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Abstract Barn Owl (Tjyto alba) pellets were collected from nine locations and two districts of Sindh,
Pakistan and 937 prey items were recovered from 619 pellets. Rats/mice (59.6%) were the most dominant
food items consumed by the Barn Owl. Shrews (22.3%), bats (1.3%), birds (12.0%), insects (1.3%), frogs
(2.2%) and plant materials (1.3%) were found in their diet as well. Study of the pelvic girdle bones of rats/
mice, used only for sexing, proved to be a useful device in population dynamics. In the pelvic bone, pelvic
symphysis is found only in female rats/mice developed as a result of sex hormones that occur during gesta-
tion. Among the diet of rats/mice, males were found to be significantly dominant. Tooth wear patterns on
the occlusal surfaces of molariform teeth of the rats/mice were found to provide an effective criterion for
establishing age classes of rats/mice. In the present study, adult rats/mice were found to be dominant over
sub-adults and old adults. ANOVA showed significant differences in the number of rats/mice and shrews
(prey items) and the other prey items / plant materials in the diet of Barn Owls in the district Thatta and
district Karachi. Chi-square test disclosed non-significant differences in age and sex categories.
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Introduction

Most predators prefer some species of prey over others to
take on in their diet, a condition that may have an impor-
tant effect on the amount of prey as well as on community
structures (Sih et al., 1985; Kuno, 1987; Dickman et al.,
1991). Owl pellets provide information about small verte-
brate fauna, mainly mammals of a particular area, because
the structure of the prey community near the nest is re-
flected in owl pellets (Twente and Baker, 1951; Smith et al.,
1972; Seckin and Coskun, 2005, 2006). Predators may also
differentially consume different sex and age groups of rats
and mice within populations of prey species, with minor
effects on prey population dynamics in any area (Longland
and Jenkins, 1987; Dickman et al., 1991). Alvarez-Castaiida
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et al. (2004) stated that owls prey mainly on small rodents
of 7-25 g, catch and consume the requisite amount of prey
to cover their necessary energy needs and probably do not
have any preference for either large or small prey. However,
Yom-Tov and Wool (1997) reported that Barn Owls (Tyto
alba) do not hunt on some species preferentially, although
the contents of the pellets may be biased towards larger
prey. There are no previous studies on the diet of Barn
Owls from Sindh Province, Pakistan except that by Khan
et al. (1994). The present study aims to determine the age
and sex categories of rodents that are the most preferred
food items in the diet of Barn Owls from Sindh, Pakistan.

Materials and methods

Geographically, Sindh is the third largest province of Paki-
stan, stretching about 579 km from north to south and
442 km (extreme) or 281 km (average) from east to west,
with an area of 140915 km? of Pakistani territory. Sindh
is bounded by the Thar Desert to the east, the Kirthar
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Mountains to the west and the Arabian Sea in the south.
In the center is a fertile plain around the Indus River. The
study was conducted during 2007 to 2010 in the Karachi
and Thatta districts, Sindh Province. The Karachi district
lies at 24°86'0" north latitude, 67°01'0” east longitude and
the Thatta district, at 24°30'0” north latitude and 67°50'0”
east longitude, is located in lower Sindh Province.

A total of 619 pellets of Barn Owls were collected from
nine different locations and the two districts. Of the total,
198 pellets were collected from six different locations in
the Thatta district, i.e., M.K. Soomro Goth (L1), Ghulam-
aullah (L2), Pirpatho (L3), Jatti (L4), Warshah (L5) and
Bello (L6) and 421 pellets were collected from three loca-
tions in the Karachi district, i.e., Port Qasim (L7), Baili
(L8) and Malir Agricultural Farms (L9).

Pellets were dissected using standard techniques (Dick-
man et al.,, 1991; Yom-Tov and Wool, 1997; Se¢kin and
Coskun, 2005, 2006). Each pellet was analyzed in the labo-
ratory and initially the color, shape, weight, length and
width were recorded. Each pellet was soaked in tap water
for 1 to 2 hours for an analysis of its content. The content
of the pellet was separated and sorted carefully for differ-
ent prey items, such as bones, skulls, vertebrae, lower jaws,
feathers, hairs and insects remnants. All remnants were
packed up in different marked polythene bags.

Skulls, lower jaws and other bones were examined care-
fully to determine whether they belonged to small mam-
mals (including bats), birds, amphibians, insects and plant
materials (Se¢kin and Cogkun, 2005, 2006; Shehab and
Al Charabi, 2006). In the case of mammals the skulls and
teeth were used to identify the species of rats/mice (Fig.
1). To facilitate identification, reference skulls and teeth
of rats/mice, known to be present in the study area, were
available in the laboratory for comparison from reference
literature (Greene, 1935; Roberts, 1977, 2005) and the ref-
erence collection of the Vertebrate Pest Control Institute,
SARC, PARC, Karachi University, Pakistan.

Many methods were used for determining the age of
rats/mice in the world, such as weight differences, bacu-
lar characteristics, cranial dimensions and ossification of
ballae, in order to establish age groups in various kinds
of animals. However, the pattern of molar eruption and
the rate of tooth wear were found much less variable than
that of body growth; thus the tooth pattern technique is
more useful than other techniques for identification of age
group of rats and mice prey (Igbal, 1975; Zaman, 1975;
Mushtaq-ul-Hassan et al., 2007). In this study three age
categories, i.e., sub-adult, adult and old were established
on the basis of the tooth wear pattern of rats and mice.

Many techniques were used for identification of rodent
sexual dimorphism, using the remains of prey in the pel-
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lets of owl. Sexual dimorphism or sexes of rats and mice
are identified in the diet of this Barn Owl, usually from
structural differences of pelvic bones (Dunmire, 1955).
The pelvic girdle bone shape is different between the sexes.
The pubic symphysis area is found only in females, be-
cause female rodents show separation of the pubis bone;
the pubic symphysis region occurs during gestation and
is caused by sex hormones (Hall and Newton, 1946; Hall,
1947). The pelvic bone shape is clearly different in both
sexes of rats and mice. The pelvic area of both sexes show
the ileum, pubis, ischium and acetabulum, but the pubic
symphysis shows only in females (Fig. 2), owing to modi-
fications of the female pelvic to facilitate the separation of
the pelvic bones. Barn Owls consume 1 to 5 prey per day
(Shehab and Al Charabi, 2006) depending on availability
and size of prey species. Generally, 1 to 4 prey items are
found in pellets (Seckin and Coskun, 2006), but at times
skulls may be absent from the pellet, in which case the spe-
cies cannot be identified with certainty from pelvic bones
alone. However, on the basis of pelvic bones, a distinction
can be made between the sexes.

Data regarding frequency of occurrence, percentage of
prey species (Table 1), frequency, means, standard devia-
tions and standard errors of the age categories of rats/mice
in Thatta (Table 2) and Karachi (Table 3) in the pellets
of Barn Owls were estimated following the method es-
tablished by Zar (1996) and analyzed using Excel version
2003. Frequency, percentage of frequency, means, standard
deviations and standard errors of different species of rats/
mice sex categories were collected or calculated from the
pellets of Barn Owls at all study areas (Table 4). ANOVA
were used with the rats/mice and shrews (prey items)
and the other prey items / plant materials separately. Chi-
square tests were used to test for differences in sex ratios
and age ratios of rats/mice, with Minitab versions 11 and
12.

Results

For our analyses we used all 619 regurgitated Barn Owl
pellets, collected from the six different locations in the
Thatta district and the three locations in the Karachi dis-
trict. The most dominant food, rats and mice (59.6%)
were founded in the diet of the Barn Owl, while shrews
(22.3%), bats (1.3%), birds (12.0%), insects (1.3%), frogs
(2.2%) and plant materials (1.3%) were also found (Table
1). Among rats and mice, the most common species con-
sumed were Tatera indica (13.5%), Millardia meltada
(13.3%), Mus musculus (12.2%), Bandicota bengalensis
(6.6%), Nesokia indica (5.4%), Rattus rattus (2.1%) and
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Fig. 1 Comparison of tooth pattern of rats/mice species in the pellets of Barn Owls over all study areas. (a) Nesokia indica, (b) Bandicota
bengalensis, (c) Tatera indica, (d) Rattus rattus, (e) Millardia meltada, (f) Mus musculus.

Fig. 2 Sex dimorphism in the pelvic girdle of rats/mice in the pellet of Barn Owls; (A) male pelvic and (B) female pelvic area showing (a)
ileum, (b) pubis, (c) ischium, (d) acetabulum and (e) pubic symphysis.
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Table 1 Relative abundance (%) of prey items in regurgitated pellets of Barn Owls identified from Sindh, Pakistan (N = frequency of
occurrence)

Prey items Thatta district Karachi district Total
N %N N %N N %N
Rats/mice 384 64.9 182 51.0 566 59.6
Bandicota bengalensis 54 9.1 9 2.5 63 6.6
Nesokia indica 28 4.7 23 6.4 51 5.4
Millardia meltada 98 16.6 28 7.8 126 13.3
Mus musculus 78 13.2 38 10.6 116 12.2
Rattus rattus 20 3.4 0 0.0 20 2.1
Tatera indica 71 12.0 57 16.0 128 13.5
Unidentified rat species 35 5.9 27 7.6 62 6.5
Shrews 134 22.6 78 21.8 212 22.3
Suncus stoliczkanus 2 0.3 0 0.0 2 0.2
Suncus murinus 130 22.0 76 21.3 206 21.7
Unidentified shrew species 2 0.3 2 0.6 4 0.4
Bats
Trophozous sp. 4 0.7 8 22 12 1.3
Bird species 53 9.0 61 17.1 114 12.0
Insect remains 8 1.4 4 1.1 12 1.3
Frogs 5 0.8 16 4.5 21 2.2
Plant materials 4 0.7 8 2.2 12 1.3
Total 592 100 357 100 949 100

Table 2 Frequency of various age categories of rats/mice species recovered from pellets of Barn Owls plus means, standard deviation (SD)
and standard error (SE) in the Thatta district

Rats/mice species Age categories Study site Total Mean + SD SE mean
L1 L2 L3 L4 L5 L6
Bandicota bengalensis ~ Sub-adult 1 1 3 0 0 1 6 1.0+1.1 0.5
Adult 1 2 10 3 0 7 23 2.5+39 1.6
Oold 1 5 13 1 0 5 25 4.2+48 2.0
Nesoki indica Sub-adult 4 2 0 0 0 0 6 0.5+ 0.8 0.3
Adult 0 6 6 3 0 1 16 2.7+28 1.2
Old 1 3 10 0 0 1 15 2.5+ 3.8 1.6
Millardia meltada Sub-Adult 0 5 7 0 5 0 17 2.8+3.2 1.3
Adult 0 13 11 1 23 5 53 8.8 +8.7 3.5
Old 2 9 8 1 6 4 30 5.0+ 3.2 1.3
Mus musculus Sub-adult 1 3 10 2 0 3 19 34+34 14
Adult 6 12 14 3 8 3 46 8.2+55 2.2
Oold 1 2 3 2 1 0 14 1.5+ 1.1 0.4
Rattus rattus Sub-adult 0 1 1 0 1 0 3 0.5+0.6 0.2
Adult 0 7 3 2 0 0 12 2.0+ 2.8 1.1
Old 0 1 3 0 0 1 5 8.3+ 1.2 0.4
Tatera indica Sub-adult 0 1 1 0 1 3 6 1.0+ 1.1 0.5
Adult 0 15 14 2 1 13 45 7.0+7.2 2.9
Old 0 6 9 0 2 7 24 4.0+3.9 1.6
Unidentified rats/mice  Sub-adult 0 1 3 0 1 0 5 08+1.2 0.5
Adult 0 8 5 0 5 7 2 42+34 1.4
Old 0 0 4 1 0 0 5 0.8+1.6 0.7
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Table 3 Frequency of various age categories of rats/mice species recovered from pellets of Barn Owls, plus means, standard deviation (SD)
and standard error (SE) in the Karachi district

Rats/mice species Age categories Study site Total Mean + SD SE mean
L7 L8 L9
Bandicota bengalensis Sub-adult 2 1 1 4 1.3+£0.7 0.3
Adult 6 2 2 10 33+£23 1.3
Old 0 0 0 - 0.0
Nesoki indica Sub-adult 0 0 4 1.3+23 1.3
Adult 9 4 3 16 53+32 1.9
Old 2 2 2 6 2.0+0.0 0.0
Millardia meltada Sub-adult 3 1 1 5 1.7+1.2 0.6
Adult 8 5 9 22 73+2.1 1.2
Old 0 0 3 3 1.0+ 1.7 1.0
Mus musculus Sub-adult 10 0 4 14 4.7+5.0 2.9
Adult 13 0 9 22 7.3+6.7 3.8
Old 1 0 4 5 1.7+2.1 1.2
Rattus rattus Sub-Adult 0 1 5 6 20+2.7 1.5
Adult 0 1 6 7 23132 1.9
Old 0 0 0 0 - 0.0
Tatera indica Sub-adult 6 0 2 8 2.7+3.1 1.8
Adult 27 4 14 45 15+ 11.5 6.7
Old 8 2 6 16 53+3.1 1.8
Unidentified rats Sub-adult 0 2 1 3 1.0+ 1.0 0.6
Adult 7 4 13 24 8.0 £ 4.6 2.7
Old 0 0 0 0 - 0.0

Table 4 Percentage and means of male and female rats/mice (all species) collected from the pellets of Barn Owls at all study areas (N: number
of pellets, n: number of prey species, SD: standard deviation)

Locations N Male rodents Female rodents
%(n) Mean + SD %(n) Mean + SD
Thatta district
L1 20 46.1(6) 0.30 = 0.80 53.9(7) 0.35+0.93
L2 79 57.6(49) 0.62 + 0.87 42.4(36) 0.46 + 0.62
L3 161 56.0(51) 0.32 £ 0.69 44.0(40) 0.25 £ 0.56
L4 33 50.0(12) 0.36 = 0.65 50.0(12) 0.36 + 0.60
L5 61 54.7(26) 0.46 = 0.67 45.3(24) 0.39 £ 0.56
L6 67 48.9(22) 0.33 £ 0.59 51.1(23) 0.34 £ 0.57
Total 421 54.3(169) 0.40 = 0.72 45.7(142) 0.34 + 0.60
Karachi district
L7 62 56.1(55) 0.89 +£0.73 43.9(43) 0.69 £+ 0.69
L8 24 75.0(18) 0.75 %+ 0.85 25.0(6) 0.25+0.44
L9 112 51.9(28) 0.25 + 0.65 48.1(26) 0.23 £ 0.52
Total 198 57.4(101) 0.51 +£0.76 42.6(75) 0.38 £ 0.61
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some unidentified rat species (6.5%). Among Suncus spp.
the second most dominant food items in the diet of the
Barn Owl were Suncus murinus (21.7%), Suncus stoliczka-
nus (0.2%) and some unidentified shrew species (0.4%).

The results of analyses of variance of our completely
randomized design (CRD) of the prey species rats/mice
and shrews, with respect to pellets of Barn Owls in the
Thatta and Karachi districts showed highly significant dif-
ferences (F = 31.26, df = 9 and F = 20.46, df = 7; p < 0.001
respectively) while the other prey items/plant materials
also showed significant differences (F = 20.46, df = 9 and
F=105.07,df = 7; p < 0.001 respectively).

The average frequencies, means, standard deviations
(SD), standard errors (SE) of age categories of different
rats/mice species found in Thatta and Karachi districts are
shown in Tables 2 and 3. Chi-square tests for differences in
age ratios of rats/mice calculated for the two districts were
found to be non-significant (}* = 9.82, df = 10 and ¥’ =
2.48, df = 4; ns. respectively).

An average frequency n = 169 (55.3%) and 142 (45.7%)
of males and females of different rats/mice species was
found in the Thatta district and average frequencies of
101 (57.4%) and 75 (42.6%) in Karachi (Table 4). Chi-
square tests for differences in sex ratios between male and
female rats/mice in both districts were found to be non-
significant (y*> = 1.56, df = 5 and ¥ = 3.78, df = 2; ns. re-
spectively).

Discussion

Pellet analysis was the most suitable system for our study
because predators and prey could be easily observed and
the remains of prey recovered from pellets and placed into
sex and size categories. Jorgensen et al. (1998) believed that
Barn Owls have a hunting area preference, so it might use
a suburban area for nesting and fly to an adequate hunting
area. Clarke (1983) reported that due to the presence of
light, owls are more effective predators. Brown et al. (1988)
performed an experiment with Barn Owls, which showed
that Chaetodipus shifted activity away from risky open
microhabitats in the presence of light, but the analysis by
Alvarez-Castafida et al. (2004) showed that the Barn Owl is
an opportunistic species, as in other areas. Our own analy-
sis also shows that the Barn Owl is an opportunistic prey
species, corroborating the findings of Alvarez-Castanda et
al. (2004).

Small mammals were the most commonly recovered
prey in Barn Owl pellets (Dickman, 1991; Ingels, 1995;
Huebschman et al., 2000; Alvarez-Castanida et al., 2004;
Alivizatos et al., 2005; Shehab and Al Charabi, 2006).
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Small mammals were found to be the main food items in
pellets of Barn Owl diets in Barazil (Escarlate-Tavares and
Pessoa, 2005), in Greece (Glue, 1971; Campbell et al., 1987;
Yom-Tov and Wool, 1997; Goutner and Alivizatos, 2003;
Alivizatos et al., 2005), in northern Syria (Shehab and Al
Charabi, 2006), in the Negev Desert (Tores and Yom-Tov,
2003), in the Nigerian savanna (Lekunze et al., 2001) and
in central Punjab (Mushtaq-ul-Hassan et al., 1999, 2004).

In the present study, 566 rats/mice skulls were found in
all pellets of Barn Owls, belonging to three different or-
ders and four families from nine different locations in the
Thatta and Karachi districts of Sindh Province, Pakistan.
Six rats/mice spp., two shrews spp. and one bat sp. were
found in the diet of Barn Owls. In the Nigerian savanna,
six small mammalian species were recorded (Lekunze et
al., 2001). In Nebraska, 19 identifiable species and 21 gen-
era, comprising mammalian prey in the diet of owls were
found (Huebschman et al., 2000).

Mushtaq-ul-Hassan et al. (2007) studied the age catego-
ries of M. meltada from the pellets of Short-eared Owls
(Asio flammeus). Among them, 9.9% were immature,
50.8% were sub-adults, 24.9% were adults, 11.0% were
middle-age adults and 3.3% were old adults and Mushtaq-
ul-Hassan et al. (2007) also identified M. musculus spe-
cies in Barn Owl pellets, of which 12.8% were sub-adults,
66.0% adults and 21.2% old adults. The mean diet of
Short-eared Owls and Barn Owls consisted largely of sub-
adults of M. meltada and adults of M. musculus. In our
present study, we enumerated the size of all rats/mice in
the diet of the Barn Owl, which revealed that more adult
rats/mice were consumed than sub-adults and old rats/
mice. In our study, we found that sub-adults accounted
for 13.16%, adults for 56.71% and old rats and mice for
30.13% in the Thatta district and in the Karachi district
sub-adults accounted for 17.74%, adults for 68.82% and
old rats and mice for 13.44%.

Predators consume often males/old rats and hunt se-
lectively within a population (Morse, 1980). According
to Marti and Hogue (1979) and Morris (1979) smaller
female/juvenile rats and mice are usually consumed. Nor-
mally, males are more vulnerable to predation because of
their larger size, conspicuous coloration, or because move-
ments or sexual behavior attract the attention of predators
(Tuttle and Ryan, 1981; Gwynne, 1987). Generally, female
rodents have a separation of their pubic bones; their pubic
symphysis region occurs during gestation and is directly
caused by sex hormones (Hall and Newton, 1946; Hall,
1947; Dunmire, 1955). This interpubic separation is char-
acteristic of all the forms studied by us. The pelvic shape is
clearly different between the sexes of both rats and mice of
all species. Pellet analysis is the most convenient system for
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study because predators and prey can be easily observed
and the remains of prey can be recovered from pellets and
placed into sex and size categories. In our present study,
we enumerated the size and sex of all rats/mice in the diet
of the Barn Owl and have shown that Barn Owls select es-
pecially male rats and mice from prey populations.
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EEIMBEEECERY (S BEn SRRB S

Lubna ALI', Noor-un-nisa', Syed Shahid SHAUKAT ?, Rafia Rehana GHAZI'

(1 Vertebrate Pest Control Institute, Southern-zone Agricultural Research Centre, Pakistan Agricultural Research Council,
P.O. Box-8401 Karachi University Campus, Karachi-75270, Pakistan; 2 Institute of Environmental Studies, University of
Karachi, Karachi-75270, Pakistan)

WE: RMMNEENIGEEE R AT (Karachi) FEIA (Thatta) PAHLIX 194 s FEI AR G55 (Tyto alba)
THIL194, MK AP EIOI7THEMRZE ., &R FENEWARKRAADR (59.6%) , ALK
(22.3%) ~ BE2K (1.3%) « 535 (12.0%) . EH (1.3%) . 13 (2.2%) XY (1.3%) ZHAbRE, XK
SO /N B PR) B 2 B (R0 20 BT e I, 33 5 S A DK 3 5l ) 5 R AT B TR Sl A (9o M R BRI/ BRUT) B
AT BAREE RS IS, I AR AR TR BB o eSS T B I AR A B, A
R Z . TATRIL, KEAUVN TG A RS 8 2O 8 ST TR BRI — N8R ABFTh, A
KN B B2 2 T WRUE AR SR TTES AN, LRI X s trh, K/ R A AL
PR RAERCRE FARE R e 5, TR0 DU 3K 9 A 1 XD DA /AN B8 0 P S 81 380G Yl 3 2

X8R oW, 65, BURE, 'R, BESYEN, RhahiEk, FEA
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