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APRESENTAÇÃO
Em sua primeira edição, o e-book “Zoologia e Meio Ambiente” é composto por 13 

capítulos que abordam diferentes tópicos da zoologia (uma especialidade da biologia que 
estuda os animais) bem como algumas relações com o meio ambiente. 

Na zoologia os cientistas estudam o reino animal, desde os maiores animais até os 
menores organismos. Compreender a biologia básica, evolução, ecologia, o comportamento 
e suas relações com o meio ambiente (biótico, abiótico e antrópico) fornece uma visão 
holística de como a vida humana e animal são mantidas, e como eles respondem às inúmeras 
alterações globais (tais como mudanças climáticas, desmatamento, queimadas, poluição, e 
a própria segurança alimentar). Zoólogos juntamente com os gestores ambientais, em suas 
ações e pesquisas tentam proteger a vida animal dessas inúmeras alterações ambientais 
impostas pelas atividades humanas, buscando as melhores ferramentas para tal, almejando 
salvaguardar e aprender mais sobre a importância da vida humana nesse processo. 

Nesse e-book você terá oportunidade de estudar sobre uma ampla gama de temas, 
desde gado de leite, até a vida selvagem em diferentes regiões do mundo, como pequenos 
organismos, aves, tubarões, com ênfase tanto no trabalho de campo como no de laboratório 
- ambos de grande importância para a zoologia.

Embora a zoologia seja especificamente o estudo de animais, ela pode estar (e 
quase sempre está) relacionada às questões ambientais, por exemplo, quando estudamos 
sobre os ambientes dos animais, as interações dos animais com seus ambientes, e o 
efeito das alterações ambientais sobre eles. A zoologia têm sido cada dia mais trabalhada 
na ciência ambiental, um campo de estudo interdisciplinar que inclui muitas disciplinas, 
e, é nessa perspectiva que você também poderá estudar nesse e-book questões sobre 
percepção ambiental, aprendizagem dinâmica e inteligências múltiplas envolvendo essa 
disciplina.

Nesse contexto, o e-book “Zoologia e Meio Ambiente”, aborda os seguintes tópicos 
(i) histórico, curadoria e inventário de alguns taxa de coleção zoológica; (ii) possibilidades 
de estudo sobre radiografias odontológicas como novos horizontes de pesquisa com 
elasmobrânquios; (iii) análise comparativa dos poros das ampolas de Lorenzini em 
tubarões-martelo; (iv) crescimento e condição multianual de Prochilodus magdalenae 
(Characiformes: Prochilodontidae) na bacia do rio San Jorge, Colômbia; (v) observações 
do uso do habitat e à presença de grupos conspecíficos de Scytalopus magellanicus 
(Passeriformes: Rhinocryptidae) pela primeira vez na estação pós-reprodutiva em Cabo 
de Hornos, Chile; (vi) nova aparição de Piranga rubra (Passeriformes: Cardinalidae) numa 
parte do bosque do Tamarugo (Prosopis tamarugo), norte do Chile; (vii) sucesso reprodutivo 
entre dois gêneros diferentes de Fringillidae; (viii) primeiros registros da fauna de cupins 
da Ilha de Marajó, Pará; (ix)  análise da letra da cantiga “estrela-do-mar” para diagnosticar 
como conteúdos biológicos de Asteroidea são abordados; (x) avaliação da epiderme de 



Girardia tigrina (Platyhelminthes) sob condições estressoras; (xi) desenvolvimento de um 
estudo sobre o táxon Priapulida por meio da produção de mapas conceituais; (xii) ação 
de agentes biológicos (insetos e fungos) na fase de putrefação em modelo experimental 
Sus scrofa (Suidae); e (xiii) percepção de produtores rurais de vacas leiteiras sobre as 
vacinações obrigatórias para bovinos leiteiros bem como o manejo hídrico que visem o 
bem-estar animal em suas propriedades.

Nesse cenário esperamos que o arcabouço teórico apresentado seja de um 
despertar para todos aqueles interessados em construir um mundo melhor com respeito ao 
meio ambiente, e à toda a biodiversidade que nele existe. De maneira geral, nesse e-book 
você poderá conhecer um pouco mais sobre aspectos gerais da abordagem da zoologia e o 
que os conhecimentos gerados por esta ciência influencia no dia a dia e no meio ambiente.

 A você leitor(a), desejamos uma excelente leitura!

José Max Barbosa Oliveira-Junior
Lenize Batista Calvão
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ABSTRACT: We assess the communicational 
behaviour and breeding success ex-situ of 
interspecies hybrids kept in captivity. As part of 
a sequence of iterated-backcrossing (BC), we 
bred a male Serinus canaria domestica with two 
females F-1 hybrids descendents of  genus Spinus 
barbatus and S.c.domestica two genus of the 
Fringillidae family. We found out that there were 
phenotypical differences in the plumage between 
hybrid lineage and their parents. Morphological 
resemblances among  thigh/tarsus allow us 
to affirm that the hybrids BC are similar than 
S.c.domestica. On the other hand, an analysis 
of the  flight patterns shows these to be more 
closely  associated to the flight patterns of the 
F1 maternal hybrid. Peaks of similar frequencies 
in the vocalizations of the hybrids males BC 
in relation with the species S. barbatus. and 
S.c.domestica let us infer the existence of a close 
relationship between the vocalizations of these 
species. Furthermore, in the diet of the hybrid-
lineage we found and unusual eating-behaviuor, 
viz. a high predation and  consumption of leaves 
and twigs from species of ornamental plants 
and  of predation of hervibore insects defoliating 
plants. We suggest that the careful study of these 

species could be an important source of data for 
subsequent exploration of these lineages vis-a-
vis plague  controllers.
KEYWORDS: hybrids, species, backcrossing, 
behaviour, biological-control.

SUCESSO REPRODUTIVO ENTRE 
DOIS GÊNEROS DIFERENTES DE 

FRINGILLIDAE: SPINUS BARBATUS 
VS SERINUS CANARIA DOMESTICA 

(PASSERIFORMES)
RESUMO: Avaliamos o comportamento 
comunicacional e o sucesso reprodutivo ex situ 
de híbridos interespécies mantidos em cativeiro. 
Como parte de uma sequência de retrocruzamento 
(BC) iterado, cruzamos um macho Serinus 
canaria domestica com duas fêmeas híbridos 
F-1 descendentes do gênero Spinus barbatus e 
S.c.domestica dois gêneros da família Fringillidae. 
Descobrimos que havia diferenças fenotípicas na 
plumagem entre a linhagem híbrida e seus pais. 
Semelhanças morfológicas entre coxa / tarso 
nos permitem afirmar que os híbridos BC são 
semelhantes a S.c.domestica. Por outro lado, 
uma análise dos padrões de voo mostra que 
estes estão mais intimamente associados aos 
padrões de voo do híbrido materno F1. Picos 
de frequências semelhantes nas vocalizações 
de machos híbridos BC em relação à espécie 
S. barbatus. e S.c.domestica permitem inferir 
a existência de uma estreita relação entre as 
vocalizações dessas espécies. Além disso, 
na dieta da linhagem híbrida encontramos 
um comportamento alimentar incomum, viz. 
alta predação e consumo de folhas e galhos 
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de espécies de plantas ornamentais e de predação de plantas desfolhadoras de insetos 
hervibore. Sugerimos que o estudo cuidadoso dessas espécies pode ser uma importante 
fonte de dados para a posterior exploração dessas linhagens vis-à-vis os controladores de 
pragas.
PALAVRAS - CHAVE: híbrido, espécie, retrocruzamento, comportamento, controle biológico.

1 | INTRODUCTION
The wild species Serinus canaria and species of Spinus barbatus genus are bird 

species which in their natural state can be found, isolated from each other, in various 
continents: S. canaria spread throughout the Azores, the Madeiran archipelago and the 
Canary Island (Clement et al, 2016) whereas species of genus Spinus can be found in 
many parts of the world (Clement et. al, 2016). Serinus canaria domestica  is a domestic 
bird and is a subspecies of Serinus  canaria (Arnaiz-Villena  et al, 2012). The feeding habits 
(Euler et al, 2008) of  Serinus canaria  and species of S. barbatus genera are omnivores 
(Archuby et al, 2007).  As to the reproductive aspects, it is worth pointing out that successful  
reproduction it can be noted that the domestic canary has succeeded in hybridization 
(Birkhead,2007) has been observed between the domestic canary and species of Spinus 
genera (McCarthy,2006) and according to mitochondrial DNA association analysis (Diaz et 
al. 2018), whereas the F1 hybrids according to tests done in the laboratory are hybrids of S. 
barbatus and S.c.domestica and according to mitochondrial DNA association analysis (Diaz 
et al. 2018). In addition, researches by other authors mention that reproduction  between  
S.c. domestica and others species of the Spinus (or Carduelis in old nomenclature) genus 
are  viable (Wolff, 1969).  On the other hand, viability of hybrids between other species of 
Spinus and Serinus has been confirmed through chromosomal and biochemical analysis 
(Beckman et al,1965).  This main goal of the present paper is to report, for the first time, on 
the biological aspects and the reproductive success between hybrids and parents resulting 
from the copula between S.c.domestica versus F1 (fertile hybrids between species of S. 
barbatus and  S.c.domestica). Eventually the relationships between genera of Spinus and 
Serinus  and the Umwelt transition (Tønnessen, 2011), has been an important factor for the 
reproductive success of these species in captivity.

2 | METHODS 

2.1 Site of study
The study took place during spring and summer, from September 2015 until January 

2026,  in Santiago, Chile (33º 25’ S; 70º 34’ W). The space where the observations and the 
breeding success are carried out between these species, they are described: 4.45 m (lenghty) 
x 1.60 m (width) x 2,30 m (high), is a room located in an urban building; specifically, glassed-
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balcony at a height of  10,60 m above ground level, facing some  ornamental canopy trees 
of Platanus orientalis and with direct entrance of natural sunlight, in urban city of Santiago, 
where his perceptual world develops (Uexküll, 1921). We took care to keep the biotic and 
abiotic factors under control; specifically, incoming natural light, ambient vegetation and 
temperature. On the other hand, we fed the individuals appropriately and provided them 
with plenty of clean water to drink and get clean, where there were no predators. In sum, the 
individuals were kept in a healthy environment. 

2.2 Site of reproduction ex situ
The successful backcrossing between male S.c.domestica  and two female F1 hybrids 

of S.barbatus an S.c.domestica (original lineage of breeding between female S.c.domestica 
and wild male of Spinus barbatus, perching-birds) took place in the  glassed balcony 

2.3 Behaviour observations
Presence and absence of flight patterns in these birds in captivity was observed 

directly, 3 hours/day during 5 months (Table 1).  One male S. barbatus was added to the 
group and we compared his flight and behaviour with the flight an behaviour of the other 
lineages (Table 1).

2.4 Plumage colouration and similarities index
Plumage colouration phenotype both of parents and of their BC offspring was also 

registered, through direct observation of each of the individuals (Table 2).  We used the 
Russell-Rao (Rao,1952) similarity index for this (Jacquard 1976).

2.5 Vocalization patterns
Vocalization patterns of male BC hybrids were recorded. These patterns were 

then compared by means of spectrographs (Kojevnikov et al.2008) The frequencies were 
measured in relevant KHz (Fig. 1,2,3,4). The patterns were compared with two different 
genera of species: S. barbatus and Serinus canaria obtained from a data base of bird 
vocalizations (Rasmussen, 2008).

2.6 Diet behaviour
The presence and absence of intake of ornamental leaves introduced in the birds’ 

diet was observed directly (Table 3), 3 hours/day during 5 months. Using a magnifying 
glass (10 X 40 mm) we observed that the leaves of the ornamental plants were affected 
with plagues of herbivore insects defoliating plants: “Chanchitos blancos” (Pseudococcus 
viburni) (Salazar, 2010), “Escamas” (Aspidiotus nerii)  and  “Conchuelas” (Saissetia sp.).¹

2.7 Morphological measurements
We also took morphological measurements of these species (Table 4a and Table 4b) 

and thereby evaluated the main differences between these lineages. 
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3 | RESULTS

3.1 Backcrossing 
Iterated backcrossing (Mendel, 1865;  Lopes et al.,2016) between the male 

S.c.domestica  and the two F1 hybrid females resulted in  >3 independent generations of 
BC hybrids (N=12). All individuals came out healthy, and none of them died.  The proportion 
between genders among the hybrids was 1:1. Likewise for the plumage coloration (Table 2).

3.2 Behaviour patterns
The skilfulness in the flight of the BC hybrids is closely related to the F1 hybrid  

mothers. Similarly, the low visibility and escape flights were more closely related to those 
of the S..barbatus and F1 lineages (Table 1). On the other hand, S.c.domestica was more 
constrained in the flight patterns compared to the lineage of hybrids. Generally speaking, as 
far as the movements and flight patterns are concerned, the F1 and BC lineages were more 
closely associated to S..barbatus.
3.3 Plumage colouration

Differences of index 0.94 were measured in the plumage colouration between 
genders of the BC hybrid lineage, as well as between them and the F1 parents (Table 5). 
On the other hand, there were important differences in the development of the birds used 
in these comparisons.

3.4 Morphological measurements
Regarding morphological measurement, the adult male S.c.domestica was the 

biggest, at 134 mm (Table 4a). The fertile F1 females measured 120 mm. The length of 
the juveniles of the hybrid lineage was 125 mm in average. There were differences in tight/
tarsus length proportions in parents and offspring: for BC hybrids versus adult F1 females, 
the proportions are 0.48/0.53. The length ratio of tight/tarsus of adult S.c.domestica 
male versus BC hybrids are 0.91 and 0.62, respectively (Table 4a), at different stages of 
development. Between genders, the  thigh/tarsus length ratio in males and females of F1 
hybrids was 0.82 and 0.96, respectively. The proportion between the foot middle finger 
between both genders is 0.96 (Table 4b). The standard deviations in these morphological 
measures are presented in tables 4a and 4b.
3.5 Vocalizations

Preliminary measurement  of the vocalizations of these species indicates the 
existence of similar frequencies, reaching the range between 5 to 9 KHz. This applies also 
to the lineage of juvenile male BC hybrid as well as the males of species of S. c. domestica 
and S..barbatus (Figure 1,2,3.4).
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3.6 Diet
Both the parents and the hybrid descendants ate leaves and twigs of ornamental 

plants (Table 3), as part of their regular diet, as well as plagues (Larraín et al. 2009,76) 
of  herbivore insects defoliating plants, Hemiptera: “Chanchitos blancos” (Pseudococcus 
viburni), “Escamas” (Aspidiotus nerii) y “Conchuelas” (Saissetia sp.).¹

4 | DISCUSSIONS 
We noticed that the male S.c.domestica had a preference for one of the females. That 

was the first one with which he copulated. We think that F1 female hybrids are monogamous 
(Voigt et al., 2006) whereas the male canary in captivity is polygamous (Parisot, 2005). This 
polygamous behaviour of the male canary is due to an over-reaction to issues of perception 
deprivation given that the canary was living in a small cage 6 months prior. To be more 
specific, having enough space to move around is important in order for birds in captivity 
to resume repressed biological functions as, e.g., mating. The gregarious behaviour of the 
male S..barbatus was not observed (Table 1); this type of behaviour was only observed when 
there was a threat.  The scarcely gregarious behaviour of S..barbatus is most likely due to 
the presence of a dominating male. In general, the BC hybrids and the F1 hybrid mothers 
had more flight skills and better reflexes. This is probably due to the fact that an important 
portion of their genetic pool is inherited from their mother (Zhou, 2016) ) The resemblances 
in the frequencies in the vocalizations of these birds indicates a similarity in the type of 
tones between BC male hybrids and males from the species  S.canaria and S..barbatus. 
This is probably due to similarities in the structure of the songs (Güttinger, 1979), these 
being controlled by homologous programs (Güttinger et al., 1982). The plumage colouring 
among the descendants of BC was different from that of their parents; this difference was 
in any case due to a difference in their development stage. On the other hand, notorious 
differences in the plumage colouring were observed between the different genders of BC. 
As respects the morphological traits in their foot of BC hybrids, there were no notorious 
differences, which indicates a uniformity in the characters studied. One trait that highlights 
similarities between BC hybrids BC and S.c.domestica are the tight and tarsus, which is 
probably inherited from S.c.domestica, given that the F1 mother hybrids have smaller tarsus 
and tibias. The inclusion in their diet of leaves and twigs of ornamental plants indicates an 
opportunistic dietary behaviour (Correa et al.,1990). Furthermore, the high predation of the 
hybrids in the ornamental plants is effected thanks to natural olfactory signals for the intake 
of small herbivore insects defoliating plants (Mäntylä et al., 2008). We think that the lineage 
of hybrids could have an important role as bio-controllers of plagues of hemipthera. This 
also applies to species of  S..barbatus (Escobar et al., 2001), which are a potential plague 
predator (Lanfranco et al., 1997) . 

We expect to have contributed to the study of these species of birds. We claim that, 
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despite the fact that they live in very different non-communicated Umwelts (Uexküll, 1921), 
there are close biological (Diaz et al. 2018) connections between these species and that, as 
a consequence of that, a new hybrid species is likely to originate from them ex-situ (Correa, 
2016; Diaz et al. 2018). The presently observed inter-specific breeding success between 
these two genera provides evidence for this hypothesis (Diaz et al. 2018). To conclude, we 
should add that this type of studies contributes in demonstrating that, generally speaking, 
speciation can be effected very quickly under carefully controlled conditions of captivity and 
their Umwelts are fundamental in reproductive success.
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Behaviour/sp S.canaria ♂ Hybrids F1♀ Hybrids BC♂ Hybrids BC ♀ C. barbatus ♂

Diets leaves (+/-) (+) (+) (+) (+/-)
Rapid movments (-) (+) (+) (+) (+)
Flying close (-) (+) (+) (+) (-)
Climbing behaviour (+/-) (+) (+) (+) (+)
Escape movement (+/-) (+) (+) (+) (+)
Fast response  fly (+/-) (+) (+) (+) (+)
Defensive flights (-) (+) (+) (+) (+)
Group behaviour (+) (+) (+) (+) (+/-)
Energetic flights (+/-) (+) (+) (+) (+)
Quick reflexes (-) (+) (+) (+) (+)
Flights with obstacles (+/-) (+) (+) (+) (+)
Low visibility (-) (+/-) (+/-) (+/-) (+)
Seeking refuge to flee (-) (+) (+/-) (+/-) (+/-)
Appreciate the water (+) (+/-) (+) (+) (+/-)

(+) =  Presence
(-) =   Absentia
(+/-) = was no evident

Table 1. Aspects of behaviour observation in the species studied (n=16). 

Characters/species S.c.domestica ♂ Hybrids F1 ♀Hybrid BC ♀ Hybrid BC ♂

Crown 1 5 11 16
Shoulders 2 5 12 17
Neck 1 5 11 16
Back 2 5 12 17
Tail 3 6 13 6
Chest 1 7 14 18
Throat 1 7 15 18
Beak 4 4 4 19
Foot 4 8 4 19
Wings 3 9 13 10
Forehead 1 5 11 16
Belly 1 7 14 18
Posterior crown 1 5 11 16
Head 1 5 11 16
Subcaudal feathers 3 6 12 17
Primary feathers 3 9 12 6
Flanks 3 9 12 6
Inferior parts 1 10 10 18

1 = yellow 12 = light brown with black striations
2 =yellow and black striations 13 = gray light with brown dark striations
3= yellow with black striations 14 = brown spotted with whitened gray
4 = skin color 15 = brown spotted light
5= black with  dark yellow 16 = dark green
6= dark 17 = dark green with black striations 
7 = yellow dark 18  = green yellowish
8=  skin dark 19=  marron light skin
9 = black striations with  dark yellow  20= dhrubs, meadows, mountains, forests
10 = gray light 21= forest -shrubs
11 = light brown 22= blackboard-gray

Table 2. Plumage and  phenothype colouration of  specimen (n=15).
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                                     Consumptions  plants ex situ  by birds

S.name S.name S.name S.name S.name S.name S.name
Ficus  sp. Philodendron sp. Schefflera sp Menhta sp. Gerbera sp. Ficus benjamina Quillaja saponaria

           Hybrids BC  & parents C. name C. name C. name C. name C. name C. name C. name
Sex Stage Individuals Gomero Filodendro Schefflera Menta Gerbera Ficus Benj. Quillay

Birds
F A F1 (+) (+) (+) (+) (+) (+) (+)
M A Serinus (-) (+) (+) (+) (-) (+) (+)
F A F1 (+) (+) (+) (+) (+) (+) (+)
F J BC001 (+) (+) (+) (+) (+) (+) (+)
F J BC002 (+) (+) (+) (+) (+) (+) (+)
M J BC003 (+) (+) (+) (+) (+) (+) (+)
F J BC004 (+) (+) (+) (+) (+) (+) (+)
M J BC005 (+) (+) (+) (+) (+) (+) (+)
M J BC006 (+) (+) (+) (+) (+) (+) (+)
F J BC007 (+) (+) (+) (+) (+) (+) (+)
M J BC008 (+) (+) (+) (+) (+) (+) (+)
M J BC009 (+) (+) (+) (+) (+) (+) (+)
F J BC010 (+) (+) (+) (+) (+) (+) (+)
F J BC011 (+) (+) (+) (+) (+) (+) (+)
M J BC012 (+) (+) (+) (+) (+) (+) (+)

Female = F  (+) = consumption
Male = M (-) = non consumption
Adult = A
Juvenile = J

Table 3. Consumption of exotic and endemic plants even insect plague by  hybrids and parental  
ex- situ. Between September 2015  and March 2016.

Head                   Beak Tarsus Thigh Body 1/2 finger Shoulder
Specie Status N Width Lenght Width Lenght Lenght Lenght Lenght Lenght Lenght 
F1 Hybrids Adults 2 18,6 ± 0,8423,4±0,5 7,05± 0,6 10,4 ± 0,5 8,45 ± 4,5 8,1 ±  0,07 129 ± 0,7 16,50 ± 3,53 20 ± 0
BC Hybrids Juvenile 12 15,7 ± 2,6 24,3±2,6 6,6 ± 2,1    9,3 ± 1,4 17,46 ± 3,8 15,5 ± 2,7 125 ± 3,53 16,0 ± 2,2 14 ± 2,7
S. c.domestica Adult 1 21,0    26,0        7,2         7,5        19,2         25,0        134,0       18,0        21,0        

1/2 finger: finger number 2 

Table 4a. Morphological measurements of the birds species hybrids and parental male. Average 
and standard deviation are indicated. Biometrics affinities mensural characters in mm (n=16).

Head                   Beak Tarsus Thigh Body 1/2 finger Shoulder
Specie Status Sex N Width Lenght Width Lenght Lenght Lenght Lenght Lenght Lenght 
Hybrids BC J F 6 23,7 ± 3,8 15,8± 1,0 6,8± 1,4 9,1 ± 1,7 16,8 ± 1,9 16,2 ±  2,6 126 ± 2,0 15,7 ± 3,0 15 ± 3,6
Hybrids BC J M 6 25 ± 0,6 15,8±1,7 6,4 ± 0,9    9,5 ± 1,2 18,1 ± 1,4 14,8 ± 3,0 124 ± 4,5 16,3 ± 1,4 13 ± 1,3

F=Female
M=male
J= juvenile

Table 4b. Morphological measurements of the hybrids BC. Average and standard deviation are 
indicated. Biometrics affinities mensural characters in mm (n=12)
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Individuals S.c.domestica ♂ Hybrids F1♀ Hybrid BC ♀ Hybrid BC ♂
S.c.domestica ♂ - 0,06 0,11 0,00
Hybrids F1♀ 0,06 - 0,06 0,06
Hybrid BC ♀ 0,11 0,06 - 0,06
Hybrid BC ♂ 0,00 0,06 0,06 -

Table 5. Index Russell-Rao, similarities between coloring and phenotype plumage of the 
specimen, hybrids and parent male (N=15). 

Figure 1. spectrograph of song of Hybrid male specimen 1 (BC). 

Figure 2. spectrograph of Hybrid song male specimen 2 (BC).
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Figure 3. spectrograph of song male of S.barbatus. 

Figure 4. spectrograph of song male of S.canaria.
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