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Abstract
Neotropical ecosystems are teeming with diversity but unfortunately, many areas are experiencing
dramatic levels of degradation. In this study, I compared species richness of Phyllostomidae in
secondary, riparian and old growth forest sites to test whether general patterns of diversity applied
at the local scale. This study synthesizes data gathered as part of undergraduate field courses that
took place between 2013 and 2018 in the Osa peninsula. Much of the study area is early
successional secondary forest recovering from agricultural use with remnants of old growth
vegetation. Overall, 21 species of Phyllostomidae were identified over 38 nights of sampling.
While there were no significant differences in species richness between old growth and secondary
forest sites, there were significant difference between these two forest types and riparian habitats.
These results highlight the importance of considering surrounding areas when making decisions
about the conservation value of specific habitats at the local level.
Introduction
The study of appropriate model organisms that can act as indicators of ecosystem health
and integrity across multiple taxa serves as an important tool in conservation research. Indicator
groups must be amenable to efficient sampling and their response to ecological change must reflect
that exhibited by other groups1. According to these criteria, members of the taxonomically and
ecologically diverse leaf-nosed bat family (Phyllostomidae) have been found to be good indicators
of habitat disturbance2. Different phyllostomid subfamilies use forest resources in a wide variety
of ways, both in their foraging and roosting habits. Their diverse life history characteristics
contribute to a high sensitivity towards ecosystem degradation3. Monitoring how different
subfamilies of phyllostomid bats respond to environmental change, in particular, those associated
with vegetation structure and composition can provide valuable information regarding the impact
of forest disturbance on ecosystem health.
In that context, old-growth forests which are characterized by a lack of recent large-scale
disturbance4, generally harbour the greatest diversity and abundance of phyllostomids, owing to
increased foraging opportunities and food availability5, 6. Furthermore, within this family, species
from higher trophic levels, represented by the gleaning animalivores (sub-family Phyllostominae)
were found to be most prominent within old growth areas 2, 5, 7. Secondary forests, disturbed in the
recent past, display a range of successional stages represented by different plant species and denser
ground level vegetation8 and typically exhibit a decline in overall species abundance when
compared to old growth forests9. Riparian forests, which provide natural gaps and corridors in the
landscape and are bordered by vegetation representative of different successional levels8 have been
shown to support an overall higher number of phyllostomid species in contrast to secondary
forests10. Although the occurrence of leaf-nosed bats within each forest type, including secondary
forest, varies with differences in vegetation structure and species composition11, phyllostomids
overall are more strongly associated with the later stages of forest growth and with riparian areas12,
13, 14
.
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In this study, I tested whether these trends apply at the local scale in a lowland wet forest
in southwestern Costa Rica. If old growth and riparian habitats house more diversity overall than
areas of secondary growth at that site, I predicted higher levels of phyllostomid species diversity
in those habitats. Furthermore, I expected old growth and riparian sites to support a higher
proportion of animalivorous leaf-nosed bats from the sub-family Phyllostominae. To test those
predictions, I compared species richness and composition of the bat fauna across habitat types
using data collected between 2013 and 2018 during the Augustana Faculty’s ‘Field Studies in
Tropical Ecology and Conservation’ course.
Methods
Sampling took place on the properties of Osa Conservation (Puntarenas province, Costa
Rica) near the Piro and Greg Gund biological stations during the dry season in January or February
(Fig. 1). Sampling sites were set up along pre-existing trails and open areas in old growth,
secondary and riparian forest, the three predominant habitat types (Fig. 2). Each site was only
sampled once during a given year.
Captures with mist-nets followed standard methods for leaf-nosed bats. A combination of
three to four mist nets (2.5x6m, 2.5x9m, or 2.5x12m) placed from near ground level to up to 5 m
in height were used each night. Net placement within a site varied depending on the location of
potential bat flyways (e.g. across an opening in the vegetation or streams). The nets were typically
open for four hours between 18:00 and 22:00 corresponding to peak levels in bat activity, which
occur just following sunset15 but were closed if heavy rain started during netting.
Nets were checked every ten to twenty minutes for new bats and captured bats were
removed, placed in cotton bags and labelled with the time and order of capture. These bat bags
were placed on a line hanging at least 1.5m off the ground during the interim period between
capture and release. For each captured bat, the following was recorded: species, sex, forearm length
(mm), mass (g), presence or absence of ectoparasites, and reproductive status. Additionally, the
subfamily, Carolliinae, required measuring the length of the tibia (mm) in order to identify the
species accurately. A checklist and field guides prepared from published resources16, 17 were used
to identify bats to the species level, except for Dermanura phaeotis and D. watsoni which were
pooled in the analysis because they are difficult to distinguish in the field. All protocols were
approved by the Animal Care and Use Committee: Biosciences of the University of Alberta and
the bat captures took place under the required Costa Rican federal permits.
To compare species richness, I prepared species accumulation curves for bats captured in
the three habitat types using EstimateS18. To avoid misrepresenting heterogeneity of bat species
between sample sites, I used a sample-based rarefaction curve which produces a more realistic
estimate of species richness than individual-based rarefaction19, 20. I plotted rank abundance graphs
and calculated indices of similarity1 to compare the species composition of the bat fauna across
habitat types. Rank abundance graphs also allowed me to compare the relative abundance of bats
from different trophic levels (phytophagous vs animalivorous) in the different habitat types. I
further quantified the relative distribution of bat species according to trophic level across habitat
types, using the following ratio:
(Total animalivorous or phytophagous species within one habitat type)
[Eq. 1]
(Total number of phyllostomid species caught in all habitats)
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Figure 1. Locations of bat sampling sites on the Osa Conservation properties from 2013-2018 a)
Piro Biological Research Station area and b) Greg Gund Biological Research Station area. Areas
of old growth are represented in dark green and secondary forest areas in light green. Black lines
represent access roads and yellow ones, trails. Rivers are drawn as blue lines. (Original maps
prepared by D. Patriquin and J. Rintoul)
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Figure 2. Examples of netting sites in old growth (a, b), secondary (c) and riparian habitats (d).
Results
Between 2013 and 2018, 335 phyllostomid bats from 21 species (Table 1) were captured
over 38 sampling nights. Three species from other families were also captured and were excluded
from the analysis. The sampling effort and bat capture rates were comparable for all three habitat
types (Table 2). Species from all phyllostomid sub-families were represented (Fig. 3) and eight
species belonged to the sub-family Phyllostominae.
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Table 1. Leaf-nosed bat species (family Phyllostomidae) captured at 20 netting sites at Piro and
Greg Gund biological stations during the 2013-2018 dry seasons. Acronyms are those used in Fig.
5 to label species in the rank abundance graphs.
Subfamily

Species

Acronym

Trophic Level

Carolliinae
(Short-tailed bats)

Carollia sowelli

Cs

Phytophagous

C. castanea

Cc

Phytophagous

C. perspicillata

Cp

Phytophagous

Desmodus rotundus

Dr

Animalivorous

Glossophaga soricina

Gs

Phytophagous

Lonchophylla concava

Lc

Phytophagous

Platyrrhinus helleri

Ph

Phytophagous

Uroderma bilobatum

Ub

Phytophagous

Artibeus jamaicensis

Aj

Phytophagous

A. lituratus

Al

Phytophagous

Dermanura watsoni/phaeotis

Dw

Phytophagous

Enchisthenes hartii

Eh

Phytophagous

Vampyressa thyone

Vt

Phytophagous

Lampronycteris brachyotis

Lb

Animalivorous

Micronycteris microtis

Mm

Animalivorous

M. hirsuta

Mh

Animalivorous

Tonatia saurophila

Ts

Animalivorous

Lophostoma silvicolum

Ls

Animalivorous

Trachops cirrhosus

Tc

Animalivorous

Phyllostomus discolor

Pd

Omnivorous

Chrotopterus auritus

Ca

Animalivorous

Desmodontinae
(Vampire bats)
Glossophaginae /
Lonchophyllinae
(Nectar-feeding bats)
Stenodermatinae
(Tailless bats)

Phyllostominae
(Gleaning bats)

Species richness
For each habitat type, the number of phyllostomid bat species was plotted on a species
accumulation curve (Fig. 4). The curves for both secondary and old growth forests fall within the
95% confidence interval indicating that these habitats are not significantly different in their species
richness. The riparian forest, however, falls slightly below the confidence interval demonstrating
that it is significantly lower in species richness than the other two habitat types.
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Figure 3. Photographs of representative leaf-nosed bat species captured at Osa Conservation for
each of the sub-families a) Carollia perspicillata (Carolliinae), b) Glossophaga soricina
(Glossophaginae), c) Desmodus rotundus (Desmodontinae), d) Uroderma bilobatum
(Stenodermatinae) and e) Lophostoma silvicolum (Phyllostominae). (Photographs by D. Audet)
Species composition
To gain a better understanding of overall diversity, phyllostomid captures were plotted as
rank abundance graphs showing individual species abundance within each forest type (Fig. 5). The
similar slopes between all habitat sampled demonstrate that species evenness was comparable
between all three habitats, however, the two trophic levels were distributed differently among them
(Table 3). The highest number of phyllostomine species (gleaning animalivores) occurred in the
old growth (7 species), followed by secondary forest (5 species) and riparian (3 species). In old
growth forest, three species of phyllostomines (Trachops cirrhosus, Micronycteris microtis and
Lophostoma silvicolum) were among the most frequently captured species. Furthermore, one
phyllostomine, Chrotopterus auritus, was exclusively captured in old growth. Indices of similarity
indicated that old growth and riparian forests were the least similar, with 66.8% of shared species
and that old growth and secondary forest sites were the most similar, with 75.4% of shared species.
Table 2. Overview of sampling effort and capture rates for phyllostomid bats in each of the habitats
sampled during the study at Osa Conservation (2013-2018, dry season).
Habitat type

Sampling
sites (N)

Sampling
nights (N)

Sampling effort
(m2.hrs)

Bats
captured (N)

Capture rate
(bats/m2.hrs)

Old growth

6

14

5430

135

0.025

Secondary

8

13

4077

95

0.023

Riparian

6

11

3476

105

0.030

Total

20

38

12 983

335

0.026
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Table 3. Relative species richness (%) of Phyllostomidae from different trophic levels in the
three habitat types sampled at Osa Conservation. The percent species richness was calculated
using Eq. 1.
Old growth

Secondary forest

Riparian forest

Animalivorous

33%

24%

24%

Phytophagous

48%

48%

29%

Discussion
My results showed significant differences between the phyllostomid species richness of
riparian and that of old growth and secondary forest sites but not between secondary and old
growth forest sites. This outcome at the local scale contradicts the prediction that riparian forests
would be comparable to old growth, based on both habitats providing essential forest composition
for Phyllostomidae21. These results either suggest that riparian forests in the Osa region do not
have the expected vegetation to support high species richness or that the secondary forest there is
used by a greater number of species than what was previously reported in the literature. My results
also revealed that animalivorous phyllostomids (sub-family Phyllostominae) persist across all
forest types and while their presence was higher than predicted within secondary forest, their rank
within each forest supports the hypothesis that species in the higher trophic levels will be most
prominent within old growth forests13, 14, 22. While secondary forests may be able to support high
species richness, many of the species present were phytophagous, suggesting that further forest
regeneration may be needed to recover the capacity to support sensitive species, like gleaning
animalivorous bats.

Figure 4. Species accumulation curve for phyllostomid bats caught in each habitat type during the
2013-2018 dry seasons at Osa Conservation. The sample-based Mao Tau rarefaction curves were
rescaled to individuals and the 95% limits of the confidence interval (dashed lines), used to make
statistical comparisons between habitat types, are those from the largest sample (old growth).
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Figure 5. Rank abundance graph showing all bat species captured during dry season at Osa
Conservation from 2013-2018. Species from the sub-family Phyllostominae, which represent the
gleaning animalivores are represented by the bolded acronyms. See Table 1 for acronym guide.
Since previous studies have demonstrated the suitability of phyllostomid species as
indicators of ecosystem health and of the fundamental processes associated with forest regrowth
and succession 5, 23, 24, my results for the higher than expected species richness in secondary forest
may be related to the integrity of the surrounding areas. The degree of fragmentation of forested
areas has been shown to affect phyllostomid species richness and composition25, 26, 27, 28, 29.
Furthermore, protected areas have been shown to influence the populations of surrounding
disturbed areas1. Corcovado national park directly borders the Osa Conservation properties. It is
possible that the proximity to the park contributes to the phyllostomid diversity observed in this
study. Because Corcovado occupies a large portion of the Osa peninsula and has undergone less
disturbance in the past decades because of its protected status30, a source-sink relationship may
exist between the two sites and could be investigated in future studies.
Given their value as an indicator group, understanding the implications of phyllostomid
diversity at the local scale can assist in the design of effective conservation projects. For example,
it is widely accepted that riparian habitats generally support a greater species richness than
secondary forest remnants because of their vegetation composition, access to water and their
potential to act as a corridor between habitats10, 14, 28. Riparian areas are typically given
conservation priority, however, in this study I observed that the richness of these areas may be
influenced by the type of upland habitats adjacent to them. Increased species richness within
secondary forests may also be associated with the presence of remnant old growth areas or their
proximity to source habitats. This highlights the importance of considering the broader context
since it can lead to local variations in the expected patterns of biodiversity.
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