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			ABSTRACT

		

		
			Habitat selection in agricultural landscapes by wild bird species shows their adaptability to maximize their opportunities to benefit from landscape crop production. We assessed seasonal patterns in avian diversity and distribution of agroforestry, urban croplands and rural croplands of Gujrat, Pakistan from April 2017 to March 2019. We randomly positioned three one km transects > 500 m apart at each sampling point in all three study sites. We conducted both morning (0500-0800 hours) and afternoon (1600-1900 hours) surveys, recording all birds seen or heard along transects to a maximum perpendicular distance of 50 m; 0.1 km2 surveyed per transect. In total, we recorded 39 bird species belonging to 20 families and eight orders. We found significant differences in seasonal abundance and species richness related to species’ residential status. Across the survey period, species diversity was greater in winter (October-March; H´= 3.279) than in summer (April-September; H´= 2.987). Spatially, avian diversity was highest in agroforestry (H´ = 4.261), then urban cropland (H´ = 3.746), and lowest in pure croplands (H´ = 2.247). Bird community composition changed significantly across seasons and agricultural systems. Resident species tended to contribute most to intra-seasonal and system community similarities. The avian communities reported from these semi-arid croplands indicate agriculture landscapes provide habitat for both summer visitors and winter visitors. Overall, agroforestry systems support higher richness and diversity than more open, cropland systems.
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			INTRODUCTION

			Declines in global biodiversity are associated with a range of drivers, including changes in land use and intensive agriculture (Norris, 2008; Gibbs et al., 2010; Muñoz-Sáez et al., 2017), with agricultural croplands and pastures now covering approximately 38% of the Earth’s total ice-free land (Ellis et al., 2010). Intensive agriculture, derived by farm mechanization, pesticides and fertilizers usage, is a primary reason for declines in bird species richness and abundance (Pain et al., 2004); global declines in about 60% of bird species listed as globally threatened on the IUCN Red List are due to agriculture intensification (Norris, 2008). Furthermore, anthropogenic activities directed towards maximizing food production often lead to declines in important ecosystem services (Turner et al., 2013; Wu, 2013; Mitchell et al., 2015), and often associated with biodiversity (Foley et al., 2005; MEA, 2005; Cardinale et al., 2011, 2012).

			Birds are an important component of agricultural ecosystems; as insectivores, pollinators, scavengers and

			seed dispersers help maintain the ecological balance within these landscapes (Haslem and Bennett, 2008; Whelan et al., 2008). The importance of birds in agricultural landscapes has been well studied with reference to avian ecology (Sekercioglu, 2006; Whelan et al., 2010; Anderson et al., 2011); conservation (Harvey and Haber, 1998; Brawn et al., 2001; Pejchar et al., 2008; Garcia et al., 2010), and natural pest control (Sanz, 2001; Bael et al., 2008; Maas et al., 2013; Martin et al., 2013). While there are concerns about economic losses associated with bird activities in agro-ecosystems systems, such as seed predation, this is outweighed by the ecosystem services and economic gains they provide (Dhindsa and Saini, 1994; Borad et al., 2001; MEA, 2005; Kale et al., 2012). For example, while around 20% of agricultural production is destroyed by insects each year (Bonning and Chougule, 2014), enabling natural predators to control these insect populations can increase sustainable agricultural production systems and help improve crop resilience by preventing crop disasters (Bommarco et al., 2011, 2013). Despite this, the demands of an increasing human population (Godfray et al., 2010), climate change (Mawdsley et al., 2009), and land use (McDonald, 2009) are major threats to birds in agricultural landscapes.

			Since birds are particularly sensitive to environmental change (Şekercioğlu et al., 2012), monitoring and evaluating responses of bird communities, both in time and space, can assist in tracking overall ecosystem health (Bradford et al., 1998; Browder et al., 2002), and identify key bird species that contribute to this health (Dhindsa and Saini, 1994). Furthermore, assessing characteristic bird assemblages in croplands and understanding spatio-temporal patterns in their populations in agricultural landscapes is essential for developing effective conservation planning and land-use policy (Lee et al., 2004; Sundar and Kittur, 2013), both for biodiversity and local communities, and minimizing their impact on intensive agricultural practices (Dhindsa and Saini, 1994) in heterogeneous landscapes (Sundar and Kittur, 2013). Against this background, our main objectives were to provide a checklist of birds in a selected heterogeneous agro-ecosystem in Gujrat, Pakistan, to quantify spatio-temporal patterns in bird assemblages across different agricultural systems, and to support conservation planning in agricultural landscapes.

			MATERIALS AND METHODS

			Study area

			Gujrat covers 3,192 km2 in the Chaj Doab region of Punjab province, Pakistan (32° and 35° N, 73° 45 °E). It is bordered by Jammu and Kashmir in the northeast, the Chenab River in the southeast, and the Jhelum River in the northwest. The region has a temperate climate, with a relatively short summer of temperatures reaching 45°C and winter temperatures dropping to below 2°C. The Kashmir border has an average annual rainfall of over 100 cm, down to 67 cm for Gujrat. In Gujrat, there are two major cropping seasons: kharif or monsoon crops are grown in summer (e.g. rice, maize, sugarcane, moong, mash, bajra and jowar); while rabi or winter crops, which harvested in the following spring, include wheat, gram, lentil (masoor), tobacco, rapeseed, barley and mustard.

			Methods 

			The study focused on three locations in Gujrat: Hafiz Hayat (32°38′29.55″ N, 74°9′55.58″ E), Qadir colony (32° 37’ 50” N, 74° 4’ 55” E), and Shadiwal (32° 22’ 20” North, 73° 10’ 50”). Based on the specific vegetation cover observed, we categorized three agricultural types in the study landscape: agroforestry, which comprises trees interspersed with cereals and fodder crops; rural croplands, which include cereals, pulses and vegetables, ploughed soil, or cereal stubble of previous crops; and urban croplands, which consist of houses, sheds, crop fragments or gardens, roads and greenhouses. 

			We randomly positioned three 1 km line transects in each of the three study locations, from which we conducted bird surveys from April 2017 to March 2019. We conducted surveys randomly in mornings (05:00-08:00 h) and afternoons (16:00-19:00 h). We surveyed each transect once in the morning or afternoon each month with two observers walking at an average speed of 2 km/h (36 km surveyed annually per location). We recorded all birds seen or heard along transect lines to a maximum perpendicular distance of 50 m (Buckland et al., 1993; Bibby et al., 2000); 0.1 km2 surveyed per transect.

			We categorised each bird species by diet and their resident status (Roberts, 1991, 1992; Grimmett et al., 2016). We calculated species’ seasonal relative abundances and plotted rank abundances as a Whittaker plot. The bird communities were quantified using a suite of analyses in PRIMER v7 (Clarke and Gorley, 2015), which are described fully therein. Each transect was factorised by month, year and agricultural system, and the abundance data were pre-treated with a square root transformation to down-weight the influence of the most abundant species (Clarke and Gorley, 2015). A similarity matrix was constructed using the Bray-Curtis coefficient, and a similarity profile test (SIMPROF) was applied to a cluster analysis classification of samples. Sample similarities were ordinated using non-metric multidimensional scaling (nMDS), and tested for differences between bird communities, both spatially and temporally, using a two-way analysis of similarities (ANOSIM). A similarity of percentages analysis (SIMPER) was then conducted to identify the species contributing most to differences in communities across space and time. Differences in abundance of key species (those that contributed > 5% to dissimilarities between bird communities) were tested non-parametrically since species abundances were not normally distributed. A Bonferroni correction was applied to adjust critical values for groups of tests and avoid Type I errors. Community indices were calculated using the DIVERSE function in PRIMER v7 and estimated expected species richness by bootstrapping the species accumulation data. Bird diversity was calculated through Shannon-Wiener (Shannon and Weaver, 1949) and Simpson’s indices(Simpson, 1949).

			RESULTS

			In total, 39 bird species (17 residents, 14 winter visitors, five irregular visitors, and three summer visitors) representing 20 families and eight orders from April 2017 to March 2019 were recorded (Table I). All are listed globally as least concern. During 2017-18, we observed 6,449 birds (52.4% of observations) comprising 37 species, while in 2018-19 we recorded 5,851 birds (47.6%) belonging to 38 species (Table I). We did not record common starling (Sturnus vulgaris) or rosy starling (Pastor roseus) in 2017-18, 

			Table I. Temporal relative abundances, guild membership and residential status of bird species recorded in the croplands of Gujrat, Punjab, Pakistan from April 2017 to March 2019.

			
				
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							S. No.

						
							
							English / Local name

						
							
							Scientific name

						
							
							Feeding habit

						
							
							Resident status

						
							
							2017-18

						
							
							
							2018-19

						
					

					
							
							Winter (%)

						
							
							Summer (%)

						
							
							Winter(%)

						
							
							Summer(%)

						
					

					
							
							Order Accipitriformes

						
					

					
							
							Family: Accipitridae

						
					

					
							
							1

						
							
							Black kite 

						
							
							Milvus migrans

						
							
							C

						
							
							R

						
							
							4.44

						
							
							5.28

						
							
							
							4.8

						
							
							6.3

						
					

					
							
							2

						
							
							Black-winged kite 

						
							
							Elanus caeruleus

						
							
							C

						
							
							WV

						
							
							0.31

						
							
							--

						
							
							
							0.33

						
							
							--

						
					

					
							
							3

						
							
							Shikra 

						
							
							Accipiter badius

						
							
							C

						
							
							WV

						
							
							0.49

						
							
							--

						
							
							
							0.48

						
							
							0.12

						
					

					
							
							Order Bucerotiformes 

						
					

					
							
							Family: Upupidae

						
					

					
							
							4

						
							
							Common hoopoe

						
							
							Upupa epops

						
							
							I

						
							
							R

						
							
							1.14

						
							
							1.22

						
							
							
							0.84

						
							
							1.16

						
					

					
							
							Order Charadriiformes

						
					

					
							
							Family: Charadriidae

						
					

					
							
							5

						
							
							Red-wattled lapwing 

						
							
							Vanellus indicus

						
							
							C

						
							
							R

						
							
							3.63

						
							
							3.65

						
							
							
							2.92

						
							
							3.49

						
					

					
							
							6

						
							
							White-tailed lapwing 

						
							
							Vanellus leucurus

						
							
							I

						
							
							SV

						
							
							--

						
							
							1.25

						
							
							
							--

						
							
							1.32

						
					

					
							
							Order Columbiformes

						
					

					
							
							Family: Columbidae

						
					

					
							
							7

						
							
							Eurasian collared-dove 

						
							
							Streptopelia decaocto

						
							
							O

						
							
							R

						
							
							3.32

						
							
							1.96

						
							
							
							3.73

						
							
							3.49

						
					

					
							
							8

						
							
							Oriental turtle-dove 

						
							
							Streptopelia orientalis

						
							
							O

						
							
							WV

						
							
							1.77

						
							
							1.08

						
							
							
							1.88

						
							
							0.52

						
					

					
							
							9

						
							
							Laughing dove 

						
							
							Spilopelia senegalensis

						
							
							I

						
							
							R

						
							
							2.09

						
							
							2.06

						
							
							
							2.42

						
							
							2.93

						
					

					
							
							10

						
							
							Western spotted dove 

						
							
							Spilopelia suratensis

						
							
							G

						
							
							IV

						
							
							1.55

						
							
							1.02

						
							
							
							0.39

						
							
							0.88

						
					

					
							
							11

						
							
							Rock dove 

						
							
							Columba livia

						
							
							G

						
							
							WV

						
							
							2.63

						
							
							3.38

						
							
							
							0.45

						
							
							--

						
					

					
							
							Order Coraciiformes

						
					

					
							
							Family: Meropidae

						
					

					
							
							12

						
							
							Asian green bee-eater 

						
							
							Merops orientalis

						
							
							I

						
							
							IV

						
							
							3.55

						
							
							6.9

						
							
							
							1.28

						
							
							5.41

						
					

					
							
							13

						
							
							Blue-cheeked bee-eater 

						
							
							Merops persicus

						
							
							I

						
							
							SV

						
							
							2.4

						
							
							1.52

						
							
							
							1.28

						
							
							1.44

						
					

					
							
							Family: Coraciidae

						
					

					
							
							14

						
							
							Indian roller 

						
							
							Coracias benghalensis

						
							
							I

						
							
							IV

						
							
							0.69

						
							
							1.83

						
							
							
							1.31

						
							
							1.32

						
					

					
							
							Family: Alcedinidae

						
					

					
							
							 15

						
							
							White-breasted kingfisher 

						
							
							Halcyon smyrnensis

						
							
							C

						
							
							R

						
							
							1.46

						
							
							1.15

						
							
							
							0.9

						
							
							1.16

						
					

					
							
							Order Cuculiformes

						
					

					
							
							Family: Cuculidae

						
					

					
							
							16

						
							
							Greater coucal 

						
							
							Centropus sinensis

						
							
							I

						
							
							IV

						
							
							0.34

						
							
							0.34

						
							
							
							0.57

						
							
							0.08

						
					

					
							
							17

						
							
							Western koel

						
							
							Eudynamys scolopaceus

						
							
							O

						
							
							WV

						
							
							0.34

						
							
							--

						
							
							
							0.3

						
							
							--

						
					

					
							
							Order Passeriformes

						
					

					
							
							Corvidae

						
					

					
							
							18

						
							
							House crow 

						
							
							Corvus splendens

						
							
							O

						
							
							R

						
							
							6.78

						
							
							8.8

						
							
							
							6.62

						
							
							10.91

						
					

					
							
							19

						
							
							Rufous treepie 

						
							
							Dendrocitta vagabunda

						
							
							O

						
							
							R

						
							
							0.49

						
							
							--

						
							
							
							0.9

						
							
							0.48

						
					

					
							
							Family: Cisticolidae

						
					

					
							
							20

						
							
							Yellow-bellied prinia 

						
							
							Prinia flaviventris

						
							
							I

						
							
							WV

						
							
							2.06

						
							
							--

						
							
							
							1.94

						
							
							0.36

						
					

					
							
							Family: Dicruridae

						
					

					
							
							21

						
							
							Black drongo 

						
							
							Dicrurus macrocercus

						
							
							I

						
							
							R

						
							
							5.44

						
							
							5.85

						
							
							
							2.98

						
							
							6.09

						
					

					
							
							Continued on next page.....

						
					

					
							
					

					
							
							S. No.

						
							
							English / Local name

						
							
							Scientific name

						
							
							Feeding habit

						
							
							Resident status

						
							
							2017-18

						
							
							
							2018-19

						
					

					
							
							Winter (%)

						
							
							Summer (%)

						
							
							Winter(%)

						
							
							Summer(%)

						
					

					
							
							Family: Laniidae

						
					

					
							
							22

						
							
							Long-tailed shrike 

						
							
							Lanius schach

						
							
							I

						
							
							WV

						
							
							1.66

						
							
							--

						
							
							
							1.79

						
							
							--

						
					

					
							
							Family: Leiotrichidae

						
					

					
							
							23

						
							
							Common babbler 

						
							
							Argya caudata

						
							
							I

						
							
							R

						
							
							4.75

						
							
							4.84

						
							
							
							3.67

						
							
							3.33

						
					

					
							
							Family: Leiothrichidae

						
					

					
							
							24

						
							
							Jungle babbler 

						
							
							Turdoides striata

						
							
							I

						
							
							R

						
							
							3.95

						
							
							4.6

						
							
							
							3.04

						
							
							3.53

						
					

					
							
							Family: Motacillidae

						
					

					
							
							25

						
							
							White wagtail 

						
							
							Motacilla alba

						
							
							I

						
							
							WV

						
							
							5.38

						
							
							--

						
							
							
							4.86

						
							
							1.04

						
					

					
							
							Family: Muscicapidae 

						
					

					
							
							26

						
							
							Brown rockchat 

						
							
							Oenanthe fusca

						
							
							I

						
							
							R

						
							
							4.35

						
							
							4.4

						
							
							
							3.07

						
							
							3.01

						
					

					
							
							27

						
							
							Pied bushchat 

						
							
							Saxicola caprata

						
							
							I

						
							
							WV

						
							
							1.14

						
							
							--

						
							
							
							1.01

						
							
							0.16

						
					

					
							
							28

						
							
							Indian robin 

						
							
							Saxicoloides fulicatus

						
							
							I

						
							
							WV

						
							
							1.83

						
							
							--

						
							
							
							1.52

						
							
							--

						
					

					
							
							Family: Oriolidae

						
					

					
							
							29

						
							
							Eurasian golden oriole 

						
							
							Oriolus oriolus

						
							
							I

						
							
							WV

						
							
							0.31

						
							
							--

						
							
							
							0.36

						
							
							--

						
					

					
							
							Family: Passeridae

						
					

					
							
							30

						
							
							House sparrow 

						
							
							Passer domesticus

						
							
							O

						
							
							R

						
							
							9.42

						
							
							12.89

						
							
							
							7.79

						
							
							11.07

						
					

					
							
							Family: Phylloscopidae

						
					

					
							
							31

						
							
							Mountain chiffchaff 

						
							
							Phylloscopus sindianus

						
							
							I

						
							
							WV

						
							
							0.86

						
							
							--

						
							
							
							0.84

						
							
							--

						
					

					
							
							Family: Pycnonotidae

						
					

					
							
							32

						
							
							Red-vented bulbul 

						
							
							Pycnonotus cafer

						
							
							I

						
							
							R

						
							
							1.57

						
							
							3.72

						
							
							
							3.31

						
							
							4.81

						
					

					
							
							Family: Sturnidae

						
					

					
							
							33

						
							
							Bank myna 

						
							
							Acridotheres ginginianus

						
							
							O

						
							
							R

						
							
							5.61

						
							
							5.82

						
							
							
							6.6

						
							
							9.34

						
					

					
							
							34

						
							
							Common myna 

						
							
							Acridotheres tristis

						
							
							I

						
							
							R

						
							
							7.01

						
							
							8.56

						
							
							
							8.39

						
							
							8.9

						
					

					
							
							35

						
							
							Common starling 

						
							
							Sturnus vulgaris

						
							
							O

						
							
							WV

						
							
							--

						
							
							--

						
							
							
							7.16

						
							
							--

						
					

					
							
							36

						
							
							Rosy starling 

						
							
							Pastor roseus

						
							
							O

						
							
							WV

						
							
							0.69

						
							
							0.81

						
							
							
							2.75

						
							
							--

						
					

					
							
							Family: Nectariniidae

						
					

					
							
							37

						
							
							Purple sunbird 

						
							
							Cinnyris asiaticus

						
							
							N

						
							
							SV

						
							
							--

						
							
							3.82

						
							
							
							--

						
							
							--

						
					

					
							
							Order Pelecaniformes

						
					

					
							
							Family: Ardeidae

						
					

					
							
							38

						
							
							Cattle egret

						
							
							Bubulcus ibis

						
							
							I

						
							
							R

						
							
							3.75

						
							
							3.99

						
							
							
							4.21

						
							
							4.25

						
					

					
							
							39

						
							
							Intermediate egret 

						
							
							Ardea intermedia

						
							
							I

						
							
							IV

						
							
							2.78

						
							
							3.05

						
							
							
							3.31

						
							
							3.09

						
					

				
			

			Feeding habit: C, carnivore; G, granivore; I, insectivore; O, omnivore; N, nectarivore. Resident status: R, resident; IV, irregular visitor; SV, summer visitor; WV, winter visitor.

			nor purple sunbird (Cinnyris asiaticus) in 2018-19. Overall, the most frequently encountered species were house sparrow (Passer domesticus; 10.2% of all encounters), common myna (Acridotheres tristis; 8.2%), house crow (Corvus splendens; 8.1%), bank myna (Acridotheres ginginianus; 6.7%), black kite (Milvus migrans; 5.2%), and black drongo (Dicrurus macrocercus; 5.1%). Of the non-resident species, white wagtail (Motacilla alba) was the most commonly encountered winter visitor (2.9%), Asian green bee-eater (Merops orientalis) the most frequently encountered irregular visitor (4.2%), and blue-cheeked bee-eater (M. persicus) the most commonly recorded summer visitor (1.7%). Of the species recorded, 21 were insectivorous, nine were omnivorous, five carnivorous, two granivorous, and one (purple sunbird) was nectarivorous. There was no difference in the numbers of guild members across the two survey years (χ24 = 3.452, P = 0.514), the four seasons (χ212 = 3.452, P = 0.990; Fig. 1) or three habitats (χ28 = 1.422, P = 1.000; all with a Fisher’s exact test).

			In both years, species richness was higher in the winter (Sr2018 = 36, Sr2019 = 37) than summer seasons (Sr2018 = 26, Sr2019= 29; Table II). We found a similar pattern in overall seasonal diversity: winters (H´2017-19= 3.279) and summers (H´2017-18 = 2.987). The presence of black-winged kite (Elanus caeruleus), western koel (Eudynamys scolopaceus), long-tailed shrike (Lanius schach), Indian robin (Saxicoloides fulicatus) and common starling only in winter months, and the addition of white-tailed lapwing (Vanellus leucurus) and purple sunbird in the summer tended to drive these broad community differences. Across seasons and years, species abundances were more evenly distributed in the summer of 2017-18 than in 2018-19 (Table II, Fig. 2).

			[image: ]

			Fig. 1. Seasonal species richness (± SE) of feeding guilds in the study area from April 2017 to March 2019.

			Table II. Comparative spatio-temporal community indices calculated for the croplands of Gujrat, Punjab, Pakistan from April 2017 to March 2019. 

			
				
					
					
					
					
					
					
				
				
					
							
							Community index

						
							
							2017-18

						
							
							
							2018-19

						
					

					
							
							Winter

						
							
							Summer

						
							
							Winter

						
							
							Summer

						
					

					
							
							Overall Sr

						
							
							36

						
							
							27

						
							
							
							37

						
							
							29

						
					

					
							
							Number of individuals

						
							
							3,494

						
							
							2,955

						
							
							
							3,351

						
							
							2,494

						
					

					
							
							Dominance (D)

						
							
							0.045

						
							
							0.061

						
							
							
							0.046

						
							
							0.064

						
					

					
							
							Simpson’s (1-D)

						
							
							0.955

						
							
							0.939

						
							
							
							0.954

						
							
							0.936

						
					

					
							
							Shannon’s (H’)

						
							
							3.279

						
							
							2.987

						
							
							
							3.284

						
							
							2.952

						
					

					
							
							Evenness (e^H’/Sr)

						
							
							0.738

						
							
							0.762

						
							
							
							0.721

						
							
							0.660

						
					

					
							
							Sr Agroforestry

						
							
							36

						
							
							25

						
							
							
							37

						
							
							29

						
					

					
							
							Sr Rural croplands

						
							
							32

						
							
							25

						
							
							
							33

						
							
							26

						
					

					
							
							Sr Urban croplands

						
							
							31

						
							
							25

						
							
							
							33

						
							
							27

						
					

				
			

			The composition of bird communities was significantly different between months (R = 0.491, P = 0.001) and seasons (R = 0.470, P = 0.001). Summer bird assemblages were 69.6% similar to each other, while winter bird communities were 75.1% similar (Table III). During both seasons, five resident species (house sparrow, house crow, bank and common myna, and black kite) contributed most to these similarities. Asian green bee-eater and white wagtail (Motacilla alba) were the only non-resident species contributing > 5% to community similarities. They were also the two main species driving seasonal dissimilarities in community composition (35.4%), with Asian green bee-eater and white wagtail significantly more abundant in the summer (U = 377.5, P = 0.002) and winter (U = 60.5, P < 0.001), respectively.	

			[image: ]

			Fig. 2. Whittaker plot (rank abundance) of seasonal species’ relative abundances.

			Spatially, we recorded all 39 species in agroforestry, 36 species in urban croplands, and 35 species in rural croplands. Black-winged kite was the only species unique to agroforestry, rosy and common starlings were not recorded in urban croplands, while western koel, pied bushchat (Saxicola caprata) and white-tailed lapwing were not recorded in rural croplands. We calculated the bootstrapped expected species richness as 39.2, 36.9 and 35.9 species in agroforestry, urban croplands and rural croplands, respectively. Species diversity was highest in agroforestry (H´ = 4.261), then urban cropland (H´ = 3.746), and lowest in rural croplands (H´ = 2.247). Of the 39 species, 32 appeared most abundant in agroforestry, six most abundant in urban croplands, and one (cattle egret Bubulcus ibis) most abundant in rural croplands (Fig. 3). 

			The cluster analysis did not identify any discernable clusters based on agricultural system, and all bird community samples were at least 50% similar to each other (Fig. 4). The nMDS ordinated samples based primarily on temporal similarities, and with a reliable representation of these patterns (stress = 0.15; Fig. 5). There were two broad species groups with strong correlations with the ordination. Asian green bee-eater and intermediate egret (Ardea intermedia), both irregular visitors, and white-breasted kingfisher (Halcyon smyrnensis) and laughing dove (Spilopelia senegalensis), both residents, had a strong correlation with the ordination of transitional months between summers and winters. Indian robin, white wagtail, and yellow-bellied prinia (Prinia flaviventris), all winter visitors, were strongly correlated with the ordination and clustering of the winter samples.

			[image: ]

			Fig. 3. Shade plot of average species abundances from the three different habitat types.

			The composition of bird communities was significantly different spatially (R = 0.188, P = 0.001), and between all inter-habitat pairwise comparisons. Spatially, bird communities were most similar (80.9%) in the urban cropland landscape, with six key species contributing 48.7% towards these composition similarities (Table III). Agroforestry communities were 79.1% similar, with eight key species contributing 49.9% towards similarities in composition. Rural cropland communities were 74.9% similar, with eight key species contributing 56.2% to similarities in assemblages. Of these species, house sparrow, house crow, common and bank myna, black kite, and black drongo were key contributing species to similarities in all three agricultural systems. Additionally, jungle babbler (Turdoides striata) and red-vented bulbul (Pycnonotus cafer) contributed to community similarities in agroforestry, while cattle egret and common babbler (Argya caudata) contributed to assemblage similarities in the rural croplands.

			Table III. Within-season and within habitat SIMPER results, including species contributing ≥ 5% to community similarities. 

			
				
					
					
					
					
					
				
				
					
							
							
							Species

						
							
							Abundance (± standard deviation)

						
							
							Percentage (%)

						
					

					
							
							Contribution

						
							
							Cumulative

						
					

					
							
							Season and similarity

						
					

					
							
							Summer

						
							
							House sparrow

						
							
							4.1 ± 1.10

						
							
							10.6

						
							
							10.6

						
					

					
							
							69.6%

						
							
							House crow

						
							
							3.7 ± 0.90

						
							
							9.5

						
							
							20.1

						
					

					
							
							
							Bank myna

						
							
							3.2 ± 0.93

						
							
							8.1

						
							
							28.2

						
					

					
							
							
							Common myna

						
							
							3.4 ± 1.32

						
							
							7.8

						
							
							36.0

						
					

					
							
							
							Black drongo

						
							
							3.0 ± 0.57

						
							
							7.7

						
							
							43.7

						
					

					
							
							
							Black kite

						
							
							2.8 ± 0.79

						
							
							7.1

						
							
							50.8

						
					

					
							
							
							Jungle babbler

						
							
							2.3 ± 0.86

						
							
							5.5

						
							
							56.3

						
					

					
							
							
							Red-vented bulbul

						
							
							2.4 ± 0.82

						
							
							5.5

						
							
							61.8

						
					

					
							
							
							Asian green bee-eater

						
							
							2.8 ± 1.37

						
							
							5.4

						
							
							67.2

						
					

					
							
							Winter

						
							
							House sparrow 

						
							
							4.0 ± 0.74

						
							
							7.3

						
							
							7.3

						
					

					
							
							75.1%

						
							
							Common myna

						
							
							3.8 ± 0.56

						
							
							7.1

						
							
							14.4

						
					

					
							
							
							House crow

						
							
							3.5 ± 0.66

						
							
							6.5

						
							
							20.9

						
					

					
							
							
							Bank myna

						
							
							3.3 ± 0.86

						
							
							5.8

						
							
							26.7

						
					

					
							
							
							Black kite

						
							
							2.9 ± 0.48

						
							
							5.5

						
							
							32.2

						
					

					
							
							
							White wagtail

						
							
							2.9 ± 0.57

						
							
							5.4

						
							
							37.6

						
					

					
							
							
							Common babbler

						
							
							2.8 ± 0.51

						
							
							5.1

						
							
							42.7

						
					

					
							
							Habitat and similarity

						
					

					
							
							Agroforestry

						
							
							House sparrow

						
							
							4.5 ± 1.18

						
							
							7.9

						
							
							7.9

						
					

					
							
							79.1%

						
							
							House crow

						
							
							3.5 ± 0.61

						
							
							6.6

						
							
							14.5

						
					

					
							
							
							Common myna

						
							
							3.6 ± 0.97

						
							
							6.3

						
							
							20.8

						
					

					
							
							
							Bank myna

						
							
							3.0 ± 0.44

						
							
							5.7

						
							
							26.5

						
					

					
							
							
							Black kite

						
							
							2.9 ± 0.45

						
							
							5.5

						
							
							32.0

						
					

					
							
							
							Black drongo

						
							
							3.1 ± 0.70

						
							
							5.4

						
							
							37.4

						
					

					
							
							
							Jungle babbler

						
							
							2.8 ± 0.48

						
							
							5.4

						
							
							42.8

						
					

					
							
							
							Red-vented bulbul

						
							
							2.7 ± 0.51

						
							
							5.1

						
							
							49.9

						
					

					
							
							Rural croplands

						
							
							House sparrow

						
							
							3.6 ± 0.73

						
							
							9.6

						
							
							9.6

						
					

					
							
							74.9%

						
							
							House crow

						
							
							3.0 ± 0.61

						
							
							7.8

						
							
							17.4

						
					

					
							
							
							Common myna

						
							
							3.0 ± 0.89

						
							
							7.4

						
							
							24.8

						
					

					
							
							
							Black drongo

						
							
							2.7 ± 0.53

						
							
							7.0

						
							
							31.8

						
					

					
							
							
							Cattle egret

						
							
							3.0 ± 1.04

						
							
							7.0

						
							
							38.8

						
					

					
							
							
							Bank myna

						
							
							2.5 ± 0.40

						
							
							6.5

						
							
							45.3

						
					

					
							
							
							Black kite

						
							
							2.4 ± 0.72

						
							
							5.9

						
							
							51.2

						
					

					
							
							
							Common babbler

						
							
							2.5 ± 0.95

						
							
							5.0

						
							
							56.2

						
					

					
							
							Urban croplands

						
							
							Bank myna

						
							
							4.3 ± 0.43

						
							
							9.5

						
							
							9.5

						
					

					
							
							80.9%

						
							
							House crow

						
							
							4.3 ± 0.60

						
							
							9.4

						
							
							18.9

						
					

					
							
							
							House sparrow

						
							
							4.1 ± 0.62

						
							
							8.6

						
							
							27.5

						
					

					
							
							
							Common myna

						
							
							4.1 ± 0.95

						
							
							8.4

						
							
							35.9

						
					

					
							
							
							Black kite

						
							
							3.3 ± 0.38

						
							
							7.2

						
							
							43.1

						
					

					
							
							
							Black drongo

						
							
							2.8 ± 0.56

						
							
							5.6

						
							
							48.7
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			Fig. 4. Cluster analysis dendrogram of monthly bird community samples from the three habitats from April 2017 to March 2019. Clusters are based on Bray-Curtis similarities, with distinct sample clusters depicted by black branches. 
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			Fig. 5. nMDS ordination of monthly bird community samples from the three habitats from April 2017 to March 2019. Samples are circled based on Bray-Curtis similarities of 40, 60 and 80%. Vectors are included for species with strong correlations (rp > 0.70) with the ordination of bird communities.

			Table IV. Between-habitat SIMPER results, including species contributing ≥ 5% to community dissimilarities. Species abundances are square-root transformed (for analysis).

			
				
					
					
					
					
					
					
					
				
				
					
							
							Habitat

						
							
							Habitat dissimilarity (%)

						
							
							Species

						
							
							Abundance (± standard deviation)

						
							
							Percentage contribution (%)

						
					

					
							
							1

						
							
							2

						
							
							Habitat 1

						
							
							Habitat 2

						
					

					
							
							Rural croplands

						
							
							Urban croplands

						
							
							24.5

						
							
							Bank myna

						
							
							2.5 ± 0.40

						
							
							4.3 ± 0.43

						
							
							7.8

						
					

					
							
							
							
							
							House crow

						
							
							3.0 ± 0.61

						
							
							4.3 ± 0.60

						
							
							6.2

						
					

					
							
							
							
							
							Brown rockchat

						
							
							1.5 ± 1.09

						
							
							2.8 ± 1.30

						
							
							5.9

						
					

					
							
							
							
							
							Red-wattled lapwing

						
							
							1.2 ± 1.58

						
							
							1.7 ± 0.88

						
							
							5.6

						
					

					
							
							
							
							
							Common myna

						
							
							3.0 ± 0.89

						
							
							4.1 ± 0.95

						
							
							5.6

						
					

					
							
							Agroforestry

						
							
							Rural croplands

						
							
							22.4

						
							
							Red-wattled lapwing

						
							
							2.0 ± 1.10

						
							
							1.2 ± 1.58

						
							
							5.2

						
					

					
							
							
							Urban croplands

						
							
							21.1

						
							
							Bank myna

						
							
							3.0 ± 0.45

						
							
							4.3 ± 0.43

						
							
							5.8

						
					

				
			

			Regarding dissimilarities in the three agricultural communities, rural and urban cropland communities were most dissimilar to each other (24.5% community dissimilarity), with five species contributing 31.1% to differences in these assemblages and all more abundant in urban croplands than rural croplands (Table IV). The main species discriminating between community compositions of agroforestry and rural croplands (22.4% dissimilarity) was red-wattled lapwing (Vanellus indicus), which was more abundant in agroforestry (5.2 ± 3.27) than rural croplands (3.9 ± 5.48; untransformed abundances; H2= 4.616, P = 0.099). Agroforestry and urban croplands were the least dissimilar bird communities (21.1%). The abundances of four key discriminating species were significantly different across the three landscapes. Bank myna was significantly more abundant in urban croplands (18.9 ± 3.53) than in the other systems (H2 = 51.972, P < 0.001), and more abundant in agroforestry (9.2 ± 2.82) than rural croplands (6.2 ± 1.96; P < 0.01). House crow exhibited similar differences (H2 = 31.270, P < 0.001), with urban croplands supporting significantly higher abundances (18.8 ± 5.11) than agroforestry (12.9 ± 4.38) and rural croplands (9.6 ± 3.85; P < 0.01). Similarly, common myna was significantly more abundant in urban croplands (17.9 ± 4.80) than in the other landscapes (H2 = 27.577, P < 0.001), and more abundant in agroforestry (13.9 ± 5.29) than rural croplands (9.9 ± 4.31; P = 0.04). The abundance of brown rockchat (Oenanthe fusca) was significantly higher in urban croplands (9.5 ± 5.70) than in rural croplands (3.5 ± 2.95; H2 = 15.746, P < 0.001). 

			DISCUSSION

			Studies on bird communities in agroforestry and agricultural landscapes emphasize the overall negative effects of anthropogenic activities and habitat modification (Pimm, 2008; Rands et al., 2010; Udawatta et al., 2019). We examined the composition of bird assemblages in three agricultural landscapes, each with different levels of management intensity, and spatial and structural complexity. We found that while simple community metrics did not differ greatly temporally or spatially, the composition of these communities did change significantly regarding species presence and their relative abundances.

			Six resident species comprised > 43% of total bird abundance, and all of these are associated with more open, drier habitats (MacKinnon et al., 2000; Grimmett et al., 2008). For example, house sparrows tend to occur in localized populations aggregated around farmyards, with an ecological niche often characterized by an interaction with anthropogenic development and more urbanised environments (Gragnaniello et al., 2001). Bank myna is commonly associated with drier habitat in modified landscapes, while house crow is associated with anthropogenically-modified habitats throughout its range (MacKinnon et al., 2000).

			Overall species richness (alpha diversity) and associated diversity metrics were not greatly different across the three agricultural systems, yet agroforestry consistently had the highest bird community measures, and as reported in other agricultural landscapes (Huang et al., 2002; Steffan-Dewenter et al., 2007; Sistla et al., 2016). All 39 species recorded in our study were found in agroforestry, compared to the cropland systems, and the majority of these were more abundant in agroforestry too. In addition, the only species we recorded as unique to one habitat, black-winged kite, was in agroforestry, which may reflect the greater tree cover and structural complexity of this particular landscape. Two species (rosy and common starlings) were absent from urban croplands, and three absent from rural croplands (western koel, pied bushchat, white-tailed lapwing), representing a 5.1% and 7.7% loss of total species richness, respectively. Rural croplands appeared to benefit one species, cattle egret, which was the only species most abundant in this system, reflecting its associated with livestock in dry grasslands (Grimmett et al., 2008).

			Bird community composition (presence and relative abundance) was affected by agricultural system. We found that season strongly affected assemblage composition in the three different landscapes. This effect appeared to be stronger in the winter than summer, when species richness and diversity were higher, and indicative of more winter visitors (14 species) utilizing these landscapes than summer visitors (three species). Many of these winter visitors undertake seasonal altitudinal migrations in search of food and favourable climatic conditions (Grimmett et al., 2008, 2016), and these agricultural landscapes may provide alternative food sources, especially for insectivores, which were the most numerous winter visitors, and granivores (Muñoz-Sáez et al., 2017). 

			Such gradients in landscape modification influence guild representation through resource availability (Fernández-Juricic, 2004; Devictor et al., 2007; Clavel et al., 2011; Pauw and Louw, 2012). We found that carnivorous, frugivorous, and herbivorous bird species had lower diversity and abundances in the more intensively managed agricultural areas, while omnivore, insectivores, and granivores had higher diversity and abundances in these systems. Similar guild-agroecosystem trends are reported elsewhere (Fernández-Juricic, 2004; Devictor et al., 2007; Clavel et al., 2011) and attributed to food availability.

			Our study is not robust to seasonal climatic fluctuations influencing the presence and relative abundance of visiting species, specifically. For example, Asian green bee-eater was the most frequently recorded irregular visitor, particularly in the summer months, and with higher abundance in 2017-18 than 2018-19. This inter-annual difference could have resulted from the below average precipitation recorded in Punjab in 2017 (Qiaser, 2017) driving greater numbers in agroecosystems that can support insectivorous species (Muñoz-Sáez et al., 2017).

			While agroforestry retained more forest-like structure than the cropland systems, agricultural system did not necessarily affect all those species more associated with open forest habitats, e.g. red-vented bulbul and purple sunbird (Snow and Perrins, 1998). The retention of scrub and edge habitats appears to support similar numbers of purple sunbird regardless of underlying agricultural system, perhaps providing sufficient nectar resources for this nomadic species (Grimmett et al., 2008), and while red-vented bulbul were more abundant in agroforestry, this was not significantly different to the other systems. 

			While it is not known what species richness and abundances undisturbed habitat in this landscape may support, we quantify agroforestry as

			the least impactful agricultural system on bird communities in the study area, while acknowledging that this agroecosystem usually supports lower numbers of species than natural forests (Noble and Dirzo, 1997; Bhagwat et al., 2008). Agroforestry is the least disturbed of the agricultural systems and subtly, yet significantly, better supports bird communities of agroecosystems compared to the more open, agricultural croplands of Gujrat.
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ABSTRACT

Habitat selection in agricultural landscapes by wild bird species shows their adaptability to maximize
their opportunities to benefit from landscape crop production. We assessed seasonal patterns in avian
diversity and distribution of agroforestry, urban croplands and rural croplands of Gujrat, Pakistan from
April 2017 to March 2019. We randomly positioned three one km transects > 500 m apart at each
sampling point in all three study sites. We conducted both morning (0500-0800 hours) and afternoon
(1600-1900 hours) surveys, recording all birds seen or heard along transects to a maximum perpendicular
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distance of 50 m; 0.1 km? surveyed per transect. In total, we recorded 39 bird species belonging to 20 manuscript.
families and eight orders. We found significant differences in seasonal abundance and species richness
related to species’ residential status. Across the survey period, species diversity was greater in winter
(October-March; H'= 3.279) than in summer (April-September; H'= 2.987). Spatially, avian diversity Key words

was highest in agroforestry (H" = 4.261), then urban cropland (4" = 3.746), and lowest in pure croplands
(H' =2.247). Bird community composition changed significantly across seasons and agricultural systems.
Resident species tended to contribute most to intra-seasonal and system community similarities. The
avian communities reported from these semi-arid croplands indicate agriculture landscapes provide
habitat for both summer visitors and winter visitors. Overall, agroforestry systems support higher richness
and diversity than more open, cropland systems.
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INTRODUCTION

Declinesinglobalbiodiversityareassociatedwitharange
of drivers, including changes in land use and intensive
agriculture (Norris, 2008; Gibbs et al., 2010; Mufioz-Sdez
et al., 2017), with agricultural croplands and pastures now
covering approximately 38% of the Earth’s total ice-free
land (Ellis ef al., 2010). Intensive agriculture, derived by
farm mechanization, pesticides and fertilizers usage, is a
primary reason for declines in bird species richness and
abundance (Pain ef al., 2004); global declines in about 60%
of bird species listed as globally threatened on the TUCN
Red List are due to agriculture intensification (Norris,
2008). Furthermore, anthropogenic activities directed
towards maximizing food production often lead to
declines in important ecosystem services (Turner et
al., 2013; Wu, 2013; Mitchell er al., 2015), and often
associated with biodiversity (Foley ef al., 2005; MEA,
2005; Cardinale ef al., 2011, 2012).

Birds are an important component of agricultural
ecosystems; as insectivores, pollinators, scavengers and
seed dispersers help maintain the ecological balance within
these landscapes (Haslem and Bennett, 2008; Whelan ef /.,
2008). The importance of birds in agricultural landscapes
has been well studied with reference to avian ecology
(Sekercioglu, 2006; Whelan ef al., 2010; Anderson et al.,

2011); conservation (Harvey and Haber, 1998; Brawn et
al., 2001; Pejchar et al., 2008; Garcia et al., 2010), and
natural pest control (Sanz, 2001; Bael ef al., 2008; Maas
et al.,2013; Martin et al., 2013). While there are concerns
about economic losses associated with bird activities in
agro-ecosystems systems, such as seed predation, this
is outweighed by the ecosystem services and economic
gains they provide (Dhindsa and Saini, 1994; Borad ef al.,
2001; MEA, 2005; Kale ef al., 2012). For example, while
around 20% of agricultural production is destroyed by
insects each year (Bonning and Chougule, 2014), enabling
natural predators to control these insect populations can
increase sustainable agricultural production systems and
help improve crop resilience by preventing crop disasters
(Bommarco et al., 2011, 2013). Despite this, the demands
of an increasing human population (Godfray ef al., 2010),
climate change (Mawdsley ef al., 2009), and land use
(McDonald, 2009) are major threats to birds in agricultural
landscapes.

Since birds are particularly sensitive to environmental
change (Sekercioglueral.,2012), monitoring and evaluating
responses of bird communities, both in time and space, can
assist in tracking overall ecosystem health (Bradford ez al.,
1998; Browder et al., 2002), and identify key bird species
that contribute to this health (Dhindsa and Saini, 1994).
Furthermore, assessing characteristic bird assemblages in
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