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Abstract

Even though various aspects of the barn owl’s (7yto alba) diet and breeding ecology have
been extensively studied in the past, high-resolution data on diel activity and prey handling at
the nest are still scarce. This study investigated food provisioning, prey handling and diel
activity patterns at three barn owl nests in Spain, England, and Ireland respectively, using the
method of continuous camera monitoring. I monitored one month of the nestling period from
each nest using video recordings from the breeding season of 2022 and 2023, observing which
prey types were delivered, prey condition, timing of delivery and how prey was handled at the
nest. Of the 1500 prey deliveries observed, small mammals accounted for as much as 95% of
the total, with rodents (Rodentia) comprising the largest portion (79 %) and shrews
(Soricidae) the second largest portion (15%). Less than 0.7% of the total deliveries were non-
mammalian prey. Observation of hunting times revealed a strictly nocturnal activity pattern.
Variations in night length due to latitudinal differences enabled longer nights and
subsequently more hunting hours for the barn owls at the Spanish nest compared to the
English and Irish nests. Prey were delivered intact in 99 % of the instances where condition
could be determined, and decapitation of prey occurred only eight times in total. The
probability of prey being stored decreased with increasing nestling age for nearly all prey
groups, and shrews had a lower probability of being stored than other prey groups for all ages.
The probability of nestlings feeding with maternal assistance decreased with nestling age,
with a 50% probability of independent feeding occurring at ages 22 days and 16 days for the
English and Irish nest respectively. Delivery rates were correlated with nestling age, with the
rate initially increasing before diminishing as the nestlings aged and prepared for fledging.
Camera monitoring proved to be an efficient way to obtain high resolution data on the barn
owl’s food provisioning behavior. My results suggest that provisioning barn owls prefer to
hunt small mammals, and while usually hunting opportunistically, might have the ability to
select appropriately sized prey based on the nestlings’ current swallowing capacity. Low
decapitation rates further indicate that barn owl pellets are a reliable data source for diet and
small mammal assessment studies and may contain less bias than pellets from other raptors.
Furthermore, variations in night length across latitudes may influence hunting behavior, with
southern barn owls potentially benefiting from longer hunting hours in summer. However,
northern barn owls may compensate for shorter nights with higher hunting effort per hour.
Future studies on barn owl foraging ecology should include latitudinal variations in night
length to gain a better understanding of potential fitness implications.
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1. INTRODUCTION

Raptorial birds are top predators inhabiting nearly all terrestrial ecosystems, playing a key
role in prey population regulation and structuring natural communities (Sarasola et al., 2018).
Most raptors are altricial, indicating that their nestlings are entirely reliant on
thermoregulation and parental food provisioning post-hatching to survive and grow (Starck &
Ricklefs, 1998; Sarasola et al., 2018). Parental food provisioning involves the allocation of
time and energy by the parents in procuring and delivering food to the nest (Taylor, 1994).
Provisioning behavior is essential for nestling survival and growth, being a key determinant of
the nestlings’ development, fitness and future reproductive success (Ligon, 1999; Kolliker et
al., 2012). Studying key behavioral parameters such as parental investment, prey choice and
diel activity in raptors can provide crucial information on the raptor’s survival, biology and
breeding success (Otterbeck et al., 2015), in addition to knowledge on prey population
fluctuations and predator-prey interactions (Korpiméki, 1988; Salamolard et al., 2000). Most
of the studies on this topic are carried out during the breeding season, as bird activity is often
concentrated around the nest area and dietary and behavioral data is easy to collect (Lewis et

al., 2004).

Collecting data on different stages of the nestling rearing period, from egg laying to fledging,
requires a close look into the nest. This is however not an unproblematic operation, as human
presence may disturb the birds and affect the parameters being studied (Gétmark, 1992).
Long-term nest studies based on direct observations from hides requires a considerable
amount of field work, and may not be possible in instances where nests are difficult to reach
(e.g. nests on cliffs or in tall trees) (Reif & Tornberg, 2006). Prolonged human presence in the
vicinity of nests may also alter the natural behavior of the study species, decrease nest
attendance (Spaul & Heath, 2017), negatively affect nesting success (Brambilla et al., 2004;
Arroyo & Razin, 2006; Garcia et al., 2006), or potentially cause abandonment of the nest site
(Fyfe & Olendorff, 1976). Collecting data on diet alone has typically involved less
disturbance, with analysis of prey remains in regurgitated pellets being a common method.
This method has however shown to potentially give biased results as some prey items are
more conserved in the pellets than others (Simmons et al., 1991; Tornberg & Reif, 2006;
Zarybnicka et al., 2011).



Advancements in camera technology have introduced an alternative to observations from a
hide and analyses of pellets when studying raptor diet and breeding behavior. Several studies
in the past have used photography or video cameras to monitor diet and nesting behavior in
raptors (e.g Hikkinen, 1977; Wille & Kampp, 1983; Reif & Tornberg, 2006; Dias et al., 2021)
and the methods have proved to be less biased, less invasive, less time-consuming and less
costly than direct observations from a hide (Cutler & Swann, 1999; Garcia-Salgado et al.,
2015). Continuous camera monitoring of nests can provide access to detailed observation of
activities both inside and outside the nest cavity throughout the 24-hour-cycle and the entire
nesting period, giving high resolution data on multiple variables related to diet and breeding
behavior at once. Though there will always exist some uncertainty when visually identifying
prey from video, camera monitoring presents as one of the most accurate methods for
estimating raptor diet today (Lewis et al., 2004). The method is especially useful for studying
species that can inhabit artificial nest boxes, as installing and operating camera equipment in
these boxes is easier than for natural and often hard to reach nest sites (Surmacki & Podkowa,

2022).

The common barn owl (7yfo alba) regularly uses artificial nest boxes and is therefore an
appropriate study species. Belonging to the oldest surviving taxonomic group of owls,
Tytonidae, the barn owl has a wide distribution, with 10-28 subspecies inhabiting all
continents apart from Antarctica (Bruce, 1999; Aliabadian et al., 2016). The species is flexible
in terms of habitat, varying from forest, grasslands, and desert, in addition to urban and
agricultural landscapes, but tend to hunt in open landscapes where prey is accessible and easy
to detect (Roulin, 2020). Barn owls predominantly prey on small mammals, comprising an
estimated 72-99% of the diet globally (Taylor, 1994; Roulin, 2020). The main mammalian
prey groups across all continents are shrews (Soricidae) and small rodents (Rodentia), while
non-mammalian prey consisting of amphibians, reptiles, birds and invertebrates comprise
only a small portion of the diet (Taylor, 1994; Roulin, 2020). Voles (Microtinae) are
particularly prominent, and is a basic food type for barn owls in nearly all countries and
habitats (Lovari, 1974; Bunn et al., 1982). The barn owl show a numeric response to vole
fluctuations, with annual breeding success, fecundity and both adult and juvenile mortality
correlating with the abundance of voles (Taylor, 1994; Klok & de Roos, 2007; Pavluv¢ik et
al., 2015). Vole population dynamics is thus a major determinant of barn owl population

persistence (Klok & de Roos, 2007).



Information on the barn owl’s diet derives from numerous studies carried out throughout
many years and in many different countries. Due to the species’ cosmopolitan distribution,
proximity to human settlement in agricultural habitats and ease of data collection, its diet has
been extensively studied in the past, with more than 1600 diet studies existing today (Roulin,
2020). The majority of these studies have used the method of pellet analysis, and although
being considered to provide an accurate indication of the diet (Taylor, 1994), it is susceptible
to potential bias (Simmons et al., 1991; Yom-Tov & Wool, 1997; Meek et al., 2012). One
source of bias in pellet analyses is that the providing bird decapitates prey prior to delivery at
the nest, which could introduce a source of error as the analyses are often based on skull and
jaw identification alone. Decapitation of prey prior to delivery at the nest is common in other
raptors such as the Eurasian kestrel (Falco tinnunculus) (Steen et al., 2010) and the boreal owl
(degolius funereus) (Zarybnicka et al., 2011), but the extent, frequency and function of this
behavior in the barn owl is still unknown (Taylor, 1994). Decapitation has been observed in a
few studies on e.g. Czech and Swiss barn owls (Pikula et al., 1984; Roulin, 2020), while other
studies show no accounts of this behavior (Taylor, 1994). Like many other raptors, barn owls
bring one prey item at a time back to the nest, termed central place foraging and single-prey
loading (Orians & Pearson, 1979). This facilitates easy identification of prey and observation
of prey condition through camera monitoring, revealing the extent of decapitation prior to nest

delivery.

Barn owls are prolific breeders and lay an average of 4-7 eggs per clutch, with the number
varying depending on food availability and environmental conditions (Bunn et al., 1982;
Taylor, 1994). Timing of reproduction is highly flexible, and laying dates are adjusted based
on climatic conditions and abundance of small mammals (Chausson et al., 2014; Roulin,
2020). Under good conditions, barn owls can produce two broods per breeding season if the
first clutch is laid early in the spring or if the abundance of prey is especially high (Bunn et
al., 1982; Jackson & Cresswell, 2017). Unfavorable climatic conditions and low prey
abundance can however impair reproduction and increase nestling mortality (Chausson et al.,
2014). Barn owls exhibit separate parental roles, with the male responsible for hunting and the
female responsible for feeding and distributing food among the nestlings during the first half
of the nestling period (Bunn et al., 1982; Roulin, 2020). If the male cannot meet the
increasing food demand as nestlings grow older, the female joins the male in hunting usually

14-17 days after the first egg hatched (Taylor, 1994; Roulin, 2020).



How food is handled at the nest is a good indication of nestling growth and development.
During the initial phase of the rearing period, barn owl nestlings rely on maternal assistance
for feeding, gradually transitioning to self-feeding as they mature (Bunn et al., 1982; Taylor,
1994). The onset of independent feeding among raptor nestlings is influenced by factors such
as prey size (Sonerud et al., 2014a; Sonerud et al., 2014b) and nestling developmental stage,
particularly the swallowing constraint of nestlings’ gape size (Slagsvold & Wiebe, 2007,
Steen et al., 2010) which is tightly linked to nestling age. Barn owls also often provide more
food than what is demanded at the moment, leaving prey items in food stores at the nest for
later consumption (Roulin, 2020). Camera monitoring offers a convenient means to observe
various aspects of prey handling at the nest, including which prey items are preferentially
eaten or stored, at what age the nestlings begin to feed independently and the factors

influencing it.

How an animal distributes its activity throughout the 24-hour day is defined as its diel activity
(Refinetti, 2008). The barn owl is largely considered to exhibit a nocturnal activity pattern,
with key adaptations for hunting in the dark, including an acute sense of hearing supported by
a large facial disc for amplifying sound, and large eyes adapted to low light conditions (Bruce,
1999; Roulin, 2020). The nocturnal activity pattern likely evolved in the barn owl as a
mechanism to avoid predators and reduce foraging competition with other predatory birds
(Roulin, 2020). However, barn owls have regularly been observed hunting during the day in
places like Samoa, Tonga and parts of Great Britain (Bunn et al., 1982; Roulin, 2020). The
extent and reasons for daytime hunting are still largely unknown, but may include food
scarcity, unfavorable weather conditions, and that solely hunting at night is insufticient to
meet the needs of the broods, particularly where the nights are short in summer (Bunn et al.,
1982; Roulin, 2020). Studying the diel activity pattern is crucial for understanding barn owl
breeding biology, as it dictates the timeframe available for providing food for the nestlings.
Using continuous camera surveillance allows for detailed monitoring of daily provisioning
activity, unveiling the extent of daytime hunting and providing high-resolution data on the

overall activity pattern throughout the nestling period.

The barn owl is a well-studied raptor, and much is already known about its behavior and
ecology. However, high-resolution data on diel activity and prey handling at the nest on the
local scale are still scarce, even though it is considered an integral aspect of the overall
foraging behavior. This study set out to investigate these parameters in detail by analyzing and

comparing data collected from video monitoring of three barn owl nests from different

4



countries in Europe during the first part of the nestling period. Specifically, the study aimed to
answer the following research questions: (1) Which prey groups are most often delivered by
provisioning barn owl parents? I anticipated that the majority of prey items delivered would
be small mammals, particularly rodents and shrews, as previous studies have consistently
demonstrated these to be the most prevalent prey groups across various countries (Bunn et al.,
1982; Taylor, 1994; Roulin, 2020). (2) What are the parents’ diel activity pattern when
provisioning for young? Due to the barn owl’s nocturnal adaptations (Roulin, 2020), I
expected most of the hunting activity to occur during the night. (3) How does nestling age
influence prey handling and storing, and at what age does independent feeding occur?
Nestling age is correlated with the ability to feed independently and food demand (Taylor,
1994; Roulin, 2020), so I expected a reduced amount of assisted feeding and storing as the
nestlings age. (4) To what extent do barn owls decapitate their prey prior to nest delivery?
Data on prey decapitation in barn owls are still inconclusive. However, other raptors
frequently exhibit this behavior (Steen et al., 2010; Zarybnicka et al., 2011) so I would expect

to find some accounts of decapitation in barn owls as well.

2. METHODS

2.1 Study site

Using continuous camera monitoring as a source for data collection, three barn owl nests in
Spain, England, and Ireland respectively, were studied for the first part of the nestling season.
The monitored nests were located in Cabaneros National Park in central Spain (39.30°N,
4.25°W), the barony of Duhallow in the south of Ireland (52.35°N, 8.68°W), and in the
Blackdown Hills, Somerset, UK (50.97°N, 3.22°W) (coordinates are estimated to the nearest
town due to confidentiality of exact location). The nest locations will hereby be referred to as
Cabaneros, Duhallow and Somerset respectively (Figure 1). A total of approximately 30 days

per nest were monitored from the beginning of May to the beginning of June.
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Figure 1: Map showing the locations of the three barn owl nests used in this study. The map was created using

MapMaker 4.0 (National Geographic/ESRI, 2023)

Cabaneros

The nest in Spain was located at the Cabaneros National Park visitor center, close to the
municipality Pueblonuevo del Bullaque in the province of Ciudad Real. The national park
covers an area of 409 km? where the landscape and characteristic species of the
Mediterranean forest are represented. The predominant habitat near the nest is known as
“rafia”, consisting of extensive plains covered with grasslands and specked with isolated large
trees and shrubs adapted to water scarcity. The weather is typical of the Mediterranean
climate, with high temperatures during the day and low precipitation levels (SEO/BirdLife,
2023). The barn owl pair nested in a nest box mounted beneath the rear porch of the national
park’s visitor center “Casa Palillos”. The nest box has been utilized for nearly two decades,
with barn owls breeding in it almost every year. Monitoring of this nest box commenced in
2018 and has continued every breeding season since then. However, as the owls are not
ringed, it remains uncertain whether the same pair has been breeding in the nest box for
consecutive years (SEO/BirdLife, 2023). The cameras were set up and run by staff at SEO
BirdLife as a collaboration with the national park, and the footage was live streamed to SEO
Birdlife’s YouTube channel during the breeding season of 2022. There were two camera

setups showing both the outside entrance to the nest and the interior, providing a good view of



the delivered prey from different angles (Figure 2 and 3). During the breeding season of 2022,

the barn owl pair reared six nestlings who all survived the entire study period.

With the permission from collaborators at SEO/Birdlife, recording from the live stream was
initiated on May 10", 2022, and ended on July 7", 2022. A total of about 1300 hours of video
footage was recorded and downloaded to an external hard drive for use in my project. From

the available footage, data were collected from May 10™ to June 10™.

Figure 2: Photo of the nest box and camera setup at the Cabaneros nest in 2023. The upper photo shows the nest
box with the installation of the interior camera. The lower photo shows the exterior camera. Photo:
SEO/BirdLife.

Somerset

Situated on the border of Somerset and Devon in the UK, the nest box was located on a
private property in the Blackdown Hills. The nest box was installed in a barn surrounded by
unimproved grassland fields, natural hedgerows, and banks with no major roads in the
vicinity. Two web cameras were installed, one internal showing the inside of the nest box
(Figure 4), and one external showing the opening and outer ledge. Staff at the Somerset
Wildlife Trust were responsible for operating the cameras, which broadcast a continuous
livestream of the nest box to their homepage year-round. Recording of the live stream

commenced on May 5%, 2023 and ended on July 3™, 2023. Approximately 1440 hours of
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footage was recorded to be used in my project. From the available footage, data was collected
from May 10" to June 11™. The female laid five eggs but only four hatched. The four

nestlings survived the entire study period and all successfully fledged.

Duhallow

The nest in Ireland was located in the barony of Duhallow, County Cork, in the south of
Ireland. The nest was situated in an old cottage with a straw-thatched roof, beneath a newer
iron roof, positioned within a tunnel in the old thatch. Surrounding the nest site, the area
forms a mosaic of rough grassland habitat and larger expanses of improved grassland, with
some conifer forest plantations and smaller areas of deciduous woodland. Hedgerows in the
area are mostly intensely managed and there is no arable farmland. Two cameras were set up,
one internal showing the inside of the nest (Figure 5) and one external showing the entrance.
The cameras were set up and run by Alan McCarthy and John Lusby of BirdWatch Ireland,
with guidance and assistance from Jason Fathers of Wildlife Windows Ltd. The cameras used
were standard CCTV cameras, and the video was live streamed to BirdWatch Ireland’s
YouTube channel. Recording of the live stream commenced on May 5, 2023 and ended on
June 7, 2023. Approximately 790 hours of footage was recorded to be used in my project.
From the available footage, data were collected from the time period of May 5% to June 6.
The female laid five eggs which all hatched and all nestlings survived throughout the study
period. However, the female disappeared around June 2™, leaving the male to care for the
nestlings alone. On June 7™, Staff at BirdWatch Ireland took the two youngest nestlings into
care due to lack of food. The youngest nestling died soon after, while the other was
successfully rehabilitated and released back into the wild in the autumn. The male

successfully raised the three remaining chicks to fledging (A. McCarthy, pers. comm).

2.2 Expected prey species

As previous barn owl diet studies have shown the majority of the diet to consist of small
mammals (Taylor, 1994; Roulin, 2020), rodents of the families Muridae and Cricetidae, and
mammalian insectivores of the family Soricidae were expected to comprise most of the
delivered prey items in my study, with species composition depending on presence and

distribution in the three countries. In Britain and Ireland, barn owls feed almost exclusively on
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small mammals (Glue, 1974). The only representative from the Cricetidae family in Ireland is
the introduced bank vole (Myodes glareolus), while England additionally has the field vole
(Microtus agrestis) and the water vole (4Arvicola amphibius). The water vole has however
lately had sharp population declines (Couzens et al., 2021), and was not expected to be
abundant in the diet. In the Muridae family, the wood mouse (Apodemus sylvaticus), the house
mouse (Mus musculus), the brown rat (Rattus norvegicus) and the black rat (Rattus rattus)

are found in both countries, while the yellow-necked mouse (4podemus flavicollis) and
harvest mouse (Micromys minutus) are exclusive to England (Couzens et al., 2021). From the
Soricidae family, expected species in England include the common shrew (Sorex araneus),
pygmy shrew (Sorex minutus) and Eurasian water shrew (Neomys fodiens) (Glue, 1974). In
Ireland, only the pygmy shrew and the newly introduced greater-white toothed shrew
(Crocidura russula) are present. The invasive greater white-toothed shrew, known for its rapid
range expansion, has demonstrated a capacity to drive local populations of pygmy shrew to
extinction (Tosh et al., 2008; McDevitt et al., 2014), and has been found in county Cork where
the filmed barn owl nest was located. The common frog (Rana temporaria) and the common
toad (Bufo bufo), has also been found in British barn owl pellets, although in much smaller

quantities than mammalian prey (Glue, 1974).

In Spain, previous barn owl pellet analyses in the study area have uncovered the most
common prey species: the Mediterranean vole (Microtus duodecimcostatus) from the
Cricetidae family, the house mouse, the Algerian mouse (Mus spretus), the wood mouse and
the brown rat from the Muridae family, and the greater white-toothed shrew from the
Soricidae family. The Iberian green frog (Pelophylax perezi) and Iberian spadefoot frog
(Pelobates cultripes), as well as passerine birds (Passeriformes) were also found as prey in

pellets (SEO/BirdLife, 2023).

2.3 Estimation of prey body mass

Prey body mass was estimated for each identified prey group (Table 1). Although each
individual prey item will differ from conspecific prey items in terms of body mass, camera
monitoring does not allow for distinguishing between individual differences in body mass. All
individuals of the same prey group were therefore assigned the same estimated average body

mass.



For the prey items identified to a higher level than species, I used the same method as

Glamseter (2019) to estimate body mass. For prey identified to order, family or as one of two
potential species, [ used the average body mass calculated from all individuals in the relevant
group. For the prey that was unidentifiable I used a body mass average based on all identified

prey. All body mass average estimates were made separately for each nest.

Table 1: Estimates for prey body mass. For the Eurasian house mouse and Eurasian harvest mouse, the estimates
were based on body mass values found in Couzens et al. (2017). Estimates for the greater white-toothed shrew
and the Algerian mouse were taken from Palomo et al. (2009) and Balloux et al. (1998). The rest of the prey

body mass estimates were based on data from G.A. Sonerud (unpublished data).

Prey Body mass (g)
Bank vole (Myodes glareolus) 20
Field vole (Microtus agrestis) 30
Water vole (4rvicola amphibius) 100
Wood mouse (Adpodemus sylvaticus) 25
House mouse (Mus domesticus) 15
Harvest mouse (Micromys minutus) 10
Algerian mouse (Mus spretus) 16
Brown rat (Rattus norvegicus) 100
Common shrew (Sorex araneus) 10
Greater white-toothed shrew (Crocidura 12
russula)

Eurasian water shrew (Neomys fodiens) 15
Microtus sp. 30
Bird (Passeriformes) 10
Common frog (Rana temporaria) 22
Insect 0.1

2.4 Data collection and data processing

The video material used in my study was recorded from their respective live streams and
downloaded to three separate external hard drives by Ronny Steen with permission from the
respective collaborators. To record the footage, the software OBS Studios (64-bit) version
29.0.2 (Bailey & OBS Studio Contributors, 2023) was used for the nest at Cabaneros, while a

custom script that connected to the software FFmpeg (Tomar, 2006) was used for the other
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two nest locations. From the downloaded video clips, data was collected using the software
BORIS (Behavioral Observation Research Interactive Software) (Friard et al., 2016). From
the nest in Cabaneros, both the external and the internal camera angles were used in the same

picture frame (Figure 3). For the nests at Somerset and Duhallow, only the internal camera

was used as BORIS operated too slow with both video files running in the program (Figures 4

and 5).

Imégenes © Parque Nacional de Cabafieros y SEOBirdLife 2022-05-19 08:01:31

Figure 3: Inside and outside view of the nest box at Cabaneros (SEO/BirdLife, 2022).

'22:17’:58 2023-05-11

Figure 4: Inside view of the nest box in Somerset (Somerset Wildlife Trust, 2023)
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Figure 5: Inside view of the nest at Duhallow (BirdWatch Ireland, 2023)

For the nest at Cabaneros, the recordings were manually initiated and terminated in OBS
Studios at approximately 24-hour intervals. This produced video clips with a duration of
between 20 to 30 hours, which was manageable but not optimal for running in the data
collection software BORIS, as the large files made the software run slow. Due to interruptions
in internet connection, about 80 hours in total of the footage from the Cabaneros nest was lost
during the study period. The video clips were saved as .flv files due to the compatibility of
such files with both OBS Studios and BORIS. For the nests at Duhallow and Somerset, the
recording process was enhanced by using a custom batch script which automatically initiated
and terminated the recording sessions every six hours. This method reduced human error and
ensured consistent data collection, producing clips with a duration of six hours each, which
proved to be significantly easier to run in BORIS. The video clips were saved as .mp#4 files,
which proved easier to work with than .flv files due to the standard being more universally
accepted. Only 10 hours at the Duhallow nest was lost due to internet failure, and no footage

was lost at the Somerset nest.

When processing the video files in BORIS for data collection, an individual project file was
made for each nest, where each video file was defined as an observation with its own ID.
Over the course of approximately ten weeks, the video material was parsed through with a

playback speed of about 10 times faster (sometimes up to 14 times faster) than the recording
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speed, observing every prey delivery occurring at all times of day. Feeding behavior was
recorded as an event when the parent delivered a prey item at the nest. During a feeding event,
the video was paused and played back at low speed in order to visually determine the
behavior. The following data points were collected for each event: the date and time of
delivery (hour and minute), the type of prey (identified to the lowest taxonomic level
possible), prey condition (intact, headless, plucked, eaten at), whether the nestlings fed
independently or with parental assistance, whether the prey was swallowed whole or

dismembered, and whether the prey was stored or ingested right away.

©®
EP HUCHP»POOOQOKMMB «»XEHI=1QAMAH

Ethogram & Events for "2022-05-19 06-57-28" observation &

Key Coc Time Subject

1P Parent 1 21:53:46.533 Vole

2N Nestling 2 22:12:08933 Vole

38 Both 3 22:16:49.300 Vole

2 BNz | =

4 22:22:08.367 Unkown

AT VATY BET Eata N

2 ' BORIS

Croose the modifies for Nesthng behwrr Parent ’ Nestling I

Subjects &
Modfier Prey_condition  Mader Fed_mode. Modfer Stored

4 s a acio a None None None
1 No foc Intact Dismembered Yes r'}
Focal subject: Vole Plucked Swallowed_ whole | No

2V Vole Eaten_at

Observed behaviors: Headless

1

Time offset: 06:57:28.000 Plav rate: x1.000

Figure 6: Setup in the data collection software BORIS ((Friard et al., 2016), with observation window displaying
the video, coding and subjects pads for recording prey type and handling subject, and behavior modifiers to

record condition, mode of feeding and storing.

When a delivery occurred, I first examined whether the prey was delivered intact or
decapitated. Further, I examined whether the female would dismember the prey and feed the
nestlings (assisted feeding), or if the nestlings would swallow the prey whole or dismember it
independently of the female (unassisted feeding). If the prey item was handled right away
either by the parent or the nestlings, it was categorized as “not stored”. If the prey item was
left in the nest and neither the parent nor the nestling had shown interest in it for the following
15 minutes since delivery, it would be categorized as “stored”. The stored prey items were
marked by number to keep track of how they were handled later, however this proved difficult
in instances where prey was frequently moved out of sight. In these instances, handling was

simply noted as “NA”. Using the time stamp on the video clips for reference, each clip was
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given a time offset in BORIS where the time in hours and minutes at the beginning of the clip
was added to each recorded event. This method ensured that the number of hours and minutes
for each event corresponded with the time of day of the delivery and made the conversion to

the correct time easier.

At the end of the data collection, the data points were exported from BORIS as an excel file

for processing before being used in statistical analyses.

2.5 Prey identification

The prey was identified visually based on characteristics such as body size, the relative size of
eyes and ears, color of the fur, relative tail length and overall appearance. All prey were
initially classified into one of five categories: “Mouse” for the family Muridae, “Vole” for the
family Cricetidae, “Shrew” for the family Soricidae, “Unknown” for unidentifiable

mammalian prey and “Other” for non-mammalian prey (i.e birds and amphibians).

With the help of co-supervisor Geir A. Sonerud, the prey items were again examined after the
initial data collection period and identified to the lowest taxonomical level possible, the aim
being species level. Using his experience and expertise in identifying rodents and other small
mammals, all delivered prey items were thoroughly assessed to obtain the most accurate
identification. The identification process proved to be challenging due to variations both in
video quality, camera angle and how visible the prey was to the camera. For prey items that
were hard to discern, identification was limited to broad categorization, for instance
“mammal” or “rodent”. Others could be identified to family level or as one of two species or
groups. Particularly shrews and small bank voles turned out to be difficult to distinguish at
times when the snout was not visible, as the tail is of approximately the same relative length.
These were thus labeled as “shrew/bank vole”. Prey items of the Muridae family were easy to
distinguish from the Soricidae and Cricetidae family due to the relative long tail and large ears
and could often be excluded when there was uncertainty around a mammalian prey item with
low visibility, thus being classified as “shrew/vole”. Within the Muridae family,
distinguishing the wood mouse from the yellow-necked mouse was practically impossible,

and these were grouped together in their genus Apodemus.

Prey identification was particularly challenging for the Cabaneros nest, as the IR-light on the

internal camera malfunctioned nine days into the study period. In some instances,
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identification was possible from the external camera alone, as prey was occasionally visible
when the parents landed on the outer ledge of the nest with the prey held in the beak. Most of
the time the parents flew directly into the nest box with the prey not visible from the external
camera. A slight light emitted from the IR-light on the external camera reached inside the nest
box making some internal identification possible, but most of the prey items could only be
identified to levels higher than species. The darkness also made it difficult to see how the prey
was handled within the nest. Data on handling and storing is therefore scarcer for the

Cabaneros nest compared to the other two nests.

2.6 Nestling age determination

For all locations, nestling age was determined based on the first hatched nestling in the nest
box. For the nest at Cabaneros, the cooperators at SEO/BirdLife documented the precise
hatching dates of all 6 eggs, and determined the first hatching to occur on April 19", 2022 and
the last hatching to occur on May 2"¢, 2022 (SEO/BirdLife, 2023). Using the first hatching as
an age determinant, the age of the nestlings was then estimated to be 22 days at the start of the

monitoring period on May 10", 2022.

With the help from eager barn owl enthusiasts, [ was able to retrieve the date for the first
hatching from the nest in Somerset from the comment section log on the livestream and
determine this to be May 1¥, 2023. By my own observation, the last of the four eggs hatched
on May 12, 2023. The age of the nestlings was thus determined to be 10 days at the start of
the video monitoring on May 10, 2023.

With information given by cooperator Alan McCarthy from Birdwatch Ireland, the first and
last nestling at the Duhallow nest site was determined to have hatched on May 3, 2022, and
May 11% 2022 respectively. Nestling age was thus determined to be 2 days at the start of the
monitoring period on May 5%, 2023.

2.7 Statistical analysis

All statistical analyses were performed using the software R version 4.3.1 (R Core Team,

2023). Using the package “Activity” (Rowcliffe, 2023), diel activity curves were made for
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each nest separately, both for total number of deliveries and separate for the most common
prey families. The R package “suncalc” (Thieurmel & Elmarhraoui, 2022) was used to obtain
an estimation of average sunset and sunrise times for the monitoring period for the different
locations based on coordinates and time zones. The “plot”-function in base R was used for

graphical presentation.

To investigate overlap in activity between the three locations, the package “Overlap”
(Meredith et al., 2024) was used to create kernel density curves for pairwise comparison of
activity between the nest locations. I used the coefficient of overlap (A4), known as Dhat4 in
R, to quantify the overlap (Ridout & Linkie, 2009) using the function “overlapEst”. A4 ranges
from 0 (no overlap) to 1 (complete overlap), with values > 0.75 indicating a high degree of
overlap (Monterroso et al., 2014). The Watson-Wheeler test from the package “circular”
(Agostinelli & Lund, 2023) was used to test for any significant differences in activity patterns

between the nest locations.

To test whether the probability of hunting certain prey differed as the nestlings grew older, I
used a multinomial log-linear model from the package “nnet” (Ripley & Venables, 2023).
Prey family was set as the response variable, with the three most common prey families
included (Muridae, Cricetida and Soricidae), and nestling age (days) was set as the

explanatory variable.

Generalized linear effect models with binomial distributions (logistic regression) were used to
explain the probability of prey being stored inside the nest cavity and the probability of
assisted feeding. For both analyses, nestling age, prey family and the interaction term were set
as explanatory variables. Both analyses were run for each nest location separately. For each
analysis, four alternative models were tested for best fit with the explanatory variables;
nestling age only, prey family only, nestling age and prey family, and the interaction between
nestling age and prey family. To assess the statistical significance of nestling age on the
probability of storing and independent feeding on prey from different families, and the
difference between these families, I used the “relevel” function from base R to set each family

as the intercept.

To test how prey delivery rates would change as the nestlings aged, I used a linear regression
model with number of prey per day per nestling as response variable and nestling age and the
quadratic term (nestling age)"2 as explanatory variables. The quadratic term was included to

test for non-linearity as shown in Steen et al. (2010). Each nest was tested separately.
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For analyses with alternative models containing different combinations of explanatory
variables and interaction terms, I used the Akaike Information Criterion (AIC) (Akaike, 1978)
for model comparison and selection with the R package “AlCcmodavg” (Mazerolle, 2023).

The model with the lowest AIC-score was selected as the best model.

2.8 Estimation of daytime and nighttime

Sunset and sunrise times were estimated as an average for the whole study period at each
location using the package “suncalc” and the function “getSunlightTimes”. Average sunset
and sunrise times were 21:30 and 06:58 for Cabaneros, 21:07 and 05:13 for Somerset, and
21:36 and 05:29 for Duhallow respectively. Using these estimates, nighttime and daytime
were defined. For Cabaneros, nighttime was defined as 21:30 — 06:59 and daytime was
defined as 07:00 to 21:29. For Somerset, nighttime was defined as 21:10 — 05:15 and daytime
was defined as 05:16 - 21:09. For Duhallow, nighttime was defined as 21:35 — 05:30 and
daytime was defined as 05:31 — 21:34.

2. RESULTS

3.1 Prey choice

A total of 1500 prey deliveries were observed across all three nest locations. Of all deliveries,
94.5% were identified as mammalian, of which 79.1% were rodents, 14.9% were shrews and
6.0% were unidentified mammals. A total of 73 prey items (4.9%) could not be identified at
all due to poor video quality or high nest activity. Of non-mammalian prey groups, birds,

amphibians and insects, constituted less than 0.7% of the total (Appendix 3).

In Cabaneros, mammalian prey accounted for 98.6% of the 660 prey items that could be
identified, of which 86.5% were rodents of the families Muridae and Cricetidae, and 4.2%
were shrews of the family Soricidae. The most common prey items were voles of the genus
Microtus (44.7%), followed by the wood mouse (25.0%). Other rodents included the Algerian

mouse (1.7%), the brown rat (0.1%), and rodent prey where species could not be conclusively
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identified (7.3%). The greater white-toothed shrew was the only species of the Soricidae
family delivered, constituting 3.9% of the total (Table 2).

For the nest in Somerset, all 361 delivered prey items were mammalian, with 97.0% being
rodents of the families Muridae and Cricetidae, and 2.8% being shrews of the family
Soricidae. The most common prey species delivered was the wood mouse (49.9%), followed
by the field vole (40.7 %) (Table 3). From the Soricidae family, the common shrew was the
only representative (2.8%). The rest of the identifiable prey items were bank voles (2.2%) and
brown rats (0.6%).

At the Duhallow nest, 99.7% of the 405 delivered prey items that could be identified were
mammalian, with rodents of the families Muridae and Cricetidae constituting 47.5%, and
shrews of the family Soricidae constituting 40.7 % of the total deliveries. The most common
prey item for the nest in Duhallow was the greater white-toothed shrew (40.7%), followed by
the bank vole (25.5%) and the wood mouse (16.0%). Of the rarer deliveries were brown rats
(3.7%) and one delivery of the common frog. 32 prey items (7.5%) could only be identified as
mammalian, and 22 prey items (5.1%) could not be identified at all (Table 4).

At the Duhallow nest, there were six instances where prey was still alive when delivered and
managed to escape before being eaten (five bank voles and one greater white-toothed shrew).
In four instances, one of the parents were observed swallowing the prey inside the nest cavity.

These were all omitted from the total count and further analyses.
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Table 2: Prey deliveries at the Cabaneros nest location given as number of each prey type, percentage by

number, estimated body mass, total body mass and percentage by body mass. All digits are rounded to one

decimal place.

Prey item Number  Percentage by  Estimated body  Total body  Percentage by
number (%) mass (g) mass (g) mass (%)
Greater white-toothed shrew 28 39 12.0 336.0 1.7
(Crocidura russula)
Microtus sp. 318 44.7 30.0 9540.0 47.8
Wood mouse (Adpodemus sylvaticus) 178 25.0 25.0 4450.0 22.3
Algerian mouse (Mus spretus) 12 1.7 16.0 192.0 1.0
Wood mouse/Algerian mouse 4 0.6 24.4 97.6. 0.5
Brown rat (Rattus norvegicus) 7 0.1 100.0 700.0 3.5
Muridae sp. 1 0.1 27.1 27.1 0.1
Unidentified rodent (Rodentia) 51 7.2 29.3 1494.3 7.5
Unidentified mammal (Mammalia) 52 7.3 28.5 1482.0 7.4
Bird (Passeriformes) 8 1.1 10.0 80.0 0.4
Insect 1 0.1 0.1 0.1 0.0005
Unidentified prey 52 73 30.0 1560.0 7.8
Total 712 100 - 19959.1 100

Table 3: Prey deliveries at the Somerset nest location given as number of each prey type, percentage by number,

estimated body mass, total body mass and percentage by body mass. All digits are rounded to one decimal place.

Prey item Number Percentage by  Estimated body  Total body mass  Percentage by mass

number mass (g) (g) (%)
*%)

Common shrew (Sorex 10 2.8 10.0 100.0 1.0

araneus)

Bank vole (Myodes glareolus) 8 2.2 20.0 160.0 1.6

Field vole (Microtus agrestis) 147 40.7 30.0 4410.0 45.1

Unidentified vole (Cricetidae) 7 1.9 29.5 206.5 2.1

Wood mouse (4podemus 180 49.9 25.0 4500.0 46.1

sylvaticus)

Brown rat (Rattus norvegicus) 2 0.6 100.0 200.0 2.0

Unidentified rodent (Rodentia) 6 1.7 27.5 165.0 1.7

Unidentified mammal 1 0.3 27.0 27.0 0.3

(Mammalia)

Total 361 100 - 9768.5 100
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Table 4: Prey deliveries at the Duhallow nest location given as number of each prey type, percentage by number,

estimated body mass, total body mass and percentage by body mass. All digits are rounded to one decimal place.

Prey item Number Percentage by  Estimated body  Total body mass Percentage by mass
number(%) mass (g) (2) (%)

Greater white-toothed shrew 174 40.7 12.0 2088.0 23.8

(Crocidura russula)

Bank vole (Myodes 110 25.8 25.0 2200.0 25.1

glareolus)

Wood mouse (Apodemus 71 16.6 25.0 1800.0 20.5

sylvaticus)

Brown rat (Rattus 16 3.7 100.0 1500.0 17.1

norvegicus)

Wood mouse/Brown rat 1 0.2 38.8 38.8 0.4

Unidentified mammal 32 7.5 20.7 662.4 7.5

(Mammalia)

Common frog (Rana 1 0.2 22.0 22.0 0.6

temporaria)

Unidentified prey 22 5.2 20.7 455.4 5.2

Total 427 100 - 8766.6 100

3.1.1 Prey choice and nestling age

For the nests in Cabaneros and Somerset, nestling age had a positive effect on the predicted

probabilities of prey delivery from the Cricetidae family, a marginally positive effect on prey

delivery from the Soricidae family, and a negative effect on prey delivery from the Muridae

family (Figure 7). However, the ANOVA type II test from the multinomial regression analysis

showed that the effect of nestling age on the predicted probabilities of delivery of prey from

the most common prey families (Cricetidae, Muridae and Soricidae) was not significant for

Cabaneros (Appendix 5), and only almost significant for Somerset (Appendix 6). For the nest

in Duhallow, the effect of nestling age had a strong positive effect on predicted probability of

delivery of prey from the Muridae family, and a negative effect on the probability of delivery

from the Cricetidae and Soricidae families (Figure 7). For Duhallow, the effect was significant

(Appendix 7).
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Figure 7: The predicted probabilities of delivery of prey from the families Cricetidae, Muridae and Soricidae at

each location as a function of nestling age (days). The solid line represents the predicted probability for delivery

of each family and the shaded area represents the confidence intervals.

3.2 Diel activity

Distribution curves for prey deliveries in relation to the time of day show a clear and strict

nocturnal pattern for all three locations (Figure 8) and across all three of the most common

prey families (Figure 9). There were no prey delivery activity during the daytime hours for

any of the nests. At all nests, activity peaked between the hours of approximately 23:00 and

02:00. Prey deliveries commenced at sunset and ended at sunrise at all locations. At Somerset

and Duhallow, prey delivery rate dropped to zero at around 05:00, while at Cabaneros there

was a slightly longer activity period with some prey being delivered up until 07:00.

Deliveries of prey in the families Cricetidae, Muridae and Soricidae show the same nocturnal

pattern individually as the total deliveries across all nests (Figure 9). For Somerset and

Duhallow, there was a slight difference in the activity peaks for Muridae and Cricetidae, with

Muridae deliveries peaking between the hours 23:00 and 24:00 and Cricetidae peaking
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between the hours 01:00 and 02:00 in both locations. In Cabaneros, Cricetidae and Muridae

both peaked between 23:00 and 01:00 (Figure 9).
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Figure 8: Curves showing the distribution of delivery for all prey items for each barn owl nest location during a

24-hour cycle. The shaded areas denote time blocks that are considered night time. The dotted lines represent the

confidence intervals.
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Figure 9: Curves showing the distribution of delivery for the most commonly delivered prey families for each
barn owl nest location during a 24-hour cycle. The shaded areas denote time blocks that are considered night
time. The dotted lines represent the confidence intervals.
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3.2.1 Overlap

Overlap in diel activity was calculated for each pair of locations (Figure 10). All location pairs
had a high degree of overlap, with Dhat4-values exceeding 0.75. Somerset and Duhallow
showed the most overlap, while Cabaneros and Duhallow showed the least overlap (Table 5).
The Watson-Wheeler test revealed that hunting activity patterns differed significantly between
all location pairs, but with a smaller difference between Somerset and Duhallow than between
the other location pairs (Table 6). While the main activity period started at approximately the
same time, Cabaneros exhibited a lower hunting effort per hour, but a longer activity period,

than the other two locations (Figure 10).

Table 5: Dhat4 overlap indexes for the pairwise comparison of diel activity between the nest
locations.

Location pair Dhat4
Cabaneros vs. Duhallow 0.78
Cabaneros vs. Somerset 0.82
Somerset vs. Duhallow 0.92

Table 6: Pairwise analysis of the difference in diel activity between the nest locations using
Watson-Wheeler test for homogeneity.

Location pair W df P
Cabaneros vs. Duhallow 60.83 2 <0.001
Cabaneros vs. Somerset 24 .51 2 <0.001
Somerset vs. Duhallow 7.27 2 0.02
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Figure 10: Overlap plots showing pairwise comparisons of kernel density curves for prey delivery at the three
barn owl nest locations. The shaded area represents where prey delivery activity overlaps in time and density.

3.3 Prey handling

3.3.1 Prey condition

Of the 1455 prey items where condition could be determined, 99.0% were delivered intact.

Only eight prey items in total were delivered decapitated. These included two birds in

Cabaneros, one wood mouse, one field vole and one brown rat in Somerset, and three brown

rats in Duhallow. Six prey items were delivered still alive. This included five bank voles and

one greater white-toothed shrew, which were all delivered at the Duhallow nest. Condition

could not be determined for 51 of the prey items (Table 8).

Table 8: Summary of prey condition for all delivered prey items where condition could be determined.

Prey condition Number Percentage (%)
Intact 1441 99.03
Decapitated 8 0.55
Alive 6 0.41
Total 1455 100.00
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3.3.2 Probability of storing

For all nests, nestling age had an almost consistent negative effect on the predicted probability
of prey being stored inside the nest cavity. For the nest in Cabaneros, the model with the
interaction between nestling age and prey family was the best fit (see Appendix 9 for model
comparison). As nestlings grew older, the probability of a delivered prey being stored
decreased for prey items of the families Muridae and Soricidae, while the probability of a
delivered prey of the Cricetidae family being stored increased slightly, as shown in the best
fitted model (Figure 11). However, nestling age was only a significant predictor on the
probability of storing prey of the Muridae family (Appendix 12) but was not a significant
predictor on the probability of storing prey of the Soricidae family (Appendix 13) or of the
Cricetidae family (Table 9). The overall probability of storing, regardless of nestling age, was
significantly higher for prey of the Muridae family compared to prey of the Cricetidae family
(Table 9), but there were no significant difference between the Soricidae and Muridae
families, or between the Soricidae and Cricetidae families (Appendix 13). The results from
Cabaneros are however likely to be biased, as the malfunctioning camera light made it
challenging to observe how the prey items were handled by the nestlings, especially as they
grew larger and started to block the camera. Therefore, most of the data on prey handling and
storing from the late part of the study period was marked as missing values (“NA”) and it is

likely that this has affected the results.

For the nest in Somerset, the model with nestling age and prey family as predictor variables
was the best fitted model (see Appendix 10 for model comparison). As nestlings grew older
the probability of a prey being stored decreased across all families (Figure 12), and nestling
age had a significant negative effect on the probability of a prey item being stored for prey of
all the most common families (p < 0.0001 for the families Cricetidae, Muridae and Soricidae).
Comparisons on storing probability between the families showed no significant differences on
the probability of storing between Soricidae and Muridae (Appendix 14 and 15) or Soricidae
and Cricetidae (Table 10), but there was a significant difference between Muridae and
Cricetidae (Table 10). The probability of storing prey from the Cricetidae family is slightly
higher than for the Muridae family at any given nestling age (Figure 12).

For the nest in Duhallow, the model with nestling age and prey family as predictor variables
was the best fitted model (see Appendix 11 for model comparison). As nestlings grew older

the probability of a prey being stored decreased across all families (Figure 13), and nestling
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age had a significant negative effect on the probability of a prey item being stored for prey of

all the most common families (p < 0.0001 for the families Cricetidae, Muridae and Soricidae).

Comparisons on storing probability between the families showed no significant difference on

the probability of storing between prey of the families Cricetidae and Muridae (Table 11), but

there was a significant difference between Soricidae and Cricetidae, and between Soricidae

and Muridae (Appendix 17). The probability of storing prey from the Soricidae family is

lower than for prey of both the Cricetidae and Muridae family at any given nestling age

(Figure 13).

Table 9: Parameter estimates of the best fitted model for the effect of nestling age and prey family on the

probability of a delivered prey being stored for the barn owl nest in Cabaneros (n = 459). Intercept = Cricetidae

family.

Estimate  Std. error z P-value
(Intercept) -1.06 0.70 -1.52 0.126
Nestling age 0.01 0.02 0.48 0.629
Prey family Muridae 2.83 0.98 2.89 0.003
Prey family Soricidae 2.07 2.60 0.79 0.424
Nestling age:Prey family Muridae -0.07 0.02 -3.05 0.002
Nestling age:Prey family Soricidae -0.08 0.07 -1.16 0.243
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Figure 11: Predicted probability of a delivered prey being stored inside the barn owl nest cavity as an effect of

prey family and nestling age in Cabaneros. The solid lines are the predicted probabilities, and the shaded areas

are the 95% confidence intervals.

Table 10: Parameter estimates of the best fitted model for the effect of nestling age and prey family on

probability of storing for the barn owl nest in Somerset (n = 347). Intercept = Cricetidae family.

50

Estimate Std. error z P-value
(Intercept) 3.73 0.50 7.38 <0.001
Nestling age -0.10 0.01 -6.86 <0.001
Prey family (Muridae) -0.73 0.25 -2.91 <0.001
Prey family (Soricidae) -1.46 0.78 -1.87 0.061
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Figure 12: Predicted probability of a delivered prey being stored inside the nest cavity as an effect of prey
family and nestling age for the barn owl nest in Somerset. The solid line is the predicted probabilities, and the

shaded areas are the 95% confidence intervals.

Table 11: Parameter estimates of the bests fitted model for the effect of nestling age and prey family on the
probability of a delivered prey being stored for the barn owl nest in Duhallow (n = 369). Intercept = Cricetidae

family
Estimate Std. error z P-value
(Intercept) 3.27 0.45 7.18 <0.001
Nestling age -0.17 0.02 -8.84 <0.001
Prey family (Muridae) 0.63 0.35 1.81 0.070
Prey family (Soricidae) -0.91 0.31 -2.96 0.003
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Figure 13: Predicted probability of a delivered prey being stored inside the nest cavity as an effect of prey
family and nestling age for the barn owl nest in Duhallow. The solid line is the predicted probabilities, and the

shaded areas are the 95% confidence intervals.

3.3.3 Independent feeding

For the nest in Cabaneros, filming started when the nestlings were 22 days old and too few
events of assisted feeding were observed to run any statistical tests. Assisted feeding occurred
a total of six times, each when the nestlings were 23 days old. From 23 days old and to the

end of the study period, the nestlings fed independently.

For the two other nests, four models to explain the probability of assisted feeding were tested
for best fit. With the response variable being assisted feeding, the predictor variables tested
were nestling age and prey family, the interaction between nestling age and prey family,

nestling age only and prey family only.

For the nest in Somerset, the model with nestling age only had the lowest AIC-score and was
selected as the best model (see Appendix 18 for model comparison). Nestling age had a
significant negative effect on the probability of assisted feeding (Table 12). The model with

nestling age and prey family was selected as the second-best model and is also presented
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below. Nestling age had a significant negative effect on the probability of assisted feeding for
all prey families (p < 0.0001 for prey families Cricetidae, Muridae and Soricidae
respectively), with no significant difference between the families (Appendix 20-22). The
nestlings had a 50% probability of feeding unassisted at 22 days old and estimated complete
independent feeding at 35 days old (Figure 14).

For the nest in Duhallow, the model with nestling age and prey family had the lowest AIC-
score and was selected as the best model (see Appendix 19 for model comparison). Nestling
age had a significant negative effect on the probability of assisted feeding for all prey families
(p <0.0001 for prey families Cricetidae, Muridae and Soricidae respectively). No significant
difference on probability of independent feeding between prey families Muridae and
Cricetidae was observed (Table 13), but there was a significant difference between Soricidae
and Cricetidae, and between Soricidae and Muridae (Appendix 25). The probability of
nestlings ingesting shrews of the family Soricidae assisted decreased faster as they aged than
for the families Cricetidae and Muridae (Figure 16). The model with nestling age only is also
presented below for comparison, although not being the best model. The nestlings had a 50%
probability of feeding unassisted at 16 days old and estimated complete independent feeding
at 25 days old (Figure 17).

Table 12: Parameter estimates of the best fitted model for the effect of nestling age on probability of assisted

feeding for the barn owl nest in Somerset (n =312).

Estimate Std. error z P-value
(Intercept) 7.95 1.04 7.65 <0.001
Nestling age -0.36 0.04 -8.26 <0.001
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Figure 14: Predicted probability of a prey being fed to the nestlings assisted as an effect of nestling age at the
barn owl nest in Somerset. The solid line is the predicted probabilities, and the shaded area is the 95%

confidence interval.
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Figure 15: Predicted probability of a prey being fed to a nestling assisted as an effect of nestling age and prey
family at the barn owl nest in Somerset. The solid lines are the predicted probabilities, and the shaded areas are

the 95% confidence intervals.
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Table 13: Parameter estimates of the best fitted model for the effect of nestling age and prey family on

probability of assisted feeding at the barn owl nest in Duhallow (n = 370). Intercept = Cricetidae family.

Estimate Std. error V/ P-value

(Intercept) 9.67 1.34 7.22 <0.001

Nestling age -0.55 0.07 -8.17 <0.001

Prey family (Muridae) 1.12 0.65 1.74 0.082

Prey family (Soricidae) -1.76 0.60 -2.92 0.003
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Figure 16: Predicted probability of a prey being fed to a nestling assisted as an effect of nestling age and prey
family at the barn owl nest in Duhallow. The solid lines are the predicted probabilities, and the shaded areas are

the 95% confidence intervals.
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Figure 17: Predicted probability of a prey being fed to a nestling assisted as an effect of nestling age at the barn
owl nest in Duhallow. The solid line is the predicted probabilities, and the shaded area is the 95% confidence

interval.

3.4 Prey delivery rates

Daily delivery rates were defined as number of prey items delivered per 24-hour cycle,
between the hours 00:00 and 23:59. In total, the daily delivery rates varied from two to 37
prey items. In Cabaneros, the highest number of prey delivered in one day was 37, and
occurred when the nestlings were 43 days old. In Somerset, the highest number of prey
delivered was 16 and occurred when the nestlings were 33 days old. In Duhallow, the highest
number of prey delivered was 21 and occurred when the nestlings were 29 days old
(Appendix 26). Mean daily delivery rates were 27.18 for Cabaneros, 11.09 for Somerset and
13.46 for Duhallow (Appendix 26). The nest at Cabaneros had the highest mean number of
prey items per nestling per day, with 4.53, followed by Somerset with 2.77 and Duhallow with
2.69 (Appendix 26).

The linear regression model revealed a non-linear relationship between number of prey items
delivered per day per nestling and nestling age. Both nestling age and the quadratic term
(nestling age)"2 had a significant effect on predicted prey deliveries for the nest at Somerset

(Table 14) and Duhallow (Table 15), indicating that as the nestlings aged there was an initial
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rise in prey deliveries, but this rate of increase gradually declined over time. None of the
predictors were significant for the nest at Cabaneros (Table 13). Delivery rates start to plateau
at about 45, 35 and 30 days for Cabaneros, Somerset and Duhallow respectively. (Figure 18,
19 and 20).

Table 13: Parameter estimates of the linear model for the effect of nestling age on daily prey delivery rates at the

barn owl nest in Cabaneros

Estimate Std. error t P-value
(Intercept) -1.85 5.55 -0.33 0.743
Nestling age 0.27 0.29 0.94 0.362
(Nestling age)"2 -0.00 0.00 -0.73 0.475
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Figure 18: Predicted prey delivery rate per nestling per day as a function of nestling age for the barn owl nest in
Cabaneros. The solid line represents the predicted delivery rate, and the shaded area represents the 95%

confidence interval.
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Table 14: Parameter estimates of the linear model for the effect of nestling age and the quadratic term nestling

age”™2 on daily prey delivery rates at the barn owl nest in Somerset.

Estimate Std. error t P-value
(Intercept) -0.58 0.72 -0.80 0.427
Nestling age 0.22 0.06 3.56 0.001
(Nestling age)"2 -0.00 0.00 -2.51 0.018
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Figure 19: Predicted prey delivery rate per nestling per day as a function of nestling age for the barn owl nest in

Somerset. The solid line represents the predicted delivery rate, and the shaded area represents the 95%

confidence interval.
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Table 15: Parameter estimates of the linear model for the effect of nestling age and the quadratic term nestling

age”™2 on daily prey delivery rates at the barn owl nest in Duhallow.

Estimate Std. error t P-value
(Intercept) -0.00 0.45 -0.01 0.995
Nestling age 0.23 0.06 4.07 0.0003
(Nestling age)"2 -0.00 0.00 -2.38 0.025

Prey/nestling/day

Nestling age (d;ys)

30

Figure 20: Predicted prey delivery rate per nestling per day as a function of nestling age for the barn owl nest in

Duhallow. The solid line represents the predicted delivery rate, and the shaded area represents the 95%

confidence interval.
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4. DISCUSSION

4.1 Prey choice

In total, 95% of the delivered prey items across the three nests were identified as mammalian,
with 79% being rodents. These findings resemble those from previous diet studies where it
was estimated that 72 — 99% of the barn owl diet consists of mammals, with rodents
constituting the biggest proportion of 77% on average in Europe (Roulin, 2020). This adds to
the consensus that the barn owl is a specialist predator on small mammals (Glue, 1974; Bunn
et al., 1982; Taylor, 1994; Pezzo & Morimando, 1995), although the small inclusion of non-
mammalian prey items (eight birds, one frog and one insect) in my study proves the potential
for diet flexibility. Even though the owls at all nests almost exclusively delivered small

mammals, there were some noticeable differences in species composition between the nests.

In Somerset, the wood mouse was the most important prey item, constituting nearly 50% of
the total number, and marginally outnumbering the field vole (41%). In Cabaneros and
Duhallow, the wood mouse was considerably less important, constituting only 25% and 17%
respectively. The field vole has previously been found to be the most common prey type for
barn owls in the UK, and the wood mouse has been considered a secondary prey group,
constituting only around 10% (Webster, 1973; Glue, 1974). In general, voles of the sub-
family Microtinae are thought to be the most common and basic food type for barn owls in
most countries (Lovari, 1974). However, numerous studies have concluded that barn owls
have no real food preferences apart from a disinterest in invertebrates, and simply hunt
animals small enough to be captured and killed by their method of hunting (Bunn et al.,
1982). Many studies have found an inverse relationship between proportions of secondary
prey species and Microtinae species captured (Bunn et al., 1982). This includes an increase in
Muridae species (such as the wood mouse) when Microtinae species is low in abundance,
thought to be attributed to the available habitats, with a higher abundance of Muridae species
in wooded areas and a higher abundance of Microtinae species in more open cropland
(Contoli, 1975; Lovari et al., 1976). Field vole populations fluctuate with cycles of 3-4 years
(Lambin et al., 2000), meaning the abundance can be low in some years. In addition, a long
term study revealed that the number of wood mice in barn owl pellets increased in the UK
between 1974 and 1997 (Love et al., 2001). The high number of wood mice at the Somerset

nest could therefore be explained by the combination of opportunistic hunting behavior and
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either a relative low field vole population, a high wood mouse population or both, possibly

also related to the availability of open crop lands and woodlands in the area.

While the proportion of shrews in Somerset and Cabaneros only constituted about 3% and
4%, respectively, it made up a staggering 41% in Duhallow. Typically, shrews are the second
most caught prey type after rodents, constituting an average of 28% of the barn owl diet in
Europe (Roulin, 2020). In Ireland however, shrews have historically not been an important
part of the barn owl diet, constituting less than 15% (Glue, 1974; Smal, 1987), and the
consumption of these insectivores have been declining in Europe over the past century
(Roulin, 2016). The reason for the high percentage of shrews at the Duhallow nest site is
likely due to the introduction of the greater white-toothed shrew to the country. Until recently,
the only shrew species present in Ireland was the pygmy shrew, and although a regular prey
item, it is mostly taken in small numbers (Glue, 1974). Ireland is an island with a limited
native small mammal fauna, and the aggressive greater white-toothed shrew has shown a
large invasive potential here. The species was first discovered in pellets from barn owls and
kestrels in 2007 (Tosh et al., 2008). Since then, the species has expanded its territory by an
average of 5.5 km/year, and outcompeted the pygmy shrew to the extent where it is
completely absent in areas the greater white-toothed shrew has invaded (McDevitt et al.,
2014; Browett et al., 2023). In my study, all shrews delivered at the Duhallow nest site were
the greater white-toothed shrew. Combined with the findings of Smiddy (2018), who found
that this species constitutes 68% of the remains found in barn owl pellets in the same county
as my nest site (County Cork), it is likely that the greater white-toothed shrew is in high

abundance and has invaded this area.

Although constituting 41% of the total number of deliveries in Duhallow, the greater white-
toothed shrew constituted only 24% of the total estimated biomass, and the species is much
smaller than the other available prey species (bank vole, wood mouse and brown rat).
According to optimal foraging theory, the energetic cost of flying, encountering a prey,
attacking and handling should always be reduced to maximize the net energetic gain (Trivers,
1972; Krebs et al., 2012). For owls, small prey items are more profitable than large prey items
as they require proportionally less time for handling and ingestion, and thus provide a higher
energy content per handling time (Slagsvold & Sonerud, 2007; Slagsvold et al., 2010). The
greater white-toothed shrew would be easy to detect if it is in high abundance, and demands
less energy for handling, transportation, and preparation than larger prey such as the bank vole

and the wood mouse. However, it would not provide as much food as larger prey. The same
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inverse relationship between favorable Microtinae prey and secondary Muridae prey has been
found between Microtinae and Soricidae as well (Webster, 1973), meaning a functional
response exists where more shrews could be taken if the availability of voles is low. This is
consistent with the prediction that less profitable species should be included in greater
proportions as prey abundance declines (Taylor, 1994; Tores et al., 2005). Sonerud (1992) also
highlights that in single-prey loaders, the profitability of a prey is determined by its weight
and distance to the central place (the nest), and certain prey items will not be worth the
transportation cost if their energy values are below a certain threshold. However, they could
still be included in the diet by being consumed at the capture site by the forager (parent).
Thus, if only prey observed delivered at the nest are considered, the significance of smaller
prey items in the overall diet could be underestimated (Sonerud, 1992). In this case however,
the high delivery rate of small shrews to the nest could indicate a functional response due to
scarcity of larger prey that otherwise would be prioritized for transportation to the nest. The
high delivery rate of shrews in Duhallow compared to the other two nest sites could therefore
be explained by high relative abundance of the greater white-toothed shrew close to the nest
and lower abundance of larger bank voles and wood mice. With no information on the local

assemblage of small mammals it is however not possible to conclude.

The number of non-mammalian alternative prey delivered was low to non-existent across the
barn owl nests. The nest at Cabaneros had the highest number, with eight birds and one insect
delivered, while the nest at Somerset had one delivery of the common frog. The nest in
Duhallow had no non-mammalian prey deliveries. Although the few occurrences show the
barn owls’ potential for diet flexibility, the low numbers suggest these prey items to be less
favorable than mammals. Observations from several countries have shown that barn owls
living in less productive areas (typically desert) with a low density of small mammals are
more generalist and catch a wider diversity of prey, while in more productive areas with a
greater availability of vole habitat, the diet is more specialized and the barn owls can often
take just one or a few species of voles (Marti, 1988). Prey selection may therefore be
dynamic, with a more specialized diet occurring when food conditions are good, and a more
generalist diet when conditions are poor. This flexibility allows barn owls to survive both in
more marginal habitats and in times of food scarcity (Taylor, 1994). In this context, my results
suggest that the abundance of small mammals in all locations was likely high enough for the
owls to specialize in more profitable prey and the need to hunt non-mammalian prey was

therefore low.
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4.1.1 Prey choice and nestling age

As the barn owl nestlings aged, there were changes in the composition of which prey items
were most likely to be delivered at all nests. As raptor nestlings grow older, they are
increasingly capable of handling and eating prey independently from the female’s assistance
due to larger gape size (Steen et al., 2010). At the Duhallow nest, predicted delivery of
Soricidae and Cricetidae prey decreased while Muridae prey increased as nestlings aged. The
decrease in Soricidae could be explained by increased food demand and increasing ability to
ingest prey independently. With an average of about 12 g, the greater white-toothed shrew
provides less than half the amount of meat as that of the wood mouse or bank vole. The
decrease in deliveries of Soricidae started when the nestlings were about 20 days old, at which
point they were able to ingest prey more or less independently. While it would be beneficial
for the parent barn owls to hunt small prey items like shrews while the nestlings were young
and incapable of handling larger prey items themselves, the cost of flying, capturing and
transporting enough shrews to sustain older nestlings could be bigger than the cost of
capturing fewer but bigger prey items such as the wood mouse. If this is the case, it indicates
that the barn owl might not be a complete opportunist predator, but has the ability to select
smaller prey appropriate for young nestlings and then relax prey selection as the nestlings
grow larger and the food demand and need for hunting efficiency increases (Roulin, 2020).
This partially selective behavior in the barn owl is supported by several other studies (e.g
Mufioz-Pedreros & Murua, 1990; Tores et al., 2005). Steen et al. (2012) found a similar
pattern in reverse for the kestrel, where the parents adjust prey selection towards smaller prey
items as nestlings grow older and become more adept at handling prey, relieving the parents
from the task of dismembering prey to feed the nestlings. Another possible explanation could
be differential prey deliveries between the sexes. Previous studies have shown that male barn
owls tend to hunt smaller prey items than females, which may be attributed to the smaller
body size of the male compared to the female (Pande & Dahanukar, 2012). Female barn owls
usually join the male in hunting around 14-17 days after the first hatching (Roulin, 2020). In
my study, this coincided with the simultaneous decrease in small Soricidae prey and increase
in larger Muridae prey at the Duhallow nest. However, this hypothesis would not explain the
decrease in delivery of Cricetidae prey with nestling age at this nest, as bank voles (the only
available vole in Ireland) would be about the same size as the wood mouse (which was
delivered at an increased rate in the same time period). It is not possible to conclusively

explain the decrease of the delivery of bank voles without data on the local small mammal
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assemblage, but a possible explanation could simply be that the abundance of wood mice
increased throughout the study period and the barn owl parents, being opportunistic, caught a

larger proportion of these at the expense of voles.

For both the nest in Somerset and that in Cabaneros, the number of deliveries of Soricidae
prey was too low to show any significant changes in delivery rate. However, the analysis
showed that the probability of deliveries of Muridae prey decreased while the probability of
deliveries of Cricetidae prey increased as nestlings aged. The effect of nestling age was
however not a significant predictor for prey delivery either locations, and opportunistic

behavior and prey availability is likely the explanation for the observed results.

4.2 Diel activity

Distribution curves of prey deliveries in relation to time of day revealed a strict nocturnal
activity pattern for the barn owls at all three nest locations, where hunting was initiated at
sunset and ended at sunrise. These results add to the evidence from previous studies stating
that the barn owl is mainly a nocturnal hunter (Marti, 1974; Taylor, 1994; Roulin, 2020).
Unlike the findings of Glamseter (2021), my results showed no activity during the hours from
18:00 to sunset when daylight persisted. There were no instances of daytime hunting
observed, which differs from the findings of Elder (2022), who found some daytime hunting
to occur in barn owls in Somerset. Activity at all three nest locations commenced between the
hours 22:00 and 23:00, with only a few deliveries occurring between 21:00 and 22:00 at
Somerset and Cabaneros, indicating that none of the barn owls started their hunting period
before sunset. Due to differences in latitudes, the sun in Cabaneros sets earlier and rises later
than in Somerset and Duhallow during the study period, providing approximately one and a
half more hours of darkness. The barn owls at Cabaneros had a prolonged hunting period
compared to the other two locations, extending 1-2 hours, likely due to these differences in
sunset and sunrise times. This could indicate that the barn owls tend to take full advantage of
the nighttime hours, and that barn owls at southern latitudes have more hours available to hunt
in the darkness than those of more northern latitudes during the breeding season of spring and

early summer in the northern hemisphere.

For many diurnal taxa, increased daylight availability, for instant achieved through migration

to higher latitudes, has been shown to increase fecundity (Bryant, 1997; Schekkerman et al.,
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2003; Anderson-Teixeira & Jetz, 2005). The daylight availability hypothesis states that for
diurnal birds, daylight is a resource, and migrating to higher latitudes with longer daylight
hours in summer provides fitness benefits (Sockman & Hurlbert, 2020). Diurnal birds can
thus capitalise on increases in day length, as longer days enable birds to prolong their activity
(Pokrovsky et al., 2021). For instance, Sanz et al. (2000) found a tendency of higher parental
investment in higher latitude populations of Great tits (Parus major) compared to lower
latitude populations due to longer daylight hours for foraging. Conversely, Zarybnicka et al
(2012) found the same pattern in reverse for nocturnal boreal owls (4egolius funereus), with
owls of higher latitudes being constrained by the short nights during summer compared to
lower latitudes, which could limit the number of nestlings they can raise. There are at the
moment no studies on the impact of night length across latitudes for barn owls. In my study,
the parents at Cabaneros successfully raised six fledglings, compared to four for Somerset and
Duhallow (one nestling died before fledging at Duhallow). Additionally, the number of prey
items delivered per day per nestling was significantly higher for Cabaneros compared to the
other locations. This could however be due to the nestlings being older and having a higher
food demand when filming took place in Cabaneros than in Somerset and Duhallow. Although
the sample size is far too small to draw any conclusions, my results show that hunting for
nestlings tend to initiate at sunset and end at sunrise, and that the length of the hunting period
is determined by the time available between sunset and sunrise. Whether there exist variations
in parental provisioning and brood size due to time constraints in barn owls at different

latitudes is however beyond the scope of my study.

The overlap plots of kernel densities showed a high degree of temporal overlap between all
nests, with Somerset and Duhallow being the most similar in terms of hunting times and
effort. This similarity is likely due to the geographic closeness of the locations, with sunset
and sunrise times being only slightly offset. The temporal difference was higher when
comparing these two to Cabaneros. The overlap plots showed a higher and narrower activity
peak for Somerset and Duhallow over the course of the available nighttime hours, with a high
hunting effort maintained throughout the whole night. Although Cabaneros exhibited a longer
activity period due to longer nights, the collective hunting effort per hour was lower and
distributed more evenly throughout the night here than at the other locations. This might
indicate that although the parents at Cabaneros had more hours of nighttime to hunt, they did
not maintain the same efficiency in hunting throughout the night as the more northern barn

owls. A study on boreal owls found higher prey delivery rates in northern populations
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compared to more southern populations during nestling rearing, and suggesting this to be a
compensation for shorter nights (Zarybnicka et al., 2012). Although more comparative
research is needed to draw conclusions, my results show a higher hunting effort per hour for
the owls with shorter nights at higher latitudes, suggesting the compensatory behaviour found

for boreal owls could occur in the barn owl as well.

The strictly nocturnal activity pattern shown in my results was not surprising, given the barn
owl’s adaptations to hunt in darkness. However, barn owls in England (but not Ireland) have
regularly been observed hunting in the daylight (Taylor, 1994; Roulin, 2020). The reasons for
daylight hunting are yet unknown, and there is not enough quantitative data to draw
conclusions on this. Some proposed hypotheses include food scarcity, that the nights are too
short or that solely hunting during the night is insufficient to meet the needs of the brood
(Roulin, 2020). Additionally, barn owls rarely hunt during heavy rain and precipitation has
been shown to impair hunting success (Chausson et al., 2014; Roulin, 2020; Glamseter, 2021).
Therefore, hunting is generally avoided during heavy rainfall and male barn owls tend to rest
during more than 90% of rainy nights (Roulin, 2020). This could force them to hunt during
the daytime if an insufficient amount of prey was caught during a rainy night. In fact,
Glamseter (2021) found that daytime hunting increased with increasing precipitation the
previous two days. The barn owls in Somerset (the only location in England) had a brood of
only four nestlings and managed to deliver an average of 2.8 prey items per nestling per day
throughout the study period. This might indicate that there was no shortage of food available
in the area, and that hunting during the daytime was not needed to sustain the nestlings.
Rainfall during my study period was also very low, with only two days of rain. This indicates
that the parents were likely not constrained by rainfall and were able to hunt efficiently every
night. Although daytime hunting in the barn owl has been observed regularly in England, my
results show a complete nocturnal pattern for all locations, suggesting that daytime hunting is

not favourable under good conditions.

4.2.1 Delivery times for different prey families

My results showed only small differences in timing of deliveries between the prey families
Cricetidae, Muridae and Soricidae. For the nests at Somerset and Duhallow, delivery of
Muridae prey peaked slightly earlier than that of Cricetidae prey, with a Muridae peak
between 23:00-00:00 and a Cricetidae peak between 00:00 — 02:00. This might indicate that
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Muridae are more available than Cricetidae early in the night at the two locations. These
findings contrast with the results of Glamseter (2021), who found Muridae to be delivered
more frequently later in the night. While mice of the Muridae family are mostly nocturnal
(Crawley et al., 2020), voles of the Cricetidae are active both during the day and night
(Gliwicz & Dabrowski, 2008; Crawley et al., 2020), and the vole availability may fluctuate
throughout the 24-hour cycle (Daan & Slopsema, 1978; Taylor, 1994). The reasons for the
different peaks in delivery of mice and voles could be the barn owl’s tendency to hunt
opportunistically. Voles are generally the preferred prey species of most barn owls (Bunn et
al., 1982), and their proportion of the diet is positively correlated with their abundance
(Bernard et al., 2010; Roulin, 2020). The nocturnal activity pattern of rodents is influenced by
many factors including moonlight, predators and population density (Lehmann &
Sommersberg, 1980; Gliwicz & Dabrowski, 2008). Given the barn owl’s opportunistic
tendency, my results could indicate that the barn owl settled for wood mice early in the night
before switching to voles later in the night when they are more active and more available.
This pattern was not observed in Cabaneros, where Cricetidae and Muridae deliveries both

peaked at the same time around 22:00 — 02:00.

4.3 Prey handling

4.3.1 Prey condition

The majority (96%) of the prey delivered were delivered intact. Only eight prey items in total
across all nests were delivered decapitated (0.5%), indicating that preparation of prey before
delivery at the nest was not common for the barn owls in my study. Decapitation has been
found to be common in other birds of prey such as the Eurasian kestrel (Steen et al., 2010)
and boreal owl (Zarybnicka et al., 2011), but the occurrence of this behaviour in the barn owl
is less conclusive. A study from the Czech Republic found a 33% decapitation rate (Pikula et
al., 1984), while another study from Scotland found no counts of decapitation (Taylor, 1994;
Roulin, 2020). One possible explanation for the occurrence of decapitation in birds of prey
caring for altricial young is proposed by the feeding constraint hypothesis. According to this
hypothesis, young nestlings lack the ability to consume larger prey items that are part of the
adult diet, leading to increased preparation of prey with larger prey sizes and reduced

preparation as nestlings age and their gape size increases (Slagsvold & Wiebe, 2007; Steen et
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al., 2010). Other possible explanations proposed by Roulin (2020) include removing the head
for lighter transportation load, and the parent consuming the head themselves as brain tissue is
high in nutrients. However, none of these hypotheses have been thoroughly tested for the barn

owl.

Raptor pellets are frequently used to assess both the diet and the relative abundance of local
small mammal populations from skull and jaw identification (Meek et al., 2012; Viteri et al.,
2022). A study comparing remains in pellets of the boreal owl and prey identified by camera
monitoring, found a bias where the amount of voles and mice were underestimated in pellets,
likely due to the high frequency of decapitation as observed by camera monitoring
(Zéarybnicka et al., 2011). Similar bias due to decapitation has also been found in pellets from
the Common Buzzard (Buteo buteo) (Tornberg & Reif, 2006). My results resemble the
findings of Gldmseter (2021) and Elder (2022), and contribute to the evidence that
decapitation prior to nest delivery is rare in the barn owl (Glue, 1967). Additionally, Dodson
and Wexlar (1979) found that cranial bones were only broken 30% of the time in barn owls
compared to 80% in the screech owl (Otus asia), and barn owls returned 80% of skulls intact
in their pellets. With a low frequency of prey decapitation and a high frequency of skull
conservation, it is likely that using barn owl pellets for diet and small mammal population
assessment is more suitable and has less bias than pellets from other raptors where

decapitation is more common.

4.3.2 Probability of storing

For all nests, the probability of storing prey decreased as the nestlings aged for all the most
common prey families, with the exception of Cricetidae prey for the Cabaneros nest where
nestling age was not a significant predictor. These results are in accordance with previous
studies (Roulin, 2004; Elder, 2022), and is likely related to the nestlings’ food demand and
their dependence on the female to prepare the food for them. Food demand is lower in
younger than older nestlings, but studies have shown that the male’s hunting effort tends to be
somewhat fixed, often delivering more prey than the nestlings’ current food requirements
(Roulin, 2020). Provisioning barn owls reduce flying cost by postponing their own meals to
the end of the night, minimizing their own body weight while hunting (Durant & Handrich,
2013). Therefore, parents tend to deliver most of the prey during the first few hours of the

night, and have to estimate how much food the nestlings will consume over 24 hours (Roulin,
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2020). In addition, the feeding constraint hypothesis states that the gape size limits the
swallowing capacity to small pieces (Slagsvold & Wiebe, 2007; Steen et al., 2010), making
young nestlings dependent on the female to prepare the prey for them. Low food demand,
disproportionate high hunting effort early in the night and time-consuming maternal feeding is
therefore likely the reason for the high probability of prey storing when nestlings are young.
With increasing age, storing becomes less frequent as nestlings can ingest more on their own

and are not constrained by waiting for the female to assist them.

Three hypotheses have been proposed to explain why owls store food during the nestling
period. The insurance hypothesis explains food storing as a means to prepare for temporary
food shortage due to bad weather conditions, thereby increasing foraging effort for a limited
period when conditions are good (Korpiméki, 1987). This allows for a subsequently reduced
foraging effort when the cost of hunting increases, as previously shown in shrikes (Carlson,
1985; Herndndez, 1995). If this is the case, delivery rates should be lower the following night
after a night of high storing activity (Roulin, 2004). If the parents store prey in anticipation of
a possible food shortage, it is also to be expected that some prey may rot and be wasted due to
the nestlings’ inability to consume the food before it perishes (Roulin, 2004). The second
hypothesis, named the large prey hypothesis (Korpimiki, 1987), explains storing as a result of
the inability of nestlings to consume large prey on their own, as explained by the feeding
constraint hypothesis (Slagsvold & Wiebe, 2007; Steen et al., 2010), or that they
preferentially consume smaller and easier to handle prey first and take larger prey only when
the energetic benefit outweighs the cost of handling and processing (Roulin, 2004). If large
prey items are too big for the nestlings’ appetite or their ability to handle them, the hypothesis
predicts that smaller prey are eaten first and large prey are over-represented in food stores
(Roulin, 2004). This would explain why food stores in owls have previously been found to
contain the largest prey items in the diet (Korpiméki, 1987). The third hypothesis, proposed
by Roulin (2004), is called the feeding time hypothesis. This hypothesis takes into
consideration the constraints of nocturnal hunting and the digestive constraints of the
nestlings, and explains storing as a means for the nestlings to eat throughout the 24-hour cycle
and not only at night when hunting takes place. As the minimum time for digestion and pellet
egestion is 2.25 hours (Guerin, 1928, cited in Roulin, 2004) and 6.5 hours respectively (Smith
& Richmond, 1972), the parents bring more food at night than what is manageable at the time,
which predicts that the nestlings are willing to eat the stored prey later at night or during the

day when hunting is terminated (Roulin, 2004; Roulin, 2020). Observations of the female
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feeding young nestlings up to every hour throughout the day supports this hypothesis (Bunn et
al., 1982). Contrary to the insurance hypothesis, this hypothesis predicts the surplus prey to be

consumed before the following sunset, instead of rotting away.

In my study, the probability of storing prey from the Soricidae family was lower than for prey
of the Muridae and Cricetidae families for all nestling ages at all nests. The number of shrews
delivered at the Cabaneros nest was too small for the effect of nestling age to be significant
and results from prey identification at this location are likely biased due to high numbers of
missing values. However, the effect was significant for both the Somerset and Duhallow nest
site. The low probability of storing shrews was especially prominent at the Duhallow nest,
where shrews comprised 41% of all delivered prey, and had a significant lower storing
probability than the other prey families. As shrews are much smaller than mice and voles and
thus easier to consume without maternal assistance (Steen, 2010), this finding supports the
large-prey hypothesis and the prediction that small prey items are preferentially eaten first.
Additionally, all stored prey were eventually consumed by the nestlings (and occasionally the
parents) during the night and following day, with none going to waste due to rotting
(pers.obs). Also, prey delivery rates were not lower on nights following high storing activity.
This would contradict the predictions of the insurance hypothesis, but support the predictions
of the feeding time hypothesis stating that the nestlings distribute food throughout the 24-hour

cycle due to digestive constraints.

In accordance with other studies, my results show that storing prey in the nest is common for
the barn owl during the nestling period, storing activity decreases as the nestlings age, and
that the reasons for storing can be explained both by the large-prey hypothesis and the feeding
time hypothesis.

4.3.3 Independent feeding

The probability of assisted feeding decreased as the nestlings aged for the Somerset and
Duhallow nest, with estimated complete independence at around 35 and 25 days respectively.
These results were not surprising as barn owl nestlings has been shown to progressively gain
feeding independence with age (Bunn et al., 1982; Taylor, 1994). My results resemble those
from previous studies on assisted feeding in other raptors (Steen et al., 2010; Sonerud et al.,

2014b) and in barn owls (Glamseter, 2021; Elder, 2022). For Cabaneros, too few instances of
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assisted feeding were observed to run an analysis since the nestlings were already 22 days at
the start of the monitoring period, but no observations of assisted feeding were observed after

23 days of age at this location.

Barn owls exhibit biparental care, with the male being the main food provider and the female
being responsible for allocating and preparing the prey for the nestlings at the nest during the
first two weeks after hatching of the first egg (Taylor, 1994; Roulin, 2020). As nestlings grow
older, their gape size increases and they become able to swallow larger pieces on their own
without maternal assistance (Steen et al., 2010), eventually being able to swallow whole prey
items by themselves at two-three weeks old (Taylor, 1994; Dreiss et al., 2017). This frees up
time for the female to join the male in hunting when her assistance is no longer needed at the
nest (Sonerud et al., 2014b). The female barn owl typically begins to participate in hunting
when the older nestlings can ingest prey somewhat independently, usually around 14-17 days
old, if the male alone cannot meet the increasing food demand of the growing nestlings
(Roulin, 2020). In my results, the estimated age when assisted feeding was as likely as
unassisted feeding was 22 days for Somerset and 16 days for Duhallow, coinciding with the

typical time interval the female leaves the nest to resume hunting.

The nestlings at Duhallow reached the 50% independence mark about six days sooner than
the nestlings at Somerset. This difference in age could be explained by the greater number of
shrews delivered at the Duhallow nest compared to the Somerset nest. Shrews are small prey
items with a cylindrical body shape, making them easier to swallow than voles and mice
(Steen, 2010). This is likely the reason for assisted feeding decreasing faster with age for the
Soricidae family than the Cricetidae family and the Muridae family at the Duhallow nest.
Young nestlings are less likely to consume large prey items unassisted due to swallowing
constraints (Slagsvold & Wiebe, 2007), and the time spent by the female preparing larger prey
is longer than for smaller prey (Sonerud et al., 2014b). The abundance of small shrews in
Duhallow may therefore have allowed the nestlings to start feeding independently earlier and

the female to resume hunting earlier.

4.5 Delivery rates

For all the nest locations there was a non-linear relationship in prey delivery rate, with the rate

initially increasing before diminishing as the nestlings aged. The age at which the delivery
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rate started to diminish was 45, 35 and 30 days old for Cabaneros, Somerset and Duhallow
respectively, after which the rate started to plateau. These findings are in accordance with
previous studies which found the delivery rates to increase in the early stages of development
and diminish as the nestlings prepared for fledging (Bunn et al., 1982; Taylor, 1994; St.
George & Johnson, 2021), with the food intake rates showing a bell shaped curve (Durant &
Handrich, 1998). Barn owl nestlings reach the highest food demand when about 30-40 days
old (Taylor, 1994; Roulin, 2020). At this age their food intake is at its highest with their body
mass exceeding that of the parents (Roulin, 2020). This excess body mass is thought to be an
insurance against periods of food scarcity (Durant & Handrich, 1998). From about 40 to 60
days old, the nestlings must shed excess body mass before fledging by reducing food intake

(Bunn et al., 1982), which is likely why the delivery rates start to decline at this point.

Although Somerset and Duhallow show a similar shaped prey delivery curve, Duhallow has a
higher mean daily prey delivery rate of 13.5 compared to 11.1 for Somerset. This is likely
explained by Duhallow having one more nestling than Somerset and therefore having a higher
food demand, as the mean daily delivery rate divided by brood size was very similar (2.77 for
Somerset and 2.69 for Duhallow). Another explanation could be the high amount of small
prey items in the diet at the Duhallow nest, in this case shrews, which are found to be
positively correlated with higher delivery rates (Pande & Dahanukar, 2012; St. George &
Johnson, 2021).

With a mean daily delivery rate of 27.2, Cabaneros stood out from the other locations in terms
of hunting effort. Even though there were six nestlings in the brood, and they were older than
the nestlings at the other locations when filming took place, the mean number of prey items
per nestling per day was 4.5, which is nearly 70% higher than at the other locations. The
parents at the Cabaneros nest did not seem to decrease delivery rates when the nestlings in
theory should be shedding body mass, with the highest amount of prey deliveries occurring at
43 days of age. The high delivery rate could be an indication of high-quality habitats with
good availability of prey. A study from Switzerland found that parents with large broods were
more capable of feeding each nestling than parents with smaller broods, implying good access
to quality habitats and enough resources to rear many high-quality offspring (Roulin, 2020).
High female hunting effort could also be a factor. The degree of female barn owl hunting
activity following the independence of nestlings can vary significantly, ranging from no

contribution at all to nearly equalling that of the male (Bunn et al., 1982; Roulin, 2020).
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5. CONCLUSION

By using continuous camera monitoring, details about the barn owl’s food provisioning habits
during nestling rearing were revealed in high resolution. Many of the findings resembled
those reported in the literature, while some raised a need for further research. The delivered
prey items consisted almost entirely of small mammals, with Microtinae voles and wood mice
comprising a majority of the diet. Interestingly, the newly introduced greater white-toothed
shrew comprised the largest portion of the diet at the Irish nest, highlighting the barn owl’s
opportunistic tendency to capture prey in accordance with their availability. Non-mammalian
prey was captured only a total of ten times, emphasizing the barn owl’s preference for
mammalian prey when available. Hunting activity was strictly nocturnal for all locations.
Variations in night length due to latitudinal differences allowed for a prolonged hunting
duration at the Spanish nest location, while the shorter nights at the other two nests at higher
latitudes seemed to be compensated for by increased hunting effort per hour. Decapitation of
prey prior to delivery at the nest was observed in only eight out of 1449 instances where
condition could be determined, adding to the evidence that such decapitation is rare in the
barn owl. Prey handling at the nest was closely correlated to nestling age, with the probability
of both storing and assisted feeding decreasing as the nestlings grew older. Prey delivery rates
were also influenced by nestling age, with the delivery rate initially increasing before
diminishing as the nestlings aged. This is in accordance with the consensus that nestlings must

decrease food intake before fledging.

Monitoring nests by use of continuous camera surveillance has proven to be an efficient way
of obtaining high-resolution data on the barn owl’s behaviour related to food provisioning on
the local scale. Still, more similar studies should be conducted in different areas of the world
to obtain a clearer picture of the regional differences of the species, especially considering
decapitation rates, diel activity patterns across latitudes and diet composition during the
nestling period. These efforts will contribute to a more comprehensive understanding of the

barn owl’s breeding behavior and ecology on a global scale.
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7. APPENDIX

Appendix 1: Total prey deliveries from all three nest locations distributed by number, percentage by

number, estimated body mass, total body mass and percentage by body mass.

Prey item Number Percentage by Estimated Total body Percentage

delivered number (%) body mass (g) mass (g) by mass
(%)

Common shrew 10 0.7 10.0 100 0.29

(Sorex araneus)

Greater white-toothed 202 13.5 12.0 2424 6.28

shrew (Crocidura

russula)

Bank vole (Myodes 118 7.9 20.0 2360 6.11

glareolus)

Field vole (Microtus 147 9.8 30.0 4410 11.43

agrestis)

Microtus sp. 318 21.2 30.0 9540 24.73

Unidentified vole 7 0.5 29.5 206.5 0.53

(Cricetidae)

Wood mouse 429 28.6 25.0 10725 27.80

(Apodemus

sylvaticus)

Algerian mouse (Mus 12 0.8 16.0 192 0.49

spretus)

Wood 4 0.3 24.4 97.6 0.25

mouse/Algerian

mouse

Muridae sp. 1 0.1 27.1 27.1 0.07

Brown rat (Rattus 25 1.7 100.0 2500 6.48

norvegicus)

Wood mouse/Brown 1 0.1 38.8 38.8 0.10

rat

Unidentified rodent 57 3.8 29.1 1659.3 4.30

Unidentified mammal 85 5.7 25.5 2171.4 5.62

Bird (Passeriformes) 8 0.5 10.0 80 0.21

Common frog (Rana 1 0.1 22.0 22 0.05

temporaria)

Insect 1 0.1 0.1 0.1 0.001

Unidentified prey 74 4.9 27.2 2015.4 5.22

Total 1500 100 - 38569.2 100
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Appendix 2 : Prey deliveries from the three barn owl nest locations distributed by number and
percentage for each location and total number for all nests. All digits are rounded to one decimal place.

Prey item Cabaneros Somerset Duhallow Total

Number Percentage Number Percentage Number Percentage Number
(%) (%) (%)

Common shrew (Sorex - - 10 2.8 - - 10

araneus)

Greater white-toothed 28 3.9 - - 174 40.7 202

shrew (Crocidura

russula)

Bank vole (Myodes - - 8 2.2 110 25.8 118

glareolus)

Field vole (Microtus - - 147 40.7 - - 147

agrestis)

Microtus sp. 318 44.6 - - - - 318

Unidentified vole - - 7 2.0 - - 7

(Cricetidae)

Wood mouse (Apodemus 178 25.0 180 49.9 71 16.6 429

sylvaticus)

Algerian mouse (Mus 12 1.7 - - - - 12

spretus)

Wood mouse/Algerian 4 0.6 - - - - 4

mouse

Muridae sp. 1 0.1 - - - - 1

Brown rat (Rattus 7 1.0 2 0.6 16 3.7 25

norvegicus)

Wood mouse/Brown rat - - - - 1 0.2 1

Unidentified rodent 51 7.2 6 1.7 - - 57

(Rodentia)

Unidentified mammal 52 7.3 1 0.3 32 7.5 85

(Mammalia)

Bird (Passeriformes) 8 1.1 - - - - 8

Common frog (Rana - - - - 1 0.2 1

temporaria)

Insect 1 0.1 - - - - 1

Unidentified prey 52 7.3 - - 22 5.2 74

Total 712 100 361 100 427 100 1500

Appendix 3: Prey deliveries across all nests arranged by prey group, distributed by number and

percentage.

Prey group Number Percentage (%)
Mammal 1417 94.46
Amphibian 1 0.07

Avian 8 0.53

Insect 1 0.07

Unknown 73 4.86

Total 1500 100
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Appendix 4: Percentage of each prey family delivered at the three nests Cabaneros, Somerset and
Duhallow.

Prey Family Cabaneros (n =712) Somerset = (361) Duhallow (n = 427)

Cricetidae 42.0 44 .8 27.0
Muridae 30.3 50.4 20.6
Soricidae 4.1 2.8 414
Other 1.3 - 0.2
Unknown 22.3 2.0 10.8
Total 100 100 100

Appendix 5: The effect of nestling age on the predicted probabilities of delivery of prey from the most
common prey families Cricetidae, Muridae and Soricidae for the nest in Cabaneros. ANOVA type 11

test (deviance) results from the multinomial regression (n = 544).

LR Chisq Df Pr(>Chisq)
Nestling age 3.74 2 0.15

Appendix 6 The effect of nestling age on the predicted probabilities of delivery of prey from the most
common prey families Cricetidae, Muridae and Soricidae for the nest in Somerset. ANOVA type II test

(deviance) from the multinomial regression (n = 354).

LR Chisq Df Pr(>Chisq)
Nestling age 5.51 2 0.06

Appendix 7: The effect of nestling age on the predicted probabilities of delivery of prey from the most
common prey families Cricetidae, Muridae and Soricidae for the nest in Duhallow. ANOVA type 11

test (deviance) from the multinomial regression (n = 380).

LR Chisq Df Pr(>Chisq)
Nestling age 14.32 2 0.0008
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Appendix 8: Calculated sunrise and sunset times for the three locations based on an average for the
whole period.

Location Sunset Sunrise
Cabaneros 21:32 06:59
Somerset 21:08 05:14
Duhallow 21:36 05:30

Appendix 9: AIC-based model selection (Akaike, 1978) of the generalized linear effects models for
the probability of storing as a function of nestling age, prey family, nestling age and prey family and
the interaction between nestling age and prey family for the nest in Cabaneros.

Models Parameters df AIC AAIC
Modl1 Nestling age:prey family 6 558.07 0.00
Mod4 Nestling age 2 563.24 5.17
Mod2 Nestling age + prey family 4 563.32 5.25
Mod3 Prey family 3 568.29 10.22

Appendix 10: AIC-based model selection (Akaike, 1978) of the generalized linear effects models for
the probability of storing as a function of nestling age, prey family, nestling age and prey family and
the interaction between nestling age and prey family for the nest in Somerset.

Models  Parameters df AIC AAIC
Mod2 Nestling age + prey family 4 375.08 0.00
Mod1 Nestling age:prey family 6 378.55 3.47
Mod4 Nestling age 2 379.70 4.62
Mod3 Prey family 3 421.12 46.04

Appendix 11: AIC-based model selection (Akaike, 1978) of the generalized linear effects models for
the probability of storing as a function of nestling age, prey family, nestling age and prey family and
the interaction between nestling age and prey family for the nest in Duhallow.

Models  Parameters df AIC AAIC
Mod2 Nestling age + prey family 4 364.71 0.00
Mod1 Nestling age:prey family 6 365.36 0.65
Mod3 Prey family 3 474.46 9.75
Mod4 Nestling age 2 383.62 18.91
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Appendix 12: Parameter estimates of the best fitted model for the effect of nestling age and prey
family on the probability of a delivered prey being stored for the barn owl nest in Cabaneros (n = 459).

Intercept = Muridae family.

Estimate  Std. error z P-value
(Intercept) 1.77 0.68 2.58 0.009
Nestling age -0.07 0.02 -3.72 <0.001
Prey family Cricetidae -2.84 0.98 -2.90 0.004
Prey family Soricidae -0.76 2.59 -0.29 0.768
Nestling age:Prey family Cridetidae 0.08 0.02 3.05 0.002
Nestling age:Prey family Soricidae -0.00 0.07 -0.04 0.970

Appendix 13: Parameter estimates of the best fitted model for the effect of nestling age and prey
family on the probability of a delivered prey being stored for the barn owl nest in Cabaneros (n = 459).

Intercept = Soricidae family.

Estimate  Std. error z P-value
(Intercept) 1.00 2.50 0.40 0.688
Nestling age -0.07 0.06 -1.08 0.280
Prey family Muridae 0.76 2.59 0.29 0.768
Prey family Cricetidae -2.07 2.60 -0.80 0.425
Nestling age:Prey family Muridae 0.00 0.07 0.04 0.970
Nestling age:Prey family Cridetidae 0.08 0.07 1.16 0.243

Appendix 14: Parameter estimates of the best fitted model for the effect of nestling age and prey family on

probability of storing for the barn owl nest in Somerset (n = 347). Intercept = Muridae family.

Estimate Std. error z P-value
(Intercept) 3.01 0.45 6.70 <0.001
Nestling age -0.10 0.01 -6.87 <0.001
Prey family (Soricidae) 0.73 0.25 291 0.003
Prey family (Cricetidae) -0.73 0.78 -0.95 0.344
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Appendix 15: Parameter estimates of the best fitted model for the effect of nestling age and prey family on

probability of storing for the barn owl nest in Somerset (n = 347). Intercept = Soricidae family.

Estimate Std. error V/ P-value
(Intercept) 2.27 0.87 2.59 <0.001
Nestling age -0.10 0.01 -6.86 <0.001
Prey family (Muridae) 0.73 0.77 0.94 0.344
Prey family (Cricetidae) 1.46 0.78 1.87 0.061

Appendix 16: Parameter estimates of the best fitted model for the effect of nestling age and prey family on the

probability of a delivered prey being stored for the barn owl nest in Duhallow (n = 369). Intercept = Muridae

family
Estimate Std. error z P-value
(Intercept) 3.90 0.52 7.46 <0.001
Nestling age -0.17 0.02 -8.84 <0.001
Prey family (Cricetidae) -0.63 0.35 -1.81 0.070
Prey family (Soricidae) -1.55 0.34 -4.55 <0.001

Appendix 17: Parameter estimates of the best fitted model for the effect of nestling age and prey family on the

probability of a delivered prey being stored for the barn owl nest in Duhallow (n = 369). Intercept = Soricidae

family
Estimate Std. error z P-value
(Intercept) 2.35 0.39 6.08 <0.001
Nestling age -0.17 0.02 -8.84 <0.001
Prey family (Muridae) 155 0.34 4.56 <0.001
Prey family (Cricetidae) 0.91 0.31 2.97 0.003
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Appendix 18: AIC-based model selection (Akaike, 1978) of the generalized linear effects models for
the probability of assisted feeding as a function of nestling age, prey family, nestling age and prey

family and the interaction between nestling age and prey family for the nest in Somerset.

Models  Parameters df AIC AAIC
Mod4 Nestling age 2 154.36 0.00
Mod2 Nestling age + prey family 4 154.69 0.33
Mod1 Nestling age:prey family 6 158.05 3.69
Mod3 Prey family 3 365.71 211.35

Appendix 19: AIC-based model selection (Akaike, 1978) of the generalized linear effects models for
the probability of assisted feeding as a function of nestling age, prey family, nestling age and prey

family and the interaction between nestling age and prey family for the nest in Duhallow.

Models Parameters df AIC AAIC
Mod?2 Nestling age + prey family 4 137.02 0.00
Mod1 Nestling age:prey family 6 138.33 1.31
Mod4 Nestling age 2 158.64 21.62
Mod3 Prey family 3 446.79 309.77

Appendix 20: Parameter estimates of the model for the effect of nestling age and prey family on

probability of assisted feeding for the nest in Somerset (n =312). Intercept = Cricetidae family.

Estimate Std. error z P-value
(Intercept) 8.96 1.26 7.08 <0.001
Nestling age -0.38 0.05 -1.78 <0.001
Prey family Muridae -0.82 0.46 -1.78 0.075
Prey family Soricidae -1.67 2.13 -0.78 0.433

Appendix 21: Parameter estimates of the model for the effect of nestling age and prey family on

probability of assisted feeding for the nest in Somerset (n =312). Intercept = Muridae family.

Estimate Std. error z P-value
(Intercept) 8.13 1.10 7.43 <0.001
Nestling age -0.38 0.05 -7.95 <0.001
Prey family Cricetidae 0.82 0.46 1.78 0.075
Prey family Soricidae -0.85 2.11 -0.40 0.687
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Appendix 22: Parameter estimates of the model for the effect of nestling age and prey family on

probability of assisted feeding for the nest in Somerset (n =312). Intercept = Soricidae family.

Estimate Std. error z P-value
(Intercept) 7.29 2.31 3.15 <0.001
Nestling age -0.38 0.05 -7.95 <0.001
Prey family Muridae 0.85 2.11 0.40 0.687
Prey family Cricetidae 1.67 2.13 0.78 0.433

Appendix 23: Parameter estimates of the model for the effect of nestling age on probability of assisted

feeding for the nest in Duhallow (n = 370).

Estimate Std. error z P-value
(Intercept) 7.44 0.92 8.07 <0.001
Nestling age -0.46 0.053 -8.75 <0.001

Appendix 24: Parameter estimates of the best fitted model for the effect of nestling age and prey family on
probability of assisted feeding at the barn owl nest in Duhallow (n = 370). Intercept = Muridae family.

Estimate Std. error z P-value
(Intercept) 10.80 1.44 7.48 <0.001
Nestling age -0.55 0.07 -8.18 <0.001
Prey family (Cricetidae) -1.12 0.65 -1.74 0.082
Prey family (Soricidae) -2.88 -4.33 -4.33 <0.001

Appendix 25: Parameter estimates of the best fitted model for the effect of nestling age and prey family on

probability of assisted feeding at the barn owl nest in Duhallow (n = 370). Intercept = Soricidae family.

Estimate Std. error z P-value
(Intercept) 7.91 1.06 7.43 <0.001
Nestling age -0.55 0.07 -8.17 <0.001
Prey family (Muridae) 2.89 0.67 4.32 <0.001
Prey family (Cricetidae) 1.76 0.60 291 0.003
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Appendix 26: Prey delivery rates given as number of prey delivered between the hours 00:00 and
23:59 and number of prey per nestling (divided by brood size) distributed by nestling age (days). All
days with incomplete video monitoring are omitted. Number of nestlings per nest were 6 for
Cabaneros, 5 for Duhallow and 4 for Somerset, with no mortality during the monitoring period.

Cabaneros Somerset Duhallow
Nestling age Number of  Number of | Nestling age  Number Number Nestling age Number Number
prey delivered prey per of prey of prey of prey of prey
nestling delivered per delivered per
nestling nestling
27 18 3.00 10 3 0.75 3 5 1.00
28 24 4.00 11 7 1.75 4 7 1.40
29 20 3.33 12 6 1.50 5 5 1.00
30 31 5.16 13 9 2.25 6 6 1.20
31 26 4.33 14 5 1.25 8 9 1.80
32 19 3.16 15 7 1.75 9 6 1.20
34 33 5.50 16 12 3.00 10 8 1.60
35 20 3.33 17 11 2.75 11 10 2.00
36 25 4.16 18 7 1.75 12 11 2.20
37 32 5.33 19 12 3.00 13 11 2.20
38 21 3.50 20 9 2.25 14 10 2.00
41 28 4.66 21 8 2.00 15 11 2.20
42 31 5.16 22 10 2.50 16 10 2.00
43 37 6.16 23 13 3.25 17 13 2.60
44 21 3.50 24 13 3.25 18 14 2.80
45 33 5.50 25 12 3.00 19 20 4.00
46 30 5.00 26 13 3.25 20 17 3.40
47 33 5.50 27 16 4.00 21 12 2.40
48 27 4.50 28 13 3.25 22 22 4.40
49 27 4.50 29 11 2.75 23 17 3.40
50 30 5.00 30 14 3.50 24 19 3.80
51 32 5.33 31 9 2.25 25 20 4.00
32 13 3.25 26 22 4.40
33 16 4.00 27 19 3.80
34 14 3.50 28 17 3.40
35 11 2.75 29 21 4.20
36 12 3.00 30 11 2.20
37 12 3.00 31 13 2.60
38 14 3.50 32 19 3.80
39 14 3.50 33 19 3.80
40 13 3.25
41 16 4.00
Mean delivery 27.18 4.53 11.09 2.77 13.46 2.69
rate (per day/per
nestling)
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