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Abstract
Thousands ofmarine animals are injured and killed each year across Europe.Wildlife rehabilitation centres play an important role
to rehabilitate sick and injured animals and return them to the wild. This study aims to assess seabird rehabilitation outcomes and
causes of mortality of stranded seabirds in the central Portuguese coast. During a 7-year period (2010–2016) a total of 2042
admissions were registered, including 1135 live and 907 dead seabirds. The main causes for live admissions were trauma (30%)
and toxicity (29.5%) and the main cause of all admissions (dead and alive) was entanglement/bycatch representing 42.5% of all
seabirds. Large gulls, auks, gannets, and shearwaters and petrels were the most admitted seabird groups. A total of 445 seabirds
(39%) were released to the wild following rehabilitation, 346 (31%) died during the rehabilitation process and 344 (30%) were
considered untreatable after diagnosis and were euthanised. Considering the rehabilitation success rate and the high number of
individuals admitted due to causes associated with human activities (entanglement/bycatch, trauma), marine animal rehabilitation
centres and stranding networks are important to seabird conservation. These data also contribute to monitor the impacts of human
activities on seabird populations outside their breeding areas.
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Introduction

The most common anthropogenic causes of bird mortality
include poisoning, collisions, commercial fishing, predation
by introduced species and hunting (Harden 2002; Rodríguez
et al. 2010). Seabird populations are threatened by incidental
catch by fisheries (Moore et al. 2009; Good et al. 2009; Hamel
et al. 2009; Brothers et al. 2010; Zydelis et al. 2013) and oil
spills (Lovvorm 2007; Humple et al. 2007; Camphuysen
2013; Troisi et al. 2016) or similar.

A large number of wild animals are taken annually to re-
habilitation centres for treatment, care and release (e.g. Anon
2009; Mazaris et al. 2008; Kalpakis et al. 2009; Wimberger

and Downs 2010; Balmori 2019; Garcês et al. 2019a, b;
Garcês et al. 2020). Apart from rehabilitation centres,
stranding networks also allow collecting both dead and
alive-beached marine animals, providing standardized data
and adequate animal handling, which may determine subse-
quent treatment and outcomes, while contributing to estimates
of minimal mortality and to the establishment of cause of
death (Moore et al. 2018).

Although analyses of admittance records in rehabilitation
centres may provide valuable insight into disease emergence,
threats and impacts to wildlife, a systematic collection of in-
formation is usually lacking (Wimberger and Downs 2010;
Willette et al. 2013). The analyses of the admission records
(animals found dead and alive) may provide information on
the variety of species and the number of individuals that are
vulnerable in a local area or region (Harden et al. 2006), par-
ticularly as a result of human activities (Harden 2002;
Rodríguez et al. 2010).

Common species living in close association with humans
are those most frequently admitted to rehabilitation centres
(Deem et al. 1998) because of the increased probabilities of
injury and subsequent detection (du Toit 1999; Reeve and
Huijser 1999; Barnett and Westcott 2001; Wimberger and
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Downs 2010). At the same time, since we have access only to
animals stranded on the coast, this can significantly underes-
timate the magnitude of the problem, as we can only account
for animals that were able to return to shore and/or survived
long enough to reach the coast.

In the present study, we aim to assess seabird rehabilitation
outcomes and causes of mortality of stranded seabirds in the
study area.

Methods

TheMarine Animal Rehabilitation Centre was initially located
in Figueira da Foz (CRAMQ, 2012 PT 07/CR) and later trans-
ferred to Ílhavo (CRAM-Ecomare, 2017 PT 11/CR), both lo-
cations occurring in the centre of Portugal. The rehabilitation
centre is managed by a non-government organisation—SPVS
(The Portuguese Wildlife Society), in cooperation with the
University of Aveiro. CRAM–Ecomare integrates the
National Network of Fauna rehabilitation centres (legal ordi-
nance no. 1112/2009, 28 September). Both rehabilitation cen-
tre and stranding network are regulated by the Instituto para a
Conservação da Natureza e Florestas (ICNF). Permission is
annually issued by the National Authority (ICNF) to rehabil-
itation and stranding network technicians to collect wild ani-
mals and wildlife samples according to laws n.140/99, n.49/
2005, n.156-A/2013 and n.316/89.

The present study focuses on seabirds collected from 2010 to
2016 along a 300-km coastline, between the cities of Esposende
and Torres Vedras. The marine area in this region is part of the
Natura 2000 network, including Site Aveiro/Nazaré
(PTZPE0060) and Site Ria de Aveiro (PTZPE0004), designated
in accordance with the Birds Directive 2009/147/EC.

Animals were reported to the rehabilitation centre or to the
stranding network by the general public, local authorities and
different organisations. Upon arrival at the rehabilitation cen-
tre, all live animals were identified and fully examined by the
veterinary and/or veterinary nurses. Age was categorized as
<1 year or juvenile and >1 year, or adult, according to the
European Union for Bird Ringing (Euring 1994). Upon diag-
noses, injured/diseased birds were either kept for rehabilita-
tion or euthanised. Once rehabilitated, seabirds were marked
with an individually numbered aluminium ring and released
back to the wild. Dead seabirds (including euthanised seabirds
and birds deceased during collection or rehabilitation process-
es) were frozen until necropsy. Complete post mortem analy-
ses were performed according to standard protocols (Work
2000) in order to determine a more detailed cause of death.

Seabirds were subdivided into 10 groups: auks, cormo-
rants, gannets, large gulls, loons, shearwaters and petrels,
small gulls, seaducks, terns and skuas (Table 1). The large
gulls group included a subset of unidentified large gulls of
juvenile and immature individuals of Larus michahellis and

Larus fuscus, where species determination was not possible
due to their similarities (Olsen and Larsson 2004; Catry
et al. 2010).

In the present study, all collected seabirds (both dead an
alive) were considered admissions, which were classified into
eight categories: (1) trauma, (2) toxicity, (3) disease, (4) ema-
ciation, (5) entanglement/bycatch, (6) plumage damage, (7)
orphaned and (8) unknown. The trauma category included
all birds presenting fractured bones, articular dislocations
and open wounds of unknown origin. The toxicity category
included animals presenting symptoms that were compatible
with biotoxin poisoning, which include incapacity to fly, di-
arrhoea, paresis, dyspnoea, stiffness of neck and dehydration.
The entanglement/bycatch category included all birds present-
ing fishing related material (hooks, lines, nets and cables) and
other marine debris such as non-fishing lines or ropes.
Diseased birds presented parasites or lesions and signs of in-
fection, which causative agents were not considered in the
present study. Emaciated birds presented low body mass,
wasted muscles and no body fat (observed during necropsies),
along with no other symptoms included in the other admission
categories. The plumage damage category included all water-
logged birds, lacking feather permeability, resulting in hypo-
thermia, along with no other symptoms included in other ad-
mission categories.

For all live seabird admissions, based on the study of
Molina-López et al. (2013), the following parameters were
calculated: euthanised birds (Er—euthanasia rate, birds with
negative prognosis), birds that died during the rehabilitation
process (Mr—mortality rate) and birds released into the wild
(Rr—release rate). For each cause of admission, it was possi-
ble to calculate time until death (Td—number of days between
admission and death) for birds that were euthanised or that
died during the rehabilitation process, and time until release
(Tr—number of days between admission and release) for all
fully rehabilitated individuals.

To assess differences in cause of admission by season, the
following periods were considered: Spring (March to May),
Summer (June to August), Fall (September to November) and
Winter (December to February).

Statistical analyses were performed with IBM SPSS v24.0
software (IBM 2016). The χ2 test was used to compare pro-
portions among admission cause categories, seasons and
years. Median, percentile 10 (P10) and percentile 90 (P90) for
variables Td and Tr were calculated.

The present study was conducted in accordance with all
applicable laws and rules dictated by the Portuguese
Government and all licenses, including individual licenses
for technicians (to collect, handle and transport wild fauna),
were granted by the ICNF. Samples from dead seabirds were
archived in the Marine Animal Tissue bank from SPVS
(13PT0124/S) recognised by the ICNF with CITES permit
code PT009 to maintain samples.
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Results

Between 2010 and 2016, 2042 seabird admissions were reg-
istered belonging to 26 species. The most common groups
were large gulls (940 individuals), auks (702 individuals),
gannets (272 individuals) and shearwaters and petrels (74 in-
dividuals) (Table 1).

Seabird admissions

Of the 2042 seabird admissions, 1135 corresponded to live
seabirds (55.6%) and 907 corresponded to dead seabirds
(44.4%). The majority of seabirds were juveniles correspond-
ing to 54.3% (n = 1108) of all cases, whereas adults
corresponded to 37.7% (n = 769) of all cases. No age class

was identified in 8% (n = 165) of the cases. Sex was undeter-
mined in 76.9% of the cases (considering the number of live
seabirds and juveniles), so this parameter was not taken into
any further consideration. The main cause of admission (dead
and alive animals) was entanglement/bycatch (42.5%, n =
867), followed by trauma (17.0%, n = 347) and toxicity
(16.8%, n = 344). The highest number of individuals was
included in the category entanglement (867 individuals, χ2 =
2112.4, p < 0.001).

Themain causes of admission for live seabirds were trauma
(30%, n = 341) and toxicity (29.5%, n = 335), followed by
emaciation (14.4%, n = 163) and plumage damage (141 indi-
viduals—12.4%).

Regarding age class, juveniles represented more than 50%
of the individuals in the following causes of admission:

Table 1 Number of seabird admissions according to cause of admission during 2010–2016

Group Species Number of
admissions

Cause of admission

Disease Emaciation Entanglement/
bycatch

Toxicity Orphaned Plumage
damage

Trauma Unknown

Large gulls Larus argentatus 6 (0) 6 (0)

Larus cachinnans 3 (1) 1 (0) 2 (0) 0 (1)

Larus fuscus 330 (46) 2 (0) 25 (0) 9 (10) 152 (2) 11 (0) 49 (0) 81 (1) 1 (33)

Larus marinus 19 (3) 2 (3) 6 (0) 1 (0) 10 (0)

Larus michahellis 331 (66) 1 (0) 20 (0) 14 (20) 124 (6) 7 (0) 37 (0) 127 (3) 1 (34)

Unidentified large gull 106 (29) 16 (0) 5 (0) 23 (0) 1 (0) 12 (0) 48 (0) 1 (28)

Small gulls Larus melanocephalus 4 (1) 1 (0) 3 (0) 0 (1)

Chroicocephalus
ridibundus

12 (4) 1 (0) 0 (2) 9 (0) 1 (0) 1 (0) 0 (2)

Shearwaters
and
petrels

Calonectris borealis 4 (1) 3 (0) 1 (0) 0 (1)

Hydrobates pelagicus 2 (0) 1 (0) 1 (0)

Oceanites oceanicus 1 (0) 1 (0)

Oceanodroma castro 1 (0) 1 (0)

Puffinus gravis 0 (1) 0 (1)

Puffinus mauretanicus 16 (46) 1 (0) 4 (0) 2 (44) 1 (1) 6 (0) 1 (0) 1 (1)

Puffinus puffinus 2 (0) 1 (0) 1 (0)

Auks Alca torda 23 (648) 4 (2) 15 (646) 2 (0) 1 (0) 1 (0)

Fratercula artica 2 (4) 1 (0) 0 (3) 1 (0) 0 (1)

Uria aalge 8 (17) 4 (2) 0 (14) 4 (0) 0 (1)

Sea ducks Melanitta nigra 20 (2) 1 (0) 6 (0) 0 (2) 2 (0) 9 (0) 2 (0)

Loons Gavia immer 2 (0) 1 (0) 1 (0)

Gannets Morus bassanus 235 (37) 4 (0) 73 (6) 61 (12) 6 (0) 17 (2) 66 (1) 8 (14)

Cormorants Phalacrocorax aristotelis 2 (0) 1 (0) 1 (0)

Phalacrocorax carbo 2 (0) 1 (0) 1 (0)

Terns Chlidonias niger 1 (0) 1 (0)

Sterna paradisae 1 (0) 1 (0)

Thalasseus sandvicensis 2 (0) 1 (0) 1 (0)

Skuas Stercocarius parasiticus 0 (1) 0 (1)

Total 1135 (907) 9 (2) 163 (14) 110 (757) 335 (9) 20 (0) 141 (2) 341 (6) 16 (117)

Values referring to dead seabirds are presented in brackets.
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disease (54.5%), emaciation (59.3%), entanglement/bycatch
(61.0%), orphaned (100%) and trauma (68.6%). In other
causes of admission, there was a higher number of adult sea-
birds: toxicity (57.6%), plumage damage (55.2%) and un-
known (41.4%).

More birds were admitted during fall (709 individuals) and
winter (695 individuals) (χ2 = 335.8, p < 0.001) than in the
other seasons. Also, there were more admissions during fall
due to emaciation (χ2 = 74.1, p < 0.001, 50%), toxicity (χ2 =
279.0, p < 0.001, 62%), trauma (χ2 = 142.5, p < 0.001, 48%)
and unknown causes (χ2 = 153.1, p < 0.001, 70%). In the
summer, there were more orphaned seabirds admitted (χ2 =
16.2, p < 0.001, 95%) and more entangled birds admitted in
winter (χ2 = 742.7, p < 0.001, 65%) (Fig. 1). No significant
differences were detected between seasons for the category
disease (χ2 = 5.09, p = 0.08) (Fig. 2). More seabirds were
admitted in 2012 than in the other study years (556 individ-
uals, χ2 = 497.7, p < 0.001) (Fig. 1).

Final dispositions

Among the live seabirds initially admitted, 445 individuals
(39.2%) were successfully released to the wild following reha-
bilitation, 346 (30.5%) died during rehabilitation and 344
(30.3%) were considered untreatable after diagnosis and were
either euthanised or transferred to other centres where they are
maintained in captivity for education and conservation purposes
(Table 2). The highest success rates for released seabirds were
obtained for the categories orphaned (90%), plumage damage
(68.8%) and toxicity (52.8%). The lowest success rate was found
for diseased birds since 77.8% (n = 7) of the diseased seabirds
died during rehabilitation and 22.2% (n = 2) were euthanised.
The highest percentage of euthanised individuals was recorded
for the trauma category (77.1%, n = 263) (Table 2).

A median treatment time of 20.0 days (P10–P90 = 3–51.5
days) was obtained for released seabirds, whereas a median

treatment time of 1.0 day (P10–P90 = 0–16.5 days) was obtain-
ed for birds that died during rehabilitation and a median treat-
ment time of 0.0 days (P10–P90 = 0–8.6 days) was obtained for
euthanised birds (Table 2).

Most representative groups

Taking into consideration the species groups with more than
50 seabird admissions, significant annual and seasonal differ-
ences were detected. The highest number of auk admissions
occurred in 2012 (χ2 = 858.9, p < 0.001) during winter (χ2 =
1211.4, p < 0.001) (Fig. 3). The highest number of gannet
admissions also occurred in 2012 (χ2 = 31.3, p < 0.001),
during summer and fall (χ2 = 173.0, p < 0.001) (Fig. 3). The
highest number of large gull admissions occurred in 2011 (χ2

= 356.4, p < 0.001) during fall (χ2 = 596.7, p < 0.001) (Fig. 3).
The highest number of shearwater and petrel admissions oc-
curred in 2010 (χ2 = 26.5, p < 0.001) during summer (χ2 =
82.2, p < 0.001) (Fig. 3).

Large gulls were more affected by toxicity (34%, n = 321)
and trauma (29%, n = 270), auks as well as shearwaters and
petrels were more affected by entanglement/bycatch (97%, n =
678 and 65%, n = 48, respectively) and gannets were more
affected by emaciation (29%, n = 79), entanglement/bycatch
(27%, n = 73) and trauma (25%, n = 67) (Fig. 4). Considering
only live seabird admissions, large gulls presented the highest
percentage of release (42.9%) and also the highest percentage of
euthanised birds (35.5%). Shearwaters and petrels presented the
highest percentage of deaths during rehabilitation (69.2%).

Discussion

This study is the first attempt to jointly assess the main causes
of seabird admittances to a rehabilitation centre and seabird
mortality causes based on the collection and analysis of dead
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Fig. 1 Number of seabird
admissions (dead and alive
animals) according to cause of
admission in each year included
in the present study
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seabirds of coastal Portugal. Entanglement/bycatch, trauma
and toxicity are the main causes of concern for seabirds in
coastal Portugal. The number of admissions caused by trauma
and entanglement/bycatch were most likely associated with
fishing activities, while toxicity was probably related to warm-
er waters and increasing algal toxins (Wells et al. 2015).

Considering the total number of individuals included in this
study (dead and live admissions), most cases were related with
the bycatch/entanglement category (42.5%, n = 867), mainly

among the auk group. Fisheries are one of the most important
economic activities in Portugal, with close to 8000 fishing
vessels and the largest Economic Exclusion Zone in the
European Union (INE 2017), thus explaining the high
entanglement/bycatch rates. The auk group was mainly con-
stituted by razorbills, and this pursuit-diver species exhibit
high annual mortality rates due to bycatch (Artyukhin and
Burkanov 2000; Österblom et al. 2002; Benjamins et al.
2008; Davoren 2007; Hamel et al. 2009; Zydelis et al. 2013;
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Fig. 2 Number of seabird
admissions (dead and alive
animals) in each season according
to cause of admission during
2010–2016

Table 2 Final disposition and treatment time of seabirds admitted alive to the marine animal rehabilitation centre during 2010–2016

Cause of admission Live admissions Euthanised Death during rehabilitation Released

n % n Er (%) Td median
(P10–P90)

n Mr (%) Td median
(P10–P90)

n Rr (%) Tr median
(P10–P90)

Disease 9 0.8 2 22.2 50.0
(14.8–85.2)

7 77.8 2.00
(0–7.8)

0 0 0
–

Emaciation 163 14.4 13 8.0 1.00
(0–85)

94 57.7 1.00
(0–8)

56 34.4 22.50
(9–52.5)

Entanglement/bycatch 110 9.7 29 26.4 0.00
(0–29)

27 24.5 4.00
(0–13.8)

54 49.1 20.50
(5–49.5)

Toxicity 335 29.5 27 8.1 0.00
(0–43.6)

131 39.1 0.00
(0–5)

177 52.8 22.00
(12–48)

Orphaned 20 1.8 0 0 0 2 10.0 17.50
(4.3–30.7)

18 90.0 23.50
(13.4–81.6)

Plumage damage 141 12.4 9 6.4 2.00
(0–24.2)

35 24.8 2.00
(0–71.6)

97 68.8 7.00
(2–42.4)

Trauma 341 30.0 263 77.1 0.00
(0–1.8)

40 11.7 2.00
(0–60.4)

38 11.1 29.50
(8.7–118.1)

Unknown 16 1.4 1 6.3 1
–

10 62.5 0.50
(0–12.3)

5 31.3 32.00
(11.8–50.2)

Total 1135 344 30.3 0.00
(0–8.6)

346 30.5 1.00
(0–16.5)

445 39.2 20.00
(3–51.5)

Er, euthanasia rate; Td, number of days between admission and death; Mr, mortality rate; Rr, release rate; Tr, number of days between admission and
release
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Costa et al. 2019). The impacts of several fishing types, in-
cluding professional and recreational fishing, and also illegal,
unreported and unregulated (IUU) fishing, together with

fishing-related litter (discarded lines, weights, lures and
hooks; see Costa et al. 2020), should be addressed and miti-
gated in order to decrease the importance of this cause of
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mortality. However, in the bycatch/entanglement category,
only 12.7% (n = 110) of the cases correspond to live animals
whereas 87.3% (n = 757) correspond to animals collected
already dead, emphasising the importance of measures that
may help prevent the occurrence of fishery-related mortality.

Trauma and toxicity represented the second and third major
causes of admission, and the majority of these cases were di-
agnosed in the large gull group. This is probably as a result of
the constant and increasing presence of large gulls in urban
habitats (Rock 2005). Due to their opportunistic behaviour,
these gulls are able to feed at landfill sites and fishing harbours
and they also consume fishing discards and unwanted food in
coastal towns (Garthe and Scherp 2003; Rock 2005). The trau-
ma category included a high number of gulls presenting wing
bone fractures. As described in other studies (Rodríguez et al.
2010; Garcês et al. 2019a), most trauma cases were most likely
related with human-related collisions (cars, boats), in their pur-
suit for food in fishing harbours and urbanised areas. Toxicity
presumptive affected 34% of individuals in the large gull
group. However, the associated symptoms observed in these
birds fit several types of possible toxicity sources. The inability
to fly, diarrhoea, paresis, dyspnoea, stiffness of neck and dehy-
dration may result from natural toxins (Shumway et al. 2003),
heavy metals (Lewis and Schweitzer 2000; Rodríguez et al.
2010; Pikula et al. 2013; Soares 2014), pesticides (Stone et al.
1984; Glaser 1999; Kwon et al. 2004; Whitney 2004;
Martínez-Haro et al. 2007; Soares 2014) or deliberate poison-
ing for population control or similar (Seamans and Belant
1999; Thompson 2013). The large amount of admissions with-
in the fall season, especially in 2011 when more than 100 gulls
exhibiting the same symptoms were recorded in a 3-month
period, indicates that algal toxins are probably the main toxicity
source. No specific analyses were made on the affected sea-
birds to confirm algal toxins as the main toxicity source.
However, the presence of toxins produced by Dinophysis sp.
(leading to diarrhetic shellfish poisoning, DSP) and by
Alexandrium sp. (leading to paralytic shellfish poisoning,
PSP) were detected along the study area during the study period
by the Portuguese Institute for the Sea and Atmosphere
(IPMA). IPMAdefines interdiction areas for bivalve harvesting
(www.ipma.pt/pt/bivalves/index.jsp) based on the regulatory
screening of indicator mollusc species in compliance with
European regulations EC 853/2004 and 854/2004.

The emaciation category was the fourth cause of admission
and affected highly the gannet group. The northern gannet
breeds in the North Atlantic and feeds on shoaling pelagic fish
usually by plunge diving from large heights (del Hoyo et al.
1992). Emaciation, most likely due to starvation, may arise
during periods of severe weather conditions, which hamper
prey capture. Also, the high energy demands necessary for
migration may not be met, especially for first year juveniles,
since they receive no parental help and have to learn an effi-
cient method of catching fish (Nelson 2002).

The categories plumage damage, unknown, orphaned and
disease had lower numbers of admission (less than 7%) and
were spread out through the species groups.

Juveniles had higher number of admissions compared to
adults and they are probably less experienced in foraging and
in avoiding debris (Riotte-Lambert and Weimerskirch 2013;
Montesdeoca et al. 2017), which makes themmore vulnerable
than adults.

The significant differences detected in the seasonal admis-
sions analysis and in the cause of admission analysis within
the four large seabird groups were clearly related to the spe-
cific breeding/wintering seasons of the studied species includ-
ed in each group. The auk group, mainly constituted by razor-
bills, is common in the Portuguese continental shelf between
November and March (Beja 1989; Catry et al. 2010); the
northern gannet is a common wintering species in the
Portuguese coast (Meirinho et al. 2014). The large gull group
is particularly constituted by lesser black-backed gulls, a com-
mon wintering species, and yellow-legged gulls, a resident
species in continental Portugal (Catry et al. 2010). There were
more admissions of these four groups in the winter and fall
seasons. As for the shearwater and petrels, there were more
admissions in the summer. The Balearic shearwater in partic-
ular spends around a quarter of the year (generally, late sum-
mer) on migration off north-eastern Atlantic coasts, from
Portugal to France (Guilford et al. 2012).

Considering only the live seabird admissions, an average
release rate of 39.2% was obtained. Comparing to other sim-
ilar studies, Molina-López et al. (2017) reported a lower re-
lease rate for marine birds (27.5%) and other studies reported
higher rehabilitation success rates for birds in rehabilitation
centres (Rodríguez et al. 2010; Molina-López et al. 2013;
Montesdeoca et al. 2017). These higher rates may however
be related with the most important causes of admission in each
study. Notice that Montesdeoca et al. (2017) report light pol-
lution (25.81%) as the most important cause of admission,
which is much more easily resolved than trauma cases, which
constitute the main cause of admission in the present study,
followed by toxicity.

In the present study, the high number of severe trauma
cases and corresponding high rates of euthanasia decreases
substantially the release rate. Disregarding the number of
euthanised birds due to trauma, the release rate increases to
51%, leading us to believe that bird group and cause of ad-
mission are therefore important determinants of rehabilitation
success. Due to the location of the rehabilitation facilities, bird
admissions may originate from several cities and, more im-
portantly, from two major fishing and industrial harbours
(Aveiro and Figueira da Foz harbours). The large coastal area
covered by the stranding network and the rehabilitation centre
also increases the probability of a high number of trauma and
entanglement/bycatch cases. Although the results of our study
present a high number of directly human-induced seabird
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injuries, our study population of rescued individuals does not
necessarily represent the wild population. As pointed out by
Dau et al. (2009), this type of data must be interpreted in light
of the fact that proportions of injuries are being compared with
overall admissions to rehabilitation facilities, rather than with
the wild population as a whole.

Time spent at the rehabilitation facilities should be as short
as possible to reduce the risk of exposure to secondary
bacterial/fungal infections of seabirds (Steele et al. 2005).
Therefore, seabirds should be immediately released once they
are fully recovered and presenting a high probability of
survival. In the present study, the median time until release
was 20 days.Montesdeoca et al. (2017) reported a much lower
valued (zero days) since the main admission cause generally
had a very positive prognosis (light pollution leading to “fall-
out”). The severity of the different admission causes must be
taken into consideration when comparing rehabilitation pa-
rameters between studies.

Survival rate is also an important parameter since the
actual rehabilitation success can only be assessed when
data on post-release survival are available. Presently, data
on post-release survival rate are being compiled for large
gulls using a colour ringing scheme (www.cr-birding.org/
node/2331) and 45.5% (n = 134) of all ringed seagulls
were already re-sighted (further data will be the scope of
another publication).

Further efforts should be put into citizen science (Pellissier
et al. 2019; Nadal et al. 2020) to increase information on bird
occurrence and ultimately increase reports to strandings net-
works and to rehabilitation centres. Unveiling bird population
patterns related with climate change or phenological shifts
(Almpanidou et al. 2020; Lehikoinen et al. 2019) may also
capitalise on the data provided by rehabilitation centres and
stranding networks.

Conclusion

This study highlights the importance of wildlife rehabilitation
centres for the conservation of seabirds and the high number
of seabird admissions due to human activity–associated
causes (entanglement/bycatch, trauma). Further efforts to pre-
vent negative interactions between fishing activities and sea-
birds are urgent and further studies would be necessary to
know the post-release survival rate of rehabilitated seabirds
and to understand the effects of rehabilitation on the conser-
vation of seabird populations in Portugal.
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