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Abstract

Phylogenetic diversity is a reliable predictor of taxonomic and functional diversity and of biodiversity option value. During
forest fragmentation, forest patches that vary in size, degree of isolation, and shape are formed. Identifying the spatial
characteristics of forest remnants that maximize phylogenetic diversity could be useful to conservationists when prioritizing
areas to be protected if resources are limited. In this study, we assessed whether spatial patch characteristics (size, edge
density, and shape) and the context of the patch in the surrounding landscape (i.e., isolation degree) affect plant phylogenetic
diversity in 19 naturally shaped forest patches. Owing to the age of the forest patches, the study system allowed us to assess
the long-term effects of spatial variables on phylogenetic diversity. We found that patch size has a positive effect on phylo-
genetic diversity, presumably because environmental heterogeneity and niche opportunities are greater in bigger patches.
Also, phylogenetic diversity was positively affected by edge density. The convergent evolution of traits which confer tolerance
to prevailing edge conditions in phylogenetically distant species may explain this result. We suggest that patch size is a reliable
predictor of plant phylogenetic diversity and could be used as a prioritization criterion in conservation strategies, at least in
the study area.
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Introduction

Biodiversity conservation is particularly urgent in the tro-
pics where a highly diverse biota exists in the context of
massive rates of habitat loss (Achard et al., 2002). The
assessment of biodiversity and how human-driven dis-
turbances affect it have mostly focused on taxonomic
diversity (e.g., species richness; Fahrig, 2003). However,
taxonomic diversity assumes that species are homoge-
neous entities and neglects the evolutionary history of
species. Phylogenetic diversity, understood as the evolu-
tionary history contained in a biotic community (Faith,
1992), may be a more informative metric of biodiversity
because it is a reliable predictor of the main ecological
processes that structure biotic communities (Cadotte,
Cardinale, & Oakley, 2008; Faith et al., 2010; Flynn,
Mirotchnick, Jain, Palmer, & Naecem, 2011), and of
biodiversity option value (Faith et al., 2010).
Phylogenetic diversity may also provide a useful tool

for conservationists; for example, it may help identify
land arcas with a longer evolutionary history, those
with the most prolific lineages or the taxa most prone
to extinction (Brooks, Mayden, & McLennan, 1992;
Faith, 1992; Faith et al., 2010). Despite the relevance
phylogenetic diversity may have in fundamental and
applied fields of ecology, it was not until recently that
ecologists started looking at the effects of human-driven
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Tropical Conservation Science

disturbance on phylogenetic diversity (e.g., Ribeiro et al.,
2016). Some studies have tested the prediction that
anthropogenic disturbance (e.g., agriculture [Dinnage,
2009], chronic human disturbance [Ribeiro et al., 2016],
and logging [Tamoya et al., 2015]) impoverish plant
phylogenetic diversity, the underlying mechanism being
identified as the phylogenetic conservation of functional
traits associated with the vulnerability of plants to dis-
turbance (e.g., shade tolerance, large seeds, and hard
wood; Laurance et al., 2006; Lopes, Girdo, Santos,
Peres, & Tabarelli, 2009; Silva & Tabarelli, 2000). As a
result, plant communities in more disturbed habitats are
expected to be more phylogenetically related, a prediction
frequently supported by data (Egorov et al., 2015;
Ribeiro et al., 2016; Tamoya et al., 2015).

A major threat to biodiversity is habitat loss and frag-
mentation, a process that encompasses several changes in
the spatial characteristics and configuration of habitat
remnants at the patch and landscape levels (Fahrig,
2003). Although several studies have shown that habitat
loss at the patch level has a particularly strong negative
effect on taxonomic diversity (Bender, Contreras, &
Fahrig, 1998; Mazerolle & Villard, 1999; Valdés et al.,
2015), the few studies available have not found any
effect of patch size, isolation, or shape on phylogenetic
diversity in tropical plant communities (Arroyo-
Rodriguez et al.,, 2012; Santos, Arroyo-Rodriguez,
Moreno, & Tabarelli, 2010). Instead, previous studies
have found that phylogenetic diversity is influenced by
the age of forest patches (Santos et al., 2010, 2014), sug-
gesting that elapsed time since the fragmentation process
began (from decades to just a few hundred years) was
possibly not long enough to reveal any effect on phylo-
genetic diversity (Santos et al., 2010, 2014). Therefore,
forest which has been fragmented for longer periods of
time, such as naturally fragmented forests, are ideal
model systems for assessing the long-term effects of spa-
tial variables on phylogenetic diversity (Munguia-Rosas
et al., 2014). This information may both improve our
understanding of how spatial patch variables affect
phylogenetic diversity and help identify which spatial
attributes of habitat remnants would maximize the
long-term conservation of phylogenetic diversity.

In this study, we evaluated whether the spatial charac-
teristics of forest patches (size, shape, and edge density)
and their context in the landscape (distance to the con-
tinuous forest and distance to the nearest patch) predict
plant phylogenetic diversity in a naturally fragmented
tropical forest of the Yucatan. This forest is composed
of natural vegetation patches that vary naturally in size,
degree of isolation, and shape (Mas & Correa, 2000;
Munguia-Rosas & Montiel, 2014). These forest patches
are discrete units with clearly identifiable edges (Duran,
1987; Rico-Gray, 1982). The vegetation of these patches
is richer in species and structurally more complex than

that of the habitat matrix, which is dominated by flood-
tolerant species (Rico-Gray & Palacios-Rios, 1996).
Because this forest has been fragmented for over a million
years (CONANP-SEMARNAT, 20006), it offers an excel-
lent opportunity to study the long-term effects of spatial
patch variables on phylogenetic diversity (Montiel,
Estrada, & Leon 2006; Munguia-Rosas & Montiel, 2014).

Patch area is positively related to environmental het-
erogeneity, and smaller patches may represent a more
restricted niche for a reduced number of potentially
more closely related species (Arellano-Rivas, De-Nova,
& Munguia-Rosas, 2017). Also, patch isolation may
filter plant species that have a long-distance dispersal
capacity, such as plants with zoochory, a phylogenetically
conserved trait (Rezende, Lavabre, Guimaraes, Jordano,
& Bascompte, 2007). Moreover, the amount of edge of a
patch increases with shape complexity, and edges have
harsher environmental conditions (Murcia, 1995) where
mostly pioneer-like, closely related plant species can sur-
vive (Letcher, 2010; Tabarelli, Lopes, & Peres, 2009).
And finally, because of the chronic flooding that prevails
in the habitat matrix, patches with a lower elevation are
at a higher risk of flooding; thus, a larger proportion of
flood-tolerant plants (a phylogenetically conserved trait
[Tanentzap & Lee, 2017]) is expected in these patches. It
is not unreasonable to expect that plant communities in
habitat patches with spatial variables associated with
harsher environmental conditions (reduced area, high iso-
lation degree, convoluted shape, and low elevation)
would have lower phylogenetic diversity.

Methods
Study Area

The study area was the Petenes-Celestun-El Palmar
Biological Corridor (19° 53'-21° 11" N, 90° 28'-90° 17’
W), located along the northwestern coast of the Yucatan
Peninsula (Figure 1). The climate is tropical subhumid
with summer rains. Precipitation ranges from 1,000 to
1,200mmy~" and temperature from 26.1°C to 27.8°C
(Duran, 1987). The study was conducted on patches of
semievergreen tropical forest locally known as petenes
(singular: peten; Figure 1). These forest patches are
surrounded by a flooded matrix of shorter, less diverse
vegetation that is tolerant to flooding and dominated
by sedges and short mangroves (Rico-Gray, 1982;
Rico-Gray & Palacios-Rios, 1996). The forest becomes
continuous as one moves inland. In our sample, patch
size ranges from 1.6 to 320 ha, and shape index (SI) is
0.26 to 1.62. The distance to the nearest patch and dis-
tance to the continuous forest are 0.03 to 1.62km and
4 to 9km, respectively. Most forest patches have a con-
stant fresh water supply from sinkholes and are located at
a relatively higher elevation; two characteristics that may
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Figure |. Map of the study area (Petenes-Celestun-El Palmar Biological Corridor, polygon in white). Forest patches sampled (Sampled
peten) are shown in black. Patches not sampled are in gray (peten). The small rectangle in the insert at the bottom right indicates the
position of the study area on the Yucatan Peninsula. All bars represent | km.

at least partially explain the presence of these forest
patches in the study area (Barrera, 1982; Rico-Gray,
1982). The forest patches grow on quaternary geological
formations that are about 1.7 Ma old (CONANP-
SEMARNAT, 2006).

Dominant canopy species are Annona glabra, three
species of Ficus, Laguncularia racemosa, Manilkara
zapota, Metopium brownei, Swietenia macrophylla, and
Tabebuia rosea. In the understory, dominant species are
as follows: Acrostichum aureum, Bravaisia tubiflora, and
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Sabal yapa. The herbaceous layer is scarce or absent.
Dominant species in the matrix are Acrostichum danaei-
folium, Cladium mariscus, Avicennia germinans, L. race-
mosa, and Rhizophora mangle (Duran, 1995; Rico-Gray,
1982).

Plant Sampling

Due to insurmountable problems with accessibility, a non-
random sample of 19 forest patches that were accessible
and had an area greater than 1 ha was chosen (Figure 1).
From January 2013 to August 2014, we recorded the vas-
cular plant species in these patches using a sampling proto-
col modified from Gentry (1982). In short, plant sampling
was conducted using 54 x 4 m belt transects. Five transects
were set up in each patch, the first transect was placed
using a random GPS point previously located on digital
cartography, and the remaining transects were systemat-
ically placed parallel to the first and 20m apart. Total
sampled area per patch was 0.1 ha. Based on experience
gleaned from previous studies (Arroyo-Rodriguez et al.,
2012; Arroyo-Rodriguez, Pineda, Escobar, & Benitez-
Malvido, 2009; Munguia-Rosas & Montiel, 2014;
Rosati, Fipaldini, Marignani, & Blasi, 2010), the area
sampled was kept constant across patches to reduce
sample area effects. Only plants with a girth greater than
Scm (dbh=1.6cm), and nonwoody plants taller than
20 cm were sampled. Epiphytes and lianas were not rec-
orded during the vegetation survey owing to the difficul-
ties associated with assessing their presence and
abundance. Plants were identified with the help of field
guides (Brokaw et al., 2011; Pennington & Sarukhan,
2005) and expert advice. To assess sampling completeness,
we plotted species accumulation curves and compared
observed species richness with that predicted by nonpara-
metric estimators (Chaol, Chao2, and Abundance-based
Coverage Estimator [ACE)]).

Spatial Variables of Forest Patches

The most recent digital cartography (2009 and 2011)
available for the study area in Google Earth Pro 7.2
was used to calculate patch size (measured in hectares),
and distance to the continuous forest (edge-to-edge in
kilometers), distance (edge to edge) to the nearest patch
(km), edge density (patch perimeter [m]/patch size [ha]),
patch elevation at its center (m a.s.l.) were calculated
using ArcInfo 9.2. Some of this information was used
to calculate a SI as follows: SI = #9 where p is the per-
imeter of the focal patch (m), and §Ts the size (ha) of the
focal patch. This index describes the complexity of patch
shape relative to a perfectly circular shape. S7 is equal to
1 if the patch is nearly circular and increases with patch
shape complexity (convoluted shape). Some spatial data
(patch elevation and distance to the nearest patch) were

validated in the field using a GPS for some patches (4),
confirming that the data obtained from digital cartog-
raphy were accurate. According to suppliers, the images
used to calculate spatial variables were taken during the
dry season, when there is less cloud cover.

Phylogeny and Phylogenetic Diversity Metrics

A preliminary phylogeny of the 47 plant species was built
by matching the list of species obtained from our vegeta-
tion survey with up-to-date family and genus names, and
tip labels of a megatree (Webb, Ackerly, & Kembel,
2008), using the dated phylogenetic hypothesis from
Davies et al. (2004) and Magallon, Gomez-Acevedo,
Sanchez-Reyes, & Hernandez-Hernandez (2015) for
seed plants. These megatrees are robust and were built
with sequences of plastid and nuclear genetic markers to
estimate the relative timing of branching events, and they
are calibrated with the fossil records (Davies et al., 2004;
Magallon et al., 2015). This preliminary phylogeny was
built with the help of PHYLOMATIC function of
PHYLOCOM 4.2 (Webb et al., 2008). The ultrametric
phylogeny with branch lengths in millions of years was
obtained using the bladj option in PHYLOCOM. This
function fixes the ages of the root node and other nodes
based on Wikstréom, Savolainen, and Chase (2001).
Because this phylogeny had some polytomies that could
affect the accuracy of phylogenetic diversity metrics
(Swenson, 2009), we fully resolved within-family species
relationships by manually incorporating the available
information (topology and branch length) in molecular
phylogenies at the family level for Leguminosae (LPWG,
2013), Myrtales (Berger, Kriebel, Spalink, & Sytsma,
2016), Sapindales (Buerki et al., 2010; Muellner-Riehl
et al., 2016), and the genus Ficus (Cardoso-Pederneiras,
Romaniuc-Neto, & de-Freitas-Mansano, 2015;
Chantarasuwan, Rensted, Kjellberg, Sungkaew, & van
Welzen, 2016; Ibarra-Manriquez, Cornejo-Tenorio,
Gonzalez-Castafieda, Piedra-Malagon, & Luna,2012).

Two fern species found in the communities sampled
were excluded, as recommended by other authors
(Arroyo-Rodriguez et al., 2012; Honorio-Coronado
et al., 2015) because they would have contributed dispro-
portionately to phylogenetic diversity metrics owing
to their low degree of relatedness to the majority of the
other species. Trees were visualized and exported
using FigTree v.1.4.2. The final phylogenetic tree used
for calculating phylogenetic diversity metrics is shown
in Figure 2.

The time-calibrated phylogenetic tree was used to cal-
culate abundance-weighted metrics of phylogenetic diver-
sity per forest patch. We calculated the standardized
effect size of phylogenetic diversity sensu stricto (hereafter
ses PD). This metric represents the deviation, in branch
length, of the phylogeny of all species occurring in a given
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Figure 2. Phylogenetic relationships of 47 plant species recorded during a vegetation survey in |9 forest patches of the Yucatan.
Phylogenetic relationships of species were fully resolved; divergence times were very short for Ficus and Acacia species. Numbers at the
bottom are divergence times (millions of years).
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patch (Faith, 1992), from branch length obtained from
random shuffling phylogeny tips 999 times (Swenson,
2014). This deviation was standardized and then
expressed in standard deviations using the following
equation: ses PD=(PDPD,)/o,, where PD, is the
total branch length in a given patch, PD, is the branch
length obtained from randomizations, and o, is the stand-
ard deviation from the randomized set (Webb, Ackerly,
McPeek, & Donoghe, 2002). The mean pairwise phylo-
genetic distance (MPD) and the mean pairwise distance
to the nearest taxon (MNTD) between species in the
phylogeny were also calculated. Finally, we calculated
the inverse of the standardized effect sizes of MPD and
MNTD, better known as net relatedness index (NRI) and
nearest taxon index (NTI; Webb, 2000; Webb et al.,
2002). NTI and NRI are calculated in an analogous
manner, using the following expression: NTI/NRI=-1
(NN, )Jo,., where N, is the average (NRI) or average
nearest taxon (NTI) distance in a given patch, N, is the
average nearest taxon distance obtained from a set of
randomized samples (999 permutations), and o, is the
standard deviation from the randomized set (Webb,
2000; Webb et al., 2002). MPD and MNTD are metrics
of phylogenetic diversity at the basal and terminal levels
and are measured in millions of years (Swenson, 2014;
Webb et al., 2002); these metrics along with ses PD will
be referred to hereafter as metrics of phylogenetic diver-
sity. NRI and NTI are metrics of phylogenetic structure
(Kembel et al., 2010; Webb et al., 2002), with positive
values representing basal and terminal familial phylogen-
etic clustering, respectively, while negative values suggest
phylogenetic overdispersion (Webb et al., 2002). We pre-
ferred to use ses PD instead of total branch length of the
phylogeny of the community (i.e., faiths’ phylogenetic
diversity metric) because the latter is typically strongly
correlated with species richness (for our data set:
r=0.98, p«.01), and ses PD fixes this issue (Honorio-
Coronado et al., 2015; Swenson, 2014; ses PD wvs.
species richness r=—0.083, p>.05). All the metrics
were calculated using the PICANTE library (Kembel
et al., 2010) for R 3.2 software (R Development Core
Team, 2015).

Statistical Analysis

To assess the relationship between metrics of phylogen-
etic diversity and phylogenetic structure with spatial
patch variables, we used multiple regression models. In
the models, ses PD, MPD, MNTD, NRI, and NTI were
the response variables (a different model per metric), and
the spatial variables of patches (patch size, distance to
continuous forest, distance to the nearest patch, edge
density, central patch elevation, and patch SI) were the
explanatory variables. To improve linearity, patch size,
distance to the nearest patch, and distance to the

continuous forest were log transformed.
Multicollinearity among the response variables was
assessed with the variance inflation factor, which was
<4 in all cases (variance inflation factor =1.9-3.9) sug-
gesting a low degree of multicollinearity. An assessment
of statistical power (J) suggests that it is within the opti-
mal range (B=0.81-0.93) for most metrics (MPD,
MNTD, NTI, and NRI) and very close to the optimal
for ses PD (B=0.73).

All of the statistical analyses were run in R 3.2
(R Development Core Team, 2015).

Results
Species Richness and Major Clades

Forty-seven plant species were recorded in the 19 forest
patches we sampled, these species belong to 25 plant
families. An a posteriori evaluation provided evidence
that sampling was representative in all these patches
(i.e., the species accumulation curves reached an asymp-
tote, and species representativeness was greater than 80%
in all patches). Mean number of species per family was
1.88 +0.28 (hereafter mean values &1 SE), and the most
speciose families were Moraceae (7) and Fabaceae
(5; range 1-7 species per family). The patches had
mainly eudicots and a just a few species of magnolids
(only one species in some patches) and monocots (only
1-2 species in some patches). Species richness per patch
ranged from 5 to 20 species, and the number of families
per patch ranged from 5 to 17.

Relationship of Spatial Patch Variables With
Phylogenetic Diversity

Ses PD, NRI, and NTI were significantly affected by edge
density, and the direction of this effect was positive for
ses PD and negative for NRI and NTI. Edge density
explained more than 30% of the variance in ses PD and
NTI, and about 17% of the variance in NRI. Patch size
had a significant and positive effect on MNTD and a
negative effect on NRI and NTI. Patch size explained
18%, 47%, and 13% of the variation in MNTD, NRI,
and NTI, respectively. The other explanatory variables
included in the models were not statistically significant
predictors of ses PD, MNT, NRI, or NTI. No explana-
tory variable included in the regression model signifi-
cantly affected MPD. The proportion of explained
variance (R*) of the full models ranges from 0.48 to
0.76 (Table 1).

Discussion

In this study, we assessed whether spatial characteristics
and context in the landscape surrounding forest patches
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Table I. Results of Multiple Linear Regression Models to Assess the Effects of Spatial Patch Variables (Patch
Size [Size], Distance to the Continuous Forest [D Continuous F], Distance to the Nearest Patch [D Nearest],
Patch Elevation [Elevation], Patch Shape [Shape], and Edge Density [Edge D]) on Phylogenetic Diversity Metrics
(Standardized Phylogenetic Diversity Effect Size [ses PD], Mean Pairwise Distance [MPD], Mean Pairwise
Distance to the Nearest Taxon [MNTD], Net Relatedness Index [NRI], and Nearest Taxon Index [NTI]).

Response Source of variation Statistic Coefficient (£1SE) Explained variance (%) R?
Ses PD Size 0.08 091 +£0.36 0.32 0.48
D Continuous F 1.57 —0.07+0.21 6.77
D Nearest 0.22 0.08+0.15 0.97
Elevation 0.06 —0.01 +0.04 0.24
Shape 0.24 —2.51+1.51 1.06
Edge D 9.09* 15.26 +5.06* 39.05
MPD Size 251 14.09 + 14.57 9.15 0.56
D Continuous F 0.6l 10.41 £8.55 2.24
D Nearest 0.54 535+6.11 1.98
Elevation 3.09 —0.95+1.75 11.25
Shape 4.11 2.69+60.13 14.94
Edge D 4.58 433.97 +202.76 16.69
MNTD Size 4.86* 33.341+26.14* 18.27 0.55
D Continuous F 0.38 13.91 £15.34 1.42
D Nearest 0.08 2.35410.96 0.29
Elevation 4.73 5234315 17.77
Shape 0.63 —134.95 4+ 107.85 0.23
Edge D 4.52 772.88 £+ 363.64 16.95
NRI Size 21.56%F —0.83+0.38* 47.43 0.76
D Continuous F 0.09 —0.16+0.19 0.19
D Nearest 0.14 —0.024+0.14 0.28
Elevation 2.12 0.12+0.40 4.21
Shape 4.43 5.17+2.36 7.13
Edge D 5.97* —11.24 +4.59* 16.83
NTI Size 5.04* —1.04+0.46* 13.44 0.64
D Continuous F 1.35 —0.56 +0.27 3.99
D Nearest 0.68 0.11£0.19 2.04
Elevation 4.53 —0.08 +0.05 14.39
Shape 0.0l 4.11+1.93 0.0l
Edge D 10.18* —20.82 + 6.53* 30.12

Al statistics are F values with 6 and 12 degrees of freedom. Per-term coefficient and explained variance as well as the R? of the
full model proposed per response variable are also shown. Patch size, distance to the continuous forest, and distance to the

nearest patch were log-transformed to improve linearity.
*p <.05. *p < .01.

are reliable predictors of phylogenetic diversity and struc-
ture. This is important because if spatial patch variables
predict these components of phylogenetic diversity, the
former could be used as a prioritization criterion for
forest remnants in conservation efforts when resources
are limited. Owing to the longevity of some tropical
plants, it is important to control for the age of forest
patches because of the risk of underestimating an effect
on PD in recently shaped patches (Munguia-Rosas et al.,

2014). Therefore, we used as a study model a naturally
fragmented forest where the forest patches are more than
a million years old (CONANP-SEMARNAT, 2006).
According to the results, some spatial variables at the
patch level are reliable predictors of phylogenetic diver-
sity and structure. As expected, plant communities of
larger forest patches are more phylogenetically diverse
and overdispersed. We suggest that greater environmen-
tal heterogeneity and wider niche opportunities may
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favor the co-occurrence of distantly related species in the
larger patches. Surprisingly, patches with larger edge
density are phylogenetically more diverse and overdis-
persed than the expected by chance. Plant traits that
confer a tolerance to the environmental conditions that
prevail in the edges are not likely to be phylogenetically
conserved but rather, in this study system in particular,
these traits may have evolved in distantly related plants.
Thus, we suggest that larger patches are important reser-
voirs of phylogenetic diversity, and patch size may be a
useful proxy for phylogenetic diversity and structure and
could be used as a prioritization criterion for conserva-
tion purposes.

Patch size has long been identified as a reliable pre-
dictor of taxonomic diversity in forests fragments (e.g.,
Bender et al., 1998; Munguia-Rosas & Montiel, 2014).
However, its relevance in predicting other major compo-
nents of biodiversity, such as phylogenetic diversity, has
been poorly documented, and the few available studies
have found no significant effect (Arroyo-Rodriguez et al.,
2012; Santos et al., 2010). In contrast to previous studies,
we found that patch size is a reliable predictor of phylo-
genetic diversity at the terminal level and of phylogenetic
structure. Phylogenetic diversity and overdispersion
increase with the size of patches. The association between
these variables may be due to the frequent positive
association between habitat size and environmental het-
erogeneity (e.g., Kadmon & Allouche, 2007), which pro-
motes niche partitioning and functional diversification
(Bergholz et al., 2017), with the latter often positively
correlated with phylogenetic diversity and structure
(Cavender-Bares, Kozak, Fine, & Kembel, 2009; but see
Xu et al., 2016). On the other hand, we also found that
phylogenetic diversity (ses PD) and overdispersion at the
terminal (NTI) and familial (NRI) levels increasingly
deviated from what would be expected by chance as
edge density increases. This is a surprising result because
it implies that patches with a larger proportion of edge
are more phylogenetically diverse, contrary to our expect-
ation. We predicted that harsher environmental condi-
tions associated with patch edges would promote the
proliferation of disturbance-tolerant, often closely related
plant species, as evidenced by previous studies in
anthropogenic forest fragments (Laurance & Yensen,
1991; Mo, Shi, Zhang, Zhu, & Slik, 2013; Santos et al.,
2010). However, when the functional traits that favor the
permanence or proliferation of plants in the forest edges
are present in phylogenetically distant lineages, phylogen-
etic diversity can increase with the amount of edge. In the
study area, environmental filters such as flooding and
salinity have a relatively larger influence on plants occur-
ring in the edges of forest patches (Rico-Gray & Palacios-
Rios, 1996). In contrast to other plant communities
exposed to chronic flooding (Tanentzap & Lee, 2017),
in the study area, traits associated with tolerance to

flooding are ecological convergences present in phylo-
genetically distant plant species. An illustrative example
are the mangrove species R. mangle (Rhizophoraceae),
A. germinans (Acanthaceae), and L. racemosa
(Combretaceae) that are tolerant to flooding and salinity,
abundant in the edges of patches in the study area, and
phylogenetically distant.

Spatial variables such as patch shape and elevation did
not affect phylogenetic diversity or structure. We think
this was due to the narrow range of variation in these
variables. Patch elevation ranges from 3 to 8m a.s.l.,
within which any important variation in plant species
composition is unlikely. Similarly, variation in SI was
minimal (0.26-1.62). Although patches were fairly iso-
lated in the study area (distance to the continuous
forest is 4-9km), the lack of an effect of this variable
on phylogenetic diversity and structure may be due to
the fact that long-distance seed dispersal (animal- and
water assisted) is a widespread trait among plant species
in the study area (personal observation of the authors),
and the habitat matrix does not represent a barrier for
seed vectors. Finally, though the statistical power of our
analysis was acceptable for most of the metrics, statistical
power for ses PD was slightly lower than optimal
(B=0.7); thus, an increase in sample size could increase
the chance of finding a significant effect of the predictors
on this metric.

Previous studies have found no effect of spatial patch
variables on phylogenetic diversity or structure in recent
(from decades or just a few hundred years) and
anthropogenically shaped patches of tropical forest
(Arroyo-Rodriguez et al.,, 2012; Santos et al., 2010,
2014). In contrast, we found an effect of patch size and
edge density. The lack of an effect in previous studies
could be due to the young age of patches. Owing to the
great longevity of some plants (especially trees), more
than a century may pass before local extinction could
be detected in forest plants (Vellend et al., 2006). This
notion is also supported by the fact that some of the
previous studies have detected an effect of patch age
on phylogenetic diversity (Santos et al., 2010, 2014).
It is known that forest fragmentation is actually a
series of processes during which the spatial patch vari-
ables evaluated in this study represent only a subset of
the modifications that may occur during forest fragmen-
tation (Fahrig, 2003; Hadley & Betts, 2016). Habitat
loss often has a stronger effect on taxonomic diversity
at the patch level than at the landscape level (Fahrig,
2003). However, in the study area, we detected a signifi-
cant effect of habitat loss on phylogenetic diversity at
both the patch (this study) and the landscape levels
(Munguia-Rosas et al., 2014), in contrast with the
findings of previous studies which found no effect of
habitat loss on phylogenectic diversity at the patch or
landscape level (Arroyo-Rodriguez et al., 2012; Santos
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et al., 2010). Potentially, these contrasting results
may result from differences in elapsed time since frag-
mentation began. However, differences in the origin of
fragmentation (natural vs. anthropogenic) and the type
of matrix could explain among study differences in the
results.

In conclusion, patch size is a reliable predictor of
phylogenetic diversity and structure, and we suggest
that the underlying mechanism is that larger patches
also offer greater environmental heterogeneity and
niche opportunities. The observed positive effect of
edge density on phylogenetic diversity and structure
seems to be due to the ecological convergence in distantly
related species of plant traits associated with tolerance to
flooding, which is a prevalent condition in the edges of
forest patches in the study area.

Implications for Conservation

In recent years, conservationists have turned to phylogen-
etic diversity owing to its positive correlation with eco-
system  processes, environmental services, and
biodiversity option value (Faith et al., 2010). Therefore,
the identification of a/some spatial variable(s) that are
correlated with phylogenetic diversity would be helpful
to identify forest remnants that are relevant to conserva-
tion. Our results suggest that patch size may be a reliable
predictor of phylogenetic diversity and could be used as a
prioritization criterion in conservation strategies, at least
in the study area.
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