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Abstract
Background and Aim: The Wild Animal Screening Center in Espírito Santo State (CETAS-ES), Brazil, treats wildlife from 
trafficking and illegal trade, accidents, captivity, and rescue from out of their habitat. The present study described the trends 
in wildlife admission to the CETAS-ES over the past 10 years and discussed the impact of animal exploitation.

Materials and Methods: This descriptive study used a database provided by the CETAS-ES with data on animals admitted 
between 2011 and 2021, including admission year, origin, place of captivity, taxonomic category, sex, life stage, and health 
status.

Results: Over 10 years, 23,176 animals were admitted, with an annual average of 2,106 admissions. Seizing was the most 
common origin (60.39%), followed by rescues/collections (22.60%) and voluntary delivery (11.7%), whereas 5.3% had 
unidentified origins. Birds were the most frequently admitted animals (80.6%) and were predominant among those seized 
(97.5%), rescued/collected (46.7%), and voluntarily delivered (73.2%). Mammals represented 45.0% of rescues/collections 
and reptiles represented 19.0% of voluntary deliveries.

Conclusion: The admissions reveal a vulnerable scenario for wildlife in the Brazilian Atlantic Rainforest of Espírito Santo 
State, mainly affecting birds. Seizing was a common occurrence over the decade, reinforcing the necessity of actions to 
prevent wildlife trafficking and illegal trade.

Keywords: Atlantic Rainforest, biodiversity, fauna, wildlife trade.

Introduction

Wildlife exploitation occurs for different rea-
sons, affecting natural areas, causing biodiversity loss, 
and introducing exotic animals into new habitats. It 
also facilitates pathogen spillover and spreading, with 
substantial reports of wildlife being infected with ecto-
parasites [1–7]. Institutions rehabilitating these animals 
are crucial for preserving biodiversity and providing infor-
mation on the risks to these animals [8]. The Wild Animal 
Screening Center in Espírito Santo State (CETAS-ES) 
identifies, evaluates, treats, and rehabilitates wildlife 
experiencing trafficking and illegal trade, accidents, cap-
tivity, or rescued from outside their habitat [9, 10].

In Brazil, the Atlantic Rainforest is an area with 
relevant registers of wildlife exploitation, reflecting 

the number of species under threat of extinction, cor-
responding to 383 out of the 633 listed in the coun-
try [11, 12]. Espírito Santo State, which initially had 
its entire territory covered by the Atlantic Rainforest, 
experienced high levels of deforestation [13, 14], con-
tributing to the vulnerability of wildlife due to habitat 
loss and exposure to hunting [5]. In the State, natu-
ral areas close to urban settings and the proximity of 
roads contribute to many animals being determined of 
their habitats or involved in accidents [15]. In addi-
tion, the local culture of domesticating wildlife and 
the lenient legislation for wildlife protection contrib-
ute to its vulnerability [16, 17].

The present study described the trends in wildlife 
admission to the CETAS-ES over the past 10  years 
and discussed the impact of animal exploitation.
Materials and Methods
Ethical approval

The Brazilian Institute for the Environment and 
Renewable Natural Resources (IBAMA) approved the 
study. The study used secondary data; thus, no ethical 
approval from the Ethics Committee on Animal Use 
(CEUA) was necessary.
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Study period and location
This descriptive study used the database provided 

by CETAS-ES on wildlife admitted between 2011 
and 2021. CETAS-ES is an institution that manages 
seized, rescued, collected, or voluntarily delivered 
fauna. It covers Espírito Santo State’s entire territory 
and receives animals from other States [9, 10].

CETAS-ES has one unit in Serra municipal-
ity, located in the Metropolitan Region of Greater 
Vitória, Espírito Santo State, Brazil. Espírito Santo 
State is in the littoral of the Brazilian southeast region, 
with an area of 46,074.448 km², 78 municipalities, a 
tropical humid climate, and a biome with ecosystems 
encompassing mangroves, salt marshes, highlands, 
and marshes [18]. In 2021, the remaining Atlantic 
Rainforest in the State corresponded to 12.6% of the 
original coverage, and in 2022, 311 of the faunal spe-
cies were considered endangered [19].
Study variables

The study evaluated the following data on wild-
life admitted to the CETAS-ES: Admission year, 
origin (seizing, rescue/collection, and voluntary 
delivery), place of captivity (municipality and State), 
taxonomic category (class, order, and species), sex 
(male, female), life stage (cub, young, adult), and 
health status (alive, dead).

Seizing consisted of illegal trade and captivity 
for commercial purposes. Rescue/collection repre-
sented victims of accidents or animals reported out of 
their natural habitats. Voluntary delivery corresponded 
to irregular pets.
Statistical analysis

Simple and relative frequencies were cal-
culated using Microsoft Excel (Microsoft Office, 
Washington, USA).
Results

Over 10  years, 23,176 animals were admitted 
to the CETAS-ES, with an annual average of 2,106 
admissions and a standard deviation of 873.87, vary-
ing from 686 in 2016 to 3,437 in 2020, with no clear 
increasing trend over the years (y = 116.18x + 1,409.8; 

R2 = 0.1994). Seizing was the most frequent origin, 
accounting for 60.4% (n = 13,995), with an average 
of 1,272 records/year (standard deviation = 680.78), 
followed by rescues/collections (n = 5,230; 22.6%) 
and voluntary deliveries (n = 2,714; 11.7%), with 
annual averages of 475 (standard deviation = 213.27) 
and 246 (standard deviation = 91.13), respectively. 
Unidentified origins comprised 5.3% (n = 1,237). 
Rescues/collections slightly surpassed seizings in 
2014 and 2015 (Figure-1).

Most wildlife admitted to CETAS-ES were alive 
(99.2%) or in adulthood (72.1%). Despite 53.0% 
having no sex determined, most of those who had 
this information were male (38.4%). Birds were pre-
dominant among the animals admitted (80.6%). Serra 
(n = 7,653; 33.0%), Cariacica (n = 1,417; 6.1%), 
Vitória (n = 1,359; 5.9%), and Vila Velha (n = 839; 
3.6%), all cities in the Metropolitan Region of Great 
Vitória, were their principal places of origin, in addi-
tion to Cachoeiro de Itapemirim (n = 695; 3.0%), 
which is located in the south of the State (Figure-2). 
However, data on the place of captivity were missed in 
7,571 cases (32.7%). Wildlife from bordering States, 
such as Bahia (n = 721), Rio de Janeiro (n = 356), 
and Minas Gerais (n = 8) were also admitted to 
CETAS-ES, as well as from more distant places, such 
as Santa Catarina State (n = 82), Rio Grande do Sul 
State (n = 6), Brasília (n = 1), and the Amazon region 
(n = 2), totaling 1,176 animals from other States 
(Table-1 and Figure-2).

The seized animals were mostly alive (99.1%), 
adults (89.2%), and males (63.6%). Serra (n = 4,292; 
30.7%), Cariacica (n = 873; 6.2%), Vila Velha (n = 402; 
2.9%), Vitória (n = 366; 2.4%), and Cachoeiro de 
Itapemirim were the most cited places of captivity, 
and almost all cities in Espírito Santo had wildlife 
captured. In addition, 714 cases were from bordering 
States, 709 were from Bahia, three were from Rio de 
Janeiro, and two were from Minas Gerais. The place 
of captivity was unknown in 36.7% (n = 5,260) of the 
cases (Table-1 and Figure-2).

Concerning taxonomic classes, 97.5% 
(n = 13,638) of seized wildlife were birds, with 

Figure-1: Annual admissions and origins of wildlife admitted to CETAS-ES, Espírito Santo State, Brazil, 2011 – 2021.
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Table-1: Characteristics of wildlife admitted to CETAS‑ES according to origin from 2011 to 2021.

Characteristic Seizing
N = 13,995

N (%)

Rescue/collection
N = 5,230

N (%)

Voluntary delivery
N = 2,713

N (%)

Total*
N = 23,176

N (%)

Health status
Alive 13,870 (99.1) 5,176 (99.0) 2,706 (99.7) 22,987 (99.2)
Dead 125 (0.9) 54 (1.0) 7 (0.3) 189 (0.8)

Sex
Male 7,340 (52.4) 1,191 (22.8) 209 (7.7) 8,900 (38.4)
Female 141 (1.0) 1,620 (31.0) 147 (5.4) 1,998 (8.6)
Undefined 6,514 (46.5) 2,419 (46.2) 2,357 (86.9) 12,278 (53.0)

Life stage
Cub 315 (2.3) 2,181 (41.7) 282 (10.4) 2,986 (12.9)
Young 1,833 (13.1) 819 (15.7) 301 (11.1) 2,946 (12.7)
Adult 11,594 (82.8) 2,130 (40.7) 2,070 (76.3) 16,714 (72.1)
Undefined 253 (1.8) 100 (1.9) 60 (2.2) 530 (2.3)

Class
Birds 13,637 (97.4) 2,442 (46.7) 1,985 (73.2) 18,681 (80.6)
Mammals 43 (0.3) 2,356 (45.0) 157 (5.8) 2,678 (11.6)
Reptiles 257 (1.8) 431 (8.2) 542 (20.0) 1,729 (7.5)
Arachnids 52 (0.4) 0 0 52 (0.2)
Insects 6 (0.1) 0 0 6
Actinopterygii 0 0 26 (1.0) 26 (0.1)
Amphibians 0 0 3 (0.1) 3
Undefined 0 1 0 1

*The total includes 1,237 animals with unidentified origin. CETAS‑ES=Wild Animal Screening Center in Espírito Santo 
State

Figure-2: Places of captive wildlife admitted to CETAS-ES, 
Espírito Santo State, Brazil, 2011–2021[Source: Wild Animal 
Screening Center in Espírito Santo State (CETAS-ES)].

a predominance of Passeriformes (n = 13,089; 
96.0%), followed by Psittaciformes (n = 469; 3.4%), 
Columbiformes (n = 35; 0.3%), Galliformes (n = 10; 
0.1%), Falconiformes (n = 9; 0.1%), Anseriformes 

(n = 8; 0.1%), Piciformes (n = 7; 0.1%), Strigiformes 
(n = 5), Accipitriformes (n = 2), Gruiformes (n = 2), 
and Cathartiformes (n = 1). The order Passeriformes 
predominated among the 16 most frequently seized 
species admitted to CETAS-ES, and only one species 
of the order Psittaciformes was included in this rank-
ing (Tables-1 and 2).

Seized reptiles were of the order Testudinata 
(n = 178; 69.3%), Squamata (n = 65; 25.3%), and 
Crocodyla (n = 14; 5.4%), while Arachnids were of the 
Order Araneae (n = 50; 96.2%) and Scorpiones (n = 2; 
3.8%). Regarding mammals, 46.5% (n = 20) were of 
the order Didelphimorphia, 23.3% (n = 10) Primates, 
14.0% (n = 6) Rodentia, 7.0% (n = 3) Cingulate, 4.7% 
(n = 2) Artiodactyla, 2.3% (n = 1) Carnivora, and 2.3% 
(n = 1) Pilosa. Insects belonged to the Order Blattodea 
(n = 5; 83.3%) and Coleoptera (n = 1; 16.7%).

Similarly to the other origins, most of the res-
cued or collected wildlife were alive (99.1%), but 
slight differences were observed according to sex, life 
stage, and class of these animals. Most of the animals 
were female (31.0%), and the proportions of cubs 
(41.7%) and adults (40.7%) were similar, as were the 
percentages of birds (46.7%) and mammals (45.0%). 
Among rescued/collected birds, the main orders 
were Strigiformes (n = 621; 11.9%), Passeriformes 
(n = 598; 11.4%), Psittaciformes (n = 268; 5.1%), 
Falconiformes (n = 194; 3.7%), Columbiformes (n = 
153; 2.9%), and Accipitriformes (n = 110; 2.1%). The 
principal order of rescued/collected mammals was 
Didelphimorphia (n = 1,843; 35.2%), mainly of the 
species Didelphis aurita (n = 1,803). Regarding res-
cued/collected Primates (n = 340; 6.5%), they were 
mostly of the species Callithrix geoffroyi (n = 315). 
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Reptiles of the order Testudinata (n = 235; 4.5%) and 
Squamata (n = 175; 3.3%) were also among the most 
rescued/collected animals (Table-1). The main places 
of rescued/collected wildlife were Serra (n = 2,633), 
Vitória (n = 830), Cariacica (n = 328), Vila Velha 
(n = 325), Guarapari (n = 101), and Cachoeiro de 
Itapemirim (n = 58), with 572  (10.9%) unidentified 
places.

Wildlife voluntarily delivered accounted for a 
higher proportion of life individuals (99.7%), mainly 
with undefined sex (86.9%). The majority of them 
were adults (76.3%), and the main genera were birds 
(73.2%) and reptiles (n = 515; 19.0%) (Table-1). Most 
of the birds were Passeriformes (n = 1,247, 46.0%) 
of Sporophila caerulescens (n = 387), Sicalis flaveola 
(n = 197), Saltator similis (n = 158), and Psittaciformes 
(n = 577; 21.3%) of Amazona rhodocorytha (n = 241). 
Most of the reptiles were of the order Testudinata 
(n = 515; 19.0%), particularly Chelonoidis carbonaria 
(n = 257) and Trachemys dorbigni (n = 116). In addi-
tion, similar places were cited as predominant among 
wildlife voluntarily delivered: Serra (n = 684), Vitória 
(n = 183), Vila Velha (n = 105), Cariacica (n = 97), 
and Cachoeiro de Itapemirim (n = 81). However, 
1,388 (50.2%) individuals had unidentified places.
Discussion

The animals admitted to CETAS-ES and iden-
tified in this study illustrate a vulnerable scenario 
for wildlife in the Brazilian Atlantic Rainforest, 
particularly in Espírito Santo State. The predomi-
nance of seizing shows the permanence of illegal trade 
and traffic in this territory, with IBAMA and police 
authorities playing a significant role in preventing 
these crimes. The considerable number of animals 
rescued or collected reinforces the need for strate-
gies to avoid accidents involving wildlife, especially 
collisions on highways crossing areas with natural 
reserves. In addition, voluntary deliveries must be 
encouraged among pet owners through educational 

campaigns that address the risks and impacts of keep-
ing wildlife out of their habitats.

The main places of captivity for admitted ani-
mals were cities crossed by recognized land routes 
for wildlife trafficking, like national and State 
highways [20]. These roads also cross natural areas 
and cause accidents with wildlife, which are often 
fatal. The municipalities of the Metropolitan Region 
of Great Vitória have markets selling animals. At the 
same time, Cachoeiro de Itapemirim is close to the Rio 
de Janeiro State border, where many wildlife markets 
are located [20]. This also partially explains the num-
ber of wildlife pets in these locations. Nonetheless, 
imprecise reporting of the locations of animal origin 
is expected, as evidenced by the outstanding numbers 
of reports in Serra municipality, where CETAS-ES is 
located. This is also evidenced by the low number of 
animals in the Linhares and Sooretama municipalities 
in the north of the State, as both are known as areas 
for hunting and selling wildlife [20]. These cities also 
have the Biological Reserve of Sooretama, a protected 
area crossed by the highway BR-101, which has a 
high incidence of wildlife being hit by cars, especially 
mammals crossing the road [15].

Most of the wildlife admitted were alive, which 
partially explains the preponderance of adult males. 
Estimations indicate that one in ten animals exploited 
for illegal trade and traffic survive [17]. Therefore, 
more vulnerable individuals, such as cubs and young 
animals, could not be admitted to CETAS-ES due to 
premature death.

In CETAS-ES, birds were the predominant wild-
life admitted in all types of origin. International data-
bases indicate that birds represent the leading group 
illegally traded [21]. In Brazil, granivorous and song-
birds are illegally traded, and they are the most frequent 
animals in legal wildlife breeding, demonstrating the 
commercial interest in this group [22, 23]. Moreover, 
the use of birds as pets is a culture in some areas of 

Table-2: Frequently seized wildlife species admitted to CETAS‑ES, Espírito Santo State, Brazil, 2011–2021.

Rank Class Order Species n (%)

1 Birds Passeriformes Sporophila caerulescens 4,659 (33.3)
2 Birds Passeriformes Sicalis flaveola 2,345 (16.8)
3 Birds Passeriformes Saltator similis 1,556 (11.1)
4 Birds Passeriformes Sporophila nigricollis 822 (5.9)
5 Birds Passeriformes Sporophila frontalis 355 (2.5)
6 Birds Passeriformes Paroaria dominicana 325 (2.3)
7 Birds Passeriformes Zonotrichia capensis 240 (1.7)
8 Birds Passeriformes Turdus rufiventris 238 (1.7)
9 Birds Passeriformes Tangara sayaca 231 (1.7)
10 Birds Passeriformes Gnorimopsar chopi 222 (1.6)
11 Birds Passeriformes Sporophila angolensis 220 (1.6)
12 Birds Psittaciformes Amazona rhodocorytha 206 (1.5)
13 Birds Passeriformes Sporophila ardesiaca 198 (1.4)
14 Birds Passeriformes Volatinia jacarina 130 (0.9)
15 Birds Passeriformes Sporophila lineola 125 (0.9)
16 Birds Passeriformes Icterus jamacaii 121 (0.9)

*Sporophila spp. (Birds, Passeriformes) comprised 363 (2.6%) individuals. The other species had < 100 individuals 
admitted. CETAS‑ES=Wild Animal Screening Center in Espírito Santo State
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Brazil [16, 23]. Similarly to CETAS from the Bahia 
State, CETAS-ES had Passeriforms as the predomi-
nant seized birds admitted [24, 25], and similar spe-
cies were observed among those most common, 
such as S. flaveola, Sporophila nigricollis, Paroaria 
dominicana, and S. caerulescens. These species 
and S. similis, Sporophila angolensis, Gnorimopsar 
chopi, Turdus rufiventris, and Sporophila lineola 
are also among the more seized in other areas of the 
Atlantic Rainforest and in CETAS-ES [23]. In addi-
tion, CETAS-ES admitted endangered bird species, 
such as Sporophila frontalis, S. angolensis, S. similis, 
and A. rhodocorytha, among the most frequent ani-
mals, highlighting the risk of loss of biodiversity in 
the Atlantic Rainforest [19].

The captivity of birds has consequences for their 
well-being, leading to stress, injury, and undernour-
ishment due to violence and entrapment in crowded 
and small places. Therefore, beyond ecological imbal-
ance, captivity favors pathogen transmission [26]. In 
addition, it may contribute to pathogen spillover to 
poultry, other domestic animals, and humans because 
birds are pathogen hosts, vectors, and amplifiers [27, 
28]. Infectious diseases were reported as the lead-
ing cause of death in seized birds, varying from 
51.7% to 78.6% [26, 29]. Pathogens were isolated 
from seized animals in recovery centers, such as 
viruses (avian influenza), parasites, fungi, and bacte-
ria such as Salmonella spp., Klebsiella pneumoniae, 
and Escherichia coli [30–37]. In addition, birds are 
potential reservoirs of multidrug-resistant pathogens, 
which the World Health Organization lists as priori-
ties for new antibiotic development [38]. Therefore, 
the captivity of wild birds may have consequences 
for plant reproduction, insect control, food safety, 
and public health, with economic and social impacts.

Accidents or rescues out of their habitats sig-
nificantly impacted mammals, including the admis-
sion of opossums and monkeys. However, it was not 
possible to identify the specific cause of admission. 
Previous reports of animals killed on Brazilian roads 
show several accidents with opossums, also indicat-
ing D. aurita as one of the most affected, with 22,488 
road kills estimated per year. Nonetheless, the same 
study reported a low number of monkeys affected by 
road accidents but heavily impacted by habitat loss, 
contributing to their being found outside their natural 
territories [39].

Species of the order Testudinata were among the 
animals that were delivered voluntarily. Their long 
lifespan increases the possibility of them being no lon-
ger wanted as pets. Therefore, actions that contribute 
to wild pets’ well-being, promote environmental 
education, and enforce the law should be pursued to 
prevent the abandonment of unwanted wildlife pets, 
avoid their death, and avert negative impacts on natu-
ral populations, especially in non-endemic areas, such 
as pathogen introduction or unbalance in the food 
chain and reproduction [40].

CETAS-ES provides a vital service to protect 
fauna. Nevertheless, investments are necessary to 
increase the capacity of the center to identify and control 
health risks. Of the rescued animals admitted to triage 
centers in Brazil, approximately 78% returned to their 
natural habitat without undergoing preventive health 
checks [41]. Some reasons for this include a lack of pro-
fessional training and insufficient infrastructure to meet 
the high demand for such services [42]. In addition, 60% 
of pathogens found in trafficked animals have zoonotic 
potential, and workers dealing with them must undergo 
follow-up and evaluation periodically [7].

CETAS-ES is a sentinel for evaluating wildlife 
risk, but it is limited for capturing other types of ani-
mal exploitation, such as slaughtering for human con-
sumption. In addition, deaths from illegal activities 
with wildlife are underestimated if only the present 
data are considered. Another limitation was using 
secondary data, which are prone to information bias. 
Therefore, further studies, including different data 
sources, are necessary to deepen our understanding of 
wildlife risks in Espírito Santo State.

Behavior change must be pursued to address 
wildlife exploitation, with interdisciplinary and inter-
institutional involvement and governmental and civil 
society engagement [43, 44]. Thus, it will be possible 
to diminish the risks associated with wildlife exploita-
tion in the Atlantic Rainforest.
Conclusion

Wildlife admissions in CETAS-ES over 10 years 
revealed a vulnerable scenario for the fauna of the 
Atlantic Rainforest in Espírito Santo, with no reduc-
tion during the study period. Seizing was a common 
occurrence, reinforcing the necessity of actions to pre-
vent wildlife trafficking and illegal trade. Birds were 
the principal group affected, but mammals appeared to 
be commonly rescued/collected, and reptiles were fre-
quently voluntarily delivered. Actions are necessary to 
prevent and respond to wildlife exploitation, improve 
animal well-being, protect biodiversity, diminish risks, 
and promote behavioral changes toward wildlife abuse.
Authors’ Contributions

HADS, JCT, and CRV: Conception and design. 
HADS and JCT: Data collection. HADS and CRV: 
Analyzed the data. CRV, JCT, RAM, CPB, and BF: 
Data interpretation. HADS, RAM, and CRV: Drafted 
the manuscript. JCT, CPB, and BF: Reviewed the 
manuscript. All authors have read and approved the 
final manuscript and are accountable for all aspects of 
the work in ensuring that questions related to the accu-
racy or integrity of any part of the work are appropri-
ately investigated and resolved.
Acknowledgments

The authors thank the Brazilian Institute for 
the Environment and Renewable Natural Resources 
(IBAMA) for approving the research. CRV received 



International Journal of One Health, EISSN: 2455-8931� 214

Available at www.onehealthjournal.org/Vol.10/No.2/6.pdf

a grant (number: 442106/2023-8) from the National 
Council for Scientific and Technological Development 
(CNPq), Brazil.
Competing Interests

The authors declare that they have no competing 
interests.
Publisher’s Note

Veterinary World (Publisher of International 
Journal of One Health) remains neutral with regard 
to jurisdictional claims in published map and institu-
tional affiliation.
References
1.	 Acha, P.N. and Szyfres B. (2003) Zoonosis y Enfermedades 

Transmissibles Comunes al Hombre ya Los Animales: 
Bacteriosis y Micoses. 3rd ed. Organización Panamericana 
de la Salud, Washington.

2.	 Ellwanger, J.H., Kulmann-Leal, B., Kaminski, V.L., 
Valverde-Villegas, J.M., Veiga A.B.G.D., Spilki, F.R., 
Fearnside, P.M., Caesar, L., Giatti, L.L., Wallau, G.L., 
Almeida, S.E.M., Borba, M.R., Hora, V.P.D. and 
Chies,  J.A.B. (2020) Beyond diversity loss and climate 
change: Impacts of Amazon deforestation on infectious 
diseases and public health. An. Acad. Bras. Ciênc., 92(1): 
e20191375.

3.	 United  Nations. (2020) Preventing the Next Pandemic: 
Zoonotic Diseases and How to Break the Chain of 
Transmission. United Nations, Nairobi.

4.	 Ferreira, J.M. and Barros, N.M. (2020) O tráfico de fauna 
silvestre no Brasil e seus impactos. Rev. Direito Penal 
Processo Penal, 2(2): 76–100.

5.	 Da Rocha, J.A.M.R., Santos, A.M., De Brito, E.K., 
Viana,B.H., Nunes, E.R.S., Santos, G.D.C., Varjão, O.A.O., 
Santana, V.L.D.M. and Modesto, W.V.B. (2021) O comér-
cio de animais silvestres e as doenças virais emergentes 
[Wildlife trade and emerging viral diseases]. Rev. Educ. 
Continuada Med. Vet. Zootec. CRMV-SP, 19(1): e3815.

6.	 Bezerra-Santos, M.A., Mendoza-Roldan, J.A., 
Thompson,  R.C.A., Dantas-Torres, F. and Otranto, D. 
(2021) Illegal wildlife trade: A gateway to zoonotic infec-
tious diseases. Trends Parasitol., 37(3): 181–184.

7.	 Rush, E.R., Dale, E. and Aguirre, A.A. (2021) Illegal 
wildlife trade and emerging infectious diseases: Pervasive 
impacts to species, ecosystems, and human health. Animals 
(Basel), 11(6): 1821.

8.	 Cunha, G.B., Lima, F.V.C.R., Soares, M.E.D.Q. and 
Hirano  L.Q.L. (2022) Wild fauna received by the Wild 
Animal Screening Center and referred to the Veterinary 
Hospital of the University of Brasília. Ciênc. Anim. Bras., 
23: e–72818E.

9.	 IBAMA. Instituto Brasileiro do Meio Ambiente e do 
Recursos Naturais Renováveis (2016) Centros de Triagem 
de Animais Silvestres (CETAS). Ministério do Meio 
Ambiente, Brasília. Available from: https://www.ibama.
gov.br/fauna-silvestre/cetas/o-que-sao-os-cetas. Retrieved 
on 14-08-2022.

10.	 INEA. Instituto Estadual do Ambiente. (2018) Triagem e 
Reabilitação (CETAS e CRAS). Available from: https://
www.inea.rj.gov.br. Retrieved on 11-11-2022.

11.	 S.O.S Mata Atlântica. (2021) Conheça o Pacto Pela 
Restauração da Mata Atlântica. Available from: https://
sosma.org.br/noticias/conheca-o-pacto-pela-restaura-
cao-da-mata-atlantica. Retrieved on 14-09-2022.

12.	 Mittermeier, R.A., Turner, W.R., Larsen, F.W., Brooks, T.M. 
and Gascon, C. (2011) Global biodiversity conservation: 
The critical role of hotspots. In: Biodiversity Hotspots: 
Distribution and Protection of Conservation Priority Areas. 

Springer, Heidelberg, p3–22.
13.	 Thomaz, L.D.A. (2010) Mata atlântica no Estado do Espírito 

Santo. Brasil: de Vasco Fernandes Coutinho ao século 21. 
Bol. Mus. Biol. Mello Leitão, 27: 5–20.

14.	 INPE. Instituto Nacional de Pesquisas Espaciais. (2021) 
Atlas dos Remanescentes Florestais da Mata Atlântica: 
2019/2020. Fundação SOS Mata Atlântica, São Paulo.

15.	 Srbek-Araujo, A.C., Mendes, S.L. and Chiarello, A.G. 
(2015) Jaguar (Panthera onca Linnaeus, 1758) roadkill in 
Brazilian Atlantic forest and implications for species con-
servation. Braz. J. Biol., 75(3): 581–586.

16.	 Neto, A.I.S., Fraga, R.E. and Schiavetti, A. (2022) Tradition 
and trade: Culture and exploitation of avian fauna by a rural 
community surrounding protected areas in the south of 
Bahia’s State, Northeastern Brazil. J. Ethnobiol. Ethnomed., 
18(1): 12.

17.	 Andrighetto, A. and Kraemer, T.A. (2023) Combate ao tráf-
ico de animais silvestres do Brasil: Análise da gestão ambi-
ental brasileira [Fighting Wildlife Trafficking in Brazil: 
Brazilian Environmental Management Analysis]. Rev. 
Defensoria Públ. União, 19(19): 167–196.

18.	 IBGE. Instituto Brasileiro de Geografia e Estatistica. (2022) 
Cidades e Estados. Available from: https://www.ibge.gov.
br/cidades-e-estados/es.html. Retrieved on 11-11-2022.

19.	 IEMA. Instituto Estadual de Meio Ambiente e Recursos 
Hídricos. (2022) Lista de Espécies Ameaçadas de Extinção 
do Estado do Espírito Santo. Available from: https://www.
iema.es.gov.br/especies-ameacadas/ameacadas. Retrieved 
on 13-01-2023.

20.	 RENCTAS. Rede Nacional de Combate ao Tráfico de 
Animais Silvestres. (2001) Primeiro Relatório Nacional 
Sobre o Tráfico de Fauna Silvestre. RENCTAS, Brasília.

21.	 Stringham, O.C., Moncayo, S., Thomas, E., Heinrich, S., 
Toomes, A., Maher, J., Hill, K.G.W., Mitchell, L., Ross, J.V., 
Shepherd, C.R. and Cassey, P. (2021) Dataset of seized 
wildlife and their intended uses. Data Brief, 39: 107531.

22.	 Kuhnen, V.V., Remor, J.O. and Lima, R.E. (2012) Breeding 
and trade of wildlife in Santa Catarina State, Brazil. Braz. J. 
Biol., 72(1): 59–64.

23.	 Ferrari, G.C.P., Rheingantz, M.L., Rajão, H. and 
Lorini,  M.L. (2023) Wanted: A  systematic review of the 
most trafficked songbirds in a Neotropical hotspot. Front. 
For. Glob. Change, 6: 930668.

24.	 Santos, M.C., Gomes, D.M., Lima, M.R., Santos, M.V.B., 
Santos, U.G., Cerqueira, R.B., Macêdo, J.T.S.A. and 
Pedroso, P.M.O. (2021) Quantitative study of wild animals 
received at the Wild Animals Triage Centers (CETAS) in 
Bahia and identification of trafficking routes. Pesq. Vet. 
Bras., 41: e06942.

25.	 Santos, M.C., Vieira, R.L.A., Gomes, D.M., Santos, M.V.B., 
Souza, M.C., Pedroso, P.M.O. and Macêdo, J.T.S.A. (2022) 
Survey of avifauna housed in the wild animal triage centers 
in the State of Bahia, period 2009 to 2019, emphasizing traf-
ficking. Cienc. Rural, 52(7): e20210451.

26.	 Sanches, T.C. and Godoy, S.N. (2014) Passeriformes 
(Canário, Sabiá, Pássaro-preto e Trinca-ferro). In: 
Cuba,  Z.S., Silva, J.C.R. and Catão-Dias, J.L, editor. 
Tratado de Animais Selvagens Medicina Veterinária. 2nd ed. 
Editora GEN/Roca, São Paulo, p698–757.

27.	 Matias, C.A., Pereira, I.A., De Araújo, M.D.S., 
Santos, A.F., Lopes, R.P., Christakis, S., Rodrigues, D.D.P. 
and Siciliano, S. (2016) Characteristics of Salmonella spp. 
Isolated from wild birds confiscated in illegal trade markets, 
Rio de Janeiro, Brazil. Biomed. Res. Int., 2016: 3416864.

28.	 Torres, A.C.D., D’Aparecida, N.S. and Haas, D.J. (2015) 
Principais zoonoses víricas, fúngicas e parasitárias de aves 
domésticas e silvestres. Vet. Foco, 13(1): 44–55.

29.	 Godoy, S.N. (2006) De Patologia Comparada de 
Passeriformes Oriundos do Tráfico: Implicações na Soltura. 
Tese (Doutorado). Universidade São Paulo, Piracicaba.

30.	 Sanches, T.C. (2008) Causas de Morte em Passeriformes: 
Comparação Entre Aves de Vida Livre Residentes na Região 



International Journal of One Health, EISSN: 2455-8931� 215

Available at www.onehealthjournal.org/Vol.10/No.2/6.pdf

Metropolitana de São Paulo e Aves Oriundas do Tráfico 
Dissertação (Mestrado). Universidade de São Paulo, São 
Paulo.

31.	 Davies, Y.M., Cunha, M.P., Oliveira, M.G., Oliveira, M.C., 
Philadelpho, N., Romero, D.C., Milanelo, L., 
Guimarães,  M.B., Ferreira, A.J., Moreno, A.M., Sá, L.R. 
and Knöbl, T. (2016) Virulence and antimicrobial resis-
tance of Klebsiella pneumoniae isolated from passerine and 
psittacine birds. Avian. Pathol., 45(2): 194–201.

32.	 Lopes, E.S., Maciel, W.C., Teixeira, R.S.C., 
Albuquerque,  A.H., Vasconcelos, R.H., Machado, D.N., 
Bezerra, W.G.A. and Santos, I.C.L. (2016) Isolamento 
de Salmonella spp. e Escherichia coli de psittaciformes: 
Relevância em saúde pública. Arq. Inst. Biol. 83: e0602014.

33.	 Matias, C.A., Pereira, I.A., Reis, E.M., Rodrigues, D.D. 
and Siciliano, S. (2016) Frequency of zoonotic bacteria 
among illegally traded wild birds in Rio de Janeiro. Braz. J. 
Microbiol., 47(4): 882–888.

34.	 Lopes, E.S., Cardoso, W.M., Nishi, D.M., Horn, R.V., 
Albuquerque, Á.H., Lima, S.V.G., Beleza, A.J.F., Gaio, F.C., 
Carmo, C.C., Pascoal Filho, M.N. and Teixeira,   R.S.C. 
(2018) Serogroup identification, phenotypic detection 
of hemolysis and extended spectrum beta-lactamases of 
Escherichia coli isolated from psittacine of illegal wild-
life trade in Fortaleza, Brazil. Arq. Bras. Med. Vet. Zootec., 
70(3): 823–829.

35.	 Lopes, E.S., Maciel, W.C., Medeiros, P.H.Q.S., Bona, M.D., 
Bindá, A.H., Lima, S.V.G., Gaio, F.C. and Teixeira, R.S.C. 
(2018) Molecular diagnosis of diarrheagenic Escherichia 
coli isolated from Psittaciformes of illegal wildlife trade. 
Pesq. Vet. Bras., 38(4): 762–766.

36.	 Silva, G.D.C., Campana, E.H., Vasconcelos, P.C., 
Silva,  N.M.V.D., Santos Filho, L., Leite, E.L., 
Givisiez,  P.E.N., Gebreyes, W.A. and Oliveira, C.J.B. 
(2020) Occurrence of KPC-producing Escherichia coli in 
Psittaciformes rescued from trafficking in Paraíba, Brazil. 
Int. J. Environ. Res. Public Health, 18(1): 95.

37.	 Lacerda, M.D.S.C., De Magalhães Santos, W.H., 
Lopes, M.C., Fonseca, C.S., De Carvalho, M.P.N., Da Silva 
Martins, N.R. and Ecco, R. (2023) A survey of diseases in 
different species of wild, captive, and illegally traded birds 
in Brazil. Animals (Basel), 14(1): 25.

38.	 Russo, T.P., Minichino, A., Gargiulo, A., Varriale, L., 
Borrelli, L., Pace, A., Santaniello, A., Pompameo, M., 
Fioretti, A. and Dipineto, L. (2022) Prevalence and pheno-
typic antimicrobial resistance among ESKAPE bacteria and 
Enterobacterales strains in wild birds. Antibiotics (Basel), 
11(12): 1825.

39.	 Pinto, F.A.S., Cirino, D.W., Cerqueira, R.C., Rosa, C. and 
Freitas, S.R. (2022) How many mammals are killed on 
Brazilian roads? Assessing impacts and conservation impli-
cations. Diversity, 14: 835.

40.	 Kuhnen, V.V. and Kanaan, V.T. (2014) Wildlife trade in 
Brazil: A  closer look at wild pet welfare issues. Braz. J. 
Biol., 74(1): 124–127.

41.	 Godoy, S.N. and Matushima, E.R. (2010) A survey of dis-
eases in Passeriform birds obtained from illegal wildlife 
trade in São Paulo city, Brazil. J. Avian. Med. Surg., 24(3): 
199–209.

42.	 RENCTAS. Rede Nacional de Combate ao Tráfico de 
Animais Silvestres. (2015) Principais Rotas Terrestres 
Utilizadas Para o Tráfico de Animais Silvestres. Brasil, 
Região Sudeste. RENCTAS, Brasília.

43.	 Vora, N.M., Hannah, L., Walzer, C., Vale, M.M., 
Lieberman,  S., Emerson, A., Jennings, J., Alders, R., 
Bonds, M.H., Evans, J., Chilukuri, B., Cook, S., Sizer, N.C. 
and Epstein, J.H. (2023) Interventions to reduce risk for 
pathogen spillover and early disease spread to prevent 
outbreaks, epidemics, and pandemics. Emerg. Infect. Dis., 
29(3), 1–9.

44.	 Gore, M.L., Griffin, E., Dilkina, B., Ferber, A., Griffis, S.E., 
Keskin, B.B. and Macdonald, J. (2023) Advancing interdis-
ciplinary science to disrupt wildlife trafficking networks. 
Proc. Natl. Acad. Sci. U S A, 120(10): e2208268120.

********


