
 
 

 

 

 

 

Assessing the spatial patterns of genetic 

diversity of species of the genera 

Calumma and Furcifer  

 

 

 

Internship Report 2022/2023 

Bachelor's Degree in Biology from the University of Porto 

 

 

 

Vitor Hugo Fernandes Coelho (up202005547) 

Advisors: Angelica Croƫni, Silvia Carvalho 



2 
 

Acknowledgements 

 

I sincerely thank CIBIO for providing me with a place where to work, for giving me the 

opportunity to learn more about new research areas such as bioinformaƟcs and 

programming, and for improving my knowledge in various fields such as phylogeography, 

geneƟcs and data analysis.  

A special "thank you" to my supervisor Angelica Croƫni for her guidance during this year, 

for everything she has taught me, making me a beƩer professional and especially for the 

incredible opportunity to work together. A special "thank you" also to my co-supervisor 

Silvia Carvalho, for all her help with bioinformaƟcs and data analysis, which I was a total 

stranger to. Finally, a big thank you to Maria João Paúl, who was always willing to help 

me and answer my quesƟons, giving up her Ɵme to do so. 

At last, thank you to my parents for giving me the support I so desperately needed during 

this difficult process. 

 

 

 

 

 

 

 

 

 

 

 



3 
 

Summary 

 

One of the most important components of biodiversity is geneƟc diversity. Over the 

years and due to extreme anthropogenic pressure, geneƟc diversity has been decreasing 

rapidly. Madagascar hosts a great diversity of repƟle species and high level of endemicity, 

but at the same Ɵme, there is sƟll a large informaƟon gap on the spaƟal paƩerns of their 

geneƟc diversity to fill. The available data remain scarce and several of the metadata 

associated to the collecƟon of samples is unprecise or incomplete. We revised the 

sampling informaƟon of all sequences of the mitochondrial ND2 gene that have been 

generated for a specific set of species of the genus Calumma (C. boeƩgeri, C. fallax, C. 

gallus, C. guibei, C. nasutum and C. vohibola) and of the genus Furcifer (F. lateralis, F. 

major, F. oustaleƟ, F. verrucosus, F. viridis) (sequences downloaded from GenBank). An 

ND2 alignment was made for each species, and we used this alignment and a semi-

automated soŌware to infer the spaƟal paƩerns of nucleoƟde diversity. This was done 

to understand the areas expected to contain the highest levels of geneƟc diversity for 

each species. Finally, we diagnosed the possible bias that may have occurred in our 

dataset using this method. We described the possible errors and soluƟons and showed 

the importance of storing metadata informaƟon. 
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1.  IntroducƟon 

 

1.1. Biodiversity and its Downfall 

 

The term “Biodiversity” is one of the most important noƟons used in Biology. Its most 

accepted definiƟon is the one that was proposed at the 1992 ConvenƟon on Biological 

Diversity, where it was stated that “Biological Diversity means the variability among living 

organisms from all sources including, inter alia, terrestrial, marine and other aquaƟc 

ecosystems and the ecological complexes of which they are part: this includes diversity 

within species, between species and of ecosystems. “ (Gaston & Spicer, 2004). Biological 

diversity is not evenly distributed across the planet, however. It follows a specific spaƟal 

paƩern, being higher as we approach the equator (Singh, 2002). The paƩerns of 

endemicity of species, together with paƩerns of high deforestaƟon rates lead to the 

proposal of the establishment of several biodiversity “hotspots” (Myers et al., 2000). 

Featuring a high richness of unique and threatened species, these biodiversity hotspots 

are extremely important for a beƩer understanding of how species diversity is 

distributed worldwide (Reid, 1998). Also, since the proposal of these areas as priority 

areas for conservaƟon, there has been increased conservaƟon efforts in these sites, 

(Reid, 1998). 

Pressures on these sites have arisen due to increased human expansion and its impacts 

on habitats and ecosystems across the globe (Singh, 2002). Habitat fragmentaƟon due 

to human occupaƟon, the overexploitaƟon of non-renewable resources, landscape 

changes, increased exƟncƟon rates and polluƟon are just a few examples in a panoply of 

problems (Singh, 2002).  

 

1.2. GeneƟc Diversity 

 

GeneƟc diversity is one of the many levels of biological diversity. Throughout this 

research, the definiƟon of geneƟc diversity that was used was the one provided by 

Gaston & Spicer (2004). The authors affirm that geneƟc diversity comprises the 
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components of the geneƟc coding that structures organisms (nucleoƟdes, genes, 

chromosomes) and variaƟon in the geneƟc make-up between individuals within a 

populaƟon and between populaƟons. Despite efforts to conserve biodiversity, it was 

only aŌer many years that conservaƟon of geneƟc diversity began to be considered part 

of the equaƟon (Hoban et al., 2021). The lack of synthesis on the spaƟal paƩern of 

geneƟc diversity can lead to a lack of understanding of how vital it is this type of diversity 

for the well-being of all species (Hoban et al., 2021). 

Studying the effects of geneƟc diversity at the ecological level remains challenging, as 

there is an enormous number of related variables that can determine the extent of 

geneƟc diversity and its spaƟal paƩerns. The extent of geneƟc diversity has effects at the 

populaƟon level (e.g. determining increased producƟvity and behavioural changes); at 

the community level (e.g. determining its maintenance); and at the ecosystem level (e.g. 

affecƟng nutrient cycling and variaƟons in decomposiƟon) (Hughes et al., 2008). 

The loss of geneƟc diversity worldwide has been a recurring problem (Amos &  Harwood, 

1998). This loss is usually the results of phenomena such as habitat fragmentaƟon that 

provide the condiƟons for geneƟc driŌ, boƩleneck effect or inbreeding effects to happen 

(Amos & Harwood, 1998). 

 

1.3. Madagascar 

 

Madagascar is one of the most emblemaƟc hotspots in the planet, hosƟng high rates of 

endemic vascular plants (ca. 82%) and having lost more than the 90% of its naƟve forest 

cover (Myers et al., 2000). In addiƟon, there are a huge number of animal and plant 

species yet to be formally described, oŌen outnumbering the number of species already 

described (Vences et al., 2009). 

DeforestaƟon for subsistence of local populaƟons conƟnues, leading to even more 

severe fragmentaƟon of ecosystems, which are the main reasons for the degradaƟon of 

Malagasy ecosystems (Ralimanana et al., 2022). This has led numerous endemic species 

to the brink of exƟncƟon, such as the flagship Malagasy giant jumping rat, Hypogeomys 
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anƟmena, which has seen a decline in the number of individuals in its populaƟons and 

is considered an highly threatened species (Ganzhorn et al., 2001). 

 

1.4. RepƟle Biodiversity in Madagascar 

 

Madagascar hosts high level of endemism, and repƟle species are no excepƟon. In a 

study carried out by (Antonelli et al., 2022), 427 species of repƟles were catalogued, of 

which 98% are endemic to the island. The highest concentraƟon of repƟle species is 

present in the eastern humid forest, but also can be found in the dry biome of the 

western coast and in the subarid biome in the southwest (Antonelli et al., 2022). When 

looking at regional endemism, repƟles show variable values between clades, but in most 

clades and subclades higher endemicity is found in northern Madagascar (Brown et al., 

2016; Antonelli et al., 2022). 

In this study, we focus on two genera of chameleons, the genus Calumma and the genus 

Furcifer.  

The genus Calumma is composed of more than 40 species, and it is enƟrely endemic to 

the island of Madagascar (Glaw & Vences, 2007). It is thanks to an increased and recent 

taxonomic effort that several new species have been described (e.g. Prötzel et al., 2020). 

The genus Furcifer is composed of 24 species which are endemic to the islands of 

Madagascar, the Comoros and MayoƩe (Glaw et al., 2009). Higher species richness in 

the genus Furcifer is found in the dry and subarid biomes, with few species colonizing 

the rainforest, while higher endemism rates are found in the northwest and in the coastal 

areas in the southwest (Brown et al., 2016). 

 

1.5. Network of Protected Areas of Madagascar 

 

Madagascar's biodiversity has been declining (Ganzhorn et al., 2001). This has led to a 

growing effort in preserving the remaining areas covered in primary vegetaƟon 

(Goodman et al., 2019), and there are currently 98 protected sites throughout 
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Madagascar. Efforts in protecƟng these sites aims not only to protect Madagascar's 

unique biodiversity, but also to provide ecological services to its populaƟon (Goodman 

et al., 2019). 

Of all the species of the genera Calumma and Furcifer, only two - one species from each 

genus – currently have no part of their distribuƟon included in any protected area 

(Jenkins et al., 2014; Antonelli et al., 2022). These are: Calumma hafahafa, which is 

currently classified as CriƟcally Endangered following the classificaƟon of the IUCN Red 

LisƟng criteria (IUCN, 2011a), and Furcifer tuzetae, which is classified as Data Deficient 

(IUCN, 2011b). 

 

1.6. ObjecƟves 

 

The aim of this work is to compile exisƟng informaƟon on the distribuƟon of each 

mitochondrial sequence generated for individuals of the genera Calumma and Furcifer 

and, with this informaƟon, infer the spaƟal distribuƟon of the geneƟc diversity of each 

species. An addiƟonal objecƟve was to opƟmize the methodology used to carry out 

these steps, as well as to check for errors in this process and to think about possible 

soluƟons. In this way, it would be possible to expand the use of this approach to the 

study of all repƟles of Madagascar. Capitalizing on the data generated by previous 

contribuƟons, we aim to obtain an overview of the distribuƟon of the geneƟc diversity 

of the species of these two genera. 
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2. Methods 

 

2.1. Data Mining 

Despite the chameleons in Madagascar having received recent taxonomic interest (e.g.  

Prötzel et al., 2020; Prötzel et al., 2015), research on their phylogeographic patterns falls 

short, limiting what is known both in term of their geographical distribution on this 

island and the extent of their genetic diversity. Once this information will be available 

for each species, it will be possible to better plan the conservational goals established 

for the ecosystems they occupy (Rosauer et al., 2016). 

We retrieved publicly available sequences from GenBank 

(hƩps://www.ncbi.nlm.nih.gov/genbank/) running a customized R script of the package 

‘rentrez’ (Winter, 2017). InformaƟon was gathered for all species of the genera Furcifer 

and Calumma [C. boeƩgeri, C. fallax, C. gallus, C. guibei, C. nasutum, C. vohibola, F. 

lateralis, F. major, F. oustaleƟ, F. verrucosus, F. viridis]: their sequences were obtained in 

the form of FASTA files, while metadata associated to each sequence, such as species 

name, GenBank/Bold accession number, sequence length, gene, voucher, geographic 

coordinates, the country and geographic descriptors where the sample was collected, 

etc. were automaƟcally compiled in an Excel file (see Table 1 for an example). In cases 

where the coordinates were not present (only the geographical descriptor and the 

country), we tried to automaƟcally retrieve the coordinates with the help of two R 

packages, "ggmap" and "geonames".   

After gaining all this data, we filtered it by selecting only species that had at least 10 

sequences for at least one gene. This filtering resulted in a final database of 11 species 

(Table 2). 
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 Table 1. A fragment of the Excel table automaƟcally obtained using the customized R script of the 
package ‘rentrez’ used for retrieving metadata. 

 

 

2.2. Relevant Genes 
 

AŌer selecƟng the 11 species of interest, we built a table summarizing the informaƟon 

on the number of sequences available for each molecular marker (Table 2). ND2 was the 

molecular marker chosen as it had the most complete dataset. 

Table 2. List of species analyzed in this study, associated to the number of sequences available in public 
repositories for two genes. 
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2.3. Analyzed Species 
 

 

2.3.1. Calumma 
 

Calumma boeƩgeri (Boulenger, 1888), Fig. 1: 

A species distributed in northern Madagascar, is classified as Least Concern, LC, following 

the IUCN Red LisƟng criteria (IUCN, 2015). They are known for being one of the smallest 

species of Chameleon having a total length of about 8 to 10 cenƟmetres (Glaw & Vences, 

2007). 

Calumma fallax (Mocquard, 1900), Fig. 1: 

Individuals of the Calumma fallax species are known by having three bright blue 

dorsoventral stripes on the body that can be crossed by a broad white lateral stripe. In 

terms of distribuƟon this species is present in eastern Madagascar from Andohahela in 

the south to Mandraka (Prötzel et al., 2020). It is classified as Data Deficient, DD, 

following the IUCN Red LisƟng criteria (IUCN, 2011c). 

Calumma gallus (Günther, 1877), Fig. 1: 

This species is classified as Endangered, EN (IUCN, 2011d), following the IUCN Red LisƟng 

criteria. It is distributed in east and northeast Madagascar (IUCN, 2011d). The males are 

known for having a long, pointed and flexible nose appendage that has blue, violet and 

green spots (Glaw & Vences, 2007). 

Calumma guibei (Hillenius, 1959), Fig. 1: 

Very liƩle is known on this species. It has a very short rostral appendage and it is found 

at high alƟtudes at Mt. Tsaratanana (Prötzel et al., 2017). It is classified as Near 

Threatened, NT, following the IUCN Red LisƟng criteria (IUCN, 2011e). 

Calumma nasutum (Duméril & Bibron, 1836), Fig. 1: 

It has a remarkable rostral appendage, and it is distributed from eastern Madagascar 

between Anosibe An’ala and Andasibe in the central east to Sorata in the north of the 
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island (Prötzel et al., 2020). It’s status is classified as LC following the IUCN Red LisƟng 

criteria (IUCN, 2011f). 

Calumma vohibola (Gehring, Ratsoavina, Vences & Glaw, 2011), Fig. 1: 

Calumma vohibola is distributed across a few localiƟes within a 60 km-long stretch along 

the coastal area between Ivoloina and the island of Ille aux Prunes in the north and the 

Vohibola forest in the south (Gehring et al., 2011). It has a very dark reddish ground 

coloraƟon with many irregular blue spots (Gehring et al., 2011). It is classified as EN 

following the IUCN Red LisƟng criteria (IUCN, 2014a).  

Figure 1. Maps showing the known range and a representaƟve picture of: A) Calumma boeƩgeri, B) 
Calumma fallax, C) Calumma gallus, D) Calumma guibei, E) Calumma nasutum, F) Calumma vohibola. 

InformaƟon retrieved from (Roll et al., 2017) 

 

A)                                                                               B) 

 

C                                                                            D) 



15 
 

 

E)                                                                     F) 

 

 

2.3.2. Furcifer 
 

Furcifer lateralis (Gray, 1831), Fig. 2: 

This species is characterized by having a white ventral line, a lively green colouraƟon 

throughout the body and oŌen three dark circles on the lateral body which are 

intercepted by a lateral white line. This species occurs in western and northern 

Madagascar (Florio et al., 2012). It is classified as LC following the IUCN Red LisƟng 

criteria (IUCN, 2014b).  

 

Furcifer major (Brygoo, 1971), Fig. 2: 

Furcifer major is classified as LC following the IUCN Red LisƟng criteria (IUCN, 2014c). It 

is distributed along the south of Madagascar (IUCN, 2014c). This species has a pale 

green-coloured body, with white markings all over it (Glaw & Vences, 2007).  

Furcifer oustaleƟ (Mocquard, 1894), Fig. 2: 

Furcifer oustaleƟ is distributed throughout all Madagascar. It is one of the largest species 

of chameleons worldwide, males can reach 70 cenƟmetres long and females can go up 
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to 40 cenƟmetres long (Florio & Raxworthy, 2016). It is classified as LC following the IUCN 

Red LisƟng criteria (IUCN, 2011g). 

Furcifer verrucosus (Cuvier, 1829), Fig. 2: 

The range of F. verrucosus is confined to the extreme south and southwest of 

Madagascar. Alongside F. oustaleƟ it is one of the biggest species of chameleons in the 

world, with males reaching lengths of 57 cenƟmetres and females 21 cenƟmetres long 

(Florio & Raxworthy, 2016). It is classified as LC following the IUCN Red LisƟng criteria 

(IUCN, 2011h). 

Furcifer viridis (Florio, Ingram, Rakotondravony, Louis Jr., Raxworthy, 2012 et al., 2012), Fig. 2: 

This species is recognizable by having a double row of scales along the dorsal body ridge, 

14-18 tubercles on the parietal crest and a typical green colouraƟon in adults (Florio et 

al., 2012). It is classified as LC following the IUCN Red LisƟng criteria  (IUCN, 2014d) and 

it is distributed from north-west to south Madagascar (Florio et al., 2012). 

Figure 2. Maps showing the known range and a representaƟve picture of: A) Furcifer lateralis, B) Furcifer 
major, C) Furcifer oustaleƟ, D) Furcifer verrucosus, E) Furcifer viridis. InformaƟon retrieved from (Roll et 

al., 2017) 

 

A)                                                                       B) 
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C)                                                                         D) 

 

E) 

 

 

2.4. CompilaƟon of AddiƟonal Coordinates 
 

Once the species of interest were selected, we confirmed that the ND2 sequences were 

lacking several sampling coordinates. We compiled this with an automated process 
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responsible for retrieving Digital Objects IdenƟfied (DOI’s) numbers associated with the 

ND2 sequences. To retrieve these DOI’s, the process would use an R Script that would 

refer to the packages ‘bib2df’, ‘bibtex’, ‘easyPubMed’, ‘RefmanagerR’ and ‘Rscopus’; it 

would then compile the references and their bibliographic data on a BibTeX file. 

By opening this file with a reference manager (e.g., ‘ZOTERO’), it was possible to retrieve, 

in a PDF format, most of the papers that contained the referenced ND2 sequences. For 

the GenBank accession numbers for which with this step it was not possible to fill the 

coordinate informaƟon, we manually compiled them following this approach: the 

original paper referring to each sequence was found, analyzed and its coordinates 

collected (Table 3). 

Table 3. Excel table which provides an example of the informaƟon which has been compiled manually. 

 

In situaƟons where only the toponym was available, a database of toponyms (Table 4) 

available in the research group was used to idenƟfy coordinates and add them to our 

database. All coordinates were then converted into decimal degrees. 
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Table 4. Table with toponyms and associated coordinates available in one of the original contribuƟons 
analyzed (from Croƫni et al., 2008). 

 

 

 

2.5. Coordinate Mapping 
 

An R script using the "rgdal" and "raster" packages processed all the coordinates 

associated with each sequence for each species. This informaƟon was converted into a 

map to check the spaƟal distribuƟon of each sampling locality for each sequence for 

each species. The distribuƟon area of each species was obtained from the database of 

(Roll et al., 2017) (see also Figs. 1 and 2). We compared the distribuƟon of the sampling 

localiƟes with the sequences associated with the species' distribuƟon areas and checked 

whether all the records were accurate (i.e., whether they fell within the species' 

predicted distribuƟon area) or whether they came from localiƟes confirmed by recent 

publicaƟons. 

 

2.6. Sequence Alignment 

 

SuperCRUNCH (PorƟk & Wiens, 2020), a Python toolkit, was used to perform species-

specific ND2 alignments. This tool was used to assemble geneƟc datasets and can use 
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unpublished sequences, sequences retrieved automaƟcally from GenBank, or a 

combinaƟon of the two, thus automaƟng the selecƟon, organizaƟon and alignment of 

geneƟc sequences (Figure 3). All the steps taken by this toolkit are shown in Figure 3. In 

the first step, "Assess taxonomy", the different species in the FASTA files are idenƟfied. 

In the second step, "Parse Loci", the soŌware idenƟfies the different gene fragments by 

species and divides them into separate FASTA files. This step took place even though we 

only had one gene, ND2. In the third step, "Similarity Filtering", similar sequences are 

combined, and homologous regions idenƟfied. AŌer this, it removes non-homologous 

regions and non-target data sets. The next step is "Sequence SelecƟon" where the toolkit 

automaƟcally produces super matrices of different molecular markers for each 

individual. The dataset analyzed in this study was restricted to sequences of a 

homologous fragment of the ND2 mitochondrial gene, for comparison purposes. As 

such, this step was not used. The fiŌh step, called "MulƟple Sequence Alignment", 

involves aligning the sequences and adjusƟng the direcƟon of all the sequences in each 

locus-specific FASTA file. Finally, the "post-alignment tasks" phase was used to export the 

produced alignments. To ensure that there were no obvious errors, the ND2 alignments 

for each species were also manually checked.  

Figure 3. RepresentaƟon of the SuperCRUNCH analysis workflow used in this study. 
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2.7. Mapping GeneƟc Diversity 
 

With the help of two R packages, "phylin" and "ape", species-specific nucleoƟde diversity 

was mapped using the aligned sequences and the associated informaƟon on the 

sampling localiƟes. The measurement of the degree of geneƟc variability is calculated 

using nucleoƟde diversity, defined by the average nucleoƟde dissimilarity per site 

between two sequences (Nei & Li, 1979). This calculaƟon was carried out using the "ape" 

package. Since nucleoƟde diversity is calculated on the basis of a set of sequences and 

is sensiƟve to the number of sequences in the used dataset, we determine a radius 

within which the samples associated to the sequences were collected. We defined the 

radius as the maximum distance between a locaƟon and its nearest neighbour, so there 

would be at least two samples in each set. To take into account the differences in sample 

sizes, we idenƟfied the haplotypes that occurred in each neighbourhood and iteraƟvely 

resampled two of the complete set of haplotypes and calculated the nucleoƟde diversity 

(Nei & Li, 1979) of the two haplotypes.  

The resampling was repeated 1000 Ɵmes and the average was calculated. Using the 

"phylin" package, nucleoƟde diversity was interpolated for the enƟre range of species 

using inverse distance-weighted interpolaƟon (Tarroso et al., 2015). Two types of maps 

were drawn up for each species: one map contained the projecƟon of the inferred 

geneƟc diversity for each species in a square, encompassing all the sampling localiƟes; 

the other map cut out the projecƟon of the inferred geneƟc diversity for each species in 

the respecƟve species distribuƟon area. It should be noted that, in some cases, the 

databases used as references for this type of research are known to contain outdated 

versions of species distribuƟons. Techniques like the laƩer, by having a dual approach, 

tend to minimize this risk. 
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3. Results 
 

Three different maps were compiled for each species: 1) The map depicƟng all the 

sampling localiƟes associated with each ND2 sequence that is available for each species 

over imposed to the species' range, as available on Roll et al. (2017). 2) The map 

containing the informaƟon depicted on the first map and the informaƟon on the inferred 

geneƟc variaƟon throughout the respecƟve distribuƟon area. 3) The third map 

represents the inferred geneƟc diversity of each species in a rectangular area covering 

the  species-specific distribuƟon area and the sampling localiƟes of the sequences 

assigned to that specific species. 

As it can be seen in the maps obtained for the Calumma boeƩgeri, there is a decrease in 

geneƟc diversity from southwest to the north. All sampled localiƟes used for this analysis 

are included in the range obtained (Fig. 4A). 

As for Calumma fallax and Calumma gallus, it is possible to observe a mismatch between 

the localiƟes sampled and for which we have ND2 sequences, and the ranges presented 

in the retrieved database (Fig. 4B, C). This is even more pronounced for Calumma fallax. 

For Calumma fallax we observe a higher inferred geneƟc diversity in the North (Fig. 4B), 

while for Calumma gallus the inferred geneƟc diversity is higher in the South (Fig. 4C). 

With Calumma guibei we observe an increased inferred geneƟc diversity from southwest 

to northeast (Fig. 4D). The localiƟes from which there are ND2 sequences available 

correspond to a small fracƟon of the known species distribuƟon. 

In the case of Calumma nasutum the majority of the sample’s localiƟes fall inside the 

given range, and the geneƟc diversity is inferred to be the highest in the North (Fig. 4E). 

For Calumma vohibola we had a low number of sampling localiƟes, and that correspond 

to a small fracƟon of the known species distribuƟon. However, the inferred geneƟc 

diversity is highest in the East (Fig. 4F). 
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Figure 4. Maps showing the spaƟal distribuƟon of the inferred nucleoƟde diversity for each species of 
the genus Calumma analyzed in this study: A) Calumma boeƩgeri, B) Calumma fallax, C) Calumma 

gallus, D) Calumma guibei, E) Calumma nasutum, F) Calumma vohibola. 

A) 

 B) 

C) 
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D) 
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For Furcifer lateralis we observe an inferred higher geneƟc diversity in the south (Fig. 

5A).  

In the case of Furcifer major the inferred geneƟc diversity increases from east to west 

and the sampling localiƟes of the used ND2 sequences cover a good porƟon of the 

species  range (Fig. 5B). 

The inferred geneƟc diversity of Furcifer viridis, is highest in the south and lowest in the 

north and sampling localiƟes corresponding the ND2 sequences that we used have a 

good overlap with the obtained range. 

Lastly, the two species Furcifer oustaleƟ and Furcifer verrucosus bared no results, since 

aŌer the sequence alignment, there were too few sequences (only one in each case) to 

calculate a minimum distance between two points, thus we weren’t able to compute a 

geneƟc diversity map. 

 

Figure 5. Maps showing the spaƟal distribuƟon of the inferred nucleoƟde diversity for each species of 
the genus Furcifer analyzed in this study: A) Furcifer lateralis, B) Furcifer major, C) Furcifer viridis, D) 

Furcifer oustaleƟ and E) Furcifer verrucosus. 
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4. Discussion 
 

Characterizing the distribuƟon of different species is extremely important, as it allows to 

beƩer tune conservaƟon acƟons, especially when they are found in fragmented habitats 

or ecosystems (Tremlova & Münzbergová, 2007), as it is the case of Madagascar 

(Ganzhorn et al., 2001). In addiƟon, being the distribuƟon of geneƟc diversity unevenly 

distributed, it is important to beƩer understand it, so that the populaƟon holding the 

majority of a species' geneƟc diversity can be prioriƟzed for conservaƟon (Rauch & Bar-

Yam, 2004). Therefore, if any negaƟve ecological phenomenon were to occur, for 

example climate change (Carvalho et al., 2019), this populaƟon and the geneƟc diversity 

it holds would be more protected. 

The biggest problems observed in obtained results is, in some instances, the poor match 

between the distribuƟon of the available ND2 sequences and the known species 

distribuƟon (this being true especially for species of the genus Calumma).  

Prötzel et al. (2020) carried out a systemaƟc review of the C. nasutum group and formally 

described or resurrected several species of Calumma from this species group. As a result, 

the taxonomic concept that is applied in the database obtained from Roll et al. (2017) 

no longer corresponds to the current understanding of species diversity and distribuƟon. 

The sequences that were analysed here for C. nasutum and the species distribuƟon 

obtained correspond to a large number of species that were previously hidden under 

the name Calumma nasutum: Calumma emelinae, Calumma ratnasariae, Calumma 

radamanus, Calumma tjiasmantoi (Prötzel et al., 2020). 

It was also observed that a number of inconsistencies or minor issues associated with 

the code that builds the geneƟc diversity maps that should be solved. For example, when 

calculaƟng the two inferred geneƟc diversity distribuƟon maps (the one with or without 

the obtained species range), the same scale should be used to enhance comparison 

between the maps. In addiƟon, although it was confirmed that this is just a ploƫng 

problem, we have observed that in some cases some sequence sampling localiƟes are 

not ploƩed on the maps shown on the results (e.g., Figure 4A, C, E and 5A). Furthermore, 

there seems to be an inconsistency with the inference of the distribuƟon of the geneƟc 

diversity between the distribuƟon of the inferred geneƟc diversity when the distribuƟon 
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range is used or when all the sampling points are considered (e.g., Figure 4F and 5). Last 

but not least, the images were parƟally cropped, and the scale values were too similar. 

More Ɵme should be invested in solving these issues so that this approach can more 

easily be expanded to the study of all repƟles of Madagascar.  

This study served as a pilot case to test a semi-automated pipeline for mapping geneƟc 

diversity inference for numerous species. This same methodology can be used for all 

species, thus providing considerable potenƟal for mapping intraspecific diversity at 

macro-scales for several taxa. This has the potenƟal to generate interesƟng 

opportuniƟes for opƟmising the conservaƟon of specific geneƟc diversity, a parameter 

that is currently specifically aimed at in the recently raƟfied Kunming-Montreal Global 

Biodiversity Framework. In addiƟon, these data can also be used to further test various 

biogeographic hypotheses in order to beƩer understand the source of phylogeographic 

paƩerns and the respecƟve factors that mould them. 

Although this research was setup to obtain a more current overview of the distribuƟon 

of the geneƟc diversity of the two genera that were studied, the resulƟng data, while 

reasonably similar to the one available at the Ɵme this report was wriƩen, is based on 

informaƟon collected in 2017. However, bearing in mind that the present study was 

carried out in the context of a curricular internship, the main aim of which is to bring 

students into contact with the context of research and the producƟon of scienƟfic 

knowledge, it is possible to say that the main didacƟc purpose of this internship program 

has certainly been achieved.  
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5. Conclusion 
 

There is a large informaƟon gap on the taxonomy, species distribuƟon and geneƟc 

diversity of the repƟles of Madagascar. There is the need to conƟnue collecƟng data on 

all these aspects of the biodiversity research, and it is crucial to increase efforts in 

characterizing the level of intraspecific geneƟc divergence, so that geneƟc diversity can 

also be considered in future possible opƟmisaƟon strategies of protected area 

prioriƟsaƟon.                                                                                                                                                                       As 

for the problems relaƟng to the methodology, this work suggests that there is a need to 

opƟmise the data processing pipeline, especially when it comes to compiling the geneƟc 

diversity maps, especially for species with very restricted distribuƟon areas or very 

irregular sampling. Biodiversity and all its components have suffered great damage 

around the world, mainly due to anthropogenic acƟvity (Prakash & Verma, 2022). We 

believe that responsibility must be taken to propose soluƟons for the recovery of 

habitats and diversity. With these efforts being adopted worldwide, there will be a 

chance for improving ecosystem services and human well-being. 
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