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b Universidad Nacional de Córdoba, Facultad de Ciencias Exactas, Físicas y Naturales, Centro de Zoología Aplicada, Córdoba, Argentina 
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A B S T R A C T   

Human land-use changes represent the most important drivers of biodiversity loss, and amphibians and reptiles 
represent the most threatened groups of vertebrates globally. However, today there is a general lack of knowl-
edge and little consensus on how land-use changes affect amphibians and reptiles. In order to fill this gap, here 
we conduct the most comprehensive systematic quantitative review of primary research to date. By means of 
hierarchical meta-analyses we assessed the effects of the most common land-use changes (agriculture, cattle- 
raising, urbanization, deforestation, silviculture and selective logging) on the richness of amphibian and 
reptile communities. Our results show that almost all of the analyzed types of land-use changes have negative 
effects on these groups, but with different degree of magnitude. We also show that the time elapsed in disturbed 
conditions does not ameliorate the effects on species richness, indicating a low recovery capacity of herp com-
munities. Another important finding is that the richest communities are the most negatively affected ones, 
varying the response according to the type of biome. Our synthesis provides updated empirical evidence indi-
cating that current prevalent human land-use changes strongly reduce the richness of amphibian and reptile 
species as well as revealing important knowledge gaps in certain biomes of the world. These results should help 
providing a basis for the development of future research and contextualizing the need for effective conservation 
measures for these two vertebrate groups.   

1. Introduction 

Human activities represent the main causal factor of current un-
precedented species extinction rates and population declines, and they 
are expected to continue to be so throughout the next century (Laurance 
et al., 2012; Pimm et al., 2014; Pimm and Raven, 2000; Sala et al., 
2000). Currently, human-induced habitat loss is identified as a primary 
threat to 85% of all species classified as threatened by the IUCN Red List 
(IUCN, 2015). Even more, the current rate of extinction is between 100 
and 1000 times higher than the background extinction rate ever known, 
thus representing the most massive extinction rate over the last 65 

million years (Ceballos et al., 2015). These anthropogenic processes not 
only reduce biodiversity, but also imply huge impoverishment of func-
tional ecosystem diversity and functioning (Flynn et al., 2009), thereby 
imperiling many ecosystem services (Jantz et al., 2014; Newbold et al., 
2015). 

The increased human population and the consequent demand for 
resources have made profound changes in land cover, with approxi-
mately 53% of the Earth’s land surface currently covered by human- 
modified environments (Hooke et al., 2012). Some ecoregions are 
being transformed at alarming rates. For example, forest regions have 
lost over 2.3 million square kilometers in the last decade (Hansen et al., 
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2013). Similarly, grasslands, savannas and shrublands, which are nat-
ural biomes with the least surface of protected areas, have lost approx-
imately 45% of its original extensions during the last decade (Hoekstra 
et al., 2004). Likewise, accelerated loss and conversion of coastal and 
continental wetlands have almost halved globally their original area 
(Davidson, 2014). 

Throughout the world, different human activities have differential 
impacts on biodiversity. For example, urbanization and agriculture 
represent strong biotic homogenization factors that oversimplify habi-
tats and often show negative effects on population abundance and 
community richness of vertebrate species at local scales (Gagné and 
Fahrig, 2007; Glor et al., 2001; Hodgkison et al., 2007; McKinney, 2006; 
Ordeñana et al., 2010; Suazo-Ortuño et al., 2008; Vallan, 2002). Simi-
larly, the structural changes imposed by deforestation implies increased 
loss, fragmentation, and isolation of remaining natural habitats, all of 
which usually trigger negative effects on vertebrate population dy-
namics and community composition (Karraker and Welsh, 2006; Kutt 
et al., 2012; Scott et al., 2006). Other anthropogenic activities, however, 
show mixed response patterns on vertebrate species. For example, pro-
ductive activities such as cattle raising and selective logging may 
negatively affect certain vertebrate species (Badillo-Saldaña et al., 2016; 
Beever and Brussard, 2004; Fredericksen and Fredericksen, 2002; 
Popescu et al., 2012), but in some cases these activities offer new vacant 
habitats that may be exploited by generalist species (Howell et al., 2019; 
Verschuyl et al., 2011). 

Soon after a natural habitat is removed or degraded by human ac-
tivities, habitat-specialist species will be the most prone to be locally 
extinct. Given their specific biological characteristics and requirements, 
specialist species are rarely able to adapt to drastic changes in their 
habitats, whereas generalist species could even benefit from these 
changes (Futuyma and Moreno, 1988; Östergård and Ehrlén, 2005). In 
fact, local increases in species richness a certain time after the occur-
rence of a drastic disturbance may result from the colonization of 
generalist species, as they are prone to take over disturbed ecosystems, 
at the expense of specialist ones (Blackburn et al., 2005). Thus, we may 
expect that altered areas are dynamically changing over time, as the 
colonization process gradually occurs. As a result, the time elapsed since 
the initial disturbance may modulate the magnitude of land-use change 
effects on species richness. Another relevant aspect that may affect the 
response of assemblage richness to land-use changes is the total pool of 
generalist and specialist species in the landscape, reflected by the 
gamma diversity. We may expect that higher-diverse communities 
would tend to lose more species than lower-diverse communities after a 
disturbance. Finally, given that the habitat characteristics determine the 
composition of the assemblages and the kind of prevalent land-use 
changes, we may find variations in the response of assemblages to 
land-use changes depending on the biome where the study was 
conducted. 

Among vertebrates, amphibians and reptiles are considered the most 
susceptible groups to the changes imposed by human activities (Barrett 
and Guyer, 2008; Cushman, 2006; Wake and Vredenburg, 2008). In fact, 
amphibians and reptiles have a significantly higher proportion of 
threatened species than birds or mammals (IUCN, 2020; Nori et al., 
2015; Roll et al., 2017; Stuart, 2004). Nevertheless, within these two 
groups there is high variability among species in their response patterns 
to human disturbances, and despite this, it has been classically consid-
ered that the response of both groups is similar in the face of these 
changes. Thus, depending on the type of disturbance, we may observe 
positive or negative effects on herpetofauna species richness and 
abundance (Adum et al., 2013; Cano and Leynaud, 2010; Guerra and 
Aráoz, 2015; Herrera-Montes and Brokaw, 2010; Karraker and Welsh, 
2006; Leynaud and Bucher, 2005). All these factors combined make a 
challenging task to draw a general conclusion on how anthropogenic 
land-use changes are affecting the herpetofaunal communities. In part, 
this can be seen in previous reviews that have attempted to determine 
the overall effects of land-use changes on the abundance or richness of 

amphibians and reptiles globally (e.g. Cushman, 2006; Gardner et al., 
2007; Thompson et al., 2016). However, even these previous reviews 
have reported mixed results, making it difficult to attain reliable con-
clusions or generalizations about the effect of land-use changes on these 
vertebrate groups (Gardner et al., 2007; Scheffers and Paszkowski, 
2013). 

Thompson et al. (2016) synthesized the effects of four prevalent 
human-made land-use changes (urbanization, agriculture, cattle raising 
and silviculture) on the diversity of amphibian and reptile species. They 
gathered 132 studies assessing land-use change effects on richness or 
abundance of amphibian or reptile species, and used a vote-counting 
synthesis approach by comparing the relative frequency of studies 
showing negative, positive or null effects. However, the vote-counting 
technique has several flaws as a statistical procedure to synthesizing 
research, as it not only has low statistical power but also it fails to 
provide information on the overall results across the studies, which 
could lead to biased generalizations (Gurevitch and Hedges, 1999; 
Koricheva et al., 2017). Within the same study, Thompson et al. (2016) 
also run a meta-analytical approach by calculating response ratios as 
standardized measures (i.e., effect sizes) of species richness change from 
control versus disturbed conditions in a subsample of 39 studies. As a 
result of mixing up two different ways of approaching a systematic 
generalization, no clear response patterns raised from their review, as 
they explicitly express in their contribution. In the end, up to date, there 
is still no systematic and statistically powerful attempt to synthesize the 
impact of land-use changes, on amphibian and reptile species richness 
across different ecosystems around the world. 

Quantitative statistical approaches such as meta-analysis, integrate 
and synthesize the available information across time and space from 
cumulated research, representing key tools to arrive at generalizations 
(Arnqvist and Wooster, 1995). Meta-analysis allows us to reach general 
conclusions about a domain of research, despite the apparent contra-
dictory response patterns of individual studies (Gurevitch and Hedges, 
1993). In this paper, we conduct an updated meta-analysis of the pub-
lished literature, to assess the impact of different types of human land- 
use changes on amphibians and reptile’s richness globally. More spe-
cifically, we determine: (I) the overall effects of the most prevalent 
human land-use changes (urbanization, agriculture, cattle raising, 
deforestation, selective logging and silviculture) on the richness of 
amphibian and reptile assemblages; (II) whether the time elapsed since 
the onset of land-use change affects the magnitude of amphibian and 
reptiles richness response; (III) how amphibian and reptile assemblages 
response to land-use changes is modified according to the total number 
of species (i.e. gamma diversity) present in a given area; and (IV) how 
the response of amphibians and reptiles to land-use changes varies ac-
cording to different biomes. 

2. Methods 

2.1. Literature search and compilation of dataset 

We conducted a systematic literature search aimed at recruiting all 
the studies that assessed the most prevalent anthropogenic land-use 
changes effects (namely: agriculture, cattle raising, urbanization, 
deforestation, silviculture and selective logging; based on Klein Gold-
ewijk et al., 2011; Kissinger et al., 2012; Smith et al., 2014) on the 
richness of amphibian and reptile assemblages across the globe. To 
accomplish this, we used the following keyword combination: (“human 
disturbance” OR “anthropogenic disturbance” OR disturbance OR frag-
ment* OR “habitat loss” OR “land-use change” OR urban* OR argricult* 
OR farm* OR deforest* OR logging* OR cattle* OR grazing OR planta-
tion*) AND (amphibian* OR reptil* OR herpeto*) AND (richness OR 
diversity OR biodiversity OR sensitivity OR community OR Simpson* 
OR Shannon* OR evenness OR Bayesian OR intactness OR “community 
composition” OR similarity OR correlation OR regression OR “linear 
model”). 
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The search was done in two online scientific databases: ISI Web of 
Knowledge® and Scopus®, including all the articles published during 
the period between 1985 and 2018. Additionally, publications used in 
previous systematic reviews and meta-analyses covering similar topics 
were included (Cushman, 2006; Echeverría-Londoño et al., 2016; 
Gardner et al., 2007; Newbold et al., 2015; Thompson et al., 2016). We 
obtained 2047 studies that were examined to determine whether they 
met the conditions to be included in our meta-analysis. We excluded 
articles analyzing habitat degradation, without mentioning the specific 
type of land-use change. 

Only those studies that reported the effects of land-use change on 
species richness as response variable were included in our analysis. In 
most cases, species richness was reported as the number of amphibians 
or reptile species present at each contrasting habitat condition sites (e.g., 
deforested vs. forested sites, fragmented vs continuous forests, etc.). In 
some cases, richness data had to be obtained from figures, tables or 
supplementary material. When two or more independent response re-
cords were obtained from the same study, we handled them as separate 
observations (Aguilar et al., 2006). 

To assess whether the response of species richness varied depending 
on the time elapsed from the onset of the anthropogenic land-use 
change, we grouped the studies in two broad categories: (i) recent 
land-use change ranging from 0 to 20 years, and (ii) longer land-use 
change with more than 21 years since they occurred. As an additional 
measure, we consider the gamma diversity for each group as the total 
richness of species for both sites: disturbed and undisturbed -as defined 
by Hunter (2002)- as an indicator of the potential complexity that a 
landscape can support. Finally, given that the climatic and soil variables 
are actively conditioning the structure of species assemblages, we also 
considered the biome of each study site, using the World Earth Ecor-
egions model proposed by Olson et al. (2001). 

2.2. Meta-analysis 

We used Hedges’ d as an estimate of the standardized mean difference 
(i.e. the effect size) that has the advantage of being unbiased by small 
sample size (Gurevitch et al., 2001). To calculate Hedges’ d, we used the 
mean richness value, sample sizes and standard deviations from each of 
the two contrasting landscape conditions: the control (natural or pre-
served habitats) and the treatment (any habitat subjected to one of the 
above-mentioned human land-use changes). Negative Hedges’ d effect 
sizes imply that species richness of amphibians or reptiles decreases in 
human-modified habitats. 

We conducted hierarchical meta-analyses, which allowed us to 
incorporate in the overall effect size calculations, the hierarchical 
dependence in our data when multiple observations (i.e. effect sizes) 
were obtained from the same study. Thus, we included a publication- 
level random effect as a nesting factor to incorporate the hierarchical 
dependence of multiple outcomes within a study (Stevens and Taylor, 
2009). The effects of land-use change were considered significant if the 
95% biased-corrected bootstrap confidence intervals (CIs) of the effect 
size (d) did not overlap zero (Borenstein et al., 2009; Koricheva et al., 
2017). The data were analyzed with a random effects model, assuming 
that differences between studies are due to sampling errors and also to 
true random variation among studies (Raudenbush, 2009). Heteroge-
neity among effect sizes was assessed with Q statistics, which are 
weighted sums of squares tested against a chi-square distribution (Bor-
enstein et al., 2009). Specifically, we examined the P values of QM 
statistics that describe the variation in effect sizes that can be attributed 
to differences among categories of each predictor variable (i.e., fixed 
effects such as land-use change type, time elapsed since the onset of 
land-use change or biome of each study) in the model. 

An intrinsic problem in any systematic quantitative review is the 
possibility of publication bias; i.e., studies showing significant results 
have a higher probability of being published. We explored the potential 
presence of publication bias in our dataset by assessing the relationship 

between the effect sizes and sample sizes across the studies with Ken-
dall’s rank correlation test (Jennions et al., 2013). Significant P-values 
indicate the presence of publication bias whereby studies with small 
sample size are only published if they show large effect sizes. We also 
computed Rosenthal’s fail-safe number, which calculates the number of 
non-significant, unpublished studies that need to be added to a meta- 
analysis to change its overall results from significant to non- 
significant. A fail-safe number is considered robust if it is larger than 
5n + 10, where n is the original number of studies included in the review 
(Jennions et al., 2013). Finally, we used the ‘trim and fill’ method as a 
sensitivity analysis that provides an estimate of how the overall effect 
size would change if we were able to incorporate all potentially missing 
studies (Møller and Jennions, 2002). All the analyses were conducted in 
R environment using the ‘metafor’ package (Viechtbauer, 2010; R Core 
Team, 2016). 

3. Results 

From the original database of 2047 studies, 94 of them met the re-
quirements to be included in our analyses. Several studies provided two 
or more observations; therefore, we obtained a total of 133 observations 
(i.e., effect sizes), 83 for amphibians, and 50 for reptiles. The final list of 
the studies included in the meta-analysis is found in Supplementary 
Material: Dataset 1. 

The geographic coverage of this meta-analysis comprised 37 coun-
tries across all the continents. However, most research up to now has 
been concentrated in the USA, Australia and Brazil, encompassing more 
than one half of the total observations (Fig. 1). In addition, there is a 
strong research bias regarding the analyzed biomes, with more than 
75% of the studies conducted in temperate, tropical or subtropical for-
ests (Fig. 2). Deforestation, silviculture and urbanization were the most 
frequently studied human land-use changes for both amphibian and 
reptile groups, encompassing 66% of the total observations (Fig. 2). 

The overall effect of all land-use changes combined was significantly 
negative for the species richness of both groups, with a comparatively 
stronger negative overall effect observed in reptiles (Fig. 3). We found 
no significant heterogeneity of effects among land-use change types 
(QM = 6.545, df = 5, P = 0.257 for amphibians; and QM = 1.244, df = 5, 
P = 0.941 for reptiles), implying that all land-use changes analyzed have 
similar negative effects on amphibian and reptile richness. However, 
despite such homogeneity among them, some of these land-use changes 
had significant negative effects while others had negative but non- 
significant effect trends (i.e., 95% CIs overlapping cero effect size 
values). For amphibians, deforestation, silviculture, and urbanization 
showed significantly negative impacts on species richness. For reptiles, 
only cattle-raising and urbanization showed negative effects on species 
richness (Fig. 3). 

The time elapsed since the onset of land-use change did not influence 
the magnitude of the negative effects on species richness, as observed 
from the non-significant heterogeneity between studies of more and less 
than 20 years for the two groups (amphibians: QM = 0.160, df = 1, P =
0.682; reptiles: QM = 0.054, df = 1, P = 0.815). Studies assessing im-
pacts of land-use changes of less than 20 years showed slightly stronger 
negative effects for both reptiles and amphibians as compared to longer- 
term land-use changes (Fig. 4). Interestingly, after 21 or more years after 
land-use change took place, species richness continues to be negatively 
affected in both groups (Fig. 4). 

When incorporating the total number of species within each studied 
regional community (i.e. gamma diversity) as a continuous predictor 
variable for the magnitude of anthropogenic effects on herps commu-
nities, we found a negative significant relationship for amphibians (β =
− 0.0124; P-value = 0.028, N = 80; Fig. 5). Such result implies that as-
semblages with larger number of amphibian species were proportionally 
more negatively affected by human disturbances than less-diverse as-
semblages. In contrast, gamma diversity of reptile communities did not 
influence the magnitude of land-use change effects on reptile richness (β 
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= − 0.0011, P-value = 0.8963, N = 49; Fig. 5). 
When studies were compared across biomes, we found significant 

heterogeneity in the effects of land-use changes among them (QM =
28.43, df = 5, P = 0.001 for amphibians; QM = 18.57, df = 6, P = 0.005 
for reptiles). For amphibians, we found pervasive negative effects in 
Temperate forests, Tropical and subtropical forests and Tropical and 
subtropical grasslands, savannas and shrublands. In other two biomes 

(Temperate grasslands, savannas and shrublands, and Wetlands) we also 
found similar but non-significant negative response patterns (i.e., 95% 
CIs overlapping cero effect size values (Fig. S1). For reptiles, negative 
effects were found in Temperate forests, Temperate grasslands, savannas 
and shrublands, as well as in Tropical and subtropical forests, and in 
Tropical and subtropical grasslands, and savannas and shrublands, and a 
slight positive non-significant effect for Wetlands. Despite the low 

Fig. 1. Geographical coverage: each point indicates the geographical location of the records incorporated in the analyzes. The color of the dot represents both the 
vertebrate group, and the land-use category. The dot size represents the estimated confidence (E.C.) based on its sampling intensity. (For interpretation of the 
references to color in this figure legend, the reader is referred to the web version of this article.) 

Fig. 2. Stacked histograms of the analyzed land-use changes, showing the overall number of records within each land-use category, separated by biome groups. The 
color references represent both the vertebrate group, and the land-use category. (For interpretation of the references to color in this figure legend, the reader is 
referred to the web version of this article.) 

J.M. Cordier et al.                                                                                                                                                                                                                              



Biological Conservation 253 (2021) 108863

5

number of studies to draw any conclusion, reptiles inhabiting in hot and 
dry deserts and xeric shrublands appear to be strongly negatively 
affected by the anthropic changes (Fig. S1). 

The rank correlation tests between sample size and effect sizes 
indicated no potential presence of publication bias in our dataset 
(Table S1). Also, the calculated fail-safe numbers were always higher 
than 5n + 10, indicating that the overall results obtained here are 
robust, regardless of publication bias (Amphibians 2135 > 435; Reptiles 
413 > 265). Finally, the corrections introduced by the Trimm and Fill 
method determined that the addition of new studies is not necessary to 
achieve correction of the potential bias (Table S1). Thus, our systematic 
research synthesis is not influenced by publication bias and our results 
capture and reflect the nature of the phenomenon appropriately. The 
comprehensive statistics summary for the performed analyzes is pre-
sented in Table S2. 

4. Discussion 

Our results provide empirical evidence to the fact that most am-
phibians and reptile species are strongly affected by land-use change, 
causing significant local extinction in species assemblages. While am-
phibians and reptiles are commonly treated as one group (the herpeto-
fauna), they have many differences such as habitat requirements, life 
histories, and even different evolutionary origins, which imply 

potentially different responses to land-use changes. Here, we observed 
that amphibian species richness was adversely affected by deforestation, 
silviculture and urbanization, whereas reptile richness significantly 
decreased with cattle raising and urbanization. The remaining human 
land-use change types assessed here showed negative trends in species 
for both groups. These non-significant trends are likely due to the lower 
number of studies (i.e. meta-analytical replicates) of these types of dis-
turbances, which imply low statistical power. 

Urbanization was the only land-use change showing a strong nega-
tive effect on species richness in both groups (Fig. 3). Urbanization 
probably represents the most drastic human land-use change type, as it 
leads to a dramatic transformation and simplification of natural habi-
tats, where there is not only loss of suitable habitat in terms of resources 
and shelter, but also large changes in abiotic micro environmental 
conditions. For example, compared to natural habitats, urbanizations 
show increased noise and air pollution as well as increased soil tem-
perature, luminosity, and decreased humidity, conditions that are 
extended through the night by artificial illumination (e.g. Brasfield 
et al., 2004; Neuman-Lee et al., 2015; Sievers et al., 2019; Snodgrass 
et al., 2008). All these aspects imply that only a small number of am-
phibians and reptile species are able to thrive in these new urban con-
ditions (Cornelis and Hermy, 2004; Helden and Leather, 2004; 
McKinney, 2008). Urbanization is also known to be a driver to other 
threats, such as the introduction of non-native species (Bellard et al., 

Fig. 3. Overall weighted-mean effect sizes and 95% bias-corrected confidence intervals of land-use changes on amphibians’ and reptiles’ assemblages. Sample sizes 
of each category are represented by n. The dashed vertical line shows Hedge’s d = 0. 

Fig. 4. Overall weighted-mean effect sizes and 95% bias-corrected confidence intervals of time since the start of land-use changes on amphibians’ and reptiles’ 
assemblages. Sample sizes of each category are represented by n. The dashed vertical line shows Hedge’s d = 0. 
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2016), the second most significant threat for biodiversity in continents 
and the first one in islands (Spatz et al., 2017). Invasive species can 
directly affect native amphibian and reptile species by competing for 
resources and by the effects of diseases (Doan et al., 2019). 

In the case of amphibians, deforestation showed a similar strong and 
negative response as urbanization (Fig. 3). Such similar negative effects 
are not surprising as clear-cutting resembles many aspects of urbaniza-
tion. Deforestation alters the structure and function of forests. The 
removal of the canopy exposes the lower layers of the forest to increased 
sunlight and wind (Semlitsch et al., 2009), generating warmer and dryer 
surfaces (Zheng et al., 2000), all of which reduces leaf litter dynamics 
and food resources for amphibians. In general, these drastic changes 
imply high mortality of most native organisms (Rittenhouse et al., 2008; 
Todd and Andrews, 2008), and amphibians are particularly susceptible 
considering their complex life cycle. Thus, worryingly, when a drastic 
change like deforestation occurs, these regions cannot be recolonized 
(Graeter et al., 2008; Todd and Andrews, 2008). Similarly, silviculture is 
also a harmful practice for amphibians (Fig. 3). Silviculture is a het-
erogeneous practice, which can be highly variable regarding its intensity 
and thus it is rather challenging to analyze. Additionally, the manage-
ment practices required to develop silvicultural activities are incredibly 
harmful to most taxa (Riffell et al., 2011) and no less for amphibians 
(Haggerty et al., 2019; Rittenhouse et al., 2008). In general, these 
management practices include timber harvest and clearcutting (Agee 
and Skinner, 2005) affecting microhabitat features, such as leaf litter 
depth, shading, and coarse woody debris, among other indispensable 
factors for the subsistence of native amphibian species (Riffell et al., 
2011). As in the case of deforestation, once microclimatic conditions are 
altered, the recolonization success of these organisms is highly unlikely 
(Fig. 4). In short, both deforestation and silviculture can drastically 
reduce the formation and permanence of ponds and other temporary 
watercourses (Koralay and Kara, 2018; Panday et al., 2015) that are 
fundamental for amphibians. Unfortunately, amphibian species inhab-
iting the few remaining pristine or undisturbed areas are also affected by 
other threats such as chytridiomycosis, the most important emerging 
disease in amphibians, which is mainly dispersed by humans (O’Hanlon 
et al., 2018) and is causing several species and population extinctions 
worldwide (Fisher et al., 2009). Paradoxically, while chytridiomycosis is 

spread by humans, its highest prevalence in amphibians has been 
observed in well-preserved areas (Becker and Zamudio, 2011), posing a 
major threat to highly susceptible amphibian species that are unable to 
cope or survive in human-disturbed habitats. 

Similarly, species richness of reptiles showed negative effect trends 
of deforestation and silviculture. Reptiles have particular adaptations or 
life-history traits (e.g. low evapotranspiration rate, low caloric con-
sumption, tolerance to food shortages, etc.), which could confer them 
certain tolerance to specific types of land-use changes, and thus they are 
not expected to respond as amphibians do to the same types of land-use 
changes. Nevertheless, the negative but non-significant trends observed 
here are likely the result of reduced statistical power, due to the low 
number of studies assessing deforestation and silviculture effects on 
reptile richness. Thus, we stress the need of increasing research on these 
human disturbance factors on reptile communities. 

In contrast, cattle-raising showed strong significant negative effects 
on reptile richness, despite the low number of replicates (Fig. 3). Rep-
tiles commonly use vegetation as a refuge to evade predators (Castellano 
and Valone, 2006), foraging, nesting, and thermoregulation sites. Under 
cattle-raising pressure, the vegetation cover decreases, limiting the 
availability of prey, and increasing the probability of being predated. 
Additionally, large proportions of bare soil are exposed, thus generating 
high temperatures at ground-level, that affect reptile species by 
impairing thermoregulation (Nowakowski et al., 2018). This deviation 
from its thermal optima will reduce the efficiency of foraging, predator 
escape and reproduction (Huey et al., 2009). This is likely to be exac-
erbated in some biomes, like deserts and xeric shrublands, where there 
are continuous overgrazing activities (Pfeiffer et al., 2019; Sandhage- 
Hofmann et al., 2015), causing a drastic reduction of the already scarce 
vegetation cover. Reptile species from hot and dry deserts and xeric 
shrublands are highly dependent on their possibilities of thermoregu-
lation (availability of light/ shadow), to adjust their activity periods and 
to prevent water loss (Sinervo et al., 2010). In short, the reptile assem-
blages are sensitive to cattle-raising impacts, especially in habitats 
conditioned by low rainfall and high temperatures. While this activity 
also affects amphibians (Fig. 3), cattle-raising may increase the avail-
ability of nesting sites (e.g. ponds for watering cattle) for amphibians, 
showing in some cases a compensatory effect (Knutson et al., 2004), 

Fig. 5. Meta-regressions between gamma diversity and land-use change effect sizes (Hedges’ d) on species richness. Red horizontal line shows Hedge’s d = 0. Dashed 
line represents the slope of meta-regression. E.C: estimated confidence. (For interpretation of the references to color in this figure legend, the reader is referred to the 
web version of this article.) 
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which could explain the lesser effect in this last group. 
We found overall negative but non-significant effects of agriculture 

on species richness of both groups (Fig. 3). Such lack of significance is 
mostly due to the yet low number of studies assessing this type of 
disturbance (Fig. 2). However, there may be some “profitable” aspects 
for herps in certain agricultural environments, which should be high-
lighted. For example, farming practices -especially those traditionally 
managed- generate human-made ponds, which can provide an adequate 
environment for many amphibian species (Hartel et al., 2010; Knutson 
et al., 2004; Lescano et al., 2015). For reptiles, some evidence indicates 
that species richness of assemblages is not significantly modified in 
agricultural landscapes (Suazo-Ortuño et al., 2008), and such response 
maybe related to a potential increase in the abundance of prey for 
reptiles (Rotem et al., 2013). 

Similarly, selective logging showed no significant effects on the 
richness of both groups, and nearly a nil effect for amphibians. In 
concordance, a meta-analysis of Verschuyl et al. (2011) pointed out a 
neutral and positive impact of selective logging on amphibians. 
Although this kind of land-use change is highly variable on its intensity, 
the removal of a limited number of trees per hectare would not have 
significant effects on soil’s microclimatic conditions. Also, selective 
logging can change soil moisture conditions favoring amphibian species, 
by enhancing the productivity of herbaceous and undergrowth forest 
(Zheng et al., 2000). It was observed that some types of selective logging 
are compatible with the maintenance of reptile diversity (Russell et al., 
2004; Todd and Andrews, 2008). For example, forest thinning can 
benefit many reptile species, which are not adapted to closed-canopy 
forest nor clear-cut areas (Todd and Andrews, 2008). In summary, 
some selective logging practices can be compatible with the mainte-
nance and permanence of the amphibian and reptile assemblages 
(Greenberg and Waldrop, 2008; Semlitsch et al., 2009), and in some 
cases may even produce local increases of species richness (Ofori- 
Boateng et al., 2013). However, due to the scarcity of studies assessing 
logging effects on amphibian and reptile communities, we cannot draw 
any robust conclusions. Increasing studies on these effects should help us 
understand their relative influence on herpetofauna. 

To investigate whether species richness can be recovered in altered 
areas across time, it is important to analyze the impact of these human- 
made alterations within a temporal frame. Our findings showed that the 
time elapsed after the onset of land-use change does not alter the 
magnitude of negative effects on species richness in both amphibians 
and reptiles (Fig. 4). There was only a slight trend of lower effect size 
magnitude in studies where land-use changes have occurred over more 
than two decades (Fig. 4). This same pattern of long-lasting impacts was 
also observed by Haddad et al. (2015) for global biodiversity patterns. In 
general, human-altered habitats show larger losses of habitat specialist 
species and the permanence of habitat generalist species (Thompson 
et al., 2016). A relative increase of habitat generalist species of wider 
distribution, generates a noticeable impact regarding the conservation 
value of these areas, beyond the general loss in species richness. 

The response of each community to land-use changes was highly 
variable depending on the biome where the study was conducted. Such a 
variable response among climatic biomes may be initially correlated to 
the climatic and topological conditions that also favor the development 
of certain human activities. Not surprisingly, despite their relative low 
number of studies, those biomes with the greater aptitude for intensive 
agriculture -specifically tropical and subtropical grasslands, savannas, 
and shrublands- also showed greater negative effects for amphibians and 
reptiles. On the other hand, all forest biomes, which hold the highest 
richness and abundance of amphibians and reptiles and are therefore 
much more studied, showed a more consistent negative response. 

In agreement to this, we observed that richer amphibian commu-
nities showed larger negative effects of human disturbances. The meta- 
regressions reveal a significant negative relationship between gamma 
diversity and the response to land-use changes for amphibians, 
increasing the magnitude of negative land-use change effects on species 

richness as the number of species in the assemblage increase (Fig. 5-A). 
Richer assemblages (those with a gamma diversity >75 species) typi-
cally belong to rainforest biomes, where the percentage of habitat- 
specialist species is very high (Vallan, 2002). Given the lower capacity 
of habitat-specialist species to tolerate human disturbances, these as-
semblages could be particularly sensitive to land-use changes reflecting 
a high conservation value (Wanger et al., 2010; Faruk et al., 2013). On 
the other hand, we found that gamma diversity did not influence the 
magnitude of land-use changes effects for reptiles: all assemblages seem 
to be negatively affected by land-use changes regardless of the number 
of species they have (Fig. 5-B). These differential responses must be 
taken into account when dealing with conservation planning strategies 
for both groups. Our results suggest that all forest biomes (tropical, 
subtropical, and temperate) represent the most susceptible biomes for 
the conservation of amphibians. Finally, the important but under rep-
resented biomes for reptiles such as desert and xeric shrublands, showed 
the most extreme negative responses (Fig. S1). Therefore, our review 
highlights the importance of increasing research on these poorly studied 
biomes, to determine their relative susceptibility to land-use changes on 
reptiles. Should the patterns found here prevail, immediate conservation 
actions are needed before it is too late. 

This quantitative synthesis represents an important step toward un-
derstanding the current status of amphibian and reptile communities 
under widespread land-use changes around the world. One of them is 
related with the extensive cattle-raising in deserts and xeric shrublands 
(Attum et al., 2006; Kutt and Woinarski, 2007). Since cattle raising 
generally involves large land extensions, it is essential to increase 
research on these areas and plan strategies on the conservation of desert 
and xeric shrublands reptile communities, considering endemism cen-
ters and micro endemic distributions, to minimize the impact of these 
local activities on this important and restricted conservation sites. 
Additionally, we highlight that despite not finding a general significant 
effect of agricultural practices (Fig. 3), there were negative effects of 
land-use changes in those biomes where this activity predominates: 
grasslands, shrubs and savannas (Fig. 2, Fig. S1). Likewise, it is also 
necessary to develop local policies to encourage other activities (e.g. 
selective logging) that are more compatible with the maintenance of 
local assemblages of herps (Fig. 3). 

Our findings also underline that much more additional research is 
still needed. There are entirely political and eco-geographical regions 
that are not represented in our synthesis such as central and northern 
Africa or central and northern Asia, (Fig. 1, Fig. S1), evidencing 
important gaps of knowledge. This type of research bias (sensu Gur-
evitch and Hedges, 1999), in which particular biomes are more 
frequently selected by different authors represents a problem when 
trying to attain broad generalizations with meta-analysis, as it circum-
scribes the response patterns to the particular biomes analyzed. We 
strongly recommend increasing research in non-forests biomes (grass-
lands, shrublands, savannas, wetlands and deserts). Moreover, in gen-
eral both reptiles and amphibians still continue to be understudied in the 
conservation literature (Bonnet et al., 2002). In this regard, our results 
are also evidence of the yet underestimated great repercussions of 
knowledge shortfall for biodiversity conservation (Diniz-Filho et al., 
2013; Hortal et al., 2015). 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.biocon.2020.108863. 
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Guerra, C., Aráoz, E., 2015. Amphibian diversity increases in an heterogeneous 
agricultural landscape. Acta Oecol. 69, 78–86. https://doi.org/10.1016/J. 
ACTAO.2015.09.003. 

Gurevitch, J., Hedges, L.V., 1993. Meta-analysis: combining the results of independent 
experiments. In: Scheiner, S., Gurevitch, J. (Eds.), Design and Analysis of Ecological 
Experiments. Chapman and Hall. 

Gurevitch, J., Hedges, L.V., 1999. Statistical issues in ecological meta-analyses. Ecology 
80, 1142–1149. https://doi.org/10.1890/0012-9658(1999)080[1142:SIIEMA]2.0. 
CO;2. 

Gurevitch, J., Curtis, P.S., Jones, M.H., 2001. Meta-analysis in ecology. Adv. Ecol. Res. 
32, 199–247. https://doi.org/10.1016/s0065-2504(01)32013-5. 

Haddad, N.M., Brudvig, L.A., Clobert, J., Davies, K.F., Gonzalez, A., Holt, R.D., 
Lovejoy, T.E., Sexton, J.O., Austin, M.P., Collins, C.D., Cook, W.M., Damschen, E.I., 
Ewers, R.M., Foster, B.L., Jenkins, C.N., King, A.J., Laurance, W.F., Levey, D.J., 
Margules, C.R., Melbourne, B.A., Nicholls, A.O., Orrock, J.L., Song, D.-X., 
Townshend, J.R., 2015. Habitat fragmentation and its lasting impact on Earth’s 
ecosystems. Sci. Adv. 1, e1500052 https://doi.org/10.1126/sciadv.1500052. 

Haggerty, C.J.E., Crisman, T.L., Rohr, J.R., 2019. Effects of forestry-driven changes to 
groundcover and soil moisture on amphibian desiccation, dispersal, and survival. 
Ecol. Appl., e01870 https://doi.org/10.1002/eap.1870. 

Hansen, M.C., Potapov, P.V., Moore, R., Hancher, M., Turubanova, S.A., Tyukavina, A., 
Thau, D., Stehman, S.V., Goetz, S.J., Loveland, T.R., Kommareddy, A., Egorov, A., 
Chini, L., Justice, C.O., Townshend, J.R.G., 2013. High-resolution global maps of 
21st-century forest cover change. Science 342 (80), 850–853. https://doi.org/ 
10.1126/science.1244693. 
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Ribeiro, J., Lattke, J., Laval, R., Lawton, R., Leal, M., Leighton, M., Lentino, M., 
Leonel, C., Lindsell, J., Ling-Ling, L., Eduard Linsenmair, K., Losos, E., Lugo, A., 
Lwanga, J., Mack, A.L., Martins, M., Scott McGraw, W., McNab, R., Montag, L., 
Myers Thompson, J., Nabe-Nielsen, J., Nakagawa, M., Nepal, S., Norconk, M., 
Novotny, V., O’Donnell, S., Opiang, M., Ouboter, P., Parker, K., Parthasarathy, N., 
Pisciotta, K., Prawiradilaga, D., Pringle, C., Rajathurai, S., Reichard, U., Reinartz, G., 
Renton, K., Reynolds, G., Reynolds, V., Riley, E., Rödel, M.-O., Rothman, J., 
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