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Abstract: Depredation of birds by domestic cats is hypothesized to be one of many significant sources
of mortality leading to global bird declines. Direct observations are relatively rarely documented
compared with large numbers of birds hypothesized to be killed or wounded by cats. We analyzed
data from two wildlife rehabilitation centers located in Salem and Grants Pass, Oregon USA, to
understand which species were most likely to interact with a cat, and the species traits associated
with cat interactions and habitats (urban vs. rural) of rescued birds. Interaction with a cat was the
second-most commonly reported cause of admission, representing 12.3% of 6345 admissions. Half
to two-thirds of birds were rescued from cats in urban settings and were usually species foraging
on or near the ground. Most species were admitted to rehabilitation centers in direct proportion
to their regional abundance. An exception was the absence of common species weighing less than
70 g, which we conclude is an effect of sampling bias. We conclude that cats most often interact with
regionally common near-ground-dwelling bird species in both urban and rural habitats. Wildlife
rehabilitation centers can provide valuable sources of data for cat-bird interactions but potential
sources of uncertainty and bias in their data need to be considered carefully.

Keywords: avian mortality; cat-bird interactions; cat predation; citizen science; domestic cat; human-
wildlife conflict; wildlife rehabilitation

1. Introduction

Recent reports of widespread declines of birds have elevated interest in sources of
mortality, particularly anthropogenic sources [1,2]. Depredation by domestic cats (Felis
catus), both owned and feral, and collisions with buildings, automobiles, wind turbines,
and power lines and communication towers have been identified as the primary mortality
sources [3]. Domestic cats kill an estimated 1.3 to 4.0 billion birds each year in the United
States alone [4], a number much greater than the estimated 365 to 988 million birds killed
from collisions with buildings [5], or 89 million to 340 million killed in collisions with
automobiles [6].

Despite the apparent impacts of cats on bird populations, important information gaps
continue to present challenges. For example, several basic aspects of cat–bird interactions
remain poorly described in most locations, including which species are most often captured,
the role of habitat differences in determining the identities of species attacked by cats,
whether year-round residents or migrants are more susceptible, and which other traits (e.g.,
body size, propensity to forage on or near the ground) might influence the likelihood of
birds being attacked by cats [7]. Furthermore, current estimates of cat-influenced mortality
have been generated from a number of variables difficult to measure accurately. Statistics
estimating proportions of households owning cats, rates at which owned cats are allowed
outdoors and the rate at which free-roaming cats kill wildlife have all been estimated but
exhibit high levels of uncertainty in most studies [4].

Estimating feral (non-owned) cat population sizes is also difficult [4]. Rates of cat
ownership are often measured via survey [8], which may bias estimates if cat owners are
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more or less likely to respond to such surveys [9,10]. Cat owners’ likelihood to allow their
cats to roam outdoors is also influenced by a complex variety of factors, such as whether
the cat was adopted or found as a stray or how long the cat has lived with that owner [11].
The rate at which free-roaming cats kill wildlife has also been difficult to estimate, as cats
do not bring all prey items home, so it may be common to underestimate true impact [9].
Finally, quantification of effects of feral cats requires estimates of feral cat population
size [12], and the relative rates at which feral versus owned cats kill wildlife. All of these
differences are further complicated by the diversity of domestic cat ownership behavior,
which ranges from owned cats not allowed outdoors to cats allowed to fully access the
outdoors [13]. Some of these uncertainties are being addressed using rapidly improving
technology. For instance, video cameras have been used to better quantify predation by
free-roaming cats without the need to retrieve prey [14]. However, data gathered from
existing, perhaps under-utilized, sources may provide an efficient and more cost-effective
way to gain additional information on interactions between birds and domestic cats [15–18].

Wildlife rehabilitation centers provide a relatively untapped source of data on cat–bird
interactions because people regularly bring birds injured by cats into centers [19]. Such data
provide information on species (and therefore traits that may predict vulnerability to cats
as well), location of the cat–bird interaction, and even potential for successful rehabilitation
after treatment. Although the data have limitations [20,21], their availability in coordinated
databases such as WILD-ONe (Wildlife Center of Virginia, Waynesboro, Virginia, USA)
and the tens of thousands of animals admitted each year provide a potentially unique
source of information on cat–bird interactions [22]. For example, concerns over bird losses
sometimes focus on Neotropical migratory birds, a group known to be declining overall [1].
Most Neotropical migratory species are found in rural instead of urban areas [23], so if
most cats occupy urban landscapes where their owners live, then cats may interact less
with sensitive Neotropical migrants than they do with common species tolerant of human
modification of landscapes.

Here, we analyzed data from two wildlife rehabilitation centers in western Oregon,
USA. Our objectives were to: (1) understand what proportion of birds admitted were
hypothesized or known to be admitted as a result of interacting with a cat; (2) enumerate
the species most commonly delivered to rehabilitation centers after interactions with cats;
(3) identify traits of bird species correlated with numbers of admissions to the centers;
(4) evaluate the relationship between indices of species’ abundances and the numbers
of admissions; and (5) compare the sources of cat-influenced admissions across urban
versus rural habitats. If admissions to wildlife rehabilitation centers reflect trends in
interactions between birds and cats, the information gained from our analyses could help
predict which species are most at risk from cat interactions and in what habitats, guiding
conservation, management and outreach actions aimed at reducing influence of domestic
cats on avian mortality.

2. Materials and Methods
2.1. Data Sources

We used data on cat–bird interactions archived in WILD-ONe, an online database
for wildlife rehabilitators and researchers. We selected two Oregon wildlife rehabilitation
centers included in the database for inclusion in our study. The first, Turtle Ridge Wildlife
Center, is located in Salem, a city of approximately 174,000 people [24] located in Marion
County. The second, Wildlife Images Rehabilitation and Education Center, is in Grants
Pass, a city of approximately 37,000 people [25] in Josephine County. Both centers draw
admissions of injured, presumed injured, ill and presumed orphaned animals from across
urban and rural habitats generally characterized as patchworks of woodland, agricultural
areas and grasslands. We used data from November, 2014, when the two centers began
submitting data to WILD-ONe, through the end of 2018. We extracted data on species
admitted, location of rescue, and cause of admission. We chose the two centers because of
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the large number of admissions, the sampling of both urban and rural habitats and our
familiarity with the regional avifauna.

2.2. Determination of Cause of Admission

We focused on records of birds whose admission documentation indicated contact
with a cat. In such cases, we included the record whether the contact had been directly
observed or reported as suspected to have happened, the latter of which typically occurred
when cats were observed in the vicinity of injured birds. Some records listed multiple
potential reasons for admission. We therefore included records when another primary
cause of admission was listed in documentation, but when interaction with a cat was also
indicated. Finally, records indicating that the bird was rescued due to immediate danger
from a cat, or suspicion thereof, were included. Additional details on admission procedures
and definitions of cat interactions as a cause of admission are in Appendix A.

2.3. Identification of Locations and Habitats

We categorized the location of each cat–bird interaction as occurring in urban (includ-
ing suburban and moderate to high density of dwellings and/or impermeable surface
cover) or rural sites (low density of dwellings and/or impermeable surface, typically
Quercus oak and Pseudotsuga fir woodlands or grasslands). All classifications were made
using Google Maps (maps.google.com, accessed on 18 June 2021), with the address of the
site of rescue located and placed in the center of a circle with a diameter of approximately
300 m. The dominant land cover type within each area was identified. As all classifications
included only two options, whichever classification better fit greater than 50% of the visible
area was used. To be conservative, we utilized such broad categories because no informa-
tion to independently verify the exact locations at which injured birds were obtained was
available in the wildlife rehabilitation center databases. We excluded any record for which
the site of rescue was not provided or was too vague (i.e., reported at the city or county
level only) to allow for classification.

2.4. Species Traits
2.4.1. Species and Species Groups

We assumed that bird species reported in the database were identified correctly, except
for a few cases involving out-of-range rarities where we concluded the identification was
likely incorrect. For example, a few reports of “blue jay”, unlikely to refer to the eastern
North American species Blue Jay Cyanocitta cristata (see Table S1 for all scientific names),
were probably misreported California Scrub-Jay Aphelocoma californica or Steller’s Jay
Cyanocitta stelleri, both commonly found in western Oregon. In a few cases, we combined
similarly appearing congeners into one “species group” (e.g., Sphyrapicus sapsuckers and
Spinus goldfinches; Appendix A).

2.4.2. Body Mass

We included mean body mass of each species [26]. For species with sexual dimorphism
or large geographic variation in mass, we selected data from the site nearest Oregon and
used the smallest mean mass (e.g., male raptor masses instead of females). To focus on the
subset of species likely to interact with cats as potential prey, we removed all species with
an average adult mass >200 g [27,28], as well as aquatic species. A list of species and their
characteristics is in Table S2.

2.4.3. Residency Status

We categorized species based on their presence in the study sites year-round (primarily
non-migratory residents) or their absence in some months of the year (migratory). Some
migratory species were absent during the winter (e.g., flycatchers), whereas others were
absent during the summer (e.g., Varied Thrush Ixoreus naevius). We treated both as migrants.
A few species could be found in very small numbers year-round (e.g., Wilson’s Snipe
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Gallinago delicata) but if their abundances changed dramatically owing to migration of most
individuals out of the region, we treated them as migrants.

2.4.4. Aquatic or Non-Aquatic

We categorized species as primarily aquatic or non-aquatic and filtered out the aquatic
species from our analyses because cats rarely attack aquatic species unless they are on land.
We called ducks, geese, rails and Marsh Wren Cistothorus palustris aquatic species. Most
ducks and geese are too large as adults to be attacked, but small offspring are sometimes
admitted to rehabilitation centers, presumably having been attacked while on land. Because
we did not know the mass of these immature individuals when admitted to rehabilitation
centers, we excluded them from analyses.

2.4.5. Terrestrial or Not

Cats forage mostly on or near the ground, so we categorized each species as for-
aging mostly on or within 1 m of the ground versus foraging mostly well above the
ground. Some individuals of nearly all species may occasionally be found on the ground,
particularly fledglings.

2.4.6. Feeder Use

We also categorized species into one of two groups: those species expected to occa-
sionally or commonly visit bird feeders versus rarely or never visiting bird feeders, based
on our own experience.

2.5. Indices of Bird Abundance

We used eBird data [29] to create an index of avian abundance in the counties where
birds were admitted to each rehabilitation center. Species were rank-ordered from most to
least common based on the proportion of complete eBird checklists on which each species
was included. Checklists were contributed by birders from 2011 through 12 November 2020
in Marion (N = 39,255 checklists; Turtle Ridge) and Josephine (N = 11,644; Wildlife Images)
counties. Because of the large sample size, inclusion of multiple years, and alignment
with our own experiences surveying birds in western Oregon [30], we assumed the ranks
were positively correlated with abundance and we used the ranks as indices of relative
abundance. Our analyses of habitat cover around recovery locations indicated birds were
rarely delivered from neighboring counties. Even so, we inspected species ranked orders on
eBird checklists in the counties adjacent to each center’s home county and found them to be
all highly correlated (r > 0.9). To evaluate influence of potential errors in the relationships
between abundance and ranked order of species occurrences on checklists, we analyzed
data with both the raw ranked information from eBird and with ranks categorized into
ten intervals. All results associating variables with raw rank-ordered data and categorical
ranks were qualitatively similar.

We quantified differences in ranks of species in eBird lists versus in the species
involved in cat-influenced admissions to the two centers. Our objective was to identify
species that were under- or over-represented in the center admissions and to discover
potential correlates between discrepancies in the ranks and traits, such as mass (Figure 1).

2.6. Data Analyses

We used non-parametric statistics because of uncertainty in the distributional shapes
of variables, driven by occasional lack of clarity in the reliability of reported values in the
rehabilitation center data and to be cautious in our use of eBird data when generating
indices of relative abundance. For example, current protocols at the rehabilitation cen-
ters provide no independent checks of most information, such as species identification,
confirmation of locations where birds were obtained prior to transport to rehabilitation
centers, or identification of admission causes. Although we screened the data for obvi-
ous or potential errors, without independent verification of the accuracy of such data,
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we elected to compare ranks to discover patterns in most of the data. When comparing
proportions of species obtained in urban versus rural environments, we used Chi-square
tests when sample sizes permitted, and Fisher’s Exact tests when sample sizes were fewer
than five individuals in each habitat type. When assessing associations with habitat types,
we determined the expected values by randomly choosing locations (N = 55) from the
dataset after excluding admissions noted to involve or potentially involve interaction with
a cat. We assumed that if cat-interacted birds were brought to centers in proportion to
admissions from all other causes, then the proportion of urban versus rural sites in the
entire dataset would be the appropriate expected values. In Salem, those values were 63%
urban and 37% rural, and they were similar in Grants Pass, at 68% urban and 32% rural.
We assumed that each admission was an independent event. For comparisons of species
ranks, we used Wilcoxon tests. All analyses were performed using JMP [31].
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Figure 1. Schematic for evaluating differences among species admitted to the rehabilitation centers
in their ranked abundances from the eBird data and the cat interaction data. When species ranked
approximately the same in each list, the differences in ranks are near zero and those species are
hypothesized to be admitted after cat interactions in approximately the same proportion to their
abundance in the study areas. Species uncommonly reported in eBird (i.e., lower position in a ranked
list, so higher numerical value for ranking) than in the rehabilitation center data are hypothesized
to be species admitted to centers in higher numbers than expected based on their abundance alone.
Species commonly included in eBird lists but much less often admitted to rehabilitation centers
are hypothesized to be under-represented in cat interaction data relative to their abundance in the
study areas.

3. Results

Of the 6345 animals admitted to the two rehabilitation centers, birds comprised one-
quarter to one-third of admissions once use of the WILD-ONe database became consistent
in 2016 (Table 1). A slightly higher proportion of birds admitted came from Turtle Ridge in
Salem (51.9%; N = 3293) than from Wildlife Images in Grants Pass (48.1%, N = 3052).

The top ten most frequently admitted bird species comprised 53.0% and 42.7% of
the total bird admissions at Turtle Ridge and Wildlife Images, respectively. Seven species
(Mallard Anas platyrynchos, European Starling Sturnus vulgaris, American Crow Corvus
brachyrhynchos, California Scrub-Jay, American Robin Turdus migratorius, Eurasian Collared-
Dove Streptopelia decaocto, Mourning Dove Zenaida macroura, and Red-tailed Hawk Buteo
jamaicensis) were in the top ten at both centers (Table 2). Turtle Ridge, in a larger city,
received more Rock Pigeons Columba livia and Vaux’s Swifts Chaetura vauxi, while Wildlife
Images, in a smaller city, received more Western Screech-Owls Megascops kennicottii and
Canada Geese Branta canadensis. Several of the bird species admitted were large-bodied,
such as Red-tailed Hawk, frequently admitted after being struck by vehicles, and water-
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fowl. Although information was inconsistently recorded in the database, many waterfowl
admitted were juveniles.

Table 1. Total annual admissions to the rehabilitation centers (N) and the percentages of those
admissions that were birds.

Percentage (N) Total Admissions

Year Turtle Ridge Wildlife Images Combined

2014 0.03 (1) 0.3 (10) 0.2 (11)
2015 2.3 (76) 26.3 (802) 13.8 (878)
2016 28.0 (922) 21.0 (642) 24.6 (1564)
2017 32.6 (1073) 24.4 (744) 28.6 (1817)
2018 37.1 (1221) 28.0 (854) 32.7 (2075)
Total 100 (3293) 100 (3052) 100 (6345)

Table 2. Ten most frequently admitted avian species at each wildlife center, regardless of presumed cause; Turtle Ridge,
Salem, and Wildlife Images, Grants Pass, Oregon.

Turtle Ridge Wildlife Images

Species Percentage (N) Total Admissions Species Percentage (N) Total Admissions

Mallard 11.0 (361) European Starling 5.3 (162)
European Starling 8.5 (279) Mourning Dove 4.8 (146)
American Crow 6.5 (214) Western Screech-Owl 4.8 (146)

California Scrub-Jay 5.1 (169) California Scrub-Jay 4.7 (144)
American Robin 4.9 (162) American Robin 4.4 (135)

Rock Pigeon 4.3 (143) Canada Goose 4.2 (128)
Eurasian Collared-Dove 3.6 (117) American Crow 3.8 (116)

Mourning Dove 3.3 (109) Red-tailed Hawk 3.8 (116)
Red-tailed Hawk 3.1 (103) Mallard 3.7 (113)

Vaux’s Swift 2.9 (97) Eurasian Collared-Dove 3.6 (110)

Birds were admitted for a wide variety of reasons, approximately one-quarter of which
were undetermined (Table 3). Cat interactions accounted for the second-highest fraction of
reports (12.3%), behind ‘orphaned’ and ‘behavioral stranding’, which we interpret as being
synonymous (Table 3). Nearly one-quarter of admissions had unreported causes.

Table 3. Percentages and numbers of total admissions for the ten most frequently reported causes
of admission from both wildlife rehabilitation centers, as well as frequency of undetermined cause
of admission.

Percentage (N) of Admissions

Cause Turtle Ridge Wildlife Images Both Centers

Orphaned 34.0 (1120) 8.3 (252) 21.6 (1372)
Interaction with a cat 12.4 (409) 12.2 (373) 12.3 (782)

Collision with a car, truck, or motorcycle 7.0 (228) 10.9 (333) 8.8 (561)
Nest/habitat disturbance or destruction 6.7 (222) 7.0 (213) 6.9 (435)

Behavioral stranding 0.4 (12) 13.0 (396) 6.4 (408)
Abduction with intent of rescue 0.0 (0) 10.2 (311) 4.9 (311)
Collision with a wall or window 4.2 (141) 5.5 (169) 4.9 (310)

Interaction with a dog 1.7 (56) 2.7 (81) 2.2 (137)
Failure to thrive/maladaptation 0.4 (13) 3.3 (102) 1.8 (115)

Interaction with a non-domestic animal of
another species 1.8 (60) 1.7 (52) 1.8 (112)

Undetermined 27.7 (911) 18.7 (570) 23.3 (1481)

Turtle Ridge admitted 55 bird species after cat interactions, with 36 species (64%)
having fewer than ten individuals admitted during the study period. Wildlife Images
admitted 61 species; 30 (49%) had fewer than ten individuals admitted (Table S1).
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Birds admitted to a wildlife rehabilitation center after interacting with a cat were
generally representative of birds admitted for any cause, although species with a larger
adult body mass (> 200 g) that were in the top ten most admitted species for any cause
were not found on the top ten species admitted to each center after interaction with a cat
(Table 4). The exception to this was the American Crow, which would be the tenth most
frequently admitted species at Turtle Ridge due to interaction with a cat.

Table 4. Top ten species at each center admitted after interacting with a cat. One species (American Crow) with an adult
body mass > 200 g was excluded. Percentages are calculated from all cat-related admissions at each center.

Turtle Ridge Wildlife Images

Species Percentage (N) Admissions Species Percentage (N) Admissions

California Scrub-Jay 13.0 (53) American Robin 11.8 (44)
American Robin 11.2 (46) California Scrub-Jay 11.0 (41)

European Starling 6.8 (28) Mourning Dove 8.0 (30)
Mourning Dove 6.1 (25) Eurasian Collared-Dove 6.2 (23)

Eurasian Collared-Dove 5.6 (23) Spotted Towhee 3.2 (12)
Spotted Towhee 4.9 (20) European Starling 3.2 (12)
Dark-eyed Junco 3.9 (16) Northern Flicker 2.9 (11)
House Sparrow 3.7 (15) Black-headed Grosbeak 2.9 (11)
Northern Flicker 3.2 (13) Acorn Woodpecker 2.7 (10)

Varied Thrush 2.7 (11) House Sparrow 2.7 (10)

3.1. Rescue Location

The proportions of urban versus rural rescue locations for all admission records
were similar between Turtle Ridge and Wildlife Images, with approximately two-thirds of
admissions being reported as originating from urban locations (Table 5). Birds admitted
at Turtle Ridge due to interaction with a cat were more likely than the overall average to
come from urban areas than from rural areas, while at Wildlife Images, these birds were
nearly equally likely to come from a rural versus urban environment. However, especially
at Wildlife Images, a sufficiently high fraction (16.9%) of admissions were from unknown
locations to obscure potential differences in origination habitat.

Table 5. Percentage of bird admissions coming from urban or rural locations. Records involving interaction with a cat do
not add up to 100%, as some records from this category had incomplete location information. Records from other causes of
admission were not included in analysis of location information if this information was incomplete.

Cat Interaction Other Admission Causes

Rescue Location Turtle Ridge Wildlife Images Combined Turtle Ridge Wildlife Images Combined

Percent (N)
Urban 70.9 (290) 42.6 (159) 57.4 (449) 63.0 (17) 67.9 (19) 65.5 (36)

Percent (N) Rural 22.5 (92) 40.5 (151) 31.1 (243) 37.0 (10) 32.1 (9) 34.5 (19)
Percent (N)
Unknown 6.6 (27) 16.9 (63) 11.5 (90) - - -

Total 100 (409) 100 (373) 100 (782) 100.0 (27) 100.0 (28) 100.0 (55)

When data from both centers were combined, cat-influenced admissions appeared to
be more common from urban locations (57%) than rural locations (31%) but 11% of reports
did not include address information.

Proportions of urban versus rural rescue locations differed significantly from expected
proportions for only a few species at each rehabilitation center (Table S3). At Turtle Ridge,
California Scrub-Jays were more likely to have interactions with cats in urban areas (n = 53,
χ2 = 10.91, p < 0.001), as were European Starlings (n = 27, χ2 = 10.14, p = 0.0014). American
Crows tended to be more likely to come from urban areas (N = 12, Fisher’s Exact p = 0.093).
At Wildlife Images, Spotted Towhees Pipilo maculatus were more likely to interact with a
cat in rural areas (N = 9, Fisher’s Exact p = 0.009).
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3.2. Species Traits
3.2.1. Indices of Abundance

The rank orderings of species in the bird communities based on eBird data in Marion
(Turtle Ridge) and Josephine (Wildlife Images) Counties were significantly correlated
(R2 = 0.424, p < 0.0001, Table S1). The rank orderings of species by frequency of cat-
interacted admissions to wildlife rehabilitation centers were positively correlated to the
eBird indices of abundances in both Marion (R2 = 0.303, p = 0.0406) and Josephine Counties
(R2 = 0.272, p < 0.0001). Thus, species interacting with cats were admitted to rehabilitation
centers directly in proportion to their indices of abundance in the counties served by each
center. An important exception was the absence of several common species with small
(<70 g) body mass.

3.2.2. Body Mass

We found no difference in masses among species that were admitted after interaction
with a cat (N = 61) and species that were not noted to have been involved in interactions
with a cat (N = 56, t = 0.77, df = 55, p < 0.22). The relationships between species’ mass
and their rank-ordered abundances were best fit by quadratic functions (Turtle Ridge:
R2 = 0.265, p < 0.0016; Wildlife Images: R2 = 0.297, p < 0.0006). At both centers, species
with a higher mean adult mass were disproportionately represented among the top five
species admitted after interaction with a cat (Table 4). At Turtle Ridge mass of the top five
species admitted ranged from 70 to 140 g and at Wildlife Images it ranged from 70 to 150 g.
The list of top ten species under 200 g admitted after interaction with a cat was also highly
correlated between the centers (R2 = 0.279, p = 0.0027). Common species below 70 g were
under-represented from lists of cat-related admissions at both centers.

While there was not a significant relationship between body mass and our index of
eBird abundance (that is, small species are common just as often as they are uncommon)
in either the Salem or Grants Pass datasets, smaller birds (less than 70 g) were less likely
to be brought into wildlife rehabilitation centers for any reason (Turtle Ridge R2 = 0.104,
p = 0.0073, Wildlife Images R2 = 0.191, p = 0.0373, Figure 2).

3.2.3. Feeder Use

Species regularly using feeders had a higher-ranking index of abundance in both
Marion (z = −4.81, p < 0.0001) and Josephine (z = −4.65, p < 0.0001) counties and species
regularly using feeders were delivered to rehabilitation centers in proportions expected
from their indices of regional abundance (Figure 3). At Wildlife Images in Josephine County,
there was a significant relationship between ranked index of abundance of species using
feeders and admission due to interaction with a cat (z = 3.35, p = 0.0008). However, the
relationship was much weaker for Turtle Ridge in Marion County (z = 1.34, p = 0.179).

3.2.4. Residency

Resident species outnumbered migrants at both rehabilitation centers. We found no
significant differences from expected proportions of residents and migrants admitted to
the rehabilitation centers, either as a whole or limited to species noted to have interacted
with cats.

3.2.5. Terrestrial Species

Birds that forage on or near the ground were more likely to rank high on the list of
species reported to have interacted with a cat in the Salem area (z = −3.42, p = 0.0006) but
not in Grants Pass (z = 1.55, p = 0.12).
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4. Discussion

Of reported causes of bird admissions to wildlife rehabilitation centers, cat-related
interactions were second behind orphaned/behavioral stranding and accounted for 12.3%
of all admissions. Admissions of bird species generally reflected local species abundances.
We found strong positive correlations between rank orderings of species on eBird checklists
and in lists of species admitted because of cat interactions. Residency versus migratory
status did not influence likelihood of cat interactions. While species admissions were
correlated with our indices of local abundance, species with an adult body mass of 70 g or
less were distinctly under-represented in rehabilitation center data. The absence of such
species was not limited to presumed cat interactions, meaning their absences were in-
dicative of a general source of bias where small, injured birds were infrequently detected,
rescued or delivered to rehabilitation centers relative to their regional abundance. Perhaps
unsurprisingly, species more likely to have been reported as injured by a cat tended to be
terrestrial species, but associations with use of bird feeders was equivocal with a significant
positive association at one study site but not the other. Both total admissions and cat-related
admissions came more from urban than rural areas. Overall, the sample included more
terrestrial and near-terrestrial species than species foraging higher above ground, species
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larger than 70 g but less than the 200 g typical upper range of size cats regularly attack [27],
and species with higher indices of relative abundance.

The proportion of cat-related causes of admission at Turtle Ridge (12.4%) and Wildlife
Images (12.2%) aligned closely to most previous reports from centers in the United States,
including 5% in Maine [17], 8% in Ohio [21], 9.8% in Wisconsin [19], 13.7% in Virginia [22]
and 25.4% in Florida [18], but was lower than a Tennessee study [15] reporting 48.3%
admissions owing to cat interactions. Cat interaction was the second-most frequently
identified admission reason at each center, following “orphaned” (34%) at Turtle Ridge and
“behavioral stranding” (13%) at Wildlife Images. Wildlife Images had much higher rates
for “behavioral stranding” and “abduction with intent to rescue”, which likely overlapped
with Turtle Ridge’s use of “orphaned,” reasonably placing cat interaction as the second
most common form of reported reason at both centers. Despite possible differences in
use of admission categories at the two centers, we conclude that cat interactions were a
common reason for admission at both centers. Some uncertainty is involved, however,
for two reasons. First, rehabilitation center data did not provide independently verifiable
information of cat interactions. They relied on reports of the people who rescued each
animal. Second, the rate at which birds interacting with cats were delivered to rehabilitation
centers also remains obscured because approximately 23% of admissions did not include
a reason for admission in the WILD-ONe database. The authors in [21] found similar
results with no cause of admission being reported in 20% of cases. Thus, our average
of 12.3% may be a low estimate if we conclude the importance of undetermined causes
of admission outnumber incorrect reports of cat-related interactions. At a minimum,
hundreds of birds per year were brought to the two rehabilitation centers after rescuers
determined involvement of a cat was likely.

Despite uncertainty in the rates of cat-related admissions, it is clear that the most
common bird species, especially those foraging on or near the ground, were admitted most
often. The two centers sampled from largely similar bird communities, sharing eight of the
top ten most frequently admitted species. A few regional and habitat-related differences
in species composition and abundances were apparent. At both sites, bird species tended
to be admitted at rates reflecting their local abundances. That is, when rank-ordered
from most to least common, common species were also the most commonly admitted
after cat interactions. Common species also comprised the majority of birds admitted
due to interaction with a cat at the Wildlife Center of Virginia [22] and throughout North
America [21].

While admission rates appeared to reflect local abundance, species with an adult body
mass of under 70 g were under-represented in rehabilitation center admissions for any
cause, including interaction with a cat. These common species included Anna’s Hum-
mingbirds Calypte anna, Black-capped Chickadees Poecile atricapillus, Dark-Eyed Juncos
Junco hyemalis, and Spotted Towhees in both Salem and Grants Pass, as well as Song
Sparrows Melospiza melodia in Salem. We hypothesize that small-bodied birds may be
under-represented because they are less likely to survive traumatic events, to be found
if they do survive injuries, or to be transported successfully to rehabilitation centers. An
additional explanation could involve identification challenges. Rehabilitation center volun-
teers might confuse species, such as sparrows, with other similar species and dilute the
rate at which individual species are reported relative to sparrows or some other similarly
appearing species as a whole. We do not think the low rates of admission for species under
70 g can be explained by higher rates of cat-caused mortality instead of injury because
this class of small birds was absent from all admissions regardless of indicated cause
of admission.

Birds were more likely to be rescued from urban areas than from rural areas, even as
evaluated with our coarse categorization of habitat type. The trend for more admissions
from urban areas was seen in all admissions, although it was much less pronounced for
admissions due to interaction with a cat at Wildlife Images, where birds were nearly
equally likely to come from an urban or rural area. This contrasts with admissions at Turtle
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Ridge, where birds admitted for cat-related reasons were more likely to have come from
urban areas than for all other admission reasons. Wildlife Images is located near a much
smaller city than Turtle Ridge, which may affect where birds are found and rescued. Only
a few species were more strongly associated with urban or rural rescue locations when
cause of admission was interaction with a cat. In Salem, these species included California
Scrub-Jays, European Starlings and, to a lesser extent, American Crows. These three species
were found to be associated with urban areas. In Grants Pass, Spotted Towhees were
more likely to have come from rural environments. Overall, significant differences were
uncommon because samples sizes of most individual species were small. Our study region
included two cities of moderate size, neither of which abutted protected natural areas. A
South African study of cat–bird interactions in an urbanized landscape using video footage
from cat-borne cameras found cats caught few non-native species in urbanized areas and
suggested cats whose home ranges adjoin natural areas near urbanized areas could post
greater risks for native species [32]. Thus, landscape context can influence the species most
at risk of predation from free-ranging cats.

Our interpretation of the results requires consideration of assumptions associated with
use of rehabilitation center data. We consider several caveats and offer recommendations
for improving the scientific value of data collected at wildlife rehabilitation centers and
archived in the WILD-ONe database. Several points of uncertainty in wildlife rehabili-
tation data stem from admission procedures and circumstances of rescue. Patient intake
procedures vary between rehabilitation centers, and the quality of information collected at
admission can vary at each center. Rehabilitation centers are often run by a combination
of staff and volunteers and may experience high volunteer turnover leading to a low
level of experience by those completing admissions. Information collected at the time of
admission may also be incomplete, due to incorrect use of admission forms or because
the person bringing in the animal may have incorrect or incomplete information about the
circumstances of rescue. An undetermined cause of admission, for example, was noted in
23% of cases at the western Oregon centers. When thousands of patients are admitted each
year, this represents a substantial number of cases for which an admission cause was not
determined. Although we screened data for records indicating interactions with cats, the
empirical evidence for such interactions is sparse, and not well documented on admission
forms either at time of admission or after inspection by rehabilitation personnel. The rate at
which cat interactions occurred could be under-estimated because of the large proportion
of admissions owing to undetermined causes or even over-estimated if rescuers incorrectly
attribute animal injuries to cats.

Some centers may prioritize recording of certain causes of admission over others.
While it is possible to enter multiple causes of admission just as it is possible to list multiple
injury details, employees or volunteers may need to prioritize the most apparent cause, or
the cause that will require the most aggressive treatment. When birds are potentially injured
by cats, for example, it is common practice to treat them immediately with antibiotics [33],
a step not normally taken if injuries may have resulted from a collision. The accuracy of
diagnoses, therefore, certainly influences the interpretation of proportion of admissions
to centers as a function of presumed causes. Diagnoses vary between centers as well. For
example, from the different distributions of admission causes at Turtle Ridge and Wildlife
Images it appears that the rescue of fledglings was coded quite differently, orphaned at one
center and as behavioral stranding or abduction with intent of rescue at the other.

Beyond uncertainty in cause of admission, other data collected from wildlife rehabil-
itation centers may be incorrect or incomplete. We found several instances of probable
misidentification of species, as well as suspected misidentifications. When identifications
are clearly wrong, they are normally easy to correct (for example, correcting a presumed
erroneous identification or data entry mistake from Eastern to Western Bluebird). In other
cases, the identifications of similarly appearing species do cause uncertainty in data. To
reduce these effects, we combined similar species into species groups (e.g., Sphyrapicus
sapsuckers and Spinus goldfinches), but other potential misidentifications are difficult to
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detect. A step that could reduce such uncertainty could be to require pictures of each
patient be uploaded into the WILD-ONe database and available for independent verifica-
tion. We recognize that this step may not always be convenient because of the degree of
injuries, need for expediency of treatment, or other sensitive situations. Given the scientific
utility of rehabilitation center data, however, getting the species identifications correct
should be a top priority. It is probably unreasonable to expect rehabilitation center staffs,
characterized by high turnover of volunteers, to be skilled at species levels identifications
of all potential patients, particularly when many of those patients may be fledglings or
juveniles in unfamiliar plumages. The difficulty of proper identification of species may also
justify more flexibility on the part of data collection services. While WILD-ONe currently
provides an option to categorize species as an “undetermined bird,” more potential levels
of identification, such as genera or species groups, may benefit both rehabilitation centers
and researchers. Using the same species taxonomy as iNaturalist, for example, and sub-
mitting to iNaturalist pictures of admissions for which species identity is uncertain could
provide an opportunity to connect with the artificial intelligence programs and supporting
assembly of taxonomic experts that identify species for iNaturalist.

Overall, wildlife rehabilitation centers provide an important opportunity to gather
scientific data of relevance to conservation biology, but do need improvements that could
increase the scientific rigor of data collected [19,22]. Future efforts to address uncertainties
associated with rehabilitation center data should target both the centers and the database
management service collecting the data (Table 6). Wildlife rehabilitation centers vary widely
in size and funding, which will cause variation in the ability of individual rehabilitators
or centers to meet these recommendations, some of which require significant financial or
professional resources. Training of center personnel to transfer more complete accounting
of potential explanations for injuries onto admission forms could reduce the fraction of
records with undetermined causes. Although widespread training may be impractical
given the characteristics of most volunteer-based rehabilitation centers, training focused
on centers most interested in collaborating with scientific research groups might be pro-
ductively implemented. A network of well-funded centers with lower turnover of human
resources might be identified and adjustments in intake and data collection procedures
could be implemented to maximize the scientific reliability of information gathered from
admitted patients.

Table 6. Recommendations for wildlife rehabilitators and database designers to improve accuracy and scientific utility of
data collected by wildlife rehabilitation centers.

Wildlife Rehabilitators or Centers Database Designers and Operators

Consistent training on admission procedures
Designing admissions paperwork to reflect

database requirements
Access to individuals trained in species identification for all

species groups admitted by the rehabilitator
Consistent procedures with paperwork, including

disposition information

Greater flexibility with species information
Allowing less specific information pertaining to injury/illness

Readily available definitions of all terms used

Determination of which bird species are more likely to have interactions with a cat
matters because these birds often die, even after being admitted to a wildlife rehabilitation
center. The authors of [20] found a 78% mortality rate for birds brought to a wildlife
rehabilitation center after having been attacked by a cat. This number did not include
birds that died immediately during the interaction, but included birds that died during
transport, or died or were euthanized at the rehabilitation center. The authors of [15] found
that 71.3% of birds admitted to a wildlife hospital in Tennessee for a cat-related reason
either died or were euthanized. The authors of [21] noted that 68% of birds admitted to
wildlife rehabilitation centers due to interaction with a cat died or were euthanized, and
only 24% were released. These high rates indicate that even birds injured and escaping
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(or being rescued from) cats are likely to die, suggesting that estimates of cat-caused bird
deaths extrapolated from data on rates at which cats deliver prey back to their homes are
low. At the least, our data corroborate the concern that estimating the impacts of cats on
bird populations is a complex problem.

5. Conclusions

Despite our concerns of possible biases in the rehabilitation center data, several
conclusions from our analyses should be robust to such issues. First, cat-related interactions
are an important source of injured birds being delivered to rehabilitation centers. The
general proportions of such causes at the centers we studied align closely with such
proportions at other centers. Second, hundreds of birds per year per center are injured
by cats and rescued by the public. Third, cat interactions occurred most often with the
commonest species in each region, being largely in direct proportion to each species’
prevalence on checklists in the eBird database. Fourth, species foraging on or near the
ground were most often admitted to the rehabilitation centers. Finally, small (<70 g)
common birds were under-represented, probably resulting from sampling biases associated
with discovering the birds when they were injured.

Wildlife rehabilitation centers provide important services to the public and to wildlife
generally [17,19]. The data they collect, when shared through structured databases such as
WILD-ONe, can provide useful information on sources of mortality, rehabilitation success,
and locations of high-risk areas for wildlife [22]. Additional steps to improve the ability to
verify data taken at time of admission will increase the value of the data even more.
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Appendix A

Appendix A.1. Defining Interaction with a Cat

We necessarily used a broad definition of interaction with a cat because admission
data report observations made by rescuers and are not independently verifiable. The
interactions range from the abduction or rescue of birds due to concern of a potential
interaction with a cat (e.g., fledglings being rescued to protect them from cats) to direct
interactions where the bird was rescued from the mouth of a cat. Our choice to use a broad
definition results from the difficulty in confirming the level of interaction that has occurred
when detailed information is not taken at the time of admission.

Center admission forms contain basic information (date, time of intake, contact name
and address of the rescuer, address where the animal was rescued) requested from the
rescuer. The forms from our centers also requested information on possible cause of injury,

https://www.mdpi.com/article/10.3390/d13070322/s1
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listing common causes that might be quickly noted by the intake personnel (e.g., car hit,
window hit, orphaned, contact with a cat). The forms also include space to list intake
procedures undertaken, typically without any prompts to direct the personnel toward
particular information, and the disposition of the animal after its admission.

Appendix A.2. Handling of Potential Species Identification Issues

Staff and volunteers at wildlife rehabilitation centers are often not experts in species
identification. In many cases, animals are not adults (e.g., fledgling birds), making identifi-
cation even more difficult.

In two cases, we combined species into a single category.
Sapsuckers (Sphyrapicus spp.) include three species that hybridize and pose identifi-

cation challenges even for experienced observers. Thus, we combined all sapsuckers into
one group.

American Goldfinches (Spinus tristis) and Lesser Goldfinches (Spinus psaltria) were
combined into a single category, Goldfinches. The two species of goldfinch were combined
because of complexities of correctly identifying them, particularly in the cases of juveniles,
females, and non-breeding males.

References
1. Rosenberg, K.V.; Dokter, A.M.; Blancher, P.J.; Sauer, J.R.; Smith, A.C.; Smith, P.A.; Stanton, J.C.; Panjabi, A.; Helft, L.; Parr, M.; et al.

Decline of the North American Avifauna. Science 2019, 366, 120–124. [CrossRef]
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