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Abstract: Brazil harbors one of the world’s richest amphibian faunas, with over 1,000 described 

species exhibiting remarkable morphological diversity. This review synthesizes current knowledge 

of amphibian morphological variation across Brazilian biomes, analyzing patterns of phenotypic 

diversity in relation to habitat type, life history strategies, and phylogenetic relationships. Our 

analysis reveals distinct morphological adaptations associated with specific microhabitats within 

major biomes, from the arboreal specialists of the Atlantic Forest to the fossorial species of the 

Cerrado. We identify several morphological convergence patterns among distantly related taxa 

occupying similar ecological niches, particularly in traits related to locomotion and reproductive 

modes. The study highlights previously undocumented morphological variations in several species 

complexes and describes novel anatomical features in recently discovered taxa. These findings 

contribute to our understanding of amphibian evolution in megadiverse tropical regions and have 

important implications for conservation strategies targeting morphologically unique populations. 
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1. Introduction 

Brazil’s vast territory encompasses some of the world’s most biodiverse regions, hosting an 

extraordinary variety of amphibian species that showcase remarkable morphological adaptations 

and evolutionary innovations (Vasconcelos et al., 2022). As one of Earth’s seventeen megadiverse 

countries, Brazil’s amphibian fauna represents approximately 13% of global amphibian diversity, 

with over 1,080 described species and new taxa being discovered annually (Frost, 2024). This 

exceptional diversity is distributed across multiple biomes, including the Atlantic Forest, Amazon 

rainforest, Cerrado, Caatinga, Pantanal, and Pampas, each harboring unique assemblages of species 

with distinct morphological characteristics adapted to their specific environmental conditions. 

The remarkable diversity of Brazilian amphibians has evolved through complex historical and 

ecological processes, shaped by the country’s heterogeneous landscape and climatic variations over 

geological time (Haddad et al., 2013). The intricate mosaic of habitats within each biome has fostered 

the development of varied morphological adaptations, particularly evident in traits related to 

locomotion, reproduction, and defensive strategies. For instance, the Atlantic Forest hosts numerous 

arboreal species with specialized digital morphology, while the Cerrado harbors fossorial specialists 

with robust limbs and modified snouts adapted for burrowing (Pie et al., 2019). 

Recent advances in molecular phylogenetics and morphometric analysis techniques have 

revolutionized our understanding of amphibian diversity in Brazil, revealing cryptic species 

complexes and highlighting previously unrecognized morphological variations (Carvalho et al., 

2020). These discoveries have challenged traditional taxonomic classifications and emphasized the 

importance of detailed morphological studies in understanding species boundaries and evolutionary 

relationships. The integration of geometric morphometrics with molecular data has provided new 
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insights into the patterns of morphological evolution and adaptation across different lineages (Santos 

et al., 2018). 

The morphological diversity of Brazilian amphibians is particularly evident in the family 

Hylidae, which exhibits remarkable variations in body size, shape, and specialized structures. Studies 

by Toledo and Haddad (2009) documented extensive variation in defensive mechanisms and 

associated morphological features among Brazilian treefrogs, including specialized skin glands, 

cryptic coloration patterns, and structural modifications for enhanced escape behaviors. Similarly, 

research on the family Brachycephalidae has revealed extraordinary adaptations to high-altitude 

environments in the Atlantic Forest, with species showing unique osteological modifications and 

reduced body sizes (Pie et al., 2018). 

 

Figure 1. Braquicephalus example. Source: Mater Natura. 

Reproductive modes among Brazilian amphibians show exceptional diversity, with 

corresponding morphological adaptations that facilitate various reproductive strategies. Haddad and 

Prado (2005) described 39 different reproductive modes among Brazilian anurans alone, each 

associated with specific morphological traits in both adults and larvae. These adaptations range from 

specialized skin structures for parental care to modifications in egg size and clutch characteristics, 

reflecting the complex interplay between morphology and reproductive biology. 

The Cerrado biome, despite being less studied than the Atlantic Forest and Amazon, has 

revealed remarkable examples of morphological adaptation to seasonal environments. Species of the 

genus Physalaemus, for instance, show specialized foam-nesting behaviors supported by unique 

morphological features of the male vocal sac and flanks (Andrade et al., 2019). Similarly, fossorial 

species in the Cerrado demonstrate convergent evolution in limb morphology and head shape, 

adaptations that facilitate efficient burrowing in sandy soils (Nunes-de-Almeida et al., 2021). 

In the Amazon rainforest, studies have documented extraordinary diversity in body size, from 

miniaturized species of Chiasmocleis measuring just a few millimeters to large-bodied species of 

Leptodactylus exceeding 200mm in snout-vent length (Lima et al., 2020). This size variation is 

accompanied by diverse morphological adaptations for different microhabitat use, including 

specialized toe pads for arboreal life and streamlined bodies for aquatic habitats. Recent discoveries in 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 November 2024 doi:10.20944/preprints202411.0263.v1

https://doi.org/10.20944/preprints202411.0263.v1


 3 

 

Amazonian amphibians continue to reveal novel morphological features, highlighting our incomplete 

understanding of the region’s biodiversity (Rojas et al., 2018). 

The Atlantic Forest, despite experiencing significant habitat loss and fragmentation, remains a 

center of amphibian diversity and endemism. Research by Dias et al. (2017) demonstrated how 

morphological variation in this biome relates to historical biogeographic patterns and current 

environmental gradients. The persistence of morphologically distinct populations in isolated forest 

fragments underscores the importance of habitat conservation for maintaining morphological 

diversity within species. 

Environmental change poses significant challenges to Brazilian amphibian diversity. Climate 

change, habitat destruction, and emerging diseases threaten many species, potentially leading to the 

loss of unique morphological adaptations before they can be fully documented and understood 

(Becker et al., 2016). The morphological diversity of Brazilian amphibians represents not only an 

extraordinary example of evolutionary adaptation but also a critical component of global biodiversity 

that requires urgent conservation attention. 

Recent technological advances, including high-resolution imaging techniques and 3D 

morphometric analysis, have enhanced our ability to document and analyze amphibian morphology. 

These methods have revealed subtle variations in skeletal structure, skin texture, and internal 

anatomy that were previously difficult to quantify (Veiga-Menoncello et al., 2020). Such detailed 

analyses are crucial for understanding the functional significance of morphological variations and 

their role in species adaptation and evolution. 

The study of Brazilian amphibian morphology continues to yield surprising discoveries, 

challenging our understanding of character evolution and adaptation. For example, recent work on 

the genus Brachycephalus has documented novel fluorescent patterns visible under UV light, 

suggesting previously unknown mechanisms of visual communication (Goutte et al., 2019). Such 

findings highlight the potential for continued discoveries in this field and the importance of 

preserving Brazil’s diverse amphibian fauna. 

Understanding the morphological diversity of Brazilian amphibians is crucial for multiple 

reasons. First, it provides insights into the evolutionary processes that generate and maintain 

biodiversity in tropical regions. Second, morphological data are essential for species identification 

and conservation planning, particularly in areas where genetic analysis may be impractical. Finally, 

the study of amphibian morphology can reveal important adaptations that may have broader 

implications for understanding vertebrate evolution and development (Toledo et al., 2021). 

As we continue to explore and document Brazil’s amphibian diversity, new morphological 

adaptations and species continue to be discovered, emphasizing the dynamic nature of this field of 

study. Future research will undoubtedly reveal additional patterns of morphological variation and 

their ecological significance, contributing to our understanding of amphibian evolution and 

adaptation in this megadiverse country. 

2. Discussion 

The remarkable morphological diversity observed among Brazilian amphibians reflects complex 

evolutionary processes shaped by historical biogeography, ecological pressures, and climatic 

variations across the country’s diverse landscapes. Our analysis reveals several key patterns and 

insights that contribute to our understanding of amphibian diversity and evolution in this 

megadiverse region. 

The distribution of morphological traits across Brazilian biomes demonstrates clear patterns of 

adaptation to local environmental conditions, yet also reveals unexpected variations that challenge 

our traditional understanding of form-function relationships. For instance, while the prevalence of 

adhesive toe pads among arboreal species in the Atlantic Forest follows predicted patterns (Haddad 

et al., 2013), the recent discovery of similar adaptations in some primarily terrestrial species suggests 

more complex evolutionary trajectories than previously recognized (Pie et al., 2019). These findings 

indicate that morphological evolution in Brazilian amphibians may be driven by a broader range of 

selective pressures than traditionally assumed. 
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The remarkable diversity of reproductive modes among Brazilian amphibians, particularly in 

the Atlantic Forest and Amazon regions, has led to an array of specialized morphological adaptations. 

The work of Toledo et al. (2021) demonstrated that species exhibiting direct development often show 

reduced ossification patterns and modified cranial features compared to their pond-breeding 

relatives. This morphological plasticity appears to have facilitated the exploitation of novel 

reproductive niches, contributing to the exceptional species richness observed in these regions. 

However, the relationship between reproductive mode and morphological variation is not always 

straightforward, as evidenced by recent studies showing convergent morphological features among 

species with different reproductive strategies (Carvalho et al., 2020). 

In the Cerrado biome, our understanding of morphological adaptation has been significantly 

enhanced by recent studies of fossorial species. The work of Nunes-de-Almeida et al. (2021) revealed 

that multiple lineages have independently evolved similar modifications to limb structure and head 

shape, demonstrating remarkable convergent evolution in response to burrowing requirements. 

These adaptations include not only external features but also internal skeletal modifications that 

facilitate efficient soil penetration and underground movement. The prevalence of such convergent 

evolution across different taxonomic groups suggests strong selective pressures in this seasonal 

environment (see Figure 2). 

 

Figure 2. Physalaemus marmoratus. Source: Wikipedia. 

The Amazon rainforest continues to yield surprising discoveries regarding morphological 

diversity. Recent work by Lima et al. (2020) documented unprecedented variation in body size and 

shape among closely related species, challenging our understanding of the constraints on amphibian 

morphological evolution. The discovery of miniaturized species with unique skeletal arrangements 

suggests that extreme morphological modifications can evolve relatively rapidly under appropriate 

selective pressures. Furthermore, the documentation of novel skin structures and glandular 

formations in Amazonian species (Rojas et al., 2018) indicates that our understanding of amphibian 

morphological diversity remains incomplete. 

The relationship between morphological variation and phylogenetic history in Brazilian 

amphibians presents a complex picture. While some morphological traits show strong phylogenetic 

signal, others appear to be more labile and responsive to current ecological conditions. Studies by 

Veiga-Menoncello et al. (2020) using advanced imaging techniques have revealed previously 
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unrecognized patterns of morphological variation within apparently conservative lineages. This 

suggests that the evolution of form in Brazilian amphibians may be more dynamic than previously 

appreciated, with implications for our understanding of species boundaries and evolutionary 

processes. 

2.1. Environmental Change 

The impact of environmental change on morphological diversity presents a critical area for 

consideration. Climate change and habitat fragmentation may not only lead to species loss but could 

also result in the elimination of unique morphological variants within species. Recent work by Becker 

et al. (2016) demonstrated that populations at the edges of species ranges often exhibit distinct 

morphological features, making them particularly vulnerable to environmental change. The loss of 

such variants could reduce the adaptive potential of species and impact their ability to respond to 

future environmental challenges. 

One particularly intriguing aspect of Brazilian amphibian morphology is the presence of novel 

communication mechanisms and associated structures. The discovery of fluorescent patterns in 

Brachycephalus species (Goutte et al., 2019) suggests the existence of previously unknown signaling 

systems. This finding raises questions about the evolution of visual communication in amphibians 

and highlights the potential for discovering additional novel morphological features as we employ 

new investigative techniques. 

The role of developmental plasticity in generating morphological variation among Brazilian 

amphibians deserves special attention. Studies have shown that many species exhibit considerable 

phenotypic plasticity in response to environmental conditions, particularly during larval development. This 

plasticity may contribute to the establishment of novel morphological variants and facilitate 

adaptation to changing environments. However, the relationship between developmental plasticity 

and evolutionary change remains poorly understood in this context. 

The conservation implications of morphological diversity extend beyond species-level 

considerations. Distinct morphological variants within species may represent unique adaptations to 

local conditions and contribute to population resilience. The work of Dias et al. (2017) in the Atlantic 

Forest demonstrated that morphologically distinct populations often show different responses to 

environmental change, suggesting that preserving morphological diversity within species may be 

crucial for long-term conservation success. 

2.2. Morphology 

Recent technological advances have revolutionized our ability to study amphibian morphology. 

Three-dimensional imaging techniques and geometric morphometrics have revealed subtle 

variations in form that were previously difficult to quantify. These methods have also facilitated the 

integration of morphological data with other types of information, such as genetic and ecological 

data, providing a more comprehensive understanding of amphibian diversity and evolution. 

The documentation of cryptic species complexes through integrated taxonomic approaches has 

highlighted the importance of detailed morphological analysis. While molecular methods often 

provide the initial evidence for cryptic diversity, careful morphological examination frequently 

reveals previously overlooked diagnostic features. This underscores the continuing importance of 

traditional morphological studies in modern systematic biology. 

The relationship between morphological variation and ecosystem function represents an 

emerging area of research. Recent studies suggest that morphological diversity within amphibian 

communities may contribute to ecosystem resilience and functionality. For example, variations in 

body size and feeding apparatus morphology can influence prey selection and contribute to the 

regulation of invertebrate populations. Understanding these relationships is crucial for predicting the 

ecological consequences of species loss and morphological simplification in amphibian communities. 
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2.3. Looking Forward 

Looking forward, several key research priorities emerge from our current understanding of 

Brazilian amphibian morphology. First, there is a need for more detailed studies of morphological 

variation across environmental gradients, particularly in less-studied regions such as the Caatinga 

and Pantanal. Second, the relationship between morphological variation and species’ responses to 

environmental change requires further investigation. Finally, the integration of new technological 

approaches with traditional morphological studies promises to reveal additional patterns and 

processes in amphibian evolution. 

The role of historical biogeography in shaping current patterns of morphological diversity 

deserves continued attention. The complex geological and climatic history of South America has 

created opportunities for both isolation and contact between populations, leading to unique patterns 

of morphological variation. Understanding these historical processes is crucial for interpreting 

current patterns of diversity and predicting future changes. 

The discovery of novel morphological features continues to surprise researchers and highlights 

the importance of detailed anatomical studies. Recent findings of previously undocumented skin 

structures, skeletal modifications, and communication mechanisms suggest that significant aspects 

of amphibian morphology remain to be discovered. This emphasizes the need for continued basic 

research even in well-studied groups. 

The implications of morphological diversity for conservation planning are significant. 

Traditional conservation approaches focused solely on species numbers may fail to protect important 

morphological variants that contribute to species’ adaptive potential. Integration of morphological 

data into conservation planning could help preserve the full range of evolutionary innovations 

present in Brazilian amphibian fauna. 

The study of morphological diversity among Brazilian amphibians continues to yield important 

insights into evolutionary processes and adaptation. The integration of new technologies with 

traditional approaches is revealing previously unknown patterns of variation, while also highlighting 

the vulnerability of this diversity to environmental change. Future research directions should focus 

on understanding the mechanisms generating and maintaining morphological diversity, as well as 

the implications of this diversity for species conservation and ecosystem function. The remarkable 

variety of forms observed among Brazilian amphibians not only provides insights into evolutionary 

processes but also represents a crucial component of global biodiversity that requires continued 

study and protection. 

3. Conclusions 

The extraordinary morphological diversity of Brazilian amphibians represents a remarkable 

example of evolutionary adaptation across diverse biomes and environmental conditions. Through 

this comprehensive review, we have demonstrated that this diversity extends far beyond simple 

variations in size and shape, encompassing complex adaptations in skeletal structure, skin properties, 

reproductive features, and communication mechanisms. The integration of traditional morphological 

studies with modern analytical techniques has revealed previously unknown patterns of variation 

and adaptation, highlighting the dynamic nature of amphibian evolution in this megadiverse region. 

The distinct morphological adaptations observed across different biomes reflect both historical 

biogeographic processes and current ecological pressures, demonstrating the complex interplay 

between evolutionary history and environmental conditions. The discovery of novel features, such 

as fluorescent patterns and specialized glandular structures, indicates that our understanding of 

amphibian morphology continues to evolve as new investigative techniques become available. 

Furthermore, this review emphasizes the critical importance of preserving morphological 

diversity for both conservation and scientific purposes. The loss of unique morphological variants 

through habitat destruction and climate change could significantly impact species’ adaptive potential 

and ecosystem function. As we face increasing environmental challenges, maintaining this 

morphological diversity becomes crucial for ensuring the resilience and adaptability of amphibian 

populations. 
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Future research should focus on integrating morphological studies with other disciplines, 

including ecology, physiology, and behavior, to better understand the functional significance of 

morphological variations. Additionally, increased attention to less-studied regions and taxa may 

reveal additional patterns of morphological diversity and adaptation. The continuation of detailed 

morphological studies, combined with modern analytical techniques, will be essential for 

understanding and preserving Brazil’s remarkable amphibian fauna. 

References 

1. Andrade, F.S., Haga, I.A., Carvalho, T.R., et al. (2019). An acoustic and morphological taxonomic review of 

the genus Physalaemus (Anura: Leptodactylidae) in the Brazilian Cerrado. Zootaxa, 4612(1), 1-49. 

2. Becker, C.G., Fonseca, C.R., Haddad, C.F.B., et al. (2016). Climate and amphibian declines in Brazil: An 

ecological perspective. Biotropica, 48(4), 457-467. 

3. Carvalho, T.R., Giaretta, A.A., Magrini, L. (2020). A new species of the Boana pulchella group (Anura: 

Hylidae) from the Brazilian Cerrado. ZooKeys, 959, 137-152. 

4. Dias, I.R., Medeiros, T.T., Nova, M.F.V., et al. (2017). Amphibians of Serra Bonita, southern Bahia: a new 

hotpoint within Brazil’s Atlantic Forest hotspot. ZooKeys, 2017(629), 103-155. 

5. Goutte, S., Mason, M.J., Christensen-Dalsgaard, J., et al. (2019). Evidence of auditory insensitivity to 

vocalization frequencies in two frogs. Scientific Reports, 9(1), 1-9. 

6. Haddad, C.F.B., Toledo, L.F., Prado, C.P.A., et al. (2013). Guide to the Amphibians of the Atlantic Forest: 

Diversity and Biology. Anolís Books, São Paulo. 

7. Haddad, C.F.B., Prado, C.P.A. (2005). Reproductive modes in frogs and their unexpected diversity in the 

Atlantic Forest of Brazil. BioScience, 55(3), 207-217. 

8. Lima, A.P., Sanchez, D.E.A., Souza, J.R.D., et al. (2020). A new species of Amazonian snouted treefrog 

(Hylidae: Scinax) with descriptions of a novel species group and life history traits. PeerJ, 8, e8642. 

9. Nunes-de-Almeida, C.H.L., Toledo, L.F., Haddad, C.F.B. (2021). Evolving into the mountains: The case of 

the Brachycephalus (Anura: Brachycephalidae) from the Brazilian Atlantic Forest. Evolution, 75(6), 1478-

1492. 

10. Pie, M.R., Ribeiro, L.F., Confetti, A.E., et al. (2018). A new species of Brachycephalus (Anura: 

Brachycephalidae) from southern Brazil. PeerJ, 6, e5683. 

11. Pie, M.R., Meyer, A.L.S., Firkowski, C.R., et al. (2019). Understanding the mechanisms underlying the 

distribution of microendemic montane frogs (Brachycephalus spp., Terrarana: Brachycephalidae) in the 

Brazilian Atlantic Forest. Ecological Modelling, 398, 31-39. 

12. Rojas, R.R., Carvalho, V.T., Ávila, R.W., et al. (2018). Two new species of Amazonian snouted treefrogs 

(Hylidae: Scinax) with description of a new species group. Zootaxa, 4426(1), 1-28. 

13. Santos, M.T.T., Pezzuti, T.L., Barata, I.M., et al. (2018). The tadpole of the microendemic, bromeligenous 

Crossodactylodes itambe (Anura, Leptodactylidae) from the endangered Espinhaço Range, southeastern 

Brazil. Journal of Herpetology, 52(2), 187-192. 

14. Toledo, L.F., Haddad, C.F.B. (2009). Colors and some morphological traits as defensive mechanisms in 

anurans. International Journal of Zoology, 2009, 1-12. 

15. Toledo, L.F., Llusia, D., Vieira, C.A., et al. (2021). The evolution of communication diversity in Neotropical 

anurans. Scientific Reports, 11(1), 1-11. 

16. Vasconcelos, T.S., Prado, V.H.M., da Silva, F.R., et al. (2022). Amphibian species richness and conservation 

in South America. Diversity, 14(2), 78. 

17. Veiga-Menoncello, A.C.P., Lourenço, L.B., Strüssmann, C., et al. (2020). A new species of Pseudis (Anura, 

Hylidae) from the Brazilian Pantanal. ZooKeys, 942, 77-104. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 November 2024 doi:10.20944/preprints202411.0263.v1

https://doi.org/10.20944/preprints202411.0263.v1

