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Abstract

Uganda is home to a rich diversity of bats, which carry high ecological and socioeconomic value
through the ecosystem services that they provide. However, critical bat habitats including caves are
facing increasing anthropogenic pressures, and the types and frequencies of disturbances to cave-
roosting bats are not well understood in Uganda. Therefore, we examined the role of anthropogenic
disturbances in caves to assess the threats posed to bat populations. We used the Bat Cave
Vulnerability Index (BCVI) framework to evaluate the likely effects of anthropogenic disturbance on
the cave bats inhabiting 14 caves within the study region. We included qualitative surveys with
human communities to better understand various aspects within the BCVI. All bat species recorded
are of the IUCN category - “Least Concern”. The BCVI ranked 50% of the caves as “High” and
“Moderate” priority for conservation interventions due to high bat diversity and anthropogenic
disturbance and determined that most caves studied were highly vulnerable to anthropogenic
disturbance. All the caves we studied (except two) are outside the protected area, and due to their
imputed vulnerabilities, interventions ought to be implemented to balance cave conservation and
human use in the Mt Elgon area. Such interventions should integrate human dimensions.

Keywords: chiropteran; karsts; subterranean; anthropogenic; human population; human-bat
interaction

1. Introduction

There is wide consensus within the scientific community that the world faces a sixth mass
extinction with anthropogenic activities being the main driver [1-6]. Anthropogenic activities
including resource extraction, land use change, vehicle traffic, extirpation and decreased fitness
continue to threaten mammal populations as well as plants [7-10]. Such anthropogenic activities
often include the pursuit of welfare assets by human communities across different scales. For
instance, human recreation has been shown to negatively affect the natural environment and is the
main cause of biodiversity degradation in developed countries [11,12]. Notably, recreation activities
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can result in avoidance of trails by mammals, alteration of behavior, increased mortality, introduction
of non-native species and reduced fitness among others [12-20]. For instance, moose, snowshoe hare,
and red fox avoid areas used by tourists in the Isle Royale national park [21]. Similarly, agricultural
activities, including in the global south affect wildlife in different ways [22-24].

Agriculture is the major cause of land cover change in the global south, threatening biodiversity
across different scales [25-27]. Given that the growing human population is predicted to be at 9.7
billion by 2050; 2.5 billion of whom will be in Africa [28], unless the right interventions are put in
place, biodiversity loss may increase at unprecedented rates [29-32]. A balance can be achieved
through improved understanding of the dynamics of anthropogenic events and their consequences
on biodiversity.

Bats play critical roles in sustaining ecosystems and provide opportunities for directly accessing
critical welfare assets such as spiritual and cultural value, food security, and nutrient-rich guano to
support crop production [33,34]. Despite these values, bat populations are threatened by
anthropogenic factors including pollutants and habitat change [35-41]. Cave ecosystems that are
critical roosting sites for bat populations commonly get severely affected by anthropogenic activities
[42—-46]. Anthropogenic cave disruption includes noise, light and actual cave destruction [37,47-49].
These threats may undermine the population of bats across different scales. The International Union
for Conservation of Nature estimates that over 15% of species are considered endangered or near
threatened (IUCN), with their populations decreasing globally [37,50]. This is especially common in
tropical regions where anthropogenic activities cause land use changes threatening bat populations
[37,51,52]. Moreover tropical regions host substantial bat diversity contributing to sustainability of
ecosystems [53,54]. Therefore, there is a need for interventions to mitigate threats to bat populations
in tropical regions and elsewhere. These partly require understanding bat vulnerability within cave
ecosystems. Vulnerability studies have been undertaken in Bulgaria [46], Philippines [55] and Ghana
[56] providing critical information that can be utilized to support conservation of bat populations.
Beyond bat populations, such information provides opportunities for understanding the role of
humans in landscape changes. Notably, bats are diverse and provide a model for better
understanding of alterations within ecosystems across different scales [35,57,58].

Caves are critical in sustaining bat populations as they are used for roosting [59], breeding
[60,61], hibernation and swarming [45,62]. Bats choose and use the different caves and cave sites
depending on the environmental and geographical features [63,64]. Notably, temperature and
humidity can influence the selection of caves for breeding and/or hibernation (especially in temperate
regions) among other functions [60,65,66]. Cave selection by bats varies across space and time
depending on the species of the bat and foraging behavior among other factors [67,68]. While natural
factors influence ambient conditions in caves, human activities can significantly make them unfit for
bat utilization [69-72]. The vulnerability of caves is critical as bats are also good candidates as
surrogate species (i.e., keystone, umbrella, and indicator taxa) of cave biodiversity and conservation
value [73,74]. Adequate scientific data that provides for understanding of the vulnerability of cave
bat roosts to anthropogenic disturbances provides opportunities for designing of suitable
conservation interventions that try to accommodate human access needs while protecting the most
vulnerable aspects of the cave ecosystem for bats. This approach contributes to sustaining ecosystems
and human livelihoods. This study assessed vulnerability of caves used for roosting by bats to
anthropogenic disturbances within Mount Elgon, Uganda.

2. Materials and Methods
2.1. Study Area

This study was undertaken on bat-occupied caves in the Mount Elgon region of Uganda with a
focus on the Kapchorwa district (Figure 1). Kapchorwa district is bordered by Kween District to the
northeast and east, Sironko District to the south, and Bulambuli District to the west and northwest
(Figure 1). Kapchorwa has the largest human population within the region with a rapid growth rate

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202510.1803.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 October 2025

of 2.5% (almost equivalent to the national rate 2.9%) [75]. The district also has very diverse economic
activities including tourism, agriculture and trade among others [76].
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Figure 1. Map of the study site. Specific caves studied are denoted by two-letter abbreviations (instead of full
names) in order to protect cave identity for conservation purposes.

2.2. Study Design and Approaches

A cross sectional survey design was applied in communities near cave sites utilizing mixed
methods research approaches [77,78]. Mixed methods allowed for data integration thus better
understanding of the research question [79,80]. The purpose of the community engagement was to
gather insights on the activities undertaken in the caves. This insight provided by the communities
would then validate findings of the vulnerability factors identified for the caves. Both quantitative
and qualitative data were collected.
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2.3. Study Population

This study focused on both insect and fruit eating bats inhabiting caves whose populations
formed the basis of the quantitative data. The measured parameters within each cave included bat
numbers, bat species richness and human activities within caves. Households neighboring caves
inhabited by bats formed the target population for qualitative data collection through Focus Group
Discussions (FGDs). FGDs focused on community perspectives about activities carried out within
each of the caves. Two Focus Group Discussions were organized in villages near each cave involving
persons that live nearest to caves. The distance to each cave from members of the local community
was variable and we considered those that were closer until we reached a maximum of 10 individuals.
The FGDs were held with adult (at least 18 years old) male and female participants after verbal
consent was obtained. The consenting process included discussion of information shared about the
study, participation, and privacy practices for the study. Participants were also informed of the
study’s purpose, procedures, potential risks of the study and benefits, and their right to withdraw at
any time.

2.4. Sampling Strategy and Data Collection

Only caves that were easily accessible (by the research team) within the district were selected for
this study. Bat counts in the selected caves were performed over a period of 3 years (2022-2024)
whenever the caves were visited for routine monitoring studies on the bats as a part of other projects.
At each cave, bats species in the caves were identified and counts of individuals conducted using
either visual counts or mist-netting to establish the population sizes. As some caves had several
chambers, counting every single individual was difficult in which case an estimated maximum
number was recorded. Using these approaches, all the parameters to describe Biotic potential (BP)
and Biotic Vulnerability (BV) as described by Tanalgo and colleagues were collected [44].

In addition to bat-specific data, anthropogenic source data including cave accessibility, cave size,
and openings, the effort of exploration, tourism potential, cave use, land-use activities in areas
adjacent to the cave, and the presence of temples and sacred structures in the caves was also
investigated. Literature was used to gather data on some Biotic potential (BP) parameters that
included species endemism (E) and conservation status (cons).

For prioritization of caves and suitable conservation interventions to sustain populations of bats,
data were collected on the potential threats to the different bat roosts. This was undertaken using a
checklist that covered anthropogenic and natural factors that could threaten bat populations (Table
S3 in Supplementary file). For instance, the check list covered; presence of collapsed entrances,
household items, introduced twigs, among others.

2.5. Data Analysis

The Bat Cave Vulnerability Index (BCVI) was used to assess vulnerabilities of these caves to
anthropogenic disturbance [44]. The BCVI is described by the equation;

BCVI = (BV) * (BP)
where;
BCVI=Bat Cave Vulnerability Index, BP = Biotic Potential Index, BV = Biotic Vulnerability Index.
2.6. Computation of Biotic Vulnerability (BV)

Biotic Vulnerability (BV) represents cave geophysical features and anthropogenic threats to the
cave.
The Biotic Vulnerability (BV) value is derived using the equation;

BV = IN/N°

where: N=Threats assessed N? = Number of threats assessed/present
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Threats for each of the caves were obtained through observations and interviews with
community members. These respective threats were scored using a scale of 1-4 (as outlined in Table
S3in the supplementary). Threats were then averaged to obtain the value of Biotic Vulnerability (BV).
The value computed using the Biotic Vulnerability (BV) index was assigned to a category of “A”, “B”,
“C” or “D”, following the methods of Tanalgo et al. [44]. The lowest value of this index is 1.00 as
‘Status A’, which represents caves that are highly disturbed and/or prone to disturbance. The highest
value is 4.00 as ‘Status D’, which represents pristine caves with no disturbance (Table 1, as in [44]).

Table 1. Scale Index for Biotic Vulnerability (BV) scored as per Table S2 in Supplementary.

BV Score Status Probable condition

1-1.99 A Greater accessibility and highly prone to human disturbance and activities
2-2.99 B Lesser accessibility but disturbance is/may be present in distance

3-3.99 C Less accessibility, less prone to human disturbance

4.00 D No disturbance, far from localities and difficult to pass

2.7. Computation of Biotic Potential (BP)

Biotic potential (BP) of the caves integrated; species richness (S) and Population (A), species
relative abundance (Ar), endemism (E) and conservation status (cons) and species-site commonness
index (site) (see [44]). These variables included in the equation as;

BP = X Species 1 [(A x Ar * E x cons * site) + Species 2 (A *x Ar * E
* cons * site) ... Species nth (A * Ar x E x cons * site)] (S)

In this study, the method for assessing bat populations was standardized among all cave sites.
This included using the maximum number counted of each species from all the counts done or
estimated over the three-year period ie., 2022 to 2024 in the BP calculations (Table S1 in
Supplementary). The species richness (S) represents the number of bat species encountered in the
caves.

The relative species abundance (Ar) indicates information on the status of the population relative
to other caves. This value was calculated for each cave by dividing the maximum number of bats
observed in that cave by the sum of the maximum numbers of bats of that species observed from all
caves. By exploring relative abundance for each species, it provided for better understanding of how
each cave performed relative to “global/regional” species average and not caves of particular
importance [44]. However, because accurate counts of bats in the cave roosts were difficult to
establish, the population figures presented may be an under-representation of the population of bats
in some of the caves.

The endemism value (E) is based on bat species range distribution while conservation status
(cons) is based on the global population, distribution status as well as trends of bat species as
described by Tanalgo and colleagues (see [44]). These two variables were derived from the
International Union for Conservation of Nature (IUCN) where respective factors were given scores.
For this paper, we adopted the scale utilized by Tanalgo and colleagues to indicate the scores for the
endemism and conservation status of different bat species (see [44]). The Species-site commonness
index (site) is as a measure of the rarity of the bat species from the caves assessed and is calculated as
the frequency of occurrence of each bat species in the caves assessed [44]. A species-site commonness
index of less than 1 are interpreted as the species only occurring in very few caves whereas values
equal to 1 reflect the presence of that species in all caves. For this study, the Biotic Potential (BP)
values were set for this study ranging from 100 and below to 900 and above. Consequently, “Level
1” caves were classified as high in species diversity, while caves classified as “Level 4” are the least
biodiverse caves (Table 2).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 2. Priority level for bat caves based on biotic potential.

BP Score BP Status Probable Scenario
Bat cave/s hold highest numbers of species, relatively with largest
900 and above Levell  populations, with many threatened and endemic species, and with

rarest species also represented.
Bat cave/s are likely to have high species richness (> 1 number of
500 to 900 Level 2 species), with large populations, may contain a number of threatened
and endemics with some rare species.
Bat cave/s are likely to have few species, relatively low populations,
100 to 499 Level 3 with few or no threatened and endemic species is present. Most species
present are common
Bat cave/s have few species at very low populations and most species

100 and below Level 4 . . . .
are least concern, non-endemic species and are common in all cave sites

The results from both indices, Biotic Potential (BP) and Biotic Vulnerability (BV) were multiplied
to form an alphanumeric value that summarizes the general vulnerability and priority of the cave.
When both indices are synergistically joint (alphanumeric index), different prioritization levels are
derived.

2.8. Determining Bat Cave Vulnerability Indices (BCVI)

Cave sites were classified based on the combined values of BP and BV using criteria described
by Tanalgo et al. [44]. Caves rated as ‘1A, 1B, and 2A’ (High Priority) are especially vulnerable to
anthropogenic threats and population declines and represent locations where conservation
interventions should be implemented to control human activities. Additionally, caves rated as ‘1C’,
1D, 2B, 2C/ ‘2D, “3A’,/3B’, ‘3C’, and ‘3D’ are categorized as moderately vulnerable due to less
frequent anthropogenic pressures and disturbance. Lastly, caves that are ranked as “4A’, “4B’, "4C’
and ‘4D’ are considered the least vulnerable (Low Priority) because they either have high populations
of bats and/or are relatively undisturbed. All calculations were done in Excel 2023 for Windows [81].

Qualitative data from FGD that was collected during the study, was analyzed using thematic
approaches. This included the 6-step process i.e., familiarization, coding, theme development,
reviewing themes, defining themes, and reporting findings. Familiarization includes understanding
the data the way it is. At the coding stage, coding is assigned to the different key ideas, patterns and
concepts. Thereafter, codes are grouped together into a theme reflecting broader patterns of data.
These themes were grouped together to form broader themes. The developed themes were then
reviewed and updated to ensure accuracy. After reviewing and refining themes, their consistency
was ensured by providing clear definitions and names. Finally, the findings were reported with
quotes and interpretation of the meaning of such quotes. This six stage process was carried out and
with support of NVivo version 12 [82].

3. Results

3.1. Overview of the Caves Assessed

In total, fourteen caves were assessed within the study area (Table S1 in Supplementary). The total
number of bat species in the caves were seven including five insectivorous (Coleura afra, Miniopterus
spp., Rhinolophus spp., Hipposideros ruber, Nycteris macrotis) and two fruit eating bats (Rousettus
aegyptiacus, and Myonycteris angolensis) species (Table S1 in Supplementary file). For this study,
Rhinolophus spp. and Miniopterus spp. bats are taken as one species owing to the complexity of
characteristics of these genera, and the difficulty to separate species using the observational methods
used in this study. In terms of conservation status, all the bats recorded were in “Least Concern”
IUCN category (Table 53 in Supplementary file). The Rhinolophus genus was included in the IUCN “least
concern” because all the potential species present in our study area fall within this category. All caves
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experienced at least one of the human activities (disturbances) including mining for guano and rocks,
tourism, sociocultural activities and bat hunting (Table S2 in Supplementary file).

3.2. Vulnerability of the Different Caves to Anthropogenic Cave Disturbance

In terms of biotic potential, four of the caves ranked “Level 1” reflecting the high number of bats
(Table 3). The other caves had biotic potential of “Levels 3 & 4” (Table 3). In terms of biotic
vulnerability, over half (71.4%, n=14) of the caves were in category “A” of the biotic vulnerability
reflecting greater accessibility and human activities carried out within these caves (Table 3). The
combined BCVI revealed up to half (50%) of the caves assessed ranked “High” or “Moderate” priority
for conservation (Table 3). These rankings suggest that these caves are critical in supporting bat
populations and therefore require high prioritization for conservation action.

Table 3. Bat Cave Vulnerability Indices for the different caves.

Biotic Vulnerabilit Biotic Potential Biotic Potential Priority settin

CaveID (BV) value 7 Score (BP) value (BP) score BCVI (interp};etatiof)
Mi 1.0000 A 176 3 3A Moderate

Kp 1.2857 A 3456 1 1A High

Kw 1.2857 A 7035 1 1A High

Nw 1.2857 A 24319 1 1A High

Wi 1.2857 A 75 4 4A Low

Ti 1.2857 A 150 3 3A Moderate

Ct 3.2857 C 36 4 4C Low

Tw 1.2857 A 2 4 4A Low

Kk 1.2857 A 42 4 4A Low

Ko 1.2857 A 5 4 4A Low

Lb 1.7143 A 71 4 4A Low

Kg 2.1429 B 92 4 4B Low

Kb 2.1429 B 130 3 3B Moderate
Mb 2.1429 B 3617 1 1B High

3.3. Human Dimensions

From the community engagements, it was clear that caves are widely utilized by communities
for various activities. This mainly included their use as; shelter, performing sociocultural and
spiritual activities, salt and guano mining. These uses present opportunities for increased
vulnerability of bats to human disturbances. Notably, guano mining appeared to be commonly
practiced increasing human presence in caves. This increased human presence in caves potentially
causes disturbances to bat populations. Additionally, cultural and spiritual activities were
undertaken in caves. Other activities included keeping livestock and hunting for bats. All of these
activities pose disturbance to bat populations inside caves.

Within the caves which were ranked as high and moderate priority, some of the human activities
that were observed and also reported during focus group discussions included;

- Guano mining was mainly in Kw, Ti, Nw and Kp. The mined guano gets used in banana and
coffee plantations to as fertilizer to the crops.

“We get a lot of ‘buresik’ from this cave. You can get a full sac of 100 kgs and can enable production of big
bunches of bananas”, one male elder noted regarding “Nw” cave.

- Some socio-cultural activities that were recorded in the caves included aspects of childbirth as
well as initiation. This was indicated by the objects found in the caves as well as interviews with
local residents. This was majorly reported in Nw and Kw.

“Women who give birth to twins are brought here with some food produce carried using ‘Kiiset’ (locally
made container using bamboo). The women are the ones who do this to their fellow woman, and they sing while
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the drum is beaten. This is done to protect the children and enable them live longer”, one female elder noted
regarding “Kw” cave.

- Most caves were utilized as shelter whenever it rains. This was reported to be a common practice
for those who cultivate the land near the caves as well as those engaged in livestock rearing. This
use was reported to happen more frequently in the wet season. This was reported in all the caves.

“For us whenever it rains, we go to the cave because that’s the nearby house. Rain cannot of course get
you when you are inside”, noted by one male elder regarding “Kp” cave

“Whenever we are in the lower altitude, we construct animal shelter near the cave, and we sleep inside.
This is good because the cave is protective from hostile enemies”, one male respondent noted regarding
“Nw” cave

3.4. Conservation Priorities

Our results show that half of (7/14; 50%) caves in the study site were in the “High” and
“Moderate” conservation priority categories (Figure 2). The main critical factors linked to these high
and moderate conservation priorities included the high number of bat species and high human
presence inside and outside the cave. Our results identified 4 caves (Kp, Kw, Nw and Mb) to be of
high conservation priority, a fact we attribute to more species in the cave and human presence. Focus
Group Discussions with members of the local community near some of the caves (i.e., Nw, Mi, Wi
and Kw) suggested they were historically used as shelter for livestock (mainly cattle). However, this
activity is no longer happening. Although we didn’t find the cows in the cave, Wi cave continued to
have evidence (cow dung and footprints) of these having been in the cave before our visits happened.

ey 00 b

---.-.-.-..- - High concern/vulnerability

Moderate concern /
vulnerability
.l.. .. .. ..- No data
Rock mining

Lcw concern/vulnerability

Population size

Human uccessibihty

Tourism

Critical factors

Guano collection

Sociocultural

F & & £ 2 & £ R~ 5 & F 3 & g

Cave names
Figure 2. Priority ranking of caves assessed (critical factors are threats to the cave with colors depicting a scale
from 1 to 4 with 1-white; 2- green; 3 — yellow; 4 — red). Priorities levels for the caves indicate the level of urgency
for conservation. Conservation priorities rank from 1 to 4 (with 1-white; 2- green; 3 — yellow; 4 — red), with 1

being least priority and red being the top priority.

“We used to use this cave for keeping our animals and protect them from raiders but now there are many
crops around, so we have moved our cows further down the lower belts”, one male elder noted regarding
“Nw” cave.

“This cave would accommodate cows for the whole community. It is so big that is why you see the cow
dung is still a lot”, another male elder added regarding “Nw” cave.

4. Discussion

The results of this study revealed that a high number of caves of the Kapchorwa area of Mount
Elgon, Uganda are vulnerable to anthropogenic disturbance (Table 3). A half of the caves ranked
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“high” or “moderate” priority for bat conservation reflecting the incidences of broader socioeconomic
activities on the cave ecosystems currently supporting high bat populations within this area. While
similar studies are yet to be undertaken in Uganda and utilizing similar methodologies, the result
obtained in this study is comparable to that in other areas. For instance, in Ghana, a study by
Nkrumah and colleagues indicated caves to fall mainly within “high” and “moderate” conservation
priorities [56]. Similarly, a study in Bulgaria by Deleva and colleagues revealed 32% of the bat roosts
to fell within the high priority conservation status [46]. In Costa Rica, and the Philippines, some caves
fell into the “high priority” conservation category [83,55]. While the scales for analyzing different
parameters within the framework were different, the results from previous studies, and ours, suggest
that increasing pressures from anthropogenic drivers may negatively affect bat populations in cave
ecosystems. This difference in scaling for the framework parameters was necessary as the nature of
caves, socio-economic and environmental factors are highly context dependent. This context-
dependency implies conservation interventions have to be adaptable to the local contexts for
significant outcomes to be realized.

Critical anthropogenic drivers for cave vulnerability included use of caves for tourism, accessing
guano and undertaking cultural and spiritual events. In some cases, there were incidences of bat
hunting activities evidenced by thorny twigs used for bat capture and information from community
surveys. Evidence of fireplaces was recorded in the caves and community members indicated that
some bats hunted are prepared onsite before being taken out to the community. Indeed, most of the
caves that ranked high priority for conservation experienced hunting. These are critical
anthropogenic threats to cave biota and have potential to affect bat populations. Declines in bat
populations would threaten ecosystems within such sites as bats have been indicated to be umbrella
species [73,74]. Notably, the nutrient rich guano provides energy to microbes that in turn support
other organisms within the cave [73,74].

A study in Costa Rica found human activities including tourism to threaten cave systems [83].
A study in Philippines found hunting, tourism and guano mining to be critical factors affecting cave
dwelling bats [55]. The frequent human visits have also been shown to increase noise disturbances
which causes bats to fly losing energy while disrupting echolocation [84,85]. Such noise has been
shown to affect foraging and roosting behavior of insectivorous bats [86]. Some studies have shown
that noise alters the gene expression associated with diseases and metabolism in bats [87]. Therefore,
while our study did not attempt to analyze the effects of human disturbances on bats, it is possible
that such occurrences pose wide ranging effects on bats within cave ecosystems. Interventions thus
ought to be implemented to mitigate such incidences to protect bat populations across different
scales. This will contribute to sustaining ecological systems in and outside of caves.

The bat fauna in the caves studied included both insectivorous and frugivorous largely
occurring in different associations in the different caves. Species recorded in Kapchorwa caves have
been previously reported within this region as well as other areas [88,89]. This implies that it is critical
to manage these caves already occupied by bats to ensure survival of the different species and their
populations. [90-92].

From the community engagement through FGDs, it was apparent that caves are central to
socioeconomic aspects [93]. This reflects their value in human societies as observed elsewhere [94—
96]. Such benefits derived from cave ecosystems if not balanced can have negative consequences on
biota (e.g., bats) in such sites. In addition, healthy population of bats in cave ecosystems can
fundamentally support human communities [95,96]. Interventions that integrate human dimensions
and promote conservation messaging that educate communities about the benefits bats provide them
can foster the sustainable management of caves in the Mount Elgon region. This approach will
contribute to sustainability of bat populations as well as other biota within caves.

5. Strengths and Limitations of This Study

While the BCVI provides opportunities for adapting in different contexts through recalibration,
it may be difficult to apply in areas where bats are migratory in nature. Such migrations of bats affect
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the parameters of the model resulting into inaccurate priority indices. Integration of the human
dimensions through focus group discussions enhanced our understanding of anthropogenic factors
within these caves. During implementation of conservation interventions, such human dimensions
are useful in ensuring community participation as well as sustainability of the actions. Indeed, our
study conducted in the same area indicated communities to be willing to support bat conservation
through labor and monetary values [97]. They can do this and moreover for the different ecosystem
values derived from these mammals. This framework also provides an opportunity for extending
conservation actions outside protected areas, in that caves already afforded some protection within
the park had lower conservation priorities compared to those outside the park boundary. Moreover,
some of the caves outside the park had more bats species and individuals compared to the one in the
park.

Furthermore, considering only the maximum number of bats counted on different occasions
may likely have under-estimated/ over-estimated the real populations in some of the caves. However,
because of our repeated visits to the caves, the errors associated with this can be minimal that it can
have less effects on the final indices of the BCVL

6. Conclusions and Recommendations

Our study highlights the vulnerability of a set of caves within Mount Elgon to anthropogenic
disturbances, on the basis of which we highlight the need for targeted conservation actions to protect
these unique habitats and their bat populations. Despite the absence of long-term monitoring data,
current findings underscore the necessity of immediate interventions to sustain bat populations and
maintain the ecological integrity of cave systems in the region. Working with members of the local
community, it may be essential to implement urgent conservation interventions focused on the most
vulnerable caves to safeguard resident bat populations. It will also be essential to design human
livelihood strategies that align with the sustainability of cave ecosystems, ensuring that development
does not compromise ecological balance. To reduce pressures on the caves and bat roosts, the
community initiatives could consider opportunities to compensate for goods and services derived
from bats and cave ecosystems. To better understand the integrity of caves and stability of roosts and
bat communities therein, given the continued community interests - long-term monitoring efforts
will be essential to generate robust data to inform any conservation interventions.
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