and breeding behaviors make birds easier to spot. Food becomes more or less available depending on what stage the vegetation is in. And in the hottest part of summer, birds dial back their activity to cope with the heat.
Table 2. Seasonal Diversity indices of the bird communities recorded from the study area
	Diversity Index
	Post-monsoon
	Winter
	Summer
	Monsoon

	Taxa_S
	14
	12
	13
	13

	Individuals
	682
	569
	531
	654

	Shannon H'
	1.313
	1.204
	1.506
	1.454

	Simpson 1-D
	0.622
	0.5473
	0.6516
	0.642

	Dominance D
	0.378
	0.4527
	0.3484
	0.358

	Berger-Parker
	0.4751
	0.6292
	0.5235
	0.526

	Pielou J'
	0.4979
	0.4808
	0.5826
	0.5635

	Evenness e^H/S
	0.265
	0.2779
	0.3467
	0.3294



3.5 Seasonal Dynamics of Feeding Guilds
Looking at feeding groups, we found that insect eaters were the main group in all seasons. They made up 42.4% of what we saw after the monsoon, 47.6% in winter, 47.3% in summer, and 40.7% during the monsoon time (Table 3). They were always the biggest group because there were plenty of bugs to eat. This was because the campus had lots of different plants. Plant and meat eaters were the next biggest group, ranging from 29.9% (monsoon) to 35.3% (after monsoon). Then came plant eaters (14.3–22.6%) and meat eaters (4.9–7.5%).
The changes in the groups during different seasons made sense for the environment. There were more insect eaters in winter and summer. This is when flying bugs are more active because of the weather. Plant eaters were most common during the monsoon (22.6%) and after the monsoon (22.0%). This lines up with when many plants on campus were flowering and making fruit.
Table 3. Seasonal distribution of feeding guilds (% of total observations)
	Feeding Guild
	Post-monsoon (%)
	Winter (%)
	Summer (%)
	Monsoon (%)

	Insectivore
	42.4
	47.6
	47.3
	40.7

	Omnivore
	35.3
	30.8
	30.1
	29.9

	Phytophage
	22.0
	14.3
	15.1
	22.6

	Carnivore
	7.5
	7.2
	7.5
	4.9



3.6 Breeding Activities and Phenology
Researchers documented 28 species—roughly 27.5% of all species—nesting during the study period. Breeding exhibited distinct seasonal patterns. Most birds nested in the pre-monsoon months, from March to May, and again in the early monsoon, around June and July. The usual suspects were present: Purple-rumped Sunbird, White-browed Fantail, Asian Paradise Flycatcher, Red-vented Bulbul, and Oriental Magpie-Robin. Cavity-nesting species selected mature trees such as Mangifera indica, Ficus sp., and Syzygium cumini for their nests.
4. DIScussion
At BITS Pilani Goa Campus, there's a notable home for a wide array of birds, with 102 different kinds living there. The large variety shows the diverse environment. It has water areas, land, and places in between because there are natural spots, tended green areas, and buildings all mixed together. The most common birds are Passeriformes, like in many land areas. Also, there are many Columbiformes. This points to lots of food and varied places to live on the campus. It's worth noting that college campuses all over India are home to a large number of the country's bird types. This shows how important these green spaces are for ecology (Guthula et al., 2022a; Singh et al., 2024a). Including Vijayan (2024) is excellent, as it provides a much-needed modern context for identification and current conservation statuses. In this study, species identification and classification were aligned with the updated regional account provided by Vijayan (2024), which presents a recent and comprehensive overview of avian diversity in peninsular India. Using this contemporary reference helped ensure that our nomenclature and checklist reflect current taxonomic understanding. Vijayan (2024) also highlights the importance of documenting bird communities in semi-urban and human-modified landscapes, particularly in regions influenced by the Western Ghats. Our findings from the BITS Pilani Goa Campus resonate with this perspective, showing that well-maintained institutional green spaces can meaningfully support both resident and migratory bird populations. By incorporating this recent work, we strengthen the regional relevance and scientific reliability of our study.
The fact that 67 of the 102 bird types stay there all the time shows the campus can support steady bird populations throughout the year. Birds that travel far and those that only move around the area also use the campus. This highlights how the campus acts as a key stopping point or safe place, especially for birds that move with the seasons. Certain bird families migrate in specific ways. For example, Phylloscopidae and Motacillidae travel far, while Cuculidae and Meropidae move locally. This shows the bird community changes a lot during the year.
Spotting Near Threatened species like the Indian Roller (Coracias benghalensis) and European Roller (Coracias garrulus) right on campus stands out. Most of the birds here fall into the Least Concern category, but the campus still gives these declining species a place to hang on, even as their numbers drop elsewhere (Arya & Gopi, 2021; Narayana et al., 2016; Ulman & Singh, 2021). This shows just how important these semi-urban green spaces are for keeping regional biodiversity alive, even for birds that usually do fine around humans. Still, we can’t ignore the real risks—linear infrastructure projects threaten raptors and other birds, even in areas people manage with care (Ashwin et al., 2023).
A mix of feeding guilds—carnivores, insectivores, omnivores, and phytophagous species—signals a healthy, balanced ecosystem with plenty of resources to go around. Insectivores comprise 40–48% of the bird community throughout the year, which is significant for the health of the campus ecosystem. These birds help regulate arthropod populations—studies indicate that birds can reduce arthropod herbivory by half or even more (Şekercioğlu et al., 2004; Whelan et al., 2008). The diversity of insect-eating species we observed suggests strong and widespread control of arthropods across various campus habitats. Omnivores are also prominent, making up about 30–35% of the total bird population. Birds such as the Common Myna, House Crow, and several bulbuls display notable adaptability, shifting between human food waste and natural food sources as needed. Phytophagous birds—mainly frugivores and nectarivores—adjust their activity according to the seasons. Their numbers fluctuate in response to flowering and fruiting cycles, which corresponds with the timing of plant-pollinator and seed-dispersal interactions.
Diverse plant life matters—native trees, patches of woods, even the mix of land uses. These support a rich community of birds, something researchers have seen across tropical agricultural areas (Ranganathan et al., 2008; Syiem et al., 2023). On the flip side, when people plant exotic trees in big blocks, bird diversity drops (Choudaj & Wankhade, 2021). Keeping native trees around really matters. They offer fruits, nectar, nesting spots—resources birds rely on, which shape the whole bird community (Raman, 2006; Raman & Sukumar, 2002).
Bird populations and diversity fluctuate with the seasons, influenced by breeding cycles, food availability, and migrating flocks. In Goa, birds are seen more frequently just after the monsoon and during the rainy season—which makes sense, as that's when food is abundant and people are less active outdoors. The tropical monsoon climate of the area plays a key role in these patterns (Mehta & Wilby, 2018; Pande et al., 2013). Certain migrants, like the Pied Cuckoo (Clamator jacobinus), arrive with the first monsoon showers in India. Their migrations are so in tune with the seasons that their arrival almost acts as a natural calendar (Sarkar et al., 2020).
Interestingly, summer sees a peak in bird diversity and evenness, even though overall numbers are lower. This suggests a more balanced community—possibly because resident birds are focused on breeding or dividing up resources among themselves. Winter is the opposite: a few species become dominant, taking over food and territory, which disrupts the community’s balance. These changes, shaped by migration, breeding, and shifting resources, are classic features of tropical bird communities (Padhye et al., 2007).
Seasonal diversity patterns clearly demonstrate how bird communities fluctuate over time (see Table 2). Species richness remained relatively stable—ranging from 12 to 14 species—but the total number of individuals increased significantly during the monsoon (654) and post-monsoon (682) periods. This is consistent with tropical patterns, where rainfall boosts resources and subsequently bird abundance (Singh et al., 2024b).
Notably, the highest Shannon diversity (H'=1.506) was recorded in summer, a period with the lowest bird abundance. This likely reflects birds spreading out to defend breeding territories, promoting balance and allowing more species to coexist (Guthula et al., 2022b). In contrast, winter exhibited the lowest diversity (H'=1.204) and highest dominance (D=0.4527), with generalist species prevailing due to reduced food availability, allowing them to exploit available resources, including anthropogenic ones (Leveau & Zuria, 2022b). The Berger-Parker index highlighted this dominance (0.6292) in winter, while Pielou’s evenness peaked in summer (J'=0.5826), indicative of balanced community structure during the breeding season.
These results align with typical tropical bird dynamics: monsoons drive abundance, while breeding promotes evenness (Singh et al., 2024b). Maintaining diverse native vegetation supports avian diversity year-round (Guthula et al., 2022b). However, targeted management, such as planting natives and ensuring water availability, may be necessary to support specialist species in semi-urban Western Ghats habitats.
5. Conclusion
This annual survey recorded an impressive 102 bird species on the BITS Pilani Goa Campus, showing that good management of a semi-urban campus can greatly benefit wildlife. Birds aren’t just passing through—their numbers and diversity change with the seasons, influenced by the monsoon, plant growth, and migration. Notably, the most species show up right after the monsoon, while winter sees the least. Bird populations peak during and after the monsoon. Summer has fewer birds, but the highest variety and balance. Insect-eaters are dominant year-round. The team also found 28 species breeding, and a clear connection between plant changes and food for birds. This highlights how green campuses are vital as cities grow, supporting biodiversity and raising awareness. It’s also crucial to keep these areas as undisturbed as possible, particularly during breeding and migration seasons. The study also gives practical steps for campus leaders to protect wildlife, which could help other institutions in the tropics.
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