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ABSTRACT

It was estimated the climate change adaptation of the main coffee production systems in
Libano, Tolima, Colombia, using diversity indicators. Three production systems were selected:
agroforestry systems (AFS) with Cordia alliodora, AFS with plantain and in monoculture,
with four replications, locating five sampling units to collect and identify the ant genera as
diversity and adaptation indicators. The richness index of Margalef detected between systems
(1.3vs 0.6 vs 0.6 for AFS with C. alliodora, monoculure and AFS with plantain, respectively). The
genera Cephalotes, Dorymyrmex, Hypoponera, Pachycondyla, Octostruma and Proceratium, which
require abundant biomass and litter, were registered just in AFS with C. alliodora, coinciding
with the depth of this layer. The AFS with C. alliodora present advantages due they improve
conditions for the conservation of several groups of ants, which are indicators of diversity and
climate change adaptation.
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1. INTRODUCTION

The current climate change in the planet is
accelerated by anthropic activity, mostly given by the
increase in the emission of greenhouse gases (GHG)
caused by land use, deforestation, use of fossil fuels,
cement production and the agricultural production
(Intergovernmental Panel on Climate Change [IPCC],
2002). This world-wide phenomenon notoriously
affects the biological diversity of ecosystems due
to the loss of habitats and landscape fragmentation
(Uribe, 2015). In this context, adaptation is one of the
strategies presented by the international community
to face climate change (IPCC, 2007).

Adaptation is the adjustment of human or natural
systems in response to real or expected climate stimuli,
which attenuates harmful effects or exploits beneficial
opportunities (IPCC, 2007). Three types of adaptation
can be noted: anticipative, autonomous and planned
(Magrin, 2015). Given that one of the main reasons of
diversity loss is climate change, some effects are foreseen
to make even harder the conservation of species and
ecosystems (Toranza et al., 2016; Fung, et al., 2017).
Therefore, some measurements must be implemented
aiming to give a sustainable management to the planet
considering the adaptation needs of the organisms
to the climate change (MAGRAMA, 2016). Preserve
ecosystems, their biodiversity and ecosystem services
is a full strategy that helps adapting to climate change
(EEM, 2003). This strategy generates not only social
and economic benefits, but also contributes to preserve
the diversity of plant and animal species (UICN, 2012).

Agroforestry systems (AFS) are considered as one of
these alternatives, given that their main goal is to diversify
and optimize production keeping trees that comply
countless purposes, such as production and generation
of services (Schroth et al., 2000; Casanova-Lugo et al.,
2011). Rivera & Armbrecht (2005) mention that
modifications made to the traditional production in
AFS with native trees generate significant changes in
terms of planned and associated diversity, including
insects, plants and animals. Associated fauna is very
important in natural or agricultural systems. With the
reduction of shade, there is also a reduction of fauna
that is potentially beneficial for the production system
(Gallego et al., 2009).

Coffee is the second product in commercialization
importance after petroleum. It is one of the most popular
beverages, considering that for 2011 it was estimated an
annual production of 6,3 million tons (Naranjo et al.,
2011). Garcia et al. (2015) claim that one of the most
common production systems in neo-tropic landscapes
is shaded coffee, which has an important role in the
conservation of biological diversity, provided that it can
keep species depending on forests in areas affected by
deforestation (Jeseer & Verweij, 2015). Besides, these
diversified shaded coffee areas can work as biological
corridors, increasing the buffer areas around natural
reserves and improving value and preservation of
forested patches (Garcia et al., 2015). Just the same,
a clear difference between production systems under
direct sunlight or under specialized shade in contrast
with traditional shade has been found, since shade
trees represent an important shelter for biodiversity,
and several groups of Hymenoptera, Coleoptera
and Lepidoptera may reach high levels of diversity
(Perfecto et al., 1996).

A great number of hunting ant species are found
in litter and soil of natural forests and agro-ecosystems
(Rivera & Armbrecht, 2005). Given the diversity of
these organisms - constituted by demographically
rare species —, and the high trophic and ecological
specialization that this type of ant shows, it could
be predicted that its assembly will be strongly
affected when there are drastic changes in the habitat
(Armbrecht et al., 2008; Abadia et al., 2010). Ants
dominate most ecosystems in the Earth, from tundra
to tropical forests, interact with many other organisms
and, consequently, participate in the functional processes
of the ecosystems, like regulation of the abundance of
other arthropods. Hence it is clear the importance of
this group as a change indicator in the different types
of habitat (Perfecto et al., 2003; Philpott & Armbrecht,
2006; Jiménez et al., 2008).

Despite there is research literature reporting diversity
of different taxonomical groups in land use, there are
no documents referring this diversity to the climate
change adaptation, neither to which coffee production
system can adapt the most to this environmental
problem. This paper intends to estimate the capacity
of adaptation to climate change that different coffee
production systems have, taking as indicators the
diversity of ant genera and litter depth.
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2. MATERIALS AND METHODS

The study was developed in coffee farms located in
several vicinities of the municipality of Libano, Tolima
(Colombia) (Figure 1). The city is at a mean altitude
of 1565 m, has a mean rainfall of 2235 mm/year and
a temperate-humid climate with a mean temperature
of 19.1 °C (IDEAM, 2010). This municipality was
selected for being located among the ones with the

Colombia

highest percentage of coffee crops area: 7.9% of the
total of the farmable area of the municipality in 2014
(FNGC, 2014).

Dominant coffee production systems were selected:
1) coffee in monocrop; 2) SAF with plantain shade (Musa
AAB); and 3) SAF with Spanish elm (Cordia alliodora)
without certification. Four plots or farms were evaluated
per treatment, which constituted the repetitions for a
total of 12 experimental units.
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Figure 1. Location of the study area. Libano, Tolima, Colombia.
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Adaptation to climate change in coffee production
systems was estimated as the capacity of studied systems
to shelter ant diversity, considered as a taxonomic
group indicator of the system diversity. In every plot
or repetition five sampling units of 1 m? each were
located to carry out diversity analysis by following
this procedure:

o Depth of litter was randomly measured in five
places per sampling unit, using a graded ruler.

o For 20 min, branches, trunks and litter were
examined and all ant individuals foraging at the
moment were collected in the sampling unit.

o Litter present in the sampling unit was sifted and
put in mini-Winkler sacks for 48 h for extraction
of ants found, according to ALL protocol (Ants of
the Leaf Litter Protocol) (Agosti et al., 2000).

o Ants found in the collection and the sacks were stored
in alcohol at 70% for later identification, which was
made with the support of the Entomology Laboratory
of Universidad del Tolima. The identification was
made to the genus level, using the keys of Palacio
& Fernandez (2003) and Fernandez & Palacio
(2006).

The diversity of ants was assessed making
curves of accumulation of species with the help of
the software Estimates version 8.2 (Colwell, 2009).
Shannon-Wiener (H’), Simpson (K) and Margaleff
diversity indexes were estimated with the free software
Paleontological Statistics version 2.17 (Hammer et al.,
2001). The Kruskal-Wallis non-parametric statistical
test was carried out to verify if there were significant
differences concerning the diversity of ants in the coffee
production systems assessed.

3. RESULTS AND DISCUSSION

Species accumulation curve (Figure 2) based
on ACE Mean, Chao 1 and Jack 1 estimators, show
a good representativeness of the sampling carried
out in the three systems of coffee productions. Even
though it was not possible to take it to the ideal level
of representativeness, between 77% and 82% of the
expected ant genera was reached. These estimators
base their results on the number of species or genera
less abundant (unique and duplicated), showing a good
quality of the samplings carried out.

A total of 1888 ant individuals were collected,
represented in eight sub-families (Dolichoderinae,
Dorylinae, Ectatominae, Formicinae, Myrmicinae,
Ponerinae, Proceratiinae and Pseudomyrmicinae)
and 24 genera, in 60 m* of sampling area. Myrmicinae
subfamily was the most representative as for number
of genera present (eight in total) and to the number
of individuals (78.5% of the total collected), followed
by Formicinae subfamily (14.6% of the total of
individuals) (Figure 3). Rivera & Armbrecht (2005)
reported the Myrmicinae and Formicidae subfamilies
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Figure 2. Ant species accumulation curve (genera) in
coffee production systems in Libano, Tolima, Colombia.
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Figure 3. Number of ant genera per subfamily found in
the most dominant coffee production systems in Libano,
Tolima, Colombia. AFS-C. alliodora: agroforestry systems
associated with C. alliodora, AFS-Plantain: agroforestry
systems associated with plantain. Values with different
letters show statistical differences (p < 0.05).
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(64% and 22%, respectively) as the most abundant
in shaded and under sunlight coffee plantations in
Risaralda, Colombia. The Myrmicinae subfamily
has a high representativeness in coffee landscapes in
the Colombian Andean area, specifically in Valle del
Cauca, Antioquia and Santander (Clavijo et al., 2008).

Solenopsis genus showed the highest abundance,
taking 69% of the total collected, followed by genera
Paratrechina and Mymelachista with a representation
of 7% and 6%, respectively. This result matches with
different studies where species of the Solenopsis genus are
reported as the most abundant in these agro-ecosystems
(Barbera et al., 2002; Rivera & Armbrecht, 2005;
Varén et al., 2007; Zabala et al., 2013). Most species of
Solenospsis genus are classified in the trophic guild of
omnivorous ground-dominant ants, have subterranean
nests, are big colonies and generalist concerning food
choices (Silvestre et al., 2003).

Simpson and Shannon Wiener indexes, which
measure dominance and equity, did not present
significant differences (p > 0.05) between the three
systems evaluated. In contrast, the Margalef index
of richness showed significant differences (p < 0.05):
1.3+£0.2vs 0.6 £0.2vs 0.6 +0.2 in AFS with C. alliodora,
monocrop coffee plantations and AFS with plantain,
respectively (Figure 4). The number of genera was also
contrasting between production systems: AFS with
C. alliodora had 18, in monocrops there were reported
12 genera and in the AFS with plantain only nine.

The Cephalotes, Dorymyrmex, Hypoponera,
Pachycondyla, Octostruma and Proceratium genera
were found exclusively in the AFS with C. alliodora,
showing the relevance of these trees in the conservation
of biodiversity. Rivera & Armbrecht (2005) reported
the highest richness of species in poly-generic systems
or with some type of shade, compared to systems of
monocrop production; in the first ones were found
up to nine species of exclusive ants. Armbrecht et al.
(2005) highlight the capacity of AFS with coffee to
shelter a higher richness of ant species, being their
trophic guild assembles the most similar to those of
the forest patches.

AFS with C. alliodora and plantain shared the
presence of some genera such as Crematogaster,
Cyphomyrmex, Gnamptogenys and Paratrechina.
These genera, registered exclusively in AFS and
not in monocrop coffee plantations, are classified
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Figure 4. Ant diversity indexes in three coffee
production systems in the municipality of Libano,
Tolima, Colombia. AFS-C. alliodora: agroforestry
systems associated with C. alliodora, AFS-Plantain:
agroforestry systems associated with plantain.

by Silvestre et al. (2003) as ant trophic guilds with
special features such as specialized predatory cryptic
ponies, minimal vegetation specialists, specialized
predatory cryptic myrmecines, fungi-sowing cryptic
atinae. Because of their feeding habits or their type
of organization, these trophic guilds group species
require more complex systems with high litter and soil
biomass and diversity of other organisms. The same
authors state that an example of this can be observed
in the Hypoponera and Gnamptogenys genera, while
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in the genus Brachymyrmex it is considered a good
indicator for areas in recovery.

Features of the ant trophic guilds present exclusively
in the AFS tested match the depth of the litter layer
(Figure 5), which was statistically different (p <0.05)
among the coffee production systems. AFS with
C. alliodora present a higher layer of litter on the
ground than the plantain SAF and monocrop coffee
(8.9 vs 3.4 vs 1.5 cm, respectively; Figure 5). Rivera &
Armbrecht (2005) found that shade creates climatic
and environmental conditions that favor diversity and
presence of some ant trophic guilds, increasing the
similarity of AFS with forest ecosystems.

Armbrecht et al. (2006) state that intensification of
coffee production systems leads to the loss of related
fauna; in the case of ants, nesting resources become
limited. Anthropogenic changes that turn habitats into
areas of agricultural and livestock production alter
so strongly the ecological processes that they cause
loss of animal and plant diversity. On this matter,
multi-stratum AFS, given its higher similarity with
ecosystems, can work as bridges or corridors that
minimize such effect (Francesconi & Montagnini 2015).
The implementation of AFS favors the presence of ant
groups that help the crop and eventually can behave
as biological controllers, such as Crematogaster, an
important genus that is usually found exclusively in
coffee crops associated with trees (Gallego et al., 2009).

When AFS are implemented, species and diversity
conservation is favored, becoming an important

measure of climate change adaptation (UICN, 2012).
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Figure 5. Relationship between ant diversity and litter
depth in the dominant coffee production systems in
Libano, Tolima, Colombia.

Species diversity is crucial for the good performance
of ecosystems, since deforestation and changes of land
use contribute to extinction rates of the species to get
higher every time. Climatic change has an accelerating
effect of extinction of species in their habitats, generates
a very fast change and does not give time for species
to adapt (Uribe, 2015). One of the main forms of
adaptation is the migration of species to areas with
similar conditions to those of their natural habitat
(IPCC, 2002; Rodriguez & Mance, 2009). AFS with
coffee have shown habitat and micro-climate similarities
with natural ecosystems, which gives them the capacity
to favor the diversity of birds and arthropod species
and promote adaptation of the species (Chait, 2015).

Philpott et al. (2008) show that intensification of
coffee production systems influences directly on the
richness and diversity of birds and ants: AFS with
native trees favor adaptation and conservations of
these species. AFS are important to provide shelter and
rest, especially to migrating birds of high importance
in the cycles of ecosystems (McDermott & Rodewald,
2014). Just the same, Caudill et al. (2014) recommend
AFS with coffee as strategy to preserve mammal
diversity because, even though they do not substitute
the native forest, they can provide habitat for small
mammals. Studies on AFS show the importance of
the use of trees associated to crops, since they are a
connectivity element between natural systems, favoring
displacement and keeping the diversity of mammals
(Cassano et al., 2014).

4. CONCLUSIONS

AFS with C. alliodora harbored a higher number
of genera of ants, many of which are dominant in
systems with abundant and varied vegetation and
with big layers of litter. These conditions give ants
nesting and feeding conditions similar to those of
natural ecosystems.

Agricultural production systems environmental-
friendly managed, in association with native trees, are a
great resource to implement programs of climate-change
adaptation. Including native trees favors producers
economically and increases the places for shelter and
the minimal survival conditions, similar to those of
natural ecosystems for the different groups of animals
to be able to adapt to the changes.
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