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Abstract

TheBijagós archipelago consists of about 80 land-bridge islands located just off the coast of Guinea-
Bissau (West Africa). The current faunas of such land-bridge archipelagoes reflect the isolation
resulting from the fragmentation of the original coastal plains, caused by sea level rise about 11000
years ago. Therefore, they represent a unique opportunity to study long-term consequences of
natural habitat fragmentation, analogous to the ongoing fragmentation processes caused by Man.

We sampled and analyzed the bat assemblages of eight Bijagós islands and two nearby coastal
regions to understand how insularity shaped island assemblages, and evaluate the potential impacts
of fragmentation on African bat assemblages. Rarefaction using Chao2 estimator indicated that
total species richness on Bijagós is only about 1/5 of that on the coast. Cluster and correspondence
analyses demonstrated that bat faunas of different islands are quite similar, and not a random set of
the mainland species assemblage. Moreover, trait analysis indicated that islands assemblages are
composed by generalist and abundant species; presumably only generalist species can attain island
population sizes viable in the long-term.

The observed species depletion resulting from long-term isolation in Bijagós is much more ac-
centuated than that observed in recent fragments, corroborating the view that such fragments are
still losing species. Our results indicate that, despite the high mobility of bats, even relatively large
fragments are unable to sustain viable populations of most species and that the impacts are worse in
the case or rarer species. Most ongoing fragmentation resulting from habitat destruction involves
matrices with a lower contrast than water, and this may lessen impacts. However, at least in the
case of high contrast matrices, currently fragmented landscapes are likely to continue loosing spe-
cies, and thus the true, long-term, impacts of fragmentation shall likely be worse than those so far
reported.

Introduction
A major challenge in ecology is to understand the main drivers of spe-
cies’ assembly patterns and structure. This is of particular interest in
insular systems; as a result of their discrete, manageable, replicated and
somehow simplified nature, islands assemblages are the base of a great
number of ecological theories, concepts and insights in the functioning
of ecosystems (see Whittaker and Fernández-Palacios, 2007 for a syn-
thesis). The understanding of the determinants of species assemblages
is not only interesting per se but also to predict and manage the impacts
on natural systems when assemblages experience perturbation and hab-
itat loss.
Human-induced destruction and degradation of natural habitats are

generally regarded as the greatest threats to tropical ecosystems (Sala
et al., 2000; Laurance et al., 2014). They typically lead to habitat frag-
mentation, the division of the original habitat into smaller fragments or
“islands” separated by a matrix of modified habitat. Here, the fate of
taxa will be ruled largely by the resilience of their populations (Linden-
mayer and Fischer, 2006).
Studies of long-term effects of fragmentation on biodiversity are thus

critical (Haddad et al., 2015; Meyer at al., 2016), and naturally frag-
mented systems, like land-bridge archipelagos, provide opportunities
to understand and predict the long-term consequences of habitat frag-
mentation. Natural land-bridge islands are islands that were once con-
nected to themainland and could then be freely colonized by its species.
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Fragmentation usually occurred at the time of sea level rise (Newmark,
1987).

The Bijagós archipelago is an exceptional theatre in which to invest-
igate the long-term effect of fragmentation on animal assemblages. It is
composed of more than 80 islands and islets, located in the delta of the
river Geba, up to 70 km off the coast of Guinea-Bissau (West Africa).
The isolation of these islands presumably dates from the Holocenemar-
ine transgression (ca. 11000 years before present; Alves et al., 2015).

Bats are considered a good model for evaluating fragmentation is-
sues, as they are taxonomically and ecologically diverse and highly mo-
bile, showing potential tomove over extensive areas, even if fragmented
(Meyer and Kalko, 2008b). Additionally, bats play crucial roles in eco-
system functioning, either as pollinators, seed dispersers or predators,
so changes in their diversity and abundance may alter ecological pro-
cesses and have impacts on the survival of other species (Lindenmayer
and Fischer, 2006). Despite this importance of bats and the growing
attention of researchers to the problems of fragmentation, to our know-
ledge, no studies focused the effect of fragmentation on African bats.

A growing number of studies have assessed the effects of fragment-
ation on tropical taxa, including bats, but most have been conducted in
the Neotropics (e.g. Haddad et al., 2015; Meyer at al., 2016; Rocha et
al., 2017). The great majority of them studied recently formed, non-
natural fragmented systems, and thus their results reflect the species
short- tomedium-term response to fragmentation (Haddad et al., 2015).

Species persistence in fragmented landscapes is strongly affected by
the level of permeability of the matrix that surrounds the fragments.
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Although bats have excellent dispersal abilities, even over water (Cos-
son et al., 1999a), sea water is one of the most unsuitable and least
permeable habitats for them, so a matrix of sea water represents a
worse-case scenario in terms of fragmentation effects (Cosson et al.,
1999b; Meyer and Kalko, 2008b). We predicted that, overall, the bat
assemblages in the Bijagós island “fragments” would be affected by
the syndromes of isolation described inmanmade landscape fragments,
further accentuated by the water matrix and by the longer period of isol-
ation of the islands.
We studied the bat assemblages of the Bijagós islands and those of

nearby mainland areas to understand how insularity has shaped island
assemblages, and to evaluate the impacts of fragmentation on African
bat assemblages. The following specific questions were addressed: (i)
How are bat species richness and abundance affected by isolation in
the Bijagós? (ii) Are species assemblages similar among islands? (iii)
How is the species composition of island assemblages different from
assemblages on the coastal mainland? (iv) Which species traits make
bats capable of sustaining isolation? Finally, the contribution of the
results to the understanding of long-term consequences of habitat frag-
mentation on animal species assemblages is discussed.

Methods
Study sites

Guinea-Bissau is located on the west coast of Africa, between Senegal
and the Republic of Guinea (10°55′–12°45′ N and 13°37′–16°43′ W)
(Fig. 1). Generally flat, its maximum altitude is just 269 m asl. The
climate is Sudano-Guinean with two seasons; a rainy season between
June and October and a dry season between November and May. Most
of the country receives 1500–2000 mm of rain annually, but the south
is wetter with rainfall averaging over 2000 mm. Monthly average tem-
perature in Bissau, the country’s capital, ranges from 25 ◦C to 28 ◦C.

We surveyed bats in three regions (Fig. 1): the Bijagós archipelago
and two regions on the mainland coast:

• The region of Cacheu corresponds roughly to the area of the
Cacheu Mangroves Natural Park (PNTC), located at the extreme
northwest of the mainland and including both banks of the river
Cacheu estuary. It includes 30000 ha of mangroves as well as
mud- and sandbanks, semi-dry woodland, palm forest, savanna
and agricultural land (BirdLife International, 2016b).

• The Cantanhez Forests National Park (PNFC) is located in the
southernmost part of the country and encompasses both banks of
the river Cacine estuary. This is the wettest region of Guinea-
Bissau, reaching an annual precipitation of 2600 mm. It includes
most of the remaining areas of semi-humid forest in the coun-
try, farmland, river flood-plains, mangroves and areas of savanna
(BirdLife International, 2016a).

Figure 1 – Map of Guinea-Bissau, showing the sites sampled in Cacheu, Cantanhez and in
the Bijagós islands.

• The Bijagós archipelago is composed of 88 islands and islets sur-
rounded by a vast intertidal area of open mudflat and mangrove.
Seven islands were surveyed during this study (Fig. 1):

– Bubaque located in the centre of the archipelago;
– Orango and Canogo both in the Orango National Park

(PNO); and
– João Vieira, Meio, Cavalos and Poilão, all part of in João

Vieira / Poilão Marine National Park (PNMJVP) in the
south-east of the archipelago.

All sampled islands are mostly covered by forest, coastal wooded
savanna, palm forests, mangroves and other flooded areas.

Data collection
Bat data was obtained during several field surveys all carried out during
the dry season. The survey in Cacheu was conducted in 1998 (Rainho
and Franco, 2001), and that of Cantanhez in 2007 (Rainho et al., 2007).
In the Bijagós archipelago, Bubaque, Orango and Canogo were sur-
veyed in 1997 and 1998 (Rainho and Franco, 2001), and the four islands
of the PNMJVP in 2015 (Rainho et al. unpublished data).

Mist nets were set for no more than two consecutive nights at each
site to reduce net avoidance by bats (Marques et al., 2013). Most nets
were set on poles near ground level or slightly above the surrounding
vegetation in each region’s main habitats, including wetlands, when
available. Nets were generally open from sunset to midnight, but on
some nights they were re-opened before sunrise, from about 4:30 to
6:30 (see capture effort at each site in Tab. S1).

Captured individuals were sexed, measured, identified and released.
Species identifications were based on published keys (Hill, 1963; Ro-
sevear, 1965; Hayman and Hill, 1971; Robbins et al., 1985; Van Caken-
berghe and De Vree, 1985; Bergmans, 1988, 1989, 1997; Bouchard,
1998) and taxonomy follows Simmons (2005).

Captures were done under license of the responsible regulatory au-
thority in Guinea-Bissau, the Institute for Biodiversity and Protected
Areas (IBAP).

Statistical analysis
Species richness estimates for the archipelago and the coastal regions
of Guinea-Bissau were obtained using the Chao2 estimator and un-
conditional 95% confidence intervals on incidence data (Gotelli and
Coldwell, 2011). Calculations were made using EstimateS software (v.
9.1.0, Colwell, 2013).

Unweighted Pair Group Method with Arithmetic Mean (UPGMA)
cluster analysis with Jaccard distances was used for classifying (a)
sampled sites according to the presence of the various bat species,
and (b) species according to their sites of occurrence. The cophen-
etic correlation coefficient was then used as a measure of goodness of
fit, assessing how faithfully each dendrogram preserves the pairwise
distances between the original unmodeled data points (Saraçli et al.,
2013). Correspondence analysis, which provides a joint ordination
of species and sites, was used to help understanding how species as-
semblages are organized. These analyses were performed with PAST
software (v. 3.12, Hammer et al., 2001).

We used Spearman correlation to test the relationships between spe-
cies richness and island size, distance to the mainland and distance to
the nearest island. Islands ranged in size from Poilão (0.43 km2) to
Orango (261 km2) (Embalo et al., 2008a,b). Distance to mainland is
less variable ranging from 29 km for João Vieira to 73.5 km for Or-
ango. The distance to the nearest island ranged from 0.46 km between
Orango and Canogo to 11.6 km in the case of Poilão (see Tab. S1).
Correlation analyses were performed with the package Hmisc in R (R
Core Team, 2016).

Several species traits have been suggested to influence the ability of
species to colonize and survive in fragmented habitats (e.g. Henle et
al., 2004; Barbaro and Van Halder, 2009; Öckinger et al., 2010; Fran-
zén et al., 2012). Here we evaluated the potential influence of species
abundance, rarity, dispersal power and body size, traits that are likely
to be relevant to bats (Cosson et al., 1999b).
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There is no reliable way to measure population density of bats, so
we used an index of relative abundance, following the procedure by
Arita (1993): first all species were ranked by the total number of netted
individuals; the rank of each species was then divided by the number
of species captured at each site. Finally, for each species, we aver-
aged this index for all localities in which it was detected, thus obtain-
ing a rough estimate of overall local abundance. Each species was also
ranked by its prevalence, defined as the proportion of sampled sites
in which the species was recorded. However, local abundance and pre-
valence indices were highly correlated (Spearman correlation, rs=0.91,
n=26, p<0.001), so we used the local abundance index as a proxy of oc-
currence (Arita, 1993).
The traits body size and dispersal power of each species were es-

timated using body mass and wing characteristics (wing loading and
aspect ratio). These were calculated using measurements of the speci-
mens that we captured or from information in the literature (Rosevear,
1965; Robbins et al., 1985; Norberg and Rayner, 1987; Jacobs anf
Barclay, 2009; Monadjem et al., 2010; Happold and Happold, 2013).
No information on wing characteristics was found for Epomops buet-
tikoferi and Glauconycteris poensis, so measurements from closely re-
lated species were used (Epomops franqueti and Glauconycteris varie-
gata). Body mass was used to classify species according to size. Dis-
persal ability in bats is at least partly dependent on wing morphology
(Norberg and Rayner, 1987; Meyer at al., 2009). We followed Hap-
pold and Happold (2013) and classified each species wing loading and
aspect ratio from 1 (very low) to 5 (very high). Due to the different
range of sizes, the threshold values used in defining classes were differ-
ent for Pteropodid species, so they were analysed separately (Happold
and Happold, 2013). Furthermore, the wing loading of Eidolon helvum
andHypsignathus monstrosus proved to be extremely high so they were
classified as 6. Species dispersal power was quantified by adding the
values of wing loading and aspect ratio, giving greater weight to the
latter (Happold and Happold, 2013).
To compare the traits body size and dispersal power of island species

assemblages with those on the mainland, we first ranked all species
according to each trait. Wilcoxon-Mann-Whitney tests were then used
to verify if the median of the trait ranks on the island assemblage is
different from the median of the traits in the mainland. These analyses
were performed in R.
To test for evidence of competition in the structuring of island bat

assemblage, we used the checkerboard score (C-score) as an index
of co-occurrence (Stone and Roberts, 1990; Gotelli, 2000). The C-
score metric has proved to be very robust, particularly for small or
middle–sized matrices; it is based on the number of checkerboard units
in the matrix and varies between 0 (maximally aggregated) to a max-
imum of RARB (maximally segregated with no shared sites), where R
is the row total for species A and B, respectively (Gotelli and Ulrich,
2012). We simulated the presence-absence data of each species across
all sampled sites in the islands (see Tab. 1) in 5000 random “pseudo-
assemblage” matrices generated by Monte Carlo methods (Gotelli and
Graves, 1996) and using a randomization algorithm that preserves the
observed row and column totals (fixed-fixed). This analysis was per-
formed in the EcoSimR package (version 0.1.0) developed by Gotelli
and Ellison (2013), in R. Taking that the C-score represents an average
calculated over all possible species pairs, the analysis of which indi-
vidual species pairs show aggregation or segregation may provide fur-
ther insight into the structure of the assemblage (Gotelli and Ulrich,
2012). Additionally, the analysis of each pair of species provides in-
sight into the performance of the C-score metrics (Ulrich and Gotelli,
2013). Pairwise patterns of species co-occurrence were analised us-
ing C-score and a fixed-fixed matrix randomization algorithm in the
program Pairs (Ulrich, 2008).
A significance level of 0.05 was used in all analyses.

Results
Species richness
A total of 296 bats were captured with mist nets, comprising 26 spe-
cies, 15 genera, and 6 families. Seventeen species were recorded in

Cacheu, 15 in Cantanhez but only eight in Bijagós. Two additional
species, of the families Molossidae and Hipposideridae, are known to
occur in some of the islands. However, they were not considered in this
paper because their species identity has not been confirmed and they
were recorded acoustically, a method that was not used in all sites.

Overall, average capture success (±95% confidence intervals) was
0.61 (±0.24) bats per 12mmist net hour (b/h) for all sites. Capture suc-
cess in Bijagós (0.42±0.18 b/h) was considerably lower than in Cacheu
(0.71±0.56 b/h) and Cantanhez (0.81±0.6 b/h). However, the capture
success of the eight species known to occur both in the mainland and in
the Bijagós was very similar in all regions (0.47±0.66 b/h in Cantanhez
and 0.40±0.19 b/h in Cacheu).

Species richness in the mainland was several times higher than in the
islands, with no overlap between the 95% confidence intervals of the
Chao2 estimator (mainland: 37 (29, 67) and islands: 8 (8, 10)).

No significant correlation was found between species richness and
island area (Spearman correlation, r=0.09, n=7, p=0.85), distance to
the mainland (r=-0.13, n=7, p=0.79) and distance to the nearest island
(r=0.18, n=7, p=0.71). Furthermore, no signification correlation was
found between island richness and island sampling effort (r=0.48, n=7,
p=0.27).

Assemblage composition
Cluster analysis on the dissimilarities among sites using presence-
absence of bat species (Fig. 2A) revealed a good adjustment to the data

Figure 2 – UPGMA dendogram (using Jaccard similarity) index on the dissimilarities A)
among studied sites in terms of presence-absence of the various bat species and B)
among species present on the studied sites. Sites and species present in islands are
labeled in black.
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(cophen. correl.=0.87). Three sites from Cantanhez form a separate
cluster, but the dendrogram of all the remaining sites on the mainland
shows “chaining”, with each sampled site linked to the next by a slightly
lower tie bar, which suggests a gradient of dissimilarity or nestedness
across mainland sites. The islands sites form a single cluster, which
only includes one site on the mainland, Suzana. This confirms that spe-
cies composition is quite similar among islands and distinct from that
of the assemblages on the mainland. No clustering patterns relating to
island size or distance to coastline are evident.
TheUPGMAdendrogram of species (cophen. correl.=0.88; Fig. 2B)

shows all the species present in the Bijagós islands aggregated in one
branch. E. buettikoferi is the exception to this pattern; although occur-
ring on the islands, this species is included in a separate branch that
comprises species that have a higher affinity to forested areas, like Hip-
posideros fuliginosus, H. cyclops or G. poensis, and thus occur mainly
in the well forested region of Cantanhez. The two central clusters in-
clude mostly species that were recorded in the dryer region of Cacheu.
H. monstrosus shows up as an outlier to this pattern.

Characteristics of the species present on islands
The correspondence analysis (37.9% of explained variation, Fig. 3)
shows all the islands sites forming a tight group, thus confirming the
similarity in species composition among islands.
The species that occur on islands occupy positions very close to the

center of the space defined by the first axes, suggesting that they are
generalist widespread species. That is the case of Epomophorus gam-
bianus (recorded in 81% of the sampled sites), Micropteropus pusillus
(69%), E. helvum (50%) and Nycteris hispida (50%), which are ubi-
quitous species in Guinea-Bissau (Rainho and Franco, 2001).
The comparison between the medians of traits in the islands as-

semblages with those of the mainland assemblages confirmed this pat-
tern — the island assemblages consists of species that are among the
most common in the region (Tab. 1). Species abundance shows up as
a very important trait facilitating the presence on islands. No statist-
ically significant differences were found in the other traits analyzed;
species body size and dispersal potential did not differ between island
and mainland assemblages. This result is illustrated by the presence in

the islands of Neoromicia nana and N. hispida, which are among the
smallest and potentially less vagile species.

The co-occurrence analysis indicates that competition is not import-
ant in the structuring of the bat assemblage in the islands (C-score ob-
served: 1.00, simulated: 0.94, p=0.307). The species pairwise ana-
lysis supports this result by detecting no significant pairs in the islands,
which indicates that neither negative nor positive interspecific inter-
actions are major drivers in the occurrence of the bat species among
islands.

Discussion
How does insularity a�ect bat abundance and species
richness in the Bijagós islands?
Our results demonstrate that bat species richness in the Bijagós islands
is several times lower than in the mainland and shows that insularity has
important consequences on the composition of species assemblages.

Thousands of years since the formation of the islands, due to the post
glaciations rise in the sea level, their species assemblages are likely
to be the result of long-term fragmentation; it is plausible to consider
that both bat assemblages and associated ecological interactions have
reached an equilibrium (but see Heaney, 2000).

Lower species richness is a common pattern both in oceanic (e.g.
Triantis et al., 2015) and in recently formed land-bridge tropical islands
(see the review by Jones et al., 2016 for reservoir islands). Published
information on land-bridge archipelagos focus on recently formed sys-
tems (<100 years), generally created by flooding in a reservoir. These
studies also show that the already impoverished assemblages continue
to sustain richness declines (Jones et al., 2016). This seems to be true
even for the oldest (≈100 yo) and large islands such as Barro Colorado,
and in spite of the conservation efforts made in the area.

The time since the creation of the island or fragment seems to be a
major driver in defining species richness (Triantis et al., 2015; Jones et
al., 2016), but other geographical characteristics are often considered
as important mediators in species richness patterns (Lomolino and
Weiser, 2001; Frick et al., 2008; Meyer and Kalko, 2008a; Yu et al.,
2012). This is the case of island area, isolation, specific patterns of
fragmentation and habitat quality and diversity.

Figure 3 – Correspondence analysis of sampled sites (open dots) and species (black dots) using species presence-absence. Sites in islands are shown in bold.
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Table 1 – Median values of the trait ranks of species present on islands and mainland, and significance of Wilcoxon-Mann-Whitney’s comparison between the two assemblages.

Median [range] Wilcoxon-Mann-Whitney test
Islands Mainland U p Sig.

Abundance 21.5 [16–26] 13.5 [1–26] 41.0 0.011 **
Body size 15.0 [1–25] 13.5 [1–26] 99.0 0.855 n.s.
Dispersal power:

Pteropodid 4.8 [1–5.5] 3.3 [1–5.5] 10.0 0.739 n.s.
Other species 8.0 [1.5–20] 8.0 [1.5–20] 44.5 0.744 n.s.

The habitats available in the islands are quite diverse, but they are
dominated by open dry-woodland or savanna-like habitats. Semi-
humid forest is also present on some islands but in small areas and
this may contribute to explain the absence of species generally associ-
ated with humid-forests, such as G. poensis or H. monstrosus (Happold
and Happold, 2013). The scarcity of this habitat may also justify the
greater similarity of the assemblages of the islands with those of the
dryer region of Cacheu than with the more humid Cantanhez (Fig. 3).
Furthermore, the absence of caves in the islands surely limits the oc-
currence of species like Rhinolophus denti or Hipposideros abae that
depend on underground roosts (Rodríguez-Durán, 2010; Happold and
Happold, 2013). Despite these differences, the range of habitats avail-
able on the islands is overall quite similar to that on the coastal areas,
so it is unlikely that habitat diversity explains much of the difference in
species richness.
The lack of a significant relationship between species richness and

island area or isolation in our data should be interpreted with care; it
may be to some extent due to the inclusion of islands with incomplete
inventories, or to relatively small sample sizes. However, it is worth
noting that there is still no consensus on how area and isolation affect
bat species richness in fragments or in near shore islands. While some
studies reveal a weak or no effect of size and isolation (Cosson et al.,
1999a) others show that at least one of these variables is influential (e.g.
Estrada et al., 1993; Frick et al., 2008; Meyer and Kalko, 2008a). Sev-
eral reasons may justify these different results: the composition and
traits of species in the mainland assemblage (Franzén et al., 2012), is-
land (in)stability (Willig et al., 2010), methodological issues and un-
detected species (Nichols et al., 1998; Kunz et al., 2009), numerical
and statistical issues in data analysis (Bunnefeld and Phillimore, 2012)
and island age (Triantis et al., 2015; Jones et al., 2016). Several authors
suggested that the decline in bat species richness in larger islands is just
delayed and the differences in species richness between small and large
islands are mediated by the time since their formation (e.g. Cosson et
al., 1999a; Jones et al., 2016).
The long time since the isolation of Bijagós islands may thus have

contributed to the observed lack of clear association between richness
and both island size and level of isolation. However, a study with more
complete inventories and including more Bijagós islands is likely to
reveal that islands that are either very close to themainland harbor more
bat species and the smallest islands fewer species.
As observed in bat assemblages of other insular systems (e.g. Cosson

et al., 1999a), species composition and richness levels are quite sim-
ilar in many of the sampled islands. In this context, it is unsurprising
that co-occurrence analyses did not provide evidence that assemblage
composition on Bijagós islands is structured by negative interspecific
interactions. The similarity of bat assemblages in multiple islands (see
Fig. 2A and 3) indicates that the assemblages are not random; the oc-
currence of species in the islands is determined by common ecological
or life-history traits.
The major reduction in species richness is not the only consequence

of isolation on the Bijagós bat assemblages. Assuming that mist net
capture rate is roughly proportional to overall bat abundance, we can
conclude that abundance in the islands is about half of that on the
coastal mainland. However, the abundance of the eight species cap-
tured on the islands is similar to that of the same set of species on the
mainland. This indicates that the reduced overall abundance is due to
the many species that are absent on the islands but present on the coast.

Our data did not show any evidence of an overall “density compens-
ation” i.e. an increase in the abundance of island species as a con-
sequence of an overall poorer assemblage. This phenomenon is com-
mon in islands and it is thought to result from a lowering of interspecific
competition (Henry et al., 2007; Whittaker and Fernández-Palacios,
2007). The absence of density compensation suggests that the missing
species were not close competitors of the species present in the islands,
or that the latter have some level of competitive advantage (Russo et al.,
2014).

Which species manage to maintain populations on the is-
lands?
It is well known that not all species respond equally to habitat fragment-
ation and this variability in species’ response is likely to be explained
by life-history traits (e.g. Henle et al., 2004; Öckinger et al., 2010).

Contrarily to what has been reported in several studies in the Neo-
tropics (e.g. Cosson et al., 1999a; Meyer and Kalko, 2008b) our data
did not suggest that body size and dispersal potential of species are
important determinants of their occurrence in Bijagós. In fact, many
bat species present in Guinea-Bissau that are known to be able to dis-
perse over water (see Juste and Ibañez, 1994a,b) were not found in the
archipelago.

However, we found that not all bat species in the mainland have an
equal probability of succeding to maintain viable populations on the
islands. The species that succeded in the Bijagós are generalists char-
acterized by high abundance/prevalence. When the Bijagós were con-
nected to the mainland their bat assemblages were certainly richer, and
in the thousands of years since the islands were formed dispersers of
many species must have arrived there from the mainland. How can we
explain that so many of those species failed to establish viable popula-
tions, while this relativelly small group of abundant/widspread specied
succeeded? The answer seems to lay in the fact that the latter are more
resistant to fragmentation; their greater capacity to maintain popula-
tions in fragmented habitats may have several explanations, not mutu-
ally exclusive. Species that are abundant and widespread on the main-
land are likely to depend on abundant resources; if these resources are
also abundant on the island then this allows local populations to reach
a large enough size to be viable in the long-term. In contrast, rare bat
species are likelly to specialize on scarce resources, which on small is-
lands may only sustain small populations, not viable in the long-term.
A second explanation for the greater success of common species on is-
lands is the greater likelihood of the arrival of dispersing individuals.
Species that are common in the coastal regions are more likely to send
such dispersing individuals to the islands, and thus allow the recovery
of island populations that are declining or estirpated.

Long-term consequences of fragmentation on bat as-
semblages
Marine land-bridge islands are fragments that resulted from natural
processes, but the consequences of these processes are analogous to the
long-term consequences of the ongoing fragmentation caused by hu-
mans. Our study in the Bijagós land-bridge archipelago clearly shows
that a major reduction of species diversity is a likely long-term con-
sequence of habitat fragmentation. Even in large islands, located fairly
close to the mainland, the richness of bat assemblages are a fraction
of that of the nearby coast. One of the studied islands, Orango, has a
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surface of 261 km2, and is separated by narrow channels from two is-
lands that, combined, cover a similar surface. But even this area, which
is greater than that of most protected areas in West Africa, was insuf-
ficient to prevent the loss of most of the bat species that presumably
harbored before isolation.
Several short-term studies with a variety of vertebrate groups have

found an overall richness decline in recently formed fragments and an
extinction debt is predicted both for small and large islands (e.g. Cos-
son et al., 1999b; Jones et al., 2016). Our study confirms this prediction,
showing that, in the long-term few bat species are capable of maintain-
ing viable populations in fragmented systems. It is thus evident that the
species richness declines reported in most studies are an underestim-
ate of the real, long-term, losses due fragmentation. In fact, the degree
of bat species impoverishment observed in the Bijagós is much greater
than that reported in any short-term studies (see Jones et al., 2016).
An impoverishment of the species assemblages is not the only neg-

ative consequence of fragmentation. Our results in the Bijagós ar-
chipelago suggest that the species that survive in the long-term in frag-
mented systems aremainly abundant andwidespread species; rarer spe-
cies usually do not survive, even in relatively large fragments. This
suggests that long-term fragmentation has a disproportionate impact
on species of greater conservation concern.
A dramatic reduction in bat species richness due to long-term frag-

mentation, as that observed in his study, is also likely to have significant
negative consequences in terms of ecosystem functioning on the frag-
mented landscape, such as those reported elsewhere (e.g. McConkey
and Drake, 2006). In fact, the few species of bats that persist on the
islands are unlikely to fulfill all the ecosystem roles performed by the
rich species assemblages that live in similar habitats on the mainland.
The Bijagós are true islands, and thus surrounded by a high con-

trast matrix, so in terms of isolation they may represent a worst case
scenario for fragmentation. Lower contrast matrices (e.g. degraded ve-
getation) may result in lower species’ loss. However, our results show
that the long-term consequences of fragmentation are likely to be sub-
stantially worse than those that have been reported from short-term ex-
amples (see Jones et al., 2016). Our study is focused on bats, which
are highly mobile animals with a good capacity to reach habitat frag-
ments across unsuitable habitat (Estrada et al., 1993; Meyer and Kalko,
2008b). The impact of long-term fragmentation on less mobile animal
groups is likely to be greater than on bats, although mobility is not the
only factor influencing those impacts (Bowne and Bowers, 2004; Gib-
son et al., 2013).
Habitat fragmentation is a threat to biodiversity all over the world

(Lindenmayer and Fischer, 2006; Haddad et al., 2015) and Africa is no
exception. The explosive growth of its human population and the con-
sequent expansion of farmland are resulting in a dramatic fragment-
ation of natural areas, which is likely to persist in the long-term. To
make the preservation of biodiversity compatible with the needs of live-
lihoods, it is thus necessary to minimize the consequences of fragment-
ation by promoting efficient and less land demanding agricultural prac-
tices, land uses with low contrast with natural habitats, and preserving
connectivity elements in the landscapes.
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