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Songbirds are currently the most prevalent animals in illegal tra�cking in Brazil
and other countries, so they are often confiscated, and this poses legal, ethical,
and conservation challenges. Returning them to nature requires complex and
expensive management, a topic that is sparingly addressed in the literature. Here,
we described the processes and costs associated with an attempt to rehabilitate
and release confiscated songbirds into the wild. A total of 1,721 songbirds of
several species were quarantined, rehabilitated, and released, primarily on two
farms located within their typical geographical distribution. Health assessments
were performed on samples from 370 birds. Serology revealed no antibodies
against Newcastle disease, and Salmonella spp. cultures were negative. Real-
time polymerase chain reactions detectedM. gallisepticum in samples from seven
birds. Atoxoplasma spp. and Acuaria spp. infections, sepsis, and trauma were
the top causes of bird death. About 6% of the released birds were recaptured,
within an average period of 249 days after release, and at a mean distance of
2,397 meters from the release sites. The majority of these birds were found
with free-living mates within or close to fragments of transitional ecoregions
with native or cultivated grasslands, and native groves/forests, and shrublands.
However, eucalyptus plantations with rich understory regeneration provided a
suitable environment for the released forest species to settle, since they were
recaptured during the defense of these sites. Over half of the recaptured birds
presented behavioral profiles with both dominant and tame traits. Birds with
dominant traits are more likely to settle in habitats and face the live decoys during
fieldwork, whereas birds with tame characteristics tend to accept close contact
with humans. Ultramarine grosbeak (Cyanoloxia brissonii), the least common
species among those released, at the release sites showed an almost 2-fold
recapture rate in the shortest mean distances from the release sites. This suggests
less territory competition, perhaps a major factor of bird re-establishment here.
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The total per-bird cost was USD 57. Our findings suggested suitable survival
and re-establishment of confiscated songbirds in the wild, when managed as
we describe.
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rehabilitation and release, seized passerines

Introduction

Spurred on by billion-dollar revenue, worldwide poaching and

illegal trade remain top threats to wildlife survival, especially

across the Americas, Asia, and Africa (1–3), where vulnerable

rural communities are attracted to the potential source of income

(4, 5). The demand for wildlife can be roughly grouped into four

main categories i.e., collectibles, pets, traditional medicine/religion,

and food (6). Birds, especially songbirds, are currently the most

numerous species captured for live animal trafficking in Brazil (7),

and elsewhere (6, 8, 9). While endangered songbird species are also

trafficked in Brazil, most belong to common and widely distributed

species with low conservation value (10, 11). Consequently, they

are often confiscated and, despite their “least concern” rating

on the ICMBIO and IUCN Red Lists (12, 13), this poses legal,

ethical, and conservation challenges. In Brazil, these confiscated

songbirds usually overwhelm the dedicated facilities and wildlife

managers that receive them. Moreover, as there have been no

recent or comprehensive population estimates, some least-concern

species may in fact be in decline, due to uncontrolled trapping,

the high demand for wild animal trade (14, 15), or other

human threats (16, 17). Given that birds are crucial for balanced

ecosystems and other ecological services (18–20), and songbirds

constitute the majority of confiscations in Brazil and abroad,

further strategies andmanagement practices for their proper return

to natural environments are needed. However, the decision to

release confiscated wild birds should be made on a case-by-case

basis and follow conservation guidelines (21, 22) that are based

on genetic and health data as well as other studies (23–27).

However, this information is scarce and conservation evidence on

the subject is limited (28), especially concerning species that are not

conservation flagships. Despite the high number of confiscations

(6, 10), few reports about releases (29, 30) compete with the scores

of vague disclosures in online media. Managing birds seized from

illegal traffic is a complex and difficult issue (28, 31, 32) that remains

sparingly addressed or undisclosed. In this pilot study, we described

the processes and costs involved in an attempt to rehabilitate and

release confiscated songbirds into the wild.

Materials and methods

General information

This project involved bureaucratic procedures (2015–2017),

aviary construction (2017–2018), and bird management (2018–

2022). The birds in this study were received from the Wild Animal

Triage Center (Centro de Triagem de Animais Silvestres—CETAS)

at the Brazilian environmental agency (Instituto Brasileiro do Meio

Ambiente e dos Recursos Naturais Renováveis—IBAMA), located

in Rio Grande do Sul (RS). While many other species composed

the confiscated flocks, some of the most common and locally

distributed species were selected for post-release monitoring,

including the saffron finch (Sicalis flaveola), red-crested cardinal

(Paroaria coronata), green-winged saltator (Saltator similis),

ultramarine grosbeak (Cyanoloxia brissonii), and red-crested finch

(Coryphospingus cucullatus) (songbirds group 1 – SBG1, n =

1,721) (Supplementary Table 1). The migratory double-collared

seedeater (Sporophila caerulescens) (33), other species with lower

representativeness, and those distributed at distant sites (songbirds

group 2 – SBG2, n = 689) were not monitored after release

(Supplementary Table 2). Although they were probably captured

in RS (11), the origin of the birds was uncertain since they could

have been illegally captured anywhere in their distribution ranges.

At CETAS, large numbers of confiscated songbirds of the same

and/or different species are usually kept in dozens of contiguous

cages. Most are housed individually, but others remain in collective

cages. Time in captivity can tame wild bird behavior (11). Before

removing them from their cages to handle them, we observed

their behaviors toward handlers to roughly classify traits into (1-

tame) bird perching and feeding even when the cage was held by

handlers, (2-semi-wild or undefined) bird perching and feeding

when handlers remained about 5m away from the cages, or

when birds were housed in a collective cage, and (3-wild) bird

fluttering, not perching or feeding when handlers remained about

5m from the cage. Regarding their dominance behavior, such as

vocalizations (repeated usual song, song switching, and long, loud

whistles and calls) or fighting postures (ruffled chest and head

feathers, fully raised crests, half-open beaks pointing upwards)

(34) in response to playback of conspecific vocalizations or face-

to-face conspecific challenges, birds were initially classified as (1-

dominant) vocalizing and/or fighting postures, (2-semi-dominant

or undefined) no vocalizing but also no signs of submission, and

(3-submissive), mute birds with ruffled forehead feathers, lowered

heads, retracted tufts, low chirping, and/or open lowered wings.

Next, the birds were marked with split metal rings. Except for the

red-crested cardinals and green-winged saltators that were ringed

on both tarsi (to distinguish them from free-ranging songbirds

already ringed and released) (27), all other species were ringed

on one tarsus. After ringing, examining, sampling for health tests

(15%), and medicating, the birds were allocated to individual

transport containers and moved to the quarantine aviaries. The

time between confiscation and transport to quarantine varied,

depending on handler availability, but usually took 1 to 5 days.
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Health information

Any birds with clinical signs of dysfunction such as cachexia,

diarrhea, accumulated droppings in vent feathers, eye or nasal

discharge, conjunctivitis, dirty beaks, or even ruffled feathers

were excluded from the quarantine flock and left at the CETAS

for veterinary care. Pooled fecal samples were forwarded for

parasitological tests after collecting them from plastic film left

under cages for 20min. During the health screening, all birds

were examined for external parasites and proliferative skin lesions

typical of avian pox. Rectrices and primary feathers were checked,

broken feathers removed, long nails trimmed, and individual

samples (feces, oropharyngeal swabs, and blood) collected, as

described previously (34). Blood samples were only collected

from birds weighing approximately 40 g. All the birds were

dosed with Zooserine
R©

oral pills (tetracycline hydrochloride

0.18 mg/g, chloramphenicol 0.133 mg/g, and furazolidone 0.03

mg/g) and occasional tarsal hyperkeratosis was treated by

manually applying Dolemil
R©

(potassium sulfide 3%) ointment.

Terramycin
R©

powder with antigerm 77 (Zoetis – 2 g/L) and

Panacur
R©

(MSD – Fenbendazole 200 mg/L) were added to

their drinking water for three consecutive days each, during

the second and third quarantine weeks, respectively. All doses

served as preventive therapies to reduce protozoan and helminth

transmission during captivity.

The hemagglutination-inhibition test for anti-NDV antibodies,

Salmonella spp. cultivation, and real-time polymerase chain

reactions to detect M. gallisepticum were performed as described

previously (27). Budgetary constraints meant only about 15% of

the confiscated birds underwent tests for pathogens. Aliquots from

fecal sample pools were analyzed using Willis’s flotation technique

(35). Helminth eggs were detected, and all the oocysts on the

slide were counted. Positive samples for oocysts were allowed to

sporulate (36), and were then measured with the aid of an Ernst

Leitz micrometric Wetzlar eyepiece. Remaining fecal content was

analyzed using the Lutz method (37) for eggs and larvae. Except

for the birds with an obvious cause of death (e.g., conspecific

and predator attacks), all deceased birds underwent necropsy.

During outbreaks, a 25%-bird sample underwent pathological

examinations, and the probable cause of death was also attributed

to the others. The carcasses were immediately submitted for

necropsy, or frozen if they were discovered outside of laboratory

hours. The necropsy remains and decomposing carcasses found

in the rehabilitation aviaries were disposed of through a private

medical waste removal service. Samples from several organs and

tissues were collected, fixed, and processed in compliance with

standard histopathological procedures. Hematoxylin and eosin,

and other staining methods were used. Additional diagnostic

immunohistochemical, and molecular assays were performed as

required. Occasionally, sick birds were housed in separate cages and

cared for as needed.

Total genomic DNA was extracted from necropsy

samples (changed intestinal epithelium suggestive of

Atoxoplasma spp. infection in 10 birds) using the PureLink

Genomic DNA MiniKit (Invitrogen, Carlsbad, CA, USA).

A nested PCR was used to test the samples. The primary

reaction used outer EIMF (5′-ACCATGGTAATTCTATG-3′)

and 990 (5′-TTGCCTYAAACTTCCTT-3′) and inner

EIMR (5′-CTCAAAGTAAAAGTTCC-3′) and 989 (5′-

AGTTTCTGACCTATCAG-3′) primers targeting a ≈ 455–

bp fragment of the Isospora spp.18S rRNA gene, as previously

described (38). Amplicons of the expected size of two positive

samples, chosen at random, were purified with Purelink kits and

Invitrogen
R©

reagents, and Sanger sequenced by ACTGene Inc.

(Alvorada, RS, Brazil). Generated sequences were submitted to

a BLAST search (39) to find regions of local similarity in the

GenBank database. Partial sequences of the Coccidia 18S rRNA

gene were aligned with corresponding 18S rRNA sequences of

thirteen coccidian species, using Clustal/W v.1.8.1 (40), and an

identity matrix was calculated using BioEdit software.

Quarantine and rehabilitation

For quarantine, we reuse enclosures from a previous project

(41, 42) located in the Ipanema district of Porto Alegre, RS. There

are two interchangeable enclosures: (a) a 22 m3 fully roofed, aerial

aviary with wire mesh floor and (b) a 72 m3 partially roofed,

double-mesh outdoor planted aviary. Variable numbers of birds of

mixed or same species and sexes, were primarily housed in (a), at

least until we had verified their feather waterproofing status. The

birds were housed according to their mean body weight (10–50 g),

their nutritional habits, and/or stocking density ranges. Stocking

density was managed by introducing birds until there was no

more individual space available to defend and conflicts ceased.

During quarantine, this usually resulted in densities between 4

and 7 birds/m3. Enclosures could also be subdivided with plastic

mesh panels for adjusting bird densities. Persistent fighters were

captured and relocated to enclosures with occupants of a higher

body weight category, or temporarily isolated. Birds were checked

daily to monitor conflicts, stocking densities, and feeding. They

received a daily ad libitum diet of mainly seed mixtures (birdseed,

millet, oat, sunflower, and rice), fruits (papaya, apple, orange, and

banana), and vegetables (cucumber, green corn on the cob, lettuce,

and cabbage). Bird baths were checked, cleaned, and exchanged

several times a day. In cases of outbreaks or new arrivals, quarantine

was reset to day 1. At around 30 quarantine days, if no disease was

detected and there were only occasional traumatic deaths, the birds

were caught, examined (physical condition, eyes, beaks, legs, nails,

and feathers), placed in individual disposable cardboard boxes, and

moved to the rehabilitation aviaries. Afterwards, the quarantine

enclosures were cleaned (using steel brushes and a pressurized

water jet) and left empty for 2–3 weeks before restocking with

new arrivals. In the rehabilitation aviaries, the stocking density was

also managed bymonitoring conflict dynamics, but usually reached

0.5–1 bird/m3. Any aggressive birds were relocated, temporally

isolated, or released. The recuperation period varied, depending

on the response time to improved flock appearance (feathering)

and behavior.

The rehabilitation aviaries were constructed on the edge of the

riparian forest adjacent to the Dilúvio stream, at the Faculdade

de Veterinária—UFRGS. Made from galvanized iron pipes, the

structure was mounted on a 1m concrete belt (0.8m buried

underground). A total of 1,000 m3 were distributed along two

contiguous 5m x 5m x 20m areas of fully planted (trees, shrubs,
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and vines) roofless enclosures. In the 200 m3 access barn, an

additional 48 m3 were divided into two 2m x 2m x 6m contiguous

support enclosures. All enclosures were interchangeable. The

main aviaries were bedded with a 25 cm layer of irregular

0.5 cm x 1.0 cm gravel and covered with a 15mm x 15mm

galvanized welded wire (2.2mm) mesh. Specimens of cambui

(Myrciaria tenella), jaboticaba (Myrciaria cauliflora), Brazilian

cherry-tree (Eugenia involucrata), Brazilian pitanga (Eugenia

uniflora), cinnamon (Cinnamomum verum), littleleaf boxwood

(Buxus microphylla), Buddhist pine (Podocarpus macrophillus),

guaco (Mikania glomerata), and passionflower (Passiflora alata)

were planted along the aviary landscape, and rocks and leafless tree

branches were placed for perching. The diet during rehabilitation

was similar to quarantine but offered every other day. Additional

food items included live invertebrates (Tenebrio molitor, Zophobas

morio, Mocis latipes, Spodoptera frugiperda, Galleria mellonella,

grasshoppers, and spiders), branches/twigs with leaves and native

fruits (Allophylus edulis, Eugenia rostrifolia, Eugenia uniflora,

Casearia sylvestris, Myrciaria tenella, etc.) and grass inflorescences

(Avena sativa, Brachiaria decumbens, Cynodon dactylon, Lolium

perenne, Panicum maximum, and Paspalum notatum). Live

invertebrates were confiscated, bought, and collected as described

previously (43). Seed mixtures were served in roofed feeders

and scattered around aviary grounds. Fruits and vegetables were

mainly skewered onto branches. When birds started hiding within

the vegetation upon our arrival at the aviaries, we planned the

releases. After 2 weeks of no disease and only occasional traumatic

deaths, the birds were lured with food into the contiguous barn

enclosures, where they were manually captured (after dark), and

placed into individual disposable cardboard boxes. They were kept

there overnight, moved to release sites at dawn, and hard-released

upon arrival, as shown in Supplementary Table 1. In addition to

changing the 3-inch top layer of gravel bedding, the enclosures

were cleaned with a pressurized water jet (for the lower structures),

limed (calcium hydroxide – 0.5 kg/m2), and kept empty for 2–

3 weeks before repopulation. Perching branches were replaced.

The same cleaning procedures were performed in the outdoor

quarantine enclosure.

Release sites and fieldwork

The birds were released at sites along their usual range of

distribution. Those from distant places (SBG2) were taken to

them and fed until the time for release. For SBG1, release sites

were planned up to 100 km from Porto Alegre, to accommodate

long-term post-release monitoring. Additional criteria for selecting

sites included long-term monitoring agreements with the farms,

to guarantee access with an entrance key or a 24 h managerial

service, and control human traffic. We did not perform any pre-

release evaluations of the release sites. Farm 1 included a 1,200-

hectare dual-purpose farm (crops and cattle) in the municipality of

Eldorado do Sul. Farm 2 encompassed an 8,200-hectare eucalyptus

plantation conjoining 2,400 hectares of native vegetation, mostly

residual Atlantic forest and riparian shrublands at the edge of

the Guaiba lake. Farm 2 lay adjacent to Farm 3, a 6,000-hectare

dual-purpose farm. Both were located in the Barra do Ribeiro

municipality. Occasional release sites included the surroundings

of the rehabilitation facilities (CEMAS/UFRGS) in addition to a

30-hectare ranch in the rural vicinity of the Viamão municipality

(Ranch1). At these release sites, green vegetables and fruits had

been previously skewered onto nearby branches and seed mixtures

scattered on the ground nearby. Combinations of native pastures,

forest fragments, shrublands, cultivated crops, rural dirt roads with

shrubby vegetation on both sides, eucalyptus plantations, and weir-

adjacent or riparian vegetation characterized the release sites. Those

habitats were appropriate for all species released and provided

intersection of ecological corridors (i.e., dirt road crossed by a river)

for bird dispersion. Having a nearby (up to 100m from the site)

body of water (e.g., dams, streams) was important for the bird’s

survival. Suitable release sites were not used while a released bird

settled there.

Post-release monitoring was performed at least once a

week, particularly during the breeding seasons of 2020, 2021,

and 2022. Fieldwork was carried out between quarantine,

rehabilitation and other activities. Post-release monitoring was

mostly performed on the farms, where two project members

covered 5 to 10 km a day. To attract target species and recapture

released birds, we used live decoys, mist nets, cages fitted

with netted trapdoors, and loop snares, as previously described

(34). Recapture was necessary for identifying ring numbers and

assessing recorded data (entry, release, and distance moved

from release site, Supplementary Table 1). Recaptured birds were

released immediately after identification. The live decoy cages were

placed on the luggage rack of a vehicle that traveled slowly along

each farm’s road networks, crops and cattle grasslands. Each day,

once there was vehicular access, we drove close to the coordinates

of the last release or recapture and continued along available routes.

In addition, we also followed tips from local people about the

sightings or location of ringed birds. After hearing or sighting a

target species and using binoculars to verify ringed subjects, the

capture arena was installed (34). If a target bird approached the car

very quickly, we simply installed netted trapdoors and snares. After

installing the capture arena, it was constantly monitored to prevent

opportunistic predator attacks and minimize additional stress for

the captured birds and decoys. For each arena where we recaptured

a released bird (positive), other attracted birds (negatives) were also

recorded. Ringed birds that came within sight but did not approach

were disregarded, as well as the unidentified negatives. Since large

eucalyptus plots can present an undistinguishable landscape, we

used the tracking tool from Avenza maps. Approximate release

and recapture coordinates were obtained using the Google Earth

geobrowser and the distances between them were calculated with

the measuring tool.

Financial information

Most of the project acquisitions and payments were performed

by the team from the Federal University of Rio Grande do Sul’s

support foundation (Fundação de Apoio da Universidade Federal

do Rio Grande do Sul—FAURGS). Expenses were recorded under

different categories, as presented in Supplementary Table 3. All

the expenses were incurred in Brazilian reais during the term
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FIGURE 1

Graphical abstract.

of the project and converted to the commercial dollar value

on the payment date. To calculate the final cost per bird, all

expenses were included, except publications costs. Building costs

over 10 years (the minimum aviary lifespan) were similarly

included into the 4-year recuperation period (2019–2022). Bird

management was carried out by CEMAS staff (n = 5) who were

not paid through the project. We estimated a minimum wage for

quarantine/rehabilitation of USD 5.00 per hour, and calculated

work time as 3 h/day during quarantine (30 days) and 3 h every

other day x average rehabilitation period/2 (30 days) x number

(n = 11) of bird flocks—(line 46, Supplementary Table 3). We

attributed USD 90.00 per day for post-release monitoring (line 47,

Supplementary Table 3), the average of daily values budgeted by

2 local biologists. Most financial support was provided by CMPC

Celulose Riograndense Ltda. (column C, Supplementary Table 3),

but the project also received grants from the coordinator and

IBAMA (column D, Supplementary Table 3).

Data analysis

For fieldwork data, descriptive variables for each SBG1 were

recorded in a spreadsheet (Supplementary Table 1). Responses were

expressed using descriptive statistics. Pearson’s chi-square test

was used to assess the association between categorical variables.

Variance analyses were performed using the General Linear Model

procedure and Tukey’s test was used to explore differences among

the means. The 95% confidence intervals (CI) were calculated using

a one-sample proportion test. The analyses were conducted with

Minitab v. 20 software (State College, Pennsylvania, USA. http://

www.minitab.com) and interpreted at a significance level of 0.05.

Results

General songbird management

In the period October/2018—October/2022, a total of 1,721

songbirds (SBG1) comprising 642 saffron finches, 335 red-crested

cardinals, 310 green-winged saltators, 307 ultramarine grosbeaks,

and 127 red-crested finches were quarantined, rehabilitated, and

released (Supplementary Table 1, Figure 1). The mean quarantine-

rehabilitation period was 89 days (median: 82 days; first and third

quartiles: 75 and 100 days). Over 215 monitoring days distributed

over the 2019–2022 period, and performed mostly during the

reproductive seasons, a total of 102 (6%) out of 1,721 songbirds

(SBG1) were recaptured an average of 249 days after their release

(median: 186 days; first and third quartiles: 53 and 377 days), at a

mean distance of 2,397m from the release sites (median: 1,370m;

first and third quartiles: 698m and 3,360 m).

The period from release to recapture was similar among the

bird species (P = 0.722). However, the dispersal of recaptured

birds differed significantly between species (F = 3.207; p = 0.016)

(Figure 2). The red-crested cardinals were recaptured at further

mean distances (3,487m) than ultramarine grosbeaks (1,386m;

P = 0.009). In addition, the red-crested cardinals had shorter

quarantine-rehabilitation periods (84.3 days) than ultramarine

grosbeaks (96.1 days; P < 0.001). Other species showed statistically

intermediate means in both assessments. Low correlations were

found between the quarantine-rehabilitation and release-recapture

periods (r = −0.101), and between the latter (r = 0.088) and

the former (r = −0.307) periods and the release-to-recapture

distance. The Pearson’s chi-square test showed no association (P

> 0.05) between the chance of recapture and the duration of

quarantine-rehabilitation period. Most recaptured birds were both
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FIGURE 2

Distance traveled between release and recapture sites by the songbird species.

dominant (62%), and tame (81%), and were attracted/captured

during territory defense (78%). At recapture, 68 (66%) of them

were observed with free-living (n = 54) and rehabilitated (n =

14) mates. Birds’ dominance behavior was closely associated (P

< 0.001) with their tame behavior, while both behaviors were

associated with sex (P< 0.001), and species (P< 0.001). The chance

of recapture was associated with the bird species (P= 0.005), sex (P

< 0.001), dominance behavior (P < 0.001), and tame behavior (P

< 0.001).

Most recapture environments were transitional

ecoregions including native and cultivated grasslands (46%),

eucalyptus plantation understory regeneration (38%), native

shrublands (35%), and native grove/forest fragments (34%)

(Supplementary Table 1). The distance release-to-recapture (P =

0.005), season (P = 0.013), and environment type (P < 0.001)

were associated with the recaptured species. The ultramarine

grosbeak showed a higher recapture rate (10.7%), and the shortest

mean distances (1.400m) from the release sites. Additional

recapture rates per species included the green-winged saltator

(6.1%), red-crested cardinal (5.3%), saffron finch (4.5%), and

red-crested finch (3.9%). A total of 1,094 negative birds from 77

species were recorded. The most prevalent negative birds were

saffron finches (n = 207), rufous-collared sparrows (Zonotrichia

capensis) (n = 159), green-winged saltators (n = 130), and

red-crested cardinals (n = 114). Other conspecific negatives were

identified as 93 red-crested finches, and 28 ultramarine grosbeaks

(Supplementary Table 1). The species of the negative birds were

associated with the recaptured species (P < 0.001). In total, 63

(out of 965) and 39 (out of 756) recaptured birds were released

in spring/summer and fall/winter, respectively. Released birds

traveled mean distances of 2,397m in spring/summer, and 2,472m

in fall/winter. Twenty-four ringed birds were sighted but not

recaptured. Nine birds escaped during management, 5 of which

were recaptured.

Health tests and pathology

Serological testing revealed no antibodies against Newcastle

disease. Salmonella spp. cultures were negatives. Of the collected

samples, 2.1% tested positive to an M. gallisepticum–specific PCR

(0.75–3.83% CI) (data regarding the health tests are presented

in Supplementary Table 4). Real-time polymerase chain reactions

detected M. gallisepticum in the samples of four red-crested

cardinals and three green-winged saltators. Typical sporulated

Isospora spp. oocysts (n = 11) with 2 sporocysts each measured

16–21µm x 17–22µm. Oocysts presented smooth double walls.

Deaths occurred mostly during the first 3 weeks of quarantine. The

findings on bird losses are summarized in Supplementary Table 5.

Supplementary Table 6 shows the Atoxoplasma matrix. Sequence 1

showed 100% coverage and 97.88% similarity with Isospora lunaris

(Access: MT237177.1). Sequence 2 showed 100% coverage and

97.72% similarity with Isospora spp. (Access: MH698576.1) and

Atoxoplasma spp. (Access: AY331571.1).

Financial costs

Except for publishing costs, the total cost for the research

period was USD 137,312.66 (Supplementary Table 3). This sumwas

divided by the total of 2,410 released songbirds (SBG1 and SBG2)

resulting in a per-bird cost of USD 56.98. Without post-release
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monitoring, the estimated per-bird rehabilitation and release cost

decreased to USD 37.

Discussion

While the treatment and temporary care of injured, diseased,

or displaced indigenous animals, and their subsequent release

into the wild, have been described (44, 45), detailed descriptions

of the protocols behind rehabilitating and returning confiscated

songbirds to the wild are seldom published or remain undisclosed.

There is, therefore, a huge discrepancy between the reports of bird

confiscations (6, 10) and those referring to management practices

for properly returning (21) the birds to the wild (29, 30, 46).

As such, one cannot rule out the possibility that most birds are

being managed and released improperly. Translocation and post-

release monitoring of captive-bred birds are sometimes employed

as the only options for recovering endangered species (47–51).

However, the species included in this study are classified as “least

concern” birds on the ICMBIO and IUCN Red Lists (12, 13).

Most conservation efforts do not address species unthreatened with

extinction (13), yet these are the animals that constitute the bulk of

confiscations in Brazil (10) and worldwide (8, 52), the impacts of

the decreasing abundance of these common species are a growing

global conservation concern (53–55). The loss of their ecosystem

services could lead to greater repercussions than those of rare

species. Moreover, there are relevant animal welfare challenges to

consider. The appropriate management of confiscated songbirds

is an urgent priority for wildlife professionals and policymakers

from countries where high rates of illegal wild songbird trafficking

are routine.

Songbird management

To give confiscated birds a suitable second chance,

rehabilitation should focus on providing the basics (food,

environment, and health management) until they are healthy

enough (body condition, plumage integrity, and behavior) to

face life in the wild. The recuperation period should be as short

as possible since delayed release may increase deaths (31) and

costs (44). Another reason for ending captivity promptly is the

difficulty in providing them with the full diet they have access

in the wild. Although we included several types of foods, the

readily-available diet in the wild is quite diverse, and they can

consume large amounts of items like live invertebrates (56).

This predatory habit increase captive-bird breeding (56, 57) and

probably expedites rehabilitation also. Suitable access to sunlight

and rain was available in the rehabilitation enclosures, so that

feather quality clearly improved during the recuperation period.

Healthy feathers assist with body thermoregulation and flight

(58, 59). The birds immediately took repeated and frenzied baths

upon having access to water, which reflected the long-term neglect

of feather care. When their feathers do not become waterlogged

after bathing, it is a sign that birds are ready to be moved to open

roof aviaries. Flight distance and sunlight are important aspects

to consider when planning the aviary dimensions and location.

Our aviaries allowed flight distances about 100x the average body

length of the housed birds, and the flight patterns upon release

suggested suitable muscular conditioning. Growing healthy, lush,

and adequate aviary vegetation provides comfort, shelter, and

food for the birds (56), and is the main reason for letting as

much sunlight as possible into the outdoor enclosures. The aviary

stocking rates depended on number of attacks, persecutions, and

ceased conflicts. Overcrowding leaves no available individual

space to fight for. This is also a routine practice to promote

peaceful coexistence among clownfish in captive-breeding (60).

Controlling stock density was key, as the fourth cause of death

was conspecific attacks (Supplementary Table 5). Considering

the great variability in the number of confiscated songbirds over

time (11), and conflict dynamics, it is useful to install multiple

enclosures (preferably with adjustable dimensions) interconnected

by a service corridor/interchangeable area (56). Conflict dynamics

may be circumvented as reallocation to a contiguous aviary may

establish a new flock hierarchy. In addition, if used for quarantine,

these enclosures should also be installed with double-panel meshes

(anti-predator) and aerial mesh floors. Despite the appearance

of opossums (Didelphis albiventris), roadside hawks (Rupornis

magnirostris), and other predators in the rehabilitation enclosures,

there were still more advantages than disadvantages to the

rehabilitation program. However, the aviary should be made

rodent-proof (with concrete foundations and reinforced small

mesh panels) since rats (Rattus rattus) are top songbird predators

(56). Comparable findings (61) highlight that trauma prevention

is crucial, especially during transport and reception, but also

during the critical initial (62) period of quarantine. Disposable

cardboard boxes provide a hygienic, dark (to keep birds quiet), and

safe environment for temporarily placing (63) and transporting

(56) songbirds.

Health, disease, and pathology

Wild birds will do their best to mask signs of disease as a

basic survival behavior (64). The presence of pathogens may be

influenced by factors such as diet, environment, general health,

and co-infection (65). Alone or together, and to greater or lesser

extents, all these factors probably affect confiscated birds. As such,

by selecting apparently healthy songbirds, we could hypothetically

minimize disease prevalence during the recuperation period. This

brings us to the importance of a comprehensive disease screening

protocol, which is typically informed by lifelong practice and

research on the health management of songbird flocks. Ideally,

the decision making should also include the current health status

of the free-living bird communities in the release sites. However,

does one need to worry about pathogens in confiscated birds

if their incidence in the free-living birds in the release sites is

unknown? The answer is unclear. As discussed previously (27),

despite the range of diseases affecting wild birds (66), we opted

to investigate only those addressed by the National Plan of Avian

Health because they may be important infectious conditions in

both wild and commercial birds. Negative anti-NDV antibodies

and Salmonella spp. culture (Supplementary Table 4) results

corroborated a tendency we observed earlier (27). Comparable

results have been reported in NDV serological surveys involving
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captive (67) and free-living wild birds (68). While previous studies

have estimated the prevalence of Salmonella spp. in samples of

wild birds – including passerines confiscated from illegal traffickers

– at 1–7% (66, 69), a similar project (61) reported the same

salmonellosis prevalence as we did. The PCR-based estimate of

a 2.1% M. gallisepticum (MG) prevalence is lower than in our

first report (27) but remained similar to findings reported for

other avian hosts (70). We detected MG in samples from seven

birds from one confiscated flock (Supplementary Table 4), and

two MG-positive cardinals became ill and died from a condition

indistinguishable from MG. The remaining flock was returned

to CETAS for veterinary care and/or reallocation to authorized

commercial captive breeding centers.

In total, the findings of 111 (67%) of the pathological

examinations performed on 180 bird carcasses suggested disease.

Atoxoplasmosis (Figure 3) and acuariasis were among the most

prevalent postmortem findings, mainly in red-crested cardinals and

seedeaters (Sporophila spp.), respectively (Supplementary Table 5).

These infections and the prevalence of Isospora spp. in fecal samples

(Supplementary Table 4) highlight the high risk of gastrointestinal

parasites disseminating via the fecal-oral route in captive wild bird

management projects (71). As such, housing the birds in enclosures

with aerial mesh floors is recommended to minimize transmission

(42), especially during quarantine. Systemic isosporosis, also

known as atoxoplasmosis, has been referred to as a significant cause

of mortality in captive passerines (72, 73). The debilitating and

fatal disease occurs in association with stress, concurrent infections,

or immunosuppression, conditions often affecting illegal trafficked

birds (61, 74). However, Atoxoplasma spp. infection in free-ranging

birds may not result in a significant mortality rate. Affected

birds show prominent keel bones and severe pectoral muscle

atrophy associated with thickening of the small intestine (75) due

to lymphocytic proliferation (Figure 3). At least two confirmed

outbreaks of the infection primarily affected two flocks of Paroaria

coronata, although it spread to some Saltator spp. birds as well,

especially S. similis. Both are species in the Thraupidae family,

which adds information to the families most at risk, besides

Fringillidae and Sturnidae (72).

The ulceration and inflammation of the gizzard mucosae

due to Acuaria spp. infection may lead to subsequent digestive

obstruction and death due to secondary infections or starvation

(72). Comparable mortalities due to Acuaria spp. infection have

been described for finches (76) and young swans (77). We

reported a fatal infection in a pekin robin (Leiothrix lutea) (62)

and afterwards we found Acuaria spp. in woodlice samples (43).

Acuaria spiralis infections in wild birds have been attributed

to the ingestion of parasitized woodlice (72). For unknown

reasons, except for two passerines, this infection was restricted

to small (10 g bw) seedeaters (Sporophila spp.). Perhaps dietary

habits, specific nutritional needs, unique sensitivity, or other

factors may explain it. The wide distribution of woodlice favors

occasional contact and disease, especially in birds managed in

outdoor aviaries. Moreover, the desirable calcium content (78)

may encourage uncontrolled consumption by captive birds, usually

those deprived of a balanced diet. Several other parasites were

observed (Supplementary Table 5). Microfilariae were frequently

detected, but they were not directly associated with the main cause

of death. Possible associations with pulmonary hemorrhages may

have included sarcocystosis (79) and vasculitis due to microfilariae

(72), or other factors. Given possible self-medicating behavior of

wild animals (80), concerns regarding these infections apply more

to birds held in captivity.

Several wild animals suffer from captivity stress, which may

be associated with diseases, deaths, and other conditions (81–83).

Diverse opportunistic bacteria can cause sepsis (66), a common

infection complication leading to death in confiscated birds (61).

Sepsis was also observed in our subjects, as well as aspergillosis

and candidiasis which are expected diseases among songbirds

undergoing the usual stressors in illegal trafficking. Wild birds

may also die from acute stress-induced cardiogenic shock due to

decreased circulating plasma, physical restraints, or hypovolemic

shock resulting from insufficient blood volume caused by acute

hemorrhage or excessive fluid loss (34, 84). Given the fighting

dynamic we already mentioned, we could plausibly attribute death

to cardiogenic shock to explain some of the inconclusive losses with

no inflammatory or infectious findings (Supplementary Table 5).

Gut dysbiosis is characterized by the loss of beneficial

microbiota, altered epithelial permeability, and increased

susceptibility to infection (85). The condition also affects wild

birds (86), and could be a plausible cause of death in the group

of inconclusive necropsies, especially those in which the main

changes were restricted to the intestines. Songbird carcasses have

often been associated with considerable autolytic changes (73, 87)

and high rates of inconclusive post-mortem findings (61). Rapid

autolysis of these carcasses may result from high body temperature

(40◦C) and body heat insulation (88).

Fieldwork

To assess the rehabilitation and release program, it was crucial

to evaluate survival and re-establishment. The high costs of better

quality camera lenses, short radio transmitter battery lifespans,

other expensive devices (89) and basic photography training

limited our budget for GPS units and cameras, to use as alternative

recovery methods. As a priority we released birds on properties

where the owners, supervisors, and workers, had long-standing,

trusting relationships. Naturally, the birds may have eventually

traveled beyond farm boundaries. However, we tried to ensure their

safety for the first hours after release, when they aremost likely to be

vulnerable to illegal recapture. Most hard-release sites transitioned

from grasslands to riparian vegetation and could provide food,

water, shelter, and ecological corridors for the birds (90). Feeding

areas where large wild flocks band together, particularly during

winter months, also served as release sites. Alternative criteria

for selecting release sites instead of those based on population

genetics (largely unknown for most of these species) include (a)

proximity to the confiscation sites, for the immediate release of

freshly-caught wild birds, and (b) different regional vocal “dialects”

as a proxy for the original parental population of a songbird (91).

Nevertheless, although interesting, these alternative criteria can be

difficult or impractical for managing confiscated songbirds. This is

because, except for the top dominant ones, most songbirds will not
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FIGURE 3

Atoxoplasmosis associated with lymphoproliferative diseases in songbirds. Macroscopic and microscopic findings. (A) Red-crested cardinal in poor
physical health evidenced by marked atrophy of the pectoral muscles. (B) Evident thickening of the initial portion of the small intestine (asterisks). (C)
Small intestine. Intense lymphocytic proliferation obliterating the entire intestinal mucosa and sometimes extending to the serosa. Hematoxylin and
eosin 40X. (D) Spleen. Numerous small merozoites within the cytoplasm of macrophages (arrows). Hematoxylin and eosin 1,000X.

vocalize right away. For them to do so, they would have to be kept

individually in cages, under reasonable level of care, for several days

to weeks.

While most paths in the release sites were explored several

times, higher numbers of recaptures were recorded along the

access paths, especially of Farm 2 (data not shown). As these were

the most frequently traveled paths, more fieldwork might have

resulted in higher recapture rates, as was previously suggested

(90). Placing the live decoy cages on the luggage rack allowed

us to cover several territories more quickly. As soon as the

decoys detected the conspecifics, they started to vocalize, so we

stopped and checked for rings on the attracted bird(s). SBG2

species (Supplementary Table 2) were excluded from the post-

release monitoring due to a lack of resources for long-term

fieldwork at long distances. Besides this, it would have meant

taking care of an even larger live decoy flock. We have not found

any reports describing the sampling and managing of confiscated

songbirds as we have done here. Similarly, we found no reports

about using live decoys as a post-release monitoring tool, probably

due to current legislative, regulatory, ethical, and logistic challenges

(34). Decoys with a marked tame and dominant profile proved

effective in the field for many reasons, including their connection

with handlers, and level of care. Despite some challenges (34),

we are convinced that these few passerines may have served the

welfare of hundreds that were given a second chance, and possibly

thousands of confiscated songbirds in the future.

While our 6% recapture rate is comparable to the overall

average recovery rate (RR) of 7% of ringed and recovered free-living

birds, in North America and Europe, where banding has existed

for over 100 years (92–94), these records reported significant

species diversity, and described various methods. In the absence

of a closer reference with which to compare our data, it could,

at least hypothetically, suggest comparable survival rates. Higher

RR rates, median times elapsed from release dates, and median

distances traveled between ringing and recovering were recorded

for non-rehabilitated non-passerines than rehabilitated ones (95).

Unlike that study, we excluded sick and injured birds. We also

carried out most of the recaptures within the first year (95).

Continued, long-term monitoring may change this, as we were

able to perform some recaptures after the first year of release,

particularly in places with a heavier human presence (L.12 and

L.216, Supplementary Table 1). Again, these findings suggest that

more fieldwork could result in stronger data. A study more similar

to ours (46) investigated a smaller sample of 4 pairs of wild-

caught Sumatran laughingthrushes (Garrulax bicolor). Residents

had surrendered the birds to the Indonesian Species Conservation

Program Center, where they were quarantined and rehabilitated

over 90 days, and soft-released. Only one bird was tracked for the

minimum 21-day battery lifespan, because the others transmitter

signals were lost. Previous results suggest there may be some

misconceptions about the benefits of delayed release, also called

soft-release, which had a negative effect on the long-term survival

of 59 threatened New Zealand hihi (Notiomystis cincta). They

were wild-caught, screened for diseases (96), and fitted with

radio transmitters before releasing (31). While some threatened

cirl buntings (Emberiza cirlus) were removed from their nest,
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hand-reared and then delayed-released (97) in spring/summer, and

were more likely to survive than those released afterwards (98), we

did not observe differences between the recapture rates of birds

released in different seasons.

Most of our recaptures occurred during the breeding seasons

(78%), when most songbirds are prone to fight with the decoys

while defending territory. Most of the recaptured birds were both

dominant (62%), and tame (81%), and this probably reflects a

biased result associated with our fieldwork methods. Considering

that most of the birds we released were neither dominant (n

= 1,236) nor tame (n = 1,196) (Supplementary Table 1), they

probably would not be willing to face the decoys or allow humans to

approach them. Birds with dominant traits drive away conspecifics

while those with tame characteristics allow humans to approach

them. Both are recognized songbird characteristics among bird

keepers (7, 99). Presumably for the same reasons, we could

not recapture any of the 24 ringed birds that came into sight

but did not approach. For others, we did not have appropriate

conspecific decoys. These aspects may explain why almost half of

the recaptured birds belong to forest species that usually defend

their territory all year round, even more so during the breeding

season. Both the saffron finch and the red-crested cardinal are

open area birds that usually form large winter flocks (100) to

comb the countryside in search of feeding areas. This behavior

may partially explain why, despite being among themost numerous

groups, their recapture numbers were lower than those of forest

species. Additionally, the largestmonitored areas were covered with

eucalyptus plantations. Most of the confiscated passerines that we

could sex were male (n = 845), which are also usually the best and

most valued singers among bird keepers.

Rather than considering individual characteristics, we based

our decisions to release on general flock appearance and behavior.

Most of the recaptured birds also looked healthy, with perfect

feather cover, good physical status, and wild behavior. Even

those that had been tame seemed wild at the first moments of

reencounter. However, after several minutes, some of them seemed

to get used to us, or ignored us to scare the decoys away. Contrary

to what we used to think, even tame birds can survive and

apparently adapt to free living (Supplementary Table 1), probably

also due to the phenomenon referred to as social facilitation or

observational learning (101). While our study focused on bird

flocks, some individual results have challenged our perceptions.

Firstly, even after 19 months in freedom, a pair of ultramarine

grosbeaks (L.262 and L.264, Supplementary Table 1) were still tame

enough to perch on car doors. Also, settling in a storage area for

road maintenance materials suggests that they enjoy the human

company there. Secondly, a male saffron finch made an impressive

recovery (L.1577, Supplementary Table 1) and, in just 30 days post

release, had mated and produced 2 fledglings. This family used an

unoccupied rufous hornero nest in an 8m high eucalyptus tree.

A reintroduction of about 400 wild-caught North Island

robins (Petroica longipes), which were immediately released upon

arrival at the site, showed that the landscape connectivity,

predator control, and forest type were strong predictors for

post-release establishment (97). The specific factors underlying

the re-establishment or dispersal of our released birds remain

unclear. However, our findings suggest that available territory

was the most important factor for songbird re-establishment.

Ultramarine grosbeak (C. brissonii), the least common species

(among those released) at the release sites (Supplementary Table 1)

accounted for nearly double the overall recapture rate (10.7%),

and the shortest mean distances (1.400m) from the release sites

(Figure 2), suggesting less territory competition. In addition to

proper settlement, the majority of released ultramarine grosbeaks

mating with free-ranging females also suggests a reduced male

population. This, in turn, may suggest the illegal capture of males

since they are more valued in trafficking (7) and are also more easily

captured, since territory defense is usually a male task (11, 34). This

situation, which may progressively affect a wider range of species

worldwide, has been reported and linked to low reproductive

success in the free-living populations of the endangered yellow

cardinal (Gubernatrix cristata) (102). Enhanced dominant behavior

may be another factor to predict re-establishment for some from

our birds. However, as also discussed here, this may be biased data.

In addition, we speculate that low competitiveness in the eucalyptus

plantations (103) could also facilitate the re-establishment of

released birds.

Our releases were performed along landscapes that provided

birds with a functional connection between habitat patches to

facilitate dispersal (90), an important requirement for common

and widely distributed species. Most recaptured birds were found

in environments which included native vegetation remnants

within grasslands, shrublands, and groves or forest patches.

A balanced conservation effect of preserved fragments and

environments is essential (19, 20). Losses of natural and semi-

natural habitats, mostly to agriculture, are a significant concern

for biodiversity. While natural forests are progressively decreasing,

plantation forests are increasing (104, 105). The critical effects of

agricultural expansion on wildlife conservation point to a need

for urgent, comprehensive agricultural planning (106), particularly

in countries where considerable wildlife resources still exist. With

releases in eucalyptus plantations, we expected to provide the

released birds with a transient, sheltered, and less competitive

environment than native forest fragments (103). However, a

considerable number (38%) of our recoveries settled within

eucalyptus plantations, especially in areas with rich understory

regeneration. We observed the released birds and other free-

living ones feeding on pioneer trees interspersed among the

natural regeneration of bugre herb or wild-coffee (Casearia

sylvestris), capororoca (Myrsine umbellata), and capulin (Trema

micrantha). We also observed them feeding on wooly palm (Butia

spp.), queen palm (Syagrus romanzoffiana), fig tree (Ficus spp.),

and signal grass (Brachiaria decumbens), among other plants

composing those landscapes. Natural regeneration establishes

itself ∼18 months after eucalyptus planting, when growing

vegetation is no longer controlled. These findings are consistent

with previous reports showing that afforestation of agricultural

lands may assist conservation by providing complementary forest

habitats. Considering these wildlife opportunities exist alongside

deforestation, the pressure for agricultural development may

render plantation forestry a “lesser evil” (104), especially if forest

managers protect indigenous vegetation remnants (104). Our

results corroborate that remnant patches of native vegetation

(104), strips of riparian vegetation, dams, open and clearing areas
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(Supplementary Table 1) can increase the number of native species

that occur on plantations (103). The harvesting of eucalyptus,

usually after 7–10 years, could become a critical question here, since

settled birds are obligated to look for new territory. However, the

post-release period spent in the wild until harvesting may teach

valuable skills to these birds, making them stronger than they were

at release and able to venture further. They may learn to move on

to the next eucalyptus plot as we observed with one ultramarine

grosbeak pair (L.524, Supplementary Table 1). Considering the

succession of stressful events to which these confiscated birds were

subjected, it is reasonable to think that moving due to eucalyptus

harvesting may not be harder to deal with than everything else they

have been through.

Financial costs

Financial records on managing wild birds are scarce, even more

so for rehabilitating confiscated wild birds. However, unlike our

case, the accounts for rehabilitating and releasing oiled wildlife

on a per-bird basis started with a minimum of USD 1,600.00

(107), regardless of the construction costs, and volunteer work.

These were excessively higher than our costs, greatly due to the

medical expenses for injured birds, a category we did not include.

A per-bird cost of USD 2,800.00 was estimated to reintroduce

yellow-shouldered Amazon parrots (Amazona barbadensis) on

Margarita Island, Venezuela (47). Previously (41), we discussed

that, though construction may be initially expensive, these costs

are absorbed over the aviary lifespan and highlights the importance

of investing in durable materials, as we did. Our rehabilitation

enclosures will last longer than the estimated 10-year lifespan. In

that report, it was also made clear that live food, although highly

appreciated by the birds, and possibly having high rehabilitation

value, is hardly affordable in the amounts they usually consume.

We mentioned an annual cost of USD 294.00 for a 20 g bw

pekin robin (Leiothrix lutea), of which USD 259.00 was spent

on live insects (41). Those were just a few songbirds kept at

a high level of care that is unsustainable for large numbers of

confiscated passerines. Also, unlike the study of oiled birds (107),

in which one-half of the total costs paid for staff, we estimated

our labor costs based on the minimum wage. We worked from the

construction to the post-release monitoring phase. Except for daily

personal expenses (L.30, Supplementary Table 3) on long trips,

we received no payment through the project. Although studies

tend to not address expenses, authors who are aware of the cost-

effectiveness involved in rehabilitating injured birds have discussed

the applicability of euthanizing difficult cases to save resources for

the birds that would probably survive (45).

Concluding remarks

While thousands of wild songbirds are confiscated annually

in Brazil (7, 11, 99) and abroad (3, 9) these registered cases

are probably only the tip of the iceberg. Managing songbirds

confiscated from the illegal trade is controversial, complex, and

often frustrating due to the many deaths, inconsistencies and

questions associated with conservation effects, not to mention the

related risks (24, 27, 32, 71, 74). However, it seems reasonable to

think that losing thousands of them every year may impact nature

more severely than this method of confiscating, recuperating, and

returning birds to the wild, in compliance with guidelines (21, 22).

Nevertheless, the long-term effectiveness of this conservation tool

remains to be seen. We understand that much remains to be

clarified about the genetic and health impacts involved. To date,

studies using samples from three of the most commonly trafficked

species in Brazil (24, 27) concluded that a better understanding of

population connectivity among and within ecoregions is necessary

to evaluate the feasibility of releasing confiscated birds in the

wild. Considering the number of confiscated songbirds and the

wide distribution of some trafficked species, significant effort

and resources are needed to properly decipher these gaps. In

the face of limited data, questions regarding the most feasible

destination for these birds remain unresolved. While we may

have taken several steps forward on management practices,

establishing a definitive health screening protocol requires further

management and research. Our pathological studies indicated

that basic bird management practices, strict parasite control

and appropriate enclosure design may prevent most bird losses.

Above all, quarantine installations should include aerial mesh

floors, double-mesh panels, and interchangeable aviary units to

minimize fecal-oral transmissions, predator attacks, and aggression

issues, respectively.

Although some aspects of captive management and the

reestablishment of ecological services remain unclear, animal

welfare and the ethical value of providing the birds with a suitable

second chance were undoubtedly addressed. Songbirds suffer the

same fate in many parts of the globe, some even more intensely

where caging birds is a cultural habit (6, 10). The present report

describes management practices for the appropriate rehabilitation

and release of songbirds confiscated from illegal traffic. Further, we

showed that, if managed as we describe, they may survive and re-

establish themselves in the wild. Moreover, similar recovery rates

indicate that their quality of survival may compare to that of free-

ranging birds in the wild (92–94). Apart from being applicable in

similar initiatives worldwide, these methods may also assist with

confiscated songbird species of vulnerable conservation status, such

as the great-billed seed-finch (Sporophila maximiliani) (108), also

present in confiscations (11). While natural forests are obviously

more suitable as habitat for a wider range of native forest species

than plantation forests (20, 103), we observed that eucalyptus

plantations provided suitable habitats for rehabilitated and released

forest species, particularly in plots with more lush understory

regeneration. In the past, eucalyptus plantations may have been

considered “green deserts” (105), but this label may no longer be

fitting in our current, changing world.
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