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ABSTRACT

Savannahs are among the most threatened ecosystems in the world due to the rapid change in their land use for forestry, soybean
cultivation, and pasture. However, savannahs are less studied than tropical forest ecosystems despite this intense anthropogenic
pressure. As such, here we investigate the gaps and trends in scientific research on terrestrial vertebrates in tropical savannahs,
via a systematic search for scientific articles on the Web of Science platform. Subsequently, to identify the geographic distribution
of the studies, we divided the total number of articles by the area of the Savannah biome (in km?) that occurs in each country. Our
results show that Africa has a deficit in scientific research on terrestrial vertebrates compared to Oceania and South America,
and that this global trend in the distribution of studies is closely related to the Human Development Index. We also identified
land use change and fire dynamics as the most studied drivers of biodiversity loss, while invasive species and climate change
were the least well studied. Finally, our research revealed that about 80% of the articles focused on mammals and birds, and that
phylogenetic and functional diversity were the least studied dimensions of vertebrate biodiversity in tropical savannahs. These
results are concerning for conservation efforts, as they reveal not only a substantial geographic gap but also a limited and biased
understanding of savannah biodiversity.

1 | Introduction Cyperaceae, whose structure is strongly determined by the inter-

action between precipitation, fire, and dystrophic and sandy soils

Savannahs represent about 20% of all terrestrial ecosystems,
making them one of the largest biomes in the Tropics (Scholes
and Archer 1997), covering an area close to that of tropical for-
ests (Savannah: 19,575,000 km?; Tropical forests: 24,348,000 km?;
Murphy et al. 2016). The climate of the tropical Savannah region is
characterized by well-defined rainy and dry seasons, with average
annual rainfall ranging from 1000 to 2500 mm (Staver et al. 2011).
Tropical Savannahs are open ecosystems characterized by the
occurrence of shrubby-arboreal species with a predominance of
herbaceous plants, especially those of the genera Poaceae and

(Sankaran et al. 2005; Lloyd et al. 2008; Hoffmann et al. 2012;
Lehmann et al. 2014; Scholes and Archer 1997; Staver et al. 2011).
However, the magnitude of these factors varies substantially be-
tween continents. For example, in Africa and Australia, moisture
availability and fire explain two to three times the variation in veg-
etation structure in Savannahs as compared with South America
(Lehmann et al. 2014). The increased availability of moisture si-
multaneously promotes both an increase in plant biomass and in
the frequency and intensity of fires (Archibald et al. 2013). Higher
temperatures increase the photosynthetic rate of C4 grasses,
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generating greater plant biomass, and with warmer temperatures,
all this biomass is more likely to dry out, facilitating fuel accu-
mulation and increasing the intensity and frequency of fires in
seasonally dry environments (Bond and Midgley 2000; Ripley
et al. 2010), conditions widely found in the Savannahs of Africa
and Australia (Lehmann et al. 2014). However, for the Savannahs
of South America, acidic and infertile soils may be acting as con-
straints on both the distribution and structure of the vegetation
(Staver et al. 2011; Lehmann et al. 2011). Thus, precipitation, fire,
and soil conditions act as the main determinants of tree structure
and as stabilizing mechanisms that sustain tropical Savannahs
as predominantly open-canopy, grassy ecosystems. Tropical
Savannahs may also contain areas of seasonally flooded grass-
lands and islands of forest within the Savannah matrix (Bourli¢re
and Hadley 1970; Solbrig et al. 1996; Bond and Parr 2010; Ratnam
et al. 2011; Scholes and Archer 1997).

The landscape heterogeneity of tropical Savannahs means that
this biome is globally recognized for its high species richness and
endemism, in addition to being home to many endangered spe-
cies (Barbosa et al. 2007; Murphy et al. 2016; Carvalho and Mustin
2017; Pennington et al. 2018). The vertebrate biodiversity of tropi-
cal Savannahs is comparable to that of tropical forests (Pennington
et al. 2018). For example, globally, Savannahs have an average
richness of 78 mammal and 284 bird species per 10km?, compared
with an average richness of 87 mammal and 296 bird species per
10km? in tropical forests (Murphy et al. 2016). Furthermore, this
biome is essential for maintaining many of the ecosystem services
essential to humanity, such as water capture and the preservation
of streams, rivers, and water tables, in addition to carbon seques-
tration (Greiner et al. 2009; Pennington et al. 2018).

Despite their importance in terms of biodiversity and ecosystem
services, tropical Savannahs are among the most threatened
ecosystems in the world, mainly due to land use changes, which
have intensified in recent decades (Williams et al. 2022). Among
tropical ecosystems, Savannahs have shown the greatest losses of
forest cover (Hansen et al. 2013); between 2000 and 2013, approx-
imately 11% of their original area was lost (~655.000km?), which
is equivalent to the area of France (Williams et al. 2020). For ex-
ample, since the middle of the last century, the Savannahs of the
Piedmont Llanos in Colombia and the Brazilian Cerrado have
lost about 86% and 50% of their original area, respectively, mainly
due to the conversion of natural vegetation into agricultural areas
(Williams et al. 2020). This conversion includes soybean, corn
and rice crop fields, as well as sugar cane, eucalyptus and aca-
cia plantations, and the creation of pastures for livestock (Aragao
et al. 2022; Gomes et al. 2019; Klink and Machado 2005; Mustin
et al. 2017; Sano et al. 2010; Tovar et al. 2023). In addition to the di-
rect effects of land use and land cover changes, the conversion of
natural Savannah landscapes has significantly reduced precipita-
tion and relative humidity, which has led to more fires (Hoffmann
et al. 2002; Hoffman and Vogel 2008; Grégoire et al. 2012; Spera
et al. 2016). All these anthropogenic actions have led to severe de-
clines in biodiversity in Savannah ecosystems globally (Woinarski
et al. 2011; Scholte et al. 2022; Xavier et al. 2026a, 2026b).

Despite alarming habitat losses, Savannahs remain poorly
protected (Murphy et al. 2016; Pennington et al. 2018). In the
Pantropical region, approximately 13% of the Savannahs are
in areas designated for protecting and conserving biodiversity

(Murphy et al. 2016). However, less than 4% of these areas remain
intact (Murphy et al. 2016), while tropical forests have 25% of
their extensions in protected areas (Murphy et al. 2016; Watson
et al. 2016; Williams et al. 2022). In addition to the disparity in
protection efforts, there are significant biases in scientific re-
search, with most studies focusing on forest ecosystems and little
attention paid to the factors driving biodiversity loss in Savannahs
(Murphy et al. 2016; Pennington et al. 2018; Williams et al. 2022).
In this context, systematic reviews are essential to identify trends
and biases, contributing to the definition of new directions in
research that aim to expand knowledge and strengthen conser-
vation efforts for Savannah species, ecosystems, and habitats
(Scarpelli et al. 2020; Llorente-Culebras et al. 2023).

One of the main biases detected in global biodiversity reviews
is the taxonomic group studied, which has relevant implica-
tions for species conservation. Birds and mammals are among
the most extensively studied vertebrate groups (e.g., Llorente-
Culebras et al. 2023) and, consequently, have received greater
attention in conservation policies, resulting in broader repre-
sentation within management plans (Garcia-Macia et al. 2021).
In general, the number of published studies on biodiversity var-
ies between global regions, being closely related to the level of
development, the per capita income of each country or region,
and funding for scientific research, being greater in richer coun-
tries and the Global North (Fragoso 2024; Llorente-Culebras
et al. 2023; Titley et al. 2017). However, even in the most devel-
oped regions, most studies published on biodiversity over time
have focused on the taxonomic dimension. Ignoring the func-
tional (functional characteristics shared among the community)
and phylogenetic (evolutionary history shared by a set of species)
diversity of biodiversity means losing robustness in the search
for environmental solutions (Cianciaruso et al. 2009).

Here, we focus on terrestrial vertebrates in tropical Savannahs
and thus investigate the scientific knowledge about amphibians,
reptiles, birds, and mammals worldwide through a systematic
review of the available information in the literature. Specifically,
we (i) identify which terrestrial vertebrate groups (amphibians,
reptiles, birds, and mammals) have been most studied in tropi-
cal Savannahs, and (ii) analyze the distribution of studies across
geographic regions. Furthermore, we (iii) investigate the relation-
ship between the number of published studies and each coun-
try's Human Development Index (HDI), and (iv) identify which
diversity metrics are most used to measure biodiversity (e.g., tax-
onomic, functional, and phylogenetic diversity) in the compiled
studies. Finally, we (v) identify which of the main drivers of bio-
diversity loss in tropical ecosystems (land cover change, climate
change, fire dynamics, and exotic species) have been most studied
in order to highlight the threats to biodiversity and, thus, contrib-
ute to the direction of conservation plans for tropical Savannahs.

2 | Material and Methods

2.1 | Data Collection and Screening

We use the Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) as a guideline for data collection and

screening, which provides guidance for correctly reporting system-
atic scientific literature reviews (Page et al. 2021). We conducted

20f 16

Ecology and Evolution, 2026

85UB01 7 SUOWILLIOD SAIIEaID 8ol [dde ay) Aq peuienob 818 sajo1Le YO 9SN JO SaINJ 10) ARidTaUIIUQ AB]IA UO (SUOTHPUOD-PUR-SWLBIAL0D" A 1M ARe.d 1 jBul [Uo//Sdiy) SUONIPUOD pue swie | 8y} 88s *[9202/50/40] Uo Akeiqi8uliuo A8|Im ‘pLPeIN 8 ssuein(dwod pepsieAIun Aq ZT62. €398/200T 0T/I0P/W0d A8 1M AeIq1jeuluo//sdiy ol pepeojumoq ‘Z ‘9202 ‘85..5v02



our systematic search on the platform Web of Science using a
combination of the following keywords in English: (bird) and
(Savannah or Savannah), (mammal) and (Savannah or Savannah),
(amphibian) and (Savannah or Savannah), (reptile) and (Savannah
or Savannah). We opted for Web of Science because it is one of
the platforms with the broadest coverage of scientific articles and
presents a high overlap of search results with other platforms such
as Scopus or Google Scholar (e.g., Mongeon and Paul-Hus 2016;
Pranckuté 2021). The searches were carried out considering the
period from January 1945 to September 2025. We disregarded gray
literature (monographs, dissertations, theses, reports, and techni-
cal reports), conference proceedings, and scientific notes. After
searching, we obtained 3532 articles, of which 1560 were for birds,
1404 for mammals, 282 for reptiles, and 286 for amphibians.

2.2 | Exclusion Criteria

Our systematic literature review of articles on vertebrate biodi-
versity in tropical Savannahs followed the flowchart in Figure 1.
The selected articles were initially reviewed by reading the title,
abstract, and keywords, and we excluded studies that did not
include the taxonomic groups considered: amphibians, reptiles,
birds, and mammals. After this selection, we excluded dupli-
cates and performed a screening to exclude articles on research
conducted outside tropical Savannahs (Figures 1 and 2); with a
focus on paleontology or that did not present original research
with primary and secondary data, which may include field stud-
ies, modelling inference, interviews, and laboratory studies that
include genetic data (Figure 1).

2.3 | Data Extraction and Analysis
We extracted the following information from each article: (1)

year of publication, (2) journal title, (3) region of study (coun-
try and continent), and (4) taxonomic group (birds, mammals,

reptiles, and amphibians). Additionally, for articles that had this
focus, we extracted (5) biodiversity metrics (taxonomic, func-
tional, and phylogenetic diversity), and (6) key drivers of biodi-
versity loss at tropical forest (land cover change, climate change,
fire dynamics, and alien species—Gardner et al. 2010; Hogue
and Breon 2022; Miranda et al. 2024; Morris 2010).

We explored this data using R version 4.4.1 (R Core
Team 2020). For the data by region, we considered the total
number of studies by region and country, as well as the den-
sity of studies, taking into account the coverage of Savannah
biome by country. To estimate this density, we divided the
total number of studies by the area of Savannah (in km?) that
occurs within each country. Savannah cover was accessed
from the global map of ecoregions (https://ecoregions.appsp
ot.com/; Dinerstein et al. 2017; Figure 2) and, using QGIS
Development Team (2022), we extracted the area in km? of
Savannah for each country. For the following countries, not
covered by the ecoregion layers of Dinerstein et al. (2017),
we sought information in the literature about the size of the
Savannah area: French Guiana (Guyane 2017), Eswatini
(Mucina et al. 2006), and Trinidad and Tobago (Comeau
1990). We also consider values of Human Development Index
(HDI), available at Human Development Reports from United
Nations Development Programme (UNDP) (https://hdr.undp.
org/data-center/human-development-index#/indicies/HDI)
for each country except for French Guiana, which was not
available in the UNDP report, being obtained through the
Global Data Lab (GDL; https://globaldatalab.org/shdi/table/
shdi/FRA/). HDI considers not only economic growth to as-
sess a country's development, but also healthy life expectancy,
longevity, and the population's level of education. To assess
whether scientific production reflects the level of development
of countries, we performed a Generalized Linear Mixed Model
relating the density of studies as response variables to the HDI
of each country. In these models, the continent was included
as a random variable.

Web of Science

Number of articles included in the
review (n = 1.270)

_ aam
—

FIGURE 1 | Workflow of the methodology used to perform the systematic literature review of research on vertebrate biodiversity in tropical

savannahs.
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FIGURE2 | Global map showing the distribution of the savannah biome in the tropical region, modified from https://ecoregions.appspot.com.

3 | Results and Discussion

3.1 | How Many Studies Focus on Amphibians,
Reptiles, Birds, and Mammals in Tropical Savannahs?

Our searches returned a total of 3532 articles, of which 2111 were
excluded after review of titles and abstracts for not presenting
research on the focal taxonomic groups of the review, 31 were
excluded for being duplicates and 120 were excluded for not meet-
ing the other inclusion criteria (Figure 1). Thus, 1270 published
articles investigating terrestrial vertebrates of Savannahs were
included in our systematic review (Figure 1). Of these 1270 arti-
cles, 96 investigated more than one taxonomic group simultane-
ously (e.g., Ogada et al. 2008; Price et al. 2010; Silveira et al. 2020;
Mukomberanwa and Ngorima 2025). The distribution of arti-
cles for taxonomic groups had the respective values: mammals
(n=608, 48%), birds (n =462, 36%), reptiles (n =102, 8%), and am-
phibians (n=98, 8%; Figure 3A). Although the number of pub-
lished articles has increased over the last 30years (Figure 3B), this
trend for the taxonomic groups remains (Figure 3B).

While studies of birds and mammals are invaluable for con-
servation, increasing the focus of research on other taxonomic
groups can be crucial for the conservation of biodiversity, es-
pecially when we consider the increasing number of threat-
ened or endangered species for both groups (Cox et al. 2022;
Luedtke et al. 2023). Currently, 41% of amphibians and
21% of reptiles that occur in the world are at risk of extinc-
tion (Cox et al. 2022; Stuart et al. 2004; Whiles et al. 2006;
Bohm et al. 2013; Harfoot et al. 2021; ITUCN 2024), and am-
phibian populations are declining at much greater rates than
birds and mammals (Stuart et al. 2004; Whiles et al. 2006).
Furthermore, currently 1502 species of reptiles (46.29%),
908 species of amphibians (27.98%), 797 species of mammals
(24.56%), and 38 (1.17%) species of birds are categorized as
Data Deficient on the IUCN Red List, meaning there is cur-
rently insufficient data to assess their conservation status,
highlighting the urgent need for more studies particularly of

reptiles and amphibians (Bland et al. 2015, 2017; Hochkirch
et al. 2021; Roberts et al. 2016).

3.2 | Where Are the Geographic Gaps in Scientific
Knowledge on Tropical Savannah Vertebrates?

For all vertebrate groups, the geographic regions that concen-
trated the largest number of studies were Africa (n=2875, 55%),
South America (n=455, 29%), and Oceania (n=209, 13%),
followed by Asia (n=16, 1%), Central America (18, 1%), and
North America (n=4, 0.1%). However, considering the density
of studies per Savannah area, our results show that Africa has
a lower proportion of scientific research compared to Oceania
and South America, respectively (Figure 4). This result has
been found in other global-scale studies that consider different
regions and biomes (e.g., Trimble and van Aarde 2012; Titley
et al. 2017; Xavier et al. 2023; Caldwell et al. 2024). Furthermore,
the geographic bias that our data shows for the distribution of
studies in Savannahs was positively related to the HDI of coun-
tries (R>=0.20, p=0.0001; Figure 5). Global systematic reviews
that jointly evaluated the different global climate zones and
incorporated different vertebrate groups showed a positive re-
lationship between the number of published studies and the
Gross Domestic Product (GDP). This index measures a country's
growth rate through the value of its Gross Domestic Product,
with Africa concentrating most countries with the lowest GDPs
(Titley et al. 2017). This suggests that the level of education,
quality of life, and GDP per capita influence scientific produc-
tion on vertebrates not only in tropical Savannahs, but through-
out the world.

The low density of studies in Africa demonstrated by our re-
sults may have been driven by low scientific output in Central
African countries such as Chad, the Central African Republic,
and the Democratic Republic of Congo; West African coun-
tries such as Mali and Niger; and East African countries such
as Sudan and South Sudan, which presented a lower number
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accumulated articles (black line) and number of articles published (bars) at each year and for each group vertebrate group in tropical savannahs (B).

and density of articles for all vertebrate groups (Figure 6). In
contrast, our results also demonstrated that countries such as
Ghana in the West, and South Africa, Tanzania, and Kenya in
the South/Southeast of the continent, have numbers and den-
sities of publications comparable to those of South America
and Oceania (Figure 6). The differences shown by our study
regarding the number of studies between Central African

countries and those in Southern and Southeastern Africa
can be explained by a temporal bias and sampling effort to-
ward the areas richer in biodiversity on the continent (Farooq
et al. 2021). Furthermore, sites that have already been sam-
pled reduce logistics costs and therefore facilitate access for
new studies (Reddy and Davalos 2003; Farooq et al. 2021).
Economic factors may also explain this difference between
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FIGURE4 | Geographical distribution of the number of studies by savannah area (in km?) that occurs within each continent. Density values were

raised to the sixth power (1x10°) for better visualization.

regions of the African continent. Countries such as South
Africa, Tanzania, and Kenya have large local economies and
emerging markets and, therefore, can direct more resources
to scientific research (FMI 2024; Hanlin and Tigabu 2017).
Internal conflicts may be another factor contributing to this
discrepancy between African countries. Civil wars in many
Central African countries, such as Angola, Chad, Mali,
Mozambique, Niger, the Democratic Republic of Congo, the
Central African Republic, Sudan, and South Sudan, have
damaged their economies, their natural environments, and
the free movement of researchers, reducing scientific output
in these regions (Nackoney et al. 2014; Daskin et al. 2016;
Dudley et al. 2002). Finally, internal conflicts, such as civil
war, have led to massive poverty among the population, high
mortality rates, low life expectancy, and a precarious educa-
tion system (Kansal and Cole 2019), which in turn place Chad,
Mali, Niger, the Central African Republic, Sudan, and South
Sudan among the 10 countries with the lowest HDI in the
world (UNDP 2024).

South America and Oceania presented a contrasting pattern in
terms of the number and density of articles per country (Figure 6).
Countries with large geographic areas, such as Australia and
Brazil, whose Savannah areas are the largest among the countries
analyzed (2,354,286.493 and 2,088,093.75km?, respectively—
Supporting Information S1), had the largest number of studies
(Figure 6). However, the density of studies from these countries
was lower compared to a small territory like French Guiana
(251km?; Stier et al. 2020), for example, regardless of the taxo-
nomic group analyzed (Figure 6). Brazil and Australia are coun-
tries of continental proportions and research and funding efforts
need to be proportionally large to cover the extent of these areas.
Therefore, it is necessary to increase efforts to fill the gaps, mainly
due to the intense anthropogenic disturbances that these coun-
tries have suffered in recent decades, such as forest fires (Boer
et al. 2020; Cardil et al. 2020) and conversion of natural areas to
agricultural systems (Sano et al. 2010; Aragao et al. 2022).

3.3 | Are We Looking at All Dimensions
of Tropical Savannahs’ Biodiversity?

Of the 1270 articles included in this study, 567 focused on
biodiversity metrics. Taxonomic diversity was the most used
metric in the studies (n =527, 93%), with low use of functional
(n=25, 4%) and phylogenetic (n=15, 3%) diversity. Only 27
articles (5%) used more than one diversity metric, of which 14
articles (3%) measured two diversity metrics simultaneously
and 11 articles (2%) used all three diversity metrics.

The low number of studies on functional and phylogenetic di-
versity can be explained by the recent development of metrics
for these dimensions of biodiversity (Faith 1992; Petchey and
Gaston 2002; Villéger et al. 2008; Kembel et al. 2010; Villéger
et al. 2010), while taxonomic metrics are older and more widely
used (Shannon 1948; Simpson 1949; Xavier et al. 2023). In the
case of tropical savannahs, functional diversity only began to
be used in 2008 and phylogenetic diversity in 2016, while taxo-
nomic diversity has been used since 1980 and has shown an ex-
ponential increase after the 2000s (Figure 7). Despite advances
in computational tools to infer these dimensions (Mammola
et al. 2021; Palacio et al. 2022), the lack of data, functional char-
acters, and phylogenies that cover all species makes it difficult
to incorporate functional and phylogenetic diversity metrics
into research (Diniz-Filho et al. 2013; Etard et al. 2020; Hortal
et al. 2015).

Biodiversity can be considered multidimensional, includ-
ing taxonomic, functional, and phylogenetic dimensions
(Faith 1992; Petchey and Gaston 2002; Shannon 1948;
Simpson 1949). In a world undergoing intense changes
caused by habitat loss and alteration, biological invasions,
and climate change, it may be necessary to increase the use
of multidimensional approaches to better understand how
biodiversity will adapt to these changes. For example, habi-
tat degradation may lead to increases in taxonomic diversity
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as a result of increases in generalist or opportunistic species
while simultaneously causing functional redundancy and
loss of species with unique characteristics linked to habi-
tat quality and maintenance (Basile 2022; Leitdo et al. 2016;
Naeem et al. 2012), for example, via seed dispersal (Westcott
et al. 2005). In terms of phylogenetic diversity, regional-scale
processes, where invasions outnumber extinctions of phylo-
genetically unique species from different localities, can lead
to an increase in taxonomic diversity and phylogenetic ho-
mogenization, because biological invaders often belong to
species-rich families and tend to be closely related to native
species (Winter et al. 2009; PySek 1998). Furthermore, more
phylogenetically diverse communities are more resilient to en-
vironmental changes (Forest et al. 2007). Therefore, increas-
ing research efforts to assess the functional and phylogenetic
dimensions of biodiversity in tropical Savannahs in relation to
major biodiversity threats is essential to promote conservation
plans that enhance ecosystem resilience to disturbance.

3.4 | Scientific Gaps and Trends About
the Main Drivers of Biodiversity Loss Relevant to
the Conservation of Tropical Savannahs

Ofthe 1270 articles included in our analysis, 380 studies included
analysis of the effects of the main drivers of global biodiversity

loss. Our results showed an increase in the frequency of stud-
ies across all drivers of biodiversity loss analyzed since the early
1990s. Studies investigating the effects of fire dynamics (n =179,
47%) and land use changes (n =163, 42%; Figure 8) had the high-
est number of published articles. Furthermore, we observed a
175% increase in the publication of articles investigating land
use change and 75% for fire dynamics after 2007 (Figure 8).
Invasive species and climate change contributed 25 (6%) and 16
(5%) articles, respectively.

The geographic distribution showed a greater number of ar-
ticles related to land cover change in Africa (n=87, 53%) and
South America (n=45, 27%; Figure 9). For wildfires, we found
that Oceania, particularly Australia, holds the highest number
of published articles (n =84, 46%; Figure 9). Regarding invasive
species, our search found only 25 articles distributed between
Oceania (n=16, 64%), Africa (n=7, 28%), and South America
(n=2, 7%; Figure 9). For climate change, the studies were dis-
tributed between Africa (n=8, 50%), South America (n =5, 31%),
and Oceania (n=3, 19%; Figure 9).

The increased frequency of studies related to the main drivers
of biodiversity loss after the 1990s may be related to the worsen-
ing and intensification of climate change, land use, forest fires,
and the invasion of invasive species (Geist and Lambin 2002;
Georgina 2014; FAO 2022; TUCN 2024; Jolly et al. 2015; Murphy

Ecology and Evolution, 2026

7 of 16

85UB01 7 SUOWILLIOD SAIIEaID 8ol [dde ay) Aq peuienob 818 sajo1Le YO 9SN JO SaINJ 10) ARidTaUIIUQ AB]IA UO (SUOTHPUOD-PUR-SWLBIAL0D" A 1M ARe.d 1 jBul [Uo//Sdiy) SUONIPUOD pue swie | 8y} 88s *[9202/50/40] Uo Akeiqi8uliuo A8|Im ‘pLPeIN 8 ssuein(dwod pepsieAIun Aq ZT62. €398/200T 0T/I0P/W0d A8 1M AeIq1jeuluo//sdiy ol pepeojumoq ‘Z ‘9202 ‘85..5v02



Articles numbers Articles / Savannah area in km? 10000

S
o = o’
e

30

¢ 7500

5000

Lat

2500

o

1000

750

Lat

500

250

2000

1500

1000

Lat

500

10000

7500

5000

Lat

2500

Long long

FIGURE6 | Geographical distribution of published studies on vertebrate biodiversity in tropical savannahs found on the Web of Science platform.
Figure (A) amphibians, (B) reptiles, (C) birds, and (D) mammals represent the number of studies found in each country for the respective taxonomic
groups. Figure (E) amphibians, (F) reptiles, (G) birds, and (H) mammals represent the density of studies in relation to the savannah area (in m?) of
each country.

and Russell-Smith 2010). Globally, 58.4% of the Earth's surface greatest loss of natural cover, with 13.3% (655,000 km?) of their
has already been transformed by human activities, and tropi- area converted (Williams et al. 2020). That way, the greater
cal Savannahs are among the biomes that have experienced the effort expended in scientific research on the consequences of
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vertebrate biodiversity in tropical savannahs.

changes in land use cover was expected, as it is directly linked
to the loss and extinction of species and is a priority area for
study for the conservation of species and ecosystems (Stefanes
et al. 2018). Land use change, except for Oceania, was the
most studied driver of biodiversity loss, with Africa present-
ing the largest number of studies. Agricultural intensification
that has occurred in recent decades has converted large areas
of native Savannahs into pastures and commercial plantations
on the African continent (Bullock et al. 2021; FAO 2022; Geist
and Lambin 2002; Niklaus et al. 2015; Wingate et al. 2016).
Furthermore, population growth rates in East and Sub-Saharan
Africa are among the highest in the world (UN 2024), generat-
ing high demands for wood (Sulaiman and Abdul-Rahim 2020),
particularly for energy generation (FAO 2022).

Land cover change is a key driver of biological invasion. An es-
timated 21.7% of native species extinctions are driven by the in-
teraction between agriculture and invasive species (Blackburn
et al. 2019; Harfoot et al. 2021). Globally, invasive species represent
one of the main threats to native species (IPBES 2019; TUCN 2024),
due to predation, competition, and disease transmission
(Byers 2002; Frank et al. 2014; Lips 2016; Van Wilgen et al. 2022).
In addition, they can alter abiotic characteristics and ecosystem
functioning (Ehrenfeld 2003), increasing pressure on native spe-
cies. However, our review indicated that there are few studies on
this topic for vertebrate diversity of the tropical Savannahs, which
is a gap that needs to be filled by the scientific community. This
is especially urgent in regions such as Africa and South America,
where large conversions of landscapes to agriculture are occurring
(Carvalho et al. 2019; Duan and Tan 2019; Bullock et al. 2021).

Climate change is a major cause of species extinction (Maclean
et al. 2011; Thomas et al. 2004; IUCN 2024; Montras-Janer

et
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A temporal trend in scientific publications that measured each dimension of taxonomic, functional, and phylogenetic diversity on

et al. 2024). However, only 6% (n=16) of studies focused on the
effects of climate change on biodiversity (Figure 9), with birds
(n=7), mammals (n=38), and reptiles (n=1). The small number
of studies on climate change may reflect a temporal bias, as stud-
ies on the effects of climate change on biodiversity only began to
become more frequent from 2010 onward (Farooq et al. 2021), a
result also found here for tropical savannahs (Figure 8).

One of the main impacts of climate change on biodiversity
is the increase in the intensity and frequency of wildfires
(Cunningham et al. 2024; Jolly et al. 2015). In our study, we
found that Oceania, and particularly Australia, holds the
highest number of published articles related to fire dynamics
(Figure 9). Natural fire has been a fundamental element for the
formation and maintenance of Australia’s Savannah ecosystems
for millions of years (Crisp et al. 2011). Aboriginal peoples con-
trol low-intensity fires in small areas limited to the grass layer of
the ground for subsistence hunting of small animals, which also
promotes the heterogeneity of vegetation and the diversification
of associated fauna (Bliege Bird et al. 2008; Bird et al. 2024;
Trauernicht et al. 2015; Wurster et al. 2021). However, with the
arrival of European settlers in Australia in the late 18th cen-
tury, anthropogenic influences on fire activity became more
pronounced due to large-scale agricultural processes (Bowman
et al. 2020; Paterson 2018). The combined effects of coloniza-
tion and climate change have accelerated the decline of many
taxa in Australian Savannahs (Murphy and Russell-Smith 2010;
Teunissen et al. 2023; Ziembicki et al. 2015).

Due to this susceptibility and potential risks of wildfires in
Australia, researchers from these regions may have focused
their efforts on understanding the relationship between fire dy-
namics and biodiversity to combat or prevent future threats to
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biodiversity. Another factor that may contribute to the greater ~ belt, especially Australia, which guarantees greater financial
number of studies in Oceania is the fact that the continent is and technical support to research institutions in the region. In
one of the richest and most developed in the tropical Savannah addition, Australia is among the 20 most megadiverse countries

10 of 16 Ecology and Evolution, 2026

85UB01 7 SUOWILLIOD SAIIEaID 8ol [dde ay) Aq peuienob 818 sajo1Le YO 9SN JO SaINJ 10) ARidTaUIIUQ AB]IA UO (SUOTHPUOD-PUR-SWLBIAL0D" A 1M ARe.d 1 jBul [Uo//Sdiy) SUONIPUOD pue swie | 8y} 88s *[9202/50/40] Uo Akeiqi8uliuo A8|Im ‘pLPeIN 8 ssuein(dwod pepsieAIun Aq ZT62. €398/200T 0T/I0P/W0d A8 1M AeIq1jeuluo//sdiy ol pepeojumoq ‘Z ‘9202 ‘85..5v02



in the world, which in turn becomes one of the critical points to
be prioritized for biodiversity conservation (Myers et al. 2000).
However, this result is not reflected in Brazil, despite the in-
creased number of fires in recent years, mainly in non-forest
biomes such as the Pantanal and Cerrado, causing the loss of
around 17 million vertebrates in a single year (Tomas et al. 2021).
Even with the increase in fire outbreaks, there are few studies on
the impacts on biodiversity in Brazil (e.g., Durigan et al. 2020;
Mendonga et al. 2015; Prada and Marinho-Filho 2004).

4 | Conclusions

Our results show four biases in scientific studies on tropical
Savannah vertebrates (I) taxonomic bias, with mammals and
birds being the most studied vertebrates; (II) geographic bias in
the distribution of studies, with the density of studies per area of
an ecosystem being closely related to the Human Development
Index (HDI) of each country, with Africa concentrating the ma-
jority of countries with the lowest HDI and a lower number and
density of studies; (I1I) bias regarding the use of different dimen-
sions to quantify biodiversity, with most studies focusing only
on taxonomic diversity; and (IV) bias toward the main drivers
of biodiversity loss, with the topics that have received the least
attention in the literature being those related to invasive species
and climate change.

Gaps in global data on vertebrate groups can negatively impact
the conservation of tropical Savannah biodiversity. The smaller
number of studies for certain taxonomic groups (e.g., amphibi-
ans and reptiles) or some areas of the globe (e.g., Central Africa)
can generate erroneous estimates of biodiversity and underes-
timate areas for targeting conservation and preservation ac-
tions. Ensuring a broader knowledge of biodiversity can guide
decision-makers to achieve the goals proposed by collaborative
agreements such as the Kunming-Montreal Global Biodiversity
Framework (GBF 2022), which aims to preserve and restore eco-
systems, minimize the impacts of invasive species, and reduce
biodiversity loss.

Since our approach focused on searching for studies that explic-
itly mention the term “savanna or savannah,” it is possible that
this approach favored the inclusion of research conducted at local
and regional scales, where the characterization of the biome is ex-
plicitly defined in the publications. Therefore, studies on global
modelling scales, macro-ecological approaches, or investigations
encompassing multiple biomes may not have been retained if
they did not explicitly mention the term “savanna or savannah”
in the description of the study area, title, abstract, or keywords.
Therefore, the global literature on modeling, macroecology, and
investigations encompassing multiple biomes in the face of cli-
mate change may be underrepresented in this synthesis.

5 | Policy Implications for Conservation

Currently, public and private finance flows for nature-based solu-
tions to address climate change, biodiversity loss, and ecosystem
degradation amount to just US$200 billion annually (UNEP 2022).
However, to meet the Rio Convention targets to limit climate
change to 1.5°C, as well as the Global Biodiversity Framework

target of preserving 30% of land and sea by 2030 and achieving
land degradation neutrality, finance flows need to triple by 2030
and quadruple by 2050 (UNEP 2023). In contrast, around 7% of
global GDP, or US$7 trillion, is invested annually in activities such
as extensive agriculture, fossil fuels, forestry and logging, which
negatively impact biodiversity (UNEP 2023). However, the agricul-
tural sector rarely takes responsibility for the environmental liabil-
ities related to soil depletion and biodiversity loss. Therefore, it is
necessary to realign financial flows that negatively impact nature,
allocating part of these resources to activities that aim to curb bio-
diversity loss and promote ecosystem resilience, to provide the eco-
system services on which people depend so much. It is essential to
increase research subsidies to expand scientific knowledge about
the leading causes of biodiversity loss and habitat degradation to
help create projects focused on the conservation of Savannah and
other non-forest ecosystems. Since tropical Savannahs are the
most prone to conversion to agriculture and pasture, increasing
funding for biodiversity research in these areas is urgent. Another
effective measure would be the expansion of the Soy Moratorium
to the Cerrado and Amazonian Savannahs, given its effective-
ness in the Brazilian Amazon (Nepstad et al. 2014; Overbeck
et al. 2015; Carvalho et al. 2019; Camara dos Deputados 2024).
Finally, researchers should collaborate to support research in key
geographic regions, especially in Central Africa, to fill the gaps in
the study of vertebrates in tropical Savannahs. To this end, it is
crucial that African Union (AU) member states meet their target
of investing 1% of GDP in biodiversity research and conservation
each year (African Wildlife Foundation 2025). In addition to fund-
ing, more educational innovation and initiatives for developing
technical capacities for future generations are needed (Bezeng
et al. 2025). Therefore, it is essential to create more national pro-
grams like the National Research Foundation (NRF) of South
Africa in other regions of Africa, whose goal is to create instru-
ments to finance research projects and promote scientific career
development. More funding is also needed for African universi-
ties, as well as adequate funding for African academics to prevent
brain drain. Furthermore, more initiatives such as citizen science,
technical capacity building, and the inclusion of indigenous peo-
ples and traditional communities can accelerate the collection of
biodiversity information. However, any funding sources or collab-
orations that come from foreign countries, especially when they
are Global North-Global South collaborations, must pay attention
to issues of recognizing the contributions of all parties involved,
and equitable participation and distribution of costs and benefits
of the research, in order to avoid “helicopter science” and other
neocolonial practices.
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