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			ABSTRACT

		

		
			The collared owlet (Glaucidium brodiei), spotted owlet (Athene brama) and eurasian eagle owl (Bubo bubo) are different sized avian predators coexisting in the Wildlife Park Lohi Bher, Rawalpindi district of the Punjab province of Pakistan. These crepuscular and nocturnal owls are the least studied group of birds in northern regions. In this study, we compared seasonal differences in the diet of three owl species in an uncultivated area with rapid urbanization all around to better understand their ecological significance. Regurgitated pellets of three owl species (n = 434) were collected seasonally from the study area. The food of the spotted owlet and eurasian eagle owl was found significantly different (P< 0.05) across seasons whereas no seasonal differences were seen in collared owlet’s prey resources. Insects of four orders dominated in the diet of collared owlet (50 %) and spotted owlet (56.62 %) whereas the major portion of the food of eurasian eagle owl was obtained from mammals (75.93 %) in numerical terms. Among mammals, house mouse Mus musculus, Asian house shrew Suncus murinus, short-tailed bandicoot rat Nesokia indica and Indian gerbil Tatera indica were the prominent food sources. Food niche breadth of the eurasian eagle owl was larger as compared to the other two owlet species. Index of relative importance (IRI) values highlighted rodents as staples in the three owls’ diets in contrast to conventional proportional representations. An inverse relationship between the body size of owls and preys suggested prey selection might be associated with ecological dynamics in prey populations.
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			INTRODUCTION

			The ecological distribution of predatory bird populations considerably relies on quality and quantity of prey species in terms of both space and time (Kayahan and Tabur, 2016). Primary segregation among coexisting predators highlights behavioural adaptations that minimize conflicts between competitive species, for example diurnal and nocturnal habits of predation (Aragón  et al., 2002; Cichocki  et al., 2008). Many features of prey species including age and size, accessibility and availability, and distribution patterns resolve interspecific competition among predators (Capizzi and Luiselli, 1998; Balčiauskas and Balčiauskienė, 2014). There is a positive relationship between predator body size and prey body size within a food web (Cohen  et al., 1993). Trejo and Guthmann (2003) studied the diet of magellanic-horned owl (Bubo magellanicus) and concluded that the owls captured preys of small size. Excessive dietary overlap occurs in coexisting owls of same size because of predation on prey species of same size whereas variable body sized sympatric owls consume preys of different body mass with decreased dietary overlap (Jaksić, 1982; Hayward and Garton, 1988). Food-niche separation among predators depends on the size of prey species (Nakazawa, 2017). Seasons and habitats have pronounced influence on the food selection of owls as accessibility towards prey may vary accordingly. Seasonal comparison between different owl species can enhance our knowledge about the ecology of nocturnal avian predators (Mehta  et al., 2018).

			In Pakistan, owl researchers focused on the diet of barn owl Tyto alba because of its broader food niche and agricultural importance as a rodent pest-controlling agent. Only a few planned studies (Mushtaq-ul-Hassan  et al., 2007; Nadeem  et al., 2012) described trophic interactions of coexisting owls in Balochistan and southern Punjab. In the present study, we focused on three coexisting owls in northern Punjab, Pakistan i.e. collared owlet (Glaucidium brodiei), spotted owlet (Athene brama) and eurasian eagle owl (Bubo bubo). All the three owl species have wide distribution throughout Indo Malayan and Palaearctic regions with marked differences in the ecology, morphology, breeding and activity times (Birdlife International, 2018). The collared owlet is the smallest crepuscular owl species (body length = 16-20 cm, body weight = 52-63 g), breeds during May-July and resides in Himalayan region with altitudinal migrations to foothills of Himalayas (Roberts, 1991; Konig and Weick, 2008). Until now, no detailed study has existed on the food habits of the collared owlet in Pakistan. 

			The spotted owlet is a little crepuscular or nocturnal owl species (body length = 21-25 cm, body weight = 110-115 g), has been observed breeding from February to April (Ali and Ripley, 1987; Roberts, 1991; Mahmood-ul-Hassan  et al., 2007a) and residing in a variety of habitats scattered all over Pakistan (Roberts, 1991). Food of spotted owlet studied in plains of Punjab province (Akhtar and Beg, 1985; Beg  et al., 1990; Mushtaq-ul-Hassan  et al., 2003, 2007b; Shah  et al., 2004;  Nadeem  et al., 2012) and Sindh province (Tariq  et al., 2003). However, dietary information of the spotted owlet in northern parts of Punjab province is scanty. 

			The eurasian eagle owl is large-sized nocturnal owl (body length = 56-72 cm, body weight = 2100-3260 g) that has wide distribution across Pakistan with a resident status and it breeds from November to early December (Roberts, 1991; Konig and Weick, 2008). The literature on dietary habits of eurasian eagle owl from Pakistan is also scarce.

			The aim of the present investigation was to scrutinize the food synchronization, seasonal differences, and niche breadth/overlap in the diet of three co-existing varied sized owls in Wildlife Park Lohi Bher, Rawalpindi district of northern Punjab. Since owls’ nests were located in the uncultivated natural habitat surrounded by extensive human settlements, we hypothesized that their seasonal food might be dominated by wild prey species. 

			MATERIALS AND METHODS

			Study area

			Wildlife Park Lohi Bher (33˚33’N, 73˚06’E/ 33˚35’N, 73.09’E) is located on Islamabad Express Highway to the southeast of Islamabad Capital Territory of Pakistan. The park was proposed during 1988 in Lohi Bher forest reserve at Margalla Piedmont zone of Rawalpindi district and was opened for public in 1992. The area of the park is approximately 278 hectares sprawling along the left bank of Korang River (Fig. 1A). The park represents flat to undulating topography with altitudinal variations ranging from 427-490 m above mean sea level (Fig. 1B). Generalized weather conditions of the area range from the semi-arid to sub-humid showing of hot and long summer, monsoon season, and freezing wet winter. During the study period, highest temperature was observed in May and June (22-42˚C) while December and January (0-21˚C) were the coldest months of the winter. Average annual precipitation was recorded 83.5 mm (0-322 mm) with heavy rainfall in the monsoon months of July and August (PMD, 2015). Despite rapid urbanization in the park vicinity, the area represents high wilderness and is hospitable to many wild species of plants and animals. The park lies in region with related plant species of Adhatoda vasica, Anagallis arvensis, Cannabis sativa, Cymbopogon jwarancusa, Cynodon dactylon, Desmostachya bipinnata, Nerium oleander, Prosopis glandulosa, Solanum nigrum and Ziziphus mauritiana (Ahmad and Ehsan, 2012; Kayani  et al., 2015). Wildlife Park Lohi Bher supports a variety of wild animals including mammals and birds. Prominent wild mammal species are Asiatic jackal (Canis aureus), porcupine (Hystrix indica), small Indian mongoose (Herpestes javanicus auropunctatus), hedgehog (Hemiechinus collaris), Indian hare (Lepus nigricollis) and pangolin (Manis crassicaudata) (Roberts, 1997). Common resident birds of the region are black drongo (Dicrurus macrocercus), common myna (Acridotheres tristis), jungle crow (Corvus macrorhynchos), red-wattled lapwing (Vanellus indicus), eurasian collared dove (Streptopelia decaocta), white-throated kingfisher (Halcyon smyrnensis) and tree pie (Dendrocitta vagabunda) (Roberts, 1991).

			Pellet collection and analysis

			Exploratory visits were made during May 2012 and regular seasonal/monthly visits were made by two persons during 0700 hours through 1900 hours from June 2012 to September 2015 for owls’ pellet collection in the study area. We distributed months into four seasons namely winter (December-February), spring (March-May), summer (June-August) and autumn (September-November). Pellets collected during the study period were pooled seasonally to know the seasonal variations in owls’ diet. Owl nests and roosting sites were found by direct searching, questioning wildlife watchers and guards of the park, and other related indirect signs including remains of prey, white excrement (Zuberogoitia, 2002), size and shape of pellets. Owls were spotted using binoculars and identified by direct sighting. Each nesting site was given a name, based on the residing owl species (Fig. 1A). The nesting coordinates were recorded by using handheld GPS (Garmin GPS 60CS). Once nesting site and owl species were identified, only fresh and intact pellets were collected seasonally. In the field, pellets were temporarily stored in sealable polythene bags separately by labelling necessary information including identification number, date, site of collection and owl species on a tag.
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			Fig. 1. Map of the Wildlife Park Lohi Bher in Rawalpindi district showing nesting sites of the collared owlet, spotted owlet and eurasian eagle owl (A) with contour map showing different elevation levels at MASL (B).

			In the laboratory, pellets were oven dried at 50 ˚C overnight. The linear measurements of length and breadth were measured by digital vernier calliper with an accuracy of 0.01 mm. All pellets were weighed using an electronic laboratory balance (TX323L Shimadzu) with an accuracy of 0.01g. Before analysis, pellets were soaked overnight in mellow water. The pellet contents were carefully disentangled with tweezers and were properly washed. Using dissection microscope (XSJ-II), the prey items were segregated primarily into invertebrate and vertebrate contents. Insects were identified up to the order level by chitinous parts of elytra, genitalia, head, legs, mandibles, pedipalps, patellae of appendages, pincers, proboscis and sting exuviae. Mammals among vertebrates were identified to species level by characteristics of hairs, crania, dental patterns, and mandibular shapes and placed in groups of murid rodents, insectivores, lagomorph, carnivores and chiroptera. Beaks, bones, bird claws, feathers, keels and skulls, ascertained avian remnants whereas reptiles were determined by claws, jaws and skin scales. Where identification was not possible up to the genus or order level, we placed that item into the unidentified category of relevant taxon. We counted prey items by following Marti  et al. (2007).

			Comparative significance of prey items

			We present data as relative abundance of prey items (%N) and percent biomass consumed (% B). Abundance was calculated by tallying each prey item in the owls’ diet. To know the relative abundance of each prey item, tally values were divided by sum of all prey items and multiplied with 100. Biomass was calculated by multiplying the number of prey items found in pellets to the mean prey mass of that prey item and multiplied with 100 to express it as percent biomass. Mass of mammals and birds was taken from relevant literature (Roberts, 1991, 1997; Qureshi  et al., 2012). Each insect found in the pellets of owls was allotted a weight of one gram (Leonardi and Arte, 2006). Dietary items consumed by different individuals in small amounts may show high occurrence with least importance. An integrative approach to minimize bias in the measurement of predators’ diet is the index of relative importance (IRI), first practical application was proposed by Pinkas (1971). In this study, we used modified equation of IRI by Martin  et al. (1996), where volumetric percentage was replaced with percent biomass. Hart  et al. (2002) used this method for barn owl diet estimation that can also be used for other raptors as well (Marti  et al., 2007). Index values were calculated for known taxa of prey items in each owl’s diet by following equation: IRI= (N+W)F where N is the relative abundance (% N), W is the percent biomass (% B) and F is the percent frequency of occurrence (% F) i.e. the number of owl pellets consisting of a prey item.

			We recorded seasonal variations/diversity of prey species in the food through Shannon-Wiener index (H’) (Shannon, 1948) by employing the following equation:
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			Where H’ is the diversity of prey species, s the number of prey species and Pi is the proportion of individuals in the total sample belonging to the ith prey species. We measured the equitability of prey communities in the seasonal diet of owl species by Pielou’s evenness index (J’) (Pielou, 1966).
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			Where H’ is the number derived from the shannon-wiener index, and S is the total number of prey species.

			Mean biomass of prey produced errors due to very large and very small prey species. To reduce problems associated with this condition we calculated geometric mean prey weight (GMPW) by following Marti  et al. (2007).
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			Where ni is the number of the prey individual i and wi is the average mass of prey individual i. GMPW values were represented along with ± standard error of mean (SEM). The quantitative assessment of the hunting specializations of owl species was done by measuring food niche breadth (FNB) following Levins (1968).
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			Where Pi is the proportion of individual i by means of frequency. This measure of food niche breadth was standardized (FNBS) on 0-1 scale by following Hurlbert (1978).
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			Where n is the total number of prey items identified in the owl pellets.

			To understand the seasonal dietary overlap of prey species in the diet of owl species, we calculated dietary overlap by following Pianka (1973). The values of dietary overlap (Oi,j) were multiplied by 100 to convert them as percentages by following Mehta  et al. (2018).
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			Where Pi,j is proportion of prey species i in the total prey species used by an owl species j and Pi,k is the proportion of prey species i in the total prey species used by owl species k.

			Statistical analysis

			Analysis by Kolmogorov-Smirnov test revealed the non-normal distribution of data, as experienced in raptor food habit studies (Marti  et al., 2007). We observed variations in seasonal diet consumption of an owl species and dietary variations among owl species by Kruskal-Wallis (H) test and paired comparison of means was performed with Mann-Whitney (U) test. For comparison of geometric means, we used Student’s t-test. All pair-wise comparisons were two-tailed and significance was set at 0.05. The statistical package for windows (IBM, SPSS version 24) was used for these statistical procedures.

			RESULTS

			From 63 pellets of the collared owlet,132 prey items were recorded. The mean pellet length was 21.77 mm (SEM ±0.76, range = 14.07-57.71 mm) with mean breadth of 10.95 mm (SEM ±0.20, range = 7.70-15.07 mm) and the mean weight 0.59 g (SEM ±0.04, range = 0.32-2.62 g) (Fig. 2A, B, C). Significant seasonal variations in the parameters of the pellet viz., pellet length (χ2 (3) = 27.222, P< 0.05), pellet breadth (χ2 (3) = 9.228, P< 0.05) and the pellet weight (χ2 (3) = 16.130, P< 0.05) were observed. The overall contribution of murids to the annual diet of the collared owlet was 40.91% (Table I). Of all the four species of murid rodents that were eaten by the collared owlet in the study area, only house mouse were eaten intensively in all the four seasons (Table II). The shrew was also eaten by the owlet in all the four seasons but it was not consumed as intensively as were the mice; its contribution to the owlet’s diet was 6.82% only (Table I). Insects and scorpions accounted for 50.76% of the owlet’s diet. Bulk of the biomass (80.04%) of the diet of the collared owlet was due to four groups of rodents, Indian gerbil being the major contributor. The remaining biomass of the owlet’s diet was due to shrews (16.54%), insects (3.36%) and scorpions (0.06%) (Table I). A Kruskal-Wallis (H) test reflected no significant differences in the diet of the collared owlet across seasons (χ2 (3) = 0.418, P> 0.05). The index of relative importance values suggested house mouse and insects of order Hymenoptera as prominent items in annual diet of the collared owlet (Table I).

			We identified a total of 461 prey remnants from 282 pellets of the spotted owlets (Table III). The mean pellet length was 23.38 mm (SEM ±0.40, range = 10.87-41.03 mm), breadth 11.70 mm (SEM ±0.14, range = 7.16-22.21 mm) and the mean weight of pellets 0.86 g (SEM ±0.02, range = 0.31-1.78 g) (Fig. 2). Seasonal variation was significant in the case of pellet length (χ2 (3) = 12.870, P< 0.05) and pellet weight (χ2 (3) = 37.642, P< 0.05) whereas no seasonal differences were observed for pellet breadth (χ2 (3) = 27.222, P< 0.05). Between two rodent species (Table I), only the mice were eaten more intensively (37.53%) during all seasons while short-tailed mole rat 

			Table I. Relative abundance (% N), biomass (% B) and frequency of occurrence (% F) of prey items consumed by the collared owlet (n=63), spotted owlet (n=282) and eurasian eagle owl (n=89) along with index of relative importance (IRI)values in the Wildlife Park Lohi Bher, Rawalpindi District, Pakistan.

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Prey items

						
							
							
							collared owlet

						
							
							spotted owlet

						
							
							Eurasian eagle owl

						
					

					
							
							Scientific names

						
							
							% N

						
							
							% B

						
							
							% F

						
							
							IRI

						
							
							% N

						
							
							% B

						
							
							% F

						
							
							IRI

						
							
							% N

						
							
							% B

						
							
							% F

						
							
							IRI

						
					

					
							
							Murids rodents

						
							
							
							
							
							
							
							
							
							
							
							
							
							
					

					
							
							Bandicoot rat 

						
							
							Bandicota 

							bengalensis

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							7.20

						
							
							17.64

						
							
							7.10

						
							
							150.99

						
					

					
							
							Indian bush rat 

						
							
							Golunda ellioti

						
							
							2.27

						
							
							7.42

						
							
							2.31

						
							
							22.37

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							3.47

						
							
							2.43

						
							
							4.32

						
							
							18.07

						
					

					
							
							Indian gerbil 

						
							
							Tatera indica

						
							
							6.06

						
							
							38.88

						
							
							6.15

						
							
							276.58

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							12.90

						
							
							17.73

						
							
							14.20

						
							
							344.17

						
					

					
							
							Short-tailed bandicoot rat 

						
							
							Nesokia indica

						
							
							0.76

						
							
							7.80

						
							
							0.77

						
							
							6.58

						
							
							0.43

						
							
							9.76

						
							
							0.47

						
							
							4.82

						
							
							13.15

						
							
							28.98

						
							
							12.96

						
							
							461.82

						
					

					
							
							Roof/house rat 

						
							
							Rattus rattus

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							1.74

						
							
							2.95

						
							
							2.16

						
							
							8.28

						
					

					
							
							Mouse 

						
							
							Mus musculus

						
							
							31.82

						
							
							25.94

						
							
							32.31

						
							
							1865.96

						
							
							37.53

						
							
							66.88

						
							
							40.66

						
							
							4245.27

						
							
							22.83

						
							
							3.98

						
							
							15.74

						
							
							244.19

						
					

					
							
							Insectivores

						
							
							
							
							
							
							
							
							
							
							
							
							
							
					

					
							
							Etruscan pygmy shrew 

						
							
							Suncus etruscus

						
							
							1.52

						
							
							0.18

						
							
							1.54

						
							
							2.61

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
					

					
							
							House shrew 

						
							
							Suncus murinus

						
							
							5.30

						
							
							16.36

						
							
							5.38

						
							
							116.65

						
							
							1.52

						
							
							10.24

						
							
							1.65

						
							
							19.46

						
							
							14.64

						
							
							9.67

						
							
							13.89

						
							
							237.00

						
					

					
							
							Lagomorph

						
							
							
							
							
							
							
							
							
							
							
							
							
							
					

					
							
							Indian hare 

						
							
							Lepus nigricollis

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.50

						
							
							14.10

						
							
							0.62

						
							
							8.86

						
					

					
							
							Carnivore

						
							
							
							
							
							
							
							
							
							
							
							
							
							
					

					
							
							Small Indian mongoose 

						
							
							Herpestes javanicus

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.25

						
							
							2.32

						
							
							0.31

						
							
							0.76

						
					

					
							
							Chiropteran

						
							
							
							
							
							
							
							
							
							
							
							
							
							
					

					
							
							Unknown microbats

						
							
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.50

						
							
							0.00

						
							
							0.62

						
							
							0.00

						
					

					
							
							Reptile

						
							
							
							
							
							
							
							
							
							
							
							
							
							
					

					
							
							Unknown lizard

						
							
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.22

						
							
							0.00

						
							
							0.24

						
							
							0.00

						
							
							4.96

						
							
							0.00

						
							
							5.86

						
							
							0.00

						
					

					
							
							Birds

						
							
							
							
							
							
							
							
							
							
							
							
							
							
					

					
							
							House Sparrow 

						
							
							Passer domesticus

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							1.30

						
							
							4.79

						
							
							1.42

						
							
							8.64

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
					

					
							
							Unknown bird

						
							
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.22

						
							
							0.00

						
							
							0.24

						
							
							0.00

						
							
							2.73

						
							
							0.00

						
							
							3.40

						
							
							0.00

						
					

					
							
							Invertebrates

						
							
							
							
							
							
							
							
							
							
							
							
							
							
					

					
							
							Coleoptera

						
							
							
							7.58

						
							
							0.51

						
							
							7.69

						
							
							62.20

						
							
							37.74

						
							
							5.55

						
							
							33.57

						
							
							1453.52

						
							
							8.19

						
							
							0.12

						
							
							10.19

						
							
							43.32

						
					

					
							
							Hemiptera

						
							
							
							9.09

						
							
							0.61

						
							
							7.69

						
							
							74.64

						
							
							9.98

						
							
							1.47

						
							
							9.69

						
							
							110.95

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
					

					
							
							Hymenoptera

						
							
							
							31.06

						
							
							2.09

						
							
							31.54

						
							
							1045.55

						
							
							4.56

						
							
							0.67

						
							
							4.96

						
							
							25.94

						
							
							4.47

						
							
							0.06

						
							
							5.56

						
							
							12.89

						
					

					
							
							Orthoptera

						
							
							
							2.27

						
							
							0.15

						
							
							2.31

						
							
							5.60

						
							
							4.34

						
							
							0.64

						
							
							4.73

						
							
							23.53

						
							
							0.50

						
							
							0.01

						
							
							0.62

						
							
							0.16

						
					

					
							
							Scorpiones

						
							
							
							0.76

						
							
							0.06

						
							
							0.77

						
							
							0.62

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
					

					
							
							Unidentified invertebrates

						
							
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							2.17

						
							
							0.00

						
							
							2.36

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
					

					
							
							Unidentified plant matter

						
							
							
							1.52

						
							
							0.00

						
							
							1.54

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							1.99

						
							
							0.00

						
							
							2.47

						
							
							0.00

						
					

				
			

			was occasionally consumed in summer and winter seasons (Table III). House shrew was eaten in the winter, summer and autumn seasons and accounted for only 1.52% of prey remnants. Contribution of lizards and birds was also occasional being only 1.74%. However, insects, particularly beetles jointly accounted for 56.42% of the owlet’s diet (Table I). About 76.64 % of the prey biomass in the annual diet of the owlet was due to two murids; viz., short-tailed mole rat (9.76%) and house mouse being the chief source (66.88%). Rest of the biomass of the owlet’s diet was due to house shrew (10.24%), birds (4.79%), and insects (8.33%) (Table I). Significant seasonal variation was observed in consumption of prey resources, χ2 (3) = 12.972, P< 0.05 with a mean rank prey item score of 248.62 for winter, 222.51, spring, 255.25, summer and 198.51 for autumn. Though winter and spring diets were not significantly different (U= 8195, P= 0.084), spring and summer (U= 5736, P= 0.041), summer and autumn (U= 3349, P= 0.003) and winter and autumn (U= 4771, P= 0.004) prey items varied significantly. The values of IRI ranked house mouse as most staple food item and it was supplemented with beetles of the order Coleoptera.
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			Fig. 2. A comparison of the length (A), breadth (B) and weight (C) of the pellets of the collared owlet, spotted owlet and eurasian eagle owl showing medians, upper and lower quartiles and sample ranges.
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			Fig. 3. Seasonal diversity of prey species in the diet of collared owlet (A), spotted owlet (B) and eurasian eagle owl (C) in Lohi Bher.

			From a total of 89 pellets of eurasian eagle owl, we identified a total of 403 prey items. The mean length of the pellets was 76.14 mm (SEM ±0.99, range = 58.72-91.97 mm), mean breadth 38.06 mm (SEM ±0.56, range = 24.73-50.99 mm), and the mean weight 6.85 g (SEM ±0.19, range = 3.43-12.42 g) (Fig. 2). All parameters of pellet length (χ2 (3) = 216.197, P< 0.05), breadth (χ2 (3) = 113.494, P< 0.05) and weight (χ2 (3) = 81.764, P< 0.05) were significantly different during four seasons. Murid rodents were the chief staples of the diet of eagle owl in all the four seasons (Table IV). Three species, namely House mouse (22.83%), mole rat (13.15%) and Indian gerbil (12.90%)were the most consumed murids among the six species represented in the owl’s pellets (Table I). The murids were most intensively eaten during the summer season (78.95%) and least during the winter season (50.00%) (Table IV). Among the other mammalian prey species, 

			Table II. Seasonal variations in relative abundance (% N) and biomass (% B) of prey items in the food of the collared owlet (Glaucidium brodiei) from Wildlife Park Lohi Bher, Rawalpindi District, Pakistan.

			
				
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Prey Items

						
							
							Mean Prey Mass (g)

						
							
							Winter

						
							
							Spring

						
							
							Summer

						
							
							Autumn

						
					

					
							
							% N

						
							
							% B

						
							
							% N

						
							
							% B

						
							
							% N

						
							
							% B

						
							
							% N

						
							
							% B

						
					

					
							
							Mammals

						
							
							
							46.67

						
							
							95.92

						
							
							47.05

						
							
							96.52

						
							
							45.83

						
							
							95.62

						
							
							51.72

						
							
							97.69

						
					

					
							
							Rodents

						
							
							
							40.00

						
							
							86.75

						
							
							41.17

						
							
							78.84

						
							
							37.50

						
							
							64.74

						
							
							44.83

						
							
							82.58

						
					

					
							
							-Indian bush rat

						
							
							48.5

						
							
							0.00

						
							
							0.00

						
							
							5.88

						
							
							18.71

						
							
							0.00

						
							
							0.00

						
							
							3.45

						
							
							7.99

						
					

					
							
							-Indian gerbil 

						
							
							95.31

						
							
							6.67

						
							
							53.05

						
							
							5.88

						
							
							36.77

						
							
							4.17

						
							
							32.11

						
							
							6.90

						
							
							31.42

						
					

					
							
							-Short-tailed bandicoot 

						
							
							152.91

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							3.45

						
							
							25.20

						
					

					
							
							-House mouse

						
							
							12.11

						
							
							33.33

						
							
							33.70

						
							
							29.41

						
							
							23.36

						
							
							33.33

						
							
							32.64

						
							
							31.03

						
							
							17.96

						
					

					
							
							Shrews

						
							
							
							6.67

						
							
							9.17

						
							
							5.88

						
							
							17.68

						
							
							8.33

						
							
							30.88

						
							
							6.90

						
							
							15.11

						
					

					
							
							Etruscan pygmy shrew

						
							
							1.8

						
							
							4.44

						
							
							0.67

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
					

					
							
							-House shrew

						
							
							45.83

						
							
							2.22

						
							
							8.50

						
							
							5.88

						
							
							17.68

						
							
							8.33

						
							
							30.88

						
							
							6.90

						
							
							15.11

						
					

					
							
							Invertebrates

						
							
							
							48.89

						
							
							4.08

						
							
							52.94

						
							
							3.47

						
							
							54.17

						
							
							4.38

						
							
							48.28

						
							
							2.31

						
					

					
							
							Coleoptera

						
							
							1

						
							
							2.22

						
							
							0.19

						
							
							17.65

						
							
							1.16

						
							
							8.33

						
							
							0.67

						
							
							3.45

						
							
							0.16

						
					

					
							
							Hemiptera

						
							
							1

						
							
							15.56

						
							
							1.30

						
							
							0.00

						
							
							0.00

						
							
							8.33

						
							
							0.67

						
							
							10.34

						
							
							0.49

						
					

					
							
							Hymenoptera

						
							
							1

						
							
							28.89

						
							
							2.41

						
							
							32.35

						
							
							2.12

						
							
							33.33

						
							
							2.69

						
							
							31.03

						
							
							1.48

						
					

					
							
							Orthoptera

						
							
							1

						
							
							2.22

						
							
							0.19

						
							
							2.94

						
							
							0.19

						
							
							0.00

						
							
							0.00

						
							
							3.45

						
							
							0.16

						
					

					
							
							Scorpiones

						
							
							1

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							4.17

						
							
							0.34

						
							
							0.00

						
							
							0.00

						
					

					
							
							Unidentified plant matter

						
							
							-

						
							
							4.44

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
					

					
							
							Remnants of prey animals

						
							
							
							45

						
							
							34

						
							
							24

						
							
							29

						
					

					
							
							Number of pellets

						
							
							
							21

						
							
							16

						
							
							11

						
							
							15

						
					

					
							
							Mean no. of prey / pellet ± SEM

						
							
							

						
							
							2.14 ± 0.17

						
							
							2.13 ± 0.15

						
							
							2.18 ± 0.23

						
							
							1.93 ± 0.15

						
					

				
			

			Table III. Seasonal changes in relative abundance (% N) and biomass (% B) of prey items found in the diet of the spotted owlet (Athene brama) from the Wildlife Park Lohi Bher of Rawalpindi District, Pakistan.

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Prey items

						
							
							Mean prey mass (g)

						
							
							Winter

						
							
							Spring

						
							
							Summer

						
							
							Autumn

						
					

					
							
							% N

						
							
							% B

						
							
							% N

						
							
							% B

						
							
							% N

						
							
							% B

						
							
							% N

						
							
							% B

						
					

					
							
							Mammals

						
							
							
							34.40

						
							
							90.33

						
							
							38.51

						
							
							76.84

						
							
							31.87

						
							
							89.60

						
							
							54.64

						
							
							92.39

						
					

					
							
							Rodents

						
							
							
							32.80

						
							
							78.98

						
							
							38.51

						
							
							76.84

						
							
							30.77

						
							
							81.79

						
							
							50.52

						
							
							70.58

						
					

					
							
							-Short-tailed bandicoot rat

						
							
							152.91

						
							
							0.80

						
							
							18.95

						
							
							0.00

						
							
							0.00

						
							
							1.10

						
							
							26.06

						
							
							0.00

						
							
							0.00

						
					

					
							
							-House mouse

						
							
							12.11

						
							
							32.00

						
							
							60.03

						
							
							38.51

						
							
							76.84

						
							
							29.67

						
							
							55.73

						
							
							50.52

						
							
							70.58

						
					

					
							
							Shrew

						
							
							
							
							
							
							
							
							
							
					

					
							
							-House shrew

						
							
							45.83

						
							
							1.60

						
							
							11.36

						
							
							0.00

						
							
							0.00

						
							
							1.10

						
							
							7.81

						
							
							4.12

						
							
							21.81

						
					

					
							
							Reptile

						
							
							
							
							
							
							
							
							
							
					

					
							
							Unknown lizard

						
							
							-

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							1.10

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
					

					
							
							Birds

						
							
							
							
							
							
							
							
							
							
					

					
							
							-House Sparrow

						
							
							25

						
							
							0.00

						
							
							0.00

						
							
							3.38

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							1.03

						
							
							2.97

						
					

					
							
							Unknown bird

						
							
							-

						
							
							0.80

						
							
							0.00

						
							
							0.00

						
							
							13.92

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
					

					
							
							Invertebrates

						
							
							
							62.40

						
							
							9.67

						
							
							56.08

						
							
							9.24

						
							
							67.03

						
							
							10.40

						
							
							40.21

						
							
							4.64

						
					

					
							
							Coleoptera

						
							
							1

						
							
							40.00

						
							
							6.20

						
							
							42.57

						
							
							7.01

						
							
							37.36

						
							
							5.80

						
							
							27.84

						
							
							3.21

						
					

					
							
							Hemiptera

						
							
							1

						
							
							7.20

						
							
							1.12

						
							
							6.76

						
							
							1.11

						
							
							19.78

						
							
							3.07

						
							
							9.28

						
							
							1.07

						
					

					
							
							Hymenoptera

						
							
							1

						
							
							9.60

						
							
							1.49

						
							
							3.38

						
							
							0.56

						
							
							2.20

						
							
							0.34

						
							
							2.06

						
							
							0.24

						
					

					
							
							Orthoptera

						
							
							1

						
							
							5.60

						
							
							0.87

						
							
							3.38

						
							
							0.56

						
							
							7.69

						
							
							1.19

						
							
							1.03

						
							
							0.12

						
					

					
							
							Unidentified invertebrates

						
							
							-

						
							
							2.40

						
							
							0.00

						
							
							2.03

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							4.12

						
							
							0.00

						
					

					
							
							Remnants of prey animals

						
							
							
							125

						
							
							148

						
							
							91

						
							
							97

						
					

					
							
							Number of pellets

						
							
							
							72

						
							
							96

						
							
							53

						
							
							61

						
					

					
							
							Mean no. of prey / pellet ± SEM

						
							
							

						
							
							1.74 ± 0.08

						
							
							1.54 ± 0.07

						
							
							1.72 ± 0.09

						
							
							1.59 ± 0.08

						
					

				
			

			Table IV. Relative abundance (% N) and prey biomass (% B) in the food of the eurasian eagle owl (Bubo bubo) across four seasons in the Wildlife Park Lohi Bher, Rawalpindi District, Pakistan.

			
				
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Prey items

						
							
							Mean prey mass (g)

						
							
							Winter

						
							
							Spring

						
							
							Summer

						
							
							Autumn

						
					

					
							
							% N

						
							
							% B

						
							
							% N

						
							
							% B

						
							
							% N

						
							
							% B

						
							
							% N

						
							
							% B

						
					

					
							
							Mammals

						
							
							
							76.19

						
							
							99.82

						
							
							77.42

						
							
							99.87

						
							
							80.45

						
							
							99.90

						
							
							73.17

						
							
							99.39

						
					

					
							
							Rodents

						
							
							
							50.00

						
							
							74.67

						
							
							54.84

						
							
							27.15

						
							
							78.95

						
							
							99.90

						
							
							54.88

						
							
							78.39

						
					

					
							
							-Bandicoot rat

						
							
							170.04

						
							
							2.38

						
							
							6.06

						
							
							4.84

						
							
							8.26

						
							
							17.29

						
							
							38.74

						
							
							0.00

						
							
							0.00

						
					

					
							
							-Indian bush rat

						
							
							48.5

						
							
							1.59

						
							
							1.15

						
							
							1.61

						
							
							0.79

						
							
							8.27

						
							
							5.28

						
							
							0.00

						
							
							0.00

						
					

					
							
							Indian gerbil

						
							
							95.31

						
							
							15.87

						
							
							22.65

						
							
							6.45

						
							
							6.17

						
							
							20.30

						
							
							25.49

						
							
							1.22

						
							
							2.91

						
					

					
							
							-Short-tailed bandicoot rat

						
							
							152.91

						
							
							17.46

						
							
							39.98

						
							
							4.84

						
							
							7.43

						
							
							13.53

						
							
							27.26

						
							
							12.20

						
							
							46.72

						
					

					
							
							-Roof/house rat

						
							
							118

						
							
							1.59

						
							
							2.80

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							6.10

						
							
							18.03

						
					

					
							
							-House mouse

						
							
							12.11

						
							
							11.11

						
							
							2.01

						
							
							37.10

						
							
							4.51

						
							
							19.55

						
							
							3.12

						
							
							35.37

						
							
							10.73

						
					

					
							
							Shrew

						
							
							
							
							
							
							
							
							
							
					

					
							
							-House shrew

						
							
							45.83

						
							
							25.40

						
							
							17.43

						
							
							19.35

						
							
							8.90

						
							
							0.00

						
							
							0.00

						
							
							18.29

						
							
							21.00

						
					

					
							
							Hare

						
							
							
							
							
							
							
							
							
							
					

					
							
							-Indian hare

						
							
							1971.5

						
							
							0.00

						
							
							0.00

						
							
							3.23

						
							
							63.82

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
					

					
							
							Mongoose

						
							
							
							
							
							
							
							
							
							
					

					
							
							-Small Indian Mongoose

						
							
							650

						
							
							0.79

						
							
							7.72

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
					

					
							
							Bats

						
							
							
							
							
							
							
							
							
							
					

					
							
							Unknown microbats

						
							
							-

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							1.50

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
					

					
							
							Reptiles

						
							
							
							
							
							
							
							
							
							
					

					
							
							Unknown lizards

						
							
							-

						
							
							6.35

						
							
							0.00

						
							
							9.68

						
							
							0.00

						
							
							3.76

						
							
							0.00

						
							
							1.22

						
							
							0.00

						
					

					
							
							Birds

						
							
							
							
							
							
							
							
							
							
					

					
							
							Unknown birds

						
							
							-

						
							
							5.56

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							2.26

						
							
							0.00

						
							
							1.22

						
							
							0.00

						
					

					
							
							Invertebrates

						
							
							
							11.90

						
							
							0.18

						
							
							12.90

						
							
							0.13

						
							
							7.52

						
							
							0.10

						
							
							24.39

						
							
							0.61

						
					

					
							
							Coleoptera

						
							
							1

						
							
							7.14

						
							
							0.11

						
							
							11.29

						
							
							0.11

						
							
							3.76

						
							
							0.05

						
							
							14.63

						
							
							0.37

						
					

					
							
							Hymenoptera

						
							
							1

						
							
							4.76

						
							
							0.07

						
							
							1.61

						
							
							0.02

						
							
							2.26

						
							
							0.03

						
							
							9.76

						
							
							0.24

						
					

					
							
							Orthoptera

						
							
							1

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							1.50

						
							
							0.02

						
							
							0.00

						
							
							0.00

						
					

					
							
							Unidentified plant matter

						
							
							-

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
							
							6.02

						
							
							0.00

						
							
							0.00

						
							
							0.00

						
					

					
							
							Remnants of prey animals

						
							
							
							126

						
							
							62

						
							
							133

						
							
							82

						
					

					
							
							Number of pellets

						
							
							
							37

						
							
							8

						
							
							26

						
							
							18

						
					

					
							
							Mean no. of prey / pellet ± SEM

						
							
							

						
							
							3.41 ± 0.23

						
							
							7.75 ± 0.37

						
							
							5.12 ± 0.24

						
							
							4.56 ± 0.26

						
					

				
			

			house shrew was eaten throughout the year except the summer season and contributed about 14.64% in diet. In addition, two hares (3.23%) in spring, one mongoose (0.79%) in winter and two microbats (1.50%) in summer season were also consumed (Table IV). Arthropods were better consumed in terms of number (13.16 %). As far as the biomass of the owl’s diet was concerned, rodents accounted for 73.71 % of the diet of the owl, while mammals other than rodents accounted for 26.10 %. Thus, 99.81% of the diet of the eagle owl in the Wildlife Park Lohi Bher was due to mammalian preys and the remaining biomass of the owl’s food was of arthropods (0.19 %) (Table I). Significant differences in the diet of eurasian eagle owl were recorded among seasons (χ2 (3) = 23.965, P< 0.05) with a mean rank prey item score of 233.79 for winter, 198.48 for spring, 165.56 for summer and 82 for autumn. Winter, spring and summer diets were not statistically different whereas winter and summer diets (U = 5516.50, P = 0.000) and summer and autumn diets (U = 4161.50, P = 0.003) were significantly variable. The values obtained by the IRI ranked short-tailed bandicoot rat as chief food among prey items (Table I).

			Two of the murid rodents namely, short-tailed bandicoot rat- and house mouse along with Asian house shrew and insects of order Coleoptera, Hymenoptera and Orthoptera, were found consistently in the diet of three owl species (Table I). Overall murids and invertebrates were the dominant groups of prey items in each owl species diet. Food of three owl species was significantly different from each other (χ2 (2) = 65.566, P< 0.05) with a mean rank of prey items 549.07 for the spotted owlet, 585.92 for the collared owlet and 412.01 for the eurasian eagle owl. The spotted owlet consumed more prey items than that of the collared owlet (U= 26715, P= 0.026) and eagle owl (U= 65867, P =0.000). The food of the collared owlet was significantly different from that of the eagle owl (U=18769, P= 0.000). Mean number of prey items per pellet were 2.10 (SEM ±0.09, range= 1-4) in case of the collared owlet and1.63 (SEM ±0.04, range = 1-4) in the spotted owlet. In the pellets of the eurasian eagle owl, mean prey items per pellet were 4.53 (SEM ±0.19, range = 1-9). Strong positive correlation was observed between the body size of owl species in the study area and the number of prey items found in their pellets (Pearson correlation: r = 0.630, n = 1834, P = 0.000).

			[image: ]

			Fig. 4. Seasonal shift in the food niche breadth (FNBS) of collared owlet (A), spotted owlet (B) and eurasian eagle owl (C) in Wildlife Park Lohi Bher, Rawalpindi district, Pakistan.

			The eurasian eagle owl’s diet contained most diverse food (H’ = 1.96, S = 12) as compared to the collared owlet (H’ = 1.79, S = 11) and the spotted owlet (H’ = 1.39, S = 8). Peilou’s evenness values indicated preference of the collared owlet (J’ = 0.75), spotted owlet (J’ = 0.67) and eurasian eagle owl (J’ = 0.79) towards one prey item. Diversity indices reflected variable utilization of resources by all the three owl species in our study area (Fig. 3A-C). Food niche breadth of the eurasian eagle owl was observed more broader (FNBS = 0.62) than that of the collared owlet (FNBS = 0.34) and spotted owlet (FNBS = 0.32). Seasonal food niche dynamics for the collared Owlet, spotted owlet and eurasian eagle owl are shown in Figures 4A, B, C.

			[image: ]

			Fig. 5. Changes in geometric mean prey weight (GMPW) across four seasons in the diet of the collared owlet (A), spotted owlet (B) and eurasian eagle owl (C) in Wildlife Park Lohi Bher study area.

			The geometric mean prey weight (GMPW) of the eurasian eagle owl (21.78 ±0.71 g) was significantly greater than that of the collared owlet (4.18 ±0.75 g) (t = -49.381, P<0.05) and spotted owlet (2.95 ±0.87 g) (t = -46.946, P< 0.05) whereas GMPW of collared owlet was significantly higher than that of the spotted owlet (t = -3.542, P< 0.05). Seasonal fluctuations of GMPW in the diet of the collared owlet, spotted owlet and eurasian eagle owl in our study area are shown in Fig. 5A, B, C. The spotted owlet captured smaller prey and eurasian eagle owl; a large-sized predator even took proportionately more smaller prey items whereas collared owlet consumed larger prey in relation to its body weight (Table V). We observed a statistically significant negative correlation between predator size and mass of the prey (r = 0.249, n = 996, P = 0.000).

			Table V. Ratio between geometric mean prey weight (GMPW) and mean weight of the owl species in the Wildlife Park Lohi Bher, Rawalpindi district, Pakistan.

			
				
					
					
					
					
				
				
					
							
							Owl species

						
							
							GMPW (g)

						
							
							Mean predator weight (g)

						
							
							Ratio

						
					

					
							
							collared owlet

						
							
							4.18

						
							
							57.5*

						
							
							0.072

						
					

					
							
							spotted owlet

						
							
							2.95

						
							
							112.5*

						
							
							0.026

						
					

					
							
							Eurasian eagle owl

						
							
							21.78

						
							
							2161**

						
							
							0.010

						
					

				
			

			* mean weight calculated from Roberts (1991); Konig and Weick (2008); ** mean weight taken from Cui  et al. (2008).

			Cluster analysis grouped different prey items consisting of similar proportional trends in the annual consumption of owls’ diets. In the diet of the collared Owlet, house mouse and insect order Hymenoptera were consumed with similar proportions whereas the percentage of Indian gerbil encompassed a broader array of prey items’ proportion round the year (Fig. 6A). In the spotted owlet’s annual diet, the proportion of the house mouse alone was equivalent to all other taxa followed by the beetles of order Coleoptera whereas the percentage of house sparrow Passer domesticus was similar to that of the combined proportion of insects of the order Hymenoptera and Orthoptera. short-tailed bandicoot rat and Asian house shrew were obtained with similar annual arrangement by the owlet (Fig. 6B). Eurasian eagle owl consumed diverse taxa with proportionately large animals than that of the other two owlets. Cluster analysis revealed that the portion of Indian hare was part of the combined proportion of wide range of mammals and insects whereas the fraction of the small Indian mongoose was similar to that of the Orthoptera as least consumed prey items annually (Fig. 6C). High dietary overlap was observed between collared owlet and spotted owlet (66.81 %) followed by an overlap between, spotted owlet and eurasian eagle owl (63.58 %) and collared owlet and eurasian eagle owl (66.28 %). Seasonal percent overlap among three oil species in our study area is depicted in Table VI.

			[image: ]

			Fig. 6. Cluster analysis results on annual (An.) prey items’ composition for (A) collared owlet (n = 11), (B) spotted owlet (n = 8), and (C) eurasian eagle owl (n = 12), where proportional values of % N, % B and % F were used as quantitative characteristics for each prey item (Bb, Bandicota bengalensis; Co, Coleoptera; Ge, Golunda ellioti; He, Hemiptera; Hj, Herpestes javanicus; Ln, Lepus nigricollis; Ms, Mus musculus; Ni, Nesokia indica; Or, Orthoptera; Pd, Passer domesticus; Rr, Rattus rattus; Sc, scorpion; Se, Suncus etruscus; Sm, Suncus murinus; Ti, Tatera indica).

			Table VI. Seasonal percent dietary overlap (% Oi,j) among the three species of owls in the Wildlife Park Lohi Bher, Rawalpindi district, Pakistan.

			
				
					
					
					
					
				
				
					
							
							Seasons

						
							
							collared owlet and spotted owlet

						
							
							collared owlet and

							eurasian eagle owl

						
							
							spotted owlet and

							eurasian eagle owl

						
					

					
							
							Winter

						
							
							60.29

						
							
							38.25

						
							
							37.3

						
					

					
							
							Spring

						
							
							72.99

						
							
							71.72

						
							
							74.03

						
					

					
							
							Summer

						
							
							59.61

						
							
							45.92

						
							
							38.9

						
					

					
							
							Autumn

						
							
							67.86

						
							
							76.46

						
							
							85.59

						
					

					
							
							Annual

						
							
							66.81

						
							
							66.28

						
							
							63.58

						
					

				
			

			DISCUSSION

				

			Collared owlets have been described as solitary hunters (Roberts, 1991). With crepuscular activity pattern, they had been observed killing birds of genera: Garrulax and Orthotomus (Whistler, 1930), and consuming insects of order Melolonthinae (Roberts, 1991). In the present study, about 90 % of food items of the collared owlet came from house mouse, shrews and insects. Pellet size of the owlet was smaller than that of the sympatric spotted owlet in the study area. About half of the numerically expressed food of owlet was due to insects. Among four species of murid rodents, Indian gerbil, house mouse and insect orders Coleoptera, Hymenoptera and Orthoptera were consumed throughout the year while birds were not found in seasonal diet, instead Asian house shrew was the other source of food in the owlet’s diet in our study area. In terms of biomass, mammals contributed more than 96% in the diet of the collared owlet in the present study (Table I). Ratio between geometric mean prey weight of the owlet and body weight of the owlet supported earlier observations on similar sized owlets suggesting that the predation of the owlet on proportionately larger preys than their own body weight (Mikusek  et al., 2001; Motta-Junior, 2007). We also found fractions of a scorpion during summer season. Pande  et al. (2004) in India also observed scorpions in spotted owlet’s diet and suggested that scorpions could not be considered as food of choice when they were represented with the relative abundance of less than 1 % in owlet’s diet. We did not find seasonal differences in the diet of the collared owlet perhaps due to small seasonal sample size of pellets.

			Mahmood-Ul-Hassan  et al. (2007b) studied the diet of the spotted owlet in agriculture-based ecosystem and reported insects as major remnants by number and rodents as staples with house mouse and soft-furred field rat Millardia meltada in central Punjab of Pakistan. In present research, that was carried out in uncultivated area surrounded by human anthropogenic activities, house mouse was identified as main food item of spotted owlet supplemented with four insect orders including Coleoptera, Hemiptera, Hymenoptera and Orthoptera in all seasons. Vanitha  et al. (2018) reported that spotted owlet nests were found frequently near to human habitations and their diet was bulked with insects than mammals. Pande  et al. (2007) found considerable number of rodents and insects in the diet of spotted owlet in urban uncultivated lands of India. However, the spectrum of rodents in the diet of spotted owlet in present study was not as broader as that of the collared owlet rather it was contributed by small quantum of food obtained from avian and reptilian source. This has also been reflected in the values of food niche breadth and diversity indices of both owlet species in our study area. The results of the present study are in consistence with the earlier studies on food habits of the spotted owlet in Pakistan (Tariq  et al., 2003; Shah  et al., 2004; Mahmood-Ul-Hassan  et al., 2007b; Nadeem  et al., 2012). 

			Eurasian eagle owl has been reported to be an opportunistic predator that prefers to consume prey species of high body mass (Amr  et al.,1997; Cui  et al., 2003; Shehab, 2004; Loveras  et al., 2009; Sándor and Ionescu, 2009; Tobajas  et al., 2015; Amr  et al., 2016; Milchev, 2016). This owl has been observed to shift to even smaller prey species depending on their availability in nest proximity (LourenÇo, 2006; Tobajas  et al., 2015). The most important taxa of prey species consumed by the eagle owl in our uncultivated study area consisted of murids. Among six species of rodents identified in the eagle owl’s diet in our study area, three species including house mouse, short-tailed bandicoot rat and Indian gerbil were used as a food source in four seasons. In northern areas of Pakistan, non-hibernating migratory hamster (Cricetulus migratorius) was recorded as principal source of food whereas Afghan hedgehog, Hemiechinus auritus megalotis and Persian jird, Meriones persicus were the staples in the eagle owl’s diet in Balochistan (Roberts, 1991). In Sindh province, an analysis of 35 pellets revealed six small mammal species viz. short-tailed bandicoot rat, Indian gerbil, soft-furred field rat, house rat, Balochistan gerbil, Gerbillus nanus and Anderson’s shrew, Suncus stoliczkanus, along with two insects of the order Coleoptera and Orthoptera. Papageorgiou  et al. (1993) found more mammals particularly rodents in the diet of the eagle owl in forested habitat of north-eastern Greece. The unexpected fractions of insects along with mammals were also found in the eagle owl’s diet in the present study as had been reported in earlier studies (Baumgart, 1975; Hiraldo  et al., 1975; Rifai  et al., 2000). Insects in the food of the large-sized predator throughout the year might suggest that they had some nutritive value (Papageorgiou  et al., 1993) or they mechanically assisted digestion process (Pande  et al., 2004). Lizards of unknown taxa were also found during four seasons in the eagle owl’s diet in the study area. Silva-Porto and Cerqueira (1990) explained that the activity times and breeding periods of lizards made them vulnerable for owls as activity times of nocturnal lizards coincided with that of owls and breeding times increased their number. We found two Indian hare in spring season only, as they were of highest mass carrying prey items, in the diet of the eagle owl and proportionally they were represented after murids in terms of biomass. Tumurbat  et al. (2009) argued that mammals with higher body weight were over represented in eagle owls’ diet. We present index of relative importance values to overcome numerical and biomass contribution errors of prey items in the eagle owls’ diet. Zahler and Dietemann (1999) had also reported predation on Cape hare Lepus capensis by the eagle owl in Himalayan region of Pakistan. The eurasian eagle owls of our study area captured smaller preys in relation to their body weight. Kondratenko and Tovpinets (2001) supported our findings that the eagle owls prefer to capture easily accessible lightweight, small to medium-sized mammals and birds. We also found a single individual of the small Indian mongoose in winter pellets of the eurasian eagle owl in the study area. Predation of eagle owl on mongoose has been reported in Adriatic islands of Yugoslavia (Tvrtkovic and Krystufek, 1990; Cavallini and Serafini, 1995). We found both nests of the eurasian eagle owl in close proximity to the edge of human inhabitations that might enhance encounter rate with mongoose during winter season, when rodent food would be less available. Many of the rodents in Pothwar plateau including our study area, and especially those dominant in the owl’s food, bred round the year excluding two to three winter months of the year. These fossorial rodents generally stop breeding from the end of November to mid-February but the exact period of their reproductive silence has not considered stable and generally depends on the severity of the cold season (Hussain  et al., 2003). We found two microbats in the eurasian eagle owl’s diet during summer season. Lesiński  et al. (2009) stated that owls nesting in edge habitats would have more probability of encountering with bats because of their roosts in human settlements and their commuting and foraging activities in wild habitats. Variations in prey preference of owls had been found directly related to encounter rate and abundance of prey species and that in turn directly related to the preys’ reproduction patterns (Marti, 1974; Bose and Guidali, 2001).

			Selection of the prey by owls is controlled by a most obvious limiting factor, and that is the body size of not only of the prey species but the predators as well (Marti, 1974; Mahmood-ul-Hassan  et al., 2007b). Predators with large bodies consume prey species with diverse body size as compared to predators of smaller body size (Cohen  et al., 1993) and selectivity of prey species might be due to variations in timings of prey activity (Trejo and Guthmann, 2003).

			Pellet size of the collared owlet, spotted owlet and eurasian eagle owl in our study area varied round the year and was according to the description given by Marti (1974) who related pellet morphometrics to the diet ingredients and the nutrition acquired. We found the highest number of prey items per pellet as compared to other studies (Amr  et al., 1997; Amr  et al., 2016) from the eurasian eagle owl. The collared owlet, spotted owlet and eurasian eagle owl had high dietary overlap. Mehta  et al. (2018) concluded that high overlap between asynchronous raptors might be due to hunting activity in the same habitat and adoption of “sit and wait” strategy.

			CONCLUSION

			We found high proportions of murid rodents along with insects in the foods of differential body sized owls. Food of owls consisting of rodents was not a new finding of the present study rather a high frequency of rodents’ consumption in wild area suggested that these nocturnal and crepuscular raptors had strong preferences for rodents. A similar study with variable sized owl species in association with the cultivated land might help to develop a clear picture about the ecological significance of these avian predators as rodent pest controlling agents in Pakistan.
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ABSTRACT

Key words
Glaucidium brodiei, Athene brama,

The collared owlet (Glaucidium brodiei), spotted owlet (Athene brama) and eurasian eagle owl (Bubo Bubo bubo, Collared owlet, SpOtted
bubo) are different sized avian predators coexisting in the Wildlife Park Lohi Bher, Rawalpindi districtowlet, Eurasian eagle owl

of the Punjab province of Pakistan. These crepuscular and nocturnal owls are the least studied group Q] https: //dX.dOi.Ol‘g/ 10.17582/
of birds in northern regions. In this study, we compared seasonal differences in the diet of three owlioumal piZ /20191214101211

species in an uncultivated area with rapid urbanization all around to better understand their ecological’ e

significance. Regurgitated pellets of three owl species (n = 434) were collected seasonally from the study
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area. The food of the spotted owlet and eurasian eagle owl was found significantly different (P< 0.05)nm@uaar.edu.pk

across seasons whereas no seasonal differences were seen in collared owlet’s prey resources. Insects 0030_9943 202 1/0003-1665$

of four orders dominated in the diet of collared owlet (50 %) and spotted owlet (56.62 %) whereas the9 00/0

major portion of the food of eurasian eagle owl was obtained from mammals (75.93 %) in numerical . . .
terms. Among mammals, house mouse Mus musculus, Asian house shrew Suncus murinus, short-tailedCopyrlght 2021 ZOOlOglcal SOClety
bandicoot rat Nesokia indica and Indian gerbil Tatera indica were the prominent food sources. Food niche of Pakistan

breadth of the eurasian eagle owl was larger as compared to the other two owlet species. Index of relative

importance (IRI) values highlighted rodents as staples in the three owls’ diets in contrast to conventional

proportional representations. An inverse relationship between the body size of owls and preys suggested

prey selection might be associated with ecological dynamics in prey populations.

INTRODUCTION

he ecological distribution of predatory bird populations

considerably relies on quality and quantity of prey
species in terms of both space and time (Kayahan and
Tabur, 2016). Primary segregation among coexisting
predators highlights behavioural adaptations that minimize
conflicts between competitive species, for example diurnal
and nocturnal habits of predation (Aragén ef al., 2002;
Cichocki et al., 2008). Many features of prey species
including age and size, accessibility and availability, and
distribution patterns resolve interspecific competition
among predators (Capizzi and Luiselli, 1998; Bal¢iauskas
and Balc¢iauskiené, 2014). There is a positive relationship
between predator body size and prey body size within
a food web (Cohen et al., 1993). Trejo and Guthmann
(2003) studied the diet of magellanic-horned owl (Bubo

magellanicus) and concluded that the owls captured
preys of small size. Excessive dietary overlap occurs in
coexisting owls of same size because of predation on
prey species of same size whereas variable body sized
sympatric owls consume preys of different body mass with
decreased dictary overlap (Jaksi¢, 1982; Hayward and
Garton, 1988). Food-niche separation among predators
depends on the size of prey species (Nakazawa, 2017).
Seasons and habitats have pronounced influence on the
food selection of owls as accessibility towards prey may
vary accordingly. Seasonal comparison between different
owl species can enhance our knowledge about the ecology
of nocturnal avian predators (Mehta et al., 2018).

In Pakistan, owl researchers focused on the diet of
barn owl 7yfo alba because of its broader food niche and
agricultural importance as a rodent pest-controlling agent.
Only a few planned studies (Mushtaq-ul-Hassan et al.,





