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ABSTRACT

Advances in genomic sequencing have magnified our understanding of ecological and evolutionary mechanisms relevant to bio-
diversity conservation. As a result, the field of conservation genomics has grown rapidly. Genomic data can be effective in guid-
ing conservation decisions by revealing fine-scale patterns of genetic diversity and adaptation. Adaptive potential, sometimes
referred to as evolutionary potential, is particularly informative for conservation due to its inverse relationship with extinction
risk. Yet, global coldspots in genomic resources impede progress toward conservation goals. We undertook a systematic literature
review to characterise the global distribution of genomic resources for amphibians and reptiles relative to species richness, TUCN
status, and predicted global change. We classify the scope of available genomic resources by their potential applicability to global
change. Finally, we examine global patterns of collaborations in genomic studies. Our findings underscore current priorities
for expanding genomic resources, especially those aimed at predicting adaptive potential to future environmental change. Our
results also highlight the need for improved global collaborations in genomic research, resource sharing, and capacity building
in the Global South.

1 | Introduction Research shows that combining an understanding of evo-
lutionary and genetic processes with traditional ecologi-
Genetic and genomic resources are powerful tools in biodiver- cal approaches is critical in conservation decision-making

sity conservation (Humble et al. 2020; McMahon et al. 2014; (McMahon et al. 2014; Hohenlohe et al. 2021; Forester, Beever,
Seaborn, Andrews, et al. 2021; Supple and Shapiro 2018). et al. 2022). Genetic diversity buffers species against global
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change stressors, from climate change to disease (Savolainen
et al. 2013; Bay et al. 2018). Conversely, population declines
and extirpations due to global change reduce genetic diver-
sity, which may inhibit responses to future stressors (Bay
et al. 2018). Over the last 20years, genomic resources, defined
here as genome-scale assessments of variation (e.g., whole
genomes, or genome-wide reduced representation datasets)
have become increasingly used in conservation and have
added power to inferences already afforded by traditional
genetic resources such as microsatellites and gene sequences
(Forester, Beever, et al. 2022; Heuertz et al. 2023; Theissinger
et al. 2023). Genome-scale data can clarify the capacity of
species to respond evolutionarily (through adaptation) to
global change stressors, and predicting this response is in-
creasingly important with rapid environmental change (Funk
et al. 2019; Seaborn, Griffith, et al. 2021; Kardos et al. 2021;
Forester, Beever, et al. 2022; Heuertz et al. 2023; Theissinger
et al. 2023). To combat biodiversity loss, many would argue
that we need more genomic data from more places across the
globe. This raises the question: where are the cold spots of
genomic resources?

The central mechanism by which genomic variation buffers
populations against stressors is through increasing adaptive ca-
pacity. For this review, we define adaptive capacity as the ability
to respond to disturbance, take advantage of new environments,
or cope with the consequences of global change. Adaptive ca-
pacity confers resilience to new conditions and is therefore tied
to extinction risk (Forester, Beever, et al. 2022). The genetic
component of adaptive capacity is often referred to as adaptive
potential. Here we adopt previous authors' definition of adap-
tive potential: the ability to evolve genetically based changes
in response to selection (Funk et al. 2019; Seaborn, Griffith,
et al. 2021; Kardos et al. 2021). Populations with high genomic
variation, whether as standing genomic variation or variability
in functional genomic responses, have higher adaptive poten-
tial and therefore a higher likelihood of persistence (Kardos
et al. 2021; Forester, Beever, et al. 2022).

Genetic data are applied to conservation in several ways.
Both traditional genetic markers and genome-scale data can
be used to infer historical processes such as gene flow, ge-
netic drift, and selection, which are important for population
management (Humble et al. 2023; Meek et al. 2023). Gene
flow and genetic drift are often critical for populations that
have become small or disconnected from broader metapop-
ulations. Knowing the historical demography of those popu-
lations provides a baseline for comparison with populations
that are currently responding to stressors (Humble et al. 2023;
Frankham 2005; Hohenlohe et al. 2021). Understanding his-
torical gene flow in endangered species is also important for
genetic or evolutionary rescue programs (Frankham 2015;
Fitzpatrick et al. 2020; Fitzpatrick and Funk 2021). Unlike ge-
netic data, genome-scale data can inform more directly on the
adaptive potential of populations (Meek et al. 2023; Bonnet
et al. 2022) and benefit conservation efforts such as captive
breeding or reintroductions. For example, data on immunog-
enomic variation among populations with differing suscep-
tibilities to an emergent disease will inform the best source
populations for genetic-assisted husbandry and population
restoration (Kosch et al. 2019). Likewise, understanding the

genomic basis of thermal tolerance limits allows us to predict
population losses under climate change (Dixon et al. 2015;
Tan et al. 2023). As our understanding of the genomic archi-
tecture underlying potentially adaptive traits increases, our
application of genomics to conservation efforts will broaden
(Meek et al. 2023; Hohenlohe et al. 2021).

While genomic data are key to estimating adaptive potential,
there are caveats that need to be accounted for when attempt-
ing to predict future adaptation (Hoban et al. 2016; Pardo-Diaz
et al. 2015). First, accurate inferences about adaptive vari-
ation require adequate sampling and sequencing (Rossetto
et al. 2021). Second, for adaptation to occur, standing genomic
variation in populations must be responsive to the specific de-
mands imposed by stressors (Feiner et al. 2021) and it is not al-
ways possible to know what genomic variation will be important
for responding to future stressors (Kardos and Shafer 2018). This
is a challenge for conservation genomics as a field because there
are many novel stressors that challenge populations alone or
in combination. Relationships between genomic processes and
effective responses to these stressors are not always straight-
forward. Third, genomic data are costly to produce and require
specialised infrastructure and technologies. Given these cave-
ats, assembling a variety of genetic and genomic resources is an
important component of our conservation toolbox (Pardo-Diaz
et al. 2015; Keagy et al. 2023). These resources should include
diverse types of data that inform different questions in conser-
vation, including genetic structure and population genetic diver-
sity (e.g., inferred from established neutral markers); reference
genomic data (e.g., reference genomes and transcriptomes); ge-
nomic variation within and among populations (e.g., spatial dis-
tribution of SNPs across a species' range); functional variation
associated with global change stressors (e.g., gene expression in
cool vs. warm environments); and assessment of adaptive po-
tential (e.g., combining genomic data with forecasting models).

Generating the data needed for effective biodiversity conser-
vation requires global collaboration and coordination. The
infrastructure needed to generate genomic data is not equally
distributed globally; unsurprisingly, this follows patterns of
global socioeconomic disparities (Omotoso et al. 2022; Fitak
et al. 2019; Stefanoudis et al. 2021). The most biodiverse and
vulnerable regions of the world also have the least resources
for producing genomic data for biodiversity conservation, and
are concentrated in the Global South (Asase et al. 2022; de
Vos and Schwartz 2022; Omotoso et al. 2022; Fitak et al. 2019;
Stefanoudis et al. 2021). These global disparities have led to inter-
national efforts to increase genome sequencing and make those
resources available to the global research community. Examples
include the Genome 10K Consortium, established in 2009 with
the goal of sequencing 10,000 vertebrate genomes (Genome
10K Community of Scientists 2009), the Global Invertebrate
Genomic Alliance (GIGA Community of Scientists et al. 2014),
and the Earth BioGenome Project (Lewin et al. 2018), among
others (Shaffer et al. 2022; Teeling et al. 2018; Kosch et al. 2024;
Robinson et al. 2011; Zhang et al. 2015; Ebenezer et al. 2022).
The need for equitable sharing of genomic resources was cod-
ified in the Nagoya Protocol, an agreement of the Convention
on Biological Diversity. The goal of the Nagoya Protocol is to
provide a fair, transparent legal framework for the use of ge-
nomic resources, including creating conditions to promote
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and encourage research contributing to biodiversity conserva-
tion and sustainable development (Buck and Hamilton 2011;
Kariyawasam and Tsai 2018). While recognition has been
steadily growing that leadership by local peoples and inclusive
efforts are needed for effective conservation, there remains a
need for capacity building and resource sharing, especially in
the Global South (Ocampo-Ariza et al. 2023; Miller et al. 2023;
de Vos and Schwartz 2022).

Although many ecosystems are affected by rapid global
change, some species are more sensitive than others.
Characteristics including organisms' physiological limits,
habitat requirements, and interspecific interactions can me-
diate vulnerability (Foden et al. 2013, 2019). In particular,
amphibians and reptiles face significant threats from global
change. These taxa typically have low dispersal abilities,
strong dependence on climate and specific habitats, and high
susceptibility to emerging diseases (Decena et al. 2020; Lorch
et al. 2016; Sinervo et al. 2010; Scheele et al. 2019). Although
some species exhibit behavioural plasticity in response to
global change, there are limits. Rapid increases in tempera-
ture can bring ectotherms above their critical thermal max-
ima, and even less extreme temperature fluctuations can limit
foraging and reproduction (Sinervo et al. 2010). Persistence
will depend on plasticity of thermal tolerance over shorter
time scales (through regulatory genomic processes), and adap-
tive increases in thermal breadth over longer time scales. In
the tropics, where the diversity of amphibians and reptiles is
highest, adaptation can be even more challenging: most tropi-
cal ectotherms have a narrow thermal safety margin and exist
close to their critical thermal maxima (Tewksbury et al. 2008;
Polato et al. 2018; Sinervo et al. 2010). Thus, even small in-
creases in temperature could compromise fitness for a large
number of species. For these reasons, studies of adaptive po-
tential are particularly important for amphibian and reptile
conservation.

Here, we perform a systematic review of peer-reviewed litera-
ture to assess the global availability of genomic resources for
amphibians and reptiles. First, to evaluate geographic biases in
genomic resources and how these align with conservation needs,
we georeference genomic resources and overlay these onto dis-
tribution maps of amphibian and reptile species diversity and
predicted climate change. Second, we assess the scope of pub-
lished genomic resources based on their potential applicability
to global change. Specifically, we classify genomic resources
into five scope categories: (1) General genomic resources; (2)
Spatial genomic variation; (3) Functional genomic variation
related to global change; (4) Functional genomic variation re-
lated to climate change specifically; and (5) Adaptive potential
or future vulnerability to climate change. These five categories
represent genomic datasets that range from reference genomes
(scope level 1) to assessment of adaptive potential in response to
a specific global stressor (scope level 5). We examine the distri-
bution of these five categories of genomic resources globally and
compare them to IUCN vulnerability categories for each species.
Third, we evaluate geographic patterns in author institutions to
assess collaborations in genomic studies, how authorship pat-
terns relate to the genomic scope of studies, and the prospects
for local capacity building. We provide our results as a resource
to facilitate prioritisation of genomic resource development and

local research capacity in the most at-risk and understudied
regions.

2 | Methods
2.1 | Literature Search and Data Filtering

We conducted a literature search in January 2024 using Web of
Science (Core Collection), Agricola, and SciELO. We compiled a
keyword list of terms related to genetics and genomics, amphib-
ians and reptiles, adaptation, evolution or variation, and climate
and environment (Table S1).

We deduplicated papers resulting from our search and im-
ported them into Rayyan (Ouzzani et al. 2016) for two rounds
of collaborative filtering (Figure S1). In the first round, we in-
cluded papers if: (1) focal species were amphibians and/or rep-
tiles and (2) the study generated genomic-level data (Table S2;
Figure S2). If only one of two initially assigned reviewers in-
cluded a paper, a third reviewer was randomly assigned for
tie-breaking. In the second round of filtering, three reviewers
were assigned to each paper to confirm that the study gen-
erated new genomic data rather than using data from public
databases.

2.2 | Data Extraction

A three-person subset of coauthors determined the type and
scope of genomic data. Scope was divided into five categories
representing potential applicability to global change: Level
1—general resource (e.g., reference genome or transcriptome);
Level 2—spatial variation (e.g., ddRAD data from multiple
populations); Level 3—functional variation relevant to global
change but not specifically climate change (e.g., differential
gene expression in response to chemical pollutant); Level 4—
functional variation specifically relevant to climate change (e.g.,
differential gene expression in response to altered temperature);
and Level 5—adaptive potential (e.g., genomics-informed fore-
casting models). If multiple genomic data types and/or scope
levels were included in a paper, these were recorded as distinct
genomic resources, and thus as separate entries in our dataset
(See Table S3 for additional details on genomic data types). We
then randomly assigned coauthors to all papers to extract data
on species identity, geographic locality, and author affiliations
(Table S3). We grouped each study according to global region
(Global North vs. Global South) using the UN Conference
on Trade and Development's classification of economies
(UNCTAD 2023). To avoid taxonomic discordance and disagree-
ments about species delimitations, we updated genera according
to IUCN (2024) and otherwise retained taxonomy as originally
published by the authors.

2.3 | Data Analysis

To identify coldspots, global areas lacking in genomic data rel-
ative to species richness, we obtained per-country amphibian
and reptile species data from public databases (Uetz et al. 2024;
Frost 2024) and divided the number of species with genomic

30f18

ASUAOIT suowwo)) dANear) afqedrfdde oy £q pauIoA0S a1e so[dNIE Y (SN JO $INI 10§ AIRIQIT dUI[UQ AS[IAN UO (SUONIPUOD-PUB-SULIA)/WOY" KAIm " AIeIqrjauruoy/:sdny) suonipuo) pue swid ], 3yl 99§ [S70T/S0/¢] uo A1eiqr auruQ A1 ‘67LL1 W/ [ [ ['01/10p/wod Ko[im’Areiqiout[uo//:sdny wolj papeo[umo( ‘0 ‘Xy67S9¢ [



resources by the species richness in each country. We then as-
sessed the distribution of genomic resources relative to climate
change risk. We obtained mean annual maximum temperature
(T, for the periods 1961-1999 (historical) and 2041-2060
(future) from the Worldclim 2.1 database at a resolution of
2.5arcmin (Fick and Hijmans 2017). For future climate projec-
tions, we used SSP585 (Shared Socio Pathways—SSP585) com-
piled by the Coupled Model Intercomparison Project (CMIP6),
using three General Atmosphere-Ocean Circulation Models—
AOGCMs: MIROCS6, IPSL-CM6A-LR, and MPI-ESM 1-2-HR
(Cannon 2020). SSP585 is considered a pessimistic scenario,
which assumes that CO2 emissions will triple by 2075 and the
increase in global temperature will be between 3.3°C and 5.7°C
by 2100, and is typically used to reflect “worst case scenario”
under continued high emission regimes. We then calculated
the magnitude of expected change at each pixel (AT, =future
maximum temperature minus historical maximum tempera-
ture). We extracted the AT, values for each point in our data-
set using the package terra (Hijmans et al. 2022).

Second, we explored how genomic resources of different scopes are
distributed globally. We visualised genomic scopes of each study
(Levels 1-5) across continents (North America, South America,
Oceania, Europe, Asia, Africa) (Wickham 2016). We evaluated
the relationship between scope level and continents or study type
(captive vs. wild animals) using chi-squared tests. We examined
the distribution of genomic resources across species by conserva-
tion status category, which we retrieved for each species from the
TUCN database (IUCN 2024). Species were classified into eight
TUCN categories: Data Deficient (DD), Least Concern (LC), Near
Threatened (NT), Vulnerable (VU), Endangered (EN), Critically
Endangered (CR), Extinct in the Wild (EW) and Extinct (EX). We
deduplicated our data such that each species was represented once
per unique combination of study X scope level X genomic data type
and then evaluated the distribution of scope levels across ITUCN
categories using a chi-squared test.

Third, we examined geographic patterns in authorship using
a network connecting the country of each first author's insti-
tutional affiliation to the country of field sampling in each
study (wild animal studies only) using the R packages ggraph
(Pedersen 2024) and igraph (Csardi et al. 2023). We extracted
degree centrality values using igraph to examine differences be-
tween papers first-authored by researchers affiliated with insti-
tutions in the Global North vs. Global South. We used a Wilcoxon
Rank Sum Test to evaluate the relationship between sampling
region and number of local authors, defined as authors with in-
stitutional affiliations in the country where sampling took place.

3 | Results
3.1 | Dataset

Our literature search resulted in 9919 studies (Carneiro
et al. 2025). After screening titles and abstracts, we retrieved full
text for 1707 studies to assess eligibility for second round screen-
ing and data extraction (Figure S1). Our final dataset consisted
of 693 published genomic studies of amphibians and reptiles
across 145 countries (Table 1a), including 610 studies that in-
cluded wild species and 98 studies that included captive species

TABLE 1 | Summary of data in this study. (a) Total number
of studies, species, and countries by taxonomic group. (b) Mean
percentage of species richness with genomic resources calculated
by country and averaged for the Global North, Global South, and all
countries included in our dataset by taxonomic group. Note that overall,
our dataset includes 6.6% of all amphibian and reptile species described
globally (1382/20,914). (c) Genomic resources in five scope categories
(ranked according to their applicability to conservation under global
change) and their distribution across the studies of amphibians and
reptiles (n=693). Numbers in the Total column are sometimes not the
sum of the amphibian and reptile columns because some studies report
on species from both taxonomic groups, report on multiple species, or
include sampling from multiple countries.

(a) Count Amphibia Reptilia Total
Study 330 365 693
Species 557 825 1382
Country 115 108 145

(b) % Species

with Genomic

Resources Amphibia  Reptilia  Combined
Global North 30.76% 10.45% 20.22%
Global South 15.99% 2.65% 7.78%
All Countries 21.13% 4.84% 11.37%

(c) Scope Amphibia Reptilia Total
Level 1: General 122 130 252
genomic resource
Level 2: Spatial 144 178 320
genomic variation
Level 3: 41 23 64
Functional
variation-global
change
Level 4: 18 33 51
Functional
variation-climate
change
Level 5: Adaptive 10 6 16
potential

(Table S4). Among the 693 unique studies, 330 included amphib-
ians and 365 included reptiles (two studies included both taxa).
In total, our dataset included 1382 species (557 amphibians and
825 reptiles; Table 1a). More than half of the studies (57.72%)
used reduced-representation sequencing (GBS/RAD/sequence
capture) approaches; over one-third of studies (35.64%) used
functional genomic approaches (transcriptomics, traditional
RNASeq, and RNA capture arrays); and the remaining stud-
ies reported whole-genome sequence data (10.97%; Table S5);
genomic approaches were relatively evenly distributed among
amphibian and reptile species (Table S6). In total, we recovered
2658 unique genomic resources, defined as all unique combina-
tions of study identity, genomic data type, genomic scope level,
country sampled, and species identity.
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Equator

_________________________ ,‘

% Species with genomic resources

B 0.1-10% [ 51-60%

B 11-20% [ 61-70%

N 21-30% [ 71-90%

[0 31-40% [ 100%
41-50% Not studied

® Genomic Study

FIGURE 1 | Proportion of amphibian (a) and reptile (b) species in each country with published genomic resources recorded in our dataset.
Proportions were calculated as the number of species represented in genomic studies divided by species richness for each country. Grey points rep-
resent geographical locations of studies.

3.2 | Distribution of Genomic Resources Across In contrast, the Global South had 285 studies covering 751 spe-
Species and Climate Change Risk cies (Table S7). Across continents, most studies involved sam-

pling in a small subset of countries, including the United States
Genomic resources for wild species were concentrated in the (n=199 studies), China (n=80), Australia (n=65), Mexico
Global North (Figure 1), with 390 studies covering 625 species. (n=48), Spain (n=37), Brazil (n=32), France (n=32), and Italy
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(n=27) (Supplemental File 1). North America had the highest
number of studies (n = 331), while Africa had the lowest (n =34).

We estimated the proportion and number of species present
in each country for which genomic resources were available.
Overall, we recovered genomic resources for 6.6% of amphib-
ian and reptile species worldwide; an average of 11% of species
from countries included in our database had genomic resources
(Table 1). The percentage of species for which there are pub-
lished genomic resources in the Global North was over double
that for the Global South (20% vs. 8%; Table 1b; Table S7). This
is particularly stark when considering total species richness per
country; as expected, Global South countries have higher species
richness but a lower percent of species with genomic resources
(Figure S3). Only 13 countries, primarily located in Europe,
Northern Africa, and Central Asia, had genomic resources for
>50% of their amphibian species (Figure 1a). However, even in
Global North countries with high amphibian diversity, genomic
resources were not abundant. For example, the United States
and Australia had genomic resources for 26% (87/338) and 13%
(33/253) of local amphibian species, respectively (Figure 1la).
Biodiversity hotspots in the Global South showed even lower
proportions of genomic resources for local amphibian species.
Notably, less than 1% of amphibian species had published ge-
nomic resources in India (0.7%, 3/431), Honduras (0.7%, 1/152),
and Thailand (0.5%, 1/208; Figures la and 2a). Africa had the
largest number of countries with no published amphibian ge-
nomic resources (27/54), followed by Asia (22/47) and Europe
(19/50; Figure 1a).

We observed a similar pattern for reptiles, but with a lower per-
centage of species with genomic resources compared to amphib-
ians (5% vs. 21%, respectively; Figure 1b; Table 1b; Figure S3).
Four countries from the Global North had genomic resources for
more than 20% of reptile species: United States (31%, 171/558),
United Kingdom (40%, 2/5), Greece, and Spain (both 21%, 16/77).
Among Global South countries, Mexico had the highest percent-
age of reptile species with genomic studies (11.59%, 118/1018)
followed by China (7.76%, 50/644); however, many biodiver-
sity hotspots in the Global South had very low percentages of
species with genomic studies, including Brazil (2%, 20/878),
Thailand (1%, 5/501), South Africa (0.4%, 2/570), and India
(0.3%, 2/806). Our search recovered no genomic resources for
reptiles from more than half of the countries in Oceania (10/14),
Africa (33/54), and Europe (27/50) (Figure 1b). Across the globe,
the most drastic AT, occurred in northern high-latitude re-
gions; predicted increases in AT, declined toward the equator.
Because genomic studies were concentrated at higher latitudes,
these largely overlap with areas of greatest AT (Figure 2).

max

3.3 | Scope of Genomic Resources and Their
Relevance for Conservation

Clustering of genomic studies at higher latitudes (20°-50°N)
held true across all genomic scope levels (Figure S4). General
genomic resources (Level 1; 36%) and spatial genomic variation
(Level 2; 46%) comprised the majority of genomic resources in
our dataset, while fewer reported functional variation related to
global change (Level 3; 9%), climate change (Level 4; 7%), and
adaptive potential (Level 5; 2%; Table 1c; Table S8; Figure S5).

Proportionally fewer genomic studies in Levels 3-5 were re-
ported for reptiles compared to amphibians, despite the higher
number of reptile studies in the dataset. We recovered a signif-
icant difference in the research scope of genomic studies using
captive versus wild organisms (x>=2863.4, df=10, p<0.0001;
Table S4). Most captive studies focused on general genomic
resources, while approximately half of the wild studies inves-
tigated spatial genomic variation. Additionally, a larger propor-
tion of captive studies evaluated functional genomic variation
related to global change relative to wild studies.

General genomic resources and spatial variation studies were
evenly spread across levels of climate change vulnerability.
Studies including higher-level genomic resources (Levels 3-5,
addressing functional variation and adaptive potential) were
fewer but generally included sampling of wild populations
in areas with higher climate change vulnerability (Figure 2;
Figure S6).

In North America, South America, and Europe, most genomic
data focused on spatial genomic variation (Level 2), followed by
general genomic resources (Level 1; Figure 2). In addition, South
America had a large percentage of studies exploring adaptive po-
tential (Level 5) for amphibians, but not for reptiles. Asia had
roughly equal numbers of studies on general genomic resources
and spatial genomic variation, with a consistent proportion ad-
dressing higher-level genomic resources. Oceania primarily
focused on general genomic resources and spatial genomic vari-
ation for amphibians, and spatial genomic variation for reptiles.
African studies primarily provided general genomic data, with
few exploring functional variation in both groups and spatial ge-
nomic variation in reptiles.

Genomic research on amphibians and reptiles has increased
over time, most drastically from 2014 to 2024 (Figure 3). Level
1-2 studies (general genomic resources and spatial variation) in-
creased the most, while Level 3-4 studies (functional variation)
grew more moderately through time. The first Level 5 studies
(adaptive potential) were published in 2017, with fewer than five
published each year from 2017 to 2023.

TUCN status was available for 1,244/1,382 species in our data-
set (Table S9). The majority of the species were Least Concern,
with few species in higher threat categories (Table S9). This pat-
tern was evident across data types and scope levels (Figure S7;
Figure 4a). While there was no significant association between
scope and IUCN status (x>=30.777, df =24, p=0.1603), Level 3
studies (functional variation related to global change) included
relatively more Near Threatened, Vulnerable, Endangered, and
Critically Endangered species. Level 1 studies (general genomic
resources) included relatively more Endangered species than
other levels (Figure 4b).

3.4 | Patterns in International Collaborations

We observed a clear asymmetry in authorship of genomic studies.
Papers led by authors with affiliations in the Global North have
significantly more sampling (field efforts) in the Global South
than vice versa (Figure 5; Figure S8). Authors from Global North
countries mostly occupy central positions within the authorship
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FIGURE 2 | Global distribution of published genomic resources for (a) amphibians and (b) reptiles relative to the maximum predicted change in
global temperatures from 1961 to 2060. Pie charts show the proportion of studies from each continent across genomic scopes. Increasing scope level
indicates increasing applicability to conservation in the face of global change; see text for additional details. Grey points represent approximate geo-

graphic locations of studies.
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FIGURE 3 | Number of studies of captive and wild animals with genomic resources in each of the genomic scope categories across publication

years 2005-2024 (n =693 unique studies; 10 studies included multiple scope levels). Increasing scope level indicates increasing applicability to con-

servation in the face of global change; see text for additional details.

network with many international connections across the globe,
indicating high numbers of international studies and a prom-
inent role in the conservation genomic research landscape. In
contrast, most Global South countries are peripheral, indicating
fewer collaborative connections and reduced integration into
the global amphibian and reptile genomics research community
(Figure 5). These differences are reflected by a reduced degree
of centrality in studies with first authors affiliated with institu-
tions in the Global South relative to those led by Global North
authors (Global South mean degree centrality=2.45, +0.163
SE; Global North=8.38+1.24; Figure S9). Exceptions include
China, Mexico, and Brazil, which are more integrated in the col-
laboration network compared to other Global South countries.

Of the 610 studies focusing on wild amphibians and reptiles,
only three were single-authored; in all three studies, the au-
thors were local (i.e., had institutional affiliations in the coun-
try where field sampling occurred). Among papers with two
or more co-authors, 303 studies were conducted by domestic
co-author teams and 304 by international teams, with similar
breakdowns for both amphibian and reptile studies (Table S10;
Figure S10). Most genomic studies were led by first authors affil-
iated with institutions in North America (283) and Europe (139).
Only one study was first-authored by a researcher affiliated with

an institution in Africa. In co-authored studies involving sam-
pling in North America, Oceania, and Asia, 79%-87% of authors
had local affiliations. This percentage dropped to 45%-56%
local authorship in studies of wild animals in Europe and South
America, and 12% local authorship in studies of wild animals in
Africa. In studies involving sampling in the Global North, 82%
of authors were local to the country where sampling took place.
In contrast, studies involving sampling in the Global South had
56% local authors (Figure 6a).

Overall, lead authorship patterns varied between the Global
North and Global South. Approximately 78% of first authors
were affiliated with Global North institutions, whereas 22%
were from Global South institutions. Last author differences
were even more pronounced, with 82% of last authors from the
Global North and 18% from Global South institutions (Tables S10
and S11).

When we examined collaboration patterns by study location,
we found that the proportion of local coauthors depended on
whether the first author was affiliated with a Global North or
Global South institution (Figure 6b,c). In studies that exclusively
sampled in the Global North, those with a first author from the
Global North had 77% local coauthors, while those with a first
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FIGURE 6 | Trends in authorship by region sampled and location of institutional affiliation of authors for studies of wild animals with sampling
locality data. (a) Percentage of local authors by region sampled. Percentage of local authors is defined as authors with a primary institutional affili-
ation in at least one of the countries where the study's sampling occurred. (b) Percentage of local coauthors (not including the first author) averaged
across studies, grouped by global region sampled and global region of the first authors’ primary institutional affiliations. (c) Total number of studies
by global region sampled and the global region of the first authors’ primary institutional affiliations. (d, e) Proportion of studies first-authored by
researchers with institutional affiliations in the Global North or Global South, involving sampling in the Global North (d) or Global South (e), across
genomic scope levels. Increasing scope level indicates increasing applicability to conservation in the face of global change; see text for additional
details on genomic scope. Numbers above bars indicate the number of studies first-authored by researchers from the Global North followed by the
number of studies first-authored by researchers from the Global South. For aggregation by continent in (a), 53 studies were excluded because they
included sampling in multiple continents (n studies included = 556). For aggregation by global region in (a-c), 54 studies were excluded because they
included sampling in both global regions (n studies included in a=555); in (b, ¢) 4 single-author studies were also excluded (n studies included in b,
c¢=551). In (d, e) the 54 studies having sampling in both global regions are included in both panels (n studies =609, n genomic resources = 673); ge-

nomic resources, defined as all unique combinations of study identity, scope level, and global region.

author from the Global South had 38% local coauthors. The vast
majority of studies in the Global North were first-authored by
researchers from the Global North (98%). Among studies that
exclusively sampled in the Global South, those with first authors
from the Global North had 21% local coauthors, whereas those
with first authors from the Global South included 65% local
coauthors. First authors of studies that sampled in the Global
South were relatively evenly split among regions (44% Global
South first authors vs. 56% Global North).

In studies conducted in the Global North, those with first au-
thors from the Global South included only Levels 1-2 (general
genomic resources and spatial variation; Figure 6d). Conversely,
studies conducted in the Global South with higher genomic
scope levels had proportionally more first authors from the
Global South (> 60%; Figure 6e).

4 | Discussion

4.1 | Global Patterns of Genomic Resource
Coldspots for Amphibian and Reptile Conservation

Our systematic review examined patterns in genomic resources
for amphibian and reptile conservation and patterns of global
collaboration. A surprising finding was that genomic re-
sources for amphibians and reptiles were very low on a global
scale. We recovered published genomic resources for only 6.6%
(1382/20,914) of named amphibian and reptile species world-
wide (Uetz et al. 2024; Frost 2024). We also observed significant
global biases in the availability of genomic resources, especially
when compared with species richness, predicted climate change,
and species of conservation concern. Our results indicate large
regional cold spots for genomic resources. Not surprisingly, ge-
nomic resources were concentrated in the Global North; this
coincides with areas of the globe with higher predicted climate
risk (the temperate zone, 30°-50°N). Most studies published
general genomic or spatial resources, and very few directly es-
timated adaptive potential. The majority of studies were led by
first authors affiliated with institutions in the Global North.
Although genomic studies are often the product of international
collaborations, we identified a clear asymmetry in local author-
ship, with studies conducted on species in the Global South
having fewer local co-authors, particularly when these were led
by first authors from the Global North. This suggests a need for

expanding local capacity building and equitable collaboration
between Global North and Global South countries. We discuss
each of these major results and the implications of our findings
for future efforts in conservation genomics.

4.2 | Genomic Resource Coldspots Are
Concentrated in the Global South

We recovered fewer genomic studies and a smaller proportion
of native species with published genomic resources from the
Global South; this corroborates findings from a recent survey
of published reference genomes across all tetrapods (Linck and
Cadena 2024). Many Global South countries are exceptionally
species-rich, making them coldspots for genomic resources. For
example, India and numerous countries in South America are in
the top 10 countries for amphibian diversity yet have genomic
resources for less than 10% of native species. For reptiles, the
five countries with the highest species richness are Australia,
Mexico, India, Brazil, and Indonesia, and of these, only Australia
and Mexico have genomic resources for at least 10% of native
species. These patterns indicate that other socio-economic and
political factors, and not conservation needs, contribute to bi-
ases in the distribution of genomic resources. These disparities
are most evident in some countries in Africa, South Asia, and
Southeast Asia for which we recovered zero genomic resources.
These countries warrant careful attention, as they host high
numbers of endemic species and are often highly vulnerable to
global change (Powers and Jetz 2019).

Climate predictions show increases in monthly maximum
temperatures globally, with the greatest increases at higher lat-
itudes; this coincides with more published genomic resources
for amphibians and reptiles in northern regions. This seems
promising, but a few caveats make this an overly optimistic
view of ectotherm conservation. First, while these genomic
resources are valuable for increasing understanding of adap-
tive potential, these highly productive regions for genomic re-
search have relatively low species diversity, and thus represent
a small fraction of species globally. Second, species in genomic
coldspots at lower latitudes are still experiencing significant
environmental change that will continue to cause detrimental
effects. As ectotherms, amphibians and reptiles are uniquely
sensitive to environmental conditions and can experience
major shifts in physiology, reproductive biology, and habitat
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suitability with minor changes in ambient temperatures (Mi
et al. 2023; Lopez-Alcaide and Macip-Rios 2011). Thus, we
should not underestimate the consequences of climate change
on ectotherm biodiversity, despite lower predicted tempera-
ture increases in the tropics.

Three countries from the Global South appear to be emerging
leaders in genomic studies of herpetofauna. China had the sec-
ond highest number of genomic studies overall, second only
to the United States. Researchers at Chinese institutions pro-
duced a substantial number of genomic studies on amphibians
and reptiles, likely due to recent economic growth allowing for
increased resource allocation for biodiversity research (Zhang
et al. 2017; Wang et al. 2020; Wei et al. 2021). Nonetheless, the
proportion of species in China for which there are genomic re-
sources is low (0.1%-10%; Wei et al. 2022; Fan et al. 2020). The
other two emergent leaders in the Global South were Mexico
and Brazil, which ranked fourth and sixth, respectively, for the
number of genomic studies. Both countries have experienced
rapid deforestation and other threats to biodiversity, but both
countries have also recently seen high federal investment in
biodiversity research (UNESCO 2010). Both Mexico and Brazil
are megadiverse countries, so despite the high rankings in ge-
nomic research, these resources are capturing a low percentage
of species richness (Figure S3). China, Mexico, and Brazil also
had the highest number of collaborative authorship connections
of all Global South countries (Figure 5). These countries are
clearly leaders in genomic research and could serve as syner-
gistic forces in capacity building in Global South conservation
genomic networks.

4.3 | Do Available Genomic Resources Align With
Conservation Needs?

Genomic methods are more accessible than ever before and pro-
vide exceptional opportunities to generate critical resources for
conservation. In particular, reduced-representation approaches
(GBS/RAD/sequence capture) remain the most accessible meth-
ods for non-model species; indeed, these dominate our dataset.
Yet, different types of genomic data inform on different mech-
anisms that contribute to species persistence (Forester, Beever,
et al. 2022; Funk et al. 2019; Nicotra et al. 2015). This raises the
question: are we collecting the types of genomic data that maxi-
mise our needs for conservation?

Our study revealed notable patterns in genomic resources as
they relate to applicability to global change. The number of ge-
nomic resources is growing; however, resources related to func-
tional variation and adaptive potential (Level 3-5 scope) are still
relatively rare. We recovered only 16 studies explicitly testing for
evidence of adaptive potential (Level 5). The majority of these
studies focused on amphibians (70%), and most involved Least
Concern species (78%). The most common approaches used in
these studies included genomically informed common garden or
transplant experiments and differential gene expression across
treatment groups, while a few paired genomics with other mea-
sures of plasticity (e.g., phenotypic) to assess adaptation. All of
these approaches require significant infrastructure and fund-
ing, but as new methods emerge, experiments may not always
be necessary for robust inferences of adaptive potential. A few

Level 5 studies used models to assess adaptive potential; these
have been successfully applied in other taxa (Bay et al. 2018;
Forester et al. 2023) and represent a promising avenue for re-
searchers without access to laboratory facilities. Although these
studies can require higher investment in data production, many
have argued that understanding local adaptation has enor-
mous benefits for conservation (Meek et al. 2023; Hohenlohe
et al. 2021). Studies on adaptive potential will likely continue to
increase over time, especially as novel methods for extracting
information from genomic data emerge (Wold et al. 2021).

For purposes of this review, we ranked genomic resources
into five scope levels based on potential applicability to global
change research. However, we recognise that different genetic
and genomic resources provide value in many conservation
contexts and expect that the conservation genomic toolbox
will continue to expand. Forester, Beever, et al. (2022) recom-
mend using multiple “proxies” or frames of reference, to better
estimate adaptive potential, combining baseline genomic data
and phenotypic and/or environmental data. Data on spatial ge-
nomic variation among populations (Level 2) supplement stud-
ies on functional or adaptive diversity (Level 3-5) by providing
estimates of population-level genome-wide diversity. In other
words, Level 2 studies provide the foundation for future Level
3-5 studies, which is promising given the abundance of Level
2 studies worldwide. Our review showed that scope level does
not increase in areas of high predicted climate change, nor does
it increase for taxa with higher IUCN threat categories. This is
consistent with previous calls for expanding local adaptation
studies in at-risk taxa (Meek et al. 2023) and underscores that
the strategic development of genomic resources is important for
further integrating genomics and conservation action.

Further integrating studies of adaptation in conservation bi-
ology will not only benefit target species but will also address
broader questions about evolutionary mechanisms underlying
organismal responses to new challenges (Bonnet et al. 2022).
Specifically, do organismal responses draw on a limited number
of mechanisms, or does every organism have its own idiosyn-
cratic response? The question of whether adaptation follows sim-
ilar pathways in different organisms, either through the reuse of
genes or gene pathways, is important in conservation because it
helps us predict the generality of responses across taxa. Studies
of parallel adaptation in plants to alpine environments show that
closely related species exhibit parallel signatures of selection on
genes involved in adaptation to cold temperatures, short seasons,
and increased radiation, but parallel adaptation decreases when
comparing more distantly related taxa (Bohutinska et al. 2021).
In the context of conservation, genetic divergence between
populations or species may affect the pool of shared potential
adaptive alleles, and therefore will impact our ability to predict
responses with common genomic markers. Future studies on
the genetic basis of adaptive phenotypes in threatened taxa may
help us develop predictions about the likelihood of evolution vs.
evolutionary constraints at the genomic level.

While we advocate for the use of genomic data in conser-
vation, we also acknowledge that much data already exist
that are suitable for evaluating historical demography and
genome-wide diversity (a proxy for adaptive potential) that
are not genomic (Mittell et al. 2015). These data are often
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more accessible financially and can sufficiently serve as ro-
bust markers for informing conservation practices. However,
the benefits of adding genomes to conservation efforts are
not incremental. The high density of markers from genome-
scale data provides more accurate estimates of both genetic
diversity and greater power to examine evolutionary processes
from non-model species with complex demographic histories
(Shafer et al. 2015; Supple and Shapiro 2018; Theissinger
et al. 2023), particularly in species with large genomes such
as amphibians.

4.4 | Authorship, Equitable Science, and Capacity
Building in Conservation Genomics

The geographic network of authors vs. sampling locations
showed that first authors affiliated with institutions in the
Global North occupied central “hub” positions (Figure 5) in-
dicating that they performed more international work. Across
all studies, 80% had lead authors, and 82% had senior authors
affiliated with institutions in the Global North. We found sub-
stantial differences in the participation of local authors across
regions, best exemplified by the difference between studies
conducted in North America (87% of studies had local authors
on average) and those conducted in Africa (12% local authors).
In addition, we found that very few studies that sampled taxa
in the Global North were led by first authors with institutional
affiliations in the Global South, while studies that took place
in the Global South were split relatively more evenly in first
author institution (44% vs. 56% Global North vs. Global South
first author). Notably, studies with sampling in the Global
South and first authors from the Global North included on av-
erage only 21% local coauthors. Taken together, these patterns
are consistent with parachute science, a well-documented
phenomenon in which scientists from Global North countries
extract data and knowledge from Global South countries with-
out meaningfully collaborating with or providing benefits to
local communities (Stefanoudis et al. 2021; Mwampamba
et al. 2022; de Vos and Schwartz 2022). Regardless of the
cause of the observed authorship patterns, it is clear that work
is needed to engage and support researchers from the Global
South in conservation genomics.

Our results confirm known biases; the Global South remains
under-resourced and under-funded in STEM, including in biodi-
versity research (Miller et al. 2023; Soares et al. 2023). Biological
research outside of wealthy universities is a path with many ob-
stacles, including access to equipment, technologies, infrastruc-
ture, and funding. Moreover, while species do not recognise
geopolitical boundaries, funding agencies and country-level
institutions do. This poses different challenges to Global South
researchers in forming collaborations, which may also contrib-
ute to the relatively lower number of international studies stem-
ming from Global South researchers in our authorship network
(Figure 5). The solution to these biases involves more than just
provisioning materials and equipment to Global South institu-
tions. Global South scientists need to be supported through cul-
turally competent local capacity building, respected as leaders,
and deferred to as experts on local ecosystems and conserva-
tion needs (Barber et al. 2014; Johnson et al. 2022; Utset 2024;
Haelewaters et al. 2021).

While the majority of genomic studies overall were led by re-
searchers with institutional affiliations in the Global North,
our data show that proportionally, studies with Global South
first authors had higher relevance to conservation under global
change (Levels 3-5). Previous work shows that when Global
South authors lead studies, they have a higher number of local
researchers on their teams, and that following the lead of local
researchers and communities improves conservation research
and outcomes (Price et al. 2023; Keppel et al. 2012). It is critical
that we work to build intentional collaborations at all steps of
the research process, from project design and fieldwork to au-
thorship in international peer-reviewed journals, to elevating
Global South researchers to leadership roles in professional so-
cieties and journal editorial teams (Campos-Arceiz et al. 2018;
Ramirez-Castafieda et al. 2022). This will in turn enhance the
portfolios and reputations of all collaborators, build expertise,
and translate into more research opportunities, grants, and
positive conservation impact. Adopting best practices in data
sharing, data sovereignty, and international collaborations will
enhance the field of conservation genomics (Armenteras 2021;
de Grijs 2015). These practices will go a long way toward re-
building lost trust and overcoming the legacy of decades of para-
chute science (Barber et al. 2014).

4.5 | Caveats and Potential Areas for Improvement

Our geographic analyses are dependent on geopolitical data,
and we recognise that historical precedents resulting from co-
lonialism affect the interpretation of our results. For example,
our methods categorise countries as members of the Global
North and the Global South according to UNCTAD (2023).
This database is inherently biased; for example, several na-
tions across the Caribbean, Africa, and South America (e.g.,
Puerto Rico, The Canary Islands, and French Guiana) are con-
sidered part of the Global North due to the designation of their
“parent” country. However, these regions more closely align
with the Global South, as they are socioeconomically under-
resourced and are centres of high biodiversity and conserva-
tion concern.

We used first and last author institutional affiliations as a
proxy for author geographic location and in turn a measure
of participation/inclusion of authors across global regions.
This may misrepresent authorship, especially if researchers
from under-resourced groups are working from labs in Global
North countries. In addition, some authors have multiple af-
filiations, which in many cases include institutions in multi-
ple global regions. We considered only the first institutional
affiliation in our authorship analyses to avoid assumptions
that might bias our findings. While this is a best practice for
systematic reviews (Partelow et al. 2020), this may impact
our results if the order in which affiliations are listed is non-
random. Global South researchers may choose or be invited to
spend time at Global North institutions to access resources,
whether as students or visiting scholars. In addition, some se-
nior Chinese authors have formal affiliations at Global North
Institutions (typically in the US or Europe), but their primary
affiliation is a Chinese institution. These cases affect whether
a study is classified as a domestic or international collabora-
tion. Despite these potential misclassifications, the observed
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international coauthorship patterns strongly confirm pre-
vious studies and perspectives in Ecology and Evolution
(Stefanoudis et al. 2021; Miller et al. 2023) and underscore the
need for equitable and inclusive practices in research collabo-
rations (Armenteras 2021).

We note that the division of authors into Global North and Global
South is a coarse classification and does not account for intersec-
tional identities of authors that can play a role in research and
collaborations (Crenshaw 1991; Tseng et al. 2020). We chose to
avoid assigning authors to nationalities or identity groups based
on name or institutional affiliation. Using limited publicly avail-
able information to assign identity is problematic as it involves
assumptions and can lead to misidentification or oversimplifica-
tion of identities. We also acknowledge that regardless of region,
researchers experience unequal access or receive unequal credit
for their contributions to research. A number of papers have
pointed out the need for improved representation of women and
gender minority herpetology researchers in the Global South
(Meneses et al. 2024; Cyriac et al. 2022). Field safety and equi-
table authorship practices remain significant concerns for mar-
ginalised scientists worldwide (Demery and Pipkin 2021). The
opportunity remains to improve equity and inclusion in genom-
ics research even in countries that appear to be more resourced
and productive.

Finally, we considered a single measure of global change,
AT, .; this metric cannot capture the true diversity of fac-
tors that threaten biodiversity. We classified studies accord-
ing to one of five genomic scopes (Levels 1-5), of which one
specifically considered genomic resources addressing global
changes not directly related to climate (Level 3). A number of
studies in this category included genomic resources relevant
to organismal responses to disease, pollution, and land use
change, all of which are present threats to many terrestrial ver-
tebrates (Powers and Jetz 2019; Scheele et al. 2019; Bernanke
and Kohler 2009). Likewise, climate variables other than tem-
perature are expected to change as well, including seasonality,
precipitation, and the frequency of extreme events (Konapala
et al. 2020; Orlowsky and Seneviratne 2012). Future studies
should consider the utility and availability of genomic resources
that inform about other global change stressors.

4.6 | Toward a Global Science of Conservation
Genomics

The integration of genetic, and later genomic, data in con-
servation planning and management has an interesting his-
tory. The field of conservation genetics became prominent
in the early 1980's (Schonewald-Cox et al. 1983; Falk and
Holsinger 1991; Ellstrand and Elam 1993). Even earlier, con-
servation biologists realised that theoretical inferences from
population genetics are directly relevant to metrics including
effective population size, inbreeding, and population fitness
(Shaffer 1981; Frankham 2005; Frankel 1974). At the time, ap-
plication of such data was limited by the types and scale of ge-
netic information available for threatened taxa. This led some
to argue that because conservation is a science of urgency,
demographic and habitat changes are of more immediate

importance than population genetics (Lande 1988; Caro and
Laurenson 1994). In the last 45years, we have seen a shift in
the quantity and quality of genomic data, as well as necessary
analytical methods, that are directly applicable to conserva-
tion (Kardos et al. 2021; Clancey et al. 2024). Genomics now
informs many critical questions in conservation, ranging from
evaluating adaptive potential to making decisions on translo-
cations and genetic rescue (Shaffer et al. 2015). Although the
debate over how to integrate genomics into on-the-ground con-
servation is still ongoing (Shafer et al. 2015; Hoban et al. 2023;
Hogg 2024; Bertola et al. 2024), genomic data are now rou-
tinely used in decision-making (Whiteley et al. 2015; Forester,
Murphy, et al. 2022; Meek et al. 2023; Funk et al. 2012) and
increasingly incorporated into conservation policy (Kershaw
et al. 2022; Funk et al. 2019). The future of conservation will
likely include ever more sophisticated applications of genomic
resources as we manage biodiversity in our rapidly changing
world (Allendorf et al. 2022).

Given the last 40years of advances in integrating genomics
into conservation, the challenge that remains is to focus our
efforts on genomic resource coldspots. Our results suggest
that the strategic path forward is to generate more genomic
resources in the Global South, where biodiversity is high, but
resources are comparatively low. This dovetails with a crit-
ical need for this work to be done equitably. Sustainable ad-
vancement of conservation genomics globally requires not
only international collaborations between well-resourced and
under-resourced countries but also local capacity building.
This includes expanding training in molecular methods and
bioinformatics, and redistribution of resources and financial
support so that genomic studies can be led by Global South
researchers (Asase et al. 2022; Barber et al. 2014; Gonzalez
et al. 2023). Fortunately, successful models exist, including
the ConGen workshop, which invites international partici-
pants and combines conceptual lectures with hands-on anal-
ysis practice led by conservation genomics experts (Stahlke
et al. 2020), the Nigerian Bioinformatics and Genomics
Network, which fosters training of Nigerian researchers and
facilitates international collaborations (Fatumo et al. 2020),
and the Amphibian Genomics Consortium, an international
effort to increase access to genomics knowledge and research
collaborations (Kosch et al. 2024). An important role for
Global North researchers is supporting these and other efforts,
especially those led by Global South researchers. Finally,
established Global North researchers should ensure their
mentees are trained in developing equitable international
collaborations, which will promote equity in the future and
have cascading positive impacts on our research community
(Haelewaters et al. 2021).

The field of conservation genomics has grown substantially, as
has recognition that wildlife management is more effective with
the integration of genomic data. The rise of new technologies,
approaches, and bioinformatics pipelines has certainly contrib-
uted to this growth and promises to keep the pace of genomic
studies high. Our review suggests that strategic development of
genomic resources in the world's biodiversity hotspots should
go hand-in-hand with provisioning of resources, funding, and
capacity building for local scientists in these regions. This
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will maximise our success in this grand challenge for Earth's
biodiversity.

Author Contributions

We followed Civic Laboratory for Environmental Action Research
(CLEAR)'s equity in author order guidelines to assign author order for
this paper (Liboiron et al. 2017). C.M.C., A.S.-E., A.E.B., T.X.,, R LW.A.,
C.M.A.-L.,,M.P,,J.J.J,, H.CT,, EW.B,K.R.Z., A.M.B.: designed and im-
plemented the study. C.M.C., A.S.-E., A.E.B., G.A.-F., T.X., RLW.A,,
C.M.A.-L., M.P, EW.B., K.R.Z., A.M.B.: contributed to paper reviews
and data extraction. A.S.-E., A.E.B., G.A.-F., T.X.,J.J.J,, HC.T., A M.B.:
contributed to the design and implementation of figures and statistical
analyses. C.M.C.,, A.S.-E., A.E.B., G.A.-F,, T.X., RLW.A., CM.A.-L.,
J.J.J, H.C.T., K.R.Z., A.M.B.: contributed to writing for the first version
of the manuscript. All authors read, edited, and approved the final ver-
sion of the manuscript.

Acknowledgements

We thank Chase Smith for contributions during the early stages of
project development; Nicole Wonderlin and Ruben Tovar for feedback
on figures and data analysis; David Ledesma for useful conversations
throughout the project; and Boming Yang for useful discussions on
data analysis and results. During the preparation of this study, G.A.-F.
was supported by a scholarship from the Programa de Doutorado-
sanduiche no Exterior (PDSE) funded by the Coordenacdo de
Aperfeicoamento de Pessoal de Nivel Superior (CAPES) and M.P. was
supported by a summer fellowship from REPU (Research Experience
for Peruvian Undergraduates). This study was funded in part by NSF
Grant DEB-2151540 and funds from the College of Natural Sciences at
UT Austin.

Disclosure

Positionality Statement: We are a group of collaborators with na-
tional origins and recent ancestry spanning the Global North and the
Global South. As a group, we have experience in international collab-
orations involving fieldwork in biodiversity conservation and research
across North America, Central America, South America, Europe, the
Caribbean, and Africa. We also represent multiple career stages and
research expertise relevant to amphibian and reptile conservation and
genomics. It is through our varied lenses of personal and professional
identities that we present our perspectives and calls for advancement in
global genomic resource sharing and capacity building.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

All data included in this review can be found in Appendix S1, which
is an Excel file containing all studies that were included in the Data
Extraction phase, and all columns of data derived from those stud-
ies in Table 1; study counts by country in Table 2; relative amphibian
richness (number of studies vs. per-country richness) in Table 3; and
relative reptile richness in Table 4. Supporting Information, system-
atic search parameters, and associated tables and figures are found in
Appendix S2. Additional Supporting Information, tables and graphs are
found in Appendix S3. Data and R scripts are also available at: https://
github.com/gabferreira/Coldspots_in_genomic_resources [data to be
uploaded upon acceptance].

Benefit-Sharing Statement

Benefits from this research accrue from the sharing of our data
and results on public databases as described in Data Accessibility
Statement.

References

Allendorf, F. W., W. C. Funk, S. N. Aitken, M. Byrne, and G. Luikart.
2022. Conservation and the Genomics of Populations. 3rd ed. Oxford
University Press.

Armenteras, D. 2021. “Guidelines for Healthy Global Scientific
Collaborations.” Nature Ecology & Evolution 5, no. 9: 1193-1194.

Asase, A., T. I. Mzumara-Gawa, J. O. Owino, A. T. Peterson, and E.
Saupe. 2022. “Replacing ‘Parachute Science’ With ‘Global Science’ in
Ecology and Conservation Biology.” Conservation Science and Practice
4, no. 5:e517.

Barber, P. H.,, M. C. A. Ablan-Lagman, Ambariyanto, et al. 2014.
“Advancing Biodiversity Research in Developing Countries: The Need
for Changing Paradigms.” Bulletin of Marine Science 90, no. 1: 187-210.

Bay, R. A., R. J. Harrigan, V. Le Underwood, H. L. Gibbs, T. B. Smith,
and K. Ruegg. 2018. “Genomic Signals of Selection Predict Climate-
Driven Population Declines in a Migratory Bird.” Science 359, no. 6371:
83-86.

Bernanke, J., and H.-R. Kohler. 2009. “The Impact of Environmental
Chemicals on Wildlife Vertebrates.” In Reviews of Environmental
Contamination and Toxicology, edited by D. M. Whitacre, 1-47. Springer
New York.

Bertola, L. D., A. Briiniche-Olsen, F. Kershaw, et al. 2024. “A
Pragmatic Approach for Integrating Molecular Tools Into Biodiversity
Conservation.” Conservation Science and Practice 6, no. 1: €13053.
https://doi.org/10.1111/csp2.13053.

Bohutinska, M., J. V1¢ek, S. Yair, et al. 2021. “Genomic Basis of Parallel
Adaptation Varies With Divergence in Arabidopsis and Its Relatives.”
Proceedings of the National Academy of Sciences of the United States of
America 118, no. 21: e2022713118. https://doi.org/10.1073/pnas.20227
13118.

Bonnet, T., M. B. Morrissey, P. de Villemereuil, et al. 2022. “Genetic
Variance in Fitness Indicates Rapid Contemporary Adaptive Evolution
in Wild Animals.” Science 376, no. 6596: 1012-1016.

Buck, M., and C. Hamilton. 2011. “The Nagoya Protocol on Access to
Genetic Resources and the Fair and Equitable Sharing of Benefits Arising
From Their Utilization to the Convention on Biological Diversity.”
Review of European Community and International Environmental Law
20, no. 1: 47-61.

Campos-Arceiz, A., R. B. Primack, A. J. Miller-Rushing, and M. Maron.
2018. “Striking Underrepresentation of Biodiversity-Rich Regions
Among Editors of Conservation Journals.” Biological Conservation 220:
330-333.

Cannon, A.J.2020. “Reductions in Daily Continental-Scale Atmospheric
Circulation Biases Between Generations of Global Climate Models:
CMIP5 to CMIP6.” Environmental Research Letters: ERL 15, no. 6:
64006.

Carneiro, C. M., A. Shields-Estrada, A. E. Boville, et al. 2025. “Toward
a Global Science of Conservation Genomics: Coldspots in Genomic
Resources Highlight A Need for Equitable Collaborations and Capacity
Building.” Github Repository. https://github.com/gabferreira/Colds
pots_in_genomic_resources.

Caro, T. M., and M. K. Laurenson. 1994. “Ecological and Genetic Factors
in Conservation: A Cautionary Tale.” Science 263, no. 5146: 485-486.

Clancey, E., A. MacPherson, R. G. Cheek, et al. 2024. “Unraveling
Adaptive Evolutionary Divergence at Microgeographic Scales.”
American Naturalist 203, no. 2: E35-E49.

Crenshaw, K. 1991. “Mapping the Margins: Intersectionality, Identity
Politics, and Violence Against Women of Color.” Stanford Law Review
43:1241-1299.

Csardi, G., T. Nepusz, V. Traag, et al. 2023. “Igraph: Network Analysis
and Visualization.” R Package Version 1.5. 1, 2023.

150f 18

ASUAOIT suowwo)) dANear) afqedrfdde oy £q pauIoA0S a1e so[dNIE Y (SN JO $INI 10§ AIRIQIT dUI[UQ AS[IAN UO (SUONIPUOD-PUB-SULIA)/WOY" KAIm " AIeIqrjauruoy/:sdny) suonipuo) pue swid ], 3yl 99§ [S70T/S0/¢] uo A1eiqr auruQ A1 ‘67LL1 W/ [ [ ['01/10p/wod Ko[im’Areiqiout[uo//:sdny wolj papeo[umo( ‘0 ‘Xy67S9¢ [



Cyriac, V. P, S. Dharwadkar, A. Mital, and A. V. Mohan. 2022. “70 Years
of Herpetology in India: Insights into Shifts in Focal Research Areas
and Gender Ratios Among Authors.” Amphibia-Reptilia: Publication of
the Societas Europaea Herpetologica 43, no. 2: 141-153.

de Grijs, R. 2015. “Ten Simple Rules for Establishing International
Research Collaborations.” PLoS Computational Biology 11, no. 10:
€1004311.

de Vos, A., and M. W. Schwartz. 2022. “Confronting Parachute Science
in Conservation.” Conservation Science and Practice 4, no. 5: €12681.
https://doi.org/10.1111/csp2.12681.

Decena, S. C. P, C. A. Avorque, 1. C. P. Decena, P. D. Asis, and B. Pacle.
2020. “Impact of Habitat Alteration on Amphibian Diversity and Species
Composition in a Lowland Tropical Rainforest in Northeastern Leyte,
Philippines.” Scientific Reports 10, no. 1: 10547.

Demery, A.-J. C., and M. A. Pipkin. 2021. “Safe Fieldwork Strategies
for At-Risk Individuals, Their Supervisors and Institutions.” Nature
Ecology & Evolution 5, no. 1: 5-9.

Dixon, G. B., S. W. Davies, G. A. Aglyamova, E. Meyer, L. K. Bay, and
M. V. Matz. 2015. “CORAL REEFS. Genomic Determinants of CORAL
Heat Tolerance Across Latitudes.” Science 348, no. 6242: 1460-1462.

Ebenezer, T. E., A. W. T. Muigai, S. Nouala, et al. 2022. “Africa: Sequence
100,000 Species to Safeguard Biodiversity.” Nature 603, no. 7901: 388—
392. https://doi.org/10.1038/d41586-022-00712-4.

Ellstrand,N.C.,and D.R. Elam. 1993. “Population Genetic Consequences
of Small Population Size: Implications for Plant Conservation.” Annual
Review of Ecology, Evolution, and Systematics 24: 217-242.

Falk, D. A., and K. E. Holsinger, eds. 1991. Genetics and Conservation of
Rare Plants. 1st ed. Oxford University Press.

Fan, P.-F., L. Yang, Y. Liu, and T. M. Lee. 2020. “Build Up Conservation
Research Capacity in China for Biodiversity Governance.” Nature
Ecology & Evolution 4, no. 9: 1162-1167.

Fatumo, S., T. E. Ebenezer, C. Ekenna, et al. 2020. “The Nigerian
Bioinformatics and Genomics Network (NBGN): A Collaborative
Platform to Advance Bioinformatics and Genomics in Nigeria.” Global
Health, Epidemiology and Genomics 5: e3.

Feiner, N., M. Brun-Usan, and T. Uller. 2021. “Evolvability and
Evolutionary Rescue.” Evolution & Development 23, no. 4: 308-319.

Fick, S., and R. Hijmans. 2017. “WorldClim 2: New 1-Km Spatial
Resolution Climate Surfaces for Global Land Areas.” International
Journal of Climatology 37, no. 12: 4302-4315. https://doi.org/10.1002/
joc.5086.

Fitak, R. R., J. D. Antonides, E. J. Baitchman, et al. 2019. “The
Expectations and Challenges of Wildlife Disease Research in the Era of
Genomics: Forecasting With a Horizon Scan-Like Exercise.” Journal of
Heredity 110, no. 3: 261-274.

Fitzpatrick, S. W., G. S. Bradburd, C. T. Kremer, P. E. Salerno, L. M.
Angeloni, and W. C. Funk. 2020. “Genomic and Fitness Consequences
of Genetic Rescue in Wild Populations.” Current Biology: CB 30, no. 3:
517-522.

Fitzpatrick, S. W., and W. C. Funk. 2021. “Genomics for Genetic
Rescue.” In Population Genomics: Wildlife, edited by P. A. Hohenlohe
and O. P. Rajora, 437-471. Springer International Publishing.

Foden, W. B., S. H. M. Butchart, S. N. Stuart, et al. 2013. “Identifying the
World's Most Climate Change Vulnerable Species: A Systematic Trait-
Based Assessment of all Birds, Amphibians and Corals.” PLoS One 8,
no. 6: €65427. https://doi.org/10.1371/journal.pone.0065427.

Foden, W. B., B. E. Young, H. R. Akc¢akaya, et al. 2019. “Climate Change
Vulnerability Assessment of Species.” Wiley Interdisciplinary Reviews:
Climate Change 10, no. 1: e551.

Forester, B. R., E. A. Beever, C. Darst, J. Szymanski, and W. C. Funk.
2022. “Linking Evolutionary Potential to Extinction Risk: Applications

and Future Directions.” Frontiers in Ecology and the Environment 20,
no. 9: 507-515.

Forester, B. R., C. C. Day, K. Ruegg, and E. L. Landguth. 2023.
“Evolutionary Potential Mitigates Extinction Risk Under Climate
Change in the Endangered Southwestern Willow Flycatcher.” Journal
of Heredity 114, no. 4: 341-353.

Forester, B. R., M. Murphy, C. Mellison, et al. 2022. “Genomics-
Informed Delineation of Conservation Units in a Desert Amphibian.”
Molecular Ecology 31, no. 20: 5249-5269.

Frankel, O. H. 1974. “Genetic Conservation: Our Evolutionary
Responsibility.” Genetics 78, no. 1: 53-65.

Frankham, R. 2005. “Genetics and Extinction.” Biological Conservation
126, no. 2: 131-140.

Frankham, R. 2015. “Genetic Rescue of Small Inbred Populations:
Meta-Analysis Reveals Large and Consistent Benefits of Gene Flow.”
Molecular Ecology 24, no. 11: 2610-2618.

Frost, D. R.2024. “Amphibian Species of the World: An Online Reference.”
Version 6.2. http://research.amnh.org/vz/herpetology/amphibia/.

Funk, W. C., J. K. McKay, P. A. Hohenlohe, and F. W. Allendorf. 2012.
“Harnessing Genomics for Delineating Conservation Units.” Trends in
Ecology & Evolution 27, no. 9: 489-496.

Funk, W. C., B. R. Forester, S. J. Converse, C. Darst, and S. Morey. 2019.
“Improving Conservation Policy With Genomics: A Guide to Integrating
Adaptive Potential Into U.S. Endangered Species Act Decisions for
Conservation Practitioners and Geneticists.” Conservation Genetics 20,
no. 1: 115-134.

Genome 10K Community of Scientists. 2009. “Genome 10K: A Proposal
to Obtain Whole-Genome Sequence for 10 000 Vertebrate Species.”
Journal of Heredity 100, no. 6: 659-674.

GIGA Community of Scientists, H. Bracken-Grissom, A. G. Collins,
et al. 2014. “The Global Invertebrate Genomics Alliance (GIGA):
Developing Community Resources to Study Diverse Invertebrate
Genomes.” Journal of Heredity 105, no. 1: 1-18.

Gonzalez, A., P. Vihervaara, P. Balvanera, et al. 2023. “A Global
Biodiversity Observing System to Unite Monitoring and Guide Action.”
Nature Ecology & Evolution 7, no. 12: 1947-1952.

Haelewaters, D., T. A. Hofmann, and A. L. Romero-Olivares. 2021.
“Ten Simple Rules for Global North Researchers to Stop Perpetuating
Helicopter Research in the Global South.” PLoS Computational Biology
17, no. 8: €1009277.

Heuertz, M., S. B. Carvalho, J. Galindo, et al. 2023. “The Application
Gap: Genomics for Biodiversity and Ecosystem Service Management.”
Biological Conservation 278: 109883.

Hijmans, R. J., R. Bivand, K. Forner, J. Ooms, E. Pebesma, and M. D.
Sumner. 2022. Package ‘terra.’. Vienna, Austria.

Hoban, S., M. W. Bruford, M. da Silva Jessica, et al. 2023. “Genetic
Diversity Goals and Targets Have Improved, but Remain Insufficient for
Clear Implementation of the Post-2020 Global Biodiversity Framework.”
Conservation Genetics 24, no. 2: 181-191. https://doi.org/10.1007/s1059
2-022-01492-0.

Hoban, S.,J. L. Kelley, K. E. Lotterhos, et al. 2016. “Finding the Genomic
Basis of Local Adaptation: Pitfalls, Practical Solutions, and Future
Directions.” American Naturalist 188, no. 4: 379-397.

Hogg, C. J. 2024. “Translating Genomic Advances Into Biodiversity
Conservation.” Nature Reviews. Genetics 25, no. 5: 362-373.

Hohenlohe, P. A., W. C. Funk, and O. P. Rajora. 2021. “Population
Genomics for Wildlife Conservation and Management.” Molecular
Ecology 30, no. 1: 62-82.

Humble, E., P. Dobrynin, H. Senn, et al. 2020. “Chromosomal-Level
Genome Assembly of the Scimitar-Horned Oryx: Insights Into Diversity

16 of 18

Molecular Ecology, 2025

ASUAOIT suowwo)) dANear) afqedrfdde oy £q pauIoA0S a1e so[dNIE Y (SN JO $INI 10§ AIRIQIT dUI[UQ AS[IAN UO (SUONIPUOD-PUB-SULIA)/WOY" KAIm " AIeIqrjauruoy/:sdny) suonipuo) pue swid ], 3yl 99§ [S70T/S0/¢] uo A1eiqr auruQ A1 ‘67LL1 W/ [ [ ['01/10p/wod Ko[im’Areiqiout[uo//:sdny wolj papeo[umo( ‘0 ‘Xy67S9¢ [



and Demography of a Species Extinct in the Wild.” Molecular Ecology
Resources 20, no. 6: 1668-1681.

Humble, E., M. A. Stoffel, K. Dicks, et al. 2023. “Conservation
Management Strategy Impacts Inbreeding and Mutation Load in
Scimitar-Horned Oryx.” Proceedings of the National Academy of Sciences
of the United States of America 120, no. 18: €2210756120.

TUCN. 2024. “The IUCN Red List of Threatened Species.” 2024. https://
www.iucnredlist.org.

Johnson, A., S. Saypanya, T. Hansel, and M. Rao. 2022. “More Than
an Academic Exercise: Structuring International Partnerships to
Build Research and Professional Capacity for Conservation Impact.”
Conservation Science and Practice 4, no. 5: €539. https://doi.org/10.1111/
csp2.539.

Kardos, M., E. E. Armstrong, S. W. Fitzpatrick, et al. 2021. “The Crucial
Role of Genome-Wide Genetic Variation in Conservation.” Proceedings
of the National Academy of Sciences of the United States of America 118,
no. 48: e2104642118. https://doi.org/10.1073/pnas.2104642118.

Kardos, M., and A. B. A. Shafer. 2018. “The Peril of Gene-Targeted
Conservation.” Trends in Ecology & Evolution 33, no. 11: 827-839.

Kariyawasam, K., and M. Tsai. 2018. “Access to Genetic Resources
and Benefit Sharing: Implications of Nagoya Protocol on Providers and
Users.” Journal of World Intellectual Property 21, no. 5-6: 289-305.

Keagy, J., C. P. Drummond, K. J. Gilbert, et al. 2023. “Landscape
Transcriptomics as a Tool for Addressing Global Change Effects Across
Diverse Species.” Molecular Ecology Resources: 1-16. https://doi.org/10.
1111/1755-0998.13796.

Keppel, G., C. Morrison, D. Watling, M. Tuiwawa, and I. Rounds. 2012.
“Conservation in Tropical Pacific Island Countries: Why Most Current
Approaches Are Failing.” Conservation Letters 5, no. 4: 256-265. https://
doi.org/10.1111/j.1755-263X.2012.00243.x.

Kershaw, F., M. W. Bruford, W. C. Funk, et al. 2022. “The Coalition
for Conservation Genetics: Working Across Organizations to Build
Capacity and Achieve Change in Policy and Practice.” Conservation
Science and Practice 4, no. 4: €12635. https://doi.org/10.1111/csp2.12635.

Konapala, G., A. K. Mishra, Y. Wada, and M. E. Mann. 2020. “Climate
Change Will Affect Global Water Availability Through Compounding
Changes in Seasonal Precipitation and Evaporation.” Nature
Communications 11, no. 1: 3044.

Kosch, T. A., C.N.S. Silva, L. A. Brannelly, et al. 2019. “Genetic Potential
for Disease Resistance in Critically Endangered Amphibians Decimated
by Chytridiomycosis.” Animal Conservation 22, no. 3: 238-250.

Kosch, T. A., M. Torres-Sanchez, H. C. Liedtke, et al. 2024. “The
Amphibian Genomics Consortium: Advancing Genomic and Genetic
Resources for Amphibian Research and Conservation.” BMC Genomics
25:1025. https://doi.org/10.1186/s12864-024-10899-7.

Lande, R. 1988. “Genetics and Demography in Biological Conservation.”
Science 241, no. 4872: 1455-1460.

Lewin, H. A., G. E. Robinson, W. J. Kress, et al. 2018. “Earth BioGenome
Project: Sequencing Life for the Future of Life.” Proceedings of the
National Academy of Sciences of the United States of America 115, no. 17:
4325-4333. https://doi.org/10.1073/pnas.1720115115.

Liboiron, M., J. Ammendolia, K. Winsor, et al. 2017. “Equity in Author
Order: A Feminist Laboratory's Approach.” Catalysts 3, no. 2: 1-17.

Linck, E. B, and C. D. Cadena. 2024. “A Latitudinal Gradient of
Reference Genomes.” Molecular Ecology: e17551.

Loépez-Alcaide, S., and R. Macip-Rios. 2011. “Effects of Climate Change
in Amphibians and Reptiles.” In Biodiversity Loss in a Changing Planet,
edited by O. Grillo and G. Venora. InTech.

Lorch, J. M., S. Knowles, J. S. Lankton, et al. 2016. “Snake Fungal
Disease: An Emerging Threat to Wild Snakes.” Philosophical

Transactions of the Royal Society of London. Series B, Biological Sciences
371, no. 1709: 20150457. https://doi.org/10.1098/rstb.2015.0457.

McMahon, B. J., E. C. Teeling, and J. Hoglund. 2014. “How and Why
Should we Implement Genomics Into Conservation?” Evolutionary
Applications 7, no. 9: 999-1007.

Meek, M. H., E. A. Beever, S. Barbosa, et al. 2023. “Understanding Local
Adaptation to Prepare Populations for Climate Change.” Bioscience 73,
no. 1: 36-47.

Meneses, C. G., K. M. E. Pitogo, C. E. Supsup, and R. M. Brown.
2024. “Philippine Herpetology (Amphibia, Reptilia), 20 Years on: Two
Decades of Progress Towards an Increasingly Collaborative, Equitable,
and Inclusive Approach to the Study of the Archipelago's Amphibians
and Reptiles.” ZooKeys 1190: 213-257.

Mi, C., L. Ma, M. Yang, et al. 2023. “Global Protected Areas as
Refuges for Amphibians and Reptiles Under Climate Change.” Nature
Communications 14, no. 1: 1389.

Miller, J., T. B. White, and A. P. Christie. 2023. “Parachute Conservation:
Investigating Trends in International Research.” Conservation Letters
16, no. 3: €12947. https://doi.org/10.1111/conl.12947.

Mittell, E. A., S. Nakagawa, and J. D. Hadfield. 2015. “Are Molecular
Markers Useful Predictors of Adaptive Potential?” Ecology Letters 18,
no. 8: 772-778.

Mwampamba, T. H., B. N. Egoh, I. Borokini, and K. Njabo. 2022.
“Challenges Encountered When Doing Research Back Home:
Perspectives From African Conservation Scientists in the Diaspora.”
Conservation Science and Practice 4, no. 5: €564. https://doi.org/10.1111/
csp2.564.

Nicotra, A. B., E. A. Beever, A. L. Robertson, G. E. Hofmann, and J.
O'Leary. 2015. “Assessing the Components of Adaptive Capacity to
Improve Conservation and Management Efforts Under Global Change.”
Conservation Biology: The Journal of the Society for Conservation Biology
29, no. 5:1268-1278.

Ocampo-Ariza, C., M. Toledo-Hernéndez, F. Libran-Embid, et al. 2023.
“Global South Leadership Towards Inclusive Tropical Ecology and
Conservation.” Perspectives in Ecology and Conservation 21, no. 1: 17-24.

Omotoso, O. E., J. O. Teibo, F. A. Atiba, T. Oladimeji, A. O. Adebesin,
and A. O. Babalghith. 2022. “Bridging the Genomic Data Gap in Africa:
Implications for Global Disease Burdens.” Globalization and Health 18,
no. 1: 103.

Orlowsky, B., and S. I. Seneviratne. 2012. “Global Changes in Extreme
Events: Regional and Seasonal Dimension.” Climatic Change 110, no.
3:669-696.

Ouzzani, M., H. Hammady, Z. Fedorowicz, and A. Elmagarmid. 2016.
“Rayyan—A Web and Mobile App for Systematic Reviews.” Systematic
Reviews 5, no. 1: 210.

Pardo-Diaz, C., C. Salazar, and C. D. Jiggins. 2015. “Towards the
Identification of the Loci of Adaptive Evolution.” Methods in Ecology
and Evolution 6, no. 4: 445-464.

Partelow, S., A.-K. Hornidge, P. Senff, M. Stébler, and A. Schliiter. 2020.
“Tropical Marine Sciences: Knowledge Production in a Web of Path
Dependencies.” PLoS One 15, no. 2: e0228613.

Pedersen, T. L. 2024. “Ggraph: An Implementation of Grammar of
Graphics for Graphs and Networks.” https://ggraph.data-imaginist.com.

Polato, N. R., B. A. Gill, A. A. Shah, et al. 2018. “Narrow Thermal
Tolerance and Low Dispersal Drive Higher Speciation in Tropical
Mountains.” Proceedings of the National Academy of Sciences of the
United States of America 115, no. 49: 12471-12476.

Powers, R. P., and W. Jetz. 2019. “Global Habitat Loss and Extinction
Risk of Terrestrial Vertebrates Under Future Land-Use-Change
Scenarios.” Nature Climate Change 9, no. 4: 323-329.

17 of 18

ASUAOIT suowwo)) dANear) afqedrfdde oy £q pauIoA0S a1e so[dNIE Y (SN JO $INI 10§ AIRIQIT dUI[UQ AS[IAN UO (SUONIPUOD-PUB-SULIA)/WOY" KAIm " AIeIqrjauruoy/:sdny) suonipuo) pue swid ], 3yl 99§ [S70T/S0/¢] uo A1eiqr auruQ A1 ‘67LL1 W/ [ [ ['01/10p/wod Ko[im’Areiqiout[uo//:sdny wolj papeo[umo( ‘0 ‘Xy67S9¢ [



Price, F., L. Randriamiharisoa, and D. H. Klinges. 2023. “Enhancing
Demographic Diversity of Scientist-Community Collaborations
Improves Wildlife Monitoring in Madagascar.” Biological Conservation
288:110377.

Ramirez-Castaneda, V., E. P. Westeen, J. Frederick, et al. 2022. “A
Set of Principles and Practical Suggestions for Equitable Fieldwork in
Biology.” Proceedings of the National Academy of Sciences of the United
States of America 119, no. 34: €2122667119.

Robinson, G. E., K. J. Hackett, M. Purcell-Miramontes, et al. 2011.
“Creating a Buzz About Insect Genomes.” Science 331, no. 6023: 1386.

Rossetto, M., J.-Y. S. Yap, J. Lemmon, et al. 2021. “A Conservation
Genomics Workflow to Guide Practical Management Actions.” Global
Ecology and Conservation 26: €01492.

Savolainen, O., M. Lascoux, and J. Merild. 2013. “Ecological Genomics
of Local Adaptation.” Nature Reviews. Genetics 14, no. 11: 807-820.

Scheele, B. C., F. Pasmans, L. F. Skerratt, et al. 2019. “Amphibian Fungal
Panzootic Causes Catastrophic and Ongoing Loss of Biodiversity.”
Science 363, no. 6434: 1459-1463.

Schonewald-Cox, C., S. M. Chambers, B. Macbryde, and W. L. Thomas.
1983. Genetics and Conservation: A Reference for Managing Wild Animal
and Plant Populations. Blackburn Press.

Seaborn, T., K. R. Andrews, C. V. Applestein, et al. 2021. “Integrating
Genomics in Population Models to Forecast Translocation Success.”
Restoration Ecology 29, no. 4: €13395. https://doi.org/10.1111/rec.13395.

Seaborn, T., D. Griffith, A. Kliskey, and C. C. Caudill. 2021. “Building
a Bridge Between Adaptive Capacity and Adaptive Potential to
Understand Responses to Environmental Change.” Global Change
Biology 27, no. 12: 2656-2668.

Shafer, A. B. A.,J. B. W. Wolf, P. C. Alves, et al. 2015. “Genomics and the
Challenging Translation Into Conservation Practice.” Trends in Ecology
& Evolution 30, no. 2: 78-87.

Shaffer,H.B.,M. Gidis, E. McCartney-Melstad, etal. 2015. “Conservation
Genetics and Genomics of Amphibians and Reptiles.” Annual Review of
Animal Biosciences 3, no. January: 113-138.

Shaffer, H. B., E. Toffelmier, R. B. Corbett-Detig, et al. 2022. “Landscape
Genomics to Enable Conservation Actions: The California Conservation
Genomics Project.” Journal of Heredity 113, no. 6: 577-588.

Shaffer, M. L. 1981. “Minimum Population Sizes for Species
Conservation.” Bioscience 31, no. 2: 131-134.

Sinervo, B., F. Méndez-de-la-Cruz, D. B. Miles, et al. 2010. “Erosion
of Lizard Diversity by Climate Change and Altered Thermal Niches.”
Science 328, no. 5980: 894-899. https://doi.org/10.1126/science.1184695.

Soares, L., K. L. Cockle, E. Ruelas Inzunza, et al. 2023. “Neotropical
Ornithology: Reckoning With Historical Assumptions, Removing
Systemic Barriers, and Reimagining the Future.” Ornithological
Applications 125, no. 1: 1-31. https://doi.org/10.1093/ornithapp/duac046.

Stahlke, A., D. Bell, T. Dhendup, et al. 2020. “Population Genomics
Training for the Next Generation of Conservation Geneticists: ConGen
2018 Workshop.” Journal of Heredity 111, no. 2: 227-236.

Stefanoudis, P. V., W. Y. Licuanan, T. H. Morrison, S. Talma, J. Veitayaki,
and L. C. Woodall. 2021. “Turning the Tide of Parachute Science.”
Current Biology: CB 31, no. 4: R184-R185.

Supple, M. A., and B. Shapiro. 2018. “Conservation of Biodiversity in the
Genomics Era.” Genome Biology 19, no. 1: 131.

Tan, Y., C.-Y. Ma, X.-X. Li, G.-D. Han, and Y.-W. Dong. 2023. “Genome-
Wide Sequencing Identifies a Thermal-Tolerance Related Synonymous
Mutation in the Mussel, Mytilisepta Virgata.” Communications Biology
6, no. 1: 5.

Teeling, E. C., S. C. Vernes, L. M. Davalos, et al. 2018. “Bat Biology,
Genomes, and the BatlK Project: To Generate Chromosome-Level

Genomes for all Living Bat Species.” Annual Review of Animal
Biosciences 6: 23-46.

Tewksbury, J. J., R. B. Huey, and C. A. Deutsch. 2008. “Ecology. Putting
the Heat on Tropical Animals.” Science 320, no. 5881: 1296-1297.

Theissinger, K., C. Fernandes, G. Formenti, et al. 2023. “How Genomics
Can Help Biodiversity Conservation.” Trends in Genetics: TIG 39, no. 7:
545-559.

Tseng, M., R. W. El-Sabaawi, M. B. Kantar, J. H. Pantel, D. S. Srivastava,
and J. L. Ware. 2020. “Strategies and Support for Black, Indigenous, and
People of Colour in Ecology and Evolutionary Biology.” Nature Ecology
& Evolution 4, no. 10: 1288-1290.

Uetz, P. H., M. Patel, Z. Gbadamosi, J. Nguyen, and S. Shoope. 2024. “A
Reference Database of Reptile Images.” Taxonomy 4: 723-732. https://
doi.org/10.3390/taxonomy4040038.

UNCTAD. 2023. Handbook of Statistics 2023 - Classification of Global
Economies. United Nations Conference on Trade and Development.
https://hbs.unctad.org/classifications/.

UNESCO. 2010. UNESCO Science Report 2010: The Current Status of
Science Around the World. UNESCO.

Utset, E. 2024. “Combating Parachute Science in Latin America
Through Indigenous Agency.” Conservation Biology: The Journal of the
Society for Conservation Biology 38, no. 2: e14217.

Wang, W., C. Feng, F. Liu, and J. Li. 2020. “Biodiversity Conservation
in China: A Review of Recent Studies and Practices.” Environmental
Science and Ecotechnology 2: 100025.

Wei, F., X. Ping, Y. Hu, Y. Nie, Y. Zeng, and G. Huang. 2021. “Main
Achievements, Challenges, and Recommendations of Biodiversity
Conservation in China.” Bulletin of Chinese Academy of Sciences
(Chinese Version) 36, no. 4: 375-383.

Wei, P., J. Chen, Y. Duan, Y. Song, Z. Wang, and Z. Yuan. 2022. “More
Accurate, Consistent, and Reliable Data for Amphibian Species Are
Needed From China's Nature Reserves.” Conservation Science and
Practice 5: €12872. https://doi.org/10.1111/csp2.12872.

Whiteley, A. R., S. W. Fitzpatrick, W. C. Funk, and D. A. Tallmon. 2015.
“Genetic Rescue to the Rescue.” Trends in Ecology & Evolution 30, no.
1: 42-49.

Wickham, H. 2016. ggplot2: Elegant Graphics for Data Analysis.
Springer-Verlag New York. https://ggplot2.tidyverse.org.

Wold, J., K.-P. Koepfli, S. J. Galla, et al. 2021. “Expanding the
Conservation Genomics Toolbox: Incorporating Structural Variants
to Enhance Genomic Studies for Species of Conservation Concern.”
Molecular Ecology 30, no. 23: 5949-5965.

Zhang, G., C. Rahbek, G. R. Graves, F. Lei, E. D. Jarvis, and M. T. Gilbert.
2015. “Bird Sequencing Project Takes Off.” Nature 522: 34. https://doi.
0rg/10.1038/522034d.

Zhang, L., Z. Luo, D. Mallon, C. Li, and Z. Jiang. 2017. “Biodiversity
Conservation Status in China's Growing Protected Areas.” Biological
Conservation 210: 89-100.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section.

18 of 18

Molecular Ecology, 2025

ASUAOIT suowwo)) dANear) afqedrfdde oy £q pauIoA0S a1e so[dNIE Y (SN JO $INI 10§ AIRIQIT dUI[UQ AS[IAN UO (SUONIPUOD-PUB-SULIA)/WOY" KAIm " AIeIqrjauruoy/:sdny) suonipuo) pue swid ], 3yl 99§ [S70T/S0/¢] uo A1eiqr auruQ A1 ‘67LL1 W/ [ [ ['01/10p/wod Ko[im’Areiqiout[uo//:sdny wolj papeo[umo( ‘0 ‘Xy67S9¢ [



