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Abstract

When fruit bats forage, they serve an important ecological function, such as seed dispersal. Although several authors have
approached the significance of bats in generating ecosystem services, there is a gap in understanding the importance of the seed
dispersal by fruit bats for ecosystems and society. To fill this gap, we considered different components, such as ecosystem service
drivers, functional ecosystem services, structural ecosystem services, and ecosystem services to humans. By taking two
agroecosystems from the Colombian Andean region (mixed crops and extensive livestock) as the study cases, the following
methodological approach was applied: (i) sampling of frugivorous bats (driver) present in the agroecosystems; (ii) identification
of plants dispersed by bats (functional ecosystem services) in each agroecosystem; (iii) identification of the uses given to the
plants spread (ecosystem services to humans). Finally, the plants spread by bats were considered drivers for soil fertility as well.
In line of this, this research is the first in proposing a “causality chain approach” regarding the generation of ecosystem services
by focusing on bat-dispersed plants. The research highlights that the diversity in frugivorous bats, the plants spread by bats, and
the number of uses made of these plants were higher in mixed crops.

Keywords Functional diversity - Farms - Driver - Mixed crops - Livestock

1 Introduction

There is much evidence to support that ecosystem services
(ES) and agroecosystems interact strongly. On the one hand,
ecosystem services boost agricultural productivity (Dale and
Polasky 2007; Classen et al. 2014) and, on the other,
agroecosystems provide both ES and trade-offs (Chabert and
Sarthou 2020; Suarez 2012; Raudsepp-Hearne et al. 2010).
Some biodiversity elements play a prominent role within this
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two-way interaction in promoting ecological functions, which
bring on improved productivity and yields in agriculture.
Some examples are beneficial ecological functions of arthro-
pods (Isaacs et al. 2009), birds, and bats (Maas et al. 2013;
Triplett et al. 2012).

The quintessential research provided by Kunz et al. (2011)
highlights the importance of bats in seed dispersal, pollination,
and pest control, while Boyles et al. (2011) call for the atten-
tion to the economic importance of bats in agriculture. In this
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sense, several types of research point out the importance of
bats for agroecosystems. For instance, the movements of
(insectivorous) bats are associated with their predation pres-
sure on insects (Medellin et al. 2017) and pest suppression
(Kemp et al. 2019); on the other hand, (frugivorous) bats
promote seed dispersal (Muscarella and Fleming 2007; Kunz
et al. 2011; Garcia-Morales et al. 2012) and pollination
(Winfree et al. 2011; Ghanem and Voigt 2012).

Although some studies sustain that specific agricultural
activities promote bat presence (Heim et al. 2017; Park
2015; Olimpi and Philpott 2018; Rodriguez-San Pedro et al.
2018), the generality of agricultural systems affects their pop-
ulation and the functions they provide. Some researchers have
argued that the type of agroecosystem affects bat species di-
versity (lower in monocultures and higher in polycultures)
(Syafiq et al. 2016). Therefore, some authors point to the
necessity of maintaining natural areas for bats’ sustenance
(Davidai et al. 2015): the loss of their habitat causes a reduc-
tion in bat-dispersed plant richness, which entails adverse ef-
fects on an ecosystem’s functioning (Laurindo et al. 2019).

Ecosystem service valuation has the potential to stimulate
the efficient use of resources (Wainger et al. 2010). In this
sense, several approaches have sought to understand the value
(particularly the economic value) of bats’ ecosystem services
(c.f. Ghanem and Voigt 2012; Kunz et al. 2011). Some exam-
ples found in the literature are those that highlight the eco-
nomic value of bats because they prey on pests in macadamia
(Taylor et al. 2018), corn (Maine and Boyles 2015), or cotton
(Wiederholt et al. 2017; Federico et al. 2008; Cleveland et al.
2006) and even their importance for food security (Wanger
et al. 2014). Furthermore, some studies have found evidence
of bats’ economic contributions for tourism (Bagstad and
Wiederholt 2013). Also, some studies have sought to identify
bats’ ecological value in ES provision through the functional
diversity approach (Barbaro et al. 2019; Sanchez 2017,
Garcia-Morales et al. 2016; Saldafia-Vazquez et al. 2015).

Scholars have also acknowledged the importance of seed
dispersal for forest regeneration and plant succession (Horsley
et al. 2015; Garcia-Morales et al. 2012; Kunz et al. 2011).
Howeyver, the literature has failed to include the benefits the
seed dispersal process provided to the ecosystems and society.
Some authors have progressed in linking the functional diver-
sity of trees with bats as promoters of ES (Oliveira et al. 2020);
however, the research has fallen short in providing an integrat-
ed valuation and understanding of the ES plants dispersed by
bats. Valuing the benefits provided by the plants dispersed by
bats is very important since these plants have essential impli-
cations in the restoration of ecosystems, as most of them are
pioneer species (Cely-Gomez and Castillo-Figueroa 2019)
that help colonize disrupted forest areas (Cortés-Delgado
and Pérez-Torres 2011; Galindo-Gonzalez 2005; Garcia
et al. 2000). Therefore, this research posited a “causality
chain” approach regarding the generation of ecosystem
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services, and it focuses on bat-dispersed plants as outstanding
precursors in two agroecosystems (Fig. 1).

For the analysis, we considered different links in the ES
causality chain (Table 1; Fig. 2), i.e., ecosystem services
drivers, functional ES, structural ES, and ES to humans.
This approach lets us understand the role of bat-dispersed
seeds in the promotion of ES. It is noted that they fit into the
ecological domain as the drivers of functional ESs’ natural
dynamics. On the other hand, structural ecosystem services
could fit into ecological and social domains since humans
promote landscape characteristics useful for the drivers.
Finally, the ES for humans fits into humans’ domain, given
that humans directly benefit therefrom by using the plants
dispersed.

Figure 2 proffers further details regarding the causality
chain approach, as it illustrates habitats and plants (structural
ES) with singular characteristics that foster some of the spe-
cies that act as drivers of ecosystem services (bats). These
species develop functional ecosystem services such as seed
dispersal due to their natural behavior (e.g., foraging). This
functionality then promotes the maintenance and development
of structural ES by sustaining the ecosystem’s structure and
diversity, both natural and transformed landscapes that attract
the driver species that promote functional ecosystem service
again (positive feedback loop). This approach considered that
plants (and their functional traits) dispersed by frugivorous
bats act as drivers of soil fertility because of the resulting
ecosystem processes, namely, decomposition, cycling of nu-
trients, and accumulation of organic matter in the soil.

2 Methods
2.1 Study area

The La Vieja River basin represents an area of vital impor-
tance for the Colombian economy due to its strategic location
and its intense economic activity, where livestock and mixed
crops have become the new reality of the basin (Fig. 3).
Currently, the use most made of the land is for protection
(32.01%), followed by livestock (pastures) with 31.09%, ag-
ricultural purposes with 24.11%, combined uses (mosaics)
with 6.43%, and forestry production with 1.65% (CRQ et al.
2018). Regarding the livestock systems of the La Vieja’s ba-
sin, it is common to find large areas of land converted to
pastures dedicated to the sustenance of livestock, with little
areas remaining for natural habitat, except for some fragments
of forest, isolated trees in paddocks, and riparian forests
(Rodriguez et al. 2009). There is also the presence of small
farms dedicated to intensive livestock (milk production),
which is characterized by amply modifying the habitat under
the principles of obtaining the maximum benefit in the
shortest possible time, concentrating the means of production,
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Fig. 1 a Mixed crop
agroecosystem and b extensive
livestock agroecosystem

and mechanizing and streamlining processes to increase pro-
duction (Zorita 2003).

On the other hand, mixed crops range from traditional
production, using natural shade and native and structural-
ly diverse species, to the modern “technical” version or
sun coffee with little or no shade that makes significant
use of pesticides and fertilizers (Znajda 2000). Coffee
plantations with shady trees contain high biodiversity
levels compared to forests (Perfecto and Armbrecht
2003) and reduce edge effects in montane forests
(Santos-Barrera and Urbina-Cardona 2011).

This research was carried out in two-stage fieldwork. In the
first one, we analyzed socioeconomic (uses given to plants
dispersed by bats) and biological aspects (presence of bat spe-
cies and plant species dispersed) in ten farms representative of
extensive livestock (ELI) and mixed crops (MC)
agroecosystems (five per agroecosystem) (see Supplementary
material S1). We selected two farms representing each
agroecosystem during the second stage to analyze the causality
chain related to bat-dispersed seeds. We selected these farms
because they represent each agroecosystem and represent the
most extensive data and previous studies, such as degree pro-
jects and technical report. The farms are located in the munic-
ipalities of Quimbaya and Alcala, respectively. Quimbaya is

located at an altitude of 1339 m.a.s.l in the department of
Quindio and has a mean annual temperature of 19 °C and mean
precipitation of 1900 mm. The farm La Floresta was chosen
because it is representative of ELL Alcala is located in Valle del
Cauca at an altitude of 1290 m.a.s.l and presents a mean annual
temperature of 21.6 °C and mean precipitation amounting to
2600 mm. EI Topacio, in Alcala, Valle del Cauca, was selected
because it represents MC.

2.2 Research approach

This research was part of the megaproject entitled
“Valoracion de Bienes y Servicios ambientales de la
Biodiversidad para el desarrollo sostenible de paisajes
rurales colombianos, Complejo Ecoregional Andes del
Norte (Valuation of biodiversity’s goods and services for
the sustainable development of Colombian rural land-
scapes: Eco-regional complex of Andes del Nortes -
CEAN per its acronym in Spanish)” by the Centro de
Investigaciones en Biodiversidad y Recursos Genéticos
(Research Center on Biodiversity and Genetic Resources
- CIEBREG per its acronym in Spanish). The project
consisted of several studies related to microorganisms,
macroinvertebrates, vertebrates, and flora; likewise, the

Table 1 Descriptions of the links in the causality chain approach
Concept Description Example Domain
Driver Species that promote interactions between Frugivorous bats Ecological domain

functional and structural ecosystem services

Functional ecosystem Resulted from the role that the driver performs

services in the ecosystem
Structural ecosystem Provided by the ecosystems with different levels
services of transformation which allow the driver’s

functionality
Ecosystem services to Benefits that humans enjoy directly

humans

Plant species (chiropterochory
dependent)

Seed dispersal Ecological domain

Crop structure

Livestock system structure

Ecological domain/human
domain

Medicinal plants Human domain

Timber

Firewood

Food
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Fig. 2 Research approach

relationship between nature, agroecosystems, and social
organization forms within the farms at La Vieja River’s
basin was addressed. Within the vertebrates’ group, re-
searchers from the Pontificia Universidad Javeriana’s
Laboratory of Functional Ecology made progress in
studying bats. In essence, their studies considered the fol-
lowing aspects: the presence of species, diets, reproduc-
tive states, potential dispersal, and germination tests of
seeds consumed by fruit bats.

According to this study’s approach, the aim was to under-
stand the ES causality chain in two agroecosystems and, to
this end, we followed the steps: (i) identification of the

Ecological domain — . . o o oo o e e e N

Functional Ecosystem Services

o Seed dispersal

. Increasing soil fertilit;
v g 4

Structural Ecosystem Services
. Habitat
Plants attracting bats

Ecosystem Services to humans
] Uses given to plants

frugivorous bats (driver) present in the agroecosystems; (ii)
identification of the plants dispersed by bats (functional ES)
in each system; (iii) highlighting of the ultimate ecosystem
services used by the productive systems’ managers. Finally,
plants were analyzed as drivers and precursors of soil fertility.

2.2.1 Identification of frugivorous bats present
in the productive systems

In this context, it took 12 field trips (every 2 months) to iden-
tify and determine the types of frugivorous bats present in two
farms’ agroecosystems regarding the ELI and MC productive

Fig. 3 The study area

Quinbio

[ La Vieja's River Basin
[ Study Area
[ Colombian Departments
[ Country Limits

[ Alcald and Quimbaya
Municipalities
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systems. The functional ecology group used 20 mist nets
(3 m x 2 m) located at two different heights (05 and > 5 m).
The group sampled the bats during 3—4 consecutive nights and
settled nets for 12 h (18:00-06:00 h). After that, they obtained
the sample of fruit bat species present in each system.

2.2.2 Identification of plants dispersed by fruit bats in each
system

The study followed two approaches to identify the plants dis-
persed by bats: on the one hand, as we selected an area rich in
preliminary data, abundant information was gathered through
secondary sources. The analysis focused on identifying the
plants that attract bats according to previous research in the
study area (Méndez and Calle 2010; Pérez-Torres et al. 2009;
Meéndez and Calle 2007). On the other hand, to identify the
seeds frugivorous bats disperse, the functional ecology group
collected the sampled bats in cloth bags to obtain fecal and
stomach content samples. In-laboratory seed germination de-
termined the plant species of the seeds in the fecal samples
(seeds were placed in Petri dishes near a window to receive
indirect light; the temperature varied between 21 and 23 °C;
the Petri dishes were checked every day and watered with
distilled water) (Bedoya-Osorio 2009; Gomez-Junco 2008).

2.2.3 Ecosystem services used by the production systems’
managers

To analyze the ES provided by the plants spread by frugivo-
rous bats, we analyzed their potential and current uses in each
agroecosystem. The potential uses were identified through a
literature review, while the current uses were so through a
questionnaire applied to the agroecosystems’ managers. The
first approach created a synthesis matrix from bibliographic
information on frugivorous bat-spread plants’ potential uses in
both production systems. Later on, their uses were catego-
rized, and the plants organized to select those with the most
uses and that the evidence, or the literature, showed had been
dispersed by fruit bats. In the second approach, surveys were
applied to identify the current uses given by the respondents.
The surveys were applied to 10 farmers (five in each
agroecosystem).

2.2.4 Plants as drivers and precursors of soil fertility

The analysis was built on the functional diversity approach
proposed by Casanoves et al. (2011) to assess soil fertility
from plants spread by bats. To this end, the following consid-
erations were observed: (a) a detailed description of the plants,
(b) the production systems’ extrinsic ecological characteris-
tics, and (c) the data on the abundance of the species.
Instead of comparing soil fertility in the two agroecosystems,

the analysis used this approach to highlight the importance of
the plants that bats scatter in soil fertility in general.

A detailed description of the plants This research protocol’s
starting point differs from the traditional one where species are
typically selected using abundance as the go-to criterion
(Comelissen et al. 2003). In this case, the initial filter was that
fruit bats had dispersed the plants in the study area, and the
second is the number of current and potential uses of these
plants. The abundance parameter became useful when esti-
mating the influence of plants on the service. The measure-
ments were not carried out in the field but through biblio-
graphic references.

For the species identified with the most uses, descriptive
sheets were created with necessary information such as the
production system where the plants are present and evidence
on each species throughout the literature or directly in fecal
matter samples. A description of the species and their com-
mon name were included: geographical origin, the number of
currents, potential uses, and threat category. In addition to the
above, the study reviewed the literature containing the follow-
ing 16 functional traits for each plant: (a) successional state,
(b) habitat, (c) maximum height, (d) architecture, (e) foliar
phenology, (f) type of fruit, (g) maximum size of the fruit,
(h) seed size, (i) leaf area, (j) leaf size, (k) leaf decomposition
(difficult-to-find data that was replaced by leaf hardness), (1)
leaf type, (m) wood density, (n) diameter at chest height, (o)
dispersing agent and root. Likewise, other essential traits, such
as functionality as forage and commercial crops, were
considered.

Once the sixteen functional traits per plant had been
reviewed, the analysis moved on to identify the four func-
tional traits that promote soil fertility as an ecosystem
service: (i) foliar phenology, (ii) wood density, (iii) leaf
size, and (iv) leaf type. The analysis included these traits
because they influence soil fertility (Cornelissen et al.
2003; Casanoves et al. 2011) and because we were able
to find more secondary information on these traits. The
functional variables were transformed into numerical var-
iables to analyze the data (Table 2).

The functional types of plants (FTP) were identified
through a posteriori method (Casanoves et al. 2011) based
on collecting information on a set of functional traits associ-
ated with the ecosystem service of interest while observing
them. The result is a species-grouping dendrogram built in
the statistical program InfoStat.

According to Casanoves et al. (2011), this general statisti-
cal procedure was followed:

*  For the identification of FTPs, a hierarchical classification
based on cluster analysis techniques was carried out, and a
measure of distance or similarity was set for each sampled
unit’s functional features.

INRAD 4 springe
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Table 2 Variable transformation
Binary variables (presence/absence)

Qualitative variables (ordinal)

Leaf type

(coriaceous = 1, non-coriaceous = 0)
Foliar phenology (evergreen = 1, deciduous= 0)

Wood density
(does not apply = 0, very soft = 1, soft = 2, middle = 3)

Leaf size (middle = 1, big = 2, very big = 3)

* The purposes mentioned above required applying Ward’s
method for chaining the data, including the covariance
between functional traits, which produces amply differen-
tiated groups.

* The choice of distance measure was determined by the
type of data from the selected functional traits. Thus, the
matrices of S species and 7 functional ranges were ana-
lyzed, and the analyzed data were reckoned as mixed.

* The proposed Gower’s distance measure was applied,
whose calculation algorithm uses Euclidean distance for
continuous (quantitative) variables and Jaccard’s for di-
chotomous (qualitative) variables. The quantitative vari-
ables were standardized, unifying the metrics and scales in
which the traits are expressed in order to vest all the data
with the same importance.

» The FTPs were compared through contingency tables.

Extrinsic ecological characteristics of the production systems
Functional traits relate to the decomposition process and
that process is, in turn, influenced by three factors: the
physical environment, the quantity and quality of the sub-
strate available to decomposers, and the characteristics of
the microbial community (Chapin III et al. 2002). As such,
it was decided to work with the following extrinsic char-
acteristics, according to the available information provided
by CRQ et al. (2018) and the Laboratory of Soil Ecology
and Tropical Fungi from the Pontificia Universidad
Javeriana: temperature, humidity, pH, precipitation, and
soil compaction.

Data related to the abundance of species Through secondary
information, the study considered the abundance of plant spe-
cies based on the research carried out by Calle and Méndez
(2009) in connection to the La Vieja River basin’s flora, which
contained information on inventories of arboreal and shrub
vegetation (greater than 1.5 m in height and 2.5 cm DBH).
Thus, Carludovica palmata, which is considered an herb, was
not included in the results. The information provided by Calle
and Méndez (2009) were density, relative density, frequency,
relative frequency, dominance, and relative dominance, which
we harnessed to obtain the importance value indexes (IVI) by
species. According to Pla et al. (2012), using the abundance or
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relative frequency as weight is advisable. In this case, relative
density was used.

3 Results

3.1 Species of frugivorous bats in the two productive
systems

Three hundred seventy-four frugivorous bats belonging to 16
species of the subfamilies Stenodermatinae and Carollinae,
family Phyllostomidae, were captured (Supplementary
material S2). In the extensive livestock systems (Quimbaya,
Quindio), 158 fruit bats from 10 species were captured, while
216 individuals from 13 species were so at the mixed crops
(Alcala, Valle del Cauca). Seven species appeared in both
systems. The MC had the most particular species (S=7), of
which three Platyrrhinus species stand out because they were
exclusive to this system.

Among the species captured, the genus Artibeus was the
most representative, with 48% of the total number of individ-
uals, followed by Carollia with 27%. The most abundant spe-
cies in the MC was Artibeus lituratus, followed by Carollia
perspicillata and Dermanura phaeotis. The least abundant
species were Chiroderma salvini, Dermanura rava, and
Platyrrhinus cf albericoi, of which only one individual was
captured. In the ELI, the most abundant species was Artibeus
lituratus, followed by Carollia perspicillata, while the less
abundant species were Dermanura rava, Carollia castanea,
and Sturnira erythromos, with two individuals each.

3.2 Plants species potentially and effectively spread
by frugivorous bats in the two production systems

The information about the plants potentially spread by frugiv-
orous bats in the ELI and MC allowed collecting 38 species
corresponding to 25 genera and 19 families (Supplementary
material S3) and excluded those whose species could not be
determined. Given that not all plant species were associated
with a species of disperser bats, the list of plants was divided
into two: plant species of which direct evidence was found
through fecal samples and species present in the area that,
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according to the literature, are spread by the fruit bats identi-
fied. This reduced the list to 17 species of plants (Table 2).

As shown in Table 3, there was a record of 17 species of
plants being dispersed by bats (14 from direct evidence and
three reported in the literature) in the two productive systems
(ELI and MC), of which only five families were typical in
both systems: Myrtaceae, Moraceae, Piperaceae, Solanaceae,
and Cecropiaceae. On the other hand, the Araceae family
(Xanthosoma daguense) was exclusive to the MC, while the
Cyclanthaceae (Carlodovica palmata) and Anacardiaceae
(Anacardium excelsum) families were exclusive to the ELI.
There was bibliographic evidence of three plant species being
dispersed by fruit bats, of which this study selected the species
with two or more reports in the bibliography.

3.3 Uses given to the plants spread by frugivorous
bats

A synthesis matrix was created from the bibliographic infor-
mation on the potential uses of the 38 species of plants poten-
tially dispersed by frugivorous bats in both production sys-
tems, which yielded 21 categories of uses (Supplementary
material S4) and 186 single uses for all the plants in total.
Eight plant species presented the highest number of uses.
The highest number of potential uses was for the species
Anacardium excelsum with 15 uses, followed by Psidium
guajava with 13.

A survey applied to each production system found the uses
given to the dispersed plants. Regarding the ELI system, ten
different uses, which correspond to 6 categories of use (direct
ecosystem services), were predominantly given to the Psidium
guajava species, while no uses were found for Piper aduncum
(Table 4, a. Extensive livestock). On the other hand, the MC
system uses plant species in 24 different ways, corresponding
to 9 categories, where the uses given to Psidium guajava
predominated, while Anacardium excelsum went unused
(Table 4, b. Mixed crops).

Psidium guajava and Carludovica palmata are the species
with the most uses given by the agroecosystems under study.
Species such as Anacardium excelsum have many more po-
tential uses than what the ELI production system currently
uses it for, namely, as shade for cattle (Supplementary
material S4).

Out of 13 possible uses for Psidium guajava (Supplementary
material S4), ELI systems make three different uses of the plant
(human food, animal food, and medicine), whereas MC systems
make six uses of it (human food, wood, firewood, living fences,
material for crafts, and medicinal). Typical uses include human
food since the fruit is used for self-consumption on farms and
medicinal purposes, especially for stomach malaise. Concerning
Piper aduncum, the analysis found that ELI farms perceived it as a
problematic weed to eradicate. Therefore, there is no use thereof

on record. On the other hand, MC farms recorded using the spe-
cies for medicinal purposes (for headaches and urinary system
malaise) and firewood. Farmers were asked about the Ficus spe-
cies as a single category due to the respondents’ difficulty in telling
them apart, and the survey found that while ELI systems do not
see the species as more than food for wildlife, MC systems regard
it as essential to attract wildlife and used it as a source of wood and
firewood. Finally, Carludoviva palmata is used more amply in
MC systems. In this context, the respondents’ knowledge of each
agroecosystem provided some differences between plants’ uses.

3.4 Plants as a precursor of soil fertility
3.4.1 Description of plants

For the study, a total of two functional types of plants (PFT)
was obtained: the first one consists of six similar species of
Ficus sp. as per the selected features. On the other hand, we
identified a more remarkable similarity between Anacardium
excelsum and the Ficus sp. group, while Psidium guajava fell
outside the group mainly due to differences in wood density.
The second PFT consists of the species known as Piper
aduncum and Carludovica palmata, which coincided with
three functional features (foliar phenology, leaf type, and
wood density). Leaf size did not affect the groups’ classifica-
tion and separation processes since the different leaf sizes
were found for both PFTs.

Using contingency table analysis (Table 5), the most
useful variables for the separation of groups showed sig-
nificant associations (p <0.05) between foliar phenology
and the type of leaf, followed by wood density. PFT1
includes deciduous species, with leathery leaves and spe-
cies with different wood densities; strategy: secondary
arboreal species, different types of fruits, predominating
in the environment, and large fruits. They grow less than
those with lower density—medium and high heights.
PFT2 contains evergreen species with non-leathery leaves
and the absence of wood density; strategy: pioneer herba-
ceous or shrub species; fruit type grouped berries, small
fruits, fast growth, and low height.

3.4.2 Extrinsic ecological characteristics of the productive
systems

The differences between agroecosystems are given not
only by whether direct evidence or the literature (as dif-
ferentiated earlier) found the plants to be dispersed but
also by the extrinsic characteristics (Table 6). In this vein,
variables such as temperature and pH were more favor-
able for soil fertility in the ELI systems, whereas variables
such as humidity, precipitation, and soil compaction were
more favorable in the MC.
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Table 4 Dispersed plants and
uses given both in ELI and MC Family Species Uses  Kind of uses and ecosystem services

Provision Regulating Cultural

a. Extensive livestock

Anacardiaceae  Anacardium 1 Shade
excelsum
Myrtaceae Psidium guajava 3 Human food, animal
food, medicine
Piperaceae Piper aduncum 0
Moraceae Ficus tonduzzi 1 Animal food
Cyclanthaceae  Carludovica 2 Basin Handicrafts
palmata protection
Moraceae Ficus gigantosyce 1 Animal food
Moraceae Ficus 1 Animal food
cuatrecasana
Moraceae Ficus obtusifolia 1 Animal food
Total 10
b. Mixed crops
Anacardiaceae  Anacardium 0
excelsum
Myrtaceae Psidium guajava 6 Animal food, Living fences Handicrafts
medicine, timber,
firewood
Piperaceae Piper aduncum 2 Medicine, firewood
Moraceae Ficus tonduzzi 3 Human food, timber Cultural use
Cyclanthaceae  Carludovica 4 Animal food Scenic, cultural
palmata use,
handicrafts
Moraceae Ficus gigantosyce 3 Human food, timber Cultural use
Moraceae Ficus 3 Human food, timber Cultural use
cuatrecasana
Moraceae Ficus obtusifolia 3 Human food, timber Cultural use
Total 24
3.4.3 Data related to species abundance uses. It is also the second family with the highest importance

value index in La Vieja River basin (Calle and Méndez 2009),
Ficus species, as part of the Moraceae family, represent 50%  and it is part of the FTP1. This group of species could provide
of the plants bats consume that have the highest number of  an essential contribution to soil fertility, mainly on account of

Table 5 Absolute frequencies by

functional type and categorized No. sp PFTI PFT2 X p
feature and result of the
Contingency table ana]ysis Foliar phenology Evergreen 0 2 0 2 0.00 <0.05
Deciduous 1 6 6 0
Leaf size Middle 1 2 1 1 0.06 >0.05
Big 2 5 5 0
Very big 3 1 0 1
Leaf type Coriaceous 1 6 6 0 0.00 <0.05
Non-coriaceous 0 2 0 2
Wood density N/A 0 2 0 2 0.04 <0.05
Very soft 1 4 4 0
Soft 2 1 1 0
Middle 3 1 1 0
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Table 6 Extrinsic characteristics

in the studied agroecosystems Variable

Description

ELI

MC

Soil

Environment  Soil Environment

Temperature

Humidity

pH

Precipitation

It directly affects decomposition by
promoting microbial activity (Chapin
III et al. 2002).

Decomposition rates generally decline
when soil moisture decreases (Chapin
III et al. 2002).

Decomposition occurs faster in neutral
than acidic soils (Chapin III et al. 2002).

It influences litterfall (Enriquez-Acevedo
2012) and exerts an effect on
environmental factors such as soil
temperature, humidity, and pH, which
significantly influence microbial

22 °C

29%

6.6

18-24 °C 18°C 12-18 °C

80% 30% 86%

1900 mm - 2600 mm

activity.

Soil Livestock stamping produces soil
compaction (CRQ et al. 2018), limiting

compac-

Compacted soils for Less compact soil

livestock stamping

tion oxygen availability for decomposition
(Chapin III et al. 2002).

their foliar phenology characteristics. Additionally, by distri-
bution, Ficus species can be found in either of the two
agroecosystems (Table 7).

4 Discussion

This study is the first to introduce the concepts of structural
ES, functional ES, and ecosystem services’ drivers into the
analysis of bat seed dispersal in two agroecosystems, namely
ELI and MC. Therefore, this research represents a novel indi-
rect valuation approach of a complicated functional ES. The
causality chain approach sheds light on the ecological dynam-
ics related to seed dispersal (ecological domain), and then it
analyzed the human dimension through the social uses given
to the plants dispersed by bats (germinated seeds). Such an
indirect approach emphasizes the uses of dispersal-produced
plants and the benefits (ES to humans) these plants provide to
inhabitants’ productive systems. Different ES valuation

studies related to bats have been developed; however, these
have focused more on the ecological perspective (Costa et al.
2018; Ayivor et al. 2017; Ancillotto et al. 2017; Lopez-
Hoffman et al. 2017; Horsley et al. 2015) or contributions to
productivity (Maas et al. 2013; Gras et al. 2016; Denmead
et al. 2017). Moreover, some studies have analyzed the eco-
nomic and ecological impacts of the services generated by the
bats (Kunz et al. 2011); nevertheless, there is a gap in the
studies that disentangled ecosystems’ multiple services
concerning the plants dispersed by fruit bats.

4.1 Bat diversity in the study’s production systems

Concerning the captured individuals, 58% were retrieved
from the MC and 42% from ELI. The species abundance
and richness (although not statistically significant) were found
to be higher in the MC productive system. This result agrees
with the studies showing lower bat species diversity in ELI
pastures than in other habitats of greater structural complexity

Table 7 Relative frequency of

plants in the agroccosystems Family Species Agroecosystem Relative frequency (CIVAP 2009)
Anacardiaceae Anacardium excelsum ELI 2.75
Mirtaceae Psidium guajava ELP/MC 1.65
Piperaceae Piper aduncum ELI 0.55
Moraceae Ficus tonduzzi ELI 0.55
Ficus gigantosyce MC 0.55
Ficus cuatrecasana MC 0.55
Ficus obtusifolia ELI 0.55
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(Estrada et al. 1993). MC systems, and specifically those of
shaded coffee, have more trees. Hence, MC systems are closer
to the structural complexity of the forests that provide bats
with a wide variety of food resources, perch sites in the can-
opy, and the foraging that favors the presence of bats
(Lacoeuilhe et al. 2018; Starik et al. 2018; Sosa et al. 2008;
Ortegén-Martinez and Pérez Torres 2007; Perfecto and
Armbrecht 2003; Estrada and Coates-Estrada 2001; Estrada
et al. 1993).

Among the most abundant species (with more than 70 in-
dividuals captured), Artibeus lituratus and Carollia
perspicillata were found to be the generalist species that con-
sume fruits of both pioneer and persistent species (Olea-
Wagner et al. 2007). However, they specialize in consuming
fruits associated with successional plant species (Rivas-Rojas
2005), typical of the intervened environments (Sosa et al.
2008), thus increasing in abundance in places undergoing
transformation and deforestation.

The richness in species of plants consumed by bats in MC
is higher than ELI’s, which agrees with the description of
structural complexity and species offer provided earlier. The
Piper aduncum species stands out for its high use (54%) and
consumption by many frugivorous bat species, especially
Carollia perspicillata, followed by Artibeus lituratus
(Table 3). Furthermore, the evidence shows these species have
been effectively dispersed (Gémez-Junco 2008; Bedoya-
Osorio 2009), which indicates that the seed leaves the frugiv-
orous bats’ digestive tract unaltered, which coincides with
Dumont’s (2003) finding that bats mostly consume mature
fruits and their seeds are swallowed and excreted mostly
undamaged.

4.2 Bats and ecosystem services

Bats play an essential role in ecosystems (Garcia-Morales
et al. 2016; Vanitharani 2014; Ghanem and Voigt 2012;
Kunz et al. 2011). In this line, bats are outstanding drivers
regarding the generation of ES (Fig. 1). Seed dispersal by bats
is a functional ES, which indirectly fosters other benefits both
for the ecosystems and society. The above is essential because
bats play a crucial role in the natural regeneration processes
(Laurindo et al. 2019) that bring well-being to humans by
using bat-dispersed plants. This study contributes additional
elements to other studies like Vanitharani (2014) and Horsley
et al. (2015) because this research goes beyond analyzing
dispersed plants by addressing the uses given to these plants
in two different contexts. As this study found and aligned with
Scanlon et al. (2014), a strong relationship exists between bat-
dispersed plants and those humans use. At a general level, and
according to the respondents, it was observed that the uses
given to the plants dispersed by frugivorous bats were more
varied in MC (Table 4).

It is common in ELI systems to acquire goods and services
outside the productive system (i.e., food, medicine, fertilizers,
wood), while MC system farmers are prone to using local
inputs in their production activities. The finding coincides
with what Diaz et al. (2011) stated, in that farmers with
subsistence-oriented productive systems see plant resources
as an input to the system; wherefore, they value these compo-
nents highly. On the other hand, cattle-raising owners tend to
maximize benefits through the intensive and specialized use of
a limited number of ecosystem services, which sustain pro-
cesses and products destined for the market (Diaz et al. 2011).
Thus, the respondents tend to value lowly plants’ functional
attributes, and it is common to find that not every species is of
interest for production. Besides, some plants are considered
undesirable for a production system because they fail to con-
tribute to the system and entail additional eradication costs:
this is the case of Piper aduncum.

4.3 Plants dispersed and soil fertility

Ecological valuation through the functional diversity ap-
proach offers a novel approach to the causal relationships
between the drivers of global environmental change, biodiver-
sity, and ecological functioning, and the essential services for
human well-being that ecosystems provide (Martin-Lopez
et al. 2007). Although all components of biodiversity, from
genetic organization to community scale, play essential roles
in the provision of functions and services, there is evidence
that suggests that functional diversity is the component that
best explains the effects of biodiversity on many services es-
sential for humans (Diaz et al. 2006).

Soil fertility was selected for the ecological assessment
because it is a service with biophysical and socioeconomic
influence in both agroecosystems studied, given that it sup-
ports the provision of services such as food production (Zhang
etal. 2007). PFT1 was identified as the most influential in soil
fertility because of its foliar phenology and because its semi-
deciduous nature contributes litter to the soil, which is
regarded among the most critical factors for the fertility of
soils (Kremen 2005). Additionally, trees’ effects on the
ground are reduced erosion, litter-covered soil, and understory
vegetation coupled with permanent organic matter, diversity
by the litter’s decomposition, nitrogen fixation, and the soil’s
improved physical characteristics. The above is due to the
structure, porosity, moisture retention by the root system,
and the covering of the crown, in addition to improving effi-
ciency in the use of nutrients since trees’ root systems, can
intercept, absorb, and recycle the soil’s nutrients, which would
otherwise be lost to leaching (Pattanayak and Evan 1996).

Dominant (very abundant) plants’ functional characteris-
tics seem to be the primary influence in soil processes, rather
than the number of species present (Diaz and Cabido 2001;
Hooper et al. 2005). Aspects such as decomposition, and
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organic matter and nutrient consumption dynamics of soil
microorganisms, and nutrient retention see a more substantial
influence by dominant plants’ differences in functional traits
(such as leaf chemistry, or phenology) than by species diver-
sity in the plants present (Hooper et al. 2005). The dominant
species are the most critical determinants of ecosystems’ prop-
erties, such as productivity, carbon sequestration, nutrient cy-
cling, and litter quality (Pla et al. 2012).

5 Conclusion

This research is the first to help fill the gap in understanding
how seeds spread by bats generate ES in two agroecosystems
in Colombia. A novel approach to ecosystem services’ cau-
sality chain stands out from this research. In this vein, bats
were introduced as ES drivers that promote habitat mainte-
nance (structural ES) through ecological functions such as
seed dispersal (functional ES), which attracts bats and pro-
duces positive feedback loops. In this process, the dispersal
of seeds by fruit bats contributes to another relevant functional
ES, such as soil fertility supported by the plants growing from
the abovementioned dispersed seeds. All these interactions
could be explained from an ecological domain. Furthermore,
the plants spread by bats also produce several benefits to so-
ciety (ES to humans), emphasizing the human dimension of
the ELI’s and MC'’s ecological structure and functioning.

On the other hand, despite the data’s inherent limitations,
the results show that functional features influence soil fertility
according to the dispersed plant’s abundance in specific con-
texts. It is also noteworthy that more frugivorous bats were
found in the MC systems, as well as more uses for the plants
dispersed by the former. The plant species with the highest
number of uses were Psidium guajava and Carludovica
palmata.
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