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ABSTRACT. Understanding the perceptions and management practices of local land users is critical to improve conservation programs
and sustainable outcomes. Colombia, one of the most megadiverse countries in the world, is also the third largest global producer of
coffee. Cafeteros (rural coffee farmers) produce the majority of Colombian coffee. The Sierra Nevada de Santa Marta (SNSM),
Colombia, is an isolated mountain on the Caribbean coast and one of the world’s most biodiverse regions. Coffee grows in agroforestry
matrices alongside high levels of endemic amphibians. Our goal was to understand (1) the perceptions of cafeteros about biodiversity,
and (2) how coffee management practices may impact amphibian conservation in the region. We selected coffee communities that were
close to concurrent amphibian research sites, to conduct focus groups. Themes, focused on both conservation and development, emerged
from the five focus groups, specifically conservation program design and livelihood constraints. These were broken down into generic
categories and subcategories ranging from cafetero knowledge of biodiversity and climate change to socioeconomic constraints. We
found that although cafeteros have an inherent appreciation for the landscape and conservation, they require economic support to
achieve sustainability goals. We recommend three steps to improve sustainability and equitable practices in the SNSM: (1) alleviate the
economic strain on local coffee growers through social and economic government programs; (2) improve distribution of updated
technology and coffee processing methods and to farmers; and (3) connect local farmers directly with buyers.
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INTRODUCTION
Long-term conservation implementation is rarely successful
without the support and engagement of local communities
(Bennett et al. 2017). One barrier to enacting conservation action
is a lack of understanding of local community perceptions on
conservation issues (Bennett 2016). Land users participate in the
extraction or alteration of natural resources on small scales and
the management of these private and surrounding landscapes has
direct impacts on species conservation (Hudson et al. 2014).
Globally, small-scale farmers (those with holdings < 5 ha) make
up approximately 87% (Nagayets 2005, Lowder et al. 2016) of
agricultural shareholders. Across the tropics, agriculture has
contributed to habitat loss and homogenization of biodiversity
(Gallmetzer and Schulze 2015, Nowakowski et al. 2018,
Menéndez‐Guerrero et al. 2020). Pending management practices,
small-scale farmers can have lower environmental impacts on
their landscape (Perfecto et al. 2019). Understanding the local
land user’s perceptions of biodiversity and conservation and how
these integrate with management practices can help improve
collaborative conservation efforts (Bennett 2016).
There is evidence that sustainable agricultural practices can be
less detrimental to biodiversity (Perfecto and Vandermeer 2008),
mitigate climate impacts (Andrade and Zapata 2019), and benefit
local community members (Tscharntke et al. 2015, Solano et al.
2017). Colombia is the third largest global exporter of coffee
(International Coffee Organization 2020). Agricultural
production occurs in mountain habitats across the Colombian
Andean chains to the isolated Sierra Nevada de Santa Marta
(SNSM). These mountain ranges support immense global
biodiversity and endemism (Myers et al. 2000, Ocampo-Peñuela
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and Pimm 2014, Agudelo-Hz et al. 2019). Current agricultural
practices threaten biodiversity through the degradation of
landscapes and watersheds, overexploitation, deforestation, and
forest fragmentation (Etter et al. 2006). The tropical Andes are
also threatened by climate change, as the steep elevational
gradients support transitions across multiple ecosystem types,
which are geographically restricted and highly susceptible to
rising temperatures (Herzog et al. 2011). Concerns for biodiversity
conservation are driven by combined climate change and habitat
loss, specifically, increases in agricultural intensification and shifts
of production into previously undisturbed habitats (Leclère et al.
2020).
In Colombia, coffee is grown in montane regions and overlaps
with areas high in species endemism and biodiversity (Bernal and
Lynch 2008, Hoyos-Hoyos et al. 2012, Roach et al. 2020). A major
agricultural crop, coffee is grown two ways: in the sun or in the
shade. Sun coffee, a popular option in Brazil, is grown without
the presence of any other crops or trees; in this case coffee is a
monoculture crop. Shade grown coffee, a more sustainable option,
is grown amidst large nitrogen-fixing trees, creating a forest-like
canopy. Shade coffee provides heterogeneous vegetative structure,
increases habitat complexity, and is the preferred agroforestry
landscape for biodiversity conservation, over monoculture crops
(Perfecto and Vandermeer 2010). Although shade coffee appears
to benefit some species (Murrieta-Galindo et al. 2013, Caudill
and Rice 2016, Guzmán et al. 2016, González et al. 2020), results
across taxa are mixed, and dependent on the vegetative structure
and management practices of the shade coffee agroecosystem
(Philpott et al. 2008, Otero-Jiménez et al. 2018, Narango et al.
2019, Roach et al. 2020).
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Resource use and land use change are intertwined with territories,
historical contexts, and geographic landscapes (Zimmerer 2002).
The majority of coffee production in Colombia is from smallscale farms (Farfán Valencia 2014). Coffee farmers, or cafeteros,
focus on growing, harvesting, and exporting coffee and are one
of the main agricultural land users in the country. Cafeteros are
completely dependent on their land, making them vulnerable to
climate impacts and the instability of global market prices
(Hannah et al. 2017, Villarreal 2018, Andrade and Zapata 2019,
Montgomery 2019). The intensity of agricultural land
management is an important factor in sustaining biodiversity and
low intensity management practices are preferred (Perfecto and
Vandermeer 2008, Haggar et al. 2011). Agricultural practices can
have perverse effects on montane species and endemics because
of species’ limited dispersal and adaptation capabilities (McCain
and Colwell 2011, Menéndez‐Guerrero et al. 2020). In Colombia,
cafeteros manage their coffee plantations through fumigation,
fertilization, burning, and clearing understory growth from coffee
plants.
This study took place in the Sierra Nevada de Santa Marta
(SNSM), Colombia, where 95% of the coffee is shade-grown on
farms of less than five hectares (Farfán Valencia 2014), in an
agroforestry matrix that is promoted as biodiversity friendly.
Coffee is picked by hand during cosecha (harvest), October to
March. The length of cosecha is variable, dependent on the
elevation and yearly precipitation and temperature patterns.
Environmental laws dictate a 30-m natural vegetation buffer along
major waterways (Decree 2811, 1974), including fines for those
that do not comply or that dump unprocessed wastewater on land
or into waterbodies (Decree 2667, 2012); yet these laws have yet
to be enforced in the region. In the SNSM, management practices
are varied and there is a mix of pesticide and fertilizer use among
both organic and non-organic farms. Many coffee wastewater
systems are drained back into the landscape without being
processed through filtration systems. The responsibility to
maintain clean watersheds falls largely on local communities who
receive little assistance from government authorities. This leaves
watersheds at risk of unregulated wastewater dumping and
contamination from trash and septic tanks.
This unregulated wastewater contamination, combined with a
decade of low global coffee market prices, disease outbreaks
(coffee leaf rust), and climate instability (Avelino et al. 2015,
Hannah et al. 2017, Läderach et al. 2017) poses challenges for
cafeteros and surrounding landscapes in Colombia’s various
coffee growing regions. In the SNSM, coffee is the main source
of income for small-scale cafeteros. At the time of this study
(2017–2018) coffee prices hit their lowest level in 10 years
(International Coffee Organization 2018). Low economic gains
make it difficult for cafeteros to maintain coffee crops as climates
change. Future concerns of climate impacts on Colombia’s
biodiversity (Flechas et al. 2017, Agudelo-Hz et al. 2019,
Menéndez‐Guerrero et al. 2020), agriculture (Ramirez-Villegas et
al. 2012, Andrade and Zapata 2019), and livelihoods (Múnera
and van Kerkhoff 2019) further threaten these agroforestry
matrices.
Mismanagement of landscapes can have negative impacts on local
biodiversity. Amphibians, which are particularly sensitive to
environmental degradation, are of special concern (Mann et al.

2009). The SNSM boasts high levels of amphibian endemism and
local community observations can provide important ecological
knowledge about microclimates, species’ population dynamics,
habitat use, and local extirpations (Granados-Peña et al. 2014).
In addition, understanding the priorities and perspectives of
cafeteros can inform management and help enact appropriate
conservation strategies (Sawchuk et al. 2015, Bennett et al. 2017)
by including new ecological knowledge (Brook and McLachlan
2008, Joa et al. 2018) and an understanding of local climate
patterns (Thornton and Maciejewski Scheer 2012, Mwenge
Kahinda et al. 2019). It was important for us to understand the
perceptions of cafeteros about biodiversity and to further
hypothesize why amphibians appeared absent from coffee
plantations during our concurrent research (Roach et al. 2020).
We were broadly interested in questions related to cafeteros’
knowledge of biodiversity and wildlife, what they valued about
their landscape and livelihoods, and if climate change had
impacted their livelihoods. We wanted to improve our
understanding of (1) the perceptions of cafeteros about
biodiversity and the local ecosystem, and (2) how coffee
management practices may impact amphibian conservation in the
region. We hypothesized that management practices of coffee may
conflict with important life history periods for amphibians, the
focal organism of our ecological research in the region (Roach et
al. 2020). Through the integration of the perspectives of cafeteros
with amphibian conservation we hoped to gain insights in ways
we could enact collaborative conservation plans that would
sustain both biodiversity and the permanency of local livelihoods.
METHODS
Site selection
Our research took place in the Sierra Nevada de Santa Marta
(SNSM), department of Magdalena, Colombia (Fig. 1). The
SNSM is a globally important area for biodiversity and a
distinctive cultural coffee region in Colombia, focused on certified
sustainable production (Comite de Cafeteros Magdalena 2021).
It has been designated a key biodiversity area, Alliance for Zero
Extinction site, UNESCO Biosphere Reserve, and contains two
national parks (Sierra Nevada de Santa Marta and Tayrona). It
is also a global hotspot for amphibian endemism and was ranked
the most irreplaceable site for threatened species in 2013 (Le Saout
et al. 2013). Deforestation has left the landscape patchy with
reduced habitat connectivity (Granados-Peña et al. 2014). Land
above 2500 m is indigenous territory and a national park (SNSM
NP), whereas land under 2500 m is largely a mixed-agricultural
matrix interspersed with private nature reserves and ecotourism
development.
In the department of Magdalena, there are four coffee growing
regions: Aracataca, Ciénaga, Fundación, and Santa Marta.
Working with extension agents from the Federación Nacional de
Cafeteros (FNC) we selected coffee farming communities based
on geographic proximity to concurrent amphibian field research
sites, as well as where FNC extension agents offered their help
with the organization of focus groups. The FNC coordinated the
logistics of the focus groups including organizing participants,
location, time, and date. We surveyed five coffee communities
(Palmor, Plan de las Ollas, San Javier, San Pedro, and Vista Nieve)
across two coffee growing regions: Ciénaga and Santa Marta.
These five locales were adjacent to concurrent amphibian research
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in the region (Roach et al. 2020). The department of Magdalena
contains 5200 coffee farms and over 20,000 ha devoted to coffee
production (Federación Nacional de Cafeteros 2009; Fig. 2.).
Coffee is grown along mountain ridges (from 600 to 2000 m),
where crops occur on steep slopes sometimes over 45 degrees. The
terrain is rugged and transportation limited and most cafeteros
use mules to transport their crops.
Fig. 1. Site map showing the study region in Colombia, South
America (L) and the full extent of the Sierra Nevada de Santa
Marta, Colombia, and the location of the studied coffee
growing regions (R). The teal is the Santa Marta coffee growing
region and the orange is the Ciénaga coffee growing region
where focus groups were conducted. The city of Santa Marta is
denoted by a purple dot.

Fig. 2. Coffee habitat and processing in Sierra Nevada de Santa
Marta. (A) San Pedro community and coffee below ridge; (B)
shade coffee farm; (C) coffee drying on a farm in San Pedro;
(D) Coffee going through the de-pulping and washing process.

Institutions: Federación Nacional de Cafeteros (FNC)
The FNC (https://federaciondecafeteros.org/) is a private
organization that was formed in 1927 with a mission to look after
the welfare of cafeteros through an effective trade union and
democratic and representative organization. The FNC provides
a number of services to farmers including, (1) guarantee of
purchase, FNC will buy coffee from cafeteros regardless of the

year, or current market prices; (2) promotion of the consumption
of Colombian coffee; (3) scientific research and technology
through the Centro Nacional de Investigaciones de Café
(Cenicafé); (4) extension agent services; (5) management of local,
regional, and international alliances and projects; (6) quality
guarantees of Colombian coffee. Cenicafé is responsible for
developing new technologies ranging from disease resistant and
climate change tolerant plants to filtration systems to reduce
contamination in coffee wastewater. The FNC utilizes the
extension agent service to provide advances from Cenicafé to
cafeteros. The FNC has a national sustainability development
plan, including development objectives in four areas: economy,
governance, environmental, and social (Federación Nacional de
Cafeteros 2015).
Focus groups
To better understand the knowledge and perceptions of cafeteros,
we chose to conduct focus groups (ranging from 7 to 16 people/
group), which would provide us with baseline information to help
guide future ethnographic studies and conservation program
design. Focus groups allow researchers to engage in informal
discussion with a small number of people focused on a particular
set of issues (Krueger and Casey 2000, Wilkinson 2004,
Onwuegbuzie et al. 2009). The open-ended questions allow
researchers to obtain data that present the participant’s wording
and allow for participants to build on each other’s ideas,
potentially providing new information to the moderators (Stewart
et al. 2009). Additionally, the presentation of results of focus
groups are easy to understand for both researchers and decision
makers. Focus groups help collect data rapidly, which was useful
for our pilot project. In the SNSM, farmers live far from
centralized locations and farms may be inaccessible to most
researchers. We were able to manage time and limited resources
better for both cafeteros and researchers who have to travel long
distances. Finally, we attempted to address any limitations
presented in a focus group by recording information on the
number of participants who spoke during the focus group, and
by having two independent moderators who assessed responses.
Our goal was to obtain preliminary information that would be
useful for future research design and implementation on similar
topics.
We recruited members for focus groups through the FNC. The
FNC extension agents recruited participants for the focus groups
from each respective community. Focus groups took place on one
of the participant’s farms or a neutral space, such as a local tienda
(store). Focus groups lasted two to three hours and were
conducted in Spanish and later translated to English for ease of
analyses. In October 2017, we conducted an exploratory focus
group in the community of San Javier. This focus group allowed
us to identify how group conversations were organized, how to
structure the discussion, and how to expand or adjust our a priori
questions (Appendix 1). We then made slight changes to the
questions we asked the subsequent four focus groups and initiated
the coffee calendar with the remaining groups to identify key
management practices throughout the calendar year. The
remaining four focus groups took places during June–July 2018.
We interviewed a total of 48 participants across all five focus
groups (Table 1). Participants were both male (38) and female (10)
and adults (> 18 years). Some children were present during the
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interviews with their families, but did not participate in the
discussion. We asked a series of pre-prepared, open-ended
questions related to biodiversity and conservation, climate
change, sustainability, history of the region, livelihoods, and the
current and future challenges to coffee farmers (Appendix 1). For
purposes of our study, we defined livelihoods as in Chambers and
Conway (1992), “the capabilities, assets … and activities for a
means of living.” Approximately two-thirds of the participants
were farm owners and managed their own landscapes, while the
remaining one-third of participants were administradores and
acted as land managers for the owners who lived in nearby cities.
Table 1. Information about focal group demographics and
landscapes.
Municipality

Community

Elevation
(m)

Participants
(n)

Date of Focus
Group

Ciénaga
Santa Marta

Palmor
Plan de las
Ollas
San Javier
San Pedro
Vista Nieve

1076
950

17
8

June 2018
June 2018

1530
1418
1087

7
10
8

October 2017
July 2018
July 2018

Ciénaga
Ciénaga
Santa Marta

Each focus group had two moderators and one FNC extension
agent present during the interviews (with the exception of San
Pedro where no extension agent was present). It is important to
note that the presence of extension agents may have hindered the
honesty of responses from participants. Throughout the
interviews we allowed for the conversation to flow and asked
follow-up questions dependent on the answers given earlier in the
focus groups (Patton 2002). After each focus group, the
moderators gathered and answered a series of reflection questions
and discussed any prevalent themes that emerged during the focus
group. Data were reviewed and revised by two persons. Here
moderators reflected independently on what each focus group
discussed and wrote down observations including how people
interacted with each other to how much time they spent on a
particular topic.
Our analytical approach was selected to derive categories and
subcategories from the notes of the focal group discussion, and
use that content to develop a model of the relationship between
coffee communities and the natural environment. We conducted
a content analysis to examine the categories and themes that
emerged across focus groups (Krippendorff 1980, Schreier 2012).
A flexible tool, conventional or qualitative content analysis
(QCA) allows researchers to decide how to organize data through
a coding framework (Hsieh and Shannon 2005, Bernard 2006,
Elo and Kyngäs 2008, Cho and Lee 2014). Our approach was to
use a deductive analysis to develop a conceptual model to examine
our hypothesis based upon qualitative focal group data. We
developed a classification matrix to code data into different
content-related categories we a priori proposed as relevant based
upon knowledge of the region and communities. Coding was done
manually, given the sample size of five communities, by the
authors. We used deductive structure to analyze the data and
created subcategories, generic categories, and main categories to
document emergent themes across focus groups (Elo and Kyngäs
2008). In addition, we used inductive approaches to better relate

needs and perceptions that emerged during the focal group
discussions with community members into the overall final model
(Cho and Lee 2014). Using this information, we make
recommendations for engaging in conservation and sustainable
projects in the region that are derived from the perspectives of the
cafeteros.
Coffee calendar
In a separate analysis, to better understand how land management
practices could impact amphibian conservation, we had cafeteros
create a “coffee calendar.” This exercise was separate from the
focus groups and conducted after the focal group discussion;
however, calendars were created by groups (4 calendars total,
excluding San Javier). The calendar highlighted the various
activities cafeteros were involved in during specific temporal
periods, including periods of intensive land management
practices. We analyzed the data by organizing the activities by
community and reviewing how many communities participated
in similar activities across the temporal scale of one calendar year.
We aimed to use this calendar to identify periods of conflict with
species life history strategies and/or conservation opportunities.
Understanding the local land management practices helps gain a
better picture of the challenges conservation programs may face
when considering the impacts of both biodiversity conservation
and livelihoods.
RESULTS
Two main categories, or themes, emerged from the QCA:
conservation program design and livelihood constraints (Fig. 3).
Results for generic categories contain their respective
subcategories. Below we present the relevant components of the
generic categories for conservation program design (natural
resources and land use management) and livelihood constraints
(infrastructure and socioeconomic constraints; Fig. 3). The
insight gained from the cross-cutting themes and the site-specific
conditions (Appendix 2) determines the kinds of conservation
interventions that are possible, and influences the likelihood of
the implementation. We also present results for the coffee calendar
(Fig 4.).
Fig. 3. Results of the qualitative content analysis, expressed as a
flow chart of subcategories, generic categories, and main
categories based on responses from the five focus groups.
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Fig. 4. Coffee calendar from four communities (Palmor, San
Javier, San Pedro, and Vista Nieve). Activities during the rainy
season (amphibian reproductive season) are outlined in black
box. Activities “dry, plant, harvest, clean, fertilize, and sell”
relate to coffee plantations and crops, while “other crops”
relates to time periods planting or harvesting additional crops,
and “roads” relates to road maintenance done by local
community members.

the rana cristal (Ikakogi tayrona) and Colostethus ruthveni, a small
species that calls throughout the day, and is found in degraded
habitats including adjacent streams and forests within coffee
plantations (Roach et al. 2020). Respondents were more likely to
note the presence of reptiles, specifically snakes (it is common to
encounter snakes during cosecha), including the fer de lance
(Bothrops asper) and coral snake (Micrurus spp). A few
respondents stated that they only killed venomous snakes.
However, we did not obtain information on their ability to
correctly identify venomous vs. non-venomous snakes.
Climate change
Each focus group observed changes in the local climate over the
last 10–30 years. Participants in the Palmor group observed a
decrease in water and ice, and less annual rain but higher storm
intensity: “in just one day we will get all the water that used to
fall in one week.” They also observed hotter local temperatures
and stated coffee was now grown at higher altitudes (1700 m vs.
1200 m).

Natural resources
Defining biodiversity
Across all focus groups, participants were able to define
biodiversity as relating to wildlife and plants. Common responses
included: “biodiversity was everything in the ecosystem,”
“everything found in the land or environment,” and “all the
species of flora and fauna.” Participants often included pastures
and farms in their definition of biodiversity.
Wildlife
Participants were particularly knowledgeable about wildlife on
their land. The most commonly discussed species were mammals
and birds. In Plan de las Ollas, respondents commented on animal
behavior, noting that frogs were found mostly near streams and
could be heard calling at night. They provided descriptions of
specific frogs, such as Ikakogi tayrona, an endemic species.
Additionally, this focal group noted the animal breeding seasons,
diet preferences, and interspecific interactions amongst bird
species.
Across all focal groups, the primary mammal species mentioned
included agouti (Dasyprocta punctata), howler monkey (Alouatta
seniculus), deer (Mazama spp.), cats (mostly jaguar Panthera onca
but also puma Puma concolor), and armadillos (Dasypus
novemcinctus). Lesser mentioned mammals included foxes
(Cerdocyon thous), tigrillo/oncilla (Leopardus tigrinus), squirrels
(Sciurus granatensis), and pigs (Sus scrofa). Common bird species
were Toucans (Ramphastos sulfuratus) and Macaws (Ara spp.),
Sickle-winged Guan (Chamaepetes goudotii.), Black-chested Jay
(Cyanocorax affinis), and the Crested Oropendula (Psarocolius
decumanus).
The only amphibian that was exclusively discussed by at least two
groups was the rana platanera (Boana boans), a common species
found in agricultural zones. Some participants were familiar with

The group from Plan de las Ollas noted that 25–30 years ago, the
closest town used to be cold and “people wore jackets, hats, and
had blankets. Now it is hot and people use fans.” They also
observed changes in precipitation patterns, including a reduction
in the rain frequency. Finally, participants mentioned that,
because of changes in climate, coffee must now be planted at
specific times of the year that are different from previous temporal
periods.
In San Javier, participants noted higher frequency and intensity
of precipitation events that often damages the coffee fruit and
results in economic losses for cafeteros. Dry seasons are now
shorter, which made it difficult for coffee to mature. In San Pedro,
participants observed changes to avian ranges, specifically species
that had moved higher in elevations. They also observed lower
water availability and drier streams. As a result, some cafeteros
discussed crop switching to avocado or mango.
Similarly, participants from Vista Nieve observed changes in
precipitation patterns and an increase in temperatures. They also
observed shifts in elevational ranges and behavior for bird species,
specifically noting that the Bicolored Wren (Campylorhynchus
griseus) and Great-tailed Grackle (Quiscalus mexicanus) had
demonstrated aggressive interactions. Finally, they stated their
coffee production was irregular because there was often too much
sun or rain.
Value of landscapes
Cafeteros place an inherent value on their land (coffee) and the
surrounding landscapes (water and conservation). The majority
of participants commented on the global importance of the
SNSM, particularly its uniqueness. Four of five groups named
water and the maintenance of watersheds and microcuencas (small
watersheds or streams) as the most valued factor in the landscape.
Apart from water, group values mostly focused on the land and
conservation. The Palmor group valued coffee and future growing
viability; while the group from Plan de las Ollas valued the
tranquility of the SNSM. The San Pedro group stated that “doing
conservation and taking care of the land” was the most important
thing. They also desired technologies that were less detrimental
to the environment. The Vista Nieve group was also interested in
conservation and restoration of habitat and how they could
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reduce contamination. Finally, all focal groups indicated that
people worked to conserve watersheds and understood the
importance of the SNSM, and that their own land (specifically
coffee plants) were the most important.
Land use management
Certifications
Around half of the participants had at least one type of
certification ranging from organic to fair trade or socially
responsible. Organic certifications included Colombian specific
certifications like EcolRed and ColCafé to globally recognized
programs like Rainforest Alliance. It can take up to three years
to prepare a farm to become organic; cafeteros noted this process
was economically costly and labor intensive. Participants
discussed disadvantages of organic farms including susceptibility
to plagues and disease because they are unable to apply
insecticides or pesticides. Organic growers reported selling coffee
at slightly higher prices, but the margin of a 12 to 15% increase
for organics is only viable if there is no significant loss of
productivity due to reliance on organic fertilization and pest
control. Organic farms are also more susceptible to disease, like
broca, the coffee berry borer (Hypothenemus hampei), that has
decimated plants across the globe (Damon 2000). Because organic
certifications prohibit the use of chemical fertilizers and
pesticides, some farmers choose not to participate in these
programs in order to produce more coffee.
Coffee calendar
Four communities provided information for the coffee calendar:
Palmor, Plan de Las Ollas, San Pedro, and Vista Nieve. The coffee
calendar highlights the main land management practices during
the 12-month calendar year (Fig. 4). The temporal period of
activities across communities varied slightly, most likely because
of differences in elevation, topography, and precipitation.
Notably, land management practices (such as application of
fertilizers and herbicides, clearing of understory by machetes or
burning, and planting other crops) intensify during the rainy
season, a critical reproductive time period for amphibians. During
cosecha, additional water from nearby streams or wells are used
to process the coffee. Cosecha also requires an influx of people
on the landscape to hand-pick coffee.
Infrastructure
Each focus group emphasized the desire for improved
transportation, communication, and technology systems (such as
the beneficiadero or the coffee processing system). Across groups
a main concern was road accessibility. Most roads are unpaved
and may be impassable during the rainy season. Participants in
Palmor discussed that some roads could not be improved because
they are resguardos indígenas (Indigenous private property, as
decreed in the Colombian constitution). Finally, trash disposal is
a problem for many residents and it is common to burn and bury
trash.
Socioeconomic constraints
Low coffee prices are the largest concern for cafeteros in the
SNSM. Cafeteros want to sell their coffee for higher prices and
directly to buyers instead of going through filters of organizations
and cooperatives. Cafeteros also mentioned they would like access
to other economic opportunities such as Ecotourism (Palmor,
Plan de las Ollas, Vista Nieve, San Pedro). In Plan de las Ollas

and Vista Nieve, cafeteros were concerned about the future of
their coffee farms citing a lack of generational interest in the
practice of growing coffee.
Finally, most of the groups complained about lack of government
support. In Vista Nieve a deep mistrust of the local environmental
authority has left community members frustrated and angry.
Participants also stated that some community members accept
bribes. Both San Pedro and Vista Nieve discussed previous
researchers coming to the region and never sharing results with
the community, leaving them feeling frustrated and skeptical of
outsiders. Throughout the region, the history of conflict has made
cafeteros livelihoods uncertain; the San Javier focus group, spent
about 30 minutes discussing the armed conflict including illegal
land seizures and lack of safety in the region.
DISCUSSION
We aimed to better understand two aspects of the relationship
between cafeteros and the agroforestry matrix of the SNSM: (1)
the perceptions of cafeteros about biodiversity and the local
ecosystem, and (2) how coffee management practices impact
amphibian conservation. Perceptions can provide insights on how
best to interact with local communities regarding conservation
initiatives, and when assessed in combination with a clearer
understanding of current management practices, will improve
conservation planning (Bennett 2016, Bennett et al. 2017).
Cafeteros in the SNSM are knowledgeable about biodiversity,
wildlife, and local climatic patterns. They have a strong
appreciation of the value of the landscape and understand the
importance of taking care of their land. Many view their coffee
plantations and pastures as a component of biodiversity. This
suggests that conservation initiatives need to appreciate the
mingling of natural and production landscapes, and seek ways to
mitigate biodiversity loss without impacting livelihoods. A shared
value for the importance of water was present in four of the five
focus groups, which emphasizes potential for collaborative studies
that link human and environmental health to agriculture
management techniques. In addition, local communities closely
experience the effects of a changing climate, and clearly
acknowledge the fact. Cafeteros have an interest in improving
sustainable practices, an important community belief because of
the irreplaceable biological and cultural diversity of the region,
if provided with economic assistance. Through understanding the
perspectives of cafeteros and land management practices,
conservation practitioners can integrate and improve ecological
conservation practices with livelihoods.
Worldwide, land management has a dominant impact on
conservation outcomes (Iverson et al. 2019, Hwang et al. 2020).
Though shade coffee has been promoted as biodiversity friendly
(Tscharntke et al. 2015, Solano et al. 2017), current coffee land
management practices in the SNSM may be in conflict with
amphibian conservation. Although amphibians do not directly
use shade coffee in the SNSM, they use adjacent landscapes and
waterbodies that are directly impacted by management practices
(Roach et al. 2020). The lack of amphibians in coffee plantations
is potentially because of the mismatch between land management
practices that reduce or eliminate understory vegetation and leaf
litter and alter soils (Robinson and Mansingh 1999, Rao et al.
2020). There is also more traffic by workers within coffee
plantations during harvest so there may be less likelihood to find

Ecology and Society 26(2): 33
https://www.ecologyandsociety.org/vol26/iss2/art33/

species as land use intensifies. In addition, coffee management
practices intensify during an important life history period for
amphibians, the reproductive (rainy) season (Fig. 4).
Practices such as application of fertilizers and herbicides and the
clearing of understory growth may have detrimental impacts on
amphibian reproductive and dispersal abilities. The clearing of
understory vegetation eliminates important microhabitat
reducing connectivity for amphibians (Earl and Semlitsch 2015),
while the use of fertilizers may lead to disruptions in
endocrinology and sexual differentiation (Boone et al. 2007,
Mann et al. 2009). Amphibians that use watersheds adjacent to
coffee plantations may be negatively impacted by management
practices and subsequent changes in environmental conditions.
The washing of coffee can impact streams through increases in
heavy metal content, pesticides, and organic run-off (Arcila
Pulgarín et al. 2007, Siu et al. 2007, Zayas Pérez et al. 2007), which
increases acidity and depletes oxygen levels below acceptable
levels in the water, negatively impacting environmental conditions
in streams (Rattan et al. 2015, Dadi et al. 2018).
Given that cafeteros value water, there is a potential for a
collaborative opportunity that prioritizes watershed conservation,
protecting both amphibian habitat and an important resource for
cafeteros. Water is used intensively during coffee processing (up
to 140 L of water can be used to process one cup of coffee;
Chapagain and Hoekstra 2003). First the fruit flesh is removed,
with water, from the bean. The beans are then left to ferment in
a water tank for 24–48 hours. Afterwards, the coffee beans are
washed again. In the SNSM, water is filtered through a tank
system, and the wastewater is disposed on land or in an adjacent
stream. These same streams represent important riparian
elements for amphibian habitat (Almeida et al. 2020, Roach et al.
2020). New and available technologies that reduce water
consumption during coffee processing would help to greatly
improve the sustainability of coffee production. Additionally,
accountability and enforcement of laws is necessary to ensure that
use of illegal fertilizers and wastewater contamination is reduced.
Organic certifications prohibit the use of chemical fertilizers and
pesticides, which is why some farmers choose not to be organic.
As climates become more unpredictable, it can be difficult for
cafeteros to produce bountiful harvests, which may impact
decision making regarding land management, including
certifications.
Globally, climate change has increased difficulties for coffee
growers. Across Latin America, cafeteros are experiencing
negative impacts on their coffee crop (Solano et al. 2017, Villarreal
2018, Andrade and Zapata 2019, Coltri et al. 2019). In the SNSM
all five communities perceived the effects of climate change on
the landscape and on their livelihoods (Rodríguez et al. 2021), as
altered precipitation and temperature levels had damaged coffee
fruits on their farms. Other regions in Colombia have also noted
damage and reduction to crop yields due to climate change
(Rodríguez et al. 2021). To adapt to new climatic conditions,
cafeteros will need to shift management practices including
planting drought and disease resistant hybrids and perhaps crop
shifting. Other research suggests that coffee may need to move
into new areas, which would increase deforestation in some
regions (Schroth et al. 2015).
Ultimately, cafeteros are more likely to make land use decisions
based on their economic well-being. At the time of this study,

global coffee prices in Colombia were $1.25 USD/LB (2017) and
$1.13 USD/LB (2018; International Coffee Organization 2021).
Organic growers can sell coffee at slightly higher prices; however,
the margin of increase is only viable if losses to pests, (e.g. from
the coffee berry borer) are less than this and there is no significant
loss of productivity because of reliance on organic fertilization.
Economic limitations remain the largest barrier to the lack of
implementation of sustainable technologies in the region. Like
economic factors, infrastructure shortcomings also directly
influence community decision making by increasing the costs of
transportation and impact the environment through the ability
of the communities to improve solid waste disposal. Cafeteros
want economic support that will allow them to spend less of their
own money on maintenance of their farms and machinery and
to invest in organic programs. Both economic and infrastructure
limitations may hinder the improvement of management practices
to become more biodiversity friendly.
With economic support for cafeteros, conservation initiatives
within agroforested matrices could achieve more progress and
safeguard species habitat. It is important that community-level
conservation and sustainable development projects take into
consideration the role of livelihood decisions. Previous
agroforestry research, in Nicaragua and El Salvador,
demonstrated that well-managed shade coffee plantations can
provide both livelihood and biodiversity benefits (Méndez et al.
2010). Key to their success, however, is careful integration of
bottom-up community level initiatives coupled with top-down
support providing necessary financial and human resources
(Méndez et al. 2010).
Community support for conservation programs is critical to
improve program implementation and accountability. Conflict
arises when local people are left out of conservation decisions
that take place on adjacent landscapes (Brockington and Wilkie
2015, Sodik et al. 2020). In regions where inequality and poverty
are rampant, it can be difficult to gain community trust and build
momentum for conservation action (Brooks et al. 2012), and there
can be a disconnect between the perceived need of information
and the technical support local land users actually receive
(Barrucand et al. 2017). We recommend that conservation
researchers who plan to implement a conservation program
employ focus groups, a community workshop, or a similar
approach to build community trust and engagement early on,
which will help researchers better understand the complexities of
the surrounding region and assist in addressing any design or
implementation issues. The development of a graphical template
through the qualitative content analysis demonstrates the
relationships among main, generic, and subcategories (Fig. 3) and
can be a framework for conservation planning. In our results, the
two main categories were divergent on conservation program
topics and livelihood issues. As we discuss, any conservation plan
needs to address the interrelationships between these factors, as
they influence each other. For example, environmental
degradation in watersheds affects livelihoods, but the lack of
stable income makes it nearly impossible for farmers to adopt
more sustainable practices.
In summary, the results highlighted livelihood barriers for
cafeteros that hinder consistent sustainable management of coffee
farms and surrounding landscapes. Without addressing these
barriers there will be little success enacting conservation plans
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across their landscapes. Perceptions of local land users are critical
to understanding how decisions regarding future land use is made.
Our two main themes derived from this study demonstrate that
knowledge of local wildlife and climate, as well as socioeconomics
and livelihoods, interact in the decision-making process and
together necessarily contribute to coffee management decisions.
SPECULATION
Specifically, in the SNSM, in order to improve sustainability and
equitable practices and bolster conservation efforts, we
recommend three steps: (1) alleviate the economic strain on local
cafeteros through social and economic government programs; (2)
improve technology and coffee processing methods and their
distribution to cafeteros; and (3) connect local cafeteros directly
with buyers. Maintaining sustainable livelihoods will provide a
mutual benefit for local ecosystems. Biodiversity conservation
programs will be more effective when local land users have
economic security that is based upon programs that respond to
both local needs and perceptions. Interestingly, we found a link
between cafeteros and amphibians and their value and
dependence on water. Water could be the resource that links both
livelihoods and biodiversity to achieve conservation goals in the
region. In fact, the authors have begun preliminary work on the
impacts of coffee processing on water quality. Conservation
programs must further build upon the existing appreciation of
the local environment and the pre-existing legacy of the land that
communities find intrinsically meaningful to conserve.

Responses to this article can be read online at:
https://www.ecologyandsociety.org/issues/responses.
php/12449
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Appendix 1: Focal Groups questions which we used to guide discussions. We allowed for freedom of discussion to flow throughout focal grou p interviews
depending on the groups interest of information of particularly topics. Documented in both English and Spanish.
Table A1.1. Focal Group discussion questions, Part 1.
Biodiversity
What types of animals do you see on your
farm? ¿Qué tipo de animales has visto en
su tierra? ¿En qué partes las ve?
Do you have frogs on your land? Did you use
to have frogs? If so where were/are they?
¿Hay ranas en tu tierra? ¿Había ranas antes?
¿Si las había dónde estaban? What types of
animals do you see on your farm? ¿Qué tipo
de animales has visto en su tierra? ¿En qué
partes las ve?

Are you familiar with the term biodiversity? If
yes: What is the definition? ¿Estas
familiarizado con la palabra biodiversidad? Si
la conoces, ¿podrías explicarme cuál es su
definición?
What do you think about biodiversity?
¿Que piensas que es la biodiversidad?
Do you accommodate biodiversity on your
land? How? (For example maintain areas that
are forested) Ud. hace algo para mantener
animales en su tierra? Por ejemplo, ¿mantener
áreas forestadas?

Sustainability
What do you do with the water and fruit after
the coffee is processed? ¿Qué hacen con el
agua y los frutos del café después de que el
café es procesando?
Do you have certifications? What type of
certifications do you have? Why did you
choose this certification? Why do you choose
no certification? Do you want to be certified?
¿Tiene certificados? ¿Que tipos de
certificados tienes? ¿Porque eligió esa
certificación?¿Porque no eligío un sistema
de certificados? Quieres obtener alguno(s)
tipos de certificados?

Would you be willing to engage in a program
where you donated your coffee fruit/ casks to
reduce waste? (if you were paid?) ¿Podrías
participar en un programa donde se donará
las cascaras del café y elimina los frutos
rojos? ¿Si te pagaran?

Governance
What’s your relationship with FNC? ¿Cuál es
su relación con Federación de Cafeteros?

Does the Colombian government support
coffee farmers? Do you think this could be
improved? How could this be
improved? How could that be better for you?
What would this help you do that you cannot
do now? Piensas que el gobierno de
Colombia apoya a los cafeteros? Piensas
que esto podría mejorar? ¿Cómo podría ser
mejorado? ¿Cómo sería mejor para ti?
¿Cómo te ayudaría esto a hacer algo que no
puedes hacer ahora?

Table A1.2. Focal Group discussion questions, Part 2.
Climate Change
Have you observed changes in the weather or
climate? (If yes) Which changes have you
notices? When did you observe these
changes? Have these changes impacted you?
In which way (productivity of coffee or your
life)? ¿Has observado cambios en el clima? Si
los has observado, ¿qué tipo de cambios has
observado? ¿Cuándo observaste estos
cambios? ¿Estos cambios tuvieron algún
impacto en ti? ¿De qué manera?
(¿productividad de café, otro tipo de
agricultura, o su vida?)

Values
What is the most important thing to you about
1) your land, 2) the SNSM? ¿Qué es lo
más importantes de la 1) su tierra, 2) la
sierra?

Background/History
How long have you been farming coffee? Did
you grow up farming coffee? Did your
parents farm coffee? Do you own the land on
which you grow coffee? If yes, for how
long? ¿Creciste cosechando café? ¿Tus
padres sembraban café? ¿Eres el dueño de
la tierra dónde cosechas el café? ¿Si eres el
dueño, desde hace cuándo posees la tierra?
For those not owner of the land: ¿O cuál es
su título? ¿Hace cuánto trabajas en esa finca
o en la Sierra?

Do you have any concerns about the future of
coffee in this region? Tienes alguna
preocupación sobre el futuro del café en esta
región?

What do you think about the future of coffee in
the SNSM? ¿Que piensas del futuro del café
en la sierra?

What other crops do you grow? ¿Cual son
los otros tipos de agricultura que tienen?

Who will continue to work on the farms?
(many young people aren't interested, tried
not to ask this without guiding the question
somewhere). ¿Quién va a continuar
trabajando en las fincas ya que ahora los
jóvenes no muestran mucho interés en
continuar cosechando?

What are the best and worst prices you’ve
received for coffee? Is there an average
price? ¿Cual son los mejores y peores
pagos que reciben por su café? ¿Los
precios son estables o cambia mucho?
¿Hay un precio promedio?

What would you do if you could not grow coffee
in the same place you grow it now? Do you
have any other options? (i.e. other crops or
moving - I wanted to see if they have any
adaptive capacity). ¿Qué harías si no puedes
cosechar más café en el mismo lugar en el que
lo haces ahora? Tienes alguna otra opción?
(¿por ejemplo, otras cosechar o moverse de
lugar? ¿Si no puedes cosechar café en el
mismo sector o lugar, qué harías? ¿Por
ejemplo, tiene opciones de otros tipos de
cultivos? ¿O puedes mover sus plantas de
café a otro lugar?

What is your main source of income?
¿Cuál es su metódo principal de
ingresos?

Appendix 2: Summary of focal group talking points and emphases in each subcategory across all five focus groups – Palmor, Plan de Las
Ollas, San Javier, San Pedro, and Vista Nieve. Moderator observations from focus groups are included below in the final row.
Table A2.1 The community of Palmor (n=16) presented here.
Subcategories
Biodiversity & Wildlife
Climate Change
Value of Land
Coffee Certifications

Socio-economic limitations
Infrastructure
Moderator observations from
focal groups discussions

Palmor
Farms, pastures, forest, trees, animals – the variety of everything. Birds: toucans, macaws, turkey hen;
mammals (pigs and deer; pumas eat armadillos) and frogs, reptiles (snakes).
More water 10 years ago. Need to move higher to be cooler. Previously, cool at 1200 - 1250 m now it is
1700 – 2000 m. Storms are more intense – all water falls in one week; rains are less common but
stronger. Mules tire frequently.
Water. Coffee production. The sierra has everything (expressed gratitude).
Organics do not contaminate water, very strict rules (no chemicals, fumigation, burning), Inspectors visit
homes and coffee plantations (enforce that no one under 18 works), difficult to obtain organic
certification. Farmers make their own decisions, independent of certifications "if want to have a good
farm you shouldn’t use chemicals". Complaints about low market prices.
Coffee prices too low, limited government support for farmers.
Improve roads.
Coffee farmers are not as interested in biodiversity as they are in improving coffee profitability. Farmers
require economic support (to transition to organics). Some farmers choose not to be organic, even if they
show the intention to be. Low income is the biggest hardship.

Table A2.2 The community of Plan de las Ollas (n=7) presented here.
Subcategories
Biodiversity & Wildlife
Climate Change
Value of Land
Coffee Certifications
Socio-economic limitations
Infrastructure
Moderator observations from
focal groups discussions

Plan de las Ollas
Biodiversity: everything in land/environment. Wildlife: Mammals (armadillos, monkeys, tigrillo eats
armadillos), reptiles (snakes), birds (Crested oropendola), amphibians (Boana boans or rana
plantanero). Farmers do not hunt wildlife. Avoid fumigating.
Temperatures have increased, precipitation levels have changed. There used to be snow in June in the
peaks. 25 – 30 years ago it was another climate. Climate change affects their crops because they can’t
plant coffee.
Land: water, coffee, agriculture, and their home. Sierra: it’s unique.
Coffee certifications: Red Ecolsierra. Farmers join cooperatives because they provide income (higher
prices and better markets) and assistance.
Low coffee prices. Sons leave for cities, over time they may sell their lands. Want alternative crops to
coffee and also interested in ecotourism. Want to derive new economic strategies like incentives for
farmers that participate in conservation programs.
Improve roads.
Farmers were happy to have the meeting stating its importance to learn about biodiversity and
conservation. The farmers had lots of knowledge about animal behavior in birds and mammals.

Table A2.3 The community of San Javier (n=7) presented here.
Subcategories
Biodiversity & Wildlife
Climate Change
Value of Land
Coffee Certifications
Socio-economic limitations

Infrastructure
Moderator observations from
focal groups discussions

San Javier
Biodiversity is the ecosystem; species of flora and fauna. Wildlife: mammals (Agoutis, monkeys, deer,
squirrel, guartinaja (lowland paca), jaguar, armadillos, foxes), birds (turkey hen), amphibians (frogs and
toads)
Changes in precipitation and length of dry season (shorter). Coffee fruits cannot grow fully and fruits fall
off early.
Small watersheds and taking care of the ecosystem, Sierra is important.
Collective certificates ensure that the purchased coffee is high quality and organic. The minimum price is
15 thousand COP/kilogram (~ 5 USD/2.2 lbs). Organic requirements include no chemicals and no
burning, government provides money (prima organica) which lasts past cosecha.
History of conflict and land displacement, many people were killed or left but eventually came back when
it was safe. Farmers want higher coffee prices. Current coffee prices are so low that the money farmers
gain doesn't outweigh the money farmers spend on processing their coffee. Thank FNC for regulating
prices.
Better access, previously kids would walk 4 -5 hours a day to get to school.
La junta de acción comunal (community leadership, elected by the community that oversees
communities needs and mediate between government entities), forbids people who own forest from
hunting. Participants do a clean-up with kids every other day to teach the importance of landscape and
sense of belonging. FNC gives security to farmers through guarantees of coffee purchases. Topics
differed by age of participants: older were more interested in discussing history of conflict and coffee
while the younger were more interested in biodiversity, clean water and air.

Table A2.4 The community of San Pedro (n=10) presented here.
Subcategories

San Pedro

Biodiversity & Wildlife

Biodiversity: plants, animals, and weather. Wildlife: mammals (deer, jaguar, oncilla); birds (black-chested
jay, turkey hen, toucans eat coffee); reptiles (they kill venomous snakes but not others like boas),
amphibians (listen to frogs & toads).
Coffee, plants, and animal ranges have shifted to higher elevations. Warmer temperatures and water.
Farmers have had to change crops to cultivate avocado & mango; 90% of seeds are roya (coffee rust)
resistant.
Conservation of the land and improve productivity of coffee landscapes.
Most farmers have organic certifications/associations. Different associations have different rules. Can
take up to three years of preparation to become organic. There are internal and external inspections.
Red Ecolsierra does two visits/year, one in March and one in August, and also exports coffee. Organic
associations receive better prices for the coffee, and a social bonus (prima social) to do improvements
on their farms. Government gives coffee farmers credits in the bank but in general they don't provide
support for cafeteros. Seem satisfied with prices of coffee for organics.
Previous projects on the landscape never returned results, farmers wanted recognition and knowledge of
programs. Want other crops and express interest in ecotourism. Want to sell coffee directly to consumer
avoiding filters of organizations or associations.
Improve cellular network and roads. Better coffee technology, including filters for wastewater and
transportation so that they don't harm the environment.
Decisions farmers make are ultimately about coffee prices. Coffee farmers don’t know what to do about
jaguars – they want to conserve them but they are a nuisance that eat animals such as mules, dogs, and
goats. Very interested in coffee filters for waste water and certifications. They would like to sell their
coffee already processed and remove the middle man.

Climate Change
Value of Land
Coffee Certifications

Socio-economic limitations
Infrastructure
Moderator observations from
focal groups discussions

Table A2.5 The community of Vista Nieve (n=8) presented here.
Subcategories
Biodiversity & Wildlife

Climate Change
Value of Land
Coffee Certifications

Socio-economic limitations

Infrastructure
Moderator observations from
focal groups discussions

Vista Nieve
Biodiversity is several species of animals and diversity of crops. All animals are found here: mammals
(monkeys, foxes, puma, jaguar), birds (parrot, Santa Marta Parakeet), snakes (endemics 2-3 spp),
amphibians (streams are where frogs are, find them more at night; different varieties - glass frogs and a
red frog). CorpaMag (the environmental authority) brought invasive species.
Changes in temperature (increase) and precipitation levels, new climate conditions favor damaging
beetle borer (broca). Changes in species interactions (specifically with two birds, chupahuevo and bicolored wren). Coffee cannot produce as well as previously.
Water, conservation, rivers and streams. Reforestation and desire for no contamination (trash has not
been removed in one year).
Certificates: rain forest alliance (bird-friendly). Trainings through certification organizations which teach
farmers to take care of the soil and streams and management of sewage water. 4 organic farms in focus
group. Organics - no chemicals, burning, or fumigating (use machetes to clear understory). Government:
supports them but they can’t do anything to get higher prices. The committee of cafeteros supports them
a lot (specifically, caficosta). Organics: want to take care of the environment and also have income
bonus for higher coffee prices; non-organics can produce more coffee/year. Negative to non-organic is
the soil becomes infertile rapidly. Coffee prices are low.
Government doesn’t support farmers with higher prices, but FNC and caficosta (cooperative) is
supportive. Worry about coffee prices and kids interest in coffee (moto taxis vs coffee growing). Very
mad with CorpaMag who has not cleared trash in > 1 year. Local-level corruption (bribes with
community leaders). They want to increase entities with more sense of belonging, support for children's
education. Want help to reforest including incentives.
Better cellular network and schools.
Many complaints about the local environmental authority (CorpaMag). Don't want to be taken advantage
of; interested in differences between organics and non-organics.

