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Methods  We compiled information on the occur-
rence of mammal species in 166 forest fragments 
across the Atlantic Forest. For each forest fragment, 
we extracted information on patch size, percent-
age of forest cover (a proxy for habitat amount), and 
edge density and number of fragments (fragmenta-
tion metrics). We related these metrics to mammalian 
richness considering separately for all species, forest-
dependent species, disturbance-tolerant species, and 
different trophic guilds.
Results  All richness measures strongly declined 
with decreasing forest cover, yet were unaffected by 
patch size, number of patches and edge density. The 
only exception occurred with herbivore richness, 
which was affected by number of patches. However, 
we found fragmentation per se effects only for herbi-
vore richness.
Conclusions  Our results show that mammal rich-
ness increased with habitat amount at the landscape, 
whereas habitat fragmentation per se had significant 
negative impacts on herbivores only. We therefore 
recommend maintaining highly forested landscapes 
and restoring severely deforested areas, being essen-
tial for ensuring high richness of mammals.

Keywords  Atlantic forest · Fragmentation per se · 
Habitat loss · Landscape composition · Landscape 
configuration · Trophic guilds

Abstract 
Context  Habitat loss is widely recognized as the 
main driver of biodiversity loss around the globe, yet 
the effects of habitat fragmentation on biodiversity 
have been extensively debated in recent years.
Objectives  We used a robust dataset of medium and 
large-sized mammals to test (a) the Habitat Amount 
Hypothesis, which postulates that species richness 
can be mainly predicted by the total amount of habitat 
surrounding the sampling site, and (b) the effects of 
habitat fragmentation per se, which may be expected 
to be weak or mainly positive on species richness.

Supplementary Information  The online version of 
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(https://​doi.​org/​10.​1007/​s10980-​021-​01231-9).

E. Rios (*) · M. Benchimol · E. Cazetta 
Programa de Pós‑Graduação em Ecologia e Conservação 
da Biodiversidade, Departamento de Ciências Biológicas, 
Universidade Estadual de Santa Cruz – UESC, 
Rodovia Jorge Amado, km 16, Bairro Salobrinho, S/N, 
Bahia CEP 45662‑900, Brazil
e-mail: lanerios17@hotmail.com

E. Rios · K. De Vleeschouwer 
Centre for Research and Conservation, Royal Zoological 
Society of Antwerp, Koningin Astridplein 26, 
2018 Antwerp, Belgium

P. Dodonov 
Laboratório de Ecologia Espacial, Instituto de 
Biologia, Universidade Federal da Bahia – UFBA, 
Rua Barão de Jeremoabo, Campus de Ondina, Nº 668, 
Bahia CEP 40170‑115, Brazil

http://orcid.org/0000-0001-7547-8082
http://crossmark.crossref.org/dialog/?doi=10.1007/s10980-021-01231-9&domain=pdf
https://doi.org/10.1007/s10980-021-01231-9


1312	 Landscape Ecol (2021) 36:1311–1323

1 3

Introduction

The rapid loss of natural environments is currently 
considered the main threat to biodiversity world-
wide (Newbold et  al. 2015, 2016). In the tropics, 
large tracts of pristine forests are being replaced 
by agriculture, pastures and urban expansion areas 
transforming natural environments into a mosaic of 
forest patches (Gibbs et al. 2010; Curtis et al. 2018). 
Habitat loss and fragmentation are different pro-
cesses, though generally associated, and both can 
result from anthropogenic land conversion (Fahrig 
2003). Recognizing the independent effects of habi-
tat loss and fragmentation on ecological responses 
is crucial for effective decision making, as species 
can respond differently to these processes and inap-
propriate decisions may compromise the efficiency 
of conservation measures (Lindenmayer and Fischer 
2007; Mortelliti et al. 2010).

The Habitat Amount Hypothesis (HAH), pro-
posed by Fahrig (2013), states that species rich-
ness should be predicted by the habitat amount in 
the landscape surrounding the sample site (Fahrig 
2013). This hypothesis suggests that the two pre-
dictive variables of the Theory of Island Biogeog-
raphy (MacArthur and Wilson 1967)—patch size 
and isolation—can be replaced by a single vari-
able, the habitat amount in the landscape. Despite 
its relatively recent proposition, the HAH has been 
tested by several studies. For instance, a global syn-
thesis of species density studies of eight taxonomic 
groups showed that richness was more strongly and 
positively related to habitat amount, whereas habitat 
fragmentation metrics unaffected patterns of species 
richness for the groups evaluated (Watling et  al. 
2020). Additionally, studies focused on birds (De 
Camargo et al. 2018), beetles (Seibold et al. 2017) 
and small mammals (Melo et al. 2017; Vieira et al. 
2018) also supported the HAH. Yet some studies 
failed to support this hypothesis (see Haddad et al. 
2016; Bueno and Peres 2019), suggesting that in 
some cases patch size and isolation might be more 
decisive than habitat amount.

In contrast to the robust evidence on the perva-
sive effects of habitat loss on biodiversity, there is 
no consensus on the effects of fragmentation per 
se (sensu Fahrig 2003, 2017: the breaking apart of 
habitat, independent of changes in habitat amount) 

on biological components. For instance, a recent 
review showed that when habitat amount is con-
trolled, there are often no additional effects of land-
scape configuration (i.e. fragmentation) on species’ 
ecological responses and that when fragmenta-
tion effects are detectable, they are mostly positive 
(Fahrig 2017). This publication ignited an intense 
debate among researchers (Fahrig 2017; Fletcher 
Jr et  al. 2018; Fahrig et  al. 2019) on whether the 
independent effects of habitat fragmentation per se 
are positive (Fahrig 2003, 2017) or negative (Reino 
et  al. 2013; Rueda et  al. 2013). Disentangling the 
effects of habitat loss and fragmentation is chal-
lenging but necessary for conservation decisions.

An interesting scenario to assess the independent 
effects of habitat amount and fragmentation per se is 
the Brazilian Atlantic Forest. This biome extends over 
112 Mha distributed along the Brazilian coast; cur-
rent estimates indicate that 28% of the original native 
cover remains, with 26% corresponding to forest areas 
(Rezende et al. 2018). Most of these forest fragments 
are very small (< 50 ha) and isolated (at an average 
distance of 1.5  km from one another; Ribeiro et  al. 
2009). In addition to deforestation, the Atlantic Forest 
is also highly threatened by poaching (Galetti et  al. 
2009) and human occupation, severely impacting 
local fauna (Bogoni et al. 2016). It also harbors one 
of the highest degrees of biodiversity and endemism 
for several plant and animal groups, being recognized 
as a global biodiversity hotspot (Myers et  al. 2000). 
For instance, this biome is home to 321 mammal spe-
cies, with 89 endemic ones (Graipel et al. 2017).

The importance of mammals for ecosystem struc-
ture and functioning is widely recognized (Galetti 
and Dirzo 2013) due to their key role in community 
structuring (Jorge et al. 2013), seed predation and dis-
persal, and their contribution to forest carbon stocks 
(Bello et  al. 2015). Mammals are highly threatened 
mainly by changes in their habitat (Jorge et al. 2013) 
and hunting (Cullen Jr et al. 2000; Galetti et al. 2009). 
Thus, the intense history of deforestation and hunting 
that occurred in the Atlantic Forest led to pronounced 
current changes in species composition of mam-
mal assemblages (Canale et  al. 2012). Disturbance-
sensitive species are the first to disappear in highly 
disturbed areas, whereas alien and disturbance-toler-
ant species tend to become dominant in forest frag-
ments (Jorge et al. 2013; Beca et al. 2017). Changes 
in community composition can also be detected, as 
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functional groups tend to respond non-randomly to 
changes in their habitat. For example, species that 
require large home ranges to survive, such as carni-
vores, tend to be negatively affected by human distur-
bances, whereas omnivorous and insectivorous spe-
cies are prone to exhibit great plasticity and be less 
impacted (Bogoni et al. 2016; Regolin et al. 2017).

Here, we gathered and analyzed a robust dataset on 
the occurrence of medium to large-bodied mammal 
species for a wide range of forest patches through-
out the Atlantic forest to (a) test the habitat amount 
hypothesis and (b) evaluate the effects of forest frag-
mentation per se on this group. We evaluated spe-
cies richness considering the complete assemblage, 
the forest-dependent and disturbance-tolerant spe-
cies separately and the species within each trophic 
guild (i.e., carnivores, insectivores, frugivores, omni-
vores and herbivores) individually. Specifically, we 
expected that (a) richness patterns would be better 
explained by the amount of habitat than by patch size 
or by fragmentation per se metrics (i.e., edge density 
and number of patches; Watling et  al. 2020) when 
considering the complete assemblage and investi-
gated groups, and (b) the effects of fragmentation 
per se on species richness would be mainly positive 
(Fahrig et al. 2017).

Methods

Data base

We gathered information on the occurrence of 
medium- and large-sized mammal species (all ter-
restrial and arboreal wildlife species larger than 
1 kg; see Paglia et al. 2012) within forest fragments 
(defined as forest patches > 1 ha) from published stud-
ies conducted in the Atlantic Forest. In July 2019, we 
first searched studies using the Scopus and Google 
Scholar databases, specifying the terms "Atlantic 
Forest" AND "medium-sized (bodied) mammal" 
AND/OR "large-sized (bodied) mammal". We fur-
ther used the same terms in Google Scholar, but only 
evaluated the first 200 results. We finally included 
records from the “ATLANTIC-CAMTRAPS” data-
paper (Lima et  al. 2017). We included studies if 
they provided (a) the geographic coordinates of the 
forest fragment(s), (b) the complete list of species 

recorded per forest fragment(s), and (c) if the data 
were obtained using camera traps, linear transects, 
or sign surveys (i.e. feces, playbacks, hair, and foot-
prints), excluding secondary data and interviews. We 
did not include island patches and reviews. Whenever 
different studies sampled the same forest fragments, 
we combined the information and considered them as 
a single study, resulting in 67 studies carried out in 
166 forest fragments (see Appendix S1 in Supporting 
Information). All forest fragments belonged to either 
protected or private areas, and were vastly distributed 
throughout the Brazilian Atlantic Forest, in areas of 
dense, mixed or semideciduous ombrophilous for-
est (Fig. 1). The size of forest fragments varied from 
1.030 ha to more than 41,700 ha (mean = 2591.19 ha, 
SD = 6,974.74  ha), and the surrounding land uses 
consisted mainly of agriculture, pasture, and urban 
areas.

We obtained total species richness for each for-
est fragment by summing all occurrences of the tar-
get mammalian group. However, we only considered 
forest-dwelling species into our database, excluding 
those species that use forest environments but have 
preferences for other types of habitats. For example, 
we excluded the maned wolf (Chrysocyon brachyu-
rus) and the giant anteater (Myrmecophaga tridac-
tyla), as these species most often use open areas 
like savannas and grasslands. We also excluded spe-
cies like the Neotropical otter (Lontra longicaudis) 
and capybara (Hidrochoerus hydrochaeris), which 
is strongly associated with aquatic environments. 
Finally, we excluded exotic and opportunistic species 
such as feral pigs (Sus scrofa feral) and domestic dogs 
(Canis lupus familiaris) and difficult-to-detect spe-
cies, such as the maned three-toed sloth (Bradypus 
torquatus) and the brown-toed sloth (B. variegatus), 
due to the high probability of false negatives. We thus 
included 55 species in our study (Table S1).

Although all species included in our database were 
forest-dwelling species, we further classified them in 
two categories, according to their tolerance to dis-
turbances based on the literature (see Emmons and 
Feer 1997; Souza et al. 2019; IUCN 2019): (i) forest-
dependent species, which are those found in non-dis-
turbed forests and most frequently in forest interior, 
and (ii) disturbance-tolerant species, which comprise 
those more tolerant to anthropogenic disturbances, 
occurring frequently in disturbed forests or forest 
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edges. In addition, we classified species into trophic 
guilds: carnivores, insectivores, frugivores, omni-
vores and herbivores, following Magioli et al. (2015).

Habitat amount and fragmentation metrics

We extracted patch size (in hectares) from the stud-
ies or, when not available, calculated it using Google 
Earth Pro. We then obtained landscape metrics using 
the maps from MapBiomas Project– Collection [4, 
2019] derived from 30-m resolution Landsat imagery, 
downloaded from the Brazilian Annual Land Use and 
Land Cover Mapping Project (available at < http://​
mapbi​omas.​org >). For each forest fragment, we used 
the map corresponding to the last year in which data 
collection was performed in each study.

Forest cover was calculated as the proportion of 
native forest (excluding agroforestry), considering 
buffers of 0.5, 1, 2, 4 and 6  km radius around each 
sampling point provided by the study. These scales 
were selected based on the literature showing that 
medium and large-sized mammals best respond to 
landscape characteristics at large scales and accord-
ing to the species’ dispersal ability (Lyra-Jorge et al. 
2010; Beca et al. 2017; Regolin et al. 2017). To test 
the fragmentation per se effects, we obtained two 
fragmentation metrics: the edge density, calculated 
as the total perimeter of all forest fragments divided 
by the size of the landscape, and the number of for-
est patches within each landscape. Analyses were per-
formed in R 3.5.2 (R Core Team 2018) and QGIS® 
software.

Data analysis

We firstly evaluated the scale of effect—the spatial 
extent at which a certain landscape characteristic 
has the strongest impact on the dependent variable 
(Martin and Fahrig 2012; Fahrigh 2013) for each 
landscape variable. For this, we adjusted Generalized 
Linear Models (GLM) using the ’Multifit’ function 
(Huais 2018), which automates the selection process 

at various scales and relates the response variable to 
each explanatory variable. We then used Akaike’s 
Information Criterion (AIC) to classify the models, 
selecting the ‘best’ scale as the one showing the low-
est AIC. The scale of effects varied between 0. 5, 1, 2 
and 4 km, for different metrics (Table S2).

Forest fragments were considered spatially nested 
within several regions. Using QGIS software, we 
distinguished regions by combining groups of forest 
fragments according to the presence of large geo-
graphical barriers such as (1) large rivers, belong-
ing to the main hydrographic basins that occur in the 
Atlantic Forest, (2) mountainous areas, using relief 
information, and (3) fragments belonging to exten-
sive areas of forest, using Google Earth images. We 
extracted this information from the Brazilian Institute 
of Geography and Statistics (IBGE 2017) and Google 
Earth Pro tools.  We transformed patch size values 
into logarithm (Log10) to homogenize the spread of 
the data. Due to differences in measurement units 
between the explanatory variables, we standardized 
their values by subtracting the mean and dividing by 
the standard deviation. Although sampling effort var-
ied among surveyed forest fragments, we were una-
ble to obtain this information for most of fragments 
included in our database. Additionally, different sam-
pling techniques were used among studies, which also 
implies in different units of sampling effort. There-
fore, we were unable to account for sampling effort in 
the GLMs. We used Variance Inflation Factors (VIF) 
(Zuur et  al. 2009) to verify the collinearity between 
the explanatory variables. The VIF was always below 
3, and, considering the ecological importance of all 
variables, we kept all of them in further analyses 
(Dormann et al. 2013) (Table S3).

To test the HAH on mammal richness, we first 
adjusted GLMs, with negative binomial distribution, 
containing all explanatory variables (i.e., patch size, 
forest cover, edge density and number of patches), 
for each response variable (richness of all species, 
forest-dependent and disturbance-tolerant species, 
and different trophic guilds), with no interactions. 
Subsequently, we verified the residual spatial autocor-
relation using Moran’s I and semivariograms. As the 
residuals were spatially autocorrelated, we adjusted 
Generalized Linear Mixed Models (GLMMs), which 
are appropriate to control for spatial non-independ-
ence (Zuur et  al. 2009). Thus, we incorporated the 
terms ’region’ and ’data type’ into the models as 

Fig. 1   Geographic distribution of the 166 forest fragments 
with records on the occurrence of medium and large-sized 
mammals along the Atlantic Forest, Brazil. The highlighted 
circular area is an example of landscapes of 0.5, 1, 2, 4 and 
6 km of radius around a sampling site where the variables were 
calculated

◂

http://mapbiomas.org
http://mapbiomas.org
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random factors. The variable ’data type’ corresponds 
to the different data collection methods (camera trap, 
linear transect or sign surveys). For ‘data type’, we 
included all methods cited in each study analyzed. We 
re-evaluated spatial autocorrelation using the same 
procedure as above, and no further corrections were 
necessary.

We performed Multimodel Inference (Burnham 
and Anderson 2002) using the function ’dredge’, 
which compares all subsets of models with all possi-
ble combinations of explanatory variables plus a null 
model, resulting in a total of 16 models being com-
pared for each response variable. Afterwards, we used 
the function ’importance’ to calculate the relative 
importance of each explanatory variable (Burnham 
and Anderson 2002). This function sums the Akaike 
weights of models including each explanatory vari-
able; variables with larger summed weights are more 
important than variables with smaller weights (Burn-
ham and Anderson 2002). Finally, we evaluated the 
significance (p < 0.05) and direction (positive or neg-
ative) of the effect of each explanatory variable, using 
the model averaging approach, which calculates the 
average of the coefficients of all models weighted by 
the Akaike weights (Burnham and Anderson 2002).

To test the fragmentation  per se  effects on mam-
mal richness, we adjusted GLMMs (with negative 
binomial distribution and the same random fac-
tors as above) containing habitat amount as the only 
explanatory variable. We then extracted the model 
Pearson residuals (calculated as the observed minus 
the expected value, divided by the square root of the 
variance – Zuur et  al. 2009) in order to control the 
effects of habitat amount on the response variables. 
Finally, we used linear regressions to relate the resid-
uals to fragmentation metrics (edge density and num-
ber of patches). With this, we aimed to assess whether 
the fragmentation metrics can explain variation that 

was not explained by habitat amount. We assessed 
whether there was an effect by analyzing the p-value; 
when it was significant (p ≤ 0.05) we also checked 
whether the relation was positive or negative. All 
analyses were carried out in R 3.5.2 (R Core Team 
2018), using the lme4 (Bates et  al. 2015), MASS 
(Venables and Ripley 2002) and MuMIn (Barton 
2020) packages.

Results

From the total of 55 mammal species recorded at 
least once in all forest fragments included in our 
final databse, 33 were classified as forest-dependent 
species while 22 comprise disturbance-tolerant spe-
cies. They belong to nine orders: Primates, Roden-
tia, Cingulata, Lagomorpha, Cetartiodactyla, Peris-
sodactyla, Pilosa, Carnivora and Didelphimorphia. 
The most common species were the nine-banded 
armadillo (Dasypus novemcinctus) (62%), followed 
by the South-American coati (Nasua nasua) (56%), 
the crab-eating fox (Cerdocyon thous) (49%) and the 
crab-eating raccoon (Procyon cancrivorus) (44%), 
whereas the agouti (Dasyprocta iacki) and the south-
ern long-nosed armadillo (Dasypus hybridus) had a 
single record each.

Forest cover had positive effects and was the most 
important variable explaining richness patterns of 
medium and large-bodied mammals, independent of 
the disturbance tolerance or the trophic guild evalu-
ated (Fig. 2). The exception was the insectivores, in 
which edge density was the most important variable. 
For omnivores and herbivores, respectively, edge 
density and number of patches were also important. 
The second most important variable was the num-
ber of patches, partially explaining richness patterns 
of the overall community, forest-dependent species, 
carnivores, frugivores and herbivores. However, only 
herbivores richness was significantly affected by the 
number of patches. The patch size and edge density 
did not significantly explain species richness of any 
group (Fig. 2; Tables S4; S5).

Regarding the fragmentation per se effects, our 
results showed no relationship between the residu-
als of species richness and the fragmentation metrics 
except for herbivores that were negatively influenced 
by the number of patches. This shows that, in general, 
habitat fragmentation per se had no effect on mammal 

Fig. 2   Relative importance of each spatial variables: (PS) 
patch size, (FC) forest cover, (ED) edge density and (NP) 
number of patches for mammal species richness considering: 
a all species, b forest-dependent, c disturbance-tolerant, d car-
nivores, e insectivores, f frugivores, g omnivores and h herbi-
vores. Values ​​correspond to the sum of Akaike weights of the 
models containing each explanatory variable. The (+) and (−) 
corresponds to the variables that had a significant positive and 
negative effect, respectively

◂
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richness after accounting for the effects of habitat 
amount (Fig. 3).

Discussion

Our results show that habitat amount is the most 
important predictor explaining the richness of 
medium and large-sized mammals inhabiting for-
est patches in the Brazilian Atlantic Forest. We also 
found that fragmentation per se had no effects on 
mammal richness, except for herbivores. The com-
bination of these results reinforces the importance of 

habitat amount over fragmentation to explain species 
richness, independent of the functional differences 
between the groups analyzed. Our study thus adds 
more evidence to the importance of forest cover to 
safeguard biodiversity, with direct and simple conser-
vation strategies focused on mammals ‒ maximizing 
the habitat amount in the landscape.

Habitat amount hypothesis

Our results support the HAH, as forest cover, used 
as a proxy for habitat amount, was the most impor-
tant predictor of mammal species richness. The same 

Fig. 3   Relationship between forest cover model residuals and 
fragmentation variables (ED—edge density and NP—num-
ber of patches), for medium and large-sized mammals of the 

Atlantic Forest in relation to the richness of: a all species, b 
forest-dependent, c disturbance-tolerant, d carnivores, e insec-
tivores, f frugivores, g omnivores and h herbivores
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pattern has been observed for medium and large-
sized mammals in the southern region of Brazil 
(Regolin et  al. 2017) and small specialist mammals 
in the Brazilian Cerrado (Melo et al. 2017). Yet for-
est-dependent small mammals responded equally to 
habitat amount and isolation in another study (Vieira 
et  al. 2018). In addition to mammals, other groups 
have also responded positively to increases in habitat 
amount, including saprophytic beetles (Seibold et al. 
2017), moths (Merckx et  al. 2019) and birds (Lin-
denmayer et al. 2020). Although sampling effort was 
not included in our data analyses given the absence 
of this information on most studies coupled with the 
inclusion of different sampling methodologies in our 
database, we still found a strong relationship between 
species richness and habitat amount. In fact, this 
reinforces the hypothetical consistency of the habitat 
amount effects, since other studies took into account 
the sampling intensity (De Camargo et  al. 2018; 
Palmeirim et al. 2019).

Our results also showed that species exhibiting 
contrasting responses to environmental disturbances, 
such as forest-dependent and disturbance-tolerant 
species, responded similarly to the habitat amount in 
the landscape. In general, forest cover was also the 
most important variable explaining richness of all 
functional groups analyzed, especially the richness 
of carnivores, frugivores, omnivores and herbivores. 
These results reinforce the importance of highly for-
ested landscapes to safeguard large-bodied mam-
mal species, a unique ecological group but which 
had their ranges intensely reduced due to the loss 
and degradation of their habitats (Canale et al. 2012; 
Jorge et al. 2013). In fact, the disappearance of frugi-
vore and herbivore species from forest fragments can 
have pervasive implications for forest functionality. 
For example, the extinction of the white-lipped pec-
cary, a large-bodied herbivore that is also an impor-
tant seed disperser and predator, had strong negative 
impacts on the composition of small mammal com-
munities in southeastern Brazil (Galetti et  al. 2015), 
while the disappearance of species such as tapir can 
compromise populations of species with large seeds 
and long-distance dispersal (Galetti et al. 2001).

Patch size did not affect medium and large-sized 
mammals in the Atlantic forest. This contrasts to 
other studies that have found that patch size is a key 
predictor of mammal richness (Benchimol and Peres 
2015; Michalski and Peres 2007). Conversely, edge 

density was an important variable to explain rich-
ness patterns of insectivores, also being the second 
variable with the highest weight for omnivores, but 
without significant effects. Conversely, the number 
of patches was the second most important variable to 
explain species richness of most of the groups ana-
lyzed, having a significant negative effect only for 
herbivores. Although edge density did not have a 
significant effect, such negative relationships with 
edge density have been observed for the richness of 
carnivorous mammals in areas of Atlantic Forest and 
Savanna, in Brazil (Lyra-Jorge et al. 2010). This neg-
ative effect may be related to microclimate and forest 
structure changes due to edge effects (Murcia 1995; 
Harper et al. 2005). In addition, species responses to 
edge density can generally be related to how species 
exploit resources in the landscape and the availabil-
ity of resources at the edges and in the matrix (Ries 
and Sisk 2004). For example, more habitat-generalist 
species with high dispersion capacity tend to ben-
efit at the edges (Lyra-Jorge et al. 2010; Pfeifer et al. 
2017). However, this has not been confirmed here, 
even for groups that have lower specific diets, such 
as insectivores and omnivores. Similarly, the nega-
tive effect of the number of patches on species rich-
ness, especially for herbivores, might be explained 
by the matrix surrounding the forest fragments ana-
lyzed here, which mainly consisted of agriculture and 
cattle pasture areas. As the matrix quality can influ-
ence the connectivity between habitat fragments in 
the landscape (Arroyo-Rodríguez et  al. 2020), it is 
possible that croplands and pastures represent a less 
permeable matrix for these species, as these environ-
ments reduces connectivity between forest fragments 
(Watling et al. 2011). This negative relationship with 
edge density and number of fragments in the land-
scape may accentuate the need for forest areas for 
these mammal species, since species that use the 
matrix tend to require smaller amounts of forest to 
persist (Arroyo-Rodríguez et al. 2020).

Overall, our study contrasts with some studies that 
did not corroborate the HAH, such as the experimen-
tal study with plants and microarthropods performed 
by Haddad et  al. (2016). A possible explanation for 
the results found by Haddad et al. (2016) is that they 
detected a smaller richness due to the high turnover 
of species in the studied landscapes, which would 
lead to a decline in species richness (see De Camargo 
et al. 2018). Another factor that can be determinant is 
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the matrix type surrounding the patch. For instance, a 
study with insectivorous birds in the Amazon found 
that bird richness was predicted mainly by the frag-
ment size and not by habitat amount, which can be 
justified by the aquatic matrix that substantially con-
trasts with the birds’ habitat and the low dispersion 
capacity of the species analyzed (Bueno and Peres 
2019). Here, we did not include islands in the data-
base, but we suggest that future studies should inves-
tigate this relationship.

Effects of fragmentation per se

Our results showed that fragmentation per se had no 
effect on medium and large-sized mammal richness. 
Even for groups for which edge density and number 
of patches had a relatively high importance, these 
effects were insignificant when removing the effects 
of forest cover, except for herbivore richness, which 
was negatively affected by the number of patches in 
the landscape. This result corroborates previous evi-
dence that the effects of fragmentation per se are in 
general non-significant (Fahrig 2003, 2017), imply-
ing that medium to large-bodied Atlantic Forest 
mammals respond more strongly to habitat loss than 
to fragmentation. On the other hand, other studies 
have found strong effects of fragmentation per se on 
mammal richness. For example, Regolin et al. (2020) 
found positive effects of landscape configuration, 
measured as edge density, on terrestrial forest mam-
mals in the southwestern region of Brazil, whereas 
Palmeirim et  al. (2019) unveiled that the number of 
patches positively affected patterns of small mammal 
species richness.

Considering the ongoing debate on the effects of 
habitat fragmentation, it is important to understand 
under which circumstances, for which group and 
type of landscapes the fragmentation effects are more 
important. Our results contribute by adding more evi-
dence that fragmentation has weak effects for large-
bodied mammals in the Atlantic Forest and empha-
sizes the greater importance of landscape forest cover 
over landscape configuration in explaining richness 
patterns of forest-dweller mammal assemblages in 
forest fragments of the threatened Atlantic forest. We 
therefore reinforce the importance of focusing conser-
vation efforts on all habitat patches, even if they are 
small and regardless of how they are distributed in the 
landscape (Fahrig et al. 2019). This is truly important 

for the Atlantic Forest, which is highly fragmented 
and has more than 80% of its remaining area in 
patches smaller than < 50 ha (Ribeiro et al. 2009). We 
also highlight the need to recover degraded areas, to 
increase the habitat amount in the landscape. These 
approaches would maximize the habitat amount 
available, maintaining the minimum conditions nec-
essary to ensure high richness of mammals and also 
favor the persistence of other groups that occur in the 
Atlantic Forest (see Morante-Filho et al. 2020).

Additionally, we suggest that future studies include 
other features of the landscape that tend to interact 
with fragmentation, as this knowledge can maximize 
species retention in fragmented landscapes (Lees and 
Peres 2009; Miller-Rushing et  al. 2019). For exam-
ple, with the intense landscape modification, habi-
tat remnants end up immersed within different land 
use types, and several studies have demonstrated the 
effect of matrix quality on species persistence (Brady 
et al. 2011; Beca et al. 2017). Finally, we agree that 
this is a relevant debate for conservation. Particularly, 
it is essential to enhance our understanding regard-
ing the circumstances under which fragmentation per 
se affects biodiversity, and, when these effects are 
detected, whether they are mostly positive or nega-
tive. This knowledge can thus be translated into effec-
tive and vital conservation actions (Fletcher Jr et  al. 
2018; Fahrig et al. 2019).

Conclusions

Our results showed that mammal species richness 
responds more strongly to habitat amount in the sur-
rounding landscapes and that fragmentation per se 
affected only herbivores, whose richness decreased 
with increasing number of patches. Thus, these 
results reinforce the HAH and support the idea that 
fragmentation per se has consistently weak effects on 
the ecological responses of species when the habi-
tat amount is controlled (see Fahrig 2013, 2017). 
Understanding the responses of mammal assemblages 
to changes in their habitat is essential to define bet-
ter conservation and management strategies for the 
Brazilian Atlantic Forest. These results contribute 
to simplification in decision making policy conser-
vation actions, since efforts can focus on preventing 
habitat loss, as well as increasing or maintaining the 
total habitat amount in the landscape and restoring 
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degraded habitats. These measures have direct impli-
cations for safeguard richer mammal assemblages, 
and this is especially important for the Atlantic Forest 
that has already been extensively devastated (Ribeiro 
et al. 2009) and has a large number of species either 
locally extinct or severely threatened with extinction 
at the national level (MMA 2014).
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