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Abstract We examined the structural and distribution
patterns of woody species in the understory community of
a Brazilian tropical rain forest in relation to two different
soil types having distinct textures and chemical composi-
tions. Plots were installed in five areas with clayey and in
five with sandy soils, representing the main soil types in the
region of the Una Biological Reserve, BA—Brazil
(15°00'-15°20'S and 39°00'-39°15'W). Plant assemblages
growing on those two soil types were sampled using the
RAPELD methodology. A total of 1233 individuals were
found on clayey soils (belonging to 303 species) and 1293
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individuals on sandy soils (belonging to 320 species). No
significant differences were observed among these two sets
of plants in relation to their species compositions, abun-
dances, species richness, heights, densities, or maximum
diameter. Both plant communities had high alpha and beta
diversity levels. Despite the apparent unstructured organi-
zations of the communities and the lack of strong niche
differentiation, we did not find evidence of ecological drift
through processes such as random differentiation or
increased dissimilarity with increasing distances. A com-
bination of high species richness and high turnover rates as
part of a much larger community may explain the results.
The four most abundant species were likewise the most
abundant on both soil types. This study contributed in
identifying sets of species that respond well to local
edaphic conditions and can be considered for restoration
projects.

Keywords Atlantic Forest - Beta diversity -
Environmental gradients - Regeneration - Stochastic
processes

Introduction

Edaphic variables are key factors that can ultimately
determine differences among plant communities at regional
and local scales (Clark et al. 1998; Botrel et al. 2002;
Castilho et al. 2006; John et al. 2007; Quesada et al. 2009;
Guillherme et al. 2011; Saporetti Junior et al. 2012), and
pedogenesis is known to be intimately associated with
fertility and nutrient availability—especially in relation to
nitrogen and phosphorus availability (Walker and Syers
1976). In addition to the composition of the parent rock
(which largely defines nutrient availability), the physical
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characteristics of the soils themselves constitute important
environmental filters and can drive differences in species
distributions (Quesada et al. 2009; Saporetti Junior et al.
2012).

A number of studies have shown that in addition to
influencing plant community composition, soil fertility can
affect richness and diversity (Walker and Syers 1976;
Braakhekke and Hooftman 1999; Laliberté et al. 2013). In
this sense, researchers have associated the richest and most
diverse communities with intermediate levels of soil fer-
tility, with nutrients being available in sufficient quantities
to allow plant growth but sufficiently limited to diminish
the performance of the best competitors (Braakhekke and
Hooftman 1999). It is also known, however, that the richest
and most diverse plant communities on the planet grow on
the oldest and most strongly weathered soils, where nitro-
gen and phosphorus are scarce (Laliberté et al. 2013).

In addition to being restricted to specific soil types
(niches), or kept safe from competitive exclusion in soils of
intermediate fertility, species that occur in heterogenic
edaphic conditions can show distributions dominated by
dispersal or recruitment limitations (Condit et al. 1992;
Hubbell et al. 1999). Dispersal and recruitment limitations
originate not only from dispersal failures (in failing to
encounter appropriate sites), but also from heavy seedling
and young plant mortality due to predators or pathogens
(Hubbell 2006). In these cases, local species distributions
and dynamics due to local extinction and immigration from
metacommunities will not be governed by niche rules, but
rather by chance and, as a consequence, composition dif-
ferences between sites will be correlated with geographic
distances (Hubbell 2001; Condit et al. 2002; Tuomisto
et al. 2003).

Recent studies have shown the importance of both niche
and chance processes to plant community distributions and
to maintaining coexistence and high species richness
(Hubbell 2001; Wright 2002; Tuomisto et al. 2003; Chave
2008; Andersen et al. 2010; Vellend 2010). Community
simulations performed by Adler et al. (2013) indicated that
combinations of environmental filters and variations in
functional attributes linked to species dispersal would favor
the coexistence of large numbers of taxa.

Niches or chance can produce communities that show
compositional and abundance differences between sites—
“beta diversity” (Whittaker 1972; Tuomisto and Ruoko-
lainen 2006)—which is expressed as the dissimilarity
between pairs of sites and can be calculated in several ways
and with several indexes (Veech et al. 2002; Tuomisto and
Ruokolainen 2006; Jost 2007; Anderson et al. 2011). There
are essentially two ways in which a pair of sites can differ
in composition: by turnover or species substitutions, or by
nestedness (in which there is a reduction of richness in one
site as compared to the other, with the poorest having only
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a subset of the richest composition) (Baselga and Orme
2012). Environmental filters can produce mixed patterns of
nestedness and turnover between pairs of sites that will be
related to natural or anthropogenic drivers, but strong
stressors generally produce nestedness (Barros et al. 2014;
Brendonck et al. 2014) while environmental gradients
usually produce turnover (Fernandez-Going et al. 2013;
Barros et al. 2014).

It is important to elucidate the variables that promote
beta diversity and the distributions of understory species, as
those understory communities represent an important forest
strata that provides food resources for the native fauna
(Gentry and Emmons 1987), and the understory itself
serves as a competitive filter for young arboreal individuals
that can eventually attain canopy status (George and Baz-
zaz 1999; Harms et al. 2000). Additionally, studies focus-
ing on the understory can identify a significant fraction of
the diversity of woody forest species (Galeano et al. 1998)
and aid in evaluating natural dynamics—information fun-
damental to management and/or restoration efforts (Guar-
iguata et al. 1997).

The present study examined the patterns of woody
understory species distributions and abundances in an
edaphic mosaic within an extremely rich Brazilian Atlantic
tropical forest (Thomas et al. 1998; Martini et al. 2007) to
address the following questions: (1) Are there significant
differences between the compositions, abundances, species
richnesses, and structures (density, heights, and DBH) of
understory plant communities growing on the two principal
soil types in the Una Biological Reserve? (2) Are there
indicator species for each soil type? (3) Are the observed
dissimilarities correlated with geographical distance (indi-
cating a random process of assemblage differentiation)? (4)
Are the observed dissimilarities between these sites due to
species reductions (nestedness) in any soil type or to sub-
stitution (turnover)? We expect to find differences in the
structures, compositions, and species abundances of plants
on the two soil types, with greater values of richness,
height, DBH, and absolute density on the less restrictive
(clay) soil type, but no correlation between geographical
distances and dissimilarity. Additionally, we expected
nestedness to be the preponderant component of beta
diversity in sandy soil (more restrictive) and turnover
component in clay soil (less restrictive).

Materials and methods
Study area
The present study was undertaken in the Una Biological

Reserve (REBIO Una) in the municipality of Una, Bahia
State, Brazil. The REBIO Una occupies an area of
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17,704 ha (15°00'-15°20’S and 39°00-39°15'W), and a
Wildlife Refuge—REVIS Una (divided into two areas of
7456 and 15,948 ha) surrounds the REBIO Una, thus
constituting a total conservation area of 41,108 ha (Decreto
de 21 de Dezembro 2007) (Fig. 1).

The region has an annual precipitation between 1200
and 1800 mm (Mori et al. 1983). A meteorological station
installed in the reserve in 2012 indicated that the minimum
rainfall during the study period occurred in April/2012
(40.4 mm) and the maximum in January/2013 (260.2 mm)
(Franga, S. personal communication 2013). The dominant
vegetation in the REBIO Una is classified as Tropical
Pluvial or Dense Ombrophilous forest (Thomas and Bar-
bosa 2008).

While 13 soil types have been identified in the munic-
ipality of Una (Santana et al. 2009), the REBIO Una itself
is dominated mainly by yellow latosols in the western
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)
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Fig. 1 Localization of the study area in the Una Biological Reserve,
Bahia State, Brazil, and the schematic representation of the PELD
Una Grid, indicating the two soil types and the plots used for
sampling the juvenile arboreal/shrub communities (clay soils—dark
gray and sandy soils—Iight gray)

sector and yellow argisols in the eastern sector. Both soil
types were formed from sediments derived from the Bar-
reiras formation, although they have different textures and
drainage characteristics (Santana et al. 2009). The yellow
latosols are deep and moderately well-drained, generally
defining flat to slightly undulating landscapes with clay
textures, with horizons having from 3 to 13 % silt and from
48 to 71 % clay; all horizons have minor proportions of
fine and coarse sand (<40 %). These are acidic soils with
pH varying from 4.5 to 5.2 (Santana et al. 2009). The
yellow argisols are very deep, very well-drained and are
found on rolling landscapes with sandy to sandy-clay tex-
tures, with horizons having from 8 to 17 % silt and from 13
to 35 % clay; all horizons have large proportions of sand
(>60 %). These are acidic soils, with pH varying from 4.8
to 5.2 (Santana et al. 2009). The yellow argisols have
comparatively higher concentrations of Mg and Ca (at least
three times greater than the latosols), while the yellow
latosols have higher concentrations of silicates (SiO5),
aluminum oxide (Al,Os), and iron oxide (Fe,0s), the latter
being four times greater than the argisols. In an ongoing
study, Oliveira (in prep) found that yellow argisols near the
study plots had significantly higher levels of potassium and
phosphorus and higher pH levels as compared to the yellow
latosols. We will identify the soils types here by referring
to the yellow latosols as clayey soils (due to their greater
clay contents) and the yellow argisols as sandy soils (due to
their greater sand contents).

Data collection

The present study was undertaken within a5 x 5 km study
area established during the Long Duration Ecological
Studies Program (PELD Una) at the REBIO Una. This area
is composed of a nearly continuous forest mosaic of dif-
ferent successional stages, “cabrucas” (forest/cocoa bean
plantations), fields, and permanently swampy areas. Thirty
2 x 100 m plots were delimited inside the 5 x 5 km study
area, with minimum distances of 1 km between them (17 in
clay soil and 13 in sand soil) (Fig. 1).

The plots were located along isolines, as established by
the RAPELD randomization method (Magnusson et al.
2005), as adapted to 2 x 100 m plots. Ten plots in forests
without signs of recent disturbance were selected, five
(P1.1, P1.2, P1.3, P1.4, and P1.5) on clay soils and five
(P2.1, P2.2, P2.3, P2.4, and P2.5) on sandy soil, avoiding
plots in contact regions; none of these 10 sites were in
wetlands. The nearest plots were separated by 1 km and the
most distant plots by 5.83 km (Fig. 1).

All woody individuals within these plots with minimum
heights of 1.30 m and diameters at breast height (DBH)
<10 cm were sampled. The diameters at breast height of
all individuals were measured, their heights estimated, and
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branches were collected for identification. All shoots of
highly subdivided individuals were measured and their
individual areas calculated; the summed areas were used to
calculate their pooled DBH. The individuals collected were
separated into morphospecies and identified to the species
level whenever possible. Testimonial specimens of each
species/morphospecies were incorporated into the CEPEC
herbarium.

Data analysis

In order to answer the first question regarding community
structure (heights, DBH, and densities), species composi-
tion, and richness, the following analyses were used:

The understory communities on the two soil categories
were compared in terms of their heights, DBH, and den-
sities using a mixed linear model (Pinheiro and Bates
2000), considering the plots as random variables. The data
were log-transformed due to the natural heteroscedasticity
observed in the residuals of mixed models with raw data.
The mean densities of individuals per transect in each of
the two soil categories were compared using a permutation
test for mean differences, with 10,000 randomizations to
construct a confidence interval.

The species richnesses on the two soil types were
compared using rarefaction curves constructed using inci-
dence data (sample based rarefaction); 95 % confidence
intervals were determined based on 10,000 randomizations.
Richnesses between two sites were considered significantly
different when their confidence intervals did not overlap.

Permutational multivariate analysis of variance (PER-
MANOVA) was used to evaluate differences between
sampled assemblages on the different soil types (Anderson
2001), utilizing the Bray—Curtis distance and a 5 % level of
significance. The confidence intervals for the differences
between the soil categories were constructed using 10,000
randomizations.

In order to answer the second question, indicator species
analyses (Dufrene and Legendre 1997) were performed,
using the relative frequency data to generate indicator
values for the species in relation to the soil types; the
confidence intervals were defined using 10,000 random-
izations. The species were also ordered in terms of their
abundances on each soil type.

To answer the third question, the Mantel test (Mantel
1967), using Bray Curtis distances, were performed. This
test examines the correlation between distance and the
dissimilarities of the samples, with random differentiation.
The confidence interval was obtained through 10,000 ran-
domizations, considering a 5 % level of significance.

To better visualize the results of the PERMANOVA and
Mantel tests, we performed Cluster analyses that could
identify similarity relationships among the plots using
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species composition and abundance data and the Bray—
Curtis index. These analyses allowed us to evaluate the
degrees of similarity between plots within the same soil type
in relation to their geographical proximity. The bootstrap
method was used to generate the significance of each node
through 10,000 randomizations. We perform this analysis to
graphically illustrate the dissimilarities between the sites.

To answer the fourth question, an additive partitioning
of beta diversity as proposed by Baselga and Orme (2012)
was preformed that evaluated to what degree the differ-
ences in the compositions of plots on the same soil types
were due to species substitutions (turnover) or to species
reductions (nestedness). This analysis is based on the
properties of the dissimilarity indexes commonly used in
community and genetic analyses using incidence data, in
which total variations between single plots or among
multiple sites can be measured by the Sorensen index; the
“pure” turnover component can be measured by the
Simpson index; the “pure” nestedness component can then
be measured by the difference between them (Baselga and
Orme 2012). This method additively splits the two com-
ponents of beta diversity (turnover and nestedness), which
can then be compared in terms of the importance of their
contributions to the total difference between the sites or to
the entire dataset. Random variability in the components
can be estimated using permutation methods.

Mixed linear models were developed using nlme pack-
ages (Pinheiro et al. 2013). Permutation tests to detect
differences between the means of the densities per plot
were developed in an R environment (R Development Core
Team 2012). The rarefaction curves, PERMANOVA, and
the Mantel tests were conducted using Vegan packages
(Oksaken et al. 2010); analyses of indicator species were
performed using labdsv packages (Roberts 2012); the
partitioning of beta diversity was performed using betapart
packages (Baselga and Orme 2012)—all in R environments
(R Development Core Team 2012). Cluster analysis was
performed using PAST software (Hammer et al. 2001).

Results

The heights of the individuals sampled varied from 1.3 to
20 m, and their DBH varied from 0.47 to 15.9 cm (Fig. 2).
Four individuals had calculated diameters greater than
10 cm due to pooled DBH values. The numbers of indi-
viduals per plot varied from 151 to 327. The physical
structures of the woody understory communities were
similar on the two different soil types, with no significant
differences between their heights (P = 0.50), DBH
(P = 0.83), or densities (P = 0.24).

A total of 2526 live individuals were sampled, dis-
tributed among 449 species and 61 families. A total of
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Fig. 2 Boxplot of the diameters at breast height (DBH) and heights
of the woody individuals with DBH <10 cm and <1.3 m height, in
the Una Biological Reserve, Bahia State, Brazil. Sandy soils (white)
and clay soils (gray)

1233 individuals belonging to 303 species were encoun-
tered on clay soils, and 1293 individuals belonging to 320
species were encountered on sandy soils. The rarefaction
curves showed overlapping of their confidence intervals,
indicating similar values of species richness on both soil
types (Fig. 3).

One hundred and thirty species were only found on clay
soils, although 62.3 % of them were represented by only a
single individual. One hundred and forty-six species were
found only on sandy soils, with 60.3 % of them being rep-
resented by only a single individual. As a result of this strong
representation of singletons, which incorporated noise into
the analyses, PERMANOVA values were not significant
(P = 0.13). One sandy soil plot had the lowest percentage of
exclusive species (7.5 %) and one had the highest (26 %),
with 50 and 65.6 % of their species being represented by just
a single individual, respectively. All of the other plots
demonstrated more than 16 % exclusive species.

Inga capitata Desv (80 %, P = 0.0469), Randia caly-
cina Cham. (80 %, P = 0.0478), and Faramea coerulea
Nees and Mart. (80 %, P = 0.0483) were identified as
indicators of clay soils. The four most abundant species
were the same on both soil sites, although with some
alterations in their ordering (Table 1). Guapira opposita,

Species
150 200 250 300 350
| | 1 | |

100
!

T T T T T

1 2 3 4 5
Quadrats

Fig. 3 Rarefaction curve representing the richness of the juvenile
arboreal/shrub communities growing on two different soil types in the
Una Biological Reserve, Bahia State, Brazil: SS (sandy soil—gray)
and CS (clay soil—dark). The bars represent the confidence intervals

Chamaecrista duartei, and Pouteria reticulata were also
among the most abundant species growing on both soil
types.

In evaluating species distributions, it was observed that
only 1 % of the species occurred in all of the plots; 10.2 %
were found in five plots (50 %); 43.9 % occurred in only a
single plot. No significant spatial correlations were found
in Mantel test (P = 0.61; r = —0.04).

Cluster analysis (Fig. 4) indicated low similarities
between the plots (generally less than 0.4); only plots 1.4
and 1.1 demonstrated a similarity of 0.43. Cluster analysis
indicated the separation of a single plot that was signifi-
cantly distinct from the others (1.5), followed by the for-
mation of two groups, although this grouping was not
statistically significant (P > 95 %). The first group was
composed of plots 1.1, 1.4, 2.1, 1.3, 2.5, 1.2, and 2.3 and
the second group by plots 2.2 and 2.4. These groups were
not influenced by the soil type or by spatial relationships
between the samples, as neither plots on the same soil type,
nor those close to each other, were grouped.

The value of total beta diversity, considering all of the
sampling plots, and independent of the soil type, was 0.825
(the maximum being 1.0); of this diversity, 0.802 was due
to component turnover and only 0.023 was due to com-
ponent nestedness (Fig. 5). In terms of each soil type, clay
soil sites demonstrated a total beta diversity of 0.730, of
which 0.704 was due to turnover and 0.026 was due to
nestedness. The sandy soils sites demonstrated a total beta
diversity of 0.734, with 0.690 due to turnover and 0.044
due to nestedness.

@ Springer



256

L. C. M. Lopes et al.

Table 1 Species of the most abundant vascular plants and their respective numbers of individuals (no ind.) in the juvenile arboreal/shrub
communities growing on each of two soil types in the Una Biological Reserve, Bahia State, Brazil

Clay soil No ind. Sandy soil No ind.
Paypayrola blanchetiana Tul. 72 Paypayrola blanchetiana Tul. 74
Rinorea guianensis Aubl. 52 Tovomita choisyana Planch. e Triana 46
Eugenia itapemirimensis Cambess. 47 Eugenia itapemirimensis Cambess. 37
Tovomita choisyana Planch. e Triana 34 Rinorea guianensis Aubl. 32
Guapira opposita (Vell.) Reitz 23 Vochysia riedeliana Stafleu 28
Chamaecrista duartei (H.S.Irwin) H.S.Irwin e Barneby 20 Heisteria perianthomega (Vell.) Sleumer 27
Cordiera spl 20 Geonoma pohliana subsp. unaensis Henderson 26
Pouteria reticulata (Engl.) Eyma 19 Guapira opposita (Vell.) Reitz 19
Sorocea hilarii Gaudich. 15 Talisia macrophylla Radlk. 19
Guapira cf. obtusata (Jacq.) Little 15 Chamaecrista duartei (H.S.Irwin) H.S.Irwin e Barneby 18
Ocotea odorifera (Vell.) Rohwer 13 Ecclinusa ramiflora Mart. 17
Myrciaria floribunda (H.-West ex Willd.) O.Berg 13 Swartzia simplex (Sw.) Spreng. 15
Unonopsis bahiensis Maas e Orava 12 Pouteria reticulata (Engl.) Eyma 14
Euterpe edulis Mart. 11 Guarea blanchetii C.DC. 14
Fig. 4 Grouping analyses of N A i @ h = = © N 0
. o o o - - - N o - -
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Discussion

We found extremely rich communities growing on both
soil types (449 species in 0.2 ha), with no differences in
richness and physical structure (DBH, height, and density)
between them. The absence of any significant differences
suggests that the two soil types did not cause major dis-
tinctions between the plant communities, with soil
restrictions apparently not being severe enough to impede
plant development. Both soil types were probably within a
low-medium fertility range that has high predictable rich-
ness (Braakhekke and Hooftman 1999; Laliberté et al.
2013). Plots showed very similar or low values of
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similarity within the same soil type or between soil types
when using incidence or abundance data, the latter reflec-
ted in no significant differences in PERMANOVA. The
low observed similarity was almost entirely due to turnover
(considering each soil type or the entire set of plots). These
results indicate that niche differentiation between soil
types, if it occurs, is poorly represented in the bulk of the
understory community.

Few species apparently responded to the soil types, and
we found no evidence of random differentiation leading to
greater dissimilarities in more distant plots (as observed in
the Mantel test and cluster analysis)—which is contrary to
the predictions of neutral dynamic colonization processes
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Fig. 5 Participation of total beta diversity (full dark line) in the
nesting (full gray line) and substitution (dashed gray line) compo-
nents. Data from the juvenile arboreal/shrub communities in the Una
Biological Reserve, Bahia State, Brazil, on clay and sandy soils. The
upper graph demonstrates the partitioning of beta diversity on both
soil types, while the lower graphs show the partitioning of beta
diversity in each soil type

within the community (Hubbell 2001; Condit et al. 2002).
This apparently contradictory evidence pointing to ran-
dom and niche processes can be understood if we con-
sider other findings as well as the regional context. In
addition to extremely high richness, high turnover, and
low similarity between any pair of plots, we found ele-
vated numbers of exclusive species in each plot, which is
consistent with the known mega-diversity patterns of
tropical forests (Condit et al. 2002; Duivenvoorden et al.
2002) and this region (Thomas et al. 1998; Martini et al.
2007).

The low apparent levels of influence of edaphic condi-
tions on species distributions may be related to very high-
regional species richness as observed in the high

heterogeneity within the plots, and it can also be inferred
by the absence of any correlation between dissimilarity and
geographical distance at the scale of this study (~ 1-6 km).
The factors responsible for these high beta diversity values
are still largely undefined; however, as different variables
can act at different scales (Condit et al. 2002; Duivenvo-
orden et al. 2002; Tuomisto and Ruokolainen 2006;
Davidar et al. 2007) and will reflect historical influences
(Zobel et al. 2011).

There is evidence that local richness is strongly influ-
enced by regional species pools and their evolutive histo-
ries (Zobel et al. 2011). It is therefore possible that the
extremely high richness and diversity encountered on both
soil types reflects rich historical communities, as this
region is within an important center of endemism (Thomas
et al. 1998) and is thought to represent a Pleistocene refuge
(Carnaval and Moritz 2008)—although this still does not
explain the lack of differentiation. Montgomery and
Chazdon (2001) noted that the high-species diversity
encountered in tropical forests makes it difficult to elabo-
rate deductions about the distribution patterns of under-
story species in relation to light availability—for despite
the fact that light is a severe filter, it also shows random
and dynamic distribution patterns in mature forests (Bro-
kaw and Busing 2000). This difficulty in identifying pat-
terns related to light availability in extremely rich
communities may also apply to other deterministic vari-
ables such as edaphic conditions—especially if those
conditions are not very rigorous. Meira Neto et al. (2005)
did observe, however, that soil type was the variable that
best explained the distributions of herbaceous and shrub
species in a seasonal Semideciduous forest (in an Atlantic
Forest)—although these authors evaluated only 80 species,
while the present study evaluated 449. Additionally, stud-
ies have shown the effects of anthropogenic impacts on the
compositions (Martini et al. 2008) and structures (Faria
et al. 2009) of understory communities in the same region
as this study, and accidental fires (Martini et al. 2008) and
logging (Faria et al. 2009) were found to be effective dri-
vers of understory change. This suggests that recent
anthropogenic activities can effectively drive understory
community changes.

Fully 67.9 % of the species encountered were repre-
sented by less than five individuals, and this low species
density made it difficult to identify indicator species
(Phillips et al. 2003). In fact, of the 449 species identified,
only three were considered indicators. Costa et al. (2005)
and Meira Neto et al. (2005) reported that it was easier to
detect significant preferences related to environmental
variables in more abundant species. This was not observed
in the present study; however, as the three indicator species
were not among the most abundant (but did have higher
frequencies on the clayey soils). More precise estimates of
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species densities might have been possible if the sampling
intensity had been increased, but the relatively large
number of specimens surveyed and identified (2526 indi-
viduals) indicates that a very large contingent of plants
were capable of growing on both soil types. The environ-
mental filters that have affected and currently affect those
communities apparently act on different temporal and
spatial scales than those considered here.

In spite of the fact that species distributions in the
woody understory communities were only poorly explained
by edaphic conditions, regional historical processes appear
to have generated and maintained extremely rich and
diverse sets of species with extreme spatial heterogeneity.
These findings therefore present an opportunity (and at the
same time a challenge) for current ecological restoration
programs (Rodrigues et al. 2009) underway in the region
following several infrastructure, and demand knowledge of
species responses to edaphic conditions as a large subset of
species apparently can be used in reforestation projects.
Local plant communities, however, may be pre-adapted to
conditions of enormous diversity, and it will be difficult to
predict their responses to habitat reduction, the removal of
large sets of the local fauna, or climate change.
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