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Seasonal changes in bird
communities on poultry farms
and house sparrow—wild bird
contacts revealed by camera

trapping

Alberto Sanchez-Cano*, Maria-Cruz Camacho,
Yolanda Ramiro, Teresa Cardona-Cabrera and Ursula Hofle

SaBio Research Group, Institute for Game and Wildlife Research IREC (CSIC-UCLM-JCCM),
Ciudad Real, Spain

Introduction: Wild birds are considered reservoirs of poultry pathogens
although transmission routes have not been conclusively established. Here we
use camera trapping to study wild bird communities on commercial layer and
red-legged partridge farms over a one-year timeframe. We also analyze direct
and indirect interactions of other bird species with the house sparrow (Passer
domesticus), a potential bridge host.

Methods: We conducted camera trapping events between January 2018 and
October 2019, in two caged layer farms, one free-range layer farm, and two
red-legged partridge farms in South-Central Spain.

Results and Discussion: We observed wild bird visits on all types of farms, with
the significantly highest occurrence on red-legged partridge farms where food
and water are more easily accessible, followed by commercial caged layer farms,
and free-range chicken farms. The house sparrow (Passer domesticus) followed
by spotless starlings (Sturnus unicolor) was the most encountered species on
all farms, with the highest frequency in caged layer farms. On partridge farms,
the house sparrow accounted for 58% of the wild bird detections, while on
the free-range chicken farm, it made up 11% of the detections. Notably, the
breeding season, when food and water are scarce in Mediterranean climates,
saw the highest number of wild bird visits to the farms. Our findings confirm that
the house sparrow, is in direct and indirect contact with layers and red-legged
partridges and other wild birds independent of the type of farm. Contacts
between house sparrows and other bird species were most frequent during
the breeding season followed by the spring migration period. The species
most frequently involved in interactions with the house sparrow belonged to
the order Passeriformes. The study provides a comparative description of the
composition and seasonal variations of bird communities in different types of
layer/ poultry farms in Southern Spain i.e. a Mediterranean climate. It confirms
the effectiveness of biosecurity measures that restrict access to feed and water.
Additionally, it underscores the importance of synanthropic species, particularly
the house sparrow, as potential bridge vector of avian pathogens.
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1 Introduction

In recent years, in large parts of the Northern hemisphere there
has been an increasing focus on enhancing animal welfare within the
agricultural sector, encompassing poultry production (1, 2). To
address these concerns, new production systems have been designed
and implemented, providing animals with the opportunity to reside
in environments that are more like their natural habitats and less
restrictive. However, these innovative production systems, especially
those employed in the poultry industry, can result in greater
interaction between domestic and wild birds, including their
feces (3-5).

Various species of wild birds, known as synanthropic birds,
belonging to the families Columbidae, Corvidae, and Passeridae, have
demonstrated a remarkable adaptation to exploit resources generated
by human activities, such as food, water and shelter (6). Examples
from these families that include the house sparrow (Passer domesticus),
the tree sparrow (Passer montanus), European starlings (Sturnus
vulgaris), and feral pigeons (Columba livia), can inhabit diverse
environments created by humans, from urban areas to isolated farms.
Some of these birds, especially the house sparrow easily enter
production facilities, through small gaps in exterior walls often even
when protected by bird nets (6). Thus, if individuals of such species
are in close contact with poultry on one hand and wild bird species
such as waterfowl that not usually enter enclosures or barns on the
other hand, they could act as so-called bridge hosts in the transmission
of pathogens.

In terms of risks in addition to abundance of farm birds,
composition of the farm bird community could be important (7). The
dilution effect hypothesis postulates that a higher biodiversity is linked
to a lower prevalence of pathogens, as species-rich communities
harbor individuals in which a specific pathogen cannot multiply to
sufficient levels to transmit infection to new susceptible individuals.
This reduces the overall success of pathogen transmission and,
consequently, the prevalence of pathogens (8).

In the context of pathogens transmitted by wild birds, it is
expected that in places where birds congregate in farms, the presence
of many different species with diverse susceptibilities would make it
more difficult for a pathogen to persist and spread, especially if a single
species is the key reservoir for this pathogen. Meanwhile, the presence
of species that are migratory on farms could increase the likelihood of
the introduction of pathogens that these birds may have encountered
on their migratory route. Finally, the risk of pathogen spillback from
poultry to wild birds may also vary considerably with the species of
wild bird encountering poultry or its feces.

Poultry farms attract wild birds due to water (puddles, canals,
ditches) or food resources (spilled feed, drying feed, insects in
manure, carcasses). These factors could increase the contacts between
wild birds and bridge bird species, as well as increase the abundance
of the latter and thus also contact between wild birds and domestic
poultry (chickens, turkeys, game birds) (9). This contact can occur
directly or indirectly through contamination of resources, thereby
increasing the risk of transmission and spillback of avian pathogens,
such as avian influenza viruses (AIV), Salmonella sp., and avian
coronaviruses (10) among others. In this context, European starlings
for example are a high-priority species for avian pathogen exposure
detection studies as they can form large flocks in livestock feeders
during the winter and autumn seasons, representing a potential risk
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of pathogen incursion into poultry farms, especially during the
breeding season (11).

The unforeseen and unprecedented spread and change in the
epidemiology of the highly pathogenic avian influenza virus (HPAIV)
H5N1 of clade 2.3.4.4b, now fatally affecting new species, new
continents, during all seasons, is decimating wild and domestic bird
populations in much of the world, especially in the European and
American continents (12). In contrast to other HPAIV it shows self-
sustained prolonged transmission in wild birds and has already
affected many poultry operations globally (12). This increases
concerns regarding the potential transmission pathways of AIV by
synanthropic bridge species. Migratory waterfowl, considered the
main reservoirs for AIV (13, 14), play a key role in the introduction of
many AIV subtypes through asymptomatic shedding, exerting a
significant factor in the redistribution and transmission of these
subtypes to domestic poultry (15). Several studies on the movements
of migratory waterfowl have demonstrated their involvement in the
large-scale spread of the virus (16). However, it should be noted that
due to their ecological needs these wild birds rarely come into direct
contact with poultry (17). In this scenario, synanthropic birds such as
the house sparrow or the European starling are perceived as potential
carriers and transmitters of AIV (18, 19), and could act as bridge both
after exposure through direct contact with infected waterfowl, or
contaminated environment in shared habitat (20).

Biosecurity protocols on farms rarely comprehensively assess how
the virus enters the farm and which farm animals may be carriers of
AIV. Despite some experimental evidence of the potential for
synanthropic bird species to transmit AIV, there are very few studies
dedicated to quantifying wild bird interactions with poultry farms.
These studies include research in Australia using camera traps to
monitor wild birds on different types of layer and meat chicken farms
(21). Another study in the Netherlands quantified wild bird access to
a free-range commercial laying hen farm by installing video cameras
at a critical point for avian influenza (4). In southwestern France, a
study used individual direct observations of wild birds on a free-range
duck farm (5). Additionally, a recent study in northwestern Italy
employed direct observations and camera traps on turkey and broiler
duck farms, as well as laying hen farms (22). A study using satellite
transmitter data from radio-marked waterfowl, showing occasional
but regular incursions of marked birds onto poultry farm
premises (23).

Collectively, these studies evaluate the accessibility of poultry
farms for wild birds and identify the house sparrow as one of the most
common species on farms due to its resident and sedentary nature.
However, knowledge gaps exist regarding the frequency of farm visits
by other species, seasonal changes in wild bird communities and
characterization of sparrow interactions with other wild birds or even
poultry on poultry farms.

The goal of this study was to generate data on seasonal changes of
wild bird communities on different types of poultry farms and to
investigate contacts of a key bridge species with other bird species that
are non-residents on poultry premises and that could potentially lead
to the acquisition and transmission of pathogens on to poultry. The
latter is based upon the fact that in initial visits we observed a
significant presence of house sparrows on poultry farms, commonly
sighting them in barns and surrounding crop areas, even entering the
barns where layers were housed/flight cages of red-legged partridges.
Considering the persistence of AIV in bird feces and the environment
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(20) it has been confirmed that, under favorable conditions of high
humidity and low temperature, AIV can persist in feces for extended
periods, even in dry manure (24, 25). We hypothesize that in
environments where house sparrows and other birds share resources
such as food, water, or resting areas, contact could occur through
shared surfaces contaminated by feces. If this occurs the house
sparrow could become a potential vector for AIV as well as
other pathogens.

For our purpose, we conducted camera trapping on the premises
of various commercial layer and red-legged partridge farms in the
Castilla-La Mancha region, in south central Spain at different time-
points throughout the year corresponding to phenological events in
wild bird ecology such as the breeding and wintering season as well as
the periods during which migratory species conduct their spring and
fall migration. We characterized the wild bird communities observed
and used the house sparrow, which is the most abundant resident
species, and the species most likely to also enter the layer barns/
enclosures/flight cages as a potential bridge species. Hence,
we analyzed the direct and indirect contacts of the house sparrow with
other wild bird species observed in the camera traps. The collected
data were used to quantify wild bird visits and their interactions with
the house sparrow.

2 Materials and methods

2.1 Study area

Our study was conducted in three commercial layer farms and
two red-legged partridge farms between January 2018 and October
2019 in south-central continental Spain (Figure 1). The predominant
climate in this region is Southern Plateau Continental Mediterranean
or according to the Képpen classification Hot summer Mediterranean
(26) characterized by mean annual rainfall (mm) from 350 to 550 mm.

10.3389/fvets.2024.1369779

Mean annual temperature fall between 12 and 15 (°C) and an annual
mean temperature range spanning from 18 to 20.5 (°C) (27). The
farms under study are not close to large wetlands however the area has
a collection of inland temporary wetlands (mostly dry in summer)
known as the “Mancha humeda,” which play a crucial role in winter
and in the spring and fall migration of wild birds from northern and
central Europe to Africa. Below is a brief description of the farms
included in the study.

1 Commercial layer farms: We included three different layer
farms (A, B, C). Two of these are in the south-central part of
the provinces of Toledo (39.450527, —3.628713) and Cuenca
(39.542977, —1.934466), designated as sites A and B and house
50,000 and 600,000 layers in cages indoors, respectively. The
surroundings of these poultry farms primarily consist of fields
of non-irrigated crops, including vineyards, barley fields, and
almond trees. Additionally, the farms are situated near or
include small water sources such as temporary ponds or
streams. The third farm designated as site C (39.455741,
—2.015767), holds free- range layers and is surrounded by
vineyards, barley fields and open pine tree forest. On the
premises used by the chickens are almond trees.

Red-Legged Partridge Farms: We sampled two different
red-legged partridge farms in the north of Ciudad Real
(39.232715, —3.602193) and Albacete (38.937303, —2.556022)
provinces, designated as sites D and E, respectively. Both farms
are situated on the outskirts of a village alongside other
agricultural operations. The red-legged partridges raised on
these farms are intended for release in hunting estates for
recreational hunting and later use in the game meat industry.
The entire production cycle, except for the first month of chick
rearing, occurs outdoors. This includes housing juvenile
partridges in large groups in flight cages and of the breeders in
pairs in elevated breeding cages. Like the layer farms, the arable

FIGURE 1

Location of the five farms within the Castilla-La Mancha region in Central Spain, categorized by species and type. The letters (A, B) represent the caged
layer farms, the letter C denotes the Free-range layer farm, and the letters (E, D) indicate the red-legged partridge farms

A

Poultry farms
s Red-Legged Partridge Farms

h Free-range layer farm

w Caged layer farms
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fields surrounding these farms predominantly consist of
non-irrigated crops, such as vineyards, cereal plots, almond
and olive trees, and open pine forest.

2.2 Camera trapping design

We used camera traps Little Acorn CT cameras (Ltl 5310 Series
LED IR Invisible) on each of the study farms, to cover at least one of
each phenological periods (spring and fall migration, breeding, and
wintering) in locations representative of the study farms, particularly
in places attractive to birds, such as silos, water points, temporary
ponds, as well as at the entrances of poultry houses/poultry enclosures
and feeding and watering areas. The number of cameras employed on
each farm varied with the size of the farm and camera availability
between 5 and 10 cameras. Cameras were deployed to obtain a similar
number of days (n=7) of camera trapping on each farm for each
phenological period. However due to logistical reasons (distance of
farms, camera failures) the number of trapping events varied between
farms and phenological periods and the data was corrected according
to camera trapping effort. Sampling involved the use of 5-10 cameras
that remained active for an average of 18 days on commercial layer
farms (Farm A; camera activity range=3-69 days, total sampling
effort=349 camera-days. Farm B; camera activity range =6-14 days,
total sampling effort=92 camera-days). The cameras on the pasture-
based Farm C were active for an average of 9 days (camera activity
range=6-14days, total sampling effort=45 camera-days). On
red-legged partridge farms, the cameras on Farm D were active for
6days (camera activity range =1-10days, total sampling effort=18
camera-days), while on Farm E, the cameras were operational for
9days (camera activity range =2-13 days, total sampling effort=34
camera-days) (Supplementary Table S1).

The camera traps were set up in photo mode with passive motion
sensors, capturing three consecutive images every 10 min whenever
the motion sensor detected movement within the camera’s field of
view. The camera traps were positioned 30-50 cm above ground level
with no apparent vegetation obstructions to avoid false detections
caused by natural movements such as wind or vegetation. To capture
the movement of all birds, regardless of their size, the sensitivity of all
cameras was set to high. The cameras operated throughout the day
and used infrared flash at night. Each image automatically recorded
the date and time. All cameras collected data on SD cards, which were
periodically transferred to 4 TB hard drives for storage.

2.3 Data management and analysis

All camera trapping (CT) images were examined individually.
Only pictures containing birds or other wildlife were included and
classified by species. Data extracted from each picture included the
following categories: camera location, CET time (day, month, year,
hours, minutes), species names, number of visits, taxonomic category
order, and migration phenology (spring and fall migration, breeding,
and wintering).

We estimated the species richness of wild birds in each study farm
using four non-parametric estimators (Abundance-based coverage
estimator ACE, incidence based coverage estimator ICE, Chao2, and
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Bootstrap) with EstimateS v.9.1.0 (28) to assess the species visiting the
farms. Two estimators have been used that rely on abundance data and
are based on the statistical concept of sampling coverage (ACE and
ICE). It refers to the sum of the probabilities of finding observed
species within the total of present but unobserved species (29). The
ACE estimator makes its estimations considering 10 or fewer
individuals per sample, while the ICE utilizes species found in 10 or
fewer samples (30). The Chao2 richness estimator combines presence/
absence data for a species in a given sample, such as those obtained
with camera traps, to estimate whether the species is present and how
many times that species is present in the sample set. Finally The
Bootstrap estimator was used to assess the variability of the sample.
This method involves generating new observations by obtaining
multiple samples with replacement from the original sample. Its
significance lies in its ability to consistently estimate the sampling
distribution of a statistic and to accurately estimate its variance (31).

We used the average of these estimators to calculate the proportion
of species documented on the farms, dividing the number of observed
species by the mean of the estimators. Additionally, the percentage of
registered species is presented as a measure of sampling completeness
(%) (Supplementary Table S2). Individual rarefaction curves were
calculated using 95% confidence intervals from the estimator (32). To
estimate the number of visits by individual wild birds, we classified
pictures according to O'Brien et al. (33) into dependent and
independent events (Supplementary Figure 52). We designated events
as independent when there was a time gap of more than 30 min
between two consecutive photos of the same species, or at least two
different species were present in the three consecutive images (as
illustrated in Supplementary Figure S2A). On the other hand, events
were classified as dependent when all three images featured birds of
the same species, making it impossible to determine whether the same
or a different individual was present in the picture, and when time
between two consecutive photos of the same species was less than
30min (as shown in Supplementary Figure S2B).

To account for the hypothesis of the house sparrow as a bridge
species, we investigated the interaction of house sparrows with other
species through camera traps. For this we recorded any interaction of
the house sparrow, whether direct or indirect, with any other wild bird
species. We defined a direct contact as the presence of one or more
house sparrow and any other bird species together in the same picture
(see Supplementary Figure S2C). Additionally, we considered any
image that showed a bird species different from the house sparrow
within a period of less than 24 h before capturing an image with house
sparrows in the same location as an “indirect contact” (see
Supplementary Figure S2D).

Using the data obtained from the camera traps we analyzed factors
that modulate bird communities and wild bird visits to poultry farms,
as well as direct and indirect contacts between house sparrows and
other wild bird species. Specifically, we included explanatory variables
such as the type of poultry farm, bird order, phenology, and migratory
behavior (Table 1).

For this analysis, we constructed three generalized linear models
(GLM) with a binomial distribution and a logit link function. The first
model was used to explore the effect of explanatory variables on wild
bird visits, while the second and third models examined their effect
on the observation of direct and indirect contacts of other wild bird
species with house sparrows. The dependent variable was defined as
the count of independent events involving wild birds in the images,
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TABLE 1 Predictor categories defined for the models used.

Predictor Description

Poultry farms Caged layer farms

Free- range layer farms

Red legged partridge farms

Bird order Anseriformes

Bucerotiformes

Charadriiformes

Columbiformes

Passeriformes

Pelecaniformes

Migration Spring migration (February-April)

Breeding (May-]July)

Fall migration (August-October)

Wintering (November-January)

Behavior Resident wild birds

Migratory wild birds

Partial migrants

TABLE 2 Results of the GLM used to evaluate the number of visits of wild
birds to type of poultry farms, bird order, migration phenology and
migratory behavior.

Predictor B S. Error  p-value
Intercept 1.713 0.3285 <0.001
Poultry farms | Caged layer farms - - -
Free-range layer —-1.393 0.2061 0.001
farms
Red legged partridge 0.902 0.1234 <0.001
farms
Bird order Anseriformes —-0.777 0.5699 0.151
Bucerotiformes —2.833 1.1298 0.012
Charadriiformes 0.822 0.4808 0.087
Columbiformes 1.586 0.3673 <0.001
Passeriformes 1.539 0.3450 <0.001
Pelecaniformes - - -
Migration Spring migration - - -
Breeding 0.733 0.1383 <0.001
Fall migration —-1.505 0.1479 0.000
Migratory Wintering —1.419 0.1357 0.000
behavior Migratory -3836 | 02881 0.000
Partially migratory -1.769 0.1893 <0.001
Resident - - -

Statistically significant results are highlighted in bold.

encompassing both direct and indirect contacts of wild birds with
house sparrows. Model construction followed a stepwise forward
Akaike selection (34). Statistical analyses were carried out using SPSS
28.0 (Statistical Package for Social Sciences Inc.), with statistical
significance set at p<0.05.
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3 Results

A total of 139,246 images were captured with the camera traps in
the years 2018-2019. Among these, 78,779 images were taken on
commercial layer farms, 30,187 on free-range layer farms, and 29,280
on red-legged partridge farms. A total of 31,816 birds belonging to 33
species, 21 families, and seven different orders were observed on the
five farms. Out of these, 18 were resident bird species (55%), 11 were
partially migratory birds (33%), and three were migratory bird species
(12%). Most resident species belonged to the order Passeriformes
(72%), such as the house sparrow, tree sparrow, and spotless starling
(Sturnus unicolor) (see Supplementary Table S3).

The non-parametric estimators calculated 96.4%+3.6 and
95.2% +4.8% of the total observed species richness on Farms D and E,
respectively. However, the non-parametric estimators suggest that
species richness is higher on the remaining farms: Farm A
(83.8%+16.2%), Farm B (69.2% +30.8%), and Farm C (55.4% +44.6%)
(see Supplementary Figure S1, Supplementary Table S2).

We detected a significantly higher frequency of visits by wild birds
on red-legged partridge farms as compared to caged layer farms and
free-range layer farms (see Table 2, Figure 2). Visits detected on caged
layer farms were less numerous, but from a much larger variety of
species (Supplementary Table S3, Supplementary Figure S3). Species
in the Columbiformes and Passeriformes order were significantly
more likely to be detected (Table 2). Also, the number of bird visits
detected was significantly higher during the breeding season (see
Table 2, Supplementary Figure S3).

Resident bird species visited farms significantly more than
partially migratory or migratory species (Table 2). Additionally,
resident species had significantly more direct and indirect contacts
with house sparrows as compared to migratory species (Table 3).

The house sparrow was the most frequently captured species in
photographs, on all five farms and during all phenological periods.
Spotless starlings were observed on four farms, being more abundant in
the red-legged partridge farms, but not on the free-range layer farm
(Supplementary Figure 54). In three of the farms, the camera traps
recorded species such as the white wagtail (Motacilla alba), crested lark
(Galerida (Columba
(Supplementary Table S3). On the free-range layer farm, the house

cristata), and rock  pigeon livia)
sparrow was less common (11%), and the Eurasian magpie (Pica pica) was
the most frequently observed species (53%) (Supplementary Figure 54).
Notably although anecdotical, waterbirds (mallard Anas platyrhinchos,
black winged stilt Himantopus himantopus, ring-necked plover Charadrius
hiatus) were detected on at least three of the farms
(Supplementary Table S3).

Direct contacts between house sparrows and other species were
significantly more likely during the breeding season and with
resident bird species (see Table 3, Figure 2). The need to seek food
and water, especially in juvenile birds, increases interactions with
other species, particularly with the house sparrow. Indirect contacts
with house sparrows (use of the same location by house sparrows
within a time span of 24 h and thus potential of exposure to fecal
contamination) was significantly more likely during the breeding
season and least likely between house sparrows and Anseriformes
and on the free-ranger layer farm (Table 4). Species that interacted
more frequently with the house sparrow belonged to the order
Passeriformes, being almost twice as common as the second most

common type, the Columbiformes. Birds in the Charadriiformes
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order had fewer contacts with the house sparrow (see
Supplementary Figure S4).

4 Discussion

Our study applies camera trapping technology to the poultry farm
environment to comparatively describe the composition and seasonal
changes of farm bird communities on different types of layer/gamebird
farms. This is to the best of the authors knowledge the first time such
a study is carried out in Spain. Previous work and data collected in the
present study provide evidence of the house sparrow as key species

500 LY
400
1]
£
w 300
c
s
& 200
(=
100 w a a!
0 ——
Caged layer farms Free-range layers Red-legged
farms partridge farms
FIGURE 2
Wild bird trapping rate in each poultry farm (Caged layer farms, free-
range layers farms, red-legged partridge farms).

TABLE 3 Results of the GLM used to evaluate the number of the direct
contacts of wild birds with house sparrows according to type of poultry
farm, bird order, migration phenology and migratory behavior.

Predictor B S.Error | p-value
Intercept —0.63 0.6410 0.325
Poultry farms Caged layer farms - - -
Free-range —29.639 | 399222.1547 1.000
layers farms
Red legged —0.188 0.1762 0.286
partridge farms
Bird order Anseriformes —1.235 0.9792 0.207
Bucerotiformes - - -
Charadriiformes —-0.270 0.7456 0.717
Columbiformes 0.869 0.6521 0.183
Passeriformes 0.759 0.6239 0.224
Pelecaniformes - - -
Migration Spring migration - - -
Breeding 0.498 0.1796 <0.05
Fall migration —1.683 0.2794 <0.01
Migratory Wintering —1.441 0.2605 <0.01
behavior Migratory ~2.546 0.6183 <0.001
Partially —0.315 0.2881 0.274
migratory
Resident - - -

10.3389/fvets.2024.1369779

that enters layer buildings and flight cages of partridges and other bird
species which has led to its designation, together with several other
synanthropic bird species as potential bridge hosts (6, 9, 35)
(Supplementary Figure S5). However, although bidirectional exchange
of pathogens at the interface has been demonstrated and the potential
of bridge hosts is generally accepted (36) little information exists yet
on the frequency of contact and potential of contamination of resident
farm birds by visiting migratory birds. For this reason we used the
pictures obtained to also study the contact of wild birds that visit farm
premises, but are unlikely to enter the buildings and enclosures, with
the house sparrow (4, 5, 21).

The farms studied here are not directly connected to any wetland,
which makes them theoretically unattractive to wild waterfowl (13),
however satellite telemetry data has recently shown that waterfowl
occasionally does make incursions onto poultry farm premises (23)
and in fact our data shows, that even the studied farm premises are
occasionally visited by waterbirds, either at open water tanks or
temporary pools after heavy rains (Supplementary Figure S5).

The camera traps used for this study covered locations at the
external fencing of the farms, aggregation hotspots such as water
and food sources and possible entrances to the farm buildings.
Actual farm bird diversity is certainly greater than that observed
in this study. Camera traps do not always capture the total number
of bird species visiting the farm, as they are positioned and
focused on specific points, making it challenging to obtain a
complete picture of the bird population. Additionally, even with
increased sampling effort, as observed in farms A and B
(n =349 days; n=92days), we notice that the observed richness

TABLE 4 Results of the GLM used to evaluate the number of the indirect
contact of wild birds with house sparrows in relation to type of poultry
farm, bird order, migration phenology and migratory behavior.

Predictor B S.Error p-value
Intercept —0.459 0.5376 0.393
Poultry farms Caged layer farms - - -
Free-range —2.392 0.4451 <0.001
layers farms
Red legged —0.611 0.1786 <0.001
partridge farms
Bird order Anseriformes —2.528 1.1509 0.022
Bucerotiformes - - -
Charadriiformes —1.042 0.6605 0.115
Columbiformes 0.638 0.5506 0.246
Passeriformes 0.471 0.5181 0.363
Pelecaniformes - - -
Migration Spring migration - - -
Breeding 0.176 0.1791 0.326
Fall migration —1.363 0.2325 <0.001
Migratory Wintering —1.700 0.2540 <0.001
behavior Migratory —1.884 0.4288 <0.001
Partially migratory —0.035 0.2487 0.889
Resident - - -

Statistically significant results are highlighted in bold.
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does not align with the studied estimators, indicating the need to
Table S2,

Supplementary Figure S1). Logistical issues such as farm size, the

extend our sampling period (Supplementary
number of cameras used, or limitations in data storage due to an
abundance of individuals in a single location hinder obtaining the
actual number of species. This is due to the size of the poultry
farms, surrounding vegetation and habitats (various crops,
buildings) (24) and changes in these (crop harvest, sowing etc.).
However as the camera trap distribution design was similar for all
studied farms and data was corrected for trapping effort, we can
at least to some extend compare the collected information (21).
Our results show that red-legged partridge farms attracted the
highest number of visits, followed by caged and free-range layer
farms. Most of the observed species were passerines. Possible
reasons why wild birds were most attracted to partridge farms are
the relatively easy access to food and water as both breeders and
juvenile partridges are raised outdoors in batteries of breeding
cages or large flight cages, respectively. Previous studies have
shown that wild birds are not particularly attracted to free-range
chicken farms, potentially as the grazing areas are rapidly
degraded by the chickens while the large numbers of chickens also
appear to intimidate most wild birds (24).

Among the species identified, the house sparrow is the most
frequently observed and interacts directly and indirectly with a
large variety of other species and a considerable number of
individuals from which they could acquire pathogens including
AIV as sparrows have been shown to be susceptible to AIV
infection (18, 37, 38). The adaptation of the sparrow to human
modified habitats,
commensalism drives their potential as bridge host (39). Other

gregarious behavior and obligate
frequently detected species included the spotless starling and the
rock dove. Both species are known to be frequently exposed to
and carriers of pathogens such as Salmonella spp. and antibiotic
resistance mechanism carrying Escherichia coli among others
(10). Also, European starlings, a species closely related to the
spotless starling have been experimentally shown to be able to
transmit avian influenza virus to poultry (40). Species detected
in free-range layer farms such as the white wagtail are consistent
with the species detected in a study of free-living birds in
enclosures of duck farms in France (5), while other species
observed on the duck farms, such as cattle egrets, were observed
less frequently.

Direct but also indirect contacts are often the main risk factor in
pathogen transmission between wild and domestic birds (41). Contacts
of other birds with house sparrows were observed generally in
association to food and/or water and less frequently roosting space. Our
results show that direct and indirect contacts of sparrows with other
bird species on farms occur significantly more frequently with resident
species than with partially or fully migratory species (Figure 3). If, in
addition to direct contacts, the possibility of indirect contamination
through secreta and feces is considered, with a maximum residence
time of approximately 24 h, the potential for contamination of a sparrow
by AIV or other pathogens doubles (Figure 3).

The highest number of direct and indirect contacts were
recorded during the breeding season, followed by the spring and
fall migration periods. For the wintering season, hardly any
direct and indirect contacts were recorded even though the
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highest number of visits occurred at this time of year. As our
farms are situated in a Mediterranean continental climate where
food and water in natural habitats are more restricted in summer
than in winter, likely during this period the availability of food
and water was less important than other functions of the farm
environment. More frequent farm visits during the breeding
season, may be linked to the high number of juvenile individuals
that rely on easily accessible resources. The high number of
juvenile individuals increases the number of contacts with likely
a higher number of naive, more susceptible individuals thus
increasing the probability of pathogen transmission (42). Also,
during the breeding and post-breeding periods, the food
requirements of breeding adult sparrows are at the highest, while
it is under the Mediterranean continental climate the period with
less food and water resources increasing the attraction to farm
premises considerably. The lower number of direct and indirect
contacts during fall migration is probably due to the abundance
of food (cereal and fruits) in the season.

Both migratory and resident birds can be carriers of pathogens
either directly or by exposure in contaminated environments and by
Borie et al. (43) by contaminating resources, such as water or feed,
with their droppings. Here we have detected few migratory or partially
migratory birds on farm visits which in turn underlines the potential
bridge host role of sparrows (18). While contact restriction measures
are generally focused on the protection of poultry they also need to
take into account the risk of environmental transmission from poultry
to wildlife, by sewage, feathers, dust and aerosols from that can
represent a major source of contamination for synanthropic wild birds
such as the house sparrow that could than contaminate non-resident
visiting birds during direct or indirect contacts (44).

5 Conclusion

Camera trap-based characterization allowed to describe
composition and fluctuation of wild bird communities in different
farm type environments across seasons and to identify species that
could represent bridge hosts. Identifying the house sparrow as key
species with resident populations on farms we evidence its connection
to other bird species that visit the farm environment. Our results
indicate that general biosecurity measures such as restriction o access
to food and water are highly effective as the number of bird visits on
red-legged partridge farms were significantly more frequent, than on
other farms.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Author contributions

AS-C: Formal analysis, Methodology, Visualization, Writing
- original draft, Writing - review & editing. M-CC: Methodology,

frontiersin.org


https://doi.org/10.3389/fvets.2024.1369779
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Sanchez-Cano et al.

10.3389/fvets.2024.1369779

Direct contacts house sparrow

intering.
Ty Fall migration
g eeding 77777777777 77 7777777 77 70 77 777 7777 77 77 777 A
& & spring migration (777777777777 77 77777 777777777 7777777 7777777777 777777772
 Wintering
¢ :
Sy
tg
= ='spring migration
Wintering 27277727
Fall migration (77777777777

ged layer

i

“Spring migration [77777777 777 7777777777777 777777 A

Ca
fa

P 20 40 60 80 100 120 140
& Resident = Partially migratory = Migratory
Indirect contacts house sparrow
E Wintering
gﬁ Fall migration
:‘; 1;3 Breeding LSS S S SS9
¢8 Springmigration 7777777 77 77777 77 777777777777 777777777777
Wintering
# o
e ﬂFall migration
g %Breeding
- Spring migration
Wintering VAL A
£ FRlimigntion 77777777777)
o
§§ Breeding YL LLSSS LSS SLLSSS LSS LS LSS S S LS LSS S LS LS LSS S S S LSS LSS S S SIS LSS SIS |
o
Spring migrationl////// /7 7/ /7 LTI T LT I 777
o 20 40 60 80 100 120 140
QResident = Partially migratory ™ Migratory

FIGURE 3

Total number of direct (in black) and indirect (in gray) contacts of visiting wild birds with house sparrows according to their migratory behavior

(resident, partially migratory, migratory).

LLLLLLLLLLLLL LT L L LLLL LI LT L LT LT L L LT L LT LT LT LT LT LT LT LD LT P L Tl 2

Resources, Writing - review & editing. YR: Methodology,
Resources, Writing - review & editing. TC: Methodology,
Resources, Writing - review & editing. UH: Conceptualization,
Methodology, Resources, Writing - original draft, Writing -
review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work is a
contribution to project RTA2015-00088-C03-02 funded by the
Instituto Nacional de Investigacién y Tecnologia Agraria y
Alimentaria (INIA) of Spain.

Acknowledgments

We are indebted to the owners and workers of the red-legged
partridge farms J. Zandio and to the J. de la Oliva and the owners of
layer farms for access to their premises.

Frontiers in Veterinary Science

08

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fvets.2024.1369779/
full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fvets.2024.1369779
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fvets.2024.1369779/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fvets.2024.1369779/full#supplementary-material

Sanchez-Cano et al.

References

1. Broom DM, Galindo FA, Murgueitio E. Sustainable, efficient livestock production
with high biodiversity and good welfare for animals. Proc R Soc B Biol Sci. (2013)
280:20132025. doi: 10.1098/rspb.2013.2025

2. Bessei W. Impact of animal welfare on worldwide poultry production. Worlds Poult
SciJ. (2018) 74:211-24. doi: 10.1017/50043933918000028

3. Cappelle ], Gaidet N, Iverson SA, Takekawa JY, Newman SH, Fofana B, et al.
Characterizing the interface between wild ducks and poultry to evaluate the potential of
transmission of avian pathogens. Int ] Health Geogr. (2011) 10:60. doi: 10.1186/1476-072X-10-60

4. Elbers ARW, Gonzales JL. Quantification of visits of wild fauna to a commercial
free-range layer farm in the Netherlands located in an avian influenza hot-spot area
assessed by video-camera monitoring. Transbound Emerg Dis. (2020) 67:661-77. doi:
10.1111/tbed.13382

5. Le Gall-Ladeveze C, Guinat C, Fievet P, Vollot B, Guérin J-L, Cappelle J, et al.
Quantification and characterisation of commensal wild birds and their interactions with
domestic ducks on a free-range farm in Southwest France. Sci Rep. (2022) 12:9764. doi:
10.1038/541598-022-13846-2

6. Shriner SA, Root JJ. A review of avian influenza a virus associations in Synanthropic
birds. Viruses. (2020) 12:1209. doi: 10.3390/v12111209

7. Gilbert M, Xiao X, Pfeiffer DU, Epprecht M, Boles S, Czarnecki C, et al. Mapping
HS5NI highly pathogenic avian influenza risk in Southeast Asia. Proc Natl Acad Sci.
(2008) 105:4769-74. doi: 10.1073/pnas.0710581105

8. Keesing F, Holt RD, Ostfeld RS. Effects of species diversity on disease risk. Ecol Lett.
(2006) 9:485-98. doi: 10.1111/.1461-0248.2006.00885.x

9. Caron A, Cappelle ], Cumming GS, De Garine-Wichatitsky M, Gaidet N. Bridge
hosts, a missing link for disease ecology in multi-host systems. Vet Res. (2015) 46:83.
doi: 10.1186/s13567-015-0217-9

10. Franklin AB, Bevins SN, Shriner SA. Pathogens from wild birds at the wildlife-
agriculture Interface In: JC Owen, DM Hawley and KP Huyvaert, editors. Infectious
disease ecology of wild birds. Oxford: Oxford University Press (2021). 207-28.

11. Cabe PR. European starlings (Sturnus vulgaris) as vectors and reservoirs of
pathogens affecting humans and domestic livestock. Animals. (2021) 11:466. doi:
10.3390/ani11020466

12. Youk S, Torchetti MK, Lantz K, Lenoch JB, Killian ML, Leyson C, et al. H5N1
highly pathogenic avian influenza clade 2.3.4.4b in wild and domestic birds:
introductions into the United States and reassortments, December 2021-April 2022.
Virology. (2023) 587:109860. doi: 10.1016/j.virol.2023.109860

13. Olsen B, Munster V], Wallensten A, Waldenstrom J, Osterhaus ADME, Fouchier
RAM. Global patterns of influenza a virus in wild birds. Science. (2006) 312:384-8. doi:
10.1126/science.1122438

14. Caron A, Cappelle ], Gaidet N. Challenging the conceptual framework of
maintenance hosts for influenza a viruses in wild birds. ] Appl Ecol. (2017) 54:681-90.
doi: 10.1111/1365-2664.12839

15. Slusher MJ, Wilcox BR, Lutrell MP, Poulson RL, Brown JD, Yabsley MJ, et al. Are
passerine birds reservoirs for influenza a viruses? J Wildl Dis. (2014) 50:792-809. doi:
10.7589/2014-02-043

16. Gaidet N, Cappelle ], Takekawa JY, Prosser DJ, Iverson SA, Douglas DC, et al.
Potential spread of highly pathogenic avian influenza H5N1 by wildfowl: dispersal
ranges and rates determined from large-scale satellite telemetry. J Appl Ecol. (2010)
47:1147-57. doi: 10.1111/j.1365-2664.2010.01845.x

17. Kleyheeg E, Van Dijk JGB, Tsopoglou-Gkina D, Woud TY, Boonstra DK, Nolet
BA, et al. Movement patterns of a keystone waterbird species are highly predictable from
landscape configuration. Mov Ecol. (2017) 5:2. doi: 10.1186/s40462-016-0092-7

18. Yamamoto Y, Nakamura K, Yamada M, Mase M. Pathogenesis in Eurasian tree
sparrows inoculated with H5N1 highly pathogenic avian influenza virus and
experimental virus transmission from tree sparrows to chickens. Avian Dis. (2013)
57:205-13. doi: 10.1637/10415-101012-Reg.1

19. Ellis JW, Root JJ, McCurdy LM, Bentler KT, Barrett NL, VanDalen KK, et al. Avian
influenza a virus susceptibility, infection, transmission, and antibody kinetics in
European starlings. PLoS Pathog. (2021) 17:¢1009879. doi: 10.1371/journal.ppat.1009879

20. Blagodatski A, Trutneva K, Glazova O, Mityaeva O, Shevkova L, Kegeles E, et al.
Avian influenza in wild birds and poultry: dissemination pathways, monitoring
methods, and virus ecology. Pathogens. (2021) 10:630. doi: 10.3390/pathogens10050630

21. Scott AB, Phalen D, Hernandez-Jover M, Singh M, Groves P, Toribio J-ALML. Wildlife
presence and interactions with chickens on Australian commercial chicken farms assessed
by camera traps. Avian Dis. (2018) 62:65-72. doi: 10.1637/11761-101917-Reg.1

22. Martelli L, Fornasiero D, Scarton F, Spada A, Scolamacchia E, Manca G, et al. Study
of the Interface between wild bird populations and poultry and their potential role in
the spread of avian influenza. Microorganisms. (2023) 11:2601. doi: 10.3390/
microorganisms11102601

Frontiers in Veterinary Science

10.3389/fvets.2024.1369779

23. McDuie F, Matchett EL, Prosser DJ, Takekawa JY, Pitesky ME, Lorenz AA, et al.
Pathways for avian influenza virus spread: GPS reveals wild waterfowl in commercial
livestock facilities and connectivity with the natural wetland landscape. Transbound
Emerg Dis. (2022) 69:2898-912. doi: 10.1111/tbed.14445

24. Hauck R, Crossley B, Rejmanek D, Zhou H, Gallardo RA. Persistence of highly
pathogenic and low pathogenic avian influenza viruses in footbaths and poultry manure.
Avian Dis. (2017) 61:64-9. doi: 10.1637/11495-091916-Reg

25. Figueroa A, Derksen T, Biswas S, Nazmi A, Rejmanek D, Crossley B, et al.
Persistence of low and highly pathogenic avian influenza virus in reused poultry litter,
effects of litter amendment use, and composting temperatures. ] Appl Poult Res. (2021)
30:100096. doi: 10.1016/j.japr.2020.09.011

26. Kottek M, Grieser ], Beck C, Rudolf B, Rubel F. World map of the Koppen-Geiger
climate  classification updated. Meteorol Z. (2006) 15:259-63. doi:
10.1127/0941-2948/2006/0130

27.De Castro M, Martin-Vide J, Alonso S. The climate of Spain: past, present and
scenarios for the 21st century In: Prelim Gen Assess Impacts Spain Due Eff Clim Change
Madr Spain Minist Medio Ambiente (2005). 1-62.

28. Colwell RK. EstimateS, version 9.1: Statistical estimation of species richness and
shared species from samples. Software and user’s guide. Connecticut: University of
Connecticut (2013) Available at: http://viceroy.eeb.uconn.edu/estimates.

29. Colwell RK, Mao CX, Chang J. Interpolating, extrapolating, and comparing
incidence-based species accumulation curves. Ecology. (2004) 85:2717-27. doi:
10.1890/03-0557

30. Lee S-M, Chao A. Estimating population size via sample coverage for closed
capture-recapture models. Biometrics. (1994) 50:88-97. doi: 10.2307/2533199

31.Chao A, Chiu C. “Nonparametric Estimation and Comparison of Species
Richness,” Encyclopedia of Life Sciences. Wiley (2016). 1-11.

32. Gotelli NJ, Colwell RK. Estimating species richness In: Biological Diversity:
Frontiers in Measurement and Assessment (2011). 39-54.

33. O’'Brien TG, Kinnaird ME, Wibisono HT. Crouching tigers, hidden prey: Sumatran
tiger and prey populations in a tropical forest landscape. Anim Conserv. (2003) 6:131-9.
doi: 10.1017/51367943003003172

34. Akaike H. A new look at the statistical model identification. IEEE Trans Autom
Control. (1974) 19:716-23. doi: 10.1109/TAC.1974.1100705

35. Hirschinger ], Vergne T, Corre T, Hingrat Y, Guerin JL, Le Loc’h G. Exposure
assessment for avian influenza and Newcastle disease viruses from peridomestic wild
birds in a conservation breeding site in the United Arab Emirates. Transbound Emerg
Dis. (2022) 69:2361-72. doi: 10.1111/tbed.14253

36.1gbal M, Yaqub T, Mukhtar N, Shabbir MZ, McCauley JW. Infectivity and
transmissibility of HON2 avian influenza virus in chickens and wild terrestrial birds. Vet
Res. (2013) 44:100. doi: 10.1186/1297-9716-44-100

37. Brown JD, Stallknecht DE, Berghaus RD, Swayne DE. Infectious and lethal doses
of H5N1 highly pathogenic avian influenza virus for house sparrows (Passer Domesticus)
and rock pigeons (Columbia Livia). ] Vet Diagn Invest. (2009) 21:437-45. doi:
10.1177/104063870902100404

38. Forrest HL, Kim J-K, Webster RG. Virus shedding and potential for interspecies
waterborne transmission of highly pathogenic H5N1 influenza virus in sparrows and
chickens. J Virol. (2010) 84:3718-20. doi: 10.1128/JV1.02017-09

39. Shaw LM, Chamberlain D, Evans M. The house sparrow Passer domesticus in
urban areas: reviewing a possible link between post-decline distribution and human
socioeconomic status. ] Ornithol. (2008) 149:293-9. doi: 10.1007/s10336-008-0285-y

40. Root JJ, Ellis JW, Shriner SA. Strength in numbers: avian influenza a virus
transmission to poultry from a flocking passerine. Transbound Emerg Dis. (2021)
69:€1153-9. doi: 10.1111/tbed.14397

41. Scott AB, Toribio J-A, Singh M, Groves P, Barnes B, Glass K, et al. Low pathogenic
avian influenza exposure risk assessment in Australian commercial chicken farms. Front
Vet Sci. (2018) 5:68. doi: 10.3389/fvets.2018.00068

42.Caron A, De Garine-Wichatitsky M, Gaidet N, Chiweshe N, Cumming GS.
Estimating dynamic risk factors for pathogen transmission using community-level bird
census data at the wildlife/domestic Interface. Ecol Soc. (2010) 15:art25. doi: 10.5751/
ES-03547-150325

43. Borie C, Zurita P, Sanchez M, Rojas V, Santander J, Robeson J. Prevencion de la
infeccion por Salmonella enterica subespecie enterica serotipo Enteritidis (Salmonella
Enteritidis) en pollos mediante un bacteriofago. Arch Med Vet. (2008) 40:197-201. doi:
10.4067/S0301-732X2008000200013

44. Gaide N, Foret-Lucas C, Figueroa T, Vergne T, Lucas M-N, Robertet L, et al. Viral
tropism and detection of clade 2.3.4.4b H5N8 highly pathogenic avian influenza
viruses in feathers of ducks and geese. Sci Rep. (2021) 11:5928. doi: 10.1038/
s41598-021-85109-5

frontiersin.org


https://doi.org/10.3389/fvets.2024.1369779
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1098/rspb.2013.2025
https://doi.org/10.1017/S0043933918000028
https://doi.org/10.1186/1476-072X-10-60
https://doi.org/10.1111/tbed.13382
https://doi.org/10.1038/s41598-022-13846-2
https://doi.org/10.3390/v12111209
https://doi.org/10.1073/pnas.0710581105
https://doi.org/10.1111/j.1461-0248.2006.00885.x
https://doi.org/10.1186/s13567-015-0217-9
https://doi.org/10.3390/ani11020466
https://doi.org/10.1016/j.virol.2023.109860
https://doi.org/10.1126/science.1122438
https://doi.org/10.1111/1365-2664.12839
https://doi.org/10.7589/2014-02-043
https://doi.org/10.1111/j.1365-2664.2010.01845.x
https://doi.org/10.1186/s40462-016-0092-7
https://doi.org/10.1637/10415-101012-Reg.1
https://doi.org/10.1371/journal.ppat.1009879
https://doi.org/10.3390/pathogens10050630
https://doi.org/10.1637/11761-101917-Reg.1
https://doi.org/10.3390/microorganisms11102601
https://doi.org/10.3390/microorganisms11102601
https://doi.org/10.1111/tbed.14445
https://doi.org/10.1637/11495-091916-Reg
https://doi.org/10.1016/j.japr.2020.09.011
https://doi.org/10.1127/0941-2948/2006/0130
http://viceroy.eeb.uconn.edu/estimates
https://doi.org/10.1890/03-0557
https://doi.org/10.2307/2533199
https://doi.org/10.1017/S1367943003003172
https://doi.org/10.1109/TAC.1974.1100705
https://doi.org/10.1111/tbed.14253
https://doi.org/10.1186/1297-9716-44-100
https://doi.org/10.1177/104063870902100404
https://doi.org/10.1128/JVI.02017-09
https://doi.org/10.1007/s10336-008-0285-y
https://doi.org/10.1111/tbed.14397
https://doi.org/10.3389/fvets.2018.00068
https://doi.org/10.5751/ES-03547-150325
https://doi.org/10.5751/ES-03547-150325
https://doi.org/10.4067/S0301-732X2008000200013
https://doi.org/10.1038/s41598-021-85109-5
https://doi.org/10.1038/s41598-021-85109-5

	Seasonal changes in bird communities on poultry farms and house sparrow—wild bird contacts revealed by camera trapping
	1 Introduction
	2 Materials and methods
	2.1 Study area
	2.2 Camera trapping design
	2.3 Data management and analysis

	3 Results
	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions

	 References

