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ABSTRACT
Farmers, Forests and Cattle:
Restoring hope in Colombia’s degraded landscapes

To meet its ambitious commitments to forest landscape restoration, Latin America
must transition away from the widespread extensive cattle grazing systems that are
currently a leading cause of environmental degradation. In recent years, silvopastoral
systems (SPS) have been proposed as a win-win conservation-friendly alternative,
and numerous short-term and site-based studies support their multiple benefits.
However, a rigorous evaluation of their conservation value on a wider temporal and
spatial scale is lacking. Here I explore the potential of SPS as a tool for restoring
grazing landscapes by examining the ecological and social impacts of previous and
ongoing projects. Using Colombia as an example, I first explain how scaling-up SPS
can simultaneously address the double challenge of improving cattle productivity
while reducing its environmental footprint. Second, I quantify the landscape-scale
impacts on tree cover of a project that incentivized adoption using short-term
payments for ecosystem services (PES). In the 13-year period since the project
started, tree cover increased significantly more on silvopastoral farms compared to
the surrounding landscape, demonstrating the potential for achieving permanent
improvements in tree cover through short-term payments. Third, I compare forest
structure and composition on sites retired from cattle production over a decade ago to
reference riparian forests in the region. Overall, restored sites have recovered into
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diverse forests but their structure and species composition differ from the existing
forests. This work illustrates how lands released from grazing can contribute to
support species conservation in this region, especially when the remaining forests
have been shaped by decades of human management. Finally, I examine the extent,
motivations, and barriers that determine silvopastoral farmers’ current and intended
commitment to conservation-friendly practices. My research highlights the role of
stewardship and identity values, as well as climate change as drivers of adoption, and
suggests that providing in-kind support and small cash incentives may suffice to
remove the existing barriers. Overall, my work shows that SPS can be a useful
addition to the restoration toolkit, and that silvopastoral farmers can be active partners
in scaling-up forest landscape restoration across pasture-dominated regions.
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CHAPTER 1
Using silvopastoral systems to scale-up forest landscape restoration in Colombia

Abstract
In agricultural landscapes, forest landscape restoration must meet a double
challenge: recover and secure the flow of critical ecosystem services and support the
productive use of the land. Sustainable agricultural practices that protect the natural
capital and provide income for local communities are therefore particularly valuable
for restoration. This chapter illustrates the potential synergies between forest
landscape restoration and the use of silvopastoral systems (SPS) to intensify cattle
production. Using Colombia as an example, I provide an overview of the challenges
facing the country’s restoration and cattle sectors, and highlight the opportunities to
advance restoration and sustainable production in degraded grazing landscapes. I
draw on existing projects to illustrate how building on previous experience to scaleup SPS could contribute to strengthen rural livelihoods and recover critical ecosystem
services. Finally, I reflect on other implications of mainstreaming SPS into the
country’s restoration agenda moving forward.

Introduction
In 2005, when the Millennium Ecosystem Assessment identified
anthropogenic activities as the driving force behind a global 60% decline in
ecosystem services, two things became evident. First, the widespread input-based
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agricultural model is unsustainable, more so in the face of a changing climate, and
intensification alternatives are needed that maximize food production while
minimizing its environmental and social footprints (Foley et al. 2011, Garnett et al.
2013). And second, efforts to restore landscapes that provide the services on which
we depend are necessary at a global scale. These two priorities, agricultural
intensification and landscape restoration, are inevitably intertwined and therefore
must be addressed jointly.
One fourth of earth’s ecosystems have been transformed and are now
degraded, their capacity to provide goods and vital services hindered (FAO 2011).
The impacts, although widespread, disproportionally affect people in the global south
whose livelihoods directly depend on forests and agricultural lands. Given that annual
damages related to degradation have been estimated at US$6.3 trillion globally (Ding
et al. 2017), governments are increasingly recognizing restoration as a smart
investment and have committed to restore over 160 million hectares (Ding et al.
2017).
Worldwide, there are 1500+ million hectares of landscapes in which smallscale agriculture and human settlements are interspersed among natural ecosystems
(WRI 2014). These mosaic landscapes offer the best opportunities for forest
landscape restoration (FLR), which aims to find the right balance between restoring
ecosystem services related to water, carbon, biodiversity and others, and enabling
agriculture and other productive land uses that support human livelihoods (IUCN and
WRI 2014). Under the FLR approach, agricultural systems that contribute to
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rehabilitate lands degraded by unsustainable practices and thereby protect the natural
capital while providing income for local communities, are especially valuable
(DeClerck et al. 2010, Chazdon et al. 2017).
Livestock is an important source of food, fuel, income, and employment for
1.3 billion people worldwide (Herrero et al. 2009). However, livestock production
also has disproportionate environmental impacts ––using 45% of the global surface
and contributing 18% of anthropogenic greenhouse gasses (Herrero et al. 2009,
Gerber et al. 2013) –– which will intensify as demand for livestock products
continues to grow (Godfray and Garnett 2014). For a sector whose ecological
footprint already exceeds its productive and socio-economic benefits, sustainable
intensification is a priority (Herrero et al. 2009, Havlík et al. 2014, Strassburg et al.
2014). The challenge is double: improve food security by producing more food at
reasonable costs, and reduce the environmental impacts by using less land and fewer
resources (Gerber et al. 2013). Improving extensive cattle production in the
developing world is especially promising given its large scale, high emissions
intensity, and suboptimal productivity (Herrero et al. 2010, Gerber et al. 2013).

Colombia’s restoration challenge
Over a third of Colombia’s territory has already been transformed (Etter et al.
2008): 25% of the land is degraded (MADS 2012a) and 40% of the soils show signs
of erosion (IDEAM and UDCA 2015). Habitat transformation and resource
overexploitation have resulted in the loss of biodiversity and critical ecosystem
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services. Despite modest recent gains in forest cover (Sánchez-Cuervo et al. 2012),
deforestation rates spiked by 44% in 2016 relative to 2015 (IDEAM 2017) and will
continue to do so following recent peace agreements (Clerici et al. 2018). With
deforestation, mining, inadequate agricultural use, and other degradation drivers on
the rise (IDEAM and UDCA 2015) restoration is more relevant than ever.
Since launching its first restoration plan in 1988 (MMA 1998), Colombia has
increasingly committed to restoration. The government issued the current National
Restoration Plan (MADS 2012b) in 2012 followed by a Manual for Biodiversity
Offsets through ecological restoration(MADS 2012a), and the most recent National
Development Plans both included explicit restoration goals, the latest aiming to
restore 210,000 hectares by 2018 (DNP 2014). Colombia has also pledged to restore
one million hectares under international initiatives such as the Bonn Challenge and
the 20×20 Initiative.
Despite this commitment, the lack of an official national registry of restoration
projects makes it difficult to measure progress towards these targets. A recent survey
of 119 projects shows that current restoration efforts typically are government-funded
and implemented on public lands; have marginal participation of local communities;
are small-scale (i.e., less than 100 hectares) with a focus on ecological goals; conduct
only short-term monitoring and rarely use socioeconomic indicators; and mostly
bypass privately owned agricultural lands (Murcia and Guariguata 2014). By contrast,
the country’s official map of areas to restore identifies populated agricultural
landscapes as a priority (MADS 2016), highlighting the mismatch between current
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project and actual restoration needs. The National Restoration Plan acknowledges that
agricultural landscapes require a differentiated restoration approach, one that
emphasizes the recovery of ecosystem services and productivity over ecological
integrity, and that explicitly considers the social dimension (MADS 2012b). Thus,
existing government-led, ecologically-focused restoration projects must be
complemented with initiatives tailored to take into account the expectations and needs
of the local stakeholders (van Oosten 2013).

Colombia’s sustainable intensification challenge
There are currently >600 million hectares of pastures in Latin America and the
Caribbean, much of it used for cattle grazing (FAO 2009). Yet pasture expansion
continues to drive ecosystem transformation, affecting native forests, natural
savannas and grasslands in one of the world’s most biodiverse regions (McAlpine et
al. 2009). Grazing pressure, intentional burning, and the introduction of exotic grasses
have altered the structure and composition of these systems, resulting in soil and
water degradation, desertification, and the depletion of key ecosystem services
(Steinfeld et al. 2006, Herrero et al. 2009, McAlpine et al. 2009).
In Colombia, pasture expansion has occurred across all ecosystems from the
high Andean to the lowland dry forests (Etter et al. 2008). Although only 15% of the
land is suitable for grazing, cattle pastures occupy 33% of the territory (IGAC 2012,
IDEAM 2013); this is an inefficient use of the land considering the low average
productivity (0.6 heads ha-1) (Fedegan 2006). Cattle also contribute 9% of the
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country’s greenhouse gas emissions directly, and an additional 12% in forest clearing
for pastures (Pulido et al. 2016).
On the other hand, the cattle sector is central to the national economy
contributing 21.8% of the agricultural GDP or 1.4% of the national GDP, and directly
employing 810,000 people, 6% of country’s work force (Fedegan 2017). Of the
estimated 500,000 families that derive their livelihoods from cattle, 82% are small
farmers owning <50 head and only 3% are large landowners with >250 animals
(Fedegan 2017). In regions too degraded or too remote for other uses, cattle ranching
is often the only productive alternative. In addition, cattle are central to many aspects
of the country’s culture.
Cattle production is therefore a complex issue and solutions to address it must
deliver on all three axes of sustainability —economic viability, environmental
responsibility and social equity (Herrero et al. 2010, Murgueitio et al. 2011).

Silvopastoral systems (SPS)
One agroecological approach to intensify cattle production is the use of SPS,
an umbrella term that includes diverse agroforestry arrangements designed to improve
animal nutrition and provide additional goods and services (Dagang and Nair 2003).
In these systems, grasses, shrubs and trees are intentionally combined to maximize
photosynthesis and biomass production above ground, and structural and functional
complementarity below ground (Montagnini et al. 2015). Perennial vegetation is used
to support biological processes such as nitrogen fixation and nutrient cycling that
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reduce dependence on external inputs or burning (Murgueitio et al. 2011, Montagnini
et al. 2015), while short grazing periods and long fallows allow for the physical and
biological recovery of soils (Young 1997). Well managed SPS support higher
productivity, reducing the area needed for production and facilitating the release of
marginal lands for other uses (Murgueitio et al. 2011, Latawiec et al. 2015). These
systems also sequester more carbon (Amézquita et al. 2010) and provide improved
diets that reduce methane emissions (Peters et al. 2012).
SPS rely on the application of agroecological principles rather than
technology, which makes them adaptable to diverse farm conditions and especially
suitable for developing world smallholders who need affordable, low-input
alternatives (Herrero et al. 2010, Pagiola et al. 2010, Harvey et al. 2014). Through
SPS, farmers are able to reconcile a rich cultural heritage of cattle production with the
protection of their natural capital (Garen et al. 2009, Lazos-Chavero et al. 2016), and
produce goods that meet society’s growing demand for cleaner, healthier and
ethically sourced foods (Broom et al. 2013, Godfray and Garnett 2014).

SPS enable landscape restoration at multiple scales
The transition from extensive grazing systems to SPS has effects at different
scales, from the farm to the region, each serving different goals that contribute to
FLR. At the farm scale, the goal is to improve productivity on the best lands in order
to provide direct short and long-term benefits to the farmer. Addressing the
landowners’ priority first helps build trust and set the foundation for further
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engagement in restoration. At the local scale, the goal is to rehabilitate degraded lands
in order to protect or recover particular ecosystem services. SPS increase perennial
vegetation which over time enhances ecological functions that underpin services such
as connectivity, erosion control, soil fertility, water provision, biological interactions
or carbon sequestration (Montagnini et al. 2015). In certain cases, complex
agroforestry systems can also serve as a productive transitional stage leading to longterm forest recovery (Souza et al. 2016).
At the landscape scale, one goal is to facilitate the removal of certain critical
areas from production. Famers are generally more willing to spare steep slopes and
riparian buffers as they can be less productive or difficult to farm. These areas are
often favorable for forest regrowth, especially where there is some landscape
connectivity (Chazdon and Guariguata 2016), and can be less susceptible to reclearing (Reid et al. 2018). A second goal is to enhance the agricultural matrix by
adding vegetation and connecting live fences, riparian buffers, forest remnants and
regrowth areas (Murgueitio et al. 2011), which in turn complement existing
conservation areas and increase climate change resiliency (McAlpine et al. 2009).
With adequate planning, an aggregation of sustainable land uses across a region can
improve ecosystem services, facilitate species persistence, reduce pressure on
remaining ecosystems, and/or support livelihoods (Calle et al. 2013).
At the regional scale, the goal is to optimize land use. This is especially
relevant in Latin America given the scale of extensive low-productivity grazing
systems. By one estimate, Brazil could increase cattle productivity by 30-70%
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through sustainable intensification, thus releasing enough land to support the
country’s agricultural needs, and still have up to 36 million hectares for ecological
restoration (Strassburg et al. 2014, Latawiec et al. 2015). Colombia’s Strategic Plan
for the Livestock Sector 2019 envisions reducing the total grazing area by 20 million
hectares and doubling the herd from 24 to 48 million head, while freeing 10 million
hectares for agriculture and restoration. The plan highlights the use of SPS to achieve
this target, which seems feasible if estimates that 1.2 hectares of SPS can match the
meat output of 14.8 hectares of extensive pastures are correct (Murgueitio et al.
2012).

SPS Projects in Colombia
The need for changes in global livestock production has led to renewed
interest in SPS, which are by no means new. Latin America, and Colombia in
particular, has made important advances through research collaborations, knowledgesharing networks, and the implementation of several small-scale projects. However,
broader SPS adoption is still hindered by two main barriers: capital and knowledge.
When access to capital is limited, even modest establishment costs and time lags
before investment recovery put SPS beyond reach for many farmers. Similarly,
implementing management-intensive systems can be too risky in the absence of
adequate information or technical assistance (Calle et al. 2009, Pagiola et al. 2010).
Here I describe the two largest SPS projects implemented so far in Colombia and the
lessons they have rendered for scaling-up SPS.
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Regional Integrated Silvopastoral Ecosystem Management Project (RISEM)
The RISEM project was implemented from 2002 to 2007 in three regions of
Colombia, Costa Rica and Nicaragua, with funding from the Global Environmental
Facility (GEF) and the World Bank. In Colombia, the Center for Research on
Sustainable Agricultural Production Systems (CIPAV) implemented the project on
104 farms comprising 2947 hectares in the La Vieja river watershed (World Bank
2008). The project introduced participants to different SPS (i.e., fodder banks, live
fences, trees on pastures, intensive SPS) and improved management practices, and
assisted their implementation and adaptation; it also encouraged farmers to release
marginal lands for riparian buffers and forest regrowth. Farmers were compensated
for the existing vegetation cover on their farms, and thereafter paid annually for land
use changes that favored biodiversity and carbon sequestration based on monitoring.
Nevertheless, adoption required a cultural change as payments covered less than 20%
of the costs incurred for implementation (Pagiola et al. 2010).
By the end of the project, 70% of tree-less pastures had been converted to
fodder banks, pastures with high tree-density and other SPS; 354 km of live fences
and 23 hectares of new riparian corridors had been established, and 210 hectares of
forests were being conserved (Pagiola and Rios 2013). In protected streams,
biological indicators of water quality improved as suspended solids and coliform
counts declined (Chará et al. 2007). Bird abundance and diversity in high tree-density
SPS increased relative to all other land uses including remnant forests (Fajardo et al.
2009), and diversity of ants and dung beetles in SPS was second only to that of
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forests (Giraldo et al. 2011b, Rivera et al. 2013). Perennial vegetation and better
management practices resulted in higher carbon storage and reduced soil erosion, and
improved animal diets led to decreased methane emissions (World Bank 2008).
Meanwhile stocking rates increased by 40%, milk production became more stable,
and agrochemical use dropped by 43% (World Bank 2008). Overall, RISEM
demonstrated that SPS effectively contribute to increase farm productivity, enhance
the agricultural matrix, deliver ecosystem services and conserve remaining forests.

Mainstreaming Sustainable Cattle Ranching Project (MSCR)
Building on lessons from RISEM and other smaller initiatives, MSCR is a
first attempt to scale-up SPS nationwide (Figure 1.1). The project was designed with
dual goals: to sustainably increase cattle productivity, and to protect forests, enhance
the agricultural matrix and facilitate landscape connectivity. MSCR helps farmers redesign their farms as units where production and environmental protection work
synergistically for their benefit. Implementation started in 2012 across five cattle
ranching regions located in the vicinity of protected areas (World Bank 2009). MSCR
currently works with over 2900 farmers, mostly small and medium holders, to
promote SPS adoption; it uses technical assistance and PES to overcome knowledge
and capital barriers. GEF, the UK Department for Business, Energy and Industrial
Strategy, and the Colombian Government provide the funding, and CIPAV, the
National Cattle Association, The Nature Conservancy and Fondo Acción are tasked
with implementation (Fedegan 2015a).
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Figure 1.1. The MSCR reaches 2900+ cattle ranchers and spans 87 municipalities in
12 states across five ecologically diverse regions of Colombia. A network of 50
silvopastoral demonstration farms (red dots) has been established to facilitate the
diffusion and adoption of SPS nationwide.
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To date, 53,337 hectares formerly under extensive production have been
transformed into sustainable production systems, including 21,211 hectares of live
fences and pastures with trees, and 26,511 hectares of other SPS. Additionally,
15,000 hectares of mature and recovering forests are being protected on project farms.
More than 425 people have been trained to provide SPS technical assistance; over
9000 farmers, practitioners and policy makers have been sensitized to better
alternatives for cattle production; and a network of 50 demonstration farms has been
established nationwide to facilitate dissemination and adoption (J.C. Gómez, personal
communication, Dec 22, 2017). MSCR’s monitoring and research keep detailed
records of changes in production, land use, and biodiversity indicators. And perhaps
most importantly, by convening regional open fora and broadly disseminating its
results, the project has brought sustainable cattle ranching under the national
spotlight.

Mainstreaming SPS into national restoration efforts: the way forward
Agriculture has transformed Colombia’s rich natural ecosystems though an
ongoing process the last stage of which, almost inevitably, is pasture. SPS have
proven their potential to reconcile social and environmental goals in the livestock
sector. Mainstreaming SPS into the national restoration toolkit could be an important
step forward, one that could allow the country to meet and even exceed its national
and international restoration, climate mitigation and adaptation, and sustainable
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development targets. The accumulated experience in SPS research and
implementation provide the foundations on which to build this process.
Mainstreaming SPS into national restoration efforts entails, first and foremost,
a cultural change. For too long Colombia’s livestock and conservation establishments
have been at odds, hindering any collaboration. But this is changing as the cattle
sector seeks more sustainable growth alternatives, and restoration practitioners realize
the need to work with private agricultural landholders. The MSCR project raised the
visibility of SPS among a traditional-minded livestock sector and put them on the
government’s radar. The country’s National Development Plan (DNP 2014), the
Low-Carbon Development Strategy (MADS 2012b), the Intended Nationally
Determined Contribution (Gobierno de Colombia 2015), and the Biodiversity Offset
Program (MADS 2012a) all explicitly consider SPS as a potential tool for sustainable
development, mitigation and adaptation, and environmental compensation. But the
legal and financial instruments to support the actual expansion of SPS are still
missing.
Whereas many governments now recognize the multiple benefits of investing
in restoration, financing for restoration activities remains inadequate (Ding et al.
2017). Incorporating SPS as a complementary FLR strategy can contribute to
overcome some of these challenges. For example, SPS can facilitate collaborations
between government agencies that often pursue seemingly diverging goals, such as
ministries of agriculture and environment (Ding et al. 2017). SPS can also make
restoration projects more attractive to funders with varying interests ranging from
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climate change adaptation and biodiversity conservation, to poverty alleviation or
even post-conflict recovery. Those resources, leveraged and pooled through the
government, could then be allocated to fund specific components of a long-term FLR
strategy. SPS can also attract private investors who specifically favor large-scale
projects with quick returns on investment and diversified revenue sources (Ding et al.
2017). In addition, opportunities to engage the private sector are emerging as markets
for ethical, organic or zero-deforestation animal products develop.
Livestock already contribute one fifth of Colombia’s agricultural GDP but
there is room for significant growth (Fedegan 2015b). Scaling-up SPS could support
rural job creation in the sustainable cattle sector, a particularly important contribution
to Colombia’s post-conflict recovery, and increase demand for restoration-based labor
and technical expertise. Making this production-restoration approach economically
viable will be a challenge, but there are lessons to be learned from other countries
(Brancalion et al. 2012) and promising models are emerging in Colombia. For
example, the Zero-Deforestation Pact in Caquetá is helping farmers in one of the
country’s deforestation hotspots (IDEAM 2017) to implement individual zoning plans
that designate separate areas for sustainable production and for conservation. In
return, farmers gain access to green supply chains that guarantee product purchase
and fair prices shielded from market fluctuations (R. Torrijos, personal
communication, Aug 29, 2017), providing a tangible economic advantage to those
engaging in restoration.
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Integrating SPS can also help address the long-term monitoring and evaluation
deficiencies, which so often plague restoration projects across Colombia (Murcia and
Guariguata 2014). SPS projects often measure impact by periodically monitoring
changes in productivity and land use, and this monitoring component could be easily
expanded for the collection of other data. For example, the MSCR has conducted
ecological assessments of forest remnants and other uses of the land across the
project’s different regions. Such data will be available as reference to evaluate
restoration outcomes in future projects; in fact, baseline data from previous SPS
projects have already been used to assess the decade-long impact of restoration
processes on working landscapes. Finally, replicated experiments testing a variety of
restoration techniques and their applicability could also be set up during SPS
implementation, reducing costs for both farmers and researchers (Holl 2017).
In conclusion, Colombia’s vast extensions of degraded pasturelands pose both
a huge social, economic and environmental challenge, and an unprecedented
opportunity for much-needed restoration. SPS are an agroecological intensification
alternative, one that can simultaneously improve cattle productivity and reduce its
environmental footprint. Previous projects demonstrate that SPS implementation can
lead to rapid land use changes that complement traditional ecological restoration
approaches. Thus, mainstreaming SPS into the restoration toolkit will contribute to
scale-up the country’s FLR outcomes, generating economic and social co-benefits.
Building on the existing legacy of installed technical capacity, demonstration farms,
research, and lessons learned will facilitate this process.
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CHAPTER 2
Short-term payments for ecosystem services lead to long-term increases
in tree cover in tropical pastures

Abstract
Payments for ecosystem services (PES) have been heralded as an effective strategy to
increase tree cover in agricultural landscapes, but their efficacy beyond the first few
years has rarely been evaluated. I compared land covers before and 13 years after a
short-term PES project that promoted the adoption of silvopastoral systems (SPS) in a
cattle ranching landscape in Colombia. I used satellite images to quantify before/after
on-farm changes and farm-to-landscape differences in land cover change. On average,
treeless pasture area decreased 7% more and tree cover increased 8% more on
silvopastoral farms relative to the surrounding landscape. Short-term payments
facilitated the adoption of SPS leading to a significantly greater increase in tree cover
still visible on the farms a decade later. My results highlight the potential of shortterm PES to facilitate long-term adoption of SPS that support restoration outcomes in
pasture-dominated landscapes.

Introduction
The need to regain agricultural productivity, mitigate climate change, and
secure the provision of goods and ecosystem services has led many countries to make
substantial commitments to global, regional and national forest landscape restoration
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(FLR) initiatives. This approach combines different interventions —riparian buffer
and remnant habitat protection, passive and assisted forest regeneration, and
sustainable agricultural and forestry management—aimed at creating multifunctional
landscapes that support rural livelihoods, ensure water supply, conserve biodiversity,
and increase carbon stocks. But finding effective strategies that can permanently
transform land management practices at a relevant scale remains a challenge (IUCN
and WRI 2014).
Across tropical Latin America, >70% of agricultural lands are used for pasture
and by some estimates >60% of this land has been degraded by unsustainable
practices that undermine productivity (Montagnini 2008). Silvopastoral systems
(SPS), which combine pastures with different tree arrangements and certain animal
management practices, can help restore pasture productivity while reducing the
environmental impacts of extensive grazing. SPS have much to contribute to
restoration as part of an integrated strategy that includes crop diversification, forest
protection, and the release of marginal lands for conservation. Nevertheless, their
widespread adoption is limited by access to technical knowledge and financial capital
(Ding et al. 2017).
Payments for ecosystem services (PES) are a common mechanism used to
ensure the steady supply of services provided by nature. PES are predicated on the
idea that paying landowners to adopt and maintain specific land uses is a costeffective way to ensure the flow of services (Engel et al. 2008). PES schemes have
largely focused on forest conservation for water supply, biodiversity protection, and
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carbon sequestration, but are increasingly targeting sustainable agricultural systems
that provide additional livelihood co-benefits. PES projects are as diverse as their
degree of success, and while questions about their effectiveness and economic
efficiency remain unanswered, they continue to be widely popular in Latin America
and elsewhere (Wunder et al. 2008).
Two aspects of PES are especially relevant to their efficiency: additionality
and permanence. Additionality is achieving results above and beyond what would
happen in the absence of PES, whereas permanence is whether payment-induced
changes persist in the long-term (Wunder et al. 2008). Evidence suggests that longterm payments do not always yield additional benefits (e.g., payments go to protect
forests not at risk) or can have negative impacts (e.g., undesirable activities simply
move elsewhere). On the other hand, ongoing payments are generally required to
achieve permanence, with one possible exception: when short-term payments are
sufficient to overcome the initial costs of transitioning to more ecologically beneficial
and economically viable practices (Engel et al. 2008, Pagiola et al. 2016).
Despite the large number of PES projects, quantitative assessments of their
effectiveness are rare. Additionality claims are frequently based on anecdotal
evidence and descriptive indicators, or simple before/after comparisons (Pattanayak et
al. 2010). However, direct comparisons to a non-PES control and to the surrounding
landscape are necessary to establish additionality and to elucidate the interactions
between PES the broader trends in land cover change (Ferraro and Pattanayak 2006).
Unfortunately, the data needed for such analyses —baseline, change, and post-
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intervention impacts inside and outside of the target area— are often beyond the
scope of short-term PES programs. Moreover, whereas projects often monitor
permanence as a basis for payments during implementation, empirical studies of
permanence beyond the payment period are lacking (Pagiola et al. 2016).
Several PES projects have been implemented in Latin America in recent years
to harness the restoration benefits of SPS. The Regional Integrated Silvopastoral
Ecosystem Management Project (RISEMP) was a 5-year effort to promote SPS
adoption in a Colombian cattle ranching landscape by providing technical assistance
and short-term PES to 75 farmers (2947 ha) from 2002 to 2007. Individual farmers
received an initial baseline sum and thereafter were paid annually for land use
changes expected to favor biodiversity conservation and carbon sequestration.
Payments were capped at $6,600 USD total. During the 5-year period, farmers
replaced 70% of the treeless pastures with different SPS; established 354 km of live
fences and 23 ha of riparian corridors; and protected existing forests. Stocking rates
increased by 40%, milk production stabilized, and use of agrochemicals dropped. The
additional tree cover reduced soil erosion, augmented carbon sequestration (World
Bank 2008), and increased the abundance and diversity of birds, ants, and dung
beetles (Sáenz et al. 2006, Giraldo et al. 2011a, Rivera et al. 2013). Stream fauna
recovered as turbidity, biological oxygen demand, and coliform counts declined
(Chará et al. 2007).
Here, I evaluate the effectiveness of the RISEMP in generating additional and
permanent changes on SPS farms over a 13-year period. Specifically, I: (1) test for
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before/after changes on SPS farms; and (2) compare differences in change between
SPS farms and the surrounding landscape.

Methods
Study area
This study was conducted on the western slope of Colombia’s central
cordillera, in La Vieja river watershed, spanning the states of Quindío and Valle del
Cauca (Figure 2.1). The RISEMP project covers approximately 500 km2 ranging from
950–1800 m.a.s.l.; average temperature is 21°C and annual precipitation is 1750 mm.
The region is densely populated and >80% of the original lower-montane and premontane moist forest cover has been transformed. Decades of intensive agricultural
management have resulted in soil degradation, reduced water quality, and species
loss. Today the main productive activities are cash crops (e.g., coffee, plantain) and
cattle ranching.

Data processing
I used high-resolution satellite images (2003 QuickBird and 2016 Google Earth
Pro@, WGS 84/ UTM zone 18N projection) to represent the period from the
beginning of RISEMP implementation up to present. I limited the analysis to three
smaller sections (hereafter ‘windows’) within the RISEMP area as required to detect
fine-grain land cover changes (e.g., scattered trees). Criteria for window selection
were (1) ≥5 SPS farms inside the window; (2) SPS farms comprise ≥30% of the total
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area; (3) ≤5% cloud cover for both years; and (4) ≥1 km between windows. Three
windows met the criteria: one with 800 ha and nine farms, another with 800 ha and
six farms, and one with 1600 ha and five farms. These 20 farms vary in topography
and size (3.4–396 ha, median = 41 ha), and cover 1196 ha (19%) of the RISEMP’s
total area. The remaining 2005 ha of surrounding landscape are private nonparticipant farms.

Figure 2.1. Location of the RISEM project site in the central Andes of Colombia,
showing the three landscape windows used in the study and an example of
before/after satellite images of one window.
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I created window maps for 2003 and 2016 by manually classifying land
covers across each landscape (Figure S2.1). I identified six land cover types of
interest: forest, early succession, scattered trees, live fences, treeless pastures, and
croplands (all types) (Table S2.1). Water, roads, infrastructure, and areas obscured by
cloud cover were excluded from the analysis. I validated the accuracy of image
interpretation using 2003 RISEMP baseline maps and extensive field surveys
conducted in 2016–2017.

Analysis of land cover change
I evaluated two levels of land cover change from 2003 to 2016: (1) on-farm
change, comparing before/after land covers on SPS farms; and (2) farm-to-landscape
change, comparing land cover change on SPS farms to change in the surrounding
landscape. I limited the farm-to-landscape comparisons to individual windows to
account for local factors such as soil type, topography, or distance to roads.
Surrounding landscapes were treated as single units because property boundaries for
non-participant farms were not available.
I used paired t-tests to analyze before/after on-farm differences. To test for
farm-to-landscape differences, I used one-sample t-tests to compare the means of the
difference in change to a reference value of μ = 0, which assumed no effect of the
RISEMP. I conducted the tests for individual land covers and then grouped by levels
of tree cover: combined tree cover (forests + scattered trees + live fences), pasture
tree cover (scattered trees + live fences), and low tree cover (treeless pastures +
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cropland). Tests were 1-tailed, based on the project’s goals of reducing treeless
pastures and increasing tree cover on farms relative to their baseline and to the
surrounding landscape.

Results
Over 13 years, land covers on SPS farms changed as intended: average
pasture tree cover (t19 = 2.49, p = 0.011) and combined tree cover (t19 = 3.70, p =
0.001) increased significantly as a result of significant growth of forests (t19 = 3.96, p
= 0.000) and live fences (t19 = 2.34, p = 0.015), and non-significant gains in scattered
trees (t19 = 3.70, p = 0.001). Low tree cover areas decreased significantly (t19 = –2.92,
p = 0.004) as treeless pastures were reduced (t19 = –3.87, p = 0.001) and croplands
increased slightly (t19 = 0.89, p = 0.386) (Table S2.2).
Whereas these on-farm changes mirrored those happening across the
landscape —forests, scattered trees, live fences and cropland increased, while treeless
pastures decreased— their magnitude and trajectory differed (Figure 2.2, Table S2.3).
The total area of treeless pastures and forests on SPS farms (60% and 25%
respectively) and the landscape (59% and 23%) was initially similar, but diverged
during the study period. The average SPS farm added more forest, scattered trees and
live fences, lost more treeless pastures and early succession, and gained less cropland
compared to the surrounding landscape (Table 2.1, Table S2.3). Although these
changes were not significant for individual land covers, SPS farms added
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significantly more pasture tree cover (6%) and combined tree cover (8%), and
showed a non-significant decline in low tree cover (–7%) (Table 2.1).

SPS farms
Landscape

Change in total area (%)

10
5
0
-5
-10
-15
-20

Forest

Early
Scattered
succession trees

Live
fences

Treeless Cropland
pastures

Figure 2.2. Percent change in total land cover area on participating farms and the
surrounding landscape from 2003 to 2016. Participating farms received payments for
ecosystem services (PES) for land use changes related to SPS adoption; payments
ended in 2008.
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Table 2.1. Difference in land cover change between SPS farms and the surrounding
landscape from 2003 to 2016.
SD

t

p

Forest

Mean
(%)
2.2

0.07

1.38

0.091

Early succession

–0.6

0.06

–0.46

0.674

Scattered trees

4.5

0.15

1.31

0.103

Live fences

1.3

0.05

1.23

0.117

Treeless pastures

–4.9

0.19

–1.17

Cropland

–2.1

0.19

–0.49

0.127
0.629

5.8

0.15

1.75

0.048*

8.0
–7.1

0.18
0.20

2.04
–1.56

0.028*
0.068

Land cover

Pasture tree cover
Combined tree cover
Low tree cover

Notes: For each land cover, I calculated the difference between change in individual farms (n
= 20) and change in the surrounding landscape (n = 3) in their respective window from 2003
to 2016. Using 1-sample t-tests, I compared the means to 0 assuming there would be no
difference in change if the RISEMP had no effect. P-values are 1-sided for all land covers
except cropland (2-sided), for which the project had no specific expectation. Total land cover
area and change over the entire study area in Table S2.3.

Discussion
Additionality and permanence
This 13-year-long study shows that cattle farms receiving short-term
payments not only changed as intended but did so significantly more than the
landscape around them. Furthermore, these changes were not short-lived; farm-tolandscape differences are still visible eight years after payments ceased, suggesting
that short-term PES can trigger lasting improvements on cattle farms.
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Few PES studies have directly assessed additionality through control group
comparisons, and their results are inconclusive. For example, whereas several studies
suggest that Costa Rica and Mexico’s PES programs have limited additional impacts
on forest protection (Sierra and Russman 2006, Alix-García et al. 2012), one regional
study found reduced deforestation rates in Costa Rican PES farms that received
$255–382 USD ha-1 yr-1 (Arriagada et al. 2012). By contrast, within a 5-year period
RISEMP farmers who were paid $30–80 USD ha-1 yr-1 made significantly more land
use improvements than control farmers (Pagiola and Rios 2013).
Beyond the farm-scale differences, PES programs must also be examined in
the context of the broader landscape trends. While woody vegetation cover in the
Colombian Andes increased in the past decade (Sánchez-Cuervo et al. 2012), my data
show that gains on SPS farms during that period were significantly higher than in the
surrounding landscape. This difference stems from both a legacy of actions triggered
by the RISEMP (Pagiola and Rios 2013) and changes in SPS farmers’ perceptions
about the value of tree cover (See Chapter 4). SPS farmers also appear to be slightly
less attracted to another regional trend, the expansion of unsustainable cash crops
(e.g., sun-grown coffee, pineapple). Likewise, Costa Rican farmers receiving PES
were less likely to re-clear their lands for agriculture (Sierra and Russman 2006),
possibly due to having invested time and resources increasing tree cover and
improving management practices (Swann 2016).
Whereas PES theory states that permanent outcomes depend on ongoing
payments, the RISEMP was based on the idea that if SPS could prove profitable
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within the 5-year timeframe, farmers would voluntarily keep them in place. A resurvey of all farms conducted three years after the project in 2011 (Pagiola et al.
2016) and my decade-long data confirm this assumption. Payments offset the high
initial investments that often limit SPS adoption, and farmers have mostly chosen not
to reverse the changes. This willingness to maintain improved practices even if
payments stop is not uncommon, and likely results when new practices provide longterm financial benefits; are easier to maintain; deliver other valuable services (e.g.,
water regulation); or are difficult to reverse (e.g., permits are required for clearing
new forests) (Swann 2016, Dayer et al. 2018).
My results provide a conservative estimate of the potential impact of SPS on
tree cover. I did not factor in the spillover of SPS practices onto neighboring farms
which likely happened in my study region (Pagiola and Rios 2013) and can reduce the
differences in farm-to-landscape tree cover. Furthermore, the opportunity cost of
releasing lands from production is especially high in this region due to soaring land
prices, small farm sizes, high soil fertility, and proximity to markets. Therefore, the
impact may be even higher in places with less competitive land uses where increasing
cattle productivity is the only economically viable alternative.

Implications for using PES to facilitate FLR
SPS can transform low-productivity pastures into heterogeneous landscapes
that support higher productivity, biodiversity conservation, and ecosystem service
delivery. Whereas short-term payments can facilitate the widespread adoption of SPS
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providing a useful tool for FLR in pasture-dominated landscapes, the decision to
adopt and maintain SPS ultimately depends on individual landowners. My results
confirm that given the tools and short-term financial support, some cattle farmers will
make, and more importantly maintain, changes in their management practices that
support FLR outcomes. Nonetheless, cattle farmers’ participation in FLR initiatives
remains marginal at best. SPS are not the panacea but they can provide an effective
avenue to increase cattle farmers’ engagement in restoration.
To date, countries have been more specific in setting the scale of their
restoration targets than in planning strategies to ensure the persistence of their
outcomes. Yet for the environmental benefits of restoration to accrue, ecosystems
need decades or even centuries to recover (Meli et al. 2017) which is often not the
case given the high risk of re-clearing for agriculture (Reid et al. 2018). In some
cases, the longevity of strategic remnant or restored ecosystems can be ensured via
strict enforcement or long-term PES schemes. However, in agricultural lands the
persistence of tree cover depends on farmers’ preferences and how they perceive the
value of trees. Therefore, allocating short-term funding to accelerate the adoption of
improved management practices that yield economic benefits could be a smart
restoration investment.
The RISEMP demonstrated that short-term payments can trigger significant land
use changes on SPS farms, and follow-up project are using this approach to generate
landscape-scale restoration impacts. The evidence provided here is reason for
optimism about the outcomes of Mainstreaming Sustainable Cattle Ranching, a

29

project currently working with >3500 farmers to reduce land degradation and increase
connectivity in five regions of Colombia. Moreover, SPS systems are being
developed and implemented in other countries (e.g., Argentina, Mexico, the USA,
Portugal) (Montagnini 2017, Torres-Manso et al. 2017). As practitioners grapple to
meet ambitious national and global restoration targets, and cattle farmers increasingly
seek more climate-resilient production systems (see Chapter 4), opportunities for
fruitful collaborations that meet farmer needs and FLR goals are emerging.
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CHAPTER 3
Riparian forests recovery one decade after cattle removal
in the Colombian Andes

Abstract
To meet their large-scale restoration targets, countries must find ways to
accommodate areas for conservation alongside agricultural production. In some
pasture-dominated regions of Latin America, intensive silvopastoral systems (SPS)
are being promoted to increase cattle productivity on certain lands while facilitating
the removal of cattle from marginal areas for forest restoration. However, the
contribution of these restored forests to the overall conservation value of the
landscape has not been assessed rigorously. I evaluated forest structure and
composition in 20 sites in a region of the Colombian Andes where a decade ago
farmers transitioned to SPS and fenced off riparian areas to facilitate forest recovery.
I compared these restored forests to forest remnants across the region (reference
forests) all of which had been subjected to human management. I found that woody
species richness was higher in restored than in reference forests, and the proportion of
large-seeded, later successional, animal-dispersed species were similar in both forest
types. Restored and reference forests have distinct tree communities, and this
difference is driven largely by Guadua angustifolia, a native giant bamboo that is
more abundant in the reference forests due to human management. Total tree basal
area was higher in restored forests due to a small number of very large trees already
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present in the pastures at the time of site protection. These findings highlight the
potential for recovery of diverse forests in riparian sites despite previous grazing use
and the role of remnant trees in facilitating natural succession. The results also raise
questions about the selection of a reference system where extensive human
management of the remaining forests has favored particular species. Overall, rapid
forest recovery with minimal intervention in previously farmed lands is good news
for conservation in a region that still harbors significant biodiversity despite high
levels of fragmentation.

Introduction
Countries must find ways to translate their ambitious international forest
restoration pledges into scalable actions if they are to meet their targets. The goal is to
create multifunctional landscapes able to sustain food production, provide ecosystem
service and conserve biodiversity. Some agricultural management practices can
increase the conservation value of working landscapes (Harvey et al. 2008, Perfecto
and Vandermeer 2010, Mendenhall et al. 2014). For example, the addition of live
fences, retention of trees in pastures, and use of agroforestry and silvopastoral
systems (SPS) can facilitate the persistence of plants, ants, birds and primates, among
others (Estrada et al. 2006, Giraldo et al. 2011a, Pulido-Santacruz and Renjifo 2011,
Vilchez et al. 2013, Prevedello et al. 2018, Santos et al. 2019). Payments for
environmental services and other incentive schemes are increasingly being used to
promote the adoption of such land management practices, although the long-term
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impacts of such programs have rarely been evaluated (Pattanayak et al. 2010,
Salzman et al. 2018).
In formerly forested landscapes, the persistence of certain species of
conservation interest depends on the protection of mature and secondary forests.
There is no question that biodiversity benefits are maximized where large areas of
intact forest remain (Chazdon et al. 2009, Lira et al. 2012, Gilroy et al. 2014a), but
the reality of many agricultural regions is one of highly fragmented landscapes with
only small forest patches, often heavily impacted by human activities and surrounded
by open areas. In this context, restoring secondary forests reconnects existing
fragments and facilitates species movement and persistence in the landscape
(Chazdon et al. 2009, Newmark et al. 2017). Riparian corridors have especially
significant conservation benefits relative to their small footprint. They contribute to
stream water quality by retaining sediments and filtering contaminants; provide
habitat, resources, and corridors for the movement of many species; and often harbor
species not found elsewhere in the landscape (Sabo et al. 2005, Gillies and St. Clair
2008, Lees and Peres 2008, Marczak et al. 2010, Dybala et al. 2019).
Although the conservation value of remnant riparian forests is well
recognized, few studies have evaluated how these forests recover over time on
abandoned agricultural lands and little attention has been given to the potential value
these recovering forests have for conservation. Suganuma and Durigan (2014) studied
a chronosequence (4-53 years) of 26 riparian corridors undergoing restoration in the
Brazilian Atlantic Forest and concluded that time is the key factor determining the
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extent of recovery. Forest structure is the first attribute to be regained, triggering
successional processes that eventually lead to the recovery of species richness over
several decades (Liebsch et al. 2008, Norden et al. 2009, Lebrija-Trejos et al. 2010,
Dent et al. 2013, Suganuma and Durigan 2015). Initial site conditions such as dense
grass cover or the presence of remnant trees, which are often the legacy of previous
agricultural uses, play an important role during these early stages and may explain the
highly variable rates of recovery across sites (Meli et al. 2015, Holl et al. 2018).
Recovery of floristic composition, on the other hand, is unpredictable (Liebsch et al.
2008, Arroyo-Rodríguez et al. 2013, Dent et al. 2013, Suganuma and Durigan 2015),
and particular functional groups such as large-seeded or shade-tolerant species may
be underrepresented or entirely missing (Liebsch et al. 2008, Arroyo-Rodríguez et al.
2013, Santo-Silva et al. 2013, Holl et al. 2017, Meli et al. 2017, Jones et al. 2018).
Additionally, in some human-managed landscapes choosing a reference system with
which to compare forest restoration progress is challenging due to the absence of
mature forests, the disturbance of existing ones, the loss or proliferation of forest
species for cultural reasons, and the lack of historical data.
Despite the benefits of integrating more forest cover in agricultural
landscapes, careful planning is needed to avoid the risk that large-scale restoration
may result in the displacement of agriculture into new lands (Latawiec et al. 2015).
To minimize potential land-use conflicts, restoration projects must work directly with
farmers to find a balance between production and conservation, for example by
helping them increase agricultural productivity on the best farming lands so they can

34

release marginal areas for restoration (McAlpine et al. 2009, Herrero et al. 2010,
Latawiec et al. 2015). Improvements in grazing systems, particularly the extensive
and low-productivity cattle pastures that characterize many Latin American
landscapes, present opportunities to reassign some lands to forest restoration in
regions of high priority for biodiversity conservation. According to some estimates,
Brazil and Colombia could meet both their agricultural production needs and their
ambitious restoration targets by implementing coordinated efforts to improve cattle
grazing lands and prioritize the restoration of ecologically sensitive areas (Strassburg
et al. 2014, 2016, Lerner et al. 2017, Etter and Zuluaga 2018). Whereas these studies
illustrate the potential to reconcile agriculture and restoration, little is known about
the fate of lands that are taken out of production and whether or not they are able
recover into forest fragments that contribute to regional conservation goals.
Once protected, formerly farmed riparian lands should ideally be able to
recover into forests that resemble those previously growing on site. In working
landscapes, however, where the remaining forests are often actively managed to favor
certain species or provide ecosystem services valued by humans, forest structure and
composition can be altered, making it difficult to identify an adequate reference
system for comparison. Nevertheless, defining some kind of ecosystem of reference
at the outset is still important to evaluate forest recovery, as long as its limitations are
acknowledged (Aronson et al. 1995).
In this study, I evaluated forest recovery in 20 riparian sites retired from cattle
production over a decade ago in the Colombian Andes. A spatial analysis of the study
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region (see Chapter 2) shows significant gains in total tree cover on these farms
following the implementation of silvopastoral practices. Here I compare forest
structure and composition in the restored sites to an earlier dataset of 88 secondary
riparian forest fragments in this region. I anticipated a wide variation in recovery
across sites due to heterogeneous land use histories, and I predicted that, relative to
the reference forests, restored sites would have higher stem density, lower basal area,
lower species richness, lower evenness, and a species assemblage dominated by
pioneer, small-seeded, wind-dispersed species.

Methods
Study site
This study was conducted in the La Vieja River watershed, which spans the
states of Quindío and Valle del Cauca on the western slope of Colombia’s central
cordillera (Figure 3.1). Study sites are located on gently to steep undulating terrain
ranging in altitude from 950 and 1400 m.a.s.l., within the Tropical Premontane Moist
and Dry Forest life zones (Espinal 1977). Mean annual temperature is 21°C and mean
precipitation is 1750 mm distributed bimodally. Most of the original forest cover was
eliminated in recent decades, and only sparse fragments of mostly riparian forest
remain. Today the area is a densely populated agricultural mosaic of cash crops (e.g.,
coffee, plantain, citrus) and primarily cattle pastures, which occupy 33% of the total
area (DANE 2014). Pastures usually consist of monocultures of exotic grasses with
<5% tree cover, managed with fertilizers and herbicides (Giraldo et al. 2011a).
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Nevertheless, the region is part of the tropical Andes biodiversity hotspot known for
its extraordinary biodiversity and endemism and high risk of species extinction
(Myers et al. 2000, Brooks et al. 2002).

Figure 3.1. Location of the 16 farms where 20 protected riparian forest sites were
sampled in the states of Quindío and Valle del Cauca, Colombia.

From 2003 to 2008, the Center for Research in Sustainable Agricultural
Production Systems (CIPAV) implemented a project to promote the adoption of
silvopastoral practices in 104 cattle farms across this region (World Bank 2008). The
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project paid farmers to implement management and land use changes that supported
biodiversity and/or carbon sequestration. The new systems aimed to increase
productivity in the best grazing areas. At the same time, farmers were encouraged to
remove cattle from the less productive steep slopes and from riparian areas critical for
conservation, and to fence them off to allow forest recovery or increase the area under
protection. Corridor protection was entirely voluntary, however, and farmers were not
obliged to keep protections in place during or after the project. Initial site conditions
varied by farm from 100% pasture cover, pasture with some herbaceous cover or
early successional vegetation, to pasture with scattered remnant trees or even a thin
canopy. Where a narrow corridor already existed, farmers agreed to move the fence to
expand the corridor. Farmers used different approaches to restore the newly protected
areas; sometimes they planted fast-growing species and controlled pasture growth
early on, but more often they relied on natural regeneration. Over the years, corridor
management varied by farm, from continuous and strict protection with wellmaintained fences, to occasional cattle entry (intentional or accidental) or timber
harvesting, mostly of bamboo.
Based on monitoring data from the silvopastoral project, Google Earth
images, and site visits, I identified sites where riparian buffers were initially protected
during the project (2003-2008) and remained protected in 2017. The final sample
consisted of 20 restored corridors located on 16 cattle farms; all corridors were ≥100
m long and were separated by ≥100 m.
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Sampling design
I sampled vegetation in the restored riparian forests in 2016-2017, 10-14 years
after the sites were protected from grazing. At each site I established one 100 × 10 m
(0.1 ha) plot running parallel to and immediately adjacent to the water, where I
measured the diameter of all trees ≥2.5 cm DBH (hereafter ‘restored’), and the height
of all tree seedlings ≤2.5 cm DBH and ≥10 cm tall (hereafter ‘understory’). I
excluded one species, Guadua angustifolia (giant bamboo), from the seedling counts
because it is usually actively planted by farmers rather than dispersed naturally and
propagates largely vegetatively. In two cases, the corridors became impassable so I
divided the plot and continued sampling further downstream. I recorded average
canopy cover every 10 m by taking densiometer measurements in four directions and
recorded ground cover every 4 m using the point-intercept method.
As a reference system for comparison, I used data from 88 riparian forest plots
sampled with the same methods, across the same range of elevations, and in the same
region, which was collected by another team in the mid-2000s (Calle and Méndez
2009). This sample included only trees ≥2.5 cm DBH (hereafter ‘reference’), but not
the seedlings <2.5 cm. This dataset was collected specifically to serve as a riparian
reference system for future studies and included plots located on private farms that
had a closed canopy and no signs of recent logging or grazing. Given the region’s
land use history and the absence of undisturbed forests, all reference sites likely were
previously disturbed and/or managed by humans (Calle and Méndez 2009).
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Data analysis
I used t-tests to compare structural attributes (i.e., tree density and basal area)
in reference and restored forests, with and without including the dominant species, G.
angustifolia. When needed, I used a natural-log transformation to meet the
assumption of normality.
To quantify species dominance in the overstory, I calculated the Importance
Value Index (IVI), an average of relative tree density, frequency and basal area. To
compare species richness between forest types, I created sample-based rarefaction
and extrapolation curves and plotted the 95% confidence intervals (iNEXT v. 2.0.18;
cran.r-project.org/packages/ iNEXT). Curves were based on 50 randomized bootstrap
replications, and extrapolation was based on the Chao estimator.
To visualize similarities in species composition between reference and
restored sites, I used non-metric multidimensional scaling (NMDS). I tested for
differences using analysis of similarity (ANOSIM), which compares within to
between group mean distances, and permutational analysis of variance
(PERMANOVA), which compares group centroids and dispersion (vegan v.2.3-2;
cran.r -project.org/packages/vegan). I also compared restored and understory samples
using this method but excluded G. angustifolia which was not sampled in the
understory. I used Bray-Curtis and Morisita-Horn (abundance-based) indices with
similar results, and I report the latter. Species for which only one individual was
recorded in the total sample were removed from this analysis.
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An expert botanist classified each species by seed size (<5 mm, 5-10 mm, >10
mm), dispersal mode (abiotic vs. vertebrate), successional stage (pioneer vs. late), and
threat status (not threatened vs. local, regional or IUCN threat). I used Chi-squared
tests to compare the proportions of species belonging to each of these groups in the
reference, restored overstory and understory plots. I also compared the proportion of
individuals of these groups in the overstory of reference and restored forests.

Results
Overview
I recorded an average of 1305 trees and 2600 seedlings ha-1 in the restored
plots, whereas the baseline study reported an average of 1928 ha-1 trees in the
reference plots. Restored and reference sites shared nine of the ten most dominant
species; Guadua angustifolia was the dominant canopy species of both types of
forests, but its IVI in the reference sites was more than twice (54%) that of restored
sites (25%). Other important tree species included Cupania americana, Cecropia
angustifolia, Cinnamomum triplinerve, Croton magdalenensis and other species
typical of early succession, as well as Inga edulis and Erythrina poepiggiana, which
are commonly planted for coffee shade (Table 3.1). Species evenness was low in both
forest types with a few very abundant species, and many represented by only one or a
few individuals (Figure S3.1).
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Table 3.1. Importance Value Index (IVI) expressed as percent for the top 20 tree
species in reference and restored forest. Species identified by a local expert as locally
threatened are marked with *; species exclusive to the specific forest type are marked
with **; species in bold are in the top 20 of only one forest type.

Reference forest
Guadua angustifolia
Cupania americana

IVI %

Restored forest

53.8
3.0

Guadua angustifolia
Cupania americana

IVI %
25.2
6.0

Erythrina poeppigiana
Anacardium excelsum*
Cecropia angustifolia
Inga edulis
Oreopanax cecropifolius*

2.4
2.1
2.0
1.7
1.5

Inga edulis
Cecropia angustifolia
Oreopanax cecropifolius*
Croton magdalenensis
Cinnamomum triplinerve

5.9
3.5
3.4
3.3
2.9

Sorocea trophoides
Croton magdalenensis

1.5
1.4

Anacardium excelsum*
Erythrina poeppigiana

2.8
2.7

Cinnamomum triplinerve
Tetrochidium rubrinervium*

1.3
1.3

Trichilia pallida*
Ocotea macropoda*

2.0
1.9

Guarea guidonea

1.3

Brosimum alicastrum

1.9

Trophis caucana

1.2

Ficus insipida

1.8

Ficus insipida
Aiphanes horrida*

1.2
1.1

Trichanthera gigantea
Albizia caribaea*

1.7
1.7

Brosimum alicastrum
Lacistema aggregatum

1.0
1.0

Zanthoxylum rhoifolium
Guarea guidonea

1.4
1.3

Inga marginata
Ocotea macropoda
Nectandra turbacensis*

0.9
0.9
0.8

Cordia alliodora
Nectandra lineata**
Machaerium capote*

1.3
1.3
1.3
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Forest structure
Stem density was significantly higher in reference than restored forests (1928
± 93 stems ha-1 vs. 1305 ± 271 stems ha-1; t23.6 = 2.17, p = 0.040, Figure 3.2a), whereas
basal area was similar in reference and restored sites (22.4 ± 1.3 m2 ha-1 vs. 19.9 ± 2.4
m2 ha-1; t27.2 = 0.86, p = 0.395, Figure 3.2c). However, when G. angustifolia was
removed from the analysis, restored forests had both higher stem density (698 ± 116
vs. 249 ± 30 stems ha-1; t21.5 = -3.74, p = 0.001, Figure 3.2b) and basal area (14.6 ± 2.4
vs. 8.0 ± 1.4 m2 ha-1; t88.9 = -5.28, p < 0.001) than reference forests (Figure 3.2d). The
difference in stem density was driven by the abundance of trees in the smaller
diameter classes (Figure 3.2a, 3.3a), while the difference in basal area was due to the
abundance of trees >40 cm DBH in restored plots (Figure 3.3b). Average canopy
cover in restored plots was 89% and average ground cover was 77% of which <5%
was pasture grass.

Species richness
Overall, 108 tree species were recorded in the 88 reference plots; 89 species in
the 20 restored plots; and 95 species in the understory of restored plots (Appendix 1).
Fifty-two species were common to both forests, 38 were exclusive to reference
forests, and 46 were exclusive to restored forests; 13 tree species were only recorded
in the understory of the restored plots. Average tree species density was highest in
restored plots in both the understory (19.0 ± 1.7 species ha-1) and overstory (16.1 ±
1.6 species ha-1) compared to the reference plots (8.5 ± 0.7 species ha-1). Observed
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species richness was significantly higher in both the overstory and understory of
restored sites than in reference forests (Figure 3.4).

Community composition
The NMDS showed a separation of the reference and restored communities,
and the ANOSIM and PERMANOVA supported their distinct species composition
(Figure 3.5a). Separation along Axis 1 was driven by G. angustifolia; reference plots,
most of which had abundant bamboo fell further to the right while restored plots with
little or no bamboo fell to the left. The restored and understory communities were
also distinct based on the ANOSIM and PERMANOVA. Variance was higher in the
overstory because plots harbored different unique species, while the understory plots
were more similar in composition as a result of colonization by several common
species (Figure 3.5b).
Despite these differences, the reference and restored forest overstories and the
restored forest understory all had similar percentages of small, medium and largeseeded species, abiotically and vertebrate-dispersed species, pioneer and late
successional species, and species with some level of threat (local, regional, IUCN)
(Table 3.2). The percentage of individuals belonging to different functional groups
was also similar in the overstory of reference and restored forests with one exception:
the percentage of individuals of late successional species was significantly higher in
overstory of the reference than the restored plots.
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Figure 3.2. Comparison of stem density and basal area in reference (REF, n = 88)
and restored (RST, n = 20) forests. Colors represent different diameter classes for
stems ≥2.5 cm DBH. Total stem density with (a) and without bamboo (b); and total
basal area with (c) and without bamboo (d).
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Figure 3.3. Histograms of (a) stem density and (b) basal area by diameter class for
trees ≥40 cm DBH in reference (REF, n = 88) and restored (RST, n = 20) forests.
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Figure 3.4. Sample-based rarefaction curves for reference (REF) forest, and
overstory restored (RST) and understory restored (UND) forests. Solid line is mean
observed species richness, dashed lines are estimated species richness, and shaded
areas represent 95% confidence intervals. Samples are 100 × 10-m plots (REF, n =
88; RST and UND, n = 20).
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Figure 3.5. Non-metric multidimensional scaling plots for community composition.
(a) Reference (REF, n = 88) and restored overstory (RST, n = 20) plots; stress = 0.15.
ANOSIM (p = 0.001) and PERMANOVA (p = 0.001) show significant compositional
differences. (b) Restored overstory (RST, n = 20) and restored understory plots
(UND, n = 20); stress = 0.17. ANOSIM (p = 0.001) and PERMANOVA (p = 0.001)
show significant compositional differences. Three-dimensional solutions based on
Morisita-Horn distance (abundance-based, robust to uneven sampling).

48

49

20
37
43
49
51
79
21
20
80

Seed size
Small
Medium
Large

Dispersal mode
Abiotic
Biotic

Successional stage
Pioneer
Shade tolerant

Threat status
Threat
No threat
32
68

82
18

50
50

17
35
48

27
73

78
12

46
54

12
35
54

3.91

0.44

0.26

3.38

X2

0.15

0.80

0.88

0.50

P

29
71

89
11

42
58

53
36
11

31
69

93
7

41
59

52
35
13

RST

1.84

12.39

4.24

X2

0.13

0.12

P

0.18

<0.01**

REF

RGN

REF

RST

Percent total individuals

Percent total species

Table 3.2. Comparison of percent of species and percent of individuals by functional groups in
reference (REF), overstory restored (RST) and understory restored (RNG) forests. Comparison of
individuals only includes tree ≥2.5 cm DBH. Seed size: small (< 5 mm), medium (5-10 mm), large
(>10 mm); dispersal mode: abiotic (wind or gravity), biotic (birds, bats or small mammals;
successional stage: pioneer (mid/early succession), shade tolerant (late succession); threat status:
threat (local, regional, or IUCN category), no threat.

Discussion
I anticipated that after only a decade of recovery, restored forests would have
lower species richness and a subset of the species present in the remaining forest
remnants in the landscape. Instead, both the overstory and woody understory of
recovering forests were surprisingly diverse and hosted a similar proportion of later
successional species, animal dispersed species, and regionally threatened species as
the reference forests. In addition, there was evidence of structural recovery; most
plots had a closed canopy and low grass cover, and stem density and basal area of
species other than G. angustifolia were similar to reference forests. These findings
contrast with previous studies showing that forest recovery on agricultural lands,
especially in pastures, can be slow (Uhl et al. 1988, Aide et al. 1995, Meli and Dirzo
2013, Mesquita et al. 2015) or subject to ecological filters that reflect an
impoverished community from which large-seeded, vertebrate-dispersed, or shadetolerant species are often absent (Aide et al. 2000). Whereas these riparian forests
may not become as diverse as those that were eliminated, their ability to recover with
minimal intervention is good news for conservation in a part of the Colombian Andes
that still harbors significant biodiversity despite high levels of fragmentation (Vargas
2002, Gilroy et al. 2014a).
Local and landscape factors may help explain the relatively rapid recovery of
these riparian forests despite their previous grazing use. At the local scale, the
presence of large remnant trees at restored sites before they were protected likely
contributed to forest regrowth. Remnant trees are common in some agricultural
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landscapes, especially in pastures, where farmers often leave them behind for a
number of reasons, mostly for shade, timber, and fruit (Harvey and Haber 1999,
Garen et al. 2011). Faced with little competition outside the forests, these trees often
grow very large. Isolated or in small groups, remnant trees can facilitate natural
regeneration in several ways. They serve as stepping stones for seed dispersers
moving across open areas and therefore are foci for seed deposition (Guevara et al.
1986, 2004); they reduce soil temperatures and increase nutrient availability
facilitating seed germination and establishment (Belsky et al. 1989, Rhoades et al.
1998, Derroire et al. 2016); and they are themselves sources of propagules to
recolonize abandoned pastures (Esquivel et al. 2008, Griscom and Ashton 2011,
Pignataro et al. 2017, Prevedello et al. 2018). The most common remnant tree species
at my sites, Inga edulis, Erythrina poeppigiana, and Croton magdalenensis, provide
important resources for a variety of animals, and therefore likely served as nuclei for
the expansion of natural regeneration following the removal of cattle grazing (Rey
Benayas et al. 2008, Zahawi et al. 2013). In addition to the well-documented
conservation benefits of retaining scattered trees in agricultural landscapes (Harvey et
al. 2006, Prevedello et al. 2018), this study confirms the advantages of targeting sites
with remnant trees for restoration (Schlawin and Zahawi 2008, Derroire et al. 2016,
Martínez-Ramos et al. 2016).
The remaining forest cover in this landscape consists mainly of a network of
narrow riparian fragments that, although discontinuous, still provide seed sources and
passageways for dispersers that are not obligate forest species (Gillies and St. Clair
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2008, Marczak et al. 2010). Riparian areas are therefore prime sites for the arrival of
seeds transported by water, and by animals moving along waterways (Meave et al.
1991, Johansson et al. 1996), and compared to pastures, may provide better
conditions for seed establishment and growth. In addition, riparian areas in this region
are often steep and difficult to access, which makes them less suitable for farming, or
are protected by regulations and therefore more likely to be considered for alternative
uses like restoration. Thus, many of the factors that typically prevent forest recovery
in tropical pastures such as soil nutrients, seed dispersal, moisture, or the risk of reclearing (Aide and Cavelier 1994, Holl 1999) may be less limiting in riparian sites,
making them a priority for restoration.
My results raise questions about the conservation value of the reference
forests in this region. Unlike many studies showing that reference forests are more
diverse than young recovering forests (Aide et al. 1995, Guariguata et al. 1997,
Martin et al. 2004, Letcher and Chazdon 2009, Dent et al. 2013), restored sites in this
region have accumulated more species than the remnant forests in the decade since
they were protected. The compositional and structural differences observed between
both forest types are driven by the overdominance of G. angustifolia in the reference
forests, which likely drove their lower species density and diversity relative to
restored sites. G. angustifolia is a native bamboo that propagates easily and grows
rapidly reaching a height of 30 m in less than a decade (Young and Judd 1992).
Bamboo stands grow naturally in this region alongside mixed riparian forests, but in
recent decades they have expanded as a result of intense human management due to
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their potential to provide ecosystem services (e.g., stream bank stabilization, water
filtration, carbon sequestration) and aesthetic, cultural and economic values (Camargo
et al. 2011, Muñoz et al. 2017). As a result, G. angustifolia has spread rapidly across
the study region, sometimes encroaching on or replacing mixed forests. Bamboo
species can proliferate and dominate the canopy of disturbed forests, causing shifts in
light and resource availability, excessive litterfall, and displacement of important seed
dispersers (e.g., frugivorous bats). Such changes limit the recruitment and growth of
woody species, eventually altering forest structure, reducing species diversity, and
leading to long-term compositional changes (González et al. 2002, Campanello et al.
2007, Cortés-Delgado and Pérez-Torres 2011, Larpkern et al. 2011). If biodiversity
conservation is a priority, then restoring mixed riparian forests while controlling the
spread of G. angustifolia is especially important to ensure the persistence of species
in the regional pool and to prevent the further homogenization of local forests.
This study also prompts the highly debated question about the appropriate
reference system in highly managed landscapes (Aronson et al. 1995, Balaguer et al.
2014, Hobbs et al. 2014): Should we use the best existing forests knowing that they
may reflect an impoverished community, or aim to restore a historical reference
system that is no longer present in the landscape? In this study, the use of the existing
disturbed forests as a reference for comparison, while imperfect, provided valuable
insight on two accounts. First, it evidenced the legacy of decades of human
management on the forests and the need to take corrective actions if biodiversity
conservation is a goal. And second, it highlighted the potential to restore forests that
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may more closely resemble the historical reference system now absent from the
region.
My results demonstrate that restored riparian forests can play an important
role for conservation in agricultural landscapes, even in regions where the absence of
mature forests limits the regional species pool (Gilroy et al. 2014b). Riparian sites
offer suitable conditions for forest succession making natural regeneration a viable
option. In addition, riparian corridors increase connectivity and facilitate species
movement, and are often compatible with competing land uses. But corridors must be
part of a comprehensive landscape strategy designed to simultaneously manage and
improve existing and restored forests and the surrounding agricultural matrix,
enabling long-term species persistence (Sabo et al. 2005, Lees and Peres 2008,
Bennett et al. 2014). Promoting the retention of large remnant trees in pastures and
preventing the proliferation of species such as bamboo that may hinder forest
recovery can substantially improve restoration outcomes. Although natural succession
can jumpstart the recovery process, enrichment planting and other interventions to
increase the conservation value of restored corridors should be considered when
appropriate (Meli et al. 2015). These actions require policies that stimulate and
support the adoption of complex agricultural systems, improved management
practices that increase connectivity in the agricultural matrix, and set aside lands
critical for restoration and conservation (Lees and Peres 2008, Latawiec et al. 2015,
Chazdon et al. 2017). Finally, payments for ecosystem services or other financial
incentives that recognize landowners’ contribution to the provision of ecosystem

54

services (Pagiola et al. 2016) are needed to ensure the longevity of restored forests
(Reid et al. 2017).
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CHAPTER 4
Partnering with cattle ranchers for large-scale restoration

Abstract
Successful landscape-scale forest restoration in Latin America requires transitioning
towards conservation-friendly grazing systems, but restoration initiatives rarely make
efforts to include cattle ranchers. Engaging ranchers requires an understanding of
their perceptions of conservation practices in relation to their cattle production
strategy. To assess ranchers’ motivations and limitations for adopting conservationfriendly practices, I surveyed 191 ranchers and extension agents participating in a
silvopastoral project in Colombia. I found that ranchers are integrating production and
conservation goals, which they see as complementary aims. Utilitarian values are
motivating ranchers to adopt cost-optimization practices, while stewardship and
identity values are driving their interest in practices targeting environmental
degradation and climate change. Input costs and labor shortages currently limit the
expansion of conservation practices, but in-kind support and small cash payments
could potentially alleviate these barriers. Silvopastoral ranchers can be instrumental
partners in landscape restoration provided that initiatives are designed with their
perspectives in mind.
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Introduction
Agricultural expansion and intensification have transformed natural
ecosystems at a global scale, contributing to climate change, biodiversity loss, and
land and water degradation (Ramankutty et al. 2008). Many governments recognize
the need to rehabilitate degraded agricultural lands and are committed to restoring
millions of hectares of natural ecosystems (Ding et al. 2017). However, poorly
planned restoration projects risk displacing existing uses and further driving the
expansion of the agricultural frontier (Meyfroidt et al. 2010, Latawiec et al. 2015).
Transitioning to conservation-friendly agricultural systems can complement
restoration efforts aimed at creating connected landscapes to support biodiversity,
provide ecosystem services, and satisfy human needs (IUCN and WRI 2014).
Managed grazing lands already occupy more than 25% of the Earth’s surface
(Asner et al. 2004). In Latin America and the Caribbean, pasturelands continue to
expand primarily at the expense of forests and other species-rich native ecosystems
(Gibbs et al. 2010, Graesser et al. 2015). Removal of vegetation cover,
mismanagement of soil and water resources, and persistent overgrazing have resulted
in low average cattle productivity (0.59 head ha-1) (FAO 2006) and widespread
degradation across the region (Steinfeld et al. 2006). Given the vast extent of lowproductivity tropical pastures, improving production on existing grazing lands
presents a prime opportunity to free sub-optimal areas for large-scale restoration,
provided that supporting policies are in place to prevent the clearing of new lands
(Latawiec et al. 2015). By one estimate, productivity improvements in Brazil’s
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Atlantic Forest region could spare up to 18 million hectares for restoration without
compromising the country’s future agricultural output (Strassburg et al. 2014).
However, improved pasture productivity will not automatically lead to increased
landscape-scale protection of sub-optimal areas unless the current production system
is transformed through an integrated approach that simultaneously supports
sustainable production and environmental protection (Latawiec et al. 2017).
One integrated approach to conservation-friendly cattle intensification is the
use of silvopastoral systems (SPS): multifunctional agroforestry arrangements that
combine livestock, forage species, and trees to provide animal feed and
complementary services. Because SPS go beyond changes in pasture and grazing
management, they often render both private benefits to the rancher and public goods
to society (Garbach et al. 2012). At the farm scale, silvopastoral practices can
enhance productivity, animal welfare, soil protection, carbon sequestration, and
biodiversity conservation (Murgueitio et al. 2011, Broom et al. 2013, Montagnini et
al. 2015); at the landscape scale, they increase tree cover enriching the agricultural
matrix and creating connectivity (Harvey et al. 2008). Facilitating the transition from
extensive, low-productivity systems to intensive, high-productivity silvopastoral
practices effectively aligns production and conservation goals by optimizing
environmentally friendly production on the best lands while releasing less productive
areas for restoration and regeneration (Murgueitio et al. 2011, Latawiec et al. 2015).
SPS, however, imply a radical departure from the prevailing model of extensive
production, and their adoption remains limited.
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In tropical regions, where ranching and conservation have long been
considered incompatible, ranchers are typically regarded as poor land stewards
(Hecht 1993, Steinfeld et al. 2006) and rarely included in conservation programs. As
a result, ranchers’ perspectives on sustainable management and conservation practices
have received limited attention despite the significant impacts their land use decisions
have on the landscape. Previous studies of silvopastoral ranchers’ perceptions have
focused mostly on their adoption of specific practices, the economic and productive
aspects of their practices, and their response to specific incentives (Calle et al. 2009,
Frey et al. 2012, Garbach et al. 2012, Hayes 2012, Lerner et al. 2015, Orefice et al.
2017). As conservation organizations begin to recognize the restoration value of
tropical SPS, they will need to engage more effectively with ranchers, and
assumptions about ranchers’ beliefs must be replaced with a nuanced understanding
of their actual perceptions and behaviors regarding production, conservation, and
their role as environmental stewards. Ranchers who have already made the transition
from extensive, low-productivity systems to more intensive SPS can provide critical
insight for the design of effective scaling-up strategies.
To address this knowledge gap, I conducted parallel surveys with ranchers and
extension agents currently participating in a national-scale silvopastoral project in
Colombia. The project assists ranchers in the implementation of conservation-friendly
practices, such as increasing tree cover in pastures and restoring riparian buffers. I
examined ranchers’ perceptions specifically about (1) their preferred agroforestry
practices and the motivations for adopting them, (2) the barriers faced in trying to
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scale-up these practices, and (3) the incentives that could most effectively facilitate
additional implementation. With a better understanding of these factors, I then discuss
potential strategies to scale-up environmental protection and empower ranchers as
active restoration partners.

Methods
Study site
The study was conducted in Colombia where the Mainstreaming Sustainable
Cattle Ranching (MSCR) project, the largest of its kind in Latin America, has been
underway since 2010. The project is funded the Global Environmental Facility and
the British Government and is expected to end in 2020. MSCR spans 12 states across
five regions, in areas dominated by extensive grazing and critical for conservation
(see Figure 1.1). The project aims to facilitate adoption of diverse conservationfriendly practices with three specific goals: (1) increase cattle productivity, (2) reduce
land degradation and enhance landscape connectivity, and (3) improve the delivery of
critical environmental services. MSCR provides on-farm technical assistance to all
ranchers, and short-term Payments for Ecosystem Services (PES) to those who adopt
specific land uses that benefit biodiversity and/or carbon sequestration. The PES
incentive includes in-kind support and partial reimbursement of specific
implementation costs, but ranchers are expected to share some expenses (Fedegan
2015a). So far MSCR has reached >2800 ranchers, transformed >50,000 hectares of
formerly extensive pastures into SPS by adding trees, fodder hedges and live fences,
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and protected >12,000 hectares of existing and recovering forests (J.C. Gómez,
personal communication, Dec 22, 2017). Whereas these figures are small relative to
the country’s 39.2 million hectares of pastures (Fedegan 2015b), the project has
demonstrated that production and conservation goals can align, and more importantly,
that many ranchers are willing to give SPS a chance.

Survey design, data collection and analysis
This study consisted of two surveys: a rancher survey, in which ranchers were
asked about their personal experiences and perceptions of conservation-friendly
practices, and an extension survey, in which extension agents were asked to assess the
perceptions of the group of ranchers with whom they work. Both surveys asked
similar questions, and the extension agent survey was intended to validate the
reliability of ranchers’ responses. The questionnaires included five sections: (1)
rancher and farm information; (2) current environmental protection practices; (3)
motivations, barriers, and incentives for environmental protection; (4) climate
change; and (5) environmental values (Appendix 2). Questionnaires consisted mostly
of closed-ended (i.e., yes/no, Likert scale, multiple choice) and brief follow-up
questions, and questionnaire design was based on preliminary semi-structured
interviews and pilot tests with each group.
I surveyed 90 silvopastoral ranchers and 101 extension agents between June
and September 2017. I conducted rancher surveys in-person during farm visits or
field-training events. Sampling was convenience-based, and despite efforts to capture
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the full range of demographics and farm sizes in the sample, some regions were
underrepresented in the sample (Table S4.1). The extension survey was completed
online by 100% of MSCR extension agents. In addition, I conducted 30 farm visits
and 65 in-person, open-ended interviews with ranchers, extension agents, and key
informants including practitioners, scientists, and government officials.
After tallying the results, I compared ranchers’ and extension agents’
responses and validated their consistency with practices and values observed during
field visits and extended interviews. I present ranchers’ responses in the main text and
both ranchers’ and extension agents’ responses in the tables and figures. I draw from
interviews and farm visits to explain any noteworthy discrepancies between groups.

Results
Surveyed ranchers were primarily male (72%), 40 to 60 years old (49%), and
had legal tenure of farms 50 hectares or less (74%) (mean 48.7, median 20.0). In
addition to cattle, over half of the ranchers were also growing cash or subsistence
crops (43%) or had other farm-related activities (21%) such as raising minor livestock
species and providing agrotourism services. All ranchers were either currently
enrolled in the MSCR or participants from previous projects, but few (15%) had more
than 6 years of experience with SPS (Table S4.1). This sample broadly reflects the
country’s cattle rancher population which is comprised of 82% small and medium
ranchers (Fedegan 2015b).
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Extension agents broadly described the five project regions as largely
deforested but with remaining forest fragments of varying sizes, with medium to low
connectivity, mostly croplands and pastures, and with visible signs of erosion. On
their farms, ranchers identified springs, creeks and wetlands (82%), riparian buffers
(68%), forest fragments (27%), and soil erosion problems (70%).
The most widely adopted production-oriented practices reported by ranchers
were dividing pastures for rotation (83%), planting scattered trees in pastures (80%)
and live fences (78%), and fodder banks (57%). The preferred conservation-oriented
practices were planting or protecting trees throughout the farm (96%), protecting
forests (92%) and riparian buffers (87%), reducing the use of agrochemicals (e.g.,
fertilizers, veterinary products) (86%), and restricting cattle access to streams (73%)
(Table 4.1). Following the implementation of changes in their farms, ranchers
reported noticing a higher abundance of birds and wildlife (91%), increased fodder
quality and quantity (90%), improved animal health and condition (90%), more stable
production (87%), and reduced consumption of chemical inputs (61%) (Table 4.1).
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Table 4.1. Silvopastoral and conservation practices currently being implemented by
cattle ranchers, and changes perceived following implementation. Extension agents’
responses reflect that 50% or more of their ranchers are implementing or willing to
implement the practices.
Ranchers
(n=90)

Extension agents
(n=98)

SPS currently being implemented in productive areas
Pasture division

83.3%

36.7%

Scattered trees
Live fences
Fodder banks
Intensive SPS
Fodder hedges (fodder shrubs + trees)

80.0%
77.8%
56.7%
43.3%
34.4%

44.9%
78.6%
46.9%
56.1%
38.8%

Conservation practices currently being implemented anywhere on the farm
Plant trees in pastures and live fences

95.5%

98.0%

Protect/recover forest fragment
Protect/manage natural regeneration
Protect/reforest riparian buffer
Reduce use of agrochemicals
Restrict direct cattle access to streams

91.9%
87.7%
83.3%
86.4%
72.7%

86.7%
85.7%
85.6%
85.7%
74.5%

Ranchers
(n=82)
Changes noticed following implementation
Increased presence of birds/wildlife

91.3%

Increased fodder quantity/quality

89.9%

Improved animal health/body condition

89.5%

More stability of production

86.7%

Reduced use of external inputs

4.2%
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Rancher motivations for engaging in restoration
Ranchers’ top motivations for adopting different SPS were improving cattle
productivity (88%), protecting the environment (78%), accessing technical assistance
(62%), and recovering soil fertility (61%). Ranchers considered the PES incentive to
be a much less important motivation (31%), whereas extension agents ranked it in
second place (81%) (Figure 4.1). Ranchers planted trees in various parts of the farm
specifically to provide more shade for cattle (96%), to improve fodder quality and
quantity (74%), and to protect the environment (73%) (Figure 4.1). When selecting
trees to plant, they favored timber (82%), rapid growth (75%), native (74%), and Nfixing (71%) species; they also mentioned a variety of other desirable traits and were
generally open to planting any trees provided (Table 4.2).
Ranchers had similar motivations to protect forests and riparian buffers:
conserving wildlife (91% and 66% respectively), preserving water quantity or quality
(>84%), and protecting the environment (>74%). On the other hand, ranchers ranked
PES and monetary incentives much lower (<30%) than extension agents (>63%) as
an incentive for forest conservation (Figure 4.2).
Ranchers’ assessment of the value statements presented to them was highly
consistent with their expressed motivations and observed practices. On one hand, they
strongly agreed with statements such as “Trees provide direct benefits for production”
(100%), which reflect mostly utilitarian values. On the other, ranchers also identified
with statements like “As a farmer, I am responsible for protecting the environment”
(100%), or “I feel a strong emotional tie to my land” (89%), which suggest an interest
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in environmental protection rooted in a broader set of personal values. Other
statements like “Environmental protection has high costs but few benefits” (69%
disagree) elicited more divided reactions, underlining and awareness of the trade-offs
between conservation and production (Table S4.2).
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Figure 4.1. Cattle ranchers’ motivations for adopting SPS (top) (n = 90 ranchers, 92
extension agents) and specifically, for planting trees in pastures, live fences and
riparian corridors (bottom) (n = 89 ranchers, 97 extension agents). Extension agents’
responses reflect an estimate of the factors motivating their group of ranchers. Items
are listed from most to least important based on rancher responses.
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Table 4.2. Cattle ranchers’ preferred types of trees to plant on the farm, and list of
“Other” desirable traits mentioned. Extension agents’ responses reflect an estimate of
the trees most frequently planted or requested by their group of ranchers.
Ranchers
(n=88)

Extension agents
(n=96)

81.8%
75.0%
73.9%
70.5%
63.6%
59.1%
54.6%
45.5%

96.9%
96.9%
81.3%
72.9%
60.4%
46.9%
60.4%
33.3%

Preferred types of trees to plant
Timber trees
Rapid growth trees
Native trees
Nitrogen fixing trees
Attract wildlife trees
Good shade for cattle trees
Fruit trees
Flowering trees

Other traits favored by ranchers when selecting trees
Flowers that attract pollinators
Small leaves that create intermediate shade
Rapidly decomposing litter
Quick to regenerate or re-sprout
High survival rate after planting
Grow in arid or eroded areas
Exotic trees
Endangered species
Good as windbreaks
Good for the environment
Deciduous trees
Good for shading coffee
Trees provided to me
A mix of trees
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Figure 4.2. Cattle ranchers’ motivations for protecting or recovering forests (top) (n=
76 ranchers, 96 extension agents), and for protecting and recovering riparian buffers
(bottom) (n = 74 ranchers, 96 extension agents). Extension agents’ responses reflect
an estimate of the factors motivating their group of ranchers. Items are listed from
most to least important based on rancher responses.
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Climate change
All ranchers perceived changes in the local climate and most (91%) had
voiced their concerns to extension agents. Higher than usual temperatures (91%),
increasing weather variability (81%), and more intense rainstorms (60%) and
droughts (57%) were the most noticeable changes, which 78% of ranchers perceived
as negatively impacting production. However, all ranchers were confident that their
newly adopted practices could contribute to mitigate climate-related impacts because
they can provide services such as climate regulation (18%), environmental
conservation (18%), soil protection (16%), stabilizing production (15%), water cycle
regulation (15%), or improving animal welfare (15%) (Table 4.3).

Barriers and incentives for environmental protection
Ranchers identified high input costs (79%) and labor shortages (58%) as the
main barriers preventing ranchers from implementing more changes (Figure 4.3);
extension agents agreed with this assessment. Input costs include those associated
with buying seedlings, purchasing and applying fertilizer during tree establishment,
transporting materials, site preparation, fenceposts and fencing wire, general
equipment costs (e.g., electric fence energizer), and labor. Labor shortages were
common across all regions, especially those that specialize in cash crop production.
Maintenance requirements (38%) and the prospect of high tree mortality (30%) were
also important impediments. Ranchers were much less concerned about lack of
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technical assistance (16%) and information (15%), competition between trees and
pastures (10%), or the fines and permits related to future tree harvesting.
Ranchers expressed interest in scaling-up conservation-friendly practices and
identified in-kind support (81%) as the most effective incentive to overcome the key
barriers (Figure 4.3). In-kind support refers to items provided directly by the project
and required for immediate implementation (e.g., cost-sharing for materials and labor,
equipment loans) as well as those needed later to ensure long-term tree survival (e.g.,
labor and inputs to maintain trees and fences). Extension agents agreed with the need
for more in-kind support (79%), but considered that providing PES (83%), tax breaks,
and other monetary incentives would be far more effective to scale-up conservation
actions. For ranchers, PES incentives were less important (47%).
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Table 4.3. Changes in climate perceived by cattle ranchers, their impact on
production, and the expected climate-related benefits of implementing conservation
practices. Extension agents’ responses reflect an estimate of ranchers who have
specifically mentioned these changes.

Changes noticed by ranchers
Higher than normal temperatures
Increasingly unpredictable
More intense rainstorms
More severe dry season
Shorter than normal rainy season
Shorter than normal dry season
Longer than normal dry season
Longer than normal rainy season
Lower than normal temperatures

Ranchers
(n=87)

Extension agents
(n=98)

91.0%
81.0%
60.0%
57.0%
49.0%
42.0%
35.0%
33.0%
31.0%

94.9%
91.8%
55.1%
86.7%
65.3%
15.3%
61.2%
36.7%
17.4%

Ranchers
(n=83)
Impacts of climate change on productive activities
Negative
69.9%
Neutral
8.4%
Positive
21.7%

Extension agents
(n=90)
85.6%
3.3%
11.1%
Ranchers
(n=76)

Expected benefits of conservation practices for facing climate change
Climate regulation
18.4%
Environmental and biodiversity protection
18.4%
Soils protection, erosion control
15.8%
Improved productivity and stability
14.5%
Water protection/regulation
14.5%
Improved animal welfare
14.5%
Improved mitigation, adaptation, resiliency
10.5%
Direct benefits from trees
7.9%
Protection from winds
6.6%
Oxygen production
5.3%
Nitrogen fixation
3.9%
Increased shade
3.9%
Benefits from scaling-up in space and time
2.6%
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Figure 4.3. Barriers perceived by cattle ranchers for the implementation of more
conservation-friendly practices (top) (n = 81 ranchers, 95 extension agents), and
potentially effective incentives to overcome these barriers (bottom) (n = 79 ranchers,
96 extension agents). Extension agents’ responses reflect an estimate of the barriers
and incentives for their group of ranchers. Items are listed from most to least
important based to rancher responses.
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Discussion
This study confirms that farmers are not guided exclusively by profit
maximization (Farmer et al. 2011, Wynne-Jones 2013) and in the case of cattle
ranchers, personal and environmental concerns also play a role in their decisionmaking processes. Ranchers favored practices expected to directly improve
productivity and reduce future costs, and selected low-cost options (e.g., live fences)
over those requiring higher investments (e.g., cattle watering systems). At the same
time, they embraced conservation practices that carried significant opportunity costs
(e.g., releasing riparian buffers from grazing) and no direct financial return. Ranchers
appear to have adopted practices based not on whether they were production or
conservation-oriented, but on whether or not the practices could help them address
growing concerns over declining productivity and land degradation. The fact that
demand to participate in the MSCR project far exceeded its capacity indicates that
many ranchers believe production and conservation goals can be aligned and are
willing to give SPS a chance. Given the 39.2 million hectares of land currently used
for pasture in Colombia (Fedegan 2015b), the potential to engage more cattle
ranchers in conservation through SPS could be significant. Entrenched assumptions
about ranchers’ disregard for nature must therefore be reconsidered, and restoration
initiatives should work to present ranchers with alternatives to extensive systems that
are designed to maximize synergies and minimize tradeoffs between production and
conservation.
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One key result of this study that underscores the need for a more empirically
based understanding of ranchers’ perceptions is that most ranchers have a substantial
interest in protecting and planting more trees in their farms, especially in pastures. By
contrast, previous studies found that while ranchers in Panama and Ecuador recognize
many benefits of trees, and actively manage and protect trees and natural
regeneration, they rarely planted them intentionally in pasture areas (Garen et al.
2011, Lerner et al. 2015). Similarly, Brazilian ranchers had little interest in actively
incorporating trees and grazing, even as they were implementing other forms of
improved pasture management (Latawiec et al. 2017). This widespread reluctance
stems from the belief that trees and pastures are incompatible, a misconception that
Argentine silvopastoral ranchers rapidly overcame as they learned proper shade
management techniques and experienced pasture improvements (Frey et al. 2007).
Ranchers in this study moved past initial concerns about pasture productivity and are
now focusing on the multiple benefits of trees, especially for animal welfare.
Technical assistance and experimentation can facilitate the cultural change needed for
ranchers to embrace tree planting (Calle et al. 2013); failing to recognize this
opportunity to educate and assist ranchers may result in missed opportunities for
conservation and restoration.
Like other farmers (Ayanlade et al. 2017, Elum et al. 2017), cattle ranchers in
this study perceived climate change as a threat to their livelihoods and increasingly,
as a reason to implement conservation-friendly practices. Frequently cited
motivations for adoption were often related to the need to address the direct impacts
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of climate change (e.g., record high temperatures) or its potential to exacerbate
human-induced problems (e.g., reduced water flows in deforested watersheds). The
resulting sense of urgency has led many ranchers to take actions that directly protect
their income, such as increasing pasture tree cover to reduce animal heat stress. But it
has also led ranchers to prioritize other interventions aimed at protecting key
ecosystem services, such as reforesting riparian forests to regulate water flows.
Previous studies have concluded that the use of external incentives such as PES or
regulation enforcement is necessary to scale-up adoption of practices that render more
public than private benefits (e.g., forest protection) (Garbach et al. 2012, Latawiec et
al. 2017). However, this study suggests that climate change could contribute to tip the
balance in favor of conservation-oriented practices, which ranchers previously
perceived as having little private value (Garbach et al. 2012, Pagiola and Rios 2013)
but are increasingly proving critical for successful adaptation. This shift in priorities
creates an opportunity for restoration practitioners to build more effective
partnerships with cattle ranchers around the common goal of building more resilient
landscapes.
The practices adopted by MSCR participants reflect ranchers’ interest in
satisfying not only tangible values (e.g., healthier cattle, increased soil fertility) but
more intangible ones as well (e.g., healing the land, aesthetic value). In particular,
ranchers appreciated the conservation-friendly practices for their ability to satisfy
their stewardship values —the sense of moral obligation to be good land custodians
(Clearfield and Osgood 1986, Greiner et al. 2009)—, and their relational values —the
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sense of place and cultural identity rooted in interactions with nature (Hinds and
Sparks 2008). Participation in conservation projects has been previously linked to the
satisfaction of these and other non-utilitarian values (Farmer et al. 2011, Mastrangelo
et al. 2014, Chan et al. 2016), which in turn, can partially offset the expectation of
economic compensation and still lead to enduring behavioral change (Brain et al.
2014). This may explain why ranchers were willing to incur the risk and
implementation costs of some conservation-focused practices even while knowing
that they could only partially recover the costs (Chan et al. 2017, DeMartino et al.
2017). Restoration outomes can potentially reinforce many of the non-tangible values
held by ranchers (e.g., preserving a way of life, passing on land in good condition),
directly or indirectly. By explicitly communicating how conservation-friendly
practices align with these more personal values, restoration practitioners can create
new spaces for constructive dialogue with ranchers.
Coinciding with previous studies, respondents identified high input and
maintenance costs (Calle et al. 2009, Garbach et al. 2012, Hayes 2012) and labor
shortages (Latawiec et al. 2017) as the main barriers preventing project participants
from scaling-up environmental protection actions. The project supported initial onfarm trials as ranchers were able to share some of the costs of labor and materials. But
even when trials yielded encouraging results, scaling-up to the entire farm was
sometimes difficult as the support offered was often insufficient, and many ranchers
were not prepared to assume the additional labor, material, and opportunity costs
needed to expand silvopastoral practices. For example, sourcing and transporting
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seedlings to remote locations and hiring labor for site preparation were challenging,
even for the more affluent participants. According to ranchers, many of these barriers
could be removed if they received more in-kind support. Indeed, in-kind support can
facilitate conservation by nudging individuals from intention to action, while
fostering a sense of personal ownership for the project outcomes (Kammin et al.
2009, Chan et al. 2017). Previous studies have also highlighted the importance of
technical assistance for building trust, maintaining motivation and reducing the
uncertainty associated with behavioral change (Wilcove and Lee 2004, Calle et al.
2009, Pagiola and Rios 2013, Swann 2016). However, ranchers in this project
received ample technical assistance and capacity-building, which may explain why
ranchers ranked them as lower priority incentives. Restoration projects aiming to
increase cattle rancher engagement should use direct in-kind support and maintain
high levels of technical assistance to remove immediate implementation barriers and
ensure that resources are channeled towards specific conservation actions.
The only major discrepancy between ranchers and extension agents identified
in this study was their differing perception of the importance of PES incentives,
which ranchers ranked much lower than extension agents both as motivation for
adoption and preferred incentive for environmental protection. Extension agents
believed that cash payments were important, especially for the poorest farmers, and
expanding these incentives could tip the balance in favor of conservation actions and
potentially boost implementation, especially when sustained long-term. Empirical
evidence supports this view, suggesting that permanent adoption of practices with
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high environmental benefits but low returns requires long-term PES (Garbach et al.
2012, Pagiola and Rios 2013). However, in some cases cash payments can also create
dependency on monetary compensation (Fehr and Gächter 2001, Vatn 2010) and
generate false expectations that, if not met, undermine trust and reduce participation
rates (Stern and Coleman 2015). Cash payments also have high transaction costs and
therefore have limited large-scale applicability (Pattanayak et al. 2010, Vatn 2010).
During interviews, many ranchers admitted that while the prospect of cash payments
enticed them to sign up when they first heard about the project, their enthusiasm for
this form of incentive tapered off over the years because payments were delayed,
lower than expected, or time-limited. Despite these problems with direct PES,
ranchers’ interest and participation in the project remained strong, possibly as they
experienced other benefits and their motivations for engaging in conservationfriendly practices shifted. This may explain why, when asked about scaling-up
conservation moving forward, ranchers leaned towards the more reliable in-kind
support and away from the less certain monetary compensation. Nevertheless,
extension agents make an important point when they argue that cash incentives, even
small ones, can send a powerful message about the value that society assigns to sound
stewardship (Kosoy et al. 2007, Chan et al. 2017), a meaningful recognition that
cattle ranchers rarely receive. Ultimately, designing flexible mixed-incentive models
that combine in-kind support with small monetary rewards could be critical to
engaging and maintaining ranchers’ commitment to conservation practices.
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Conclusions
Cattle ranchers will shape the future of vast managed grazing landscapes, and
their participation is essential if large-scale restoration projects in Latin America and
elsewhere are to be successful. This study reflects on the perspectives of Colombian
cattle ranchers who are transitioning to conservation-friendly practices, but its
conclusions may be applicable to a growing number of ranchers globally who are
turning to SPS in response to similar patterns of declining production and concerns
over climate change. These results suggest that coupling sustainable production with
conservation practices can appeal to ranchers with a broad range of motivations and
values, thereby increasing participation and reinforcing long-term behavioral change.
Furthermore, climate change is emerging as a strong motivator for the adoption of
sustainable practices, and should be explicitly leveraged as a common goal for
collaborations among ranchers, restoration practitioners, conservation organizations,
and funders. Finally, I found that flexible hybrid incentive schemes combining inkind support for immediate implementation with smaller monetary incentives
designed to recognize good stewardship could be a cost-effective strategy to help
ranchers overcome barriers and deliver lasting conservation outcomes.
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Figure S2.1
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Ranchers’ assessment of environmental value statements
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Figure S2.1. Land cover maps of 2003 and 2016 for each landscape window created
from high resolution satellite images.
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Table S2.1. Description and examples of land cover categories.
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Table S2.2. Land cover change on SPS farms from 2003 to 2016.
SD

t

p

Forest

Mean
(%)
6.2

0.07

3.96

0.000*

Early succession

–1.2

0.06

0.89

0.808

5.5

0.15

1.62

0.061

2.7
–17.4

0.05
0.20

2.34
–3.87

Cropland

4.1

0.21

0.89

0.015*
0.001*
0.386

Pasture tree cover

8.2

0.15

2.49

0.011*

14.4
–13.3

0.17
0.20

3.70
–2.92

0.001*
0.004*

Land cover

Scattered trees
Live fences
Treeless pastures

Combined tree cover
Low tree cover

Notes: Paired t-tests comparing land covers on SPS farms (n = 20) in 2003 and
2016. All P-values are 1-sided for all land covers except cropland (2-sided), for
which the project had no specific expectation.
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Area
2003
(ha)
297.7
28.2
40.0
15.3
716.8
31.6
4.3
62.5
1196.3

Land cover

Forest
Early succession
Scattered trees
Live fences
Treeless pastures
Cropland
Other
No information

Total area

Total
change
(ha)

445.7

379.8
82.1
13.8 –14.4
74.9
34.9
48.4
33.1
508.3 –208.5
103.9
72.2
4.8
0.5
62.5
0.0

Area
2016
(ha)

SPS farms

37.3

6.9
–1.2
2.9
2.8
–17.4
6.0
0.0
0.0

Total
change
(%)

2005.3

456.4
24.6
45.5
21.9
1180.8
210.3
47.5
18.3

Area
2003
(ha)
535.4
14.1
63.0
53.8
907.2
359.6
53.4
18.3

Area
2016
(ha)

567.5

79.0
–10.5
17.5
31.9
–273.6
149.2
5.9
0.0

28.3

3.9
–0.5
0.9
1.6
–13.6
7.4
0.3
0.0

Total Total
change change
(ha)
(%)

Surrounding landscape

Table S2.3. Total changes in land covers on SPS farms and the surrounding landscape from
2003 to 2016.

Table S4.1. Rancher and farm characteristics.
Ranchers
(n=90)

Extension agents*
(n=101)

Region
Orinoco piedmont
53%
Amazon piedmont
16%
Boyacá-Santander
13%
Coffee Ecoregión-Andes
12%
Caribbean
6%
Other
0%
Rancher age group
≤ 40
24%
40-60
49%
≥ 60
27%
Rancher gender
Male
72%
Female
28%
Farm size (ha)
1-10
20%
11-50
54%
51-100
15%
≥ 100
11%
48.7
Average size
Productive activities on thehectares
farm
Cattle
100%
Crops
43%
Other
21%
Rancher relation to SPS
MSCR participants
85%
Other
15%
Years of experience with SPS
<2
33%
2-5
52%
6-10
7%
> 10
8%

19%
2%
21%
22%
33%
4%
14%
67%
19%
75%
25%
61%
32%
7%

*

Small**
Medium**
Large**

Numbers indicate % of the total rancher population served by extension
agents.
** The definition of small, medium or large farm varies by region; for
example, a 20-hectare farm is large in Boyacá but small in the
Caribbean region.

86

87

Agree
100.0%
95.3%
1.2%
18.1%
14.5%
97.7%
100.0%
96.6%
98.8%
86.8%
15.0%
95.4%
95.8%
89.4%
92.9%
47.1%
97.7%
2.4%
89.9%

Value statements

As a farmer, environmental protection is my responsibility
The farm is more valuable with protected streams/forests
Without payment, I see no reason to protect the environment
Environmental protection has high costs but few benefits
If I want more production I cannot worry about the environment
The land produces more when the environment is conserved
Trees provide direct benefits for production
The farm looks better with more trees
Sustainable farm management reflects on better animal health
One can produce cattle without damaging the environment
As a farmer, I have no control over soil degradation
Excessive use of agrochemicals can harm the environment
I feel proud of my peasant heritage
I feel a strong emotional tie to my land
Sustainable farm management fits our family project
I worry about generational relay on my farm
I take care of my land for the enjoyment of future generations
I do not plant trees because I will not be here to harvest them
I make decisions about the farm thinking long-term

0.0%
2.4%
2.4%
13.3%
14.5%
2.4%
0.0%
2.3%
1.2%
8.4%
1.3%
1.2%
4.2%
9.4%
6.0%
22.1%
1.2%
2.4%
7.3%

0.0%
2.4%
96.4%
68.7%
71.0%
0.0%
0.0%
1.2%
0.0%
4.8%
83.8%
3.5%
0.0%
1.2%
1.2%
30.9%
1.2%
95.2%
2.9%

Neutral Disagree

Ranchers
(n=69-87)

Table S4.2. Ranchers’ assessment of value statements related to the environment, according to
ranchers and extension agents.
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Extension agents*
(n=92-97)
> 50%
~ 50%
< 50%
79.2%
16.7%
4.2%
83.2%
9.5%
7.4%
80.0%
8.4%
11.6%
27.7%
17.0%
55.3%
23.7%
26.9%
49.5%
80.0%
14.7%
5.3%
90.6%
8.3%
1.0%
88.7%
7.2%
4.1%
78.1%
15.6%
6.3%
32.6%
25.0%
42.4%
70.8%
20.8%
8.3%
86.5%
11.5%
2.1%
64.2%
19.0%
16.8%
10.5%
13.7%
75.8%
62.1%
23.2%
14.7%

* For extension agents, numbers indicate estimated % of their ranchers who would agree with the statement

Value statements
I want to reduce my farm's environmental impact
My farm has more value when it has protected streams/forests
If I protect the environment, I should receive a payment
Environmental protection has high costs but few benefits
If I want to produce more I cannot worry about the environment
Land produces more when the environment is conserved
Trees provide direct benefits for production
The farm looks better with more trees
I understand the environmental impact of cattle production
As a farmer, I have no control over soil degradation
I want to reduce use of agrochemicals
I feel a strong emotional tie to my land
I worry about generational relay on my farm
I don't plant trees because I won't be here to harvest them
I make decisions about the farm thinking long-term

Table S4.2. Continued

APPENDICES

Appendix 1.

Full species names and functional characteristics

Appendix 2.

Cover letters and questionnaires used to for rancher and extension agent
surveys
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