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Abstract

We analysed 108 owl pellets of the barn owl, Tyto alba, collected daily in winter, from

December 1998 to March 1999. Pellet analysis gave us the opportunity to study variation in

daily diet relative to effects of lunar phases, and to evaluate owl preference for rodents in

urban or rural areas. The nest was in a suburban area, 200m from a large arroyo and 400m

west of a densely occupied city. The diameter of each pellet was measured with a caliper

(0.01mm precision) and the specimens were stored in individual paper bags. Each pellet was

disaggregated into its components to evaluate the biomass of the prey. As indicators, we used

skull, pelvic, and long bones. The average dry weight of pellet was 5.071.8 g, and the average

of number of specimens per pellet was 2.5871.5 (1–7). Of 282 rodent skulls, 74.4% were of

Heteromyidae family 11.3% of Muridae, and 14.3% of Geomyidae. Plant and insect remains

(55.5% and 9.2%, respectively) were also present. Sub-adult rodents were present in 61.9% of

the pellets, and rural rodents composed 83.3% of the prey. The average daily biomass of food

consumed was estimated at 55.7733.5 g (12–152). During the full moon, we found fewer

rodents (18.8%) and that represented a smaller portion of biomass (19.4%) compared to other

lunar phases. These long-term data showed that heteromyid rodents were most frequently

consumed, especially Chaetodipus arenarius. Hurricane Isis appears to have had an

extraordinary impact on heteromyid rodent reproduction. The results show a higher-than-

normal density of juveniles and sub-adult prey in the pellets. The low number of species from

the urban area can be explained by human activity, mainly by the presence of electric power

lines that cause accidents to owls. Fourier series analysis showed major feeding events every 8

days, during which an increase in biomass per pellet was detected. These facts confirmed that
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Tyto alba is an opportunistic species that preys mainly on small rodents of 7–24 g and eats only

necessary number of rodents to cover biomass requirements.

r 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Studies on fauna found in owl pellets are not very common in north-western
Mexico, and the greater part of the studies focuses on the general description of the
fauna found. For this reason, the chronology, which shows variation in diet by day,
month, or lunar cycle, is difficult to analyse. Owl pellets give information about
small vertebrate fauna, mainly mammals, of a particular area because the structure
of the prey community near the nest is reflected in owl pellets (Twente and Baker,
1951; Smith et al., 1972). Studies like these have been made all over the world, but
information for desert areas in north-western Mexico is very scarce (Anderson and
Nelson, 1960; Anderson and Long, 1961; L !opez-Forment and Urbano, 1977).
On 11 December 1998, we found a Tyto alba nest on an Indian Laurel tree

(Ficus nitida) in a residential area near La Paz, Baja California Sur, Mexico. This was
an opportunity to focus on variation in owl diet during a winter period on a daily
basis, to see the qualitative and quantitative effects of lunar phases on diet and to
evaluate the preference of the owl for rodents of urban or non-urban habitats. This
was contrast to other papers that review large quantities of pellets, but without
knowing the time duration.

2. Study area and methods

The study was conducted in a new suburban development, 7 km west of La Paz,
Baja California Sur, Mexico. The nest was in the garden of a house, 6m above the
ground on an Indian Laurel (Ficus nitida). The nest (no offspring were seen) is about
1 km south of the shore of Bahia de La Paz and 200m east of a very large arroyo
covered with mesquite (Prosopis articulata). There has been no significant flooding
during the past 10 yr because the arroyo was modified and channelized. The region
has an arid tropical climate (Wiggins, 1980). The flora has arid and subtropical
elements, with an abundance of cacti and arid zone scrubs. The most representative
families are Euphorbiacea, Cactaceae, and Leguminosae (Le !on de la Luz et al.,
1996). Zoogeographically, the locality is in an arid subregion of the Llanos de
Magdalena biotic province ( !Alvarez-Castañeda et al., 1995). Families of small
mammals known to occur in the area include: 2 Phyllostomidae, 5 Vespertilionidae,
1 Molossidae, 1 Soricidae, 1 Sciuridae, 4 Heteromyidae, and 2 Muridae (Cort!es-
Calva and !Alvarez-Castañeda, 1997; Alvarez-Castañeda and Patton, 1999, 2000).
Owl pellets were collected one per day, from 11 December 1998 to 28 March 1999,

which was the last day that the owl returned to the tree. Each pellet was placed
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individually in a paper bag, collection date written on the outside, and the bag
and contents were frozen until the sample was measured and dissected for studying
diet components. In the laboratory, each pellet was weighed, and the greatest
length, greatest width, and smallest width were measured with a caliper (0.01mm
accuracy). Each pellet was disaggregated into its components for species identifica-
tion. We compared the remains to specimens in the mammal collections of Centro
de Investigaciones Biol !ogicas del Noroeste CIBNOR and a key ( !Alvarez and
!Alvarez-Castañeda, 2000). For differentiation of Chaetodipus arenarius and
C. spinatus, the hairs found in the pellets were examined for the presence of a
blister (feature that can be used to differentiate C. spinatus from C. arenarius). The
absence of a blister and the knowledge that C. arenarius is more abundant in the area
than C. spinatus led us to consider all small Chaetodipus sp. as C. arenarius. For plant
identification, we used the CIBNOR herbarium and for insects, the CIBNOR
entomological collection.
Sex determination was not done because we did not have sufficient rump bones

(Moyer et al., 1984). The age of Heteromyidae and Muridae were determined on the
basis of molar teeth (Koh and Peterson, 1983). For Thomomys, we used skull
symphyses and skull morphology (Daly and Patton, 1986). For the determination of
prey biomass, we used the presence of skull, rump, and long bones, as well as
estimating the number of prey per pellet. If the owl fed on prey without eating bones,
error would be introduced into the results. For this reason, we report the minimum
prey per pellet. Prey weight was extrapolated by comparison with specimens
collected in the area and archived in the CIBNOR mammal collection.
To measure rodent density, we used data for the same months from two previous

long-term studies of areas to the west of this collection location. One is an
undisturbed natural area located near La Paz, in El Comit!an (24�050N, 110�210W)
and the other a disturbed area at Brisamar (24�110N, 110�300W), a few kilometers
further west. In these two relatively natural areas, the mark-and-recapture method
was used on 5 nights in each month of the study, which lasted more than 5 years
(Cort!es-Calva and Alvarez-Castañeda, 2003). There were two trapping grids, each
covering a 70m� 70m area containing 49 Sherman traps at intervals of 10m.
Analyses of variation for the 95% frequency were made with Mann–Whitney U

and G tests. Other analyses were made, including regression, multiple regressions,
ANOVA, Duncan’s multiple range test as a post hoc comparison, and Fourier series
(Statistica, 1995). For correlation with the lunar period, we used the standard four
phases: first quarter, full moon, third quarter, and new moon.

3. Results

We examined 108 owl pellets collected each day between 11 December 1998 and 28
March 1999. Statistical averages were: dry weight, 5.071.8 g with coefficient of
variation (c.v.) 0.37; greatest length, 43.479.9mm, c.v. 0.23; greatest width,
26.873.9mm, c.v. 0.15; smallest width, 20.372.8mm, c.v. 0.14; and minimum prey
per pellet 2.5871.5 (range 1–7). One prey was found in 31 pellets (28.7%), two were
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found in 28 (25.9%), three prey in 25 (23.1%), four in 11 (10.1%), five in 7 (6.4%),
six in 4 (3.7%), and seven in 2 (1.8%).
Rodent skulls were found in all pellets (282 skulls from 3 different families):

Heteromyidae in 74.4% of the pellets, Muridae in 11.3%, and Geomyidae in 14.3%.
Plant material was found in 60 pellets (55.5%). The most abundant were
Graminacea (47.2%) and Fabacea (6.9%). Insects were found in 10 pellets (9.2%),
most commonly Gryllidae (4.6%; Table 1).
Rodents of the Heteromyidae family are significantly (g ¼ 500; df.=5, po0:01) a

more common prey and are the most important in biomass (t ¼ 3:0; df.=16,
po0:05), with 3299 g (54.3%), compared to Muridae (2060 g, 33.9%) and Geomyidae
(711 g, 11.7%). No significant difference was found between the last two families in
the frequency of predation and biomass. C. arenarius accounted for 26.4% of the
biomass and the genus Chaetodipus for 54.5%. The bulk of the biomass (98.5%) was
composed of Thomomys bottae, C. baileyi, C. arenarius, and Mus musculus (Fig. 1).
Out of these four species, C. arenarius was the most common prey (n ¼ 143;

w2 ¼ 173:0; df.=5, po0:01), followed by C. baileyi (n ¼ 87), T. bottae (n ¼ 33), and
M. musculus (n ¼ 25), without significant differences between the last three species.
A compilation of identified species is shown in Table 1.
There were significant differences in the number of C. arenarius and T. bottae

collected in different months. For C. arenarius results are: frequency (F(3,104)=4.06;
po0:009) biomass (F(3,104)=3.32; po0:022), and the least numbers were obtained in
March. For T. bottae results are: frequency (F(3,104)=5.75; po0:001) and biomass
(F(3,104)=4.89; po0:003). For C. baileyi (F(3,104)=1.51; po0:217) and (F(3,104)=1.29;
po0:282). For M. musculus (F(3,104)=0.85; po0:468) and (F(3,104)=0.89; po0:448).
No significant differences occurred in the latter two species (Fig. 2).
Sub-adults were preyed on significantly more often (61.9%) than adults. Results

are: C. arenarius (w2 ¼ 74:8; df.=3, po0:01), C. baileyi (w2 ¼ 69:3; df.=3, po0:01),
M. musculus (w2 ¼ 14:0; df.=3, po0:01), and T. bottae (w2 ¼ 74:8; df.=3, po0:01).
No data are available for D. merriami, N. lepida, and Rattus rattus.
Analysis showed that urban rodents (M. musculus and R. rattus) were found in

15.7% of the pellets and native rodents (C. arenarius, C. baileyi, D. merriami, and N.

lepida) were found in 83.3% of the pellets, a significant difference of (z ¼ 9:32; df.
214, po0:01). Geomyidae rodents were not used in this analysis because they have a
homogeneous distribution in both areas.
Average biomass consumed per day was assessed at 55.7733.5 g (12–152) for all

rodents. Without gophers, the average was 42.8724.8 g (12–120). It follows that
gophers make a significant difference (g ¼ 290; df.=93, po0:01) in the biomass of
the pellets. Minimum rodent specimens found per day in the pellets were estimated
as: 1.5 for small rodents, 0.8 for medium rodents, and 0.3 for large rodents.
Calculated biomass of pellets varied from 12 to 158 g/day over 108 days, and a
periodicity was observed. For this reason, a spectral analysis using Fourier series was
performed and a period of 7.71 days was found, with a shorter secondary period of
13.20 (Fig. 3).
The long-term study by Cortes-Calva and Alvarez-Castañeda (2003) showed that

C. arenarius were more commonly captured in the natural preserve (El Comitan) and

ARTICLE IN PRESS
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Table 1

Frequency and relative frequency of species found in the barn owl pellets

Frequency Percent

frequency

Relative

frequency

Percent relative

frequency

Mammals

Heteromyidae

C. arenarius 72 66.67 143 38.65

C. baileyi 52 48.15 87 23.51

Dipodomys merriami 1 0.93 1 0.27

Geomyidae

T. bottae 24 22.22 33 8.92

Muridae

M. musculus 16 14.81 25 6.76

Neotoma lepida 2 1.85 2 0.54

R. rattus 1 0.93 1 0.27

Plants

Graminae

Bouteloua aristidoides 17 15.74 17 4.59

Erichloa lemonii 4 3.70 4 1.08

Brachiaria sp. 7 6.48 7 1.89

Sorghum sp. 3 2.78 3 0.81

Cenchrus ciliaris 2 1.85 2 0.54

Not identified 18 16.67 18 4.86

Compositae

Perityles sp. 1 0.93 1 0.27

Fabacea

Acacia farneciana 1 0.93 1 0.27

Cercidium praecox 1 0.93 1 0.27

Lysiloma divaricata 1 0.93 1 0.27

Calliandra sp. 1 0.93 1 0.27

Desmanthus sp. 1 0.93 1 0.27

Pithecellobium undulatus 1 0.93 1 0.27

Errazuriza megacarpa 1 0.93 1 0.27

Polugonaceae

Boerhaavia sp. 1 0.93 1 0.27

Solanaceae

Lycium sp. 1 0.93 1 0.27

Physalis sp. 1 0.93 1 0.27

Plant, unidentified 6 5.56 6 1.62

Insects

Grillidae

Gryllus sp. 5 4.63 5 1.35

Phasmidae

Diapheromera sp. 2 1.85 2 0.54

Elateridae

Alaus sp. 1 0.93 1 0.27

Tenebrionidae

Dermestes sp. 1 0.93 1 0.27

Acrididae

Trimerotropis sp. 1 0.93 1 0.27
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grazed (Brisamar) areas, followed by C. baileyi. Although less hunted in both areas,
Peromyscus eva was more frequently taken in the natural preserve. Dipodomys

merriami and Ammospermophilus leucurus were found only in the grazed area.
Specimens of Notiosorex crawfordi, C. spinatus, or Neotoma lepida were not collected
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Fig. 1. Frequency of the four main species in the owl pellets, from December 1998 to March 1999. Values

are adjusted to the numbers of days per month. C. arenarius (white), C. baileyi (vertical lines), T. bottae

(horizontal lines), and M. musculus (black).
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Fig. 2. Analysis of specimen per pellet per month with Duncan’s multiple range test. C. arenarius (white),

C. baileyi (vertical lines), T. bottae (horizontal lines), and M. musculus (black).

Fig. 3. Fourier series spectral analysis of the biomass of 108 owl pellets, in which the highest amplitude

peak has period 7.71 days, and a secondary peak has period 13.20.
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in these two areas in these four months. For all species, a high proportion of juvenile
and adolescent specimens were found in the long-term study.
In this study, lower numbers of rodents per pellet (18.8%) and lower biomass

(19.4%) were found during the full moon phase, but neither was significantly
different from the others phases (F(3,293)=0.67; po0:5; F(3,293)=0.34; po0:7) and the
highest number of rodents (28.8%) and greatest biomass (27.1%) occurred during
the new moon (Table 2). No significant differences were observed in the numbers of
prey and biomass between moon phases for the four collected species: C. arenarius

(F(3,104)=1.02; po0:3886; F(3,104)=0.84; po0:4763), C. baileyi (F(3,104)=0.55; po
0:6518; F(3,104)=0.48; po0:6943), T. bottae (F(3,104)=0.16; po0:9205; F(3,104)=0.11;
po0:9536), and M. musculus (F(3,104)=0.38; po0:7645; F(3,104)=0.36; po0:7804). If
data for Thomomys, which is not a nocturnal species, is removed, there would be no
change in the proportions of specimen numbers and biomass among lunar phases
(Table 2).

4. Discussion and conclusions

The pellets indicate that barn owls in this suburban area of La Paz area feed on
rodents. No bats, birds, or reptiles were found, as recorded in other parts of the
peninsula (Banks, 1965; L !opez-Forment and Urbano, 1977). The large populations
of a few species may explain why 80% of specimens in the owl pellets were
Chaetodipus sp. Colvin et al. (1984) and Jorgensen et al. (1998) reported that the
barn owl has a preference for some species over others. The insectivorous, which
were very difficult to capture with traps, were abundant in the pellets
(L !opez-Forment and Urbano, 1977; Pesaturo et al., 1989). In the Valley of Mexico,
L !opez-Forment (1997) record 26.7% of diets are insectivores. In the La Paz area,
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Table 2

Prey distribution and biomass by lunar phase

Full moon Last quarter New moon First quarter

C. arenarius 25 45 40 37

C. baileyi 15 18 26 21

M. musculus 7 8 8 5

N. lepida 1 0 0 1

R. rattus 0 1 1 0

D. merriami 0 0 0 1

Minimal number of specimens 48 72 75 65

Minimal biomass 865 1112 1232 1294

T. bottae 5 5 6 9

Number of specimens 53 77 81 71

Minimal total biomass 1285 1542 1779 2105

Frequency 36 46 47 38

Percent frequency 0.21 0.27 0.28 0.22

T. bottae is separated because it is not a night-foraging rodent (frequency and percent of frequency is based

on rodents found in barn owl pellets).
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one N. crawfordi was collected in a pitfall 20 km west of La Paz (approximately
13 km from the owl’s nest, but no record of this species occurs in these pellets), but
no specimens were recorded in the owl pellets Hernandez (1997) found that
Notiosorex is not common in owl pellets.
An explanation for the absence of the field mouse, P. eva, in the pellets is that this

species is more common in natural areas where succulents are densely spaced,
thereby denying the barn owl access during flight, and because P. eva spend a great
part of their time under very rough scrub branches (personal observation). Probably
the barn owl is not exceptionally capable of monitoring of inconspicuous small
mammal population (Baker, 1991).
Seeds were present in proportions related to the presence of heteromyids (pocket

mice) in the pellets. We suspect that the seeds were in the cheek pockets of the
rodents. Insect fragments may possibly be a part of the rodent diet. There is no
evidence that the barn owl fed on plant or insect parts.
The presence of gophers in the pellets is notable because they are an underground

species with supposedly low activity on the surface. Specimens collected by us show
that January and February are the end of the gophers’ reproductive period, and that
the number of juvenile pocket gophers greatly increases in March. Probably this age
group disperses at the surface to new areas during the night (Patton, 1999) or during
the dusk hours when barn owl activity begins Daly and Patton (1986), therefore,
being more vulnerable to predation at time of dispersion. Another explanation for
juvenile pocket gophers in the pellets is that adult gophers are too large (100 g) for
the 300- to 500-g barn owl (Andrews, 1990). Campbell et al. (1987) found that 73.4%
of prey collected by barn owls weigh between 51 and 80 g, and Marti (1974) found
the prey to be between 20 and 50 g. Owls may choose juveniles over adults. For the
area of La Paz, 88.9% of the specimens collected were between 7 and 24 g, which is
less than previously recorded.
The data of the long-term study (5 yr) show that heteromyid rodents were the most

abundant in the area and the population was above the normal numbers, especially
of C. arenarius. The likely reason was the more-than-average rainfall (241mm),
caused by Hurricane Isis (spring 1998). For that reason, an extraordinary
reproductive explosion occurred in the entire rodent population. At the end of
1998 and beginning of 1999 an abnormally high density of juveniles and sub-adults
were recorded. This effect was shown in the pellets, with over 54% of specimens of
this species. Rodent species collected less often in the trapping grids were those
found less often in the pellets. The above normal abundance of rodents was probably
the reason that only rodents were found in the pellets.
The significantly low number of prey remnants from the urban area in the

pellets can be explained by the presence of human activity, most notably electric
power lines, because in the last 10 yr, 5 barn owls that had been hurt by power
lines were received by CIBNOR. Another possibility is the large number of cats,
which prey on the owl (Fanon, 1989). Jorgensen et al. (1998) believes that barn
owls have a hunting area preference, so it might use a suburban area for nesting and
fly to an adequate hunting area. Another fact is the result of the tramping surveys in
the urban areas in which specimens of M. musculus and R. rattus were absent; the
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S.T. !Alvarez-Castañeda et al. / Journal of Arid Environments 59 (2004) 59–6966



most plausible explanation for this is the desert condition and the absence of free
water.
Analysis of the species in the pellets shows that the number of specimens

and biomass of C. arenarius decreased over the period of study, but the numbers for
T. bottae increased. The long-term study showed that the population of C. arenarius

was lower in the winter, and increased from March onward (Cortes-Calva and
Alvarez-Castañeda, in press). This is inconsistent with the decrease in the number of
C. arenarius in the pellets, at least that of T. bottae, which is associated more with
open areas and was abundant during the period of study.
The Fourier series spectral analysis showed that the barn owl had a major feeding

event every 8 days, indicated by an increase in the biomass per pellet, so we surmise
that the feeding strategy of the barn owl cannot be the same every day. These events
support the idea that it did not feed on preferred species, but rather its feeding habits
are more opportunistic, and the owl responded to its need for an increase in biomass
to compensate for the deficient period.
Clarke (1983) reported that owls are more effective predators when illumination

is present, but Brown et al. (1988) said that rodents may use light as an indirect
cue of predatory risk. However, we did not observe a significant decrease in the
number of specimens per pellet during the full moon. Kotler (1984) reported that
quadruped rodents have a strong response to light, shifting habitat use and
decreasing activity. Brown et al (1988), in a closed experiment with barn owls,
showed that Chaetodipus shifted activity away from risky open microhabitat when
illumination was present.
L !opez-Forment (1997) noted that many authors emphasize the importance of

smell and taste of different prey species, but others think that Tyto alba is
opportunistic (Hernandez, 1997), but direct calculation and simulations indicate
that more single-species pellets contained large mammals than would be expected
from random sampling (Yoram and David, 1997). Our data of Chaetodipus shows
larger populations of juveniles and sub-adults during the ENSO event, which are the
main prey of the owl, but when the dispersion season of juvenile and sub-adult
Thomomys began, its numbers increased in the pellets. Our own current analysis
shows that Tyto alba, as in other areas, is an opportunistic species. Yoram and
David (1997) found that they do not hunt on some species preferentially, and that
the contents of the pellets may be biased towards larger prey. A long-term study for
longer-time and with increased number of specimens needs to be undertaken. For the
La Paz region, owls prey mainly on small rodents of 7–24 g, eats the number
necessary to cover its necessary energy needs, and probably does not select between
large and small prey.
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S.T. !Alvarez-Castañeda et al. / Journal of Arid Environments 59 (2004) 59–69 67



References
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