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Abstract: Research efforts toward Philippine biodiversity have increased significantly due to concerns about 
its natural resources and biodiversity. However, there is an imbalance in the distribution of published studies, 
with specific territories and organisms receiving more attention. Mindanao, a southern Philippine Island, is 
known for its high levels of endemism for amphibians and reptiles. Despite this, research on these groups 
remains unconsolidated. To address this gap, we conducted a biodiversity synthesis focusing on amphibians 
and reptiles in the faunal region of Mindanao. We found an increasing effort towards herpetofauna over the 
two decades, yet there is a clear bias in the effort towards amphibians compared to reptiles. In addition, we 
found that amphibians have a significantly higher species threat index than reptiles and all other vertebrate 
groups, regardless of ecological status. Yet, threatened herpetofauna species and those facing a greater number 
of threats are poorly studied, in general. Understanding the factors driving research biases in Mindanao and 
the Philippines is essential to allow us to redirect research efforts to the most needed areas, particularly to 
understudied and neglected taxa in Mindanao. This is especially urgent in the face of changing climate, where 
diverse communities of herpetofauna are at increased risk of extinction. Consequently, by bridging these gaps 
in biodiversity information, we can effectively contribute to the conservation and understanding of biodiversity 
in the region. 
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1. Introduction 

Ecosystems and human societies widely depend on biodiversity, but the number of species and 
their geographic ranges are diminishing [1,2]. The current estimate shows that the pace of species 
extinction could be up to a thousand times higher than in the pre-industrialized period [3]. Among 
tetrapods, amphibians and reptiles are particularly susceptible to environmental changes due to their 
traits sensitive to rapidly changing ecological conditions, such as increased temperature and changes 
in precipitation [4–6]. Land use, climate change, disease, and alien species have been negatively 
affecting the population of amphibians and reptiles for many years [7]. Additionally, direct 
anthropogenic activities, including hunting, trade, and pollution, negatively impact the ability of 
their populations to recover from loss [5]. The extreme sensitivity of amphibians to environmental 
changes makes them ideal bioindicators of the health of their environment and would help indicate 
conservation priorities [6,7]. 
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The Philippine archipelago, consisting of more than 7000 islands, holds high herpetofauna 
biodiversity [8]. This high species diversity makes the country one of Southeast Asia’s hotspots for 
herpetofauna biodiversity [4,9]. However, many species and habitats in the Philippines are 
threatened, mainly by the growing human population and deforestation in lowland areas [10,11]. 
Therefore, identifying species and habitats at higher risk of loss and extinction is crucial to prioritize 
conservation efforts and reduce further negative impacts on biodiversity [12–14]. One of the 
approaches to identifying conservation priorities is to examine the proportion of threatened and 
endemic species, assess the extent of the threats they face and evaluate ongoing conservation efforts 
directed towards these species, and analyze how these threats interact with species traits [15]. 
Unfortunately, valuable information for comprehensive synthesis remains unconsolidated for many 
regions in the Philippines [16]. Moreover, the existing syntheses aimed at understanding extinction 
risks are often broad in scope and present challenges when it comes to their local or national 
integration. These challenges are particularly true in various parts of the Philippines.  

The amount of research on Philippine biodiversity has increased significantly in recent years, 
commonly driven by concerns about the state of its biodiversity and natural resources, which have 
spurred funding and conservation efforts [11,17]. However, there is a noticeable imbalance in 
research focus, with certain territories and organisms receiving disproportionately more attention. 
Mindanao supports unusually high levels of endemism for both amphibians and reptiles [9,18,19]. 
Nevertheless, like any other taxonomic group, data for herpetofauna species in Mindanao remain 
sparse and unconsolidated, impeding the effective identification of key species and conservation 
priorities [8,20,21]. To address this gap, we have developed a biodiversity synthesis aimed at 
understanding the progress, patterns, and distribution of herpetofauna in Mindanao, Philippines. 
Specifically, our objective was to determine (i) the levels and factors of research effort on amphibians 
and reptiles, (ii) the relationship between their extinction risk and ecological status, (iii) the diversity 
and distribution of amphibians and reptiles across biodiversity sites in Mindanao faunal region, and 
(iv) determine the key threatening processes and levels of threats to amphibians and reptiles.  

By identifying and addressing these biases, our goal is to bolster the overall understanding of 
herpetofauna's biodiversity in Mindanao. Furthermore, we intend to prioritize conservation efforts 
toward species in Mindanao that are both threatened and understudied. 

2. Materials and Methods 

2.1. Study area and synthesis framework 

The focus of this study was on biodiversity hotspots in the Mindanao Faunal Region (MFR), 
which comprises the entire Mindanao archipelago, the Leyte and Samar islands, Bohol, Basilan, and 
the nearby minor islands (Figure 1). We adopted a framework to develop the synthesis by integrating 
the literature from 2000 to 2022 to assess species research efforts and levels of threat [22]. 
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Figure 1. Map of the Mindanao faunal region (hereafter ‘MFR’) [20]. 

2.2. Literature search and databasing 

We used the PRISMA approach to search key databases, including Google Scholar 
(https://scholar.google.com), ResearchGate (https://www.researchgate.net), and personal 
correspondence to create a database of amphibian and reptile literature from January 2000 to June 
2022.  We used the following keywords: (amphibian* or frog* or newt* or caecilian* or toads*) AND 
reptile OR snake* OR lizard* OR turtle* OR squamate*) AND (Philippine* OR Mindanao*) to search 
for literature [23]. Most Philippine academic institutions do not have an accessible online library or 
thesis repository [24]. We excluded unpublished theses and dissertations from the analysis to avoid 
incomplete and biased data sampling. All publications collated from the searched results were 
screened and classified by taxonomic group, year of publication, site, and thematic areas using 
standardized criteria [25]. 

We curated and updated species names from recent literature (e.g., [18,26], the International 
Union for the Conservation of Nature (IUCN) Red List (version 2022-2), the Amphibia Web database 
(https://amphibiaweb.org/search/) [27] and the Reptile Database (https://reptile-
database.reptarium.cz/) [28]. We determined species endemism and conservation status using the 
IUCN Red List (v. 2022-2).  

2.3. Diversity and Distribution of Amphibians and Reptiles 

We investigated the relationship between species diversity, endemism, and species binomial 
extinction risk (threatened and non-threatened). To determine the risk of extinction, we used the 
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IUCN red list classification [29]. We classified the species as ‘threatened’ when the species is 
‘vulnerable’, ‘endangered’, or ‘critically endangered’. On the other hand, we classified species as 
‘least threatened’ if they were categorized as ‘least concerned’ or ‘near threatened’. Additionally, we 
included species classified as ‘data deficient’ in the same category as ‘threatened’ when comparing 
species diversity. We made this assumption because species lacking information may have limited 
occurrences and are likely to be endangered [30,31]. We compared the species richness per site based 
on the number of species recorded.  

The Chi-square test of independence (χ2) was then applied to assess the relationship between 
extinction risk, taxonomic groups, and ecological status. Specifically, we examined levels of 
endemism and trophic levels. We also employed this analysis to compare threatened categories and 
ecological status between biodiversity hotspots or sites. 

2.4. Site-level comparison 

We compared species diversity and ecology between sites using the Chi-square test of 
independence (χ2). Georeferenced species records were modeled in MaxEnt to broadly predict and 
visualize the potential spatial distribution of amphibians and reptiles in the MFR [32]. MaxEnt uses 
environmental data to estimate a probability distribution for the entire study area based on the 
available presence-only information. The modeling process incorporated nineteen bioclimatic 
variables obtained from WorldClim [33], which had a resolution of a 30 arc-second grid or 1 km2. 
Additionally, altitude was included as a factor in the modeling process. Furthermore, we estimated 
the distance and density of species recorded from terrestrial protected areas, which were then 
calculated using Quantum GIS.  

Deforestation is a significant threat to terrestrial ecosystems in the Philippines, including key 
biodiversity sites. To assess the extent of deforestation and land use change and its relationship with 
species diversity and ecological status, we extracted data from [34] to measure tree cover loss and 
remaining forests. Kendall’s Tauτ B was used to examine the relationship between estimated species 
richness at the site level, %endemism and threatened species%, and the rate of change (e.g., rate of 
deforestation in protected areas). We used a generalized linear model (GLM) with Poisson 
distribution to determine the link between %remaining forest cover to %endemism and %threatened 
species in each key biodiversity site. 

2.5. Statistical Analyses 

All statistical tests and modeling were performed using the open and free software JAMOVI 
2.3.2. [35]. GraphPad Prism 8 was used for data visualization [36], and QGIS 3.16 [37] was used for 
all spatial analyzes. The level of significance was established at p < 0.05. 

3. Results 

3.1. Diversity and distribution of herpetofauna in Mindanao 

A total of 42 published articles were collated between 2000 and 2022. We found that some studies 
overlap with other classifications and taxonomic groups, with the majority focused on areas of 
diversity and community surveys (Figure 2a). Regarding the number of studies per taxonomic group, 
there were 36 studies for amphibians and 26 studies for reptiles. The mean annual number of studies 
was higher among amphibians (mean = 1.48/yr.) compared to reptiles (mean = 1.09/yr.) (Figure 2b). 
Research in both taxonomic groups experienced an overall increase, albeit with an irregular pattern. 
Specifically, there was a notable increase in growth in 2015, followed by an inconsistent trend with 
peaks in 2020 and 2021 (Figure 2a). Interestingly, we did not find significant differences in the number 
of studies between amphibians and reptiles (Mann-Whitney U test = 229.5, p = 0.431). Furthermore, 
correlation analysis showed that amphibians and reptiles were studied extensively together, as 
shown in their positive and significant correlation in terms of the number of species recorded species 
per year (Kendall’s  τ B = 0.845, p < 0.001). 
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Figure 2. Annual trends in the number (a) and average study (b) of amphibian and reptile research 
published in journals from 2000-2022, compared to other taxonomic groups. Broken lines indicate the 
average number of studies per year for birds and mammals. 

Based on the database we built, we recorded 160 species of herpetofauna from the MFR. This 
number was represented by 52 species of amphibians belonging to nine families and two orders and 
108 species of reptiles belonging to sixteen families of two orders. Among amphibians, 
Rhacophoridae and Dicroglossidae were the most species-rich families recorded (n = 12 spp., 23%), 
followed by Microhylidae (n = 7 spp., 13%), Ranidae (n = 6 spp., 11.5%), Bufonidae (n = 5 spp., 10%), 
Ceratobatrachidae (n = 4 spp., 8%), Megophyridae (n = 3 spp., 6%), Eleutherodactylidae and 
Ichthyophiidae both have the single species recorded (n = 1 spp., 2%). Whereas within reptile families, 
Scinidae was the most species-rich (n = 35 spp., 32%), followed by Gekkonidae (n = 15 spp., 14%), 
Colubridae (n = 13 spp., 12%), Agamidae (n = 11 spp., 10%), while other families were represented by 
fewer than ten species. Regarding species endemism, we found higher endemism among amphibians 
(63%, n = 33 spp.) relative to reptiles (58%, n = 63 spp.). 

SREA was significantly higher among amphibians than among reptiles and all other taxonomic 
groups (Figure 3). Within amphibians, we found that non-threatened species (mean = 0.356 ± 0.299) 
had higher SREA compared to threatened groups (mean = 0.145 ± 0.145), but not statistically 
significant (H = 3.169, df = 1, p = 0.075). In terms of geopolitical endemism, we found a significantly 
higher SREA among Philippine endemic species (mean = 0.395 ± 0.316) versus non-endemic species 
(mean = 0.232 ± 0.220) (H = 4.186, df = 1, p = 0.041). However, among reptiles, we found that SREA 
did not differ significantly in terms of endemism but was higher between species endemic to the 
Philippines (mean = 0.183 ± 0.137) compared to their more widespread counterparts (Figure 3). 
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Figure 3. Comparison of Species Research Effort Allocation (SREA) between the ecological status of 
amphibians and reptiles. Broken lines indicate the average study per year for birds and mammals. 

3.2. Conservation status across ecological status 

Twenty percent of all herpetofauna species were considered in the threatened category (VU = 4 
spp., EN = 3 spp., and DD = 14 spp.). The conservation status between taxonomic groups differed, 
with 14.8% and 9.6% of reptiles and amphibians being threatened, respectively. Among nine 
amphibian families, Dicroglossidae (25%, n = 3 spp.) and Ceratobatrachidae (20%, n = 1 spp.) had the 
highest proportions of threatened species (χ2 = 7.317, df = 8, p = 0.503). Although no significant 
differences were found in the distribution of threatened species between the 17 families of reptiles (χ2 
= 22.458, df = 16, p = 0.129), we documented that at least six families had a remarkably higher 
proportion of threatened species, particularly Geomydidae (100%, n = 1 spp.), Elapidae (50%, n = 2 
spp.), Typhlopidae (50%, n = 1), Agamidae (36.4%, n = 4), and Calamariidae (33.33%, n = 1). 
Furthermore, the proportion of threatened species between endemic species only differed 
significantly among reptiles (χ2 = 4.058, df = 1, p = 0.044) and was highest among those endemics in 
the Philippines (20.6%, n = 13 spp.). Although we did not find a significant relationship in the 
distribution of threatened species among amphibians (χ2 = 3.185, df = 1, p = 0.074), it was higher among 
Philippine endemic species (15.2%, n = 5 spp.) compared to those that are widespread (Figure 4a). 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 June 2023                   doi:10.20944/preprints202306.0478.v1

https://doi.org/10.20944/preprints202306.0478.v1


 7 

 

 

Figure 4. Distribution and proportion of endemic and threatened amphibian and reptile species (a). 
Sankey plot showing the distribution of threats according to taxonomic group, endemism, and 
threatened categories (b). 

Among the key threats, bushmeat hunting, deforestation, and land use changes are the major 
threats to amphibians and reptiles (Figure 4b). Bushmeat consumption threatens 74% of amphibians 
and 55% of reptiles. Agriculture and aquaculture are the next significant threats, which threaten 64% 
of amphibians and 51% of reptiles (Figure 4b). Interestingly, urbanization (52%) and pollution (35%) 
threaten a high proportion of amphibians compared to reptiles.  

We used the Species Threat Index (STI) to determine the level of threat each species faces 
according to its ecological status. Amphibians exhibited a significantly higher species threat index 
(SPI) compared to other taxonomic groups, such as birds and mammals, while reptiles displayed an 
exceptionally low SPI (Figure 7). Among ecological status, SPI was generally higher among 
threatened species of amphibians (0.500 ± 0.204) (H = 0.012, df = 1, p = 0.911) and reptiles (0.313 ± 
0.175) (H = 6.285, df = 1, p = 0.012), but only statistically significant in the latter. We observed similar 
patterns of threat levels between Philippine endemic amphibians (0.556 ± 0.211) (H = 7.145, df = 1, p 
= 0.008) and reptiles (0.227 ± 0.166) (H = 4.534, df = 1, p = 0.033).  
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3.3. Relationship between Threat Index and Research Effort 

We did not find a significant correlation between SREA and STI among amphibians (Kendall’s 
 τ B = 0.007, p = 0.472) and reptiles (Kendall’s τ B = 0.062, p = 0.425). On the contrary, a positive and 
significant correlation between body mass and STI was specifically observed among reptiles (Figure 
5). More importantly, our analysis revealed significant trends in the focus of research on the 
herpetofauna of Mindanao. Our findings revealed a negative correlation (β = -0.646, p < 0.001) 
between the allocation of the research effort and its threat status, indicating that greater efforts were 
directed towards non-threatened species (Table 1). Likewise, herpetofauna species with lower threat 
levels are studied more but were only significant for amphibians (β = -0.355, p < 0.001). Furthermore, 
Philippine endemic herpetofauna species exhibited a positive association with increased research 
effort (β = 0.415, p < 0.001), as did larger-bodied species (β = 0.272, p < 0.001). These trends were 
consistent in separate models for reptiles and amphibians, indicating an overall pattern in the 
relationship between the research effort and the ecological status of the species (Table 1). 

Table 1. Results of generalized linear mixed modeling (GLMM) predicting the correlation of species 
ecological status and traits and threats to research efforts toward herpetofauna species. 

(A) All herpetofauna     

Variables β SE z p 
(Intercept) 2.39 0.203 11.758 < .001 

Threatened - Non threatened -0.646 0.077 -8.42 < .001 
Philippine endemic - Non-endemic 0.417 0.048 8.69 < .001 

Body size (log10) 0.273 0.064 4.256 < .001 
Species Threat Index (SPI) -0.02 0.116 -0.172 0.863 

(B) Amphibians     

(Intercept) 1.961 0.35 5.604 < .001 
Threatened - Non threatened -1.424 0.16 -8.916 < .001 

Philippine endemic - Non-endemic 0.858 0.081 10.614 < .001 
Body size (log10) 0.544 0.152 3.591 < .001 

Species Threat Index (SPI) -0.355 0.158 -2.243 0.025 
(C) Reptiles     

(Intercept) 2.427 0.252 9.641 < .001 
Threatened - Non threatened -0.351 0.092 -3.811 < .001 

Philippine endemic - Non-endemic 0.173 0.061 2.821 0.005 
Body size (log10) 0.293 0.07 4.2 < .001 

Species Threat Index (SPI) 0.199 0.179 1.109 0.267 

3.4. Site-level Priorities 

We recorded a total of 1060 (51%) amphibian and 1031 (49%) reptile occurrences at 28 
biodiversity hotspot sites in Mindanao (Figure 8). Within this dataset, forty-four percent (44%) of the 
amphibian and 49% of the reptile records were within 10 km of protected areas. Among the 27 sites 
for amphibians, Mount Hibok-Hibok (n = 26 spp) and Mount Hilong-Hilong (n = 25 spp.) had the 
highest number of recorded species. While Mount Balatukan (100%, n = 25 spp.), Mount Lumot 
(77.4%, n = 24 spp.), Mount Magdiwata (78.1%, n = 25 spp.) had the highest number of Philippine 
endemic species (n = 30 spp.). However, among the sites included in our analysis, we observed a 
lower proportion of threatened amphibian species. Specifically, only two sites had a higher 
percentage of threatened amphibian species that exceeded 10%. Although 20 biodiversity hotspots 
for reptiles were studied, Mount Hamiguitan (n = 96 spp.) and Mount Magdiwata (n = 58 spp.) were 
the sites that had the highest species. Likewise, Mount Hamiguitan had the highest recorded endemic 
species (n = 63 spp., 66%), followed by Mount Magdiwata (n = 37 spp., 78%). Although reptile species 
exhibited a higher proportion in the distribution of threatened species among the analyzed sites. 
Specifically, three sites had more than 20% of their reptile species classified as threatened, while in 
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five sites, at least 10% of the reptile species were in the threatened category (Figure 9). In general, the 
number of threatened species among both reptiles and amphibians did not show a significant 
difference between biodiversity sites. 

Furthermore, we found a strong concordance between the species richness of amphibians and 
reptiles across sites (Kendall’s  τ B = 0.626, p < 0.001). Similarly, we found a positive correlation 
between %endemism and %threatened among amphibians (Kendall’s  τ B = 0.468, p = 0.007) and 
reptiles (Kendall’s  τ B = 0.715, p < 0.001). Furthermore, we found that a higher proportion of 
threatened (β = 0.005, p = 0.034) and endemic (β = 0.006, p = 0.002) amphibian species, but not among 
reptiles, are related to the higher amount of remaining forest within biodiversity sites.  

 

Figure 5. Comparison of Species Research Effort Allocation (SREA) between the ecological status of 
amphibians and reptiles. Broken lines indicate mean SREA for birds and mammals. 
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Figure 6. Visualized predicted potential distribution of amphibians (a) and reptiles (b) in the faunal 
region of Mindanao based on the Maxent model. The dots represent the presence-only distribution of 
species recorded in the literature. Distribution of amphibians and reptiles across key biodiversity sites 
in Mindanao faunal region (c). 

4. Discussion 

Mindanao is home to a diverse range of unique and endangered taxa that provide valuable 
ecosystem services to humans. This study represents the first attempt to synthesize and analyze 
biodiversity conservation initiatives specifically targeting amphibians and reptiles in the 
megadiverse region of the Philippines. Our synthesis facilitated us to craft a consolidated 
understanding of the diversity and distribution of herpetofauna and their research gaps in the region.  

Using our approach, we have accounted for 160 species of herpetofauna in the MFR, 
representing approximately 46% of the total herpetofauna species in the Philippines [18,26]. Our 
synthesis of the available data indicates that Mindanao has a high diversity of amphibians and 
reptiles. This is congruent with the broader patterns of distribution observed throughout the 
Philippines [8]. Various studies in the Philippines have shown that herpetofauna endemism is as high 
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as 85%, with up to 23% of native amphibians being endemic to Mindanao [18,19,38]. Furthermore, 
our study found a positive correlation between research efforts and the number of herpetofauna 
species recorded in the last two decades. This growing record is due to the increased research efforts 
focused on herpetofauna in Mindanao, which advanced a better understanding of the distribution of 
amphibian and reptile biodiversity in the region. Recent comprehensive biodiversity assessments 
conducted in the various ecosystems of Mindanao have provided evidence of the exceptional levels 
of diversity and endemism of herpetofauna in the region. These assessments have shed light on the 
remarkable richness and unique composition of amphibians and reptiles found in Mindanao [26,39]. 
In Northeastern Mindanao and the surrounding islands, Sanguila et al. [26] recorded at least 126 
amphibian and reptile species, including 40 species of frogs, one species of caecilian for amphibians, 
and 49 species of lizards, 35 species of snakes, one species of freshwater turtle, and one species of 
crocodile for reptiles. In addition, in the southern part of Mindanao, e.g., Mount Busa, which was 
poorly explored before, 68 species of herpetofauna were discovered, including 28 amphibians and 40 
reptiles [40].  

Yet, it is important to note that, despite the efforts made, individual contributions and efforts 
toward the conservation of amphibian and reptile species remain lacking, particularly for a 
significant proportion of these species. While amphibians and reptiles are often studied in tandem, 
we found a greater research focus on amphibians than on reptiles. A comparison of effort allocation 
measures across taxonomic groups revealed that amphibian species received more attention than 
birds and mammals [20]. Still, reptiles continue to be the most poorly studied group among terrestrial 
vertebrate groups. Our findings are consistent with a previous analysis showing that amphibians are 
studied and represented more in the literature than reptiles [41,42]. The observed bias in research 
between amphibians and reptiles may be explained by species traits and their probability of detection 
during field studies. For example, reptiles are often fossorial, making them more challenging to 
collect and study than those living aboveground, and this can lead to their poor representation in 
scientific collections and records relative to other groups [42–44]. In contrast, arboreal species, such 
as most amphibians, are easier to find and capture during visual surveys [45]. 

Furthermore, our analysis revealed a bias in research allocation toward larger herpetofauna 
species. This bias can be attributed to the practicality of detecting and studying larger species during 
fieldwork [42,46]. Their size and visibility make them more accessible and easier to observe and 
document than smaller, cryptic species. The preference to study larger herpetofauna species can 
inadvertently overlook the ecological importance and conservation needs of smaller species [47]. 

Contrary to our expectation endemic and rare species were more studied for both groups. Yet, 
we showed that threatened herpetofauna species were poorly studied, in general. This is because 
threatened species generally have narrower ranges and are therefore difficult to observe and study 
[48,49]. In addition, research on threatened species is often subject to more stringent regulations and 
permits, making research more difficult, costly, and time-consuming. This may contribute to the 
lower number of studies on threatened species. Our analysis also showed that amphibians face more 
threats than reptiles or any other group of vertebrates, regardless of their ecological status. Among 
the threats to herpetofauna are pollution, and habitat loss, which are likely driven by deforestation, 
shifting agriculture, and wildlife collection for consumption. Globally, amphibians and reptiles are 
especially susceptible to environmental changes and direct human activities [5,6]. Yet, amphibians 
are declining much faster than other terrestrial vertebrates, and there are multiple factors attributed 
to this trend [50,51]. Amphibians, besides being ectothermic, they have complex life cycles, making 
them usually more sensitive to rapid environmental disruption and threats such as habitat 
modification, pollution, and climatic change [7,52]. Furthermore, increasing levels of pollutants in 
freshwater ecosystems are also associated with direct mortality and physiological impacts on 
amphibian population decline [53]. Although there is limited research on reptiles, they are expected 
to be just as vulnerable to the same threats as amphibians [6,54,55], especially since the two groups 
share and occupy similar ecological requirements and habitats. Recent global analysis showed that 
21% of global reptiles are in threatened categories and are facing significant threats similar to those 
of other tetrapods, including agriculture, logging, urban development, and invasive species  [55]. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 June 2023                   doi:10.20944/preprints202306.0478.v1

https://doi.org/10.20944/preprints202306.0478.v1


 12 

 

Furthermore, our analysis showed that higher forest cover in key biodiversity sites supports more 
ecologically important species of herpetofauna. Tropical forest species of reptiles and amphibians, 
such as those of Mindanao forests, are more threatened and susceptible to many threats and 
population declines compared to species in other ecosystems [8,54,55]. This suggests that allocating 
more protection efforts in forest areas, especially in lowlands where threats are higher, will conserve 
more species and circumvent loss [20]. However, the clear potential impact of climate change on 
Mindanao herpetofauna remains unclear due to the lack of studies and investigations dedicated to 
the impacts of such threats [56]. 

This current state of herpetofauna biodiversity research in Mindanao highlights important 
trends and knowledge gaps that call for attention but also present an opportunity for future 
conservation efforts. By recognizing threats and their impacts on different species, we can 
strategically direct applied research efforts to identify the mechanisms driving these risks. The cryptic 
behavior of amphibians and reptiles requires long-term monitoring and effective consolidation of 
available information to effectively guide conservation strategies to mitigate and address the risk and 
challenges they face. Likewise, by understanding research biases toward different taxonomic groups 
in Mindanao, we can direct limited conservation funding to research efforts where they are most 
needed, that is, toward understudied and neglected taxa that may likely face more threats. 
Furthermore, considering the changing climate and the increasing human alterations of habitats, the 
need to address the issue becomes increasingly urgent, primarily due to the increased susceptibility 
of diverse herpetofauna communities to extinction [57,58]. Finally, efforts to increase knowledge and 
improve species inventory by promoting integrative taxonomic studies, building collaborative 
networks, and making biodiversity assessment data more accessible and open are among the few 
initiatives that should be sought to further advance herpetofauna research not only in Mindanao but 
throughout the Philippines. 
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