This is a repository copy of Effects of landscape configuration and composition on
phylogenetic diversity of trees in a highly fragmented tropical forest.
White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/109087/
Version: Accepted Version
Article:
Matos, F.A.R., Magnago, L.F.S., Gastauer, M. et al. (4 more authors) (2017) Effects of
landscape configuration and composition on phylogenetic diversity of trees in a highly
fragmented tropical forest. Journal of Ecology, 105 (1). pp. 265-276. ISSN 0022-0477
https://doi.org/10.1111/1365-2745.12661

This is the peer reviewed version of the following article: Matos, F. A. R. et al (2016),
Effects of landscape configuration and composition on phylogenetic diversity of trees in a
highly fragmented tropical forest. J Ecol., which has been published in final form at
https://doi.org/10.1111/1365-2745.12661. This article may be used for non-commercial
purposes in accordance with Wiley Terms and Conditions for Self-Archiving.

Reuse
Unless indicated otherwise, fulltext items are protected by copyright with all rights reserved. The copyright
exception in section 29 of the Copyright, Designs and Patents Act 1988 allows the making of a single copy
solely for the purpose of non-commercial research or private study within the limits of fair dealing. The
publisher or other rights-holder may allow further reproduction and re-use of this version - refer to the White
Rose Research Online record for this item. Where records identify the publisher as the copyright holder,
users can verify any specific terms of use on the publisher’s website.
Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Accepted Article

Received Date : 25-Nov-2015
Revised Date : 22-Jul-2016
Accepted Date : 18-Aug-2016
Article type

: Standard Paper

Editor

: Hans Jacquemyn

Effects of landscape configuration and composition on phylogenetic
diversity of trees in a highly fragmented tropical forest

Fabio Antonio R. Matos1,2, Luiz Fernando S. Magnago3, Markus Gastauer1, João
M. B. Carreiras4, Marcelo Simonelli5, João Augusto A. Meira-Neto1*, David P.

Edwards2*

1

Laboratory of Ecology and Evolution of Plants (LEEP), Departamento de Biologia Vegetal,

Universidade Federal de Viçosa, Minas Gerais, Brasil.
2

Department of Animal and Plant Sciences, University of Sheffield, Sheffield, UK.

3

Departamento de Biologia, Setor de Ecologia e Conservação, Universidade Federal de Lavras
(UFLA), Lavras, Brasil.
4

National Centre for Earth Observation (NCEO), University of Sheffield, UK.

5

Instituto Federal do Espírito Santo, Vitória, Espírito Santo, Brasil.

*

Corresponding authors. E-mail: david.edwards@sheffield.ac.uk; j.meira@ufv.br

This article has been accepted for publication and undergone full peer review but has not been
through the copyediting, typesetting, pagination and proofreading process, which may lead to
differences between this version and the Version of Record. Please cite this article as doi:
10.1111/1365-2745.12661
This article is protected by copyright. All rights reserved.

Accepted Article

Summary
1. Fragmentation of tropical forests is a major driver of the global extinction crisis. A
key question is understanding how fragmentation impacts phylogenetic diversity,
which summarises the total evolutionary history shared across species within a
community. Conserving phylogenetic diversity decreases the potential of losing
unique ecological and phenotypic traits, and plays important roles in maintaining
ecosystem function and stability.
2. Our study was conducted in landscapes within the highly fragmented Brazilian
Atlantic forest. We sampled living trees with DBH ≥4.8 cm in 0.1 ha plots within
28 fragment interiors and twelve fragment edges to evaluate the impacts of
landscape configuration, composition and patch size, as well as edge effects, on
phylogenetic diversity indices (PD, a measure of phylogenetic richness; MPD,
phylogenetic distance between individuals in a community in deep evolutionary
time; and MNTD, phylogenetic distance between each individual and its nearest
phylogenetic neighbour).
3. We found that PD and MPD were correlated with species richness, while MNTD
was not. Best models suggest that MPD was positively related to edge density
and negatively related to the number of forest patches, but that there was no
effect of landscape configuration and composition metrics on PD or MNTD, or on
standardized values of phylogenetic structure (sesPD, sesMPD, sesMNTD),
which control for species richness. Considering all selected models for
phylogenetic diversity and structure, edge density and number of forest patches
were most frequently selected.
4. With increasing patch size, we found lower PD in interiors but no change at
edges, and lower sesMNTD regardless of habitat type. Additionally, PD and
sesMNTD were higher in interiors than at edges.
5. Synthesis. Changes in MPD and sesMNTD suggest that extirpation of species at
edges or in highly fragmented landscapes increases the dominance of species
within a subset of clades (phylogenetic clustering), likely those adapted to
disturbance. Smaller patch sizes are phylogenetically diverse and overdispersed,
probably due to an invasion of edge-adapted species. Conservation must
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enhance patch area and connectivity via forest restoration; pivotally, even small
forest patches are important reservoirs of phylogenetic diversity in the highly
threatened Brazilian Atlantic forest.

Key-words: Habitat fragmentation, habitat loss, landscape structure, phylogenetic
structure, edge effect, Brazilian Atlantic Forest

Tweetable Abstract: Tree evolutionary history is best saved in unfragmented
landscapes in the threatened Brazilian Atlantic forest

Introduction
Human modification of tropical landscapes is one of the greatest threats to global

biodiversity (Lewis, Edwards & Galbraith 2015). Over 150 Mha of tropical forest was
converted to farmland between 1980 and 2012 (Gibbs et al. 2010; Hansen et al. 2013),

driving a dramatic loss of species in cleared areas (Gibson et al. 2011). What remains is
a landscape dominated by fragmentation processes, with 25% of remaining rainforest in
the Amazon and Congo Basins and 91% in the Brazilian Atlantic forest within 1 km of an
edge (Haddad et al. 2015). Remaining tropical forests are thus increasingly isolated,
persist in increasingly smaller and more irregular patches, and have greater edge
effects (Fahrig 2003; Laurance et al. 2006; Arroyo-Rodríguez et al. 2013).
Fragmentation drives both shifts in forest structure and biodiversity. There is an

increase in the abundance of trees with low wood density (Laurance et al. 2006) that

drive a decay in functional diversity in just three decades since isolation (Benchimol &
Peres 2015), while edge effects that penetrate into the forest, from wind to woody vines,
increase tree mortality (Laurance et al. 2002). Fragments thus have reduced carbon
stocks compared to contiguous forest (Putz et al. 2014), particularly at fragment edges
(Magnago et al. 2015a; Haddad et al. 2015). In turn, fragmentation drives the loss of
species richness and changes in species composition when compared to contiguous
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habitat (Laurance et al. 2006, 2007; Arroyo-Rodríguez et al. 2013; Magnago et al.

2014), in smaller versus larger fragments (Laurance et al. 2011), at edges versus
interiors (Magnago et al. 2014), and in more isolated patches (Fahrig 2003; Magnago et

al. 2015b). These changes are typified by the replacement of rare interior forest species

with edge-tolerant generalist species (Arroyo-Rodríguez et al. 2013; Carrara et al. 2015)
and exotic species (Turner 1996).
While much of the knowledge of the effects of fragmentation on biodiversity is

based on species richness, abundance, and composition, it is also important to
understand the impacts of fragmentation on phylogenetic diversity—the total
evolutionary history shared across all species within a community (Arroyo-Rodríguez et
al. 2012; Cisneros, Fagan & Willig 2015a; Frishkoff et al. 2014). Incorporating measures

of evolutionary distinctiveness into conservation planning can help us to preserve as
much of the tree of life as possible (Mace, Gittleman & Purvis 2003; Redding & Mooers
2006), while conserving phylogenetic diversity decreases the chance of losing unique
phenotypic and ecological traits (Jetz et al. 2014), and provides benefits for ecosystem

function and stability (Dinnage et al. 2012; Cadotte 2013).

Reviewing the literature, we identified only six studies on trees and one study on

bats that used phylogenetic metrics to evaluate the effects of forest fragmentation
(Table S1), and we discovered that there is no consensus in the range of fragmentation
metrics and phylogenetic diversity indices used. Of these studies, two showed that
forest fragments have lower phylogenetic diversity than contiguous landscapes (Santos
et al. 2014; Munguía-Rosas et al. 2014). Four investigated the effect of fragment area
and/or amount of forest cover on phylogenetic diversity and phylogenetic structure with
conflicting findings:

With declining fragment size or percentage forest, bats in

Caribbean lowlands, Costa Rica, lost phylogenetic diversity (Cisneros, Fagan & Willig
2015a), trees in the Brazilian Atlantic both lost (Andrade et al. 2015) and retained

(Santos et al. 2010) phylogenetic diversity, and trees in Los Tuxtlas, Mexico, retained

phylogenetic diversity (Arroyo-Rodríguez et al. 2012). Finally, two studies investigated
the impact of edges on tree phylogenetic diversity, one revealing reductions at fragment
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edges (Santos et al. 2010), the other no difference between edge and interior (Benitez-

Malvido et al. 2014).

Beyond the impacts of fragment area and edge effects, the degree of isolation

from other fragments and fragment shape are also likely to determine impacts on
phylogenetic diversity. This is because the retention of species in fragments can be
influenced by the level of isolation (Boscolo & Metzger 2011; Magnago et al. 2015b) and
the shape of fragments (Hill & Curran 2003). However, we identified just one study that
investigated the impacts of isolation and fragment shape (Cisneros, Fagan & Willig
2015a). Cisneros, Fagan & Willig (2015a) found that the phylogenetic diversity of bats
increased as proximity between forest patches and shape irregularity of patches
decreased. Thus a key question still remains, which is how the phylogenetic diversity of

communities is affected by fragment isolation and shape.
Here we focus on trees species of the imperiled Brazilian Atlantic Forest. Trees

are the best-known group for understanding fragmentation effects on phylogenetic
diversity (Table S1) and they are also important for habitat structure (Boscolo & Metzger
2011; Magnago et al. 2014), carbon storage (Nascimento & Laurance 2004; Laurance
et al. 2006; Magnago et al. 2015b), and represent a significant part of the species
diversity in the tropics (Banks-Leite et al. 2014). Previous studies allow us to create two
hypotheses about expected changes in the phylogenetic diversity of tree communities
that are under the effects of fragmentation, including high irregularity of shape, isolation
and edge effects:
(i)

Considering previous studies that support the hypothesis of low phylogenetic
conservatism in functional traits vulnerable to fragmentation processes (Santos et
al. 2010; Arroyo-Rodríguez et al. 2012), we hypothesized that in recently
fragmented landscapes, such as those used in this study (i.e., <100 years),
metrics of landscape configuration, composition and habitat loss (i.e., fragment
size) would have driven species losses randomly or uniformly throughout the
phylogenetic tree rather than losses of entire lineages of trees, and;
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(ii)

Given the severe effects of abiotic filters commonly cited for edge habitat
(Laurance et al. 2002; Magnago et al. 2015a), which commonly lead to tree
species loss and altered species composition (Laurance et al. 2002; 2006), we
hypothesized that a significant proportion of lineages of tree species may also be
lost in fragment edge relative to interior habitat.

Materials and methods
Study sites
Our 220 km long study area was based in Espírito Santo (19°3'48.02" S and

39°58'58.52" W) northwards to southern Bahia (17°43'29.30" S and 39°44'26.60" W),
east Brazil (Fig. 1 and see Table S2 for details). Remaining forests in the region are
highly fragmented, situated in a landscape matrix of cattle pastures, and plantations of
Eucalyptus spp., sugar cane, coffee, and papaya (Rolim et al. 2005). These forest areas
are included in the Atlantic Forest domain (IBGE 1987; also termed Tableland forest,
Rizzini 1979), typified by large flat areas rising slowly from 20 to 200 m a.s.l., and
according to the Brazilian vegetation classification are Lowland Rain Forest (IBGE
1987). The prevailing climate is wet tropical (Köppen climate classification), with low
rainfall from April to September followed by high precipitation from October to March,
and with minimal variation in climate across sampling sites: precipitation ranges from
1,228 mm yr-1 in Espírito Santo (Peixoto & Gentry 1990) to ~1,403 mm yr-1 in Bahia
(Gouvêa 1969), with similar average temperatures in the dry season (Espírito Santo
~15.6°C; Bahia ~14°C) and the wet season (Espírito Santo ~27.4°C; Bahia ~23°C).

Historically, the studied landscape remained well preserved until the 1950’s.

Thereafter, Espírito Santo and Bahia experienced rampant clearcut logging and
charcoal production, followed by agriculture (Garay & Rizzini 2004). The main
deforestation period in our study area was thus between 1950s and early 1970s
(Simonelli 2007), with conversion of forests primarily to sugar cane and cattle pastures.
Because our fragments were 40 to 60 years old when sampled, extinction debts of
some long-lived tree species are likely still to be paid. However, trees species
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composition in the interior of smaller fragment alters rapidly (most within the first 10
years since isolation) to reflect a more disturbed community (Laurance et al. 2002;
Laurance et al. 2006), indicating that our time since isolation is sufficient to detect many

important impacts of fragmentation.

Data collection
Fieldwork was conducted between January 2008 and July 2014 in 27 forest fragments
that ranged in area from 13 to 23,480 ha (see Table S2). Within each fragment, we
sampled one randomly placed transect except for the second largest fragment of 17,716
ha in which we sampled two transects separated by 4 km, positioned ≥200 m from the
forest edge (28 transects in total; see Fig. 1 and Table S2). Additionally, within 11 of
these fragments again spanning 13 to 23,480 ha, we sampled one transect again, two
transects separated by 4 km were sampled in the 17,716 ha fragment, each positioned
~5 m from the forest edge and each running perpendicular to the paired interior plot
sampled within the same fragment (see Magnago et al. 2014 and Table S2). We thus

have a dataset of 28 interior transects and 12 edge transects (i.e., paired with 12 of the
28 interior transects). Each transect consisted of ten 10 × 10 m plots (0.1 ha in total)
spaced at 20 m intervals. Thus our sample comprises 280 plots (2.8 ha) in fragment
interiors and 120 plots (1.2 ha) in fragment edges. We only sampled primary forests,
with no evidence of recent logging, although we cannot rule out the occurrence of
limited logging several decades ago.
Within each plot, we sampled all individuals living and rooted within our plots with

diameter at breast height (DBH; 1.30 meters above ground height) ≥4.8 cm. Individuals
that were not identified at the site were collected and classified into morphospecies,
subsequently identified by morphological comparison in the Herbarium of Vale (CVRD)
or botanical experts for their families. The botanical material collected in reproductive
stage was deposited in the Herbarium of the Federal University of Viçosa, Minas Gerais
(VIC) and CVRD.
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Data analysis
Landscape metrics
Our landscape design followed the “patch-landscape” approach of McGarigal &

Cushman (2002). In this design, all response variables (phylogenetic metrics) were
measured for each transect within each forest patch, while the landscape configuration
and composition metrics (explanatory variables; see below) were measured in a circular
buffer of 2 km around each transect. This buffer size is large enough to include the wide
variation of the explanatory variables (see Table S3), as well as being at a scale that
comprises structural variation of trees (Rocha-Santos et al. 2016), variation in alphaand beta-diversity of generalist and specialist bird species (Carrara et al. 2015), and
variation in diversity, abundance and uniformity of bats (Arroyo-Rodríguez et al. 2016).
In each buffer, we measured three metrics of landscape configuration, which

describe geometric arrangement, isolation and position of fragment or matrix elements
and which exhibit a wide variation in our landscapes (see Table S3): (1) landscape
shape index – measures the degree of shape complexity of all fragments belonging to
the same class (forest) across a landscape. For a given landscape, a low number
means that fragments within a landscape are on average more regularly shaped and
thus have less edge effects; (2) mean forest nearest neighbour – gives the average
value of the forest nearest neighbour metric when considering all forest fragments within
each buffer; and (3) edge density – measures the length (m) of all forest edges divided
by the total area (ha) of the landscape (thus measured in m/ha). For a given landscape,
a low number indicates lower edge effects within the landscape.
Additionally we measured two metrics of landscape composition, which describe

the quality or quantity of fragment or matrix elements that compose the landscape and
which exhibit a wide variation in our landscapes (see Table S3): (4) forest cover –
measures the percentage of the landscape covered by forest, with a high number
reflecting largest remaining forest cover; and (5) number of forest patches – measures
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the number of fragments within each landscape, thus indicating the degree of forest
fragmentation.
We identified the configuration and composition metrics of landscapes using the

vegetation map of the Brazilian Atlantic forest (reference year 2005; www.sosma.org.br
and www.inpe.br), developed by SOS Mata Atlântica/INPE (2015). This dataset depicts
the spatial distribution of the main forest formations within this biome (see also
Supplementary Methods, Text S1), and has been used to describe landscape structure
via forest loss and fragmentation (Ribeiro et al. 2009) and to generate estimates of

carbon loss due to habitat fragmentation (Pütz et al. 2014). However, omission and

commission errors were detected after comparison with available very-high optical
spatial resolution satellite data from 2012 (World Imagery 2015). These errors were
then manually corrected to obtain the most accurate spatial delineation of the forest
fragments within each circular buffer of 2 km. After correction, within each buffer we
divided our landscape into forest (i.e. only Tableland forest) and non-forest (i.e. all other
types of non-natural areas [matrix]). All forest fragments and non-forest matrix areas
were then converted to raster format using the same spatial resolution (30 meters) used
to generate the vegetation map of this biome with ArcGis (v 10.1).
Posteriorly, we used the files generated in ArcGis to calculate configuration and

composition metrics in FRAGSTATS (v 4.2; McGarigal & Ane 2012) using 2 km of
source radius and the eight-cell neighbourhood rule. Among the wide range of metrics
for landscape study offered in FRAGSTATS, many are comparative and difficult to use
for biological interpretation (McGarigal & Ane 2012). In this sense, our selected metrics
of fragmentation, habitat loss and edge are more directly related to our hypotheses and
to the literature on landscape ecology (see Boscolo & Metzger 2011; Carrara et al.

2015; Cisneros, Fagan & Willig 2015a; Cisneros, Fagan & Willig 2015b; Rocha-Santos
et al. 2016).
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Phylogeny construction
For the preparation of our phylogenetic tree, we constructed a list of all our

family/genus/species according to APG III (2009). In the program Phylocom version 4.2
(Webb et al. 2008), we then used the PHYLOMATIC function to return the phylogenetic
hypothesis for the relationship between our 72 families, 273 genera and 604 species
sampled

in

6,802

tree

individuals,

using

the

new

modified

megatree

R20120829mod.new for vascular plants from Gastauer & Meira-Neto (in press). In our
phylogenetic hypothesis, more than two species per family or more than two genera of
an unresolved family in R20120829mod.new were inserted as polytomies. Finally, to
estimate the lengths of branches in millions of years for our ultrametric phylogenetic
tree, we used the file "ages_exp", (Gastauer & Meira-Neto, in press) and the BLADJ
algorithm in Phylocom program version 4.2 (Webb et al. 2008, see Fig. S1).

Phylogenetic diversity metrics
From our phylogenetic hypothesis, we calculated metrics that evaluate the

evolutionary history present in our landscapes (Faith 1992; Webb et al. 2000; Webb et
al. 2002): (i) phylogenetic diversity (PD); (ii) mean pairwise distance (MPD); (iii) mean
nearest taxon distance (MNTD); (iv) standardized phylogenetic diversity (sesPD); (v)
standardized mean pairwise distance (sesMPD); and (vi) standardized mean nearest
taxon distance (sesMNTD). The standardized metrics are equivalent to PD, MPD and
MNTD, but are standardized for species richness (Swenson 2014; Coronado et al.
2015; see also Supplementary Methods, Text S2). PD is calculated based on the
presence and absence of species, and measures the sum of evolutionary history in a
community; MPD is weighted by abundance and measures the average phylogenetic
distance between all combinations of pairs of individuals (including conspecifics); and
MNTD is weighted by abundance and measures average phylogenetic distance
between an individual and the most closely related non-conspecific individual. Using
Pearson correlations, we checked if all of our phylogenetic metrics are free from
significant effects of species richness.
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For the standardized effect size (ses) calculations, our tree was compared with

10,000 null model randomizations using the algorithm "phylogeny pool". Posteriorly, we
extracted the centile of each observed community PD, MPD and MNTD value from the
null distribution as a probabilistic indicator of deviance from a null expectation (Frishkoff
et al. 2015; Edwards et al. 2015). The applied null model randomizes the identity of

species occurring in each sample, but maintains constant species richness and

abundance within each transect. This approach assumes, therefore, that all species are
equally likely to occur in any fragment the landscape (Arroyo-Rodríguez et al. 2012).
We calculated these six metrics using “picante” package (Kembel et al. 2010) in R,

version 3.2.1 (R Development Core Team. 2015).

Statistical analyses
We analysed the effects of landscape configuration and composition on each

phylogenetic metric using Generalized Linear Models (GLM), with Gaussian error and
an identity link (normality was tested and confirmed by the Shapiro Wilk test), as
implemented in the ‘glm’ function from stats package. Thus our GLM related each

metric of phylogenetic diversity (PD, MPD and MNTD) and phylogenetic structure
(sesPD, sesMPD and sesMNTD), as response variables, with all metrics of landscape
configuration and composition (Cisneros, Fagan & Willig 2015a; Cisneros, Fagan &
Willig 2015b), as explanatory (predictor) variables. However, multicollinearity between
predictor variables was confirmed by Spearman correlation analysis (see table S4), and
any pair of explanatory variables that have a high correlation (r ≥ 0,6) were included in

separate models and subjected to selection of the best model (Magrach, Santamaría &
Larrinaga 2012). The Akaike Information Criterion of Second Order (AICc indicated for
small sample sizes), with ∆AICc≤2, was used to select our best models (Burnham et al.
2011), although we also consider all selected models.
Additionally, we investigated the impacts of fragment area and edge effects on

metrics of phylogenetic diversity, phylogenetic structure and species richness. We
considered two predictor variables: (i) fragment size in log scale and (ii) habitat type
with two levels (edge and interior). We also consider the possible interactions between
these two predictor variables (see Magnago et al. 2014 for details). These analyzes
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were conducted using Generalized Linear Mixed Model (GLMM), with site as a random
variable (Bolker et al. 2009). The GLMM was built using the function “lmer” in the

package lme4, with Gaussian error and an identity link. After creating each model, we

applied the "dredge" function in the package MuMIn and our best model was considered
the one with value of ∆AICc=0. All statistical analyses were performed in R, version

3.2.1 (R Development Core Team. 2015). Data can be found in Matos et al. (2016).

Results
We recorded 6,802 Individuals of 604 tree species, spanning 273 genera and 72

families according to the classification of the Angiosperm Phylogeny Group's III (2009)
across our 28 interior transects and twelve edge transects. Average and standard
deviation of species richness for interior transects was 75.10±12.6 (range: 52 to 94
species) and 80.75±11.42 (range: 62 to 101 species) for edge transects.
Species richness and phylogenetic metrics
We found that PD (Pearson: r = 0.95, P = 0.0001) and MPD (Pearson: r = 0.48, P

= 0.001) were strongly correlated with species richness, whereas MNTD was not
correlated with species richness (Pearson: r = -0.27, P = 0.091). After the calculation of
standardized effect sizes, we found no significant correlation between species richness
and sesPD (Pearson: r = -0.006, P = 0.970), sesMPD (Pearson: r = -0.05, P = 0.732),
and sesMNTD (Pearson: r = 0.11, P = 0.501). Thus the standardized values reduced to

a minimum the effects of species richness.
Impacts of landscape configuration and composition on phylogenetic diversity

Phylogenetic diversity
Our best models (∆AICc=0) indicated that the configuration and composition of

landscapes did not change PD or MNTD (the average number of years between each
species of its closest relative in a community) (Table 1). However, according to our best
model (∆AICc=0; Table 1), the average number of years of evolutionary history that
separates species in a community (MPD) was best explained by edge density and the

This article is protected by copyright. All rights reserved.

Accepted Article

number of forest patches in the landscape. We found that increasing edge density led to
a positive increase in MPD (GLM: t = 2.305, P = 0.029, Fig. 2a), while increasing
number of forest patches decreased MPD (GLM: t = -0.9352, P = 0.040, Fig. 2b).
Considering the four models (∆AICc<2) for PD, edge density and forest cover

were present in two models (Table 1). For MPD, two models were selected with values
∆AICc<2, and edge density and number of forest patches were present in the same
model (Table 1). For MNTD, there were two models with values ∆AICc<2, and edge
density was in one model (Table 1). Finally, considering all 40 selected models, edge
density and number of forest patches (both seventeen times) were the most frequently
selected variables, followed by mean forest nearest neighbor (thirteen times), forest
cover (twelve times) and landscape shape index (five times) (Table S5).
Phylogenetic structure
For phylogenetic structure (sesPD, sesMPD and sesMNTD), our best models

(∆AICc=0) were null models (Table 1). Considering the two models with values ∆AICc<2

selected for sesPD, mean forest nearest neighbor was present in one model (Table 1).
For sesMPD, five models were selected with values ∆AICc<2 (Table 1), with edge

density (three times) the most frequently selected variable, followed by number of forest
patches (two times), landscape shape index and forest cover (both one time). For
sesMNTD, we had two models with values ∆AICc<2, with edge density occurred in one

model (Table 1). Finally, considering all 41 selected models, edge density and number
of forest patches (both eighteen times) were the most frequently selected variables, with
mean forest nearest neighbor (fourteen times), forest cover (eleven times) and
landscape shape index (five times) (Table S6).
Impacts of fragment size and edge-effects on phylogenetic diversity
Phylogenetic diversity
Considering our best model (∆AICc=0, Table 2), phylogenetic diversity (PD) was

significantly affected by the interaction between fragment size and fragment interior

versus edge (GLMM: t = -3.470, P = 0.004, Fig. 3a): with increasing fragment size, we
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found a significant reduction of PD in interiors (F = 6.685, P < 0.027, Fig. 3a), but no

significant change of PD at edges (F = 2.530, P = 0.142, Fig. 3a). PD was significantly
greater in fragment interiors than fragment edges (GLMM: t = 3.773, P = 0.002, Fig. 3b).

Our best model (∆AICc=0) of the effect of forest patch size and habitat on MPD was the
null model (Table 2). For MNTD, our best model (∆AICc=0) was composed of forest
patch size and edge-interior habitats. However, there was only marginal evidence that
forest patch size (GLMM: t = -1.941, P = 0.064) or edge-interior habitat (GLMM: t =
1.944, P = 0.063) altered MNTD.
Considering the three models with values ∆AICc<2 selected for PD, edge-interior

habitat was present in two models and forest patch size in one (Table 2). Two models
were selected for MPD with values ∆AICc<2, with habitat type present in one model
(Table 2). For MNTD, we found four models with values ∆AICc<2, with forest patch size
and type of habitat present in two models (Table 2). Lastly, considering all thirteen
selected models for the three responses variables of phylogenetic diversity (Table S7),
forest patch size (seven times) was the most frequently selected variable, with habitat
(six times) also frequently selected.
Phylogenetic structure
We found no significant interaction effects between fragment size and interior

versus edge location for any of the phylogenetic diversity metrics standardized for
species richness (Table 2). According to our best model (∆AICc=0), sesMNTD was
affected by fragment size and edge-interior: increasing forest patch size led to a
significant reduction of sesMNTD (GLMM: t = -2.903, P = 0.007, Fig. 3c), while
sesMNTD was significantly greater in fragment interiors than edges (GLMM: t = 3.154,

P = 0.004, Fig. 3d). Our best model (∆AICc=0) indicated that forest patch size and
edge-interior habitat do not significantly alter sesPD (Table 2). For sesMPD, our best
model (∆AICc=0, Table 2) included habitat type, but this was marginally non-significant
(GLMM: t = 1.905, P = 0.081). In terms models selected with value ∆AICc<2 (Table 2),
the only model selected for sesPD was the null model (Table 2), two models were
selected for sesMPD and habitat type occurred in one model (Table 2), and for
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sesMNTD, a single model contained forest patch size and edge-interior habitat (Table
2). Lastly, considering all twelve selected models (Table S8), habitat type (seven times)
was the most frequently selected variable, followed by forest patch size (five times).
Discussion
Forest fragmentation is a major driver of the global extinction crisis (Haddad et al.

2015; Lewis, Edwards & Galbraith 2015). A key question is how the degree of isolation
and shape of landscapes impacts phylogenetic diversity. Saving phylogenetic diversity
prevents the loss of evolutionarily unique species (Purvis et al. 2000; Vamosi & Wilson

2008), conserves as much of the tree of life as possible (Mace, Gittleman & Purvis 2003;

Redding & Mooers 2006) and underpins the retention of key ecosystem services and

functions (Cadotte, Cardinale & Oakley 2008; Cadotte 2013). Here, we found that with
increasing edge density, there was an increase in the average phylogenetic distance
between all combinations of pairs of individuals (MPD), whereas with increased
numbers of forest patches in the landscape (i.e., more landscape fragmentation), MPD
was reduced. However, we did not find impacts of landscape configuration (i.e., shape,
isolation and edge density) and composition (i.e., forest cover and number of forest
patches) characteristics on standardized values for species richness (sesPD, sesMPD
and sesMNTD, phylogenetic structure), suggesting that highly fragmented landscapes
are still able to retain important phylogenetic diversity (also see Arroyo-Rodríguez et al.

2012).

Impacts of landscape configuration and composition on phylogenetic diversity
Our results show that edge density and number of forest patches most frequently

affect the phylogenetic diversity and structure of remaining tree assemblages, and thus
that these metrics are most relevant in understanding the effects of deforestation and
habitat fragmentation on phylogenetic diversity. However, best models suggest that only
mean pairwise distance (MPD) was affected significantly and thus that edge density and
number of forest patch effects were caused by differences in species richness
(Coronado et al. 2015; Prescott et al. 2016). Considering the negative effects of edge
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on species richness (Magnago et al. 2014), the increase of MPD in landscapes with
high edge density was unexpected. One possibility is that edge density is directly
related to the complexity in fragment shape (McGarigal, Cushman & Ene 2012; Carrara

et al. 2015), which increases the interchange of individuals of species from less

compact fragments (Ewers & Didham, 2006), leading to changes in species composition
(Hill & Curran 2003). However, a study investigating the effect of shape irregularity in

fragmented landscapes on the phylogenetic diversity of bats in Costa Rica (Cisneros,
Fagan & Willig 2015a) demonstrated a reduction of PD with increased irregularity of
fragments (i.e., higher edge effect), suggesting that so far there is no consensus on the
effect of complexity in fragment shape on phylogenetic diversity.
In terms of the effect of landscape composition, we found that increasing the

number of forest patches (i.e., more fragmentation) led to a reduction of MPD. This
reinforces evidence that increasing landscape fragmentation in tropical forests promotes
negative effects on the phylogenetic diversity of tree species (Munguía-Rosas et al.
2014), as well as negative effects on tree species richness via reduced fragment size
(Laurance et al. 2011) and tree functional diversity via size and edge effects (Magnago
et al. 2014).
We found no effect of landscape metrics of configuration and composition on the

phylogenetic diversity metrics corrected for species richness (sesPD, sesMPD and
sesMNTD). This suggests that any loss of trees in recently fragmented tropical forest
landscapes (i.e., <100 years) occurs randomly or uniformly across the phylogenetic
tree, supporting our hypothesis that losses are not clustered within specific lineages
(Santos et al. 2010; Arroyo-Rodrigues et al. 2012). However, in the Yucatan Peninsula,

Mexico, much older fragmentation (~1,700 years) has reduced phylogenetic diversity
(Munguía-Rosas et al. 2014), suggesting that our findings should be interpreted with
caution when considering very long-term conservation value and further studies should

focus on different taxonomic groups and the phylogenetic signal of functional traits
vulnerable to fragmentation processes in trees (Cisneros, Fagan & Willig 2015a).
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Impacts of fragment size and edge-effects on phylogenetic diversity
PD was lower in the interior of larger fragments (Fig. 3a), a result that is driven by

species richness (no effect on sesPD; Table 2). One explanation of high PD values
inside small fragments is that there is a spill-over of individuals of species from the
fragment edges (Hill & Curran 2003) and non-forest matrix (Cook et al. 2002; Cisneros,
Fagan & Willig 2015a) into the interior of small fragments. This suggests that small
fragments still have high phylogenetic diversity of trees and thus high conservation
value (Arroyo-Rodríguez et al. 2009; Magnago et al. 2014). In addition, we found lower

PD at edges than interiors (Fig. 3b; Santos et al. 2010, but see Benítez-Malvido et al.
2014). In our fragments, edge effects change microclimatic conditions (Magnago et al.

2015a), reduce species richness (see also Laurance et al. 2006) and alter functionality

(Magnago et al. 2014). Thus, while reductions in species richness in part explain the
loss of PD, changes in PD are also likely underpinned by other environmental and
ecological factors.
The lack of significant effects of fragment size or edge effects on the average

number of years of evolutionary history separating individuals of species in a community
(MPD) and its respective standardized value (sesMPD) suggests that the changes in
the species composition and species richness in our fragments (see Magnago et al.
2014) may have resulted from replacing species randomly or uniformly throughout the
phylogenetic tree, but not altering entire clades. Also, this result supports the hypothesis
of low phylogenetic conservatism in functional traits vulnerable to fragmentation
processes in landscapes with a recent history of fragmentation (i.e., <100 years) (see
also Santos et al. 2010; Arroyo-Rodríguez et al. 2012).

The standardized value of phylogenetic distance between each individual and its

nearest phylogenetic neighbour (sesMNTD), increased with decreasing fragment size,
regardless of the habitat type (edge vs. interior). A possible explanation is that smaller
fragments and edges have strong change in species composition and abundances (see
Magnago et al. 2014), making the remaining species community more likely to have
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evolved from lineages at more terminal parts of the phylogenic tree (i.e., intra-family or
intra-genera levels).
Lastly, we found less sesMNTD and thus phylogenetic clustering at edges than

interiors (Fig. 3d). Because edge effects reduce species richness, community
dissimilarity (Laurance et al. 2006) and important functional groups (Lopes et al. 2009;
Magnago et al. 2014), the next individual sampled is likely a close relative of at least
one kind of individual already sampled (Vamosi et al. 2009). However, recent work in

the Brazilian Atlantic forest (Santos et al. 2010) and Mexican dry forest (BenítezMalvido et al. 2014) found no impact of edge effects on the phylogenetic structure of
trees, suggesting that they were predominantly assembled by stochastic processes
(Hubbell 2001). However, these results should be interpreted with caution, since other
fragmented tropical regions showed a random pattern in the phylogenetic structure of
trees following fragmentation and habitat loss effects (Santos et al. 2010; ArroyoRodríguez et al. 2012). Thus, so far, phylogenetic changes in tree species due to

fragmentation do not show a consistent pattern across tropical forests.

Conclusions and conservation implications
Impacts of anthropogenic-induced landscape changes are usually made

measuring losses of the taxonomic dimension of biodiversity (i.e., species richness and
species diversity; Fahrig 2003; Metzger 2000; Girão et al. 2007). To reach a more

comprehensive framework for the conservation of biodiversity and resulting ecosystems
services, it is critical to understand anthropogenic impacts at the functional and
evolutionary levels (Santos et al. 2010; Arroyo-Rodríguez et al. 2012; Magnago et al.

2014; Cisneros, Fagan & Willig 2015a). Our results show that changes in phylogenetic
diversity caused by landscape configuration and composition were, at some level,
promoted by changes in species richness, since (i) observed changes in phylogenetic
diversity were for MPD, which was significantly correlated with species richness, and (ii)
standardised values of sesPD, sesMPD, and sesMNTD did not respond to any of the
landscapes configuration and composition metrics. This supports the low conservatism
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hypothesis of functional traits vulnerable to fragmentation processes (Santos et al.
2010; Arroyo-Rodríguez et al. 2012) and indicates that in recently fragmented

landscapes, tree extirpation and compositional changes occurs randomly or evenly, and
does not eliminate entire lineages (i.e., major phylogenetic clustering).
From a conservation perspective there are both negatives and positives of our

results. On the negative side, edges retain lower MPD than interiors, while interior plots
embedded within a highly fragmented matrix have lower MPD, indicating more
phylogenetic clustering. This suggests that extirpation of species in edge habitats or in
highly fragmented landscapes results in increasing dominance of species within a
subset of clades, likely those adapted to disturbance (Magnago et al. 2014). To reverse

such trends, it would be vital for conservation to extend forest cover via forest
restoration to enhance patch area and connectivity in the highly threatened Brazilian
Atlantic forest (Banks-Leite et al. 2014).

On the positive side, however, we found that interiors of smaller fragments are

phylogenetically diverse and phylogenetically overdispersed in relation to larger
fragments, which tend to be more phylogenetically clustered. Thus high phylogenetic
diversity values are not always linked to high integrity of fragments, although this will

likely reflect the invasion of species from the edge or matrix habitats into small fragment
interiors. Pivotally, therefore, even small forest patches in highly fragmented landscapes
could be a major reservoir of phylogenetic diversity, and could represent important
sources of seeds of evolutionarily distinct species for reforestation and restoration
projects, as well as stepping-stones for dispersal between larger, viable patches.
Acknowledgements

We are very grateful to Mariana F. Rocha, Thiago S. Coser, Domingos Folli, Glaucia S.
Tolentino, Carolina Nunes, and Geanna Correia for fieldwork assistance and Reserva
Natural Vale, Reserva Biológica de Sooretama, Reserva Biológica Córrego do Veado,
Flona do Rio Preto, and IBAMA for permission to conduct research in federal
conservation units (license number 42532). We thank two anonymous referees for
This article is protected by copyright. All rights reserved.

Accepted Article

comments that greatly improved the manuscript, FAPEMIG, SECTES-MG, MCTI and
CNPq for financial support, and Fibria S.A, ArcelorMittal, BioFlorestas and Suzano
Papel e Ceculose S.A for financial and logistical support. We thank CAPES for a
scholarship awarded to FARM (process number 99999.006537/2014-06). JAAMN holds
a CNPq productivity fellowship (301913/2012-9).

Data Accessibility
Fragment x species abundance matrices, and GLM and GLMM input files: DRYAD
entry doi:10.5061/dryad.fq988

References
Angisosperm Phylogeny Group, APG (2009) An update of the Angiosperm Phylogeny Group
classification for the orders and families of flowering plantas: APG III. Botanical Journal of
the Lennean Society, 161, 105–121.

Andrade, E.R., Jardim, J.G., Santos, B.A., Melo, F.P.L., Talora, D.C., Faria, D. & Cazetta, E.
(2015) Effects of habitat loss on taxonomic and phylogenetic diversity of understory
Rubiaceae in Atlantic forest landscapes. Forest Ecology and Management, 349, 73–84.

Arroyo-Rodríguez, V., Cavender-Bares, J., Escobar, F., Melo, F.P.L., Tabarelli, M. & Santos,
B.A. (2012) Maintenance of tree phylogenetic diversity in a highly fragmented rain forest.
Journal of Ecology, 100, 702–711.

Arroyo-Rodríguez, V., Rös, M., Escobar, F., Melo, F.P.L., Santos, B.A., Tabarelli, M. &
Chazdon, R. (2013) Plant -diversity in fragmented rain forests: testing floristic
homogenization and differentiation hypotheses. Journal of Ecology, 101, 1449–1458.
Arroyo-Rodríguez, V., Rojas, C., Saldaña-Vázquez, R. A. & Stoner, K. E. (2016) Landscape
composition is more important than landscape configuration for phyllostomid bat
assemblages in fragmented biodiversity hotspot. Biological Conservation, 198, 84–92.

Banks-Leite, C., Pardini, R., Tambosi, L.R., Pearse, W.D., Bueno, A.A., Bruscagin, R.T.,
Condez, T.H., Dixo, M., Igari, A.T., Martensen, A.C. & Metzger, J.P. (2014) Using
ecological thresholds to evaluate the costs and benefits of set-asides in a biodiversity
hotspot. Science, 345, 1041–1045.
Benchimol, M. & Peres, C.A. (2015) Edge-mediated compositional and functional decay of tree
assemblages in Amazonian forest islands after 26 years of isolation. Journal of Ecology,

This article is protected by copyright. All rights reserved.

Accepted Article

103, 408–420.

Benitez-Malvido, J., Gallardo-Vasquez, J.C., Alvarez-Anorve, M.Y. & Avila-Cabadilla, L.D.
(2014) Influence of matrix type on tree community assemblages along tropical dry forest
edges. American Journal of Botany, 101, 820–829.

Boscolo, D. & Paul Metzger, J. (2011) Isolation determines patterns of species presence in
highly fragmented landscapes. Ecography, 34, 1018–1029.
Bolker, B.M., Brooks, M.E., Clark, C.J., Geange, S.W., Poulsen, J.R., Stevens, M.H.H. & White,
J.-S.S. (2009) Generalized linear mixed models: a practical guide for ecology and
evolution. Trends in Ecology & Evolution, 24, 127–135.

Burnham, K.P., Anderson, D.R. & Huyvaert, K.P. (2011) AIC model selection and multimodel
inference in behavioral ecology: some background, observations, and comparisons.
Behavioral Ecology and Sociobiology, 65, 23–35.

Cadotte, M.W., Cardinale, B.J. & Oakley, T.H. (2008) Evolutionary history and the effect of
biodiversity on plant productivity. Proceedings of the National Academy of Sciences of the
United States of America, 105, 17012–17017.

Cadotte, M.W. (2013) Experimental evidence that evolutionarily diverse assemblages result in
higher productivity. Proceedings of the National Academy of Sciences, 110, 8996–9000.

Carrara, E., Arroyo-Rodríguez, V., Vega-Rivera, J.H., Schondube, J.E., de Freitas, S.M. &
Fahrig, L. (2015) Impact of landscape composition and configuration on forest specialist
and generalist bird species in the fragmented Lacandona rainforest, Mexico. Biological
Conservation, 184, 117–126.
Cisneros, L.M., Fagan, M.E. & Willig, M.R. (2015a) Effects of human-modified landscapes on
taxonomic, functional and phylogenetic dimensions of bat biodiversity. Diversity and
Distributions, 21, 523–533.

Cisneros, L.M., Fagan, M.E. & Willig, M.R. (2015b) Season-specific and guild-specific effects of
anthropogenic landscape modification on metacommunity structure of tropical bats. Journal
of Animal Ecology, 84, 373–385.

Cook, W.M., Lane, K.T., Foster, B.L. & Holt, R.D. (2002) Island theory, matrix effects and
species richness patterns in habitat fragments. Ecology Letters, 5, 619–623.

Coronado, E.N.H., Dexter, K.G., Pennington, R.T., Chave, J., Lewis, S.L., Alexiades, M.N. et al.,
(2015) Phylogenetic diversity of Amazonian tree communities. Diversity and Distributions,
21, 1295–1307.

Dinnage, R., Cadotte, M.W., Haddad, N.M., Crutsinger, G.M. & Tilman, D. (2012) Diversity of
plant evolutionary lineages promotes arthropod diversity. Ecology Letters, 15, 1308–1317.
Edwards, D. P., Gilroy, J. J., Thomas, G. H., Uribe, C. A. M. & Haugaasen, T. (2015) LandSparing agriculture best protects avian phylogenetic diversity. Current Biology, 18, 2384–

This article is protected by copyright. All rights reserved.

Accepted Article

2391.

Ewers, R.M. & Didham, R.K. (2006) Confounding factors in the detection of species responses
to habitat fragmentation. Biological reviews of the Cambridge Philosophical Society, 81,
117–42.
Faith, D.P. (1992) Conservation evaluation and phylogenetic diversity. Biological Conservation,
61, 1–10.

Frishkoff, L.O., Karp, D.S., M’Gonigle, L.K., Mendenhall, C.D., Zook, J., Kremen, C., Hadly, E.A.
& Daily, G.C. (2014) Loss of avian phylogenetic diversity in neotropical agricultural
systems. Science, 345, 1343–1346.
Fahrig, L., (2003). Effects of habitat fragmentation on biodiversity. Ann. Rev. Ecol. Evol. Syst.
34, 487–515.
Gastauer, M. & Meira-Neto, J. A. A. (in press) An enhanced calibration of a recently released
megatree for the analysis of phylogenetic diversity. Brazilian Journal of Biology

Garay, I. & Rizzini G.M. (2004) A Floresta Atlântica de Tabuleiros: Diversidade Funcional da
Cobertura Arbórea. Petrópolis, Rio de Janeiro, 255 p.
Gibbs, H.K., Ruesch, A.S., Achard, F., Clayton, M.K., Holmgren, P., Ramankutty, N. & Foley,
J.A. (2010) Tropical forests were the primary sources of new agricultural land in the 1980s
and 1990s. Proceedings of the National Academy of Sciences, 107, 16732–16737.

Gibson, L., Lee, T.M., Koh, L.P., Brook, B.W., Gardner, T.A., Barlow, J., Peres, C.A., Bradshaw,
C.J.A., Laurance, W.F., Lovejoy, T.E. & Sodhi, N.S. (2011) Primary forests are
irreplaceable for sustaining tropical biodiversity. Nature, 478, 378–381.
Girão, L. C., Lopes, A. V., Tabarelli, M. & Bruna, E. M. (2007) Changes in tree reproductive
traits reduce functional diversity in fragmented Atlântic forest landscape. PLoSONE, 2,
e908.
Gouvêa, J.B.S. (1969) Contribuição à geomorfologia do sul da Bahia. Área dos baixos cursos
dos rios Pardo e Jequitinhonha. Comunicação Técnica do Cenntro de Pesquisas do
CACAU/Comissão Executiva de Planejamento da Lavoura Cacaueira, Itabuna, 35, 111 p.

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. Science Advances, 1,
1-9.
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 (New York, N.Y.), 342, 850–3.

This article is protected by copyright. All rights reserved.

Accepted Article

Hill, J.L. & Curran, P.J. (2003) Area, shape and isolation of tropical forest fragments : effects on
tree species diversity and implications for conservation. Journal of Biogeography, 30 ,
1391–1403.
Hubbell, S. (2001) The unified neutral theoryy of biodiversity and biogeography. Princeton
University Press, Princeton, New Jersey, USA, 375 p.
IBGE (Fundação Instituto Brasileiro de Geografia e Estatística). (1987) Rio Doce: geologia,
geomorfologia, pedologia, vegetação e uso potencial da terra. Projeto Radambrasil,
Volume SF.34, Rio de Janeiro.
Jetz, W., Thomas, G.H., Joy, J.B., Redding, D.W., Hartmann, K. & Mooers, A.O. (2014) Global
Distribution and Conservation of Evolutionary Distinctness in Birds. Current Biology, 24,
919–930.

Kembel, S.W., Cowan, P.D., Helmus, M.R., Cornwell, W.K., Morlon, H., Ackerly, D.D.,
Blomberg, S.P. & Webb, C.O. (2010) Picante: R tools for integrating phylogenies and
ecology. Bioinformatics, 26, 1463–1464.

Laurance, W.F., Lovejoy, T.E., Vasconcelos, H.L., Bruna, E.M., Didham, R.K., Stouffer, P.C.,
Gascon, C., Bierregaard, R.O., Laurance, S.G. & Sampaio, E. (2002) Ecosystem decay of
Amazonian forest fragments: A 22-year investigation. Conservation Biology, 16, 605–618.
Laurance, W.F., Nascimento, H.E.M., Laurance, S.G., Andrade, A., Ribeiro, J.E.L.S., Giraldo,
J.P., Lovejoy, T.E., Condit, R., Chave, J., Harms, K.E. & D’Angelo, S. (2006) Rapid decay
of tree-community composition in Amazonian forest fragments. Proceedings of the National
Academy of Sciences of the United States of America, 103, 19010–19014.

Laurance, W.F., Nascimento, H.E.M., Laurance, S.G., Andrade, A., Ewers, R.M., Harms, K.E.,
Luizão, R.C.C. & Ribeiro, J.E. (2007) Habitat fragmentation, variable edge effects, and the
landscape-divergence hypothesis. PloS one, 2, e1017.

Laurance, W.F., Camargo, J.L.C., Luizão, R.C.C., Laurance, S.G., Pimm, S.L., Bruna, E.M.,
Stouffer, P.C., Bruce Williamson, G., Benítez-Malvido, J. & Vasconcelos, H.L. (2011) The
fate of Amazonian forest fragments: A 32-year investigation. Biological Conservation, 144,
56–67.

Lewis, S.L., Edwards, D.P. & Galbraith, D. (2015) Increasing human dominance of tropical
forests. Science, 349, 827-832.

Lopes, A.V., Girão, L.C., Santos, B.A., Peres, C.A. & Tabarelli, M. (2009) Long-term erosion of
tree reproductive trait diversity in edge-dominated Atlantic forest fragments. Biological
Conservation, 142, 1154–1165.

Mace, G.M., Gittleman, J.L & Purvis, A. (2003) Preserving the Tree of Life. Science, 300, 1707–
1709.

Magnago, L.F.S., Edwards, D.P., Edwards, F.A., Magrach, A., Martins, S. V. & Laurance, W.F.
(2014) Functional attributes change but functional richness is unchanged after

This article is protected by copyright. All rights reserved.

Accepted Article

fragmentation of Brazilian Atlantic forests. Journal of Ecology, 102, 475–485.

Magnago, L.F.S., Rocha, M.F., Meyer, L., Martins, S.V. & Meira-Neto, J.A.A. (2015a)
Microclimatic conditions at forest edges have significant impacts on vegetation structure in
large Atlantic forest fragments. Biodiversity and Conservation, 24, 2305–2318.
Magnago, L.F.S., Magrach, A., Laurance, W.F., Martins, S. V., Meira-Neto, J.A. a., Simonelli, M.
& Edwards, D.P. (2015b) Would protecting tropical forest fragments provide carbon and
biodiversity co-benefits under redd+? Global Change Biology, 21, 3455–3468.

Magrach, A., Santamaría, L. & Larrigana, A. R. (2012) Differtential effects of anthropogenic
edges and gaps on the reproduction of a forest-dwelling plant: The role of plant
reproductive effort and nectar robbing by bumblebees. Austral Ecology, 37, 600–609.

Matos, F. A. R., Magnago, L. F. S., Gastauer, M., Carreiras, J. M. B., Simonelli, M., Meira-Neto,
J. A. A., & Edwards, D. P. (2016) Data from: Effects of landscape configuration and
composition on phylogenetic diversity of trees in a highly fragmented tropical forest.
Journal of Ecology doi:10.5061/dryad.fq988

McGarial, K., & Cushman, S. A. (2002) Comparative evaluation of experimental approaches to
the study of habitat fragmentation effects. Ecological Applications, 12, 335-345.

McGarial, K., Cushman, S. A. & Ene, E. (2012) FRAGSTATS v4: spatial pattern analysis
program for categorical and continuous maps. University of Massachusetts, Amherst, MA,
USA. Available at: USA. Available at: http://goo.gl/aAEbMk.
Metzger, J. P. (2000) Tree function group richness and spatial structure in a tropical fragmented
landscape (SE Brazil). Ecological Applications, 10, 1147–1161.

Munguía-Rosas, M.A., Jurado-Dzib, S.G., Mezeta-Cob, C.R., Montiel, S., Rojas, A. & PechCanché, J.M. (2014) Continuous forest has greater taxonomic, functional and phylogenetic
plant diversity than an adjacent naturally fragmented forest. Journal of Tropical Ecology,
30, 323–333.
Nascimento, H.E.M. & Laurance, W.F. (2004) Biomass Dynamics in Amazonian Forest
Fragments. Ecological Applications, 14, 127–138.

Pardini, R., Bueno, A.D.A., Gardner, T. a, Prado, P.I. & Metzger, J.P. (2010) Beyond the
fragmentation threshold hypothesis: regime shifts in biodiversity across fragmented
landscapes. PloS one, 5, e1366.
Peixoto, A. L. & Gentry, A. (1990) Diversidade e composição florística da mata de tabuleiro na
Reserva Florestal de Linhares (Espírito Santo, Brasil). Revista Brasileira de Botânica, 13,
19-25.

Prescott, G. W., Gilroy, J. J., Haugaasen, T., Uribe, C. A. M., Forest, W. A. & Edwards, D. P.
(2016) Managing Neotropical oil palm expansion to retain phylogenetic diversity. Journal
of Applied Ecology, 53, 150–158.

This article is protected by copyright. All rights reserved.

Accepted Article

Purvis, A., Agapow, P.-M., Gittleman, J.L. & Mace, G.M. (2000) Nonrandom Extinction and the
Loss of Evolutionary History. Science, 288, 328–330.

Pütz, S., Groeneveld, J., Henle, K., Knogge, C., Martensen, A.C., Metz, M., Metzger, J.P.,
Ribeiro, M.C., de Paula, M.D. & Huth, A. (2014) Long-term carbon loss in fragmented
Neotropical forests. Nature Communications, 5, 5037.
R Development Core Team (2015) R: A language and Environment for Statistical Computing. R
Foundation for Statistical Computing, Vienna, Austria.
Redding, D.W. & Mooers, A.Ø. (2006) Incorporating Evolutionary Measures into Conservation
Prioritization. Conservation Biology, 20, 1670–1678.

Ribeiro, M.C., Metzger, J.P., Martensen, A.C., Ponzoni, F.J. & Hirota, M.M. (2009) The Brazilian
Atlantic Forest: How much is left, and how is the remaining forest distributed? Implications
for conservation. Biological Conservation, 142, 1141–1153.
Rocha-Santos, L., Pessoa, M. S., Cassano, C. R., Talora, D. C., Orihuela, R. L. L., MarianoNetos, E., Morante-Filho, J., C., Faria, D., & Cazetta, E. (2016) The shrinkage of a forest:
Landscape-sacale deforestation leading to overall changes in local forest structure.
Conservation Biology, 196, 1–9.
Rolim, S.G., Jesus, R.M., Nascimento, H.E.M., do Couto, H.T.Z. & Chambers, J.Q. (2005)
Biomass change in an Atlantic tropical moist forest: the ENSO effect in permanent sample
plots over a 22-year period. Oecologia, 142, 238–246.

Rizzini, C.T. (1979). Tratado de fitogeografia do Brasil: aspectos sociológicos e florísticos.
Universidade de São Paulo, 373 p.
Santos, B.A., Tabarelli, M., Melo, F.P.L., Camargo, J.L.C., Andrade, A., Laurance, S.G. &
Laurance, W.F. (2014) Phylogenetic Impoverishment of Amazonian Tree Communities in
an Experimentally Fragmented Forest Landscape. PLoS ONE, 9, e113109.
Santos, B.A., Arroyo-Rodríguez, V., Moreno, C.E. & Tabarelli, M. (2010) Edge-Related Loss of
Tree Phylogenetic Diversity in the Severely Fragmented Brazilian Atlantic Forest. PLoS
ONE, 5, e12625.

Simonelli, M. (2007) Diversidade e Conservação das Florestas de Tabuleiros no Espírito Santo.
In: Ecossistemas Costeiros do Espírito Santo: Conservação e Restauração (eds Orgs
Menezes LFT, Pires FR, Pereira OJ), pp.21.-32, EDUFES, Vitória, ES.
SOS Mata Altântica & Instituto Nacional de Pesquisas Espaciais (2015). Altas dos
Remanescentes Florestais e Ecossistemas Associados no Domínio da Mata Altântica, São
Paulo, SP, 60 p.
Swenson, N.G. (2014) Functional and Phylogenetic Ecology in R. Springer UserR!-Springer.

Turner, I.M. (1996) Species loss in fragments of tropical rain forest: a review of the evidence.
Journal of Applied Ecology, 33, 200–209.

This article is protected by copyright. All rights reserved.

Accepted Article

Vamosi, J.C. & Wilson J.R.U. (2008) Nonrandom extinction leads to elevated loss of
angiosperm evolutionary history. Ecology Letters, 11, 1047–1053.

Vamosi, S.M., Heard, S.B., Vamosi, J.C. & Webb, C.O. (2009) Emerging patterns in the
comparative analysis of phylogenetic community structure. Molecular Ecology, 18, 572–
592.

Webb, C.O. (2000) Exploring the Phylogenetic Structure of Ecological Communities: An
Example for Rain Forest Trees. The American Naturalist, 156, 145–155.
Webb, C.O., Ackerly, D.D., McPeek, M. a. & Donoghue, M.J. (2002) Phylogenies and

Community Ecology. Annual Review of Ecology and Systematics, 33, 475–505.

Webb, C.O., Ackerly, D.D. & Kembel, S.W. (2008) Phylocom: software for the analysis of
phylogenetic community structure and trait evolution. Bioinformatics, 24, 2098–2100.

World Imagery, (2015) Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics,
CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP,
swisstopo, and the GIS User Community.

Supplementary Materials:
Text S1 – Supplementary methods: Landscape structure
Text S2 - Supplementary methods: Standardized values
Table S1 – Studies investigating fragmentation impacts on phylogenetic diversity and
structure
Table S2 – Fragment details
Table S3 – Values of landscape configuration and composition metrics in study
fragments
Table S4 – Correlations between landscape variables
Table S5 – Results of information-theoretic-based model selection for the impacts of
landscape configuration and composition metrics on the phylogenetic diversity
Table S6 - Results of information-theoretic-based model selection for the impacts of
landscape configuration and composition metrics on the phylogenetic structure
Table S7 – Results of generalized linear mixed models for fragment size and habitat
impacts on phylogenetic diversity
Table S8 – Results of generalized linear mixed models for fragment size and habitat
impacts on phylogenetic structure
Figure S1 – Phylogenetic tree of tree species sampled
Supplemental references

This article is protected by copyright. All rights reserved.

Accepted Article

Tables
Table 1 - Results of information-theoretic-based model selection for the impacts of
landscape configuration and composition metrics on the phylogenetic diversity and
phylogenetic structure. We present only the models with values of ∆AICc<2. PD =
Phylogenetic diversity (millions of years); sesPD = Standardized value of phylogenetic
diversity (PD); MPD = Mean phylogenetic distance (millions of years); sesMPD =
Standardized value of MPD; MNTD = Mean nearest taxon phylogenetic distance
(millions of years); and sesMNTD = Standardized value of MNTD. AICc = Akaike
information criterion for small samples; AICc = Difference between the AICc of a given
model and that of the best model; and AICcWt = Akaike weights (based on AIC
corrected for small sample sizes).

Response variable
PD

sesPD
MPD

sesMPD

MNTD

sesMNTD

AICc ∆AICc AICcWt
Null model
436.92
0
0.21
Edge density+Forest cover
437.20 0.28
0.18
Forest cover
438.19 1.26
0.11
Edge density
438.35 1.42
0.10
Null model
8.98
0
0.30
Mean forest nearest neighbour
10.85
1.87
0.12
Edge density+Number of forest patches
192.71
0
0.25
Null model
193.59 0.87
0.16
Null model
6.69
0
0.21
Landscape shape index
7.27
0.58
0.15
Edge density+Forest cover+Number of forest patches
7.66
0.97
0.13
Edge density+Number of forest patches
8.19
1.50
0.10
Edge density
8.45
1.76
0.09
Null model
196.57
0
0.29
Edge density
198.50 1.93
0.11
Null model
11.96
0.00
0.29
Edge density
13.73
1.77
0.12
Model variables
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Table 2 - Results of information-theoretic-based model selection for the impacts of
fragment size and fragment location (edge vs. interior). We present only the models with
values of ∆AICc<2. PD = Phylogenetic diversity (millions of years); sesPD =

Standardized value of phylogenetic diversity (PD); MPD = Mean phylogenetic distance
(millions of years); sesMPD = Standardized value of MPD; MNTD = Mean nearest taxon
phylogenetic distance (millions of years); and sesMNTD = Standardized value of MNTD.
AICc = Akaike information criterion for small samples;

AICc = Difference between the

AICc of a given model and that of the best model; and AICcWt = Akaike weights (based
on AIC corrected for small sample sizes). Habitats = edge vs. interior.

Response variable
PD

sesPD
MPD
sesMPD

MNTD

sesMNTD

Model variables
Forest patch size+Habitats+Forest patch
size:Habitats
Null model

AICc

∆AICc

AICcWt

362.90
363.20

0
0.28

0.39
0.34

Habitats

364.90

1.94

0.15

Null model

14.50

0

0.66

Null model

164.40

0

0.54

Habitats

165.90

1.46

0.26

Habitats

-5.10

0

0.43

Null model

-4.90

0.26

0.38

Forest patch size+Habitats

171.10

0

0.28

Habitats
Forest patch size

171.40
171.50

0.27
0.28

0.25
0.25

Null model

171.60

0.43

0.23

3.70

0

0.81

Forest patch size+Habitats
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Figures (high resolution files attached separately)
Fig. 1 - Study area and forest fragments sampled in the Brazilian Atlantic Forest. Size of
each fragment and their coordinates can be seen in Table S2.
Fig. 2 - Effect of edge density (a) and number of forest patches (b) on the average
number of years of evolutionary history separating species in a community (mean
phylogenetic distance-MPD), analyzed in 28 transects sampled in the Brazilian Atlantic
forest. Values were obtained after the summation of the raw residuals with the expected
values for variable (y), assuming average value for the variable (partial residuals plots).
Fig. 3 - Relationship between fragment area and location (i.e., edge vs. interior) with
phylogenetic diversity and structure, sampled in 24 transects of the Atlantic forest. (a)
The effect of the interaction between fragment size and habitat type (interior: continuous
line vs edge: dashed line) on phylogenetic diversity PD, partial residuals plots; (b) the

effect of habitat on PD; (c) the effect of fragment size on standardized mean nearest
taxon distance (sesMNTD), partial residuals plots; and (d) the effect of habitat type on
standardized mean nearest taxon distance (sesMNTD). Circles (a) and (c) represent
values obtained after summation of raw residuals with the expected values for each
variable, assuming average values for other covariates; errors bars represent standard
errors.
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