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Abstract

Context Anthropogenic land use and cover changes
impact biodiversity worldwide. However, ecological
groups are differently affected by landscape compo-
sition and configuration. Understanding which groups
are negatively affected and which thrive in human-
modified landscapes is of paramount importance for
conservation management, especially for species such
as the frugivorous birds, which play an essential role in
seed dispersal.

Objectives We evaluated the relative importance of
landscape composition and configuration, explaining
taxonomic and functional diversity and their effects on
frugivorous birds in the Brazilian Atlantic Forest.
Methods We used a robust dataset encompassing
153 forest fragments in the Atlantic Forest hotspot. We
classified species as frugivores based on the percent-
age of fruits in the diet, and used functional traits
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related to seed dispersal to measure functional
diversity.

Results  Our results showed that landscape composi-
tion was more important than landscape configuration
explaining taxonomic and functional diversity of
frugivorous birds. In addition, the interaction between
landscape composition and configuration explained
the loss of functional traits.

Conclusions We demonstrate a disproportional
importance of landscape composition explaining tax-
onomic and functional diversity of frugivorous birds,
whereas the traits related to seed dispersal were
explained by both compositional and configurational
variables. Thus, we highlighted the need to maintain
high habitat amount to increase taxonomic and
functional diversity of frugivorous birds. However,
the interaction of landscape composition and config-
uration is of paramount importance to sustain func-
tional traits of frugivores in tropical forest landscapes.

Keywords Habitat loss - Land-use - Atlantic forest -
Seed dispersal - Fragmentation

Introduction
The increase in habitat conversion to anthropogenic

land uses leads to severe changes in the structure
and composition of once pristine landscapes
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(Dunning et al 1992; Newbold et al 2016). These
changes have accelerated in recent decades, mainly
due to increased growing human requirements for
food, energy, agricultural commodities, timber, and
other naturals resources (Laurance et al. 2014; Barlow
etal. 2018). Alterations in human-modified landscapes
include changes in landscape composition (the relative
amount of different land use and cover types) and
configuration (the spatial arrangement of habitat and
non-habitat remnants, e.g. whether the habitat is more
continuous or more fragmented) (Dunning et al. 1992).
Both are predicted to affect species and population
persistence.

Although landscape composition and configuration
can affect population persistence (Galan-Acedo et al.
2019), there is an ongoing debate on which of the two
is the most important and whether species richness
increases or decreases with increasing fragmentation
(Fahrig 2017; Fletcher et al. 2018). Landscape com-
position has been proposed as the main driver of
species persistence (Fahrig 2013): the habitat amount
hypothesis posits that species richness can be pre-
dicted based on the amount of habitat in the surround-
ing landscape—independent of either patch size or
isolation (Fahrig 2013). Several studies found that
forest cover, a proxy of habitat amount and the most
used landscape composition variable, has positive
effects on species richness of different taxonomic
groups such as birds (Carrara et al. 2015; Kormann
et al. 2018), bats (Arroyo-Rodriguez et al. 2016),
macro-moth (Merckx et al. 2019), and primates
(Galan-Acedo et al. 2019).

On the other hand, some authors reinforce that the
spatial arrangement of habitat remnants is also
important, suggesting that habitat fragmentation also
affects biodiversity (Ewers and Didham 2006; Haddad
et al. 2015). In fact, some studies showed that
landscape configuration can positively (Arroyo-Rodri-
guez et al. 2016; Coelho et al. 2016) or negatively
(Coelho et al. 2016) affect species richness. Addition-
ally, some studies suggested that fragmentation effects
only occur at low (Andrén 1994) or intermediate
(Pardini et al. 2010) levels of forest cover. Thus,
additional studies are necessary to understand which
landscape attributes affect species richness and the
ecosystem services provided by different species, as
well as the direction of these effects.

Disentangling the effects of landscape composition
and configuration on species richness is of paramount
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importance to guide conservation strategies. However,
the relative importance of landscape composition and
configuration might also depend on the taxonomic
group evaluated (Klingbeil and Willig 2009). For
instance, forest-dependent species are generally more
impacted by forest loss than generalist species (Mo-
rante-Filho et al. 2015). Forest-dependent frugivorous
birds are especially sensitive to anthopogenic distur-
bances (Coelho et al. 2016; Kupsch et al. 2019),
declining in deforested landscapes, whereas habitat
generalist frugivorous species increase (Morante-
Filho et al. 2018b). Frugivorous birds play a key role
in seed dispersal (Wenny et al. 2011), mainly in
tropical forests where up to 90% of woody species
depend on animal services for seed dispersal (Jordano
2014). Overall, these forest-dependent species are
replaced by non-forest species in less forested land-
scapes in a sort of compensatory dynamics (Morante-
Filho et al. 2018b, a).

The vast majority of studies have focused on
species richness, but habitat loss and fragmentation
could also affect other facets of biodiversity in
contrasting ways (Bregman et al. 2016; Chapman
et al. 2018; Hatfield et al. 2018). For instance,
functional diversity, which is related to the functions
performed by species in relation to ecosystem services
(Petchey and Gaston 2006), was observed to increase
with increasing forest cover, whereas the effects of
landscape configuration were inconsistent (Hatfield
et al. 2018). Here, we used a robust dataset on
frugivorous birds (Hasui et al. 2018) encompassing
153 forest fragments in the Brazilian Atlantic Forest
to: (1) evaluate the relative importance of landscape
composition and configuration and (2) their effect size
on taxonomic and functional diversity of frugivorous
birds. We hypothesized that landscape composition
(measured as the amount of forest cover at the
landscape scale) is more important than landscape
configuration (measured as edge density and mean
nearest neighborhood distance) explaining both taxo-
nomic and functional diversity of frugivorous birds.
We expected positive effects of forest cover on
frugivorous birds richness due to factors such as
decreased isolation among patches, changes in plant
community composition, increased supplementary
resources (Dunning et al. 1992) and increased
vegetation complexity (Morante-Filho et al. 2018a)
which in turn results in more resource availability
in highly forested areas (Dunning et al. 1992;
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Pessoa et al. 2017b). We also expected positive effects
of forest cover on functional diversity of frugivorous
birds (Hatfield et al. 2018) becausae anthropogenic
disturbances affect species with extreme traits such as
large body size (Vollstiddt et al. 2017), thus decreasing
the functional space filled by the species (Laliberté and
Legendre 2010) present in these areas.

Methods
Study area

We used a published dataset on bird species (Hasui
et al. 2018) encompassing the Brazilian Atlantic
Forest (Fig. 1). Originally, this tropical forest covered
an area of around 1.5 million square kilometers along
the Brazilian coast (Joly et al. 2014). However, as a
result of anthropogenic land use changes, less than
30% of its original forest cover still remain (Rezende
et al. 2018). The Atlantic forest is one of the top five
global biodiversity hotspots, presenting high species
diversity, levels of endemism and number of threat-
ened species (Myers et al. 2000; Joly et al. 2014). It
harbors nearly 900 species of birds, 213 of which are
endemic and 112 are threatened with extinction
(Moreira-Lima 2014).

Bird assemblage selection

The database used here compiled bird studies for the
whole Brazilian Atlantic Forest. This database cata-
loged 832 bird species in more than 4,000 sampling
points using data from museum, on-line database,
literature sources and unpublished records. Consider-
ing the three main quantitative sampling methods to
inventory birds (mist net, point count and line transect)
the dataset encompasses 576 communities (Hasui et al.
2018). We used only studies performed by Point
counts (46% of studies out of 329) to standardize the
methods and decrease the bias of different method-
ologies. In addition, point count is the most effective
methodology for surveying birds in the Neotropics
(Bibby et al 1992). We first used as inclusion criteria
the precision of the geographic coordinate to select
each assemblage. Thus, we only selected studies that
had the coordinate of the central patch, coordinates of
the four vertices of the patch, or the central coordinate
of the mosaic of sampled habitat (see Hasui et al.

2018). We excluded studies carried out in anthro-
pogenic habitats, restinga (coastal vegetation, includ-
ing sand dunes and some types of coastal forest), or
semideciduos urban forest. We included only frag-
ments that had a minimum distance of two kilometers
from one another to minimize spatial autocorrelation.
When fragments were located within this distance, we
chose the ones that had higher sampling effort. Our
final dataset was composed of 153 forest fragments
and 562 bird species. The year of sampling ranged
from 1991 to 2014, and total effort ranged from 9 to
570 h (68.6 £+ 88.2 mean + SD).

Frugivore classification

From the 562 bird species recorded, we classified the
frugivores following Kissling et al. (2009), which
classify bird species based on nine categories of food
items consumed (fruits, fish, nectar, vertebrates,
terrestrial invertebrates, aquatic invertebrates, plant
material, carrion, and seeds) and consider a species as
frugivore if its diet is composed of more than 50%
fruits. Thus, in our final dataset, only species that eat
more than 50% fruits were included.

Functional traits

For all frugivorous species, we obtained four morpho-
logical traits that describe functions related to fru-
givory and seed dispersal by birds from the published
literature (Table 1). Body mass reflects the amount of
fruits that can be consumed by each species (Jordano
and Schupp 2000), and was obtained from Wilman
et al. (2014). Hand-wing index indicates the flight
capability for long-distance dispersal (Weiss and Ray
2019) and was obtained from Bovo et al. (2018). Gape
width represents the maximum fruit size that can be
ingested (Wheelwright 1985). This trait was obtained
from Bello et al. (2017) and Rodrigues et al. (2019).
Foraging strata correspond to where the species forage
and is an indicator of habitat use. For this trait we used
Wilman et al. (2014) to determine the main forage
strata used by each species. When a species used more
than one stratum in equal proportion we classified it as
“mixed” (Table 1).
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Fig. 1 Map of the 153 study forest fragments in the Brazilian Atlantic Forest obtained from Hasui et al. (2018)

Table 1 Bird functional traits used and the percentage of species for which we were able to obtain information for each functional

trait

Traits Category Range (mean + SD) % species with information
Body mass Continuous 9.34-2,600 g (186.00 £ 364.75) 98.95

Hand-wing index Continuous 0-50.96 (20.31 + 7.85) 66.66

Gape width Continuous 5.0-33.91 (11.59 £ 6.25) 89.58

Foraging strata Categorical ground; understory; midhigh; canopy; mixed 100

For continuous traits we also show the range, mean, and standard deviation
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Functional diversity

We calculated two functional diversity indexes that
can be used for presence data (Laliberté and Legendre
2010) and are widely used to detect shifts in assembly
processes related to disturbance (Mason et al. 2013).
Functional richness (FRic) describes the niche space
occupied by the community (Mason et al. 2005) and
functional dispersion (FDis) depicts the mean distance
of one species to the centroid of all species in the
community (e.g. the spread of functional traits in the
community) (Laliberté and Legendre 2010). To cal-
culate the functional diversity indexes, we constructed
a matrix of functional distance based on our matrix of
species versus traits using Gower dissimilarity to
account for categorical and continuous traits in our
data (Podani and Schmera 2006). We used the package
FD that tolerates missing data (Na’s) (Laliberté et al.
2014) to generate functional diversity index in R
version 3.5.3 (R Core Team 2019). We excluded
twelve sites that had less than four species because the
“dbFD” function only calculates functional indexes if
the number of species is equal to or higher than the
number of traits (Laliberté et al. 2014).

We used null models to estimate the extent to which
the functional diversity of bird communities is above
or below that expected by chance (Gotelli and McCabe
2002). We standardized the effect size (SES) only for
FRic because FDis is not affected by species richness
(Laliberté and Legendre 2010). Standardized effect
size for FRic (SESFRic) was calculated as (observed
FRic — mean of expected FRic) / SD of expected FRic.
Here, the expected FRic is the one expected under a
null model based on the permutation of the presence/
absence matrix (samples (rows) x species (columns)),
with the trait matrix maintained as originally. We
calculated these null models using the “independent
swap” algorithm that randomizes the data matrix
maintaining occurrence and sample richness (Gotelli
2000). The matrix was permuted 999 times according
to the example from Plass-Johnson et al. (2016).
Positive SES values indicate low functional redun-
dancy, which can result from competitive exclusion,
whereas negative values indicate high redundancy,
which can be caused by environmental filtering
(Mouchet et al. 2010).

Landscape descriptors

We calculated four metrics to describe landscape
composition and configuration. We measured the
percentage of forest cover as a descriptor of landscape
composition and the number of fragments, mean
nearest neighborhood distance, and edge density as
metrics of landscape configuration. We used maps
derived from 30 m resolution Landsat satellite images
from MapBiomas (MapBiomas Project—Collection
3.1 of the Annual Series of Coverage and Land Use
Maps in Brazil, accessed in [14/06/19]: [http://www.
mapbiomas.org]). MapBiomas provides annual maps
of land use and cover from 1985 to 2017. We down-
loaded maps considering the year each study started its
sampling. We calculated all landscape metrics in
QGIS (QGIS Development Team 2016) in the plugin
LecoS (Jung 2016). All landscape metrics were cal-
culated in a buffer radius of 1 km around the central
point of each forest fragment. We choose this scale
because each species respond differently to the land-
scape (Boscolo and Metzger 2009) and this scale
represents the daily movement range of medium and
small birds (Sekercioglu et al. 2007), which are the
majority of species in our data. Our final dataset are
representative of forest amount at the landscape scale
in which 40 fragments (26%) have less than 30% of
forest cover, 50 fragments (33%) have between 30 and
70% of forest cover and 63 fragments (41%) have
more than 70% of forest cover (Supplementary
material Fig. 1). See supplementary material for
information on the mean, variance and range of each
landscape predictor (Table S1).

Data analysis

We adjusted generalized linear mixed models using
frugivorous bird richness as response variable for
taxonomic diversity and linear mixed models for FDis
and SESFRic for functional diversity. We used the
study ID as random effect to account for studies that
sampled multiples forest sites. We also used the
coordinates of each forest fragment as covariate to
account for spatial auto correlation in the form of
spatial gradients (Beale et al. 2010). Because studies
differ in sampling effort, we log transformed the
sampling effort and included as offset in species
richness models. We checked for collinearity among
the explanatory variables with the variance inflation
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factor (VIF) (Dormann et al 2013), which resulted in
less than four for all variables. However, we excluded
the number of patches because its exclusion reduced
VIF to 2.5 and because of its high correlation
(r* = 0.79) with mean nearest neighborhood distance.
Thus, the explanatory variables for the final analysis
were forest cover, mean nearest neighborhood dis-
tance and edge density. Because our variables have
different scales, and to enable comparisons, we scaled
and standardized all variables. For frugivore richness
we used poisson distribution and for SESFRic and
FDis we used normal distribution. We constructed
models to test the effect of individual variables and of
variable combinations as well as their interaction.
Overall, we constructed 15 models (See script as
supplementary resource). To account for the effect of
landscape composition and configuration on func-
tional traits (body mass, bill width and hand-wing
index) we also constructed the same models using the
mean value of each trait as response variable. We
checked the spatial distribution of residuals (Supple-
mentary Fig. 2) and semivariograms for all full
models before the analysis.

To calculate variable importance, we used the
function “AICctab” from package bbmle (Bolker
2020). We constructed a table with model weights and
summed the Akaike weights (w;) of the models
contained the variable in question (Burnham and
Anderson 2002). We used the MuMIn package
(Barton 2019) to perform model averaging (Burnham
and Anderson 2002) to find the relative effect size of
the explanatory variables using conditional coeffi-
cients. Model averaging calculates the average effect
of each variable weighted by the Akaike weights of the
models in which this variable occurs (Burnham and
Anderson 2002). We performed all analysis in R
version 3.5.3 (R Core Team 2019). The data and R
codes used are available at https://github.com/
CesarEco/Publications.

Results

From 562 bird species in our dataset, 96 were
classified as frugivores (Appendix). Mean frugivore
richness was 12.75 & 7.03 SD (range 1—36). The
most frequent species were Chiroxiphia caudata,
Euphonia chlorotica, Patagioenas cayennensis, Psit-
tacara leucophthalmus and Tangara sayaca, all
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present in more than 70 fragments. Eleven species
occurred in a single fragment: Amazona farinosa,
Aratinga solstitialis, Chlorophanes spiza, Chloropho-
nia cyanea, Crax fasciolata, Crypturellus strigulosus,
Ortalis guttata, Pipraeidea bonariensis, Pteroglossus
inscriptus, Tangara peruviana and Xipholena
atropurpurea.

Landscape composition was the most important
variable explaining taxonomic diversity of frugivo-
rous birds (Fig. 2). Forest cover showed positive and
significant effects on frugivore richness (Fig. 3,
Table SII), whereas edge density and mean nearest
neighborhood distance did not explain frugivore
taxonomic diversity. In addition, the interactions
between forest cover and edge density and forest
cover and mean nearest neighborhood distance did not
explain frugivorous richness (Fig. 3, Table SII).

Considering functional diversity, forest cover was
the most important variable (Fig. 2), negatively and
significantly affecting both SESFRic and FDis
(Fig. 3). Neither landscape configurational predictors
nor interactions were significant for SESFRic or FDis.

Regarding the functional traits, the configurational
predictor mean nearest neighborhood distance was
important explaining hand-wing index, whereas for
body mass and gape width forest cover, edge density
and mean nearest neighborhood distance were equally
important predictors (Fig. 2). However, no composi-
tional or configurational metric alone were significant
explaining functional traits (Fig. 3). Even so, for bill
width, the interaction between forest cover and edge
density was negative, meaning that increases in forest
cover reduce the negative effects of edge density on
bill width and vice-versa. In contrast, the interaction
between edge density and mean nearest neighborhood
distance were positive, showing that the bill sizes
decreased with MNND, but this decrease is smaller
when edge density is high (Fig. 4, Table SII).

Discussion

Our results encompassing the whole Brazilian Atlantic
Forest show a disproportional importance of landscape
composition than configuration for frugivorous birds.
As predicted, forest loss has detrimental effects on
frugivore diversity. However, we add important
information showing that these effects are also perva-
sive on functional diversity with possible
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Fig. 2 Predictor variables and their importance for taxonomic
and functional diversity and the traits of frugivorous birds in the
Brazilian Atlantic Forest. The sum of Akaike weights (Xwi)

consequences for seed dispersal process. Interestingly,
the combined effect of forest loss and fragmentation
are affecting frugivore traits related to seed dispersal
with a faster decline when fragmentation increase
combined with high levels of habitat amount. These
results emphasize that to sustain ecological processes
performed by birds it is paramount to maintain high
levels of forest amount as well as low levels of
fragmentation.

We found that landscape composition affects the
taxonomic diversity of frugivorous birds in the
Atlantic Forest. As predicted, and consistent with
several previous studies (Carrara et al. 2015; Arroyo-
Rodriguez et al. 2016; Coelho et al. 2016; Godet et al.
2016; Galan-Acedo et al. 2019; Merckx et al. 2019),
we demonstrated the importance of forest cover for
species richness. On the other hand, edge density and
mean nearest neighborhood distance were less impor-
tant predictors of frugivore richness. But interestingly,
forest cover did not interact with edge and isolation,
explaining frugivore richness. It is worth noting that
some studies pointed to an indirect effect of habitat

shows the relative importance of each predictor variable for each
response variable. FC = forest cover; ED = edge density;
MNND = mean nearest neighborhood distance

configuration via habitat loss (Piittker et al. 2020) or
even an intensified effect of landscape configuration at
high levels of habitat loss (Villard and Metzger 2014).
Our findings do not support these ideas, as we do not
find interacting effects of habitat loss and fragmenta-
tion for species richness.

The positive effects of forest cover on frugivorous
birds richness were expected. Our findings are
consistent with previous studies that found increases
in frugivorous birds diversity in forested landscapes
(Morante-Filho et al. 2015; Coelho et al. 2016; Kupsch
et al. 2019). Two main mechanisms might explain this
pattern. First, local vegetation complexity increases in
forested landscapes (Rocha-Santos et al. 2017), which
results in an increase in niche width and resource
exploitation (e.g. food, refuge, nesting sites)
(MacArthur and MacArthur 1961). It has been shown
that vegetation complexity directly affects forest-
dependent frugivorous birds in the Brazilian Atlantic
Forest (Morante-filho et al. 2018a). Second, landscape
scale forest loss may reflect in the availability (Pessoa
et al. 2017b) and quality (Pessoa et al. 2017a, b) of

@ Springer



2542 Landscape Ecol (2021) 36:2535-2547
Frugivorous richness SES Functional richness Functional dispersion
[ 1 |
MNND 1 _.I_ . I_._ _I._
FC:MNND - | @)= . —)— ——
I | I
FC I —.— E + [ —.— I
ED:MNND - @ . Le— | —@—
| | I
ED:FC A | @- - —— ——
£ | -0-: : |—— —dl—
01 00 01 02 03 025 0.00 025 02 0.0 02
Body mass Bill width Hand wing index
MNND - | —— 1 —o- . —— !
I | 1
FC:MNND 1 —— 1 —0— 1 ——
FC - @ - —— : —
[ | |
ED:MNND _I._ ] : —@— - I_._
ED:FC 1 —— 1 —@— ] ——
ED { + : + : @
T T |

-40 -20 0 20 40
Coefficient

15 -10 05 00 05 1.0
Coefficient

-1.0 -0.5 0.0 0.5
Coefficient

Fig.3 Landscape effects on taxonomic and functional diversity
and traits of frugivorous birds in the Brazilian Atlantic Forest.
Significant results are those where the 95% confidence set do not
overlap zero. Black dots are the estimate, blue lines are the
adjusted standard error and the purple lines are the minimum and
maximum confidence set. FC = forest cover; ED = edge

fruit resources, which in turn results in increased fruit
consumption in forested landscapes (Menezes et al.
2016).

On the other hand, landscape configuration did not
show significant effects on frugivorous richness. This
result corroborates with those observed by Fahrig
(2017), in which fragmentation per se (fragmentation
independent of habitat amount) had in general positive
or neutral effects on biodiversity. However, neutral
effects were far more prevalent presented in more than
70% of the studies (Fahrig et al. 2019). However, other
studies found negative effects of fragmentation and
they argument that some species can be sensitive to
habitat configuration, mainly when habitat amount is
low (Martensen et al. 2012; Piittker et al. 2020), which
for example, decreases functional connectivity and
thus increases Allee effects (the fitness of individuals

@ Springer

density; MNND = mean nearest neighborhood distance; FC:
ED = interaction between forest cover and edge density; FC:
MNND = interaction between forest cover and mean nearest
neighborhood distance; ED: MNND = interaction between
edge density and mean nearest neighborhood distance

related to population density) (Villard and Metzger
2014) and decreases immigration rates of forest
dependent species (Pardini et al. 2010; Martensen
etal. 2012). Thus, our findings add important evidence
that the fragmentation effects on richness of frugiv-
orous birds may be absent.

Forest cover had negative effects on functional
richness (either SESFRic or FDis), indicating lower
functional redundancy in deforested landscapes. This
result is in line with previous works (Prescott et al.
2016; Matuoka et al. 2020), which showed that bird
communities in oil plantation and deforested land-
scapes had higher values of standardized functional
diversity, respectively. In fact, forest loss can act as an
environmental filter where forest-dependent species
are negatively affected (Morante-Filho et al. 2018b).
Yet, niche filtering excludes species with traits poorly
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Fig. 4 Interactions that showed significant response for
taxonomic, functional diversity and traits of frugivorous birds
in the Atlantic Forest. The dark blue line and dots represents

adapted to ecosystem changes (Mouchet et al. 2010).
On the other hand, positive SESFRic values can be
found in deforested landscapes probably due to
competitive exclusion, where the coexistence of
dissimilar species is favored (Mouchet et al. 2010).
In deforested landscapes a shift in bird species
composition occurs (Morante Filho et al. 2015), where
forest-dependent species are replaced by non-forest
dependent ones, probably functionally distinct from
one another, explaining the lower functional redun-
dancy in deforested landscapes. Also, the negative
effects of forest cover on functional dispersion means
that in forested landscapes the traits of species are near
to the centroid of all species in the community
(Laliberté and Legendre 2010)), revealing that
forested landscapes can buffer functional traits against
the extinction.

We showed that functional traits were affected by
both landscape composition and configuration. In fact,
some studies point to an increased resource availabil-
ity for frugivorous species, for example, comparing
edge with the fragment interior (Saavedra et al. 2014)
or increasing habitat amount (Pessoa et al. 2017b). In
addition, among the traits related to frugivory, gape
width was affected by the interactions between forest
cover and edge density and mean nearest

higher values for the variable and the dashed light blue line and
dots represents lower values for the variable

neighborhood distance and edge density. Our results
showed that increasing edge amount led to a decrease
in bill width, but at higher amounts of forest cover this
decrease is faster. This result can also be explained by
niche filtering, where more forested landscapes retain
small species which ultimately has small gape. Yet the
increase in edge amount favors plant species that in
general are pioneer and have small fruits (Santos et al.
2012), attracting frugivorous with small bill width. For
example, small-gaped species such as Chiroxiphia
pareola and Manacus manacus can be attracted to the
edge searching for small fruits, reducing the mean bill
width in more forested landscapes. Conversely,
reducing edge amount favors large-gaped frugivores.
The increase in mean nearest neighborhood distance
interacting with high edge density amount increases
bill width (greater bill widths at landscapes with high
isolation and edge density), whereas decreasing edge
amount decreases this attribute. This finding could
reflect that landscapes with high isolation and high
edge amount can lead to species spillover into the
matrix, favoring species that are able to cross the
matrix and that use the fruits located at edges (Boesing
et al. 2018). On the other hand, landscapes with high
levels of isolation and with low edge amount would
favor more generalist species, with smaller gape
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widths, due to the small fruit quality in deforested
landscapes (Pessoa et al. 2017a). However, for hand-
wing index and body mass, the lack of significant
effects may indicate a compensation between large-
and small-bodied species, as previously shown for
forest and non-forest dependent frugivorous (Mo-
rante-filho et al. 2018b).

Conclusions

This work unveiled the patterns related to the impor-
tance and magnitude of the effects of landscape
composition (namely forest cover) and configuration
for frugivorous birds in the Brazilian Atlantic Forest.
Our approach showed that landscape composition is
the strongest determinant of taxonomic and functional
diversity of frugivorous birds in the Brazilian Atlantic
forest. However, landscape composition and configu-
ration interact affecting frugivorous traits related to
seed dispersal. We reinforce that conservation initia-
tives in this biodiversity hotspot should emphasize the
maintenance of large habitat amounts at the landscape
scale and low edge amount and isolation to hold
species and functions performed by frugivorous birds.
This group performs the important function of seed
dispersal that is essential for regeneration and diver-
sity of tropical plants (Jordano 2014). Here, we
showed that habitat loss affects frugivorous birds
and can have pervasive consequences for seed disper-
sal by them, such as a decrease in the number of fruits
consumed and dispersal distance (McConkey et al.
2012). Additionally, we showed that forest cover is a
strong environmental filter selecting species with
redundant functions, which can prevent functional
extinction. In addition, the combined effects of
landscape composition and configuration affect func-
tional traits of frugivorous birds. This is especially
worrying because the Atlantic Forest suffered from
intense deforestation creating isolated fragments.
Also, more than 40% of remaining forest patches in
the Brazilian Atlantic Forest are at a distance of 100 m
or less from edges (Haddad et al. 2015), which could
synergistically with habitat loss drive a functional debt
related to seed dispersal. Thus, the maintenance of
high habitat amount, in combination with low levels of
fragmentation in the landscape, can favor a higher
number of frugivorous birds and maintain the func-
tions performed by them.
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