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Simple Summary

Wild birds are an essential part of healthy ecosystems. Still, many are injured or die because
of human activities such as collisions with buildings and cars, illegal captivity, power lines,
and attacks by domestic animals. Wildlife rehabilitation centers care for these birds, work
to return them safely to the wild, and provide valuable information about the main threats
they face. In this study, we reviewed 18 years of records from a wildlife recovery center
in northern Portugal, including more than 5000 wild birds from 135 species. We found
that admissions increased over time, although the trend was not statistically significant,
especially for birds of prey such as the Tawny Owl (Strix aluco) and the Common Buzzard
(Buteo buteo). The most common reasons for admission were orphaned birds, birds of
unknown origin, and birds rescued from illegal captivity. Overall, fewer than half of
the birds were successfully released back into the wild. Birds injured by electrocution
had the lowest chances of survival, while gunshot wounds were associated with variable
outcomes. These results demonstrate the extent to which human activities affect wild birds
and underscore the importance of wildlife rehabilitation centers for conservation, public
education, and the development of measures to reduce preventable injuries.

Abstract

Wild birds are increasingly exposed to anthropogenic threats that compromise population
viability. Wildlife rehabilitation centers provide valuable data to monitor these pressures
and their conservation implications. This retrospective study analyzed wild bird admissions
to the Wildlife Recovery Center of the University of Tras-os-Montes and Alto Douro (CRAS-
UTAD) in northern Portugal between January 2007 and October 2025. A total of 5090 birds
from 135 species and 44 families were admitted. Causes of admission were grouped
into 11 categories, and outcomes into 7. Admissions increased over time, rising from
approximately 160 birds in 2007 to more than 430 in 2025, although the overall temporal
trend was not statistically significant. Birds of prey were the most frequently admitted
group, particularly Strix aluco (9.16%) and Buteo buteo (8.00%). The most common causes
of admission were orphaned birds (26.2%), followed by seizures from illegal captivity
(12.2%) and collisions (5.0%). Overall, 43.2% of birds were released, while 29.4% died and
18.3% were euthanized. Admission cause was strongly associated with outcome, with
electrocution showing the poorest prognosis and seizure from illegal captivity the highest
probability of release. These findings highlight the major impact of human activities on
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wild bird morbidity and mortality and reinforce the importance of rehabilitation centers as
sentinels for conservation and mitigation strategies.

Keywords: wildlife; birds; conservation; mortality; release

1. Introduction

In recent decades, wildlife populations have declined significantly, placing many
species at high risk of extinction and reducing global biodiversity [1,2]. These trends
underscore the urgent need for effective wildlife conservation strategies, as interactions
among humans, ecosystems, and animals directly affect environmental stability, human
health, and quality of life [3].

Wild birds perform key ecological functions, including scavenging, pest control, polli-
nation, seed dispersal, and nutrient cycling [4]. Despite their ecological importance, they
are increasingly threatened by anthropogenic pressures, including habitat loss, collisions,
and poisoning, which compromise population viability and biodiversity conservation [5,6].

Wildlife rehabilitation centers (WRCs) play a dual role in this context. While their
primary function is to provide medical care and rehabilitation to individual animals, they
also generate valuable data on environmental pressures and emerging threats. Systematic
recording of admissions, causes, and outcomes enables the identification of hazards and
the assessment of ecological and anthropogenic stressors at regional scales [7-10].

The ultimate goal of these centers is to release animals back into the wild under
conditions that maximize survival and successful reintegration, without posing risks to
existing populations [11]. Across several countries, numerous centers operate with diverse
species and adopt varying management protocols, logistical capacities, and resources [12].

Given their role in conservation and epidemiological surveillance, this study presents
a retrospective analysis of wild bird admissions to the Wildlife Rehabilitation Centre of
the University of Tras-os-Montes and Alto Douro (CRAS-UTAD), Portugal. We analyzed
species composition, causes of admission, geographic origin, and clinical outcomes to
characterize long-term patterns, identify factors associated with rehabilitation success, and
determine predictors of release and adverse outcomes.

2. Materials and Methods
2.1. Study Area and Data Collection

This study was conducted at the Wildlife Rehabilitation Centre of the University of
Tras-os-Montes and Alto Douro (CRAS-UTAD), located in Vila Real, Northern Portugal
(41°17'23.6" N; 7°44/23.9” W). The center serves a broad geographical area, primarily
covering northern and central districts of Portugal, encompassing a wide range of habitats,
including mountainous, urban, and agricultural landscapes.

A retrospective analysis was performed using clinical records of all wild animals
admitted to the center over 18 years, from January 2007 to October 2025. Admissions
were distributed across taxonomic classes (birds, reptiles, mammals, amphibians, and
invertebrates); however, amphibians and invertebrates were grouped into a single category
due to their low frequency. Although CRAS-UTAD admits multiple taxonomic classes,
birds (class Aves) accounted for the majority of admissions (84.86%) and were therefore
selected for further analysis.

For each animal of class Aves, the following parameters were recorded: common and
scientific name, taxonomic order and family (according to the IOC World Bird List [13],
date of admission (year), age (categorized as juvenile/chick or adult, when available), the
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entity or individual responsible for transportation, geographical origin, cause of admission,
and final clinical outcome. Sex and age were excluded from statistical analyses due to the
high proportion of missing data.

2.2. Categorization of Admission Causes

Admission causes were classified into eleven distinct categories: (1) orphaned (healthy
chicks or fledglings found displaced from the nest); (2) collision (strikes involving vehi-
cles, glass windows, or other anthropogenic structures); (3) illegal captivity (wild birds
unlawfully kept by private individuals and handed over without enforcement action);
(4) seizures (confiscations by environmental authorities); (5) gunshot (radiographic de-
tection of projectiles causing injury or flight incapacity); (6) electrocution (clinical signs
consistent with electrical injury); (7) predation (by domestic or wild animals); (8) unknown
(undetermined causes); (9) transferred (from other wildlife recovery centers); (10) birth at
CRAS-UTAD (eggs incubated and hatched in captivity) and (11) capture (victims of traps,
nets, or confinement in anthropogenic structures such as chimneys or buildings).

2.3. Categorization of Clinical Outcomes

The outcome was classified into seven categories: (1) released (successfully rehabili-
tated and released into the wild); (2) death (natural or confirmed by necropsy); (3) eutha-
nized (cases with non-releasable conditions or infectious risks); (4) escaped; (5) in treatment
(still under rehabilitation at the end of the study period); (6) transferred (to other centers for
continued recovery or release); and (7) nest replacement (chicks returned to their original
nest by staff).

2.4. Statistical Analysis

Descriptive statistics were used to summarize the data. For the total sample de-
scription, amphibians and invertebrates were grouped into a single category due to their
low frequency.

Temporal trends in admissions were explored using generalized linear models (GLMs)
with a negative binomial distribution and a log link function to account for overdispersion
in count data. Year was included as a continuous predictor of the annual number of
admitted birds, and regression coefficients (3) were used as the average annual rate of
change in the number of admissions, with statistical significance assessed using a Wald
test [14,15].

To further evaluate temporal trends by cause of admission, additional Generalized
linear models (GLMs) with a negative binomial distribution were fitted. The annual
number of admitted individuals per cause was used as the dependent variable, with
year as a continuous covariate and cause of admission as a categorical predictor. An
interaction term (cause x year) was included to evaluate whether trends differed among
causes. Model fit was assessed using deviance, Pearson chi-square statistics, and the Akaike
Information Criterion (AIC). The significance of effects was assessed using Type III Wald
chi-square tests [14,16].

Associations between taxonomic order and cause of admission, taxonomic order and
outcome, and cause of admission and outcome were analyzed using Pearson’s chi-square
tests. Standardized and adjusted residuals were used to identify cell-specific associations,
and effect size was estimated using Cramér’s V [14,17]. Taxonomic orders with fewer
than 50 individuals were grouped into a single category (“Others”) to reduce sparsity and
improve robustness.

To estimate predictors of release and poor outcome, two multivariable binary logistic
regression models were fitted. Odds ratios (ORs) and 95% confidence intervals (95% Cls)
were calculated for release (released vs. not released) and for poor outcome (death or
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euthanasia vs. all other outcomes). Admission cause and taxonomic order were included
simultaneously in both models to assess their independent effects. For the release model,
outcomes were coded as 1 = released and 0 = not released; for the poor-outcome model,
outcomes were coded as 1 = death or euthanasia and 0 = all other outcomes. Reference
categories were defined as “Unknown” for admission cause and “Passeriformes” for the
taxonomic order, as these were the most frequent categories, ensuring stable estimates and
facilitating interpretation. Model performance was evaluated using the omnibus likelihood
ratio test, Nagelkerke’s R?, overall classification accuracy, and the area under the receiver
operating characteristic curve (AUC) [18,19]. This approach was selected a priori based on
the binary nature of both outcomes and the study’s inferential objectives, as odds ratios
and 95% confidence intervals are directly interpretable, clinically meaningful, and allow
direct comparison with the published rehabilitation literature.
Statistical significance was set at p < 0.05.

3. Results
3.1. Admission Patterns and Temporal Trends
Over the 18-year study period, from 10 January 2007 to 17 October 2025, a total of

5998 animals were admitted. Of these, 5090 were birds, 790 were mammals, 101 were
reptiles, and 17 belonged to the amphibians and invertebrates (Figure 1).

Birds - 84.86%
@ Mammals - 13.17%
@ Reptiles - 1.68%

Amphibians and Invertebrates - 0.29%

Figure 1. Pie chart illustrating the class of animals admitted over eighteen years.

Regarding birds, admissions increased over time, rising from approximately 160 birds
in 2007 to more than 430 in 2025, although fluctuations were evident throughout the period
(Figure 2). Between 2008 and 2011, admissions remained relatively stable. In 2012, a marked
increase was observed, followed by a slight decline in 2013. From 2014 to 2017, admissions
showed moderate variation, and from 2018 onward, a consistent upward trend emerged,
culminating in a peak in 2025. The coefficient for year was positive (3 = 0.053), correspond-
ing to an estimated 5.5% annual increase in total admissions (IRR = 1.055; p < 0.001).
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Figure 2. Graph illustrating the number of birds admitted by study year.

3.2. Taxonomic Composition (Order, Families, and Species)

Admissions included 135 bird species, identified and classified into 44 families, across
21 orders.

Admissions were dominated by orders Passeriformes (31.0%), Accipitriformes (21.9%),
and Strigiformes (19.0%), which together accounted for more than 70% of all cases. Columb-
iformes and Apodiformes were the next most represented orders, while all remaining
orders contributed less than 5% each.

At the family level, approximately 70% of all admissions belonged to six families:
Accipitridae (21.9%), Strigidae (15.3%), Fringillidae (10.2%), Columbidae (8.7%), Apodidae
(8.6%), and Turdidae (6.8%) (Figure 3). In addition, a high diversity of less frequently
represented families was observed, with 30 families each accounting for less than 1% of
total admissions. Some of these, such as Anatidae, Laridae, and Ardeidae, accounted for
approximately 0.7%, whereas only a few individuals represented several others.

Order

Fringillidae 519 (10.2%)

Turdidae 346 (6.8%)

Corvidae 208 (4.1%) Passeriformes

Passeridae - 185 (3.6%)
Hirundinidae - 97 (1.9%)

¥ 4

= Strigiformes
Tytonidae - 190 (3.7%)
Apodidae 439 (8.6%)
Ciconiidae - 132 (2.6%) Ciconiiformes

Falconidae 118 (2.3%)

o

250 500 750 1000 1250 1500 1750
n

Figure 3. Families with the highest number of admissions (n) and corresponding percentage of total
admissions. Bars are color-coded by taxonomic order, as indicated on the right. Families belonging to
the same order are grouped together.
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Regarding species, the most frequent were Strix aluco (9.2%) and Buteo buteo (8.0%),
followed by Carduelis carduelis (6.4%), Turdus merula (6.1%), Apus apus (5.9%), and
Columba livia (5.3%). Together, these species accounted for approximately 41% of all
admissions (Figure 4).

Athene noctua
183

Strix aluco
466 Accipiter nisus

176
Tyto alba
190
Passer domesticus
174
g Columba livia
271
Accipiter gentilis
91
Apus pallidus
138
Carduelis carduelis
327

Streptopelia decaocto
89

Buteo buteo
407

Apus apus
301

Circus pygargus
121 Ciconia ciconia
131
Turdus merula
312

Figure 4. Species with the highest number of entries.

3.3. Delivery Source and Geographic Distribution

Most animals admitted to CRAS-UTAD were delivered by the Nature and Environ-
ment Protection Service (SEPNA) (44.24%) and private citizens (32.89%), followed by
transfers from other wildlife rehabilitation centers (10.26%) and the Institute for Nature
Conservation and Forests (ICNF) (8.37%). Other sources contributed marginally, including
the police (0.92%), unknown transporters (3.08%), forest rangers (0.1%), firefighters (0.08%),
and highway concessionaires (0.06%) (Figure S1).

Most admitted animals originated from regions close to the rehabilitation center,
particularly the municipality of Vila Real 1759 (34.56%), followed by nearby municipalities
such as Peso da Régua 380 (7.47%), Chaves and Alij6 205 each (4.03% each), and Lamego
217 (4.26%). Other municipalities showed intermediate proportions, including Terras de
Bouro 145 (2.85%), Vila Pouca de Aguiar 155 (3.05%), Braganca 173 (3.4%), Mirandela
141 (2.77%), Torre de Moncorvo 152 (2.99%), and Vila Nova de Gaia 118 (2.32%). The
remaining locations accounted for very low frequencies (less than 1% each), including
major urban centers such as Lisbon 37 (0.73%) and Porto 12 (0.24%). The results are
presented in Figure S2.
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Order

Strigiformes

Passeriformes

Others

Falconiformes

Columbiformes

Ciconiiformes

Apodiformes

Accipitriformes

.cccccCc

3.4. Admission Causes

The most frequent causes of admission were orphaned birds (26.2%) and seizures
from illegal captivity (12.2%). Traumatic causes, including collisions (5.0%), gunshot (3.1%),
predation (2.3%), and electrocution (1.75%), were less common. Other causes included
capture (4.3%), transfers (7.6%), and birth at the center (2.0%). Cases with incomplete or
imprecise information (classified as “unknown”) accounted for 33.2% of admissions.

Temporal trends differed significantly among admission causes, as indicated by
the inclusion of an interaction term (cause X year) in the model (likelihood ratio test:
x2(10) = 756.74, p <0.001; AAIC = 736.7). All admission causes increased significantly over
time, except for birds born at the center, namely orphaned birds (3 = 0.053, p < 0.001),
capture in anthropogenic structures (3 = 0.055, p < 0.001), transfers (3 = 0.050, p = 0.002),
unknown origin (3 = 0.054, p < 0.001), including seizures from illegal captivity ( = 0.053,
p = 0.003), collisions (3 = 0.052, p < 0.001), gunshot (3 = 0.055, p < 0.001), and electrocution
(B =0.050, p =0.014).

Admission causes differed significantly among taxonomic orders (p < 0.001; Figure 5).
Analysis of adjusted residuals showed that Passeriformes had a strong positive association
with seizure (adjusted residual = 34.5), as well as with orphaned (7.4) and predation (4.8),
and a negative association with unknown causes (—17.6) and transfer (—11.6). Accipitri-
formes were positively associated with gunshot (16.0), electrocution (12.8), birth at the
center (17.8), and transfer (13.2), and negatively associated with seizure (—13.4) and or-
phaned (—19.1). Strigiformes were strongly associated with orphaned (15.2) and negatively
associated with seizure (—12.8). Columbiformes showed positive associations with capture
(6.7), unknown causes (8.4), and predation (9.4).

(]
e © ©

-0 @00 -
Q000 80
o o °o o O . Q@ o
> o o @ O o o 0O
°o @ o o 0 09 O o 0 g
@ - e e 0 O o @ O e
9 o O . - o @ o
e o @ . . o 9D O 0 .
Capt. Captu. Coll. Elect. Gun. Orph. Pred. Unk. Seiz. Transf.
Admission

Figure 5. Bubble plot of adjusted residuals from Pearson’s chi-square test between bird orders and
causes of admission (Birth = birth at the center; Capt. = capture; Captu. = captivity; Coll. = collision;
Electr. = electrocution; Gun. = gunshot; Orph. = orphaned; Pred. = predation; Unk. = unknown;
Seiz. = seizure, Transf. = transfer). Blue bubbles indicate positive associations and red bubbles indi-
cate negative associations. Bubble size is proportional to the absolute value of the adjusted residuals.
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Order

Strigiformes

Passeriformes

Others

Falconiformes

Columbiformes

Ciconiiformes

Apodiformes

Accipitriformes
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Death Euthanasia Release Transfer Treatment Escape

9
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3.5. Clinical Outcomes

Overall, 43.2% of birds were successfully released, while 29.4% died and 18.3% were
euthanized. Less frequent outcomes included transfer (3.3%), ongoing treatment (4.3%),
escape (1.4%), and nest replacement (<0.1%) (Figure S3).

The association between animal order and outcome was statistically significant
(p < 0.001) (Figure 6). Analysis of adjusted residuals revealed that Passeriformes showed a
strong positive association with return to the wild (adjusted residual = 6.3) and death (9.0),
and a strong negative association with euthanasia (—12.8) and transfer (—5.3). Accipitri-
formes were positively associated with euthanasia (9.0) and transfer (3.2), and negatively
with return to the wild (—4.5) and death (—5.1). Columbiformes and Ciconiiformes also
showed positive associations with euthanasia (8.6 and 4.5, respectively). Strigiformes were
positively associated with escape (4.3), treatment (3.3), and transfer (3.2), and negatively
associated with death (—4.9).

D

o
9
J

@ Positive

@ Negative

2

©C0coolPe
c Q0000 <@

YO XOX R ESY
00 : 0000

Outcomes

Figure 6. Bubble plot of adjusted residuals from Pearson’s chi-square test between bird orders and
clinical outcomes. Blue bubbles indicate positive associations and red bubbles indicate negative
associations. Bubble size is proportional to the absolute value of the adjusted residuals.

Clinical outcome was strongly associated with the cause of admission (p < 0.001). High
release rates were observed for seizures (83.8%), capture (71.6%), and births at the center
(83.7%). In contrast, electrocution was associated with an extremely poor prognosis, with
only one successful release and a predominance of euthanasia cases (n = 83). Traumatic
causes, such as collisions and gunshot, were linked to intermediate outcomes, with release
rates of 37.8% and 29.3%, respectively, alongside considerable mortality and euthanasia.
Predation cases also showed high mortality. In contrast, cases classified as orphaned and
unknown displayed high variability across outcomes, accounting simultaneously for the
highest numbers of releases, deaths, and euthanasia. Detailed distributions are provided in
Table S1.

To better illustrate the relationships among admission cause, taxonomic order, and
clinical outcome, a Sankey diagram was constructed (Figure 54).
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3.6. Predictors of Release and Poor Outcome

Both multivariable logistic regression models for predictors of release and poor out-
comes were statistically significant (p < 0.001).

Considering release, admission cause was a strong predictor (p < 0.001). Compared
with birds admitted for unknown causes, the highest odds of release were observed
for seizures (OR = 17.49, p < 0.001) and birth at the center (OR = 11.27, p < 0.001), fol-
lowed by capture (OR = 6.09, p < 0.001), captivity (OR = 2.67, p < 0.001), and collision
(OR =1.43, p =0.013). Orphaned was also associated with an increased probability of
release (OR = 1.64, p < 0.001). In contrast, electrocution was associated with a markedly
reduced likelihood of release (OR = 0.025, p < 0.001). Gunshot, predation, and transfer were
not significant predictors (Figure 7A).

A Release by Admission Cause B Release by Taxonomic Order
Seizure -
Apodiformes -o-
Birth CRAS-UTAD —
Strigiformes L
Capture -
Captivity 1 Ciconiiformes ——
Orphan L 2
Accipitriformes 4
Collision -
Transferred -O- Falconiformes ~O-
Gunshot -0-
Columbiformes O
Predation --O--
Others -
Electrocution _—
0.601 0]01 0.‘1 1 16 00‘01 0.61 0:1 1 1‘0
0Odds Ratio (OR) 0Odds Ratio (OR)

Reference: Unknown
® p<005 O p=005

Figure 7. Odds ratios (ORs) and 95% confidence intervals from the multivariable logistic regression
model predicting release. (A) Admission cause (reference category: unknown). (B) Taxonomic order
(reference category: Passeriformes). The vertical dashed line indicates OR = 1 (no effect). Values
above 1 indicate higher odds of release compared to the reference category, whereas values below 1
indicate lower odds. Green filled circles and solid lines indicate statistically significant associations
(p < 0.05); gray open circles and dashed lines indicate non-significant associations.

Taxonomic order was also significantly associated with release (p < 0.001). Compared
with Passeriformes, higher odds of release were observed in Accipitriformes (OR = 1.52,
p <0.001), Apodiformes (OR = 2.70, p < 0.001), Ciconiiformes (OR = 1.66, p = 0.012), and St-
rigiformes (OR = 2.10, p < 0.001). No significant differences were found for Columbiformes
(p = 0.179), Falconiformes (p = 0.075), or other orders (p = 0.051) (Figure 7B).

For poor outcome predictions, admission cause was a strong predictor (p < 0.001).
Relative to unknown causes, electrocution was associated with a markedly increased
likelihood of poor outcome (OR = 60.47, p < 0.001). In contrast, seizures (OR = 0.04,
p < 0.001), birth at the center (OR = 0.07, p < 0.001), capture (OR = 0.13, p < 0.001), captivity
(OR =0.19, p < 0.001), orphaned (OR = 0.47, p < 0.001), transfer (OR = 0.45, p < 0.001) and
collision (OR = 0.74, p = 0.030), were associated with significantly reduced odds of poor
outcome, indicating more favorable prognoses. Gunshot and predation were not significant
predictors (Figure 8A).
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Electrocution

Gunshot

Predation

Collision

Orphan

Transferred

Captivity

Capture

Birth CRAS-UTAD

Seizure

A Poor Outcome by Admission Cause B Poor Outcome by Taxonomic Order
P S N—
Others O-
-O-
Columbiformes @
- .(3 -
- Ciconiiformes .
R 4
Accipitriformes S 2
-
—— Apodiformes E &
——
Strigiformes R
——
Falconiformes ——
0.01 01 1 10 100 1000 0.01 0.1 1 10 100 1000
0Odds Ratio (OR) 0Odds Ratio (OR)

Reference: Unknown
® p<005 O p=005

Reference: Passeriformes

Figure 8. Odds ratios (ORs) and 95% confidence intervals from the multivariate logistic regression
model predicting poor outcome. (A) Admission cause (reference category: unknown). (B) Taxonomic
order (reference category: Passeriformes). The vertical dashed line indicates OR =1 (no effect). Values
above 1 indicate higher odds of a poor outcome, whereas values below 1 indicate lower odds. Green
filled circles and solid lines indicate statistically significant associations (p < 0.05); gray open circles
and dashed lines indicate non-significant associations.

Taxonomic order was also significantly associated with poor outcome (p < 0.001).
Compared with Passeriformes, the odds of poor outcome were significantly lower in
several orders, particularly Apodiformes (OR = 0.32, p < 0.001) and Strigiformes (OR = 0.32,
p < 0.001), which exhibited the lowest odds among all groups. Lower odds were also
observed for Accipitriformes (OR = 0.45, p < 0.001), Ciconiiformes (OR = 0.45, p < 0.001),
Columbiformes (OR = 0.71, p = 0.008), and Falconiformes (OR = 0.31, p < 0.001). No
significant differences were observed for other orders (Figure 8B).

4. Discussion

This study aimed to characterize long-term patterns of wild bird admissions and
identify predictors of rehabilitation outcomes at a wildlife rehabilitation center in northern
Portugal. Birds accounted for the majority of admissions, with orphaned birds as the
most frequent category. Admission cause emerged as the main predictor of outcome, with
electrocution strongly associated with poor prognosis, while seizure and birth at the centre
were associated with higher probabilities of release.

4.1. Rising Admissions Are Dominated by Urban-Adapted Birds

Birds accounted for the majority of admissions, consistent with patterns reported
at other wildlife rehabilitation centers [20,21], likely reflecting their greater susceptibility
to anthropogenic trauma, particularly collisions and fractures associated with flight and
increasing human infrastructures [5,22-24], as well as higher detectability following injury
compared to other vertebrates [25,26].

Admissions showed an upward trend, consistent with reports from other European
rehabilitation centers [27], possibly associated with greater public awareness and improved
rescue protocols rather than a true increase in injury rates [28]. Most animals were de-
livered by environmental authorities and private citizens, highlighting the importance of
public engagement in wildlife conservation, though citizen involvement may also result
in unnecessary admissions, particularly of juveniles during the breeding season [29,30].

https://doi.org/10.3390/birds7020028


https://doi.org/10.3390/birds7020028

Birds 2026, 7, 28

11 of 17

Geographic distribution of admissions largely reflected proximity to the center, but may
still inform targeted mitigation strategies when combined with land-use data [31-33].

Overall, the predominance of ecologically flexible species among admitted birds likely
reflects their greater exposure and detectability in human-modified landscapes. These
trends may serve as indirect indicators of broader environmental and urbanization impacts
on bird communities [34].

The high number of Strix aluco admissions may be associated with its increasing
adaptation to urban environments [35,36], where greater food availability and milder
climatic conditions may promote earlier breeding. Consequently, chicks are increasingly
admitted earlier in the season, likely reflecting nesting in urban areas where fledglings
frequently reach the ground during initial flight attempts and are subsequently collected
by the public [37].

Similarly, the high admission rate of Buteo buteo may be related to its opportunistic
foraging behavior near roads and highways, where prey availability is increased [38—42].
Road-killed animals represent an abundant and predictable food source, attracting individ-
uals to roadside environments and increasing their exposure to vehicle collisions [43,44].

4.2. Orphaned Birds Are the Predominant Admission Cause, with Variation Across
Taxonomic Orders

Admission causes were broadly similar to those reported elsewhere [20,45], with
orphaned birds as the most frequent category, likely associated with human interference
during the breeding season, when fledglings are often mistakenly collected [46—48].

Cases with unknown origin accounted for a high proportion of records, a common limi-
tation in retrospective analyses due to incomplete information at the time of admission [23].

Electrocution, despite its well-documented impact on storks, raptors, owls, corvids,
and passerines [49,50], including endangered species such as the Iberian imperial eagle
(Aquila adalberti) and Bonelli's eagle (Aquila fasciata) [51,52], accounted for a small proportion
of admissions, likely reflecting high on-site mortality and underreporting [53-55].

Admission causes also differed significantly among avian orders, reflecting differences
in ecology, behavior, and interactions with human environments. Passeriformes were more
frequently associated with illegal captivity and orphaning, likely due to their popular-
ity as cage birds and their presence in urban and peri-urban areas [56,57]. In contrast,
Accipitriformes were more commonly associated with gunshot injuries and electrocu-
tion, reflecting both exposure to electrical infrastructure and ongoing persecution in rural
landscapes [58-62]. Strigiformes showed a strong association with orphaned admissions,
consistent with their nesting behavior in cavities or buildings where fledglings are often
found on the ground [63,64]. Columbiformes were more often associated with predation
and capture events, likely reflecting their abundance in urban environments and their
frequent interactions with domestic predators [65-67].

4.3. Outcome Varies with Taxonomic Order and Admission Cause

Rehabilitation success in wildlife centers is generally defined as the release of individ-
uals back into the wild, with minimal human interference during recovery [65]. In cases
where animals are unlikely to survive or recover functional capacity, euthanasia may be
considered to ensure animal welfare and prevent prolonged suffering [66—68].

The overall release rate observed in this study was 43.18%, consistent with values
reported in other rehabilitation centers, including those in Costa Rica (41.8%) and the United
Kingdom (~42.6%) [66,69]. These findings suggest comparable levels of rehabilitation
effectiveness across regions.

Clinical outcomes varied significantly among avian orders, likely reflecting differences
in causes of admission and injury severity. Passeriformes showed a higher probability
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of release but were also associated with natural death, possibly due to the high number
of individuals admitted in debilitated condition. Accipitriformes were more frequently
associated with euthanasia and transfer, suggesting more severe trauma at admission.
Columbiformes and Ciconiiformes were also associated with euthanasia, indicating ad-
vanced clinical deterioration. In contrast, Strigiformes showed higher associations with
treatment and escape, which may reflect longer rehabilitation periods and behavioral
characteristics that complicate handling in captivity.

The association between the cause of admission and outcome observed in our study
has also been described in other studies [27]. Electrocution was closely linked to euthanasia,
reflecting the severity of electrical injuries. In contrast, birds admitted due to illegal captiv-
ity often showed higher probabilities of release, as many individuals did not present severe
trauma. Although predation accounted for a relatively small proportion of admissions, it
was associated with high mortality and euthanasia rates, indicating high clinical severity.
Injuries caused by bites and scratches frequently result in severe trauma, secondary infec-
tions, and septicemia, even when external lesions appear minimal. Predation was primarily
associated with domestic animals, particularly cats, highlighting the significant impact of
these animals on wildlife [60-73].

4.4. Admission Cause Is the Strongest Predictor of Outcome, with Electrocution Carrying the
Poorest Prognosis

Multivariable models identified the cause of admission as the strongest independent
predictor of rehabilitation outcome, influencing both the probability of release and the
likelihood of a poor outcome. Among all causes, electrocution emerged as a particularly
critical factor, consistently associated with lower release probabilities and higher likelihood
of poor outcomes, even after accounting for taxonomic differences. This finding is consistent
with previous studies and reflects the severe and often irreversible damage caused by
electrical injuries, including extensive tissue damage and neurological impairment [74].
From a conservation perspective, these findings further underscore the urgent need for
mitigation measures on power lines, such as insulation and redesign of hazardous pylons,
as prevention is far more effective than post-injury rehabilitation [75-77].

In contrast, birds admitted for seizures resulting from illegal captivity and birth at the
center had a more favorable prognosis. Although these categories encompass a range of
clinical conditions, their association with a higher release probability suggests that many
individuals are not severely injured but rather displaced by human activity [78].

An interesting finding of this study concerns the survival of birds admitted with
gunshot injuries. Although some of the birds admitted due to gunshot wounds were
successfully released, this cause was not independently associated with prognosis in multi-
variate models. Nevertheless, this result highlights the importance of timely veterinary care,
advanced diagnostic imaging, and surgical treatment in wildlife rehabilitation. In many
cases, survival may depend on the precise location and removal of projectiles, stabilization
of fractures, and appropriate postoperative treatment [79].

Taxonomic order also retained an independent association with outcome, although
this effect should be interpreted cautiously. Differences among orders likely reflect variation
in anatomy, behavior, stress tolerance, and adaptability to captivity rather than intrinsic
susceptibility [10,80]. These findings support the adoption of rehabilitation protocols
tailored to functional and ecological groups rather than to species identity alone.

From a practical standpoint, identifying independent predictors of release and poor
outcome has important implications for the management of wildlife rehabilitation centers.
Early recognition of cases with a low probability of successful release can support timely
and ethically sound decision-making, reduce unnecessary suffering, and optimize the
allocation of limited resources. Conversely, recognizing admission categories with higher
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recovery potential allows prioritization of treatment and rehabilitation efforts, ultimately
improving overall effectiveness and animal welfare outcomes [28,47,81].

Overall, integrating predictive modeling into rehabilitation studies enhances these
centers’ role as sources of conservation-relevant data. By identifying factors that inde-
pendently influence survival and release, these analyses can inform targeted mitigation
strategies and public awareness measures to reduce preventable injuries in wild bird
populations [22,78,82].

4.5. Limitations of the Study and Future Perspectives

This study has inherent limitations due to its retrospective design, including reliance
on third-party admission reports, which contributes to the high proportion of unknown
cases, and the unavailability of consistent age and sex data [23]. Geographic distribution of
admissions may reflect detection bias rather than true spatial patterns of injury. Further-
more, release was used as a proxy for rehabilitation success, though it does not guarantee
long-term survival or successful reintegration [65,83].

Additional limitations relate to the predictive models. Odds ratios should be in-
terpreted as relative effects rather than absolute measures of prognosis, as the reference
categories do not represent biological baselines. Moreover, the high proportion of unknown
cases may have diluted associations with specific causes, as this category likely includes
heterogeneous and unrecognized conditions.

Future studies should incorporate post-release monitoring and spatial environmental
data to better assess long-term outcomes and identify high-risk areas.

5. Conclusions

This study provides insights into wild bird admissions and rehabilitation outcomes
in northern Portugal. Birds accounted for the majority of admissions, many of which
were associated with anthropogenic factors, although a substantial proportion remained
classified as unknown.

Admission cause emerged as the main predictor of outcome, highlighting the im-
portance of prevention, early clinical intervention, and targeted mitigation strategies.
Overall, these findings reinforce the value of wildlife rehabilitation centers as key sources
of conservation-relevant data and tools for guiding evidence-based management strategies.
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The color scale follows a continuous gradient, with lighter shades indicating lower values and darker
shades indicating higher values. For visualization purposes, the data were grouped into classes (1-50;
51-200; 201-500; 501-1000; 1001-1759), as shown in the legend; Figure S3: Distribution of outcomes
for birds admitted to CRAS-UTAD; Table S1: Distribution of clinical outcomes by cause of admission
for birds admitted to CRAS-UTAD; Figure S4: Sankey diagrams illustrating the relationships between
admission cause, taxonomic order, and clinical outcome. Clinical outcomes were grouped into three
categories (release/escape, death, and other outcomes) for visualization purposes. Flows represent
the number of individuals moving between categories.
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