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Abstract

Identification of the factors driving extinctions is fundamental to conservation biology. Here, we assessed the likely consequences 

of extinction of pollinators and dispersers for phylogenetic and functional diversity of savanna woody plant species. Loss of 

phylogenetic diversity was greater than expected by chance in simulated extinctions of moth- and beetle-pollinated species, 

and bird- and mammal-dispersed species. In extinction simulations of bee and bat-pollinated species, the loss of functional 

diversity was greater than expected by chance. Two main features could drive greater loss of biodiversity than expected by 

chance: loss of clumped species and loss of very unique species. Pollination and dispersal modes must be taken into account 

in conservation plans or ecological restoration strategies, since communities may be differentially vulnerable to the loss of one 

of these processes. Both functional and phylogenetic components of biodiversity should be considered, as consequences of 

extinctions for one are not necessarily the same as for the other.
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Introduction

In the last decade, concerns about biodiversity loss have 
dominated conservation biology. Biodiversity loss may lead to 
irreversible breakages in community functioning, including 
biogeochemical cycles, climate control, decomposition, 
pest control, and pollination (Loreau et al. 2002). Habitat 
disruption and fragmentation are likely to affect plant-animal 
mutualisms, especially pollination and seed dispersal (see 
Quesada et al. 2003). Local extinctions of pollinators and 
dispersers are of great concern because, since they move 
genetic material (within pollen or seeds) among fragments, 
they can reduce the negative effects of habitat fragmentation 
(Young et al. 1996). Anthropogenic disturbances, for example 
habitat change, increase the probability that extinction 
overcomes immigration in local populations, ultimately 
leading to an increase in the number of species that go 
extinct globally (Ceballos & Erlich 2002).

Traditionally, biodiversity has been quantified by the 
number of species occurring in a given site, but one of 

the shortcomings of this approach is that it ignores the 
differences among species. To overcome this limitation, 
phylogenetic diversity (e.g., Faith 1992), which takes into 
account evolutionary relatedness, and functional diversity 
(Petchey & Gaston 2006), which takes into account functional 
differences among species, can be used to investigate the 
consequences of human disturbances and, thus, empower 
policies of biological conservation (Pavoine et al. 2005). 
Whereas, by definition, the phylogenetic diversity approach 
has a more evolutionary focus, the functional diversity 
approach is based on the idea that species effects on 
ecosystem processes or their responses to the environment 
can be accessed by their ecological traits (Violle et al. 2007).

Because species loss is usually a non-random process 
(Purvis et al. 2000), it is crucial to identify the factors 
driving it and also to estimate the vulnerability of natural 
communities to extinctions (Purvis et al. 2000; Quesada et al. 
2003). One way to understand the effect of extinctions on 
phylogenetic and functional diversity is through simulated 
extinctions, in which communities are disassembled 
using some a priori criteria (Purvis et al. 2000). These 
criteria represent distinct properties that are related to 
the probability of a species to face extinction: species may 
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Extinction simulations

Using literature data (Appendix C) we assigned each plant 
species according to its main pollinator - small bees, large 
bees, beetles, moths, bats, birds, flies, or wind - and seed 
disperser - ants, mammals, birds, wind or self-dispersing. 
We considered a species as a generalist when it had two or 
more main vectors indicating it is not strictly dependent 
on a single group of pollinators or dispersers. Only plant 
species pollinated or dispersed by biotic vectors were used 
in the extinction simulations.

For each simulated extinction, we calculated the remaining 
plant PD and FD after the hypothetical loss of a given group 
of pollinator or disperser species. We compared the observed 
values to their respective null distributions generated by 
Monte Carlo procedures (1,000 iterations), in which the 
same number of species were removed at random. In that 
way, it was possible to answer whether the extinction of 
a group of plants resulted in a greater loss of PD or FD 
than a random extinction of the same number of species. 
Also, to further investigate the patterns of extinction, we 
calculated the mean phylogenetic and functional originality 
(QEbased index, Pavoine et al. 2005) of the species within 
each pollinator and disperser group, and compared this 
with the average originality of all species. Originality is a 
measure of how distinct a species is when compared with 
the other species in a phylogenetic tree (Pavoine et al. 
2005), reflecting the isolation of a species on all levels of 
the tree and thus indicating a unique evolutionary pathway. 
The same rationale can be applied to estimate functional 
diversity with a dendrogram-based measure. We conducted 
all analyses in R (R Development Core Team 2011).

Results

Loss of phylogenetic diversity

Concerning pollination, we found 59 generalist plant 
species, 37 pollinated by large bees, 29 by small bees, 14 
by moths, 10 by beetles, six by birds, five by bats, three 
by wind, and one by flies. In relation to seed dispersal, 
we found 35 generalist- and 16 self-dispersed species, 50 
species dispersed by wind, 44 by birds, 18 by mammals, 
and one by ants (Table 1; Appendix C).

Simulated extinctions of moth- and beetle-pollinated 
species resulted in a greater loss of PD than expected by 
chance, and there were no significant PD losses for the 
other pollinators (Table 1). Indeed, moth-, beetle-, and 
bat-pollinated species had higher phylogenetic originality 
(Figure 1a), but in the case of bat-pollinated species PD 
loss was not significant (Table 1). Simulated extinctions 
of bird-dispersed and mammal-dispersed species resulted 
in a greater loss of PD than expected by chance, but there 
was no significant PD loss for generalist species (Table 1).

be lost according to range size (Malcolm et al. 2006), a 
particular trait (Cardillo et al. 2005), or via co-extinctions 
in mutualistic networks (Rezende et al. 2007).

Here we explored the consequences of extinction of 
pollinators and seed dispersers on phylogenetic and 
functional diversities of savanna woody plants. Our rationale 
was that the extinction of a particular vector (for example, 
moths) would strongly affect all the plant species that are 
exclusively pollinated by this vector (in our example, those 
exclusively pollinated by moths), and these plants would 
ultimately go extinct. We did co-extinction simulations where 
groups of plants were extinct based on the hypothetical 
extinction of their pollinators or dispersers. By doing so, 
we answered the following question: does the extinction of 
a given plant group due to the extinction of its pollinator 
or disperser result in a greater loss of phylogenetic or 
functional diversity than one may expect solely by chance?

Material and methods

Study area

We used data available on savanna (cerrado) woody 
species which occur in Emas National Park (‘Emas’), one 
of the largest and most important reserves in the Cerrado 
domain. In ‘Emas’ open savanna prevails, covering 68.1% 
of the park. For more details on the study area see Batalha 
& Martins (2002).

Phylogenetic data

We constructed a phylogeny (Appendix A), for all 
164 savanna woody species which occur in ‘Emas’, with 
the Phylomatic software (Webb & Donoghue 2005). 
Phylogenetic distances among species were estimated 
from the megatree ‘R20120829.new’ which is based on 
the APGIII (APG 2009) classification. We used node ages 
proposed by Bell et al. (2010) and placed undated nodes 
in the tree evenly between dated nodes with the BLADJ 
algorithm in Phylocom (Webb et al. 2008). We estimated 
phylogenetic diversity using the PD index, a measure that 
uses the sum of branch lengths of the phylogenetic tree to 
assess species phylogenetic relatedness (Faith 1992).

Functional data

Because we did not have functional information for all 
species, we gathered data available on as many species as 
possible. Here functional data were collected for 50 species 
occurring in savanna woodlands within the park (Silva & 
Batalha 2008). To estimate functional diversity we used 
11 traits related to important community functions and 
processes (Appendix B). We used a measure of functional 
diversity based on the dispersion of species in trait space 
(FD; Petchey & Gaston 2006). To construct the functional 
dendrogram we used Gower distance and UPGMA clustering.
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Table 1. Observed phylogenetic diversity (PD) that remained after the removal of a given group of plant species according to different 
extinction simulations, and the mean of 1,000 random PD values for each simulation. Values in bold are significant (lower remaining 
PD than expected by chance) at α = 0.05, one tailed test.

Simulated extinction Number of species
Observed remaining 

PD

Simulated remaining 

PD (mean)
P

plants pollinated by

small bees 29 60.58 60.75 0.059

large bees 37 60.15 60.22 0.735

moths 14 60.49 70.16 0.001

bats 5 70.44 70.77 0.068

beetles 10 65.16 78.40 0.006

birds 6 70.19 70.56 0.658

generalist 59 48.47 50.19 0.270

 

plants dispersed by

mammals 18 60.42 70.17 0.001

Birds 44 50.64 60.27 0.001

generalist 35 60.28 60.47 0.217

a

b

Figure 1. Phylogenetic originality of the species within each pollination (a) and dispersal (b) mode. Box-plots indicate the median, 
quartiles, extreme values, and outliers (open circles). The grey line is the average originality for all species analysed. Values were log-
transformed due to the lack of normality.
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example, Allagoptera leucocalix, Machaerium acutifolium, 
and Bauhinia rufa (Appendix E).

Discussion

Extinction of certain groups of plant species led to a 
higher biodiversity loss than expected by chance. However, 
the simulated loss of pollinators and dispersers led to 
different changes of plant phylogenetic and functional 
diversity, depending on the animal group extinguished. 
Evolutionary history can be preserved in the face of 
substantial species losses if extinction is random with 
respect to the phylogenetic position of species, but usually 
this is not the case (Purvis et al. 2000). Extinction of species 
that belong to the same clade is one possible explanation 
to a higher loss of phylogenetic diversity than expected by 
chance (Purvis et al. 2000). In this case, no closely related 
species remains in the phylogeny – a whole evolutionary 
branch is lost. Another process that could produce a 
great loss of phylogenetic diversity is the preferential loss 
of species with high originality values. Both processes 
mentioned above appear to explain the extinction patterns 
observed. The great loss of evolutionary history observed 
in the simulated extinction of beetle-pollinated plants may 
be explained by the loss of species (Annona crassiflora 

and Duguetia furfuracea) that belong to the same ancient 
family (Annonaceae), and thus contributed significantly 
to the phylogenetic diversity of the whole community. 
In our dataset, species of Annonaceae were amongst the 
most original (Appendix D). So in this case an entire clade 
composed of very original species was lost. The greater loss 
of phylogenetic diversity when moth-pollinated species 
were extinguished was mainly explained by the loss of 
closely related species (i.e. an entire clade comprised by 
all Apocynaceae and Strychnos pseudoquina), but also by 
the loss of Roupala montana, which had a high originality 
value (Figure 1a, Table 1).

Only 16 species accounted for most of the phylogenetic 

originality within our dataset (Appendix D). Loss of 

bird-dispersed species resulted in the loss of five whole 

plant families (Nyctaginaceae, Araliaceae, Ochnaceae, 

Erythroxylaceae and Salicaceae), three rich genera (Miconia, 

Eugenia and Psidium), and two species with high originality 

(Aiouea trinervis and Virola sebifera). Loss of entire clades 

was less pronounced when mammal-dispersed species 

went extinct, but loss of species with high originality (those 

belonging to the genera Allagoptera, Attalea, Emmotum, 

Solanum) contributed to the pattern we found (Figure 1b, 

Appendix D).

Loss of functional diversity

Concerning pollination, we found 21 generalist species, 10 

pollinated by large bees, seven by small bees, six by moths, 

three by bats, two by beetles, and one by birds. In relation to 

dispersal, we found four generalist- and four self-dispersed 

species, 17 species dispersed by wind, 14 by birds, 10 by 

mammals, and one by ants (Table 2).

Simulated extinctions of plants pollinated by small bees and 

plants pollinated by bats resulted in a greater loss of FD than 

expected by chance; but there were no significant FD losses 

for the other simulations (Table 2). On average bee-pollinated 

species were more unique whereas bat-pollinated presented 

great variability in originality values (Figure 2a). Finally, 

simulated extinction of bird- and mammal-dispersed 

species, as well as generalists, did not result in a greater 

loss of FD than expected by chance (Table 2). Accordingly, 

none of these groups had higher originality than the 

average (Figure 2b). About 30% of all species (16 species) 

were responsible for 65% of all originality values pooled 

together (Appendix E). Species pollinated by small bees and 

bats were amongst those with high originality values. For 

Table 2. Observed functional diversity (FD) that remained after the removal of a given group of plant species according to different 
extinction simulations, and the mean of 1,000 random FD values for each simulation. Values in bold are significant (lower remaining 
FD than expected by chance) at α = 0.05, one tailed test.

Simulated extinction
Number of 

species
Observed remaining FD

Simulated remaining 

FD (mean)
P

plants pollinated by

small bees 7 0.85 0.89 0.007

large bees 10 0.86 0.83 0.874

moths 6 0.91 0.91 0.601

bats 3 0.93 0.96 0.041

beetles 2 0.97 0.97 0.512

birds 1 0.98 0.98 0.188

generalist 21 0.67 0.65 0.602

 

plants dispersed by

mammals 10 0.82 0.84 0.086

birds 14 0.77 0.77 0.451

generalist 4 0.94 0.93 0.274
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When interested in how similar species were in respect to 
their functional traits, we found a different picture. Whereas 
the loss of plant species pollinated by small bees and by bats 
led to a higher loss of functional diversity than expected by 
chance, the loss of biotic dispersed plant species resulted 
in a loss of functional diversity that was not different from 
chance. The explanation for the high loss of functional 
diversity when plant pollinated by small bees and bats went 
extinct follows the same rationale discussed before for the 
loss of phylogenetic diversity. Plants pollinated by small 
bees and by bats were functionally more original than the 
average (Figure 2a). A species with high functional originality 
would be more unique in its functional traits and would 
also be relatively more complementary to the other species 
within a community. Losing these species would represent 
a higher loss of complementarity within the community 
studied (Petchey & Gaston 2006). The importance of bats 
as pollinators rests on their ability to carry pollen over 
short or long distances promoting outcrossing between 
unrelated trees and thus gene flow in fragmented landscapes 
(Quesada et al. 2003). In addition, bats are key pollinators 

Phylogenetic diversity was more vulnerable to the loss of 
dispersers than pollinators. This is an important difference, 
because the local extinction of mammal and bird species is 
much more likely than the extinction of beetles or moths, 
since the former are the most vulnerable to disturbances 
such as fragmentation and habitat loss (Marini & Garcia 
2005). For example, in fragmented landscapes of Atlantic 
Forest, plants pollinated by mammals and birds were the 
first to disappear as a consequence of the extinction of their 
pollinators (Girão et al. 2007). In addition, the richness of 
moths and beetles in Brazil is orders of magnitude higher 
than that of mammals and birds, which could imply 
a higher degree of ecological redundancy in terms of 
pollination. Additionally, we must take into account that 
almost all generalist plants are dispersed both by mammals 
or birds. Because seed dispersal is vital for survival and 
regeneration of plant populations (Young et al. 1996), the 
disappearance of birds and mammals would ultimately lead 
to the disappearance of plants dispersed by those vectors 
in savanna woodlands within ‘Emas’, resulting in a great 
loss of phylogenetic diversity.

a

b

Figure 2. Functional originality of the species within each pollination (a) and dispersal (b) mode. Box-plots indicate the median, 
quartiles, extreme values, and outliers (open circles). The gray line is the average originality for all species analysed. Values were log-
transformed due to lack of normality.
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of several economically important species in the Neotropics 
(Quesada et al. 2003). An example is Caryocar brasiliense 
(pequi), a typical cerrado tree that produce fruits widely 
used as food resource, but also by cosmetics industries and 
in the popular medicine.

Small bees are the main pollinators in the Brazilian savanna 
(Gottsberger & Silberbauer-Gottsberger 2006). Major 
threats to native bees are also habitat fragmentation and 
the introduced honeybee Apis mellifera (Roubik 1978). 
It is well documented that this species is increasing its 
abundance and range area within the Brazilian Cerrado 
(Gottsberger & Silberbauer-Gottsberger 2006). A. mellifera 
is much more aggressive than native bees and can potentially 
displace other bee populations and outcompete them for 
foraging sites (Roubik 1978). This is worrisome, not only 
because bees are the main pollinators in cerrado, but 
also because about 50% of the cerrado woody species are 
self-incompatible (Gottsberger & Silberbauer-Gottsberger 
2006). Because cerrado plants pollinated by small bees are 
very complementary in their functional traits the loss of 
small bees may have negative consequences to the functional 
diversity of the studied plant assemblages.

Conclusions

Two main features may drive greater loss of phylogenetic 
or functional diversities than expected by chance: loss of 
clumped species (which leads to the loss of entire clades 
or groups) as already observed by Purvis et al. (2000), 
and loss of very unique species. Conservation of the 
combination of species representing the highest originality 
should be prioritised. From a conservation standpoint, the 
originality of a species should be one of the criteria used 
to decide which species should receive priority attention 
(Pavoine et al. 2005).

We found that species relatedness cannot be used as a 
proxy for their functional relationships because we found 
distinct results depending on which biodiversity component 
was used. This means that closely related species may or 
may not be more functionally similar than less related 
species, and contrasts with the common assumptions of 
phylogenetic conservation of traits. Minimising the loss 
of phylogenetic and functional diversities may therefore 
require different actions. The approach we used here is 
a useful, cheap, and practical way to predict the fragility 
of natural communities to extinctions. It could be used 
as guideline to future conservation planning, biological 
monitoring, and restoration activities.
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