Exploring the evidence base for reptile conservation actions: gaps, biases and research priorities
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Abstract
With over 21% of reptile species threatened with extinction, we urgently need to ensure conservation actions to protect and restore populations are informed by relevant, reliable evidence. Here we examine the geographic and taxonomic distribution of 707 studies synthesised in Conservation Evidence’s Reptile Conservation synopsis testing the effects of actions to conserve reptiles. 
We found that more studies were conducted in countries with higher GDP per capita and more reptile species, clustered in the USA (43%) and Australia (15%), with large gaps across South-East Asia, South America, and Sub-Saharan Africa. Taxonomically, 46% of 92 (mostly Squamata) families were not studied at all. Although Squamata and Testudines both featured in approximately 50% of studies, the eight most-studied species were Testudines (36% of studies) with significantly more studies per species. There were significantly more studies for species with more Wikipedia page views, significantly fewer studies for Data Deficient species than other IUCN Red List categories, and no significant relationship between the number of studies and evolutionary distinctiveness of species.
Our results highlight pressing evidence needs, including for underrepresented and threatened species and regions (e.g., Evolutionarily Distinct and Globally Endangered reptiles in South America, Sub-Saharan Africa, and South-East Asia). To overcome evidence gaps and a lack of basic ecological data, we also need to explore how the effects of actions transfer across taxa and regions. We call for greater efforts to strategically increase and coordinate the testing and reporting of the effects of conservation actions to inform more effective and efficient conservation globally.
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Introduction
The most recent global reptile assessment conducted by the IUCN showed that 21% of all reptile species are threatened with extinction (Cox et al. 2022); an increase from the previous estimate of 15% (Böhm et al. 2013). Major threats include changes in land use (impacts of agriculture, logging and urbanisation), the introduction of invasive species, and climate change (Cox et al. 2022). 
The threats that reptiles face vary both taxonomically and geographically. The percentage of threatened Testudines (65.7%) and Crocodilia (47.8%) species is higher than that of Squamata (17.0%), and the last remaining Rhynchocephalian is classed as least concern (IUCN 2022). The highest number of threatened reptiles are found in Southeast Asia, West Africa, Madagascar, the northern Andes, and the Caribbean, with northern Europe and North America having the fewest (Cox et al. 2022). 
Funding needs for biodiversity far exceed supply (Duetz et al. 2020). As such, maximising the impact of these resources by ensuring conservation projects are as effective as possible is vital. One way to achieve this is through evidence-based conservation, an approach that uses evidence (defined as any relevant data, information, knowledge, and wisdom used to assess an assumption related to a question of interest; Salafsky et al. 2022, p.4) to inform more effective conservation policies and practices (Sutherland et al. 2004). Summaries of relevant scientific evidence exist (Sutherland et al. 2019), however resources such as the Conservation Evidence database (www.conservationevidence.com) highlight that the evidence available often contains many gaps and biases in terms of the species, regions, and habitats covered (Taylor et al. 2019, Christie et al. 2020, 2021, Junker et al. 2020). 
Given that preventing species extinctions is a major goal in conservation (Rounsevell et al 2020), it is reasonable to expect biases in the evidence base towards more threatened species and regions, as they reflect prioritisation of those species most at immediate risk of extinction. Biases towards more evolutionarily distinct species may also be seen as beneficial, since by conserving these species, more phylogenetic diversity is conserved, and it is unlikely that evidence from other ‘proxy’ species can be applied (Mace et al. 2003, Isaac et al. 2007, Jetz et al. 2014). Conversely, evidence biases towards so-called ’charismatic’ species (i.e., popular species that are often used to raise money and awareness for conservation goals; Ducarme et al. 2013) may be less beneficial for preventing species extinctions, particularly when these species are not threatened or evolutionarily distinct. The use of charismatic species as umbrella species (species whose conservation will aid other co-occurring species; Roberge and Angelstam 2004) may be less problematic, however reptiles are rarely used as umbrella species (Yang et al. 2023). 
Locations of studies testing interventions for primates, amphibians and birds have tended to be in areas with relatively few threatened species (Junker et al. 2020, Christie et al. 2021). A lack of studies on particular taxa or regions means that practitioners do not have relevant evidence to inform their decisions (Christie et al. 2020). Instead, practitioners may have to rely on evidence for taxa and regions that are less relevant, or make decisions without any evidence at all, which may result in less effective conservation. 
Studies on biases in the wider evidence base on other taxa have failed to find positive biases towards more threatened species, but instead find biases due to other factors. For example, more EU LIFE scheme funding goes towards animals than plants (Adamo et al. 2022), more conservation research is focused on vertebrates than invertebrates (Donaldson et al. 2017), and more on mammals than other classes (Clark and May 2002). Within groups of species, larger bodied species attract more conservation research (Tensen 2018, dos Santos et al. 2020). Studies also tend to be biased towards wealthier regions, where there tend to be fewer threatened species (Di Marco et al. 2017, Christie et al. 2020, 2021). 
Here, we focus on the global evidence base for the effectiveness of reptile conservation actions, which has been compiled as part of the Conservation Evidence database (Sainsbury et al. 2021). We test for geographic and taxonomic biases in the evidence base and explore whether any biases that exist reflect the threat status, evolutionary distinctiveness, or popularity of species. If research was allocated according to conservation needs, we would expect that the evidence base would be biased towards the more biodiverse and threatened tropics (Roll et al. 2017, Cox et al. 2022) and more threatened orders i.e., Crocodilia and Testudines (Cox et al. 2022).
Methods
Identifying studies 
To explore biases in the evidence base for reptile conservation, we extracted data from the Conservation Evidence database (specifically the Reptile Conservation synopsis; Sainsbury et al. 2021), a freely accessible resource that provides summaries of studies that have quantitatively tested the effects of conservation interventions on biodiversity (Sutherland et al. 2019). The database represents the most comprehensive synthesis of the global evidence available for the effectiveness of reptile conservation actions and includes 707 studies (individual articles or reports, Sainsbury et al. 2021), with metadata for each study, such as the target species of each intervention tested and the study location. The database was compiled using Subject-Wide Evidence Synthesis (Sutherland et al. 2019), which involved systematic searches for studies (by comprehensively screening all papers published) in certain English language journals and report series, as well as German and Spanish journals (Herpetozoa and Revista de Biologia Tropical) up until 2018 - further details on specifics of the searches, including journals and years searched, inclusion and exclusion criteria, and protocols for extracting data can be found in the Reptile Conservation synopsis (Sainsbury et al. 2021).
Testing for Geographic and Taxonomic Biases
To investigate geographic biases in the evidence base, we obtained the country name and geographic coordinates for each study from the Reptile Conservation synopsis (Sainsbury et al. 2021) and calculated the number of studies per country. We also collected data on three factors that might explain the number of studies per country: the number of reptile species per country as per The Reptile Database (Uetz et al. 2022), the continent, and Gross domestic product (GDP) per Capita in the year the study was published (The World Bank, 2024). 
To investigate taxonomic biases, we calculated the number of studies per species (for all reptile species) using the Reptile Conservation synopsis (Sainsbury et al. 2021) and compared this with four explanatory variables: 1. IUCN Red List category; 2. Evolutionary Distinctiveness (ED) score (The Zoological Society of London 2020); 3. Wikipedia page views (from 2010-2020 using the RSelenium package (Harrison 2022)) as a proxy for popularity, as used by others (Roll et al. 2016; Willemen et al. 2015); and 4. taxonomic order. We obtained data on IUCN Red List categories and median ED scores for all reptile species from Gumbs et al. (2024). The ED score has not been calculated for species that are either extinct or extinct in the wild and so these species were not included for this part of the analysis (32 extinct and 2 extinct in the wild species), whilst one other species lacked an ED score (Ctenotus fallens), leaving a total of 10,535 species. 2,695 species lacked an IUCN Red List category, but these were kept in the analysis and labelled as ’Not Assessed’. ED scores and Wikipedia page views were scaled by subtracting the mean and dividing by the standard deviation of each value (i.e., (X-mean)/sd or z-score standardisation) to allow for direct comparisons between the variables. As there was only a single Rhynchocephalia species, we excluded this taxonomic order from this analysis. To visualise taxonomic biases at a family level, phylogenetic trees were created using ggtree (Yu et al. 2017) and phylogenies from Wiens et al. (2012) and Zheng & Wiens (2016).
Statistical analyses
To evaluate geographic and taxonomic biases, we fitted generalised linear models (GLM) with a negative binomial error structure (with log link function) using the package glmmTMB (Brooks et al. 2017). This error structure better accounted for zero inflation than a Poisson error structure from inspecting QQ plots and zero-inflation tests produced using the DHARMa package (Hartig 2022). We tested the assumption of the negative binomial model that the conditional means are not equal to the conditional variances using a likelihood ratio test (by comparing a Poisson model to the negative binomial model; UCLA, 2024) and found for both models the Chi-squared test statistic was statistically significant (geographic: X2= 2058.7; p<0.00001; taxonomic: X2= 2581.1; p<0.00001), indicating that the assumption held and that the negative binomial model was more appropriate than the Poisson model. We observed no strong correlations between the explanatory variables used for each model.
[bookmark: _Hlk149047676]Model selection was carried out via likelihood ratio tests of nested models using the ‘anova’ function. For the taxonomic model, the best model selected contained all the explanatory variables, whilst for the geographic model, the best model selected contained all explanatory variables except for continent. Statistical significance of covariates in the best model were assessed with an analysis of deviance test (Type II) using ‘Anova’ from the R package cars (Fox and Weisberg 2019). We conducted pairwise tests between the levels of the categorical explanatory variables using the emmeans package (Lenth 2021).  
[bookmark: _Hlk146109733]Results
The Conservation Evidence database contained 707 studies on reptiles conducted in 65 countries (Figure 1) and reported results for 496 species across 48 families (Figure 2).
Geographic Biases
Studies were not evenly distributed between countries, with the top 5 most represented countries being the USA (43% of studies, 277 studies; Figure 1), Australia (15%, 100 studies), New Zealand (4%, 26 studies), Spain (3%, 19 studies), and the UK (3%, 18 studies). 
[image: ]Figure 1: A map of the number of studies testing conservation actions on reptiles in each country.

Countries with more reptile species and higher GDP per capita tended to have more studies (Species richness: X2=19.3, df=210, p=0.00001; GDP per capita: X2 = 25.7, p < 0.00001, df = 210; Table 1). 

Table 1: Summary statistics from the geographic Generalised Linear Models. The p-values, degrees of freedom and Chi sq. statistics on three right-most columns are from Analysis of Deviance Analysis (Type II Wald tests). Df = degrees of freedom.
	Explanatory Variable
	Estimate
	Std. Error
	Z value
	Df
	p-Value
	Chi sq.
statistic
	Chi Sq.
Df
	Chi Sq.
p-value 

	Intercept
	-1.806
	0.225
	-8.02
	210
	<0.00001
	-
	-
	-

	GDP per Capita
	0.0000806
	0.0000159
	5.06
	210
	<0.00001
	25.7
	1
	<0.00001

	Number of Reptile Species per country
	0.00530
	0.00121
	4.40
	210
	0.00001
	19.3
	1
	0.00001



Taxonomic Biases
Squamata were most represented in the evidence base (50.1% or 354 studies), followed closely by Testudines species (49.4%, 349 studies), Crocodilia (5.2%, 37 studies), and Rhynchocephalia (1.1% or 8 studies). The top eight most studied species were all from the order Testudines and featured in 36% of (254) studies (Table S1), and some were present within the better-represented orders (Figure 2 shows the average number of studies per species for each family).
[image: ]Figure 2: A phylogenetic tree of reptile families with nodes coloured with the average number of studies per species in each family. Grey circles indicate families with zero studies.

There were significant differences between the number of studies for each taxonomic order (X2 = 81.3; df = 2; p<0.00001; Table 2); Squamata species had significantly fewer studies than Testudines species (based on Estimated Marginal Means: odds ratio = 0.137; SE = 0.0302; t = -9.02; df = 10523; p<0.00001; Table S2), but there were no other significant differences found in pairwise comparisons between orders.

Table 2: Summary statistics from the taxonomic Generalised Linear Models. The p-values, degrees of freedom and Chi sq. statistics on three right-most columns are from Analysis of Deviance Analysis (Type II Wald tests). Df = degrees of freedom.
	Explanatory Variable
	Estimate
	Std. Error
	Z value
	Df
	p-value

	Chi sq.
statistic
	Chi Sq.
Df
	Chi Sq.
p-value 

	Intercept (Data Deficient, Squamata)
	-6.02
	0.134
	-10.0
	10523
	<0.00001
	-
	-
	-

	Red List Category: Critically endangered
	2.95
	0.661
	4.45
	10523
	<0.00001
	106

	6
	<0.00001

	Red List Category: Endangered
	3.18
	0.636
	5.00
	10523
	<0.00001
	
	
	

	Red List Category: Vulnerable
	2.95
	0.641
	4.60
	10523
	<0.00001
	
	
	

	Red List Category: Near Threatened
	2.91
	0.655
	4.45
	10523
	<0.00001
	
	
	

	Red List Category: Least Concern
	3.60
	0.604
	5.96
	10523
	<0.00001
	
	
	

	Red List Category: Not Assessed
	2.34
	0.614
	3.81
	10523
	0.000139
	
	
	

	Evolutionary Distinctiveness (scaled)
	0.02
	0.051
	0.39
	10523
	0.699
	0.149
	1
	0.699

	Wikipedia Page Views (scaled)
	1.12
	0.119
	9.42
	10523
	<0.00001
	88.7
	1
	<0.00001

	Order: Testudines

	1.99
	0.221
	9.02
	10523
	<0.00001
	81.3

	2
	<0.00001

	Order: Crocodilia
	0.72
	0.738
	0.98
	10523
	0.327
	
	
	



IUCN Red List Category explained a significant amount of variation in the number of studies per species (X2 = 106; df = 6; p<0.00001; Table 2). Based on Estimated Marginal Means, Data Deficient species had significantly fewer studies than any other category and Not Assessed species had significantly fewer studies than Least Concern and Endangered species only – there were no other statistically significant differences between categories (Table S3).
There was no statistically significant relationship between the number of studies and the evolutionary distinctiveness of the species studied (X2 = 0.149; df = 1; p=0.699; Table 2). Species with higher numbers of Wikipedia page views tended to have a higher number of studies (X2 = 88.7; df = 1; p<0.00001; Table 2). In descending order, the species with the top five most page views were: Komodo Dragon (Varanus komodoensis, Vulnerable), Black Mamba (Dendroaspis polylepis, Least Concern), King Cobra (Ophiophagus hannah, Vulnerable), Saltwater Crocodile (Crocodylus porosus, Least Concern), and Cottonmouth snake (Agkistrodon piscivorus, Least Concern; see Table S4 for the top 100 most viewed species).
Discussion  
Many reptile species urgently need conservation action to address threatening processes and restore populations (Cox et al 2022). Our investigation assessed the available evidence base on the effectiveness of actions for reptile conservation, highlighting the coverage, biases and gaps within the data available. There is an expanding evidence base on the effectiveness of actions for some key taxa. For example, 349 studies (49.4% of studies) looked at the effects of actions on testudines (turtles, terrapins, and tortoises) – a taxon of key conservation and stakeholder concern. However, almost half of all reptile families had no evidence (47.8% of families) – with a major imbalance in which families are studied, with a particular lack of studies for many families of Squamata (snakes, lizards and amphisbaenians). 
We also found that countries with more studies tended to have a higher number of reptile species, providing tentative support that research effort is being focused on important areas for reptile conservation. However, this is likely to have been largely driven by the high proportion of studies that originated in America and Australia (collectively representing 58% of studies). Through our analysis we have identified other significant geographic and taxonomic gaps and biases, which indicate that overall effort is not allocated in line with conservation priorities. For example: i) species listed as Data Deficient had significantly fewer studies than any other IUCN Red List Category, but Threatened or Near Threatened species were not studied more than those classed as Least Concern; ii) more evolutionarily distinct species were not studied more, despite the importance of distinctiveness in setting conservation priorities to protect phylogenetic and functional diversity (Mace et al. 2003, Isaac et al. 2007, Jetz et al. 2014, Srivastava et al. 2012); and iii) the global distribution of evidence is patchy, with a lack of data in areas of high importance for reptile diversity, such as South-East Asia, South America, and Sub-Saharan Africa (Roll et al. 2017). 
[bookmark: _Hlk148191445]The geographic gaps and biases we found are well documented in studies on reptiles (Tingley et al. 2016, Tolley et al. 2016) and other taxa (Doi and Takahara 2016, Roberts et al. 2016, Di Marco et al. 2017; Christie et al. 2020, 2021). Taking Africa as a specific example, whilst 15.9% of all terrestrial reptiles are found in Africa (Roll et al. 2017) – most  likely an underestimate due to lack of sampling effort (Tingley et al. 2016) – only 4.8% of studies were conducted in African nations and many countries had no studies at all (Figure 1). These geographic gaps also include some areas containing more threatened reptiles such as Southeast Asia, West Africa, Madagascar, the northern Andes, and the Caribbean (Cox et al. 2022). Therefore, whilst we generally found more studies test interventions in countries with more reptile species (albeit skewed by highly studied countries such as America and Australia), these are not necessarily countries with more threatened species. This contrasts with the findings of Reboredo Segovia et al. (2020) in that conservation research for mammals happens more in areas with more threatened mammal species.
Other studies have identified biases in the conservation literature towards wealthier regions with higher research capacity (Doi and Takahara 2016, Roberts et al. 2016, Di Marco et al. 2017). This aligns with our findings that more studies were conducted in countries with greater GDP per capita, since this economic measure typically correlates positively with research capacity. In other work, we have also found that studies testing the effects of conservation actions on marine mammals were also highly skewed towards the Global North, possibly due to higher research capacity in these regions (Hordern et al. 2024).
Taxonomic biases in conservation research are also well known (Donaldson et al. 2017, dos Santos et al. 2020, Christie et al. 2021) and reptiles are generally under-represented in the research literature (Clark and May 2002). We found that Testudines have significantly more studies per species than Squamata, which aligns with the findings of the IUCN GRA (Cox et al. 2022). Squamata comprise 97.8% of all reptile species (Uetz et al. 2022), and although they had the highest overall number of studies, they were found to be relatively under-represented if we calculate the number of studies per species in each family, with many Squamata families having no studies at all (Figure 2). This is probably because of the much larger species diversity of Squamata, limited knowledge of many species compared to other orders (Oskyrko et al. 2024), and lack of known immediate threats to many species relative to Crocodilia and Testudines (Cox et al. 2022). 
Our broader findings that the number of studies per species did not show any significant patterns with the evolutionary distinctiveness or IUCN Red List categories of species (except that Data Deficient species were studied significantly less) aligns with findings for felid and canid mammal species (Tensen 2018). A possible explanation for this may be the feasibility of studying tests of actions. Since evolutionary distinctiveness is often correlated with rarity (Mi et al. 2012) and Data Deficient species may often be rarer too, it may be more difficult to collect baseline data on the biology, ecology, population size and threats of these species. Indeed, there is a lack of ecological information for many species (Oskryko et al 2024) that then hampers conservationists’ ability to examine how those species respond to specific interventions. This may be a particular problem in the tropics where sampling effort is often less intensive (Hughes et al. 2021). 
Another potential explanation is that interventions may be tested on more common, unthreatened species that are used as surrogates for more threatened, rarer and thus potentially more difficult to study species. However, there are large species groups with limited or no evidence, meaning relevant evidence from closely related taxa is also likely to be lacking for many families, particularly the Squamata families. It is also important to note that factors relating to extinction risk (other than the IUCN Red List status) that were not included in our analysis, such as habitat and body size, could also help explain patterns of research effort. For example, it is known that intermediate-sized species have a lower extinction risk (Ripple et al. 2017), whilst endemic, island, and forest dwelling species have a higher extinction risk (Kier et al. 2009, Manes et al. 2021) than those that live in other environments, such as deserts (Cox et al. 2022).
It is also likely that geographic gaps and biases are directly related to certain taxonomic gaps and biases. For example, there were relatively few studies in South-East Asia and so it is unsurprising that there are no studies on some of the endangered endemic species extant in the region, such as Lanthanotus borneensis and Shinisaurus crocodilurus (Uetz et al. 2022). Such gaps and biases could both be addressed by expanding the evidence base on the effectiveness of actions to include studies published in other languages – only English language, and certain German and Spanish journals were included in Conservation Evidence reptile searches. Since the publication of the Reptile Conservation Synopsis, a separate catalogue of Non-English language studies (Conservation Evidence, 2024) testing actions has been added to the Conservation Evidence database, including searches of 316 journals (approx. 425,000 articles) published in 14 other languages (including additional Spanish and German journals) (Amano et al. 2021). This returned 112 studies of potential relevance to reptiles, although it is likely that only 30–40% of these would have been included following screening of full texts (e.g. due to lack of relevant data; Personal communication). It is also worth noting that of these 112 studies, 68 are from a single journal (Salamandra) and are largely focussed on observations of captive breeding and husbandry. Therefore, while the synopsis missed some non-English language studies due to the language bias (Amano et al. 2021), it is unlikely that this relatively small number would substantially alter the major patterns we found (Christie et al. 2021, Amano et al. 2021). 
Another aspect to consider when interpreting our findings is funding, which is often directed towards the conservation of more popular or charismatic species (Joseph et al. 2011, Lundberg and Arponen 2022). Several reptile species are widely considered as charismatic due to a mixture of aesthetic and popular appeal (e.g., sea turtles such as green and loggerhead turtles) and specific traits of interest such as being venomous or large (e.g., some venomous snakes, Komodo dragon). In our analysis, species with a higher number of Wikipedia page views (as a proxy for popularity) tended to have a higher number of studies, but were not necessarily any more threatened or evolutionarily distinct. Species rarely become popular due to their conservation need or perceived instrumental value (e.g., for ecosystem services), but instead may be born from marketing campaigns or purely aesthetic values (Ducarme et al. 2013). However, if popular species are also by chance highly threatened or can act as flagships for wider conservation goals, directing funding towards them could promote more cost-effective conservation (McGowan et al. 2020). Whilst using flagship species to conserve reptiles seems an attractive approach to conservation, hotspots for turtles and lizards overlap poorly with other groups of tetrapods and so this approach may only have limited utility for other reptile taxa (Roll et al. 2017). 
Recommendations: 
Whilst there is a growing evidence base for reptile conservation that can help guide effective action, our results suggest that biodiversity conservation would benefit from a more strategic approach to determining which species and which actions are studied, as well as increasing the testing and reporting of the effects of conservation actions (Tingley et al 2016). Moreover, a more strategic approach would benefit the conservation of all taxonomic groups, not just reptiles (Christie, 2021; Christie et al. 2020; 2021). To ensure practitioners have robust evidence to inform their conservation practice and policy, we hope our study can be the beginning of a movement to provide strategic guidance on what the gaps are in the global evidence base and what evidence needs should be prioritised for the next decade to improve the outcomes of conservation actions for reptiles. For example, we suggest future studies are prioritised towards threatened species and Evolutionarily Distinct and Globally Endangered (EDGE) species, as well as to regions where there is a particular lack of evidence (and co-located with regions of high reptile diversity), such as South America, Sub-Saharan Africa, and South-East Asia. In addition, we need greater exploration of the transferability of the effects of conservation actions across contexts (e.g., geographies and taxa), for example, to determine whether we could efficiently focus effort on testing actions on certain species as a proxy for others that may be difficult to study (i.e., using cross-taxon surrogacy for rarer, Data Deficient species). We therefore call on the global community to work together to coordinate the strategic testing and reporting of the effects of conservation actions to ensure we can generate the evidence needed to inform effective and efficient conservation globally.

Data availability
All data and code used for analyses are available at: https://zenodo.org/doi/10.5281/zenodo.11282633. 
Acknowledgements
APC was funded by the Cambridge Philosophical Society through the Henslow Research Fellowship. We thank the funders that supported the authors of the Reptile Conservation Synopsis including Arcadia and the MAVA Foundation.
Bibliography
Adamo M, Sousa R, Wipf S, Correia RA, Lumia A, Mucciarelli M, Mammola S. 2022. Dimension and impact of biases in funding for species and habitat conservation. Biological Conservation 272.
Amano T, Berdejo-Espinola V, Christie AP, Willott K, Akasaka M, Baldi A, Berthinussen A, Bertolino S, Bladon AJ, Chen M, Choi CY, Kharrat MBD, De Oliveira LG, Farhat P, Golivets M, Aranzamendi NH, Jantke K, Kajzer-Bonk J, Cisel Kemahli Aytekin M, Khorozyan I, Kito K, Konno K, Lin DL, Littlewood N, Liu Y, Liu Y, Loretto MC, Marconi V, Martin PA, Morgan WH, Narvaez-Gomez JP, Negret PJ, Nourani E, Ochoa Quintero JM, Ockendon N, Oh RRY, Petrovan SO, Piovezan-Borges AC, Pollet IL, Ramos DL, Reboredo Segovia AL, Nayelli Rivera-Villanueva A, Rocha R, Rouyer MM, Sainsbury KA, Schuster R, Schwab D, Sekercioglu CH, Seo HM, Shackelford G, Shinoda Y, Smith RK, Tao SD, Tsai MS, Tyler EHM, Vajna F, Valdebenito JO, Vozykova S, Waryszak P, Zamora-Gutierrez V, Zenni RD, Zhou W, Sutherland WJ. 2021. Tapping into non-English-language science for the conservation of global biodiversity. PLoS Biology 19.
Böhm M, Collen B, Baillie JEM, Bowles P, Chanson J, Cox N, Hammerson G, Hoffmann M, Livingstone SR, Ram M, Rhodin AGJ, Stuart SN, van Dijk PP, Young BE, Afuang LE, Aghasyan A, García A, Aguilar C, Ajtic R, Akarsu F, Alencar LRV, Allison A, Ananjeva N, Anderson S, Andrén C, Ariano-Sánchez D, Arredondo JC, Auliya M, Austin CC, Avci A, Baker PJ, Barreto-Lima AF, Barrio-Amorós CL, Basu D, Bates MF, Batistella A, Bauer A, Bennett D, Böhme W, Broadley D, Brown R, Burgess J, Captain A, Carreira S, Castañeda M del R, Castro F, Catenazzi A, Cedeño-Vázquez JR, Chapple DG, Cheylan M, Cisneros-Heredia DF, Cogalniceanu D, Cogger H, Corti C, Costa GC, Couper PJ, Courtney T, Crnobrnja-Isailovic J, Crochet PA, Crother B, Cruz F, Daltry JC, Daniels RJR, Das I, de Silva A, Diesmos AC, Dirksen L, Doan TM, Dodd CK, Doody JS, Dorcas ME, Duarte de Barros Filho J, Egan VT, El Mouden EH, Embert D, Espinoza RE, Fallabrino A, Feng X, Feng ZJ, Fitzgerald L, Flores-Villela O, França FGR, Frost D, Gadsden H, Gamble T, Ganesh SR, Garcia MA, García-Pérez JE, Gatus J, Gaulke M, Geniez P, Georges A, Gerlach J, Goldberg S, Gonzalez JCT, Gower DJ, Grant T, Greenbaum E, Grieco C, Guo P, Hamilton AM, Hare K, Hedges SB, Heideman N, Hilton-Taylor C, Hitchmough R, Hollingsworth B, Hutchinson M, Ineich I, Iverson J, Jaksic FM, Jenkins R, Joger U, Jose R, Kaska Y, Kaya U, Keogh JS, Köhler G, Kuchling G, Kumlutaş Y, Kwet A, La Marca E, Lamar W, Lane A, Lardner B, Latta C, Latta G, Lau M, Lavin P, Lawson D, LeBreton M, Lehr E, Limpus D, Lipczynski N, Lobo AS, López-Luna MA, Luiselli L, Lukoschek V, Lundberg M, Lymberakis P, Macey R, Magnusson WE, Mahler DL, Malhotra A, Mariaux J, Maritz B, Marques OAV, Márquez R, Martins M, Masterson G, Mateo JA, Mathew R, Mathews N, Mayer G, McCranie JR, Measey GJ, Mendoza-Quijano F, Menegon M, Métrailler S, Milton DA, Montgomery C, Morato SAA, Mott T, Muñoz-Alonso A, Murphy J, Nguyen TQ, Nilson G, Nogueira C, Núñez H, Orlov N, Ota H, Ottenwalder J, Papenfuss T, Pasachnik S, Passos P, Pauwels OSG, Pérez-Buitrago N, Pérez-Mellado V, Pianka ER, Pleguezuelos J, Pollock C, Ponce-Campos P, Powell R, Pupin F, Quintero Díaz GE, Radder R, Ramer J, Rasmussen AR, Raxworthy C, Reynolds R, Richman N, Rico EL, Riservato E, Rivas G, da Rocha PLB, Rödel MO, Rodríguez Schettino L, Roosenburg WM, Ross JP, Sadek R, Sanders K, Santos-Barrera G, Schleich HH, Schmidt BR, Schmitz A, Sharifi M, Shea G, Shi HT, Shine R, Sindaco R, Slimani T, Somaweera R, Spawls S, Stafford P, Stuebing R, Sweet S, Sy E, Temple HJ, Tognelli MF, Tolley K, Tolson PJ, Tuniyev B, Tuniyev S, üzüm N, van Buurt G, Van Sluys M, Velasco A, Vences M, Veselý M, Vinke S, Vinke T, Vogel G, Vogrin M, Vogt RC, Wearn OR, Werner YL, Whiting MJ, Wiewandt T, Wilkinson J, Wilson B, Wren S, Zamin T, Zhou K, Zug G. 2013. The conservation status of the world’s reptiles. Biological Conservation 157.
Brooks ME, Kristensen K, Benthem KJ, van, Magnusson A, Berg CW, Nielsen A, Skaug HJ, Mächler M, Bolker BM. 2017. glmmTMB Balances Speed and Flexibility Among Packages for Zero-inflated Generalized Linear Mixed Modeling. The R Journal 9: 378–400.
Christie AP, Amano T, Martin PA, Petrovan SO, Shackelford GE, Simmons BI, Smith RK, Williams DR, Wordley CFR, Sutherland WJ. 2020. Poor availability of context-specific evidence hampers decision-making in conservation. Biological Conservation 248.
Christie AP, Amano T, Martin PA, Petrovan SO, Shackelford GE, Simmons BI, Smith RK, Williams DR, Wordley CFR, Sutherland WJ. 2021. The challenge of biased evidence in conservation. Conservation Biology 35: 249–262.
Clark JA, May RM. 2002. Taxonomic Bias in Conservation Research. Science 297: 191–192.
Conservation Evidence. 2024. Catalogue of Journals Searched: Non-English. (23 May 2024; https://www.conservationevidence.com/journalsearcher/nonenglish).
Cox N, Young BE, Bowles P, Fernandez M, Marin J, Rapacciuolo G, Böhm M, Brooks TM, Hedges SB, Hilton-Taylor C, Hoffmann M, Jenkins RKB, Tognelli MF, Alexander GJ, Allison A, Ananjeva NB, Auliya M, Avila LJ, Chapple DG, Cisneros-Heredia DF, Cogger HG, Colli GR, de Silva A, Eisemberg CC, Els J, Fong G A, Grant TD, Hitchmough RA, Iskandar DT, Kidera N, Martins M, Meiri S, Mitchell NJ, Molur S, Nogueira C de C, Ortiz JC, Penner J, Rhodin AGJ, Rivas GA, Rödel MO, Roll U, Sanders KL, Santos-Barrera G, Shea GM, Spawls S, Stuart BL, Tolley KA, Trape JF, Vidal MA, Wagner P, Wallace BP, Xie Y. 2022. A global reptile assessment highlights shared conservation needs of tetrapods. Nature 605: 285–290.
Doi H, Takahara T. 2016. Global patterns of conservation research importance in different countries of the world. PeerJ 2016.
Donaldson MR, Burnett NJ, Braun DC, Suski CD, Hinch SG, Cooke SJ, Kerr JT. 2017. Taxonomic bias and international biodiversity conservation research. FACETS 1: 105–113.
Ducarme F, Luque GM, Courchamp F. 2013. What are “charismatic species” for conservation biologists? BioSciences Master Reviews 1: 1–8.
Fox J, Weisberg S. 2019. An R Companion to Applied Regression.
Gumbs, R., Scott, O., Bates, R. et al. Global conservation status of the jawed vertebrate Tree of Life. Nat Commun 15, 1101 (2024). https://doi.org/10.1038/s41467-024-45119-z 
Harrison J. 2022. _RSelenium: R Bindings for ’Selenium WebDriver’_. R package version 1.7.9. (28 March 2023; https://CRAN.R-project.org/package=RSelenium).
Hartig F. 2022. DHARMa: Residual Diagnostics for Hierarchical (Multi-Level / Mixed) Regression Models.
Hordern, E., White, T., Berthinussen, A., Smith, R. K., Sutherland, W. J., & Christie, A. P. (2024, March 13). Prioritising future evidence needs for marine and freshwater mammal conservation action. https://doi.org/10.31219/osf.io/4ad3x 
Hughes AC, Orr MC, Ma K, Costello MJ, Waller J, Provoost P, Yang Q, Zhu C, Qiao H. 2021. Sampling biases shape our view of the natural world. Ecography 44.
Isaac NJB, Turvey ST, Collen B, Waterman C, Baillie JEM. 2007. Mammals on the EDGE: Conservation priorities based on threat and phylogeny. PLoS ONE 2.
IUCN. 2022. The IUCN Red List of Threatened Species. Version 2022-2. (28 March 2023; https://www.iucnredlist.org).
Jetz W, Thomas GH, Joy JB, Redding DW, Hartmann K, Mooers AO. 2014. Global Distribution and Conservation of Evolutionary Distinctness in Birds. Current Biology 24: 919–930.
Joseph LN, Maloney RF, Watson JEM, Possingham HP. 2011. Securing nonflagship species from extinction. Conservation Letters 4: 324–325.
Junker J, Petrovan SO, Arroyo-Rodríguez V, Boonratana R, Byler D, Chapman CA, Chetry D, Cheyne SM, Cornejo FM, Cortés-Ortiz L, Cowlishaw G, Christie AP, Crockford C, Torre SD La, De Melo FR, Fan P, Grueter CC, Guzmán-Caro DC, Heymann EW, Herbinger I, Hoang MD, Horwich RH, Humle T, Ikemeh RA, Imong IS, Jerusalinsky L, Johnson SE, Kappeler PM, Kierulff MCM, Koné I, Kormos R, Le KQ, Li B, Marshall AJ, Meijaard E, Mittermeier RA, Muroyama Y, Neugebauer E, Orth L, Palacios E, Papworth SK, Plumptre AJ, Rawson BM, Refisch J, Ratsimbazafy J, Roos C, Setchell JM, Smith RK, Sop T, Schwitzer C, Slater K, Strum SC, Sutherland WJ, Talebi M, Wallis J, Wich S, Williamson EA, Wittig RM, Kühl HS. 2020. A Severe Lack of Evidence Limits Effective Conservation of the World’s Primates. BioScience 70: 794–803.
Key Biodiversity Areas. 2023. Key Biodiversity Areas. https://www.keybiodiversityareas.org/.
Kier G, Kreft H, Tien ML, Jetz W, Ibisch PL, Nowicki C, Mutke J, Barthlott W. 2009. A global assessment of endemism and species richness across island and mainland regions. Proceedings of the National Academy of Sciences of the United States of America 106.
Lenth RV. 2021. Emmeans: estimated marginal means, aka least-squares means. R package version 1.6.1. (26 March 2023; https://CRAN.R-project.org/package=emmeans).
Lundberg P, Arponen A. 2022. An overview of reviews of conservation flagships: evaluating fundraising ability and surrogate power. Nature Conservation 49: 153–188.
Mace GM, Gittleman JL, Purvis A. 2003. Preserving the tree of life. Science 300.
Manes S, Costello MJ, Beckett H, Debnath A, Devenish-Nelson E, Grey KA, Jenkins R, Khan TM, Kiessling W, Krause C, Maharaj SS, Midgley GF, Price J, Talukdar G, Vale MM. 2021. Endemism increases species’ climate change risk in areas of global biodiversity importance. Biological Conservation 257.
Di Marco M, Chapman S, Althor G, Kearney S, Besancon C, Butt N, Maina JM, Possingham HP, Rogalla von Bieberstein K, Venter O, J.E.M. W. 2017. Changing trends and persisting biases in three decades of conservation science. Global Ecology and Conservation 10: 32–42.
Mazel F, Pennell MW, Cadotte MW, Diaz S, Dalla Riva GV, Grenyer R, Leprieur F, Mooers AO, Mouillot D, Tucker CM, Pearse WD. 2018. Prioritizing phylogenetic diversity captures functional diversity unreliably. Nature Communications 9: 2888.
McGowan J, Beaumont LJ, Smith RJ, Chauvenet ALM, Harcourt R, Atkinson SC, Mittermeier JC, Esperon-Rodriguez M, Baumgartner JB, Beattie A, Dudaniec RY, Grenyer R, Nipperess DA, Stow A, Possingham HP. 2020. Conservation prioritization can resolve the flagship species conundrum. Nature Communications 11.
Mi X, Swenson NG, Valencia R, Kress WJ, Erickson DL, Pérez ÁJ, Ren H, Su S-H, Gunatilleke N, Gunatilleke S, Hao Z, Ye W, Cao M, Suresh HS, Dattaraja HS, Sukumar R, Ma K. 2012. The Contribution of Rare Species to Community Phylogenetic Diversity across a Global Network of Forest Plots. The American Naturalist 180: E17–E30.
Oskyrko, O., Mi, C., Meiri, S. et al. ReptTraits: a comprehensive dataset of ecological traits in reptiles. Sci Data 11, 243 (2024). https://doi.org/10.1038/s41597-024-03079-5
Pan T, Miao J-S, Zhang H-B, Yan P, Lee P-S, Jiang X-Y, Ouyang J-H, Deng Y-P, Zhang B-W, Wu X-B. 2021. Near-complete phylogeny of extant Crocodylia (Reptilia) using mitogenome-based data. Zoological Journal of the Linnean Society 191: 1075–1089.
Poloczanska ES, Limpus CJ, Hays GC. 2009. Vulnerability of marine turtles to climate change. Advances in Marine Biology 56.
Pyron RA, Burbrink FT, Wiens JJ. 2013. A phylogeny and revised classification of Squamata, including 4161 species of lizards and snakes. BMC Evolutionary Biology 13.
R Core Team. 2023. R: A Language and Environment  for Statistical Computing.
Reboredo Segovia AL, Romano D, Armsworth PR. 2020. Who studies where? Boosting tropical conservation research where it is most needed. Frontiers in Ecology and the Environment 18: 159–166.
Ripple WJ, Wolf C, Newsome TM, Hoffmann M, Wirsing AJ, McCauley DJ. 2017. Extinction risk is most acute for the world’s largest and smallest vertebrates. Proceedings of the National Academy of Sciences of the United States of America 114: 10678–10683.
Roberge JM, Angelstam P. 2004. Usefulness of the Umbrella Species Concept as a Conservation Tool. Conservation Biology 18.
Roberts BEI, Harris WE, Hilton GM, Marsden SJ. 2016. Taxonomic and geographic bias in conservation biology research: A systematic review of wildfowl demography studies. PLoS ONE 11.
Rounsevell MD, Harfoot M, Harrison PA, Newbold T, Gregory RD, Mace GM. 2020. A biodiversity target based on species extinctions. Science 368(6496):1193-5.
Roll U, Feldman A, Novosolov M, Allison A, Bauer AM, Bernard R, Böhm M, Castro-Herrera F, Chirio L, Collen B, Colli GR, Dabool L, Das I, Doan TM, Grismer LL, Hoogmoed M, Itescu Y, Kraus F, Lebreton M, Lewin A, Martins M, Maza E, Meirte D, Nagy ZT, Nogueira CDC, Pauwels OSG, Pincheira-Donoso D, Powney GD, Sindaco R, Tallowin OJS, Torres-Carvajal O, Trape JF, Vidan E, Uetz P, Wagner P, Wang Y, Orme CDL, Grenyer R, Meiri S. 2017. The global distribution of tetrapods reveals a need for targeted reptile conservation. Nature Ecology and Evolution 1.
Roll U, Mittermeier JC, Diaz GI, Novosolov M, Feldman A, Itescu Y, Meiri S, Grenyer R. 2016. Using Wikipedia page views to explore the cultural importance of global reptiles. Biological Conservation 204, 42-50.
Sainsbury KA, Morgan WH, Watson M, Rotem G, Bouskila A, Smith RK, Sutherland WJ. 2021. Conservation Evidence Series Synopses: Reptile Conservation Global evidence for the effects of interventions for reptiles.
dos Santos JW, Correia RA, Malhado ACM, Campos-Silva J V., Teles D, Jepson P, Ladle RJ. 2020. Drivers of taxonomic bias in conservation research: a global analysis of terrestrial mammals. Animal Conservation 23: 679–688.
Srivastava DS, Cadotte MW, Macdonald AAM, Marushia RG, Mirotchnick N. 2012. Phylogenetic diversity and the functioning of ecosystems. Ecology Letters 15.
Stanford CB, Iverson JB, Rhodin AGJ, Paul van Dijk P, Mittermeier RA, Kuchling G, Berry KH, Bertolero A, Bjorndal KA, Blanck TEG, Buhlmann KA, Burke RL, Congdon JD, Diagne T, Edwards T, Eisemberg CC, Ennen JR, Forero-Medina G, Frankel M, Fritz U, Gallego-García N, Georges A, Gibbons JW, Gong S, Goode E V., Shi HT, Hoang H, Hofmeyr MD, Horne BD, Hudson R, Juvik JO, Kiester RA, Koval P, Le M, Lindeman P V., Lovich JE, Luiselli L, McCormack TEM, Meyer GA, Páez VP, Platt K, Platt SG, Pritchard PCH, Quinn HR, Roosenburg WM, Seminoff JA, Shaffer HB, Spencer R, Van Dyke JU, Vogt RC, Walde AD. 2020. Turtles and Tortoises Are in Trouble. Current Biology 30.
Sutherland WJ, Pullin AS, Dolman PM, Knight TM. 2004. The need for evidence-based conservation. Trends in Ecology and Evolution 19.
Sutherland WJ, Taylor NG, MacFarlane D, Amano T, Christie AP, Dicks L V., Lemasson AJ, Littlewood NA, Martin PA, Ockendon N, Petrovan SO, Robertson RJ, Rocha R, Shackelford GE, Smith RK, Tyler EHM, Wordley CFR. 2019. Building a tool to overcome barriers in research-implementation spaces: The conservation evidence database. Biological Conservation 238.
Taylor NG, Grillas P, Fennessy MS, Goodyer E, Graham LLB, Karofeld E, Lindsay RA, Locky DA, Ockendon N, Rial A, Ross S, Smith RK, van Diggelen R, Whinam J, Sutherland WJ. 2019. A synthesis of evidence for the effects of interventions to conserve peatland vegetation: Overview and critical discussion. Mires and Peat 24.
Tensen L. 2018. Biases in wildlife and conservation research, using felids and canids as a case study. Global Ecology and Conservation 15.
The World Bank. 2024. DataBank. https://databank.worldbank.org/ (15 March 2024)
The Zoological Society of London. 2020. The EDGE of Existence Programme. (26 April 2023; https://www.edgeofexistence.org/).
Thomson RC, Spinks PQ, Bradley Shaffer H. 2021. A global phylogeny of turtles reveals a burst of climate-associated diversification on continental margins. Proceedings of the National Academy of Sciences of the United States of America 118.
Tingley R, Meiri S, Chapple DG. 2016. Addressing knowledge gaps in reptile conservation. Biological Conservation 204.
Tolley KA, Alexander GJ, Branch WR, Bowles P, Maritz B. 2016. Conservation status and threats for African reptiles. Biological Conservation 204.
UCLA: Statistical Consulting Group. Negative Binomial Regresssion. Statistical Methods and Data Analytics. (5 May 2024; https://stats.oarc.ucla.edu/r/dae/negative-binomial-regression/). 
Uetz P, Freed P, Aguilar R, Reyes F, Hošek J. 2022. The Reptile Database. (28 March 2023; http://www.reptile-database.org).
Walpole MJ, Leader-Williams N. 2002. Tourism and flagship species in conservation. Biodiversity and Conservation 11: 543–547.
Wickham H. 2016. ggplot2: Elegant Graphics for Data Analysis. Springer-Verlag.
Willemen L, Cottam AJ, Drakou EG, Burgess ND. 2015. Using Social Media to Measure the Contribution of Red List Species to the Nature-Based Tourism Potential of African Protected Areas. PLOS ONE 10(6): e0129785.
Yang N, Price M, Xu Y, Zhu Y, Zhong X, Cheng Y, Wang B. 2023. Assessing Global Efforts in the Selection of Vertebrates as Umbrella Species for Conservation. Biology 12.
Yu G, Smith DK, Zhu H, Guan Y, Lam TTY. 2017. ggtree: an r package for visualization and annotation of phylogenetic trees with their covariates and other associated data. Methods in Ecology and Evolution 8.


image1.png
Number
of studies
250

100

25
10





image2.png
ylidae

Sphaerodact

Gaviaio®
C\’ooody\‘dae
() Alligatoridae

P00

Mean no. studies
per species
30

20




