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Abstract

The great horned owl (Bubo virginianus) is a representative bird of the Strigidae family; they are generalist predators, their
prey being mainly rodents, lagomorphs, and arthropods, in varying proportions depending on the habitat, time of year,
and availability of prey; therefore, taking into account that the analysis of their diet allows for the collection of ecological
information on the species; the objective of this study was to identify the species consumed by the great horned owl (Bubo
virginianus) in the study area during the rainy and dry seasons in an urbanized area near the city of Zacatecas. To this end,
the presence of long-eared owls was located in a rural area of the state of Zacatecas. Once located, pellets were collected
during two seasonal periods: the rainy season and the dry season. The samples collected were processed for content analysis
(bone remains, molars, skulls, hair, and feathers). To identify prey species, skulls and molars obtained from each sample were
identified using specialized reference literature. The data obtained were subjected to principal component analysis (PCA)
statistical tests to identify the main prey for each season analyzed, as well as of Mann-Whitney U test analysis to establish the
difference between the prey present and the number of individuals consumed in each study season. The results indicated
the presence of five genera of the order Rodentia (Peromyscus, Baiomys, Sigmodon, Reithrodontomys, and Chaetodipus), two
classes (Aves and Reptilia), and phylum Arthropoda, with the species Peromyscus (31%) and Chaetodipus (29%) being the
most frequently identified prey in both seasons. Analysis of the data indicated that there is a significant difference (P>0.05)
between the prey identified within the study seasons. It is concluded that the main prey species consumed by horned owls are
rodents, which, due to the conditions of the habitat in which they occur, are available throughout the year, and the difference

is observed due to the biology of the species.
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Abbreviation

PCA: Principal Component Analysis.

Introduction

The great horned owl (Bubo virginianus) is a species
of nocturnal bird of prey found throughout much of the
American continent. It is an opportunistic species and
therefore highly adaptable to its environment. It plays an
important role in ecosystems as the primary predator-prey
in the food chain. This bird of prey is known for its ability
to regulate the natural populations of the species it hunts,
which can be essential for the preservation and balance of the
ecosystem. This type of owl shows a preference for rodents
as a fundamental part of its regular diet. In addition, it tends
to build its nests in structures previously used by other birds
of prey [1,2].

The horned owl has an adaptable diet with a wide
variety of prey species, including rodents, waterfowl, game
birds, birds of prey, insects, and even larger birds. In the
regions where the horned owl lives, its diet consists of 90%
mammals, mostly rodents, while the remaining 10% consists
of birds. Most research has focused on forest environments,
grasslands, and croplands, and although its adaptation to
urbanized environments has been established, there is little
information about its diet in more urbanized landscapes [3].

Urban areas alter the natural environment, which can
have an impact on surrounding wildlife populations and
trigger adaptive processes in some species. Globally, the
natural habitats of birds of prey are declining due to land
use change, yet some species show a remarkable ability to

adapt to urban environments, even nesting in them [4]. The
study of feeding habits is a methodology of great importance
in researching the ecological aspects of wildlife species. In
this sense, the analysis of the feeding habits of predatory
birds provides relevant information about the interaction
between this predatory species and its potential prey.
Identifying this process in strigiform bird species allows us
to understand their role as predators and their processes of
adaptation to the resources available in urban area [2]. The
analysis of pellets from birds of prey, mainly Strigiformes
(owls), has proven to be a useful methodology for evaluating
the taxonomic structure of small mammal communities. The
analysis of prey from the pellets of birds of prey has several
advantages, such as ease of collection, a source of qualitative
and quantitative data for the study of local communities, and
the ability to obtain a large number of specimens per sample
[5]. Therefore, the objective was to identify the species
consumed by the great horned owl (Bubo virginianus) in the
study area during the rainy and dry seasons in an urbanized
area near the city of Zacatecas.

Materials and Methods

Study Area

The study area is located northeast of the city of
Zacatecas between coordinates 22° 54’04.08” N and 102°
39°30.86” W. It is located within an urbanized area with
buildings belonging to the research center of the National
Institute of Forestry, Agricultural and Livestock Research
(INIFAP), adjacent to Federal Highway 45. The vegetation
consists of xerophytic scrub and natural grassland, and the
area is fragmented by different sections dedicated to crops
and greenhouses (Figure 1).
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Figure1: Study area and location of transects where great horned owl pellets were collected.
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Location of the Species in the Study Area

The presence of the species was determined using
both indirect techniques (identification of signs) and direct
techniques (direct observation of individuals of the species),
for which systematic searches were carried out on foot during
the day (from 7:00 a.m. to 10:00 a.m.) in areas of the study
area that had the potential to be occupied by the species (holes
in buildings, trees) and recording data on feathers, down,
excrement, etc. [6]. Information on sightings was obtained
from the residents of the study area themselves regarding the
location of individuals (perching and nesting areas).

Sample Collection

Fixed points for collecting pellets were established,
and collection was carried out during two seasonal periods
identified as the rainy season (July to September) and
the dry season (January to March) according to the study
region. For sample collection, the pellets were preserved
individually and stored in polyethylene bags, after identifying
the collection area [7]. The samples were then transported
to the laboratory for content analysis and identification of
consumed prey.

Sample Processing

The samples obtained were recorded by obtaining data
on the weight, width, and length of each pellet in order to
determine the volume of the final consumption content [7,8].
The pellets were washed under running water to remove
traces of organic matter and dried in an oven for 24 to 72
hours to separate food items (hair, teeth, and bone fragments)
for later identification.

Identification of Prey Consumed

This was done through morphological analysis of
the bone remains and teeth (skull, molars, long bones,
etc.), using specialized literature for identification [9-11].
Complete skulls were separated and analyzed, identifying
their morphology and measurements to carry out their
identification with the support of reference species collected
in the region (rodents), guides, and taxonomic keys.

Statistical Analysis

The nonparametric Mann-Whitney U test was used to
determine possible statistical differences between data
groups (identified species and number of individuals
consumed) between each seasonal period analyzed in
this study (P&It;0.05) [12]. To determine the relationship
between species in both seasons of the study (dry and rainy
seasons), Principal Component Analysis (PCA) was used with
the application of Biplot [13].
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Results

Location of Sampling Points and Collection of
Pellets

During each season, frequented locations were identified
for the collection of pellets. In the wet season, these were
found in proximity to laboratories, offices, and entrance
areas, as well as in areas with abundant dry grass, pastures,
and common areas. In contrast, during the dry season, they
were found far from the establishments, such as fodder
warehouses and more exposed areas, where human presence
was less frequent, which facilitated the collection of pellets.

Analysis of Pellets and Identification of Prey
Consumed

Rainy season

During this season, a total of 94 pellets were collected, of
which 4 did not contain bone remains; on the other hand, 56
pellets were dark gray in color, while the rest of the pellets
collected were lighter in color (38 light brown samples).
They ranged from 1.14 to 8.9 cm in length, 9.7 to 3.05 cm in
width, and weighed approximately 1 to 6.9 grams. In terms of
shape, 56% of the pellets were oval, while 44% were circular.

A total of 132 complete skulls and 24 incomplete
skulls were obtained, and five genera of the order Rodentia
(Peromyscus, Chaetodipus, Baiomys, Reithrodontomys, and
Sigmodon) were identified, as well as two classes, one from the
phylum Arthropoda (Insecta) and the phylum Chordata (Aves).
In the case of birds, some species could not be identified due to
the condition of the skulls. Bone remains were also obtained,
including humerus, radius, spine, vertebrae, and pelvis, among
others, belonging to the rodents consumed, and in the case
of birds, beaks and feathers. The presence of insect remains
(limbs) was also identified, which accounted for only 1% of
the total diet. It was therefore determined that the main prey
species was the Order Rodentia (Table 1).

Rainy season
Specie Individuals % Diet
Peromyscus spp. 59 37%
Chaetodipus spp. 35 22%
Baiomys spp. 22 14%
Reithrodontomys spp. 10 6%
Sigmodon spp. 23 15%
Arthropoda 2 1%
Aves 7 5%
Total 158 100%

Table 1: Record of identified prey during the rainy season.
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Dry Season

A total of 111 pellets were collected, of which 6 did not
contain bone remains. On the other hand, 77 pellets were light
brown in color, while the remaining 34 pellets were darker in
color. The measurements obtained from the collected pellets
ranged from 1.3 to 4.1 cm in length, 1 to 2.6 cm in width, and
approximately 1 to 3.2 grams in weight. In terms of shape,
38% of the pellets were oval, while 62% were circular.

Identification of Prey Consumed

A total of 160 complete skulls and 28 incomplete
skulls were obtained, which were cleaned and analyzed
to identify the prey. Five genera of the order Rodentia
(Peromyscus, Chaetodipus, Baiomys, Reithrodontomys, and
Sigmodon) were identified, as well as two classes of the
phylum Chordata (Aves and Reptilia). Bone remains such as
humerus, radius, spine, vertebrae, and pelvis, among others,
belonging to the consumed rodents and birds were also
found. The presence of reptiles and the absence of insects
were observed. Taxonomic classification was limited to the
class due to the condition of the skulls. Identification of
the reptile skull was difficult, but its characteristics clearly
indicated that it belonged to this group. It was determined
that the main prey species identified were those of the
order Rodentia (Table 2).

Dry season

Specie Individuals % Diet
Peromyscus spp. 47 25%
Chaetodipus spp. 65 35%
Baiomys spp. 23 12%
Reithrodontomys 18 10%

spp.

Sigmodon spp. 26 14%
Reptilia 3 1%
Aves 6 3%

Total 188 100%

Table 2: Record of identified prey during the dry season.

Statistical Analysis

In the course of this study, 346 individuals consumed
by the horned owl species were identified in the study area,
yielding a total of 292 complete skulls and 52 incomplete
skulls. Analysis of the remaining bone structures indicated
the range of individuals consumed. Thirty-one percent
corresponded to Peromyscus spp. 29% corresponded to
Chaetodipus spp., 12% corresponded to Baiomys spp., 8%
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corresponded to Reithrodontomys spp., 14% corresponded
to Sigmodon spp., 0.5% corresponded to Arthropoda, 1%
to Reptilia, and 4.5% to Aves. The remains of reptiles,
amphibians, or insects (arthropods) were occasional finds
that had a low percentage of occurrence.

Taxonomic keys, specifically skulls following Gilbert’s
methodology [14], were used to identify rodents. Once this
was done, the Mammalian Species journal was consulted
to verify the description of the species data. In the case of
birds, they were classified according to skull size and shape.
As for arthropods (insects), several insect parts were found,
which made it difficult to identify the species. Five genera
of the order Rodentia (Peromyscus, Chaetodipus, Baiomys,
Reithrodontomys, and Sigmodon) (Table 3) and three classes,
one from the phylum Arthropoda and one from the phylum
Chordata (Aves and Reptilia), were recognized.

Season Rainy No. of Dry No.
individuals individuals
Order Rodentia
Peromyscus spp. 59 47
Chaetodipus spp. 35 65
Baiomys spp. 22 23
Reithr(;c;;n tomys 10 18
Sigmodon spp. 23 26
Unidentified taxa
Arthropoda 2 -
Reptilia - 3
Birds 7 6

Table 3: Number of individuals of prey species identified in
the analysis of horned owl pellets in the study area by season.

Principal Component Analysis (PCA) of Dry and
Rainy Seasons

Applying the principal component analysis technique,
the biplot, allowed the visualization of the relationship
between the prey consumed and the seasonal periods,
observing a difference between both variables (Figure 2)
[13]. This indicates that among the current prey of the order
Rodentia, two species showed variations in their presence
during the two seasons. During the wet season, a greater
abundance of Peromyscus was recorded, while during the
dry season, Chaetodipus predominated. The other species of
organisms did not show notable or significant differences in
their presence between the two seasons.
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Figure 2: The principal component analysis (PCA), the prey belonged mainly to the order Rodentia, two species showing
variations in their presence during both seasons: Peromyscus and Chaetodipus spp.

Mann-Whitney U test on Identified Species

When applying the nonparametric Mann-Whitney U test,
it was determined that there were no significant differences
between the two seasons (distributions) of the identified
species groups (p> 0.050).

According to the number of individuals found in each
season in the collected pellets, the prey species with the
highest frequency of occurrence in the analyzed pellets were
Peromyscus spp. (Figure 3A) and Chaetodipus spp. (Figure
3B), with a significance of p < 0.050. As for the other prey
species identified, no significant difference was found in
their respective analyses (p>0.050).

Figure 3: Nonparametric analysis of Mann-Whitney U test of the identified prey species by seasonal study period; the most
frequence occurrence were: A) Peromyscus sp and B) Chaetodipus sp.
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Discussion
Presence of Birds of Prey in Suburban Areas

In this study, the presence of the species Bubo virginianus
was determined in the study area, where at least one pair
was observed in an area that, according to its characteristics,
is a suburban zone. Previous studies establish that the
species is present in suburban areas, describing how some
nocturnal birds of prey have managed to adapt to impacted
environments and now inhabit environments altered by
human activity, especially in semi-urban areas, influenced by
vegetation, the presence of food, and nesting sites [15,16].
Over the last fifty years, Mexico has undergone radical h
y transformations in land use, with a marked increase in
urbanization and industrialization, often without adequate
planning [17].

Through the analysis of pellets, relevant information was
obtained about the ecology of the species in the present study;
these analyses are one of the main methods for studying
feeding habits and identifying prey in birds of prey; in the
present study, it was observed that there is a difference in
the morphology (weight and color of the samples collected)
of the pellets collected for each season; Previous studies have
established that pellets have a natural durability over time.
In humid environments, they retain their structure for only
three or four months after being regurgitated, depending on
exposure to the elements. However, in dry places, they can
remain intact for several years due to gradual and complete
dehydration. It is common to use pellets as a reliable method
for assessing species diversity in a specific area. Some
studies have observed seasonal or annual differences in the
dimensions (length and width) and weight (in grams) of
pellets [18].

Diet Composition of Birds of Prey

Regarding the diet of the horned owl, this study
determined that it consisted mainly of species of the order
Rodentia during both seasons analyzed, followed by the
occasional presence of other species (birds and reptiles);
noting that five genera within this order Rodentia were
identified in the diet, namely Peromyscus, Chaetodipus,
Baiomys, Reithrodontomys, and Sigmodon. Kremer, et al.
[19] refer to Bubo virginianus, whose diet consisted of
invertebrates, which made up around 58% of the prey
consumed, mammals around 38%, and other diverse
vertebrates (birds, reptiles, and amphibians) approximately
4% in the Utah Desert in the United States. Hernandez-
Mufioz, et al. [1] refer to Tyto alba, whose diet consisted of
85% mammals, 6.1% insects, 4.8% amphibians, 3.6% birds,
and 0.2% reptiles in central Cuba. Alvarez [20] refers to
Tyto furcata pratincola, whose diet consisted of 10 genera
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grouped into 5 families belonging to 3 orders (sharing the
genera Reithrodontomys, Baiomys, Sigmodon, Peromyscus,
and Chaetodipus) in the community of Susticacan in the state
of Zacatecas. Gonzalez-Calderén [21] refers to Tyto alba,
whose diet consisted of 14 genera grouped into 8 families
belonging to 3 classes (sharing birds and rodent species such
as Reithrodontomys and Peromyscus) in the State of Mexico.

The methodology has been described in previous studies,
which establish that characteristics such as skull shape, molar
arrangement, and size allow for species identification using
references on the identification of rodent bone remains [22].

The greater presence of rodents in the study area was
attributed to the abundance of available food. Benavides,
et al. [23] mention that in their natural habitat, rodent
reproduction tends to be seasonal, mainly during spring and
summer. However, under optimal conditions, with greater
food availability and a favorable climate, these animals can
reproduce throughout the year. This is because the biology
of these species establishes their reproduction period in the
first months of the year, coinciding with the rainy season that
lasts from the middle of the year, when there is greater food
availability

Conclusions

The results obtained indicate that rodents are the main
prey consumed by the long-eared owl (Bubo virginianus) in
the study area; the main speciesidentified are Peromyscus spp.
(rainy season) and Chaetodipus spp. (dry season), suggesting
that this difference could be due to biological aspects of the
species identified in the study area. The presence of other
taxonomic groups (arthropods and reptiles) could indicate
their availability in each season. The availability of prey can
be suggested due to the conditions present in the study area
(barns, crops, and optimal environmental conditions as a
habitat for rodents due to urbanization), which allowed for a
stable food supply for the species in this study area.
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