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ABSTRACT

Defined as the benefits that humans receive from natural systems, ecosystem services (ES) are of great
importance to human livelihoods and overall ecological health. Assessing the risks posed by
anthropogenic disturbance drivers to processes that support resilient social-ecological systems is
critical for resource management and conservation. With many rural populations having a high
dependence on local natural resources and extensive knowledge of the landscape, the importance of
identifying effective adaptive governance mechanisms that engage these stakeholders is paramount.
This paper explores preliminary results of an ongoing “integrative spatial modeling” (ISM)
methodology conducted in the south-central highlands of Ethiopia, which combines qualitative and
quantitative approaches from the social and natural sciences. ISM seeks to 1) understand the nuances of
local user valuation of provisioning ES through the important adaptive governance mechanism of
knowledge integration, 2) model the suitable habitat of these culturally, economically, and ecologically
significant service-providing species, 3) offer a unique platform for assessing ES vulnerability to
anthropogenic disturbances including population growth, climate change and invasive species, and 4)
actively engage the local community of interest throughout the iterative ISM process. The ultimate goal
is the promotion of a robust tool for effective and legitimate community-centered collaborative
conservation efforts, particularly with rural and indigenous peoples.
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INTRODUCTION

The powerfully intuitive, yet poorly understood concept of ecosystem services (ES),
championed by the seminal global biodiversity and human well-being appraisal of the Millennium
Ecosystem Assessment (MA, 2005), and continued by other national and global initiatives including
The Economics of Ecosystems and Biodiversity' and the Natural Capital Project?, tackles the inherent
“messiness” of coupled social-ecological systems. Such efforts have revealed the acute and detrimental
impacts of anthropogenic activities on global biodiversity, and the important links between human
well-being and ecosystems (MA, 2005; Kremen, 2005). Broadly defined as the benefits that humans
receive from natural systems and environments, ES are a key input of human livelihoods and overall
ecosystem health, but the natural capital that underpins these services is not well understood or
extensively monitored, increasing ES vulnerability and leading to their degradation and depletion. With
this understanding, growing calls for the incorporation of ES into land management practices and
environmental policymaking have been made (Daily ef al/, 2009; Daily & Matson, 2008; Ranganathan
et al, 2008), but how do we best govern ES to protect biodiversity and ensure human-wellbeing in an
increasingly connected and crowded world?

This paper seeks to lay the groundwork for bridging existing gaps present in the ecosystem
services, adaptive governance, and species distribution modeling literatures, which have much to offer
each other in regards to theory and practice, yet tend to talk past one another. Contributing preliminary
results of ongoing research in Ethiopia, we explore the benefits and implications of integrative spatial
modeling (ISM) methodology in promoting adaptive governance in community-based collaborative
conservation, that explicitly connects ES to local beneficiaries, through a mix of qualitative and
quantitative approaches. ISM attempts to: 1) understand the nuances of local resource user valuation of
provisioning ES through the important adaptive governance mechanism of knowledge integration, 2)
model the suitable habitat of these culturally, economically, and ecologically significant service-
providing species, 3) offer a unique platform for assessing ES vulnerability to anthropogenic
disturbances including population growth, climate change and invasive species, and 4) actively engage
the local community of interest throughout the iterative ISM process. We contend that ISM can be a
valuable interdisciplinary tool to address a variety of community-based conservation efforts in rural
regions with mounting anthropogenic pressures.

Social-Ecological Systems and Adaptive Governance

Social-ecological systems (SES) are complex, adaptive systems (Berkes & Folke, 1998; Berkes
et al, 2003) comprised of dynamic and interacting processes. SES are affected by an array of
environmental and anthropogenic drivers of change, occurring across spatial and temporal scales.
Intimately linked with the concept of SES is resilience, which is the capacity of a system to absorb or
recover from environmental and anthropogenic perturbations and reorganize, while still maintaining the
same overall structure and function (Holling, 1973; Carpenter & Gunderson, 2001; Folke et al, 2004;
Folke et al, 2005). This inherent complexity requires flexibility in managing for resilience and moving
beyond overly simplistic institutional prescriptions to mitigate pressing environmental problems
(Ostrom & Cox, 2010). In response to this understanding, the concept of adaptive governance has
emerged, addressing the array of interactions inherent in SES, including the structures, rules, processes,
and traditions that determine environmental management.

In the broadest sense, “governance is the structures and processes by which people in societies
make decisions and share power” (Folke et al, 2005, 444), and as human beings we have a wide range
of governance options at our disposal when seeking to address global environmental challenges
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(Dryzek, 2012). A diversity of literature can be found exploring various facets of environmental
governance, including definitions and characteristics of global environmental governance (Biermann &
Pattberg, 2008), sustainable processes and outcomes (Adger & Jordan, 2009), multilevel governance
arrangements (Betsill & Bulkeley, 2006), issues of transparency (Gupta, 2010), and the role of science
(Jager, 2009). Adaptive governance more specifically, is defined as “...an evolving research framework
for analyzing the social, institutional, economical and ecological foundations of multilevel governance
modes that are successful in building resilience for the vast challenges posed by global change, and
coupled complex adaptive social-ecological systems” (SRC, 2012). Beyond the actors and institutions
involved, adaptive governance arguably necessitates a deep understanding of a system's biotic, abiotic
and social processes, providing a framework and vision for socially and ecologically desirable
outcomes. With widespread discussions of adaptive governance as a useful framework for addressing
environmental issues across scales, a number of important mechanisms of adaptive governance have
been addressed by various scholars. These often overlapping and interacting features include
knowledge generation and integration (Gadgil ef al, 1993; Fernandez-Gimenez et al, 2006; Brown,
2009), organizational learning (Westley, 1995; Epstein & Roy, 1997; Daniels & Walker, 2001; Ostrom,
2005), collaboration (Ostrom, 1990; Wondolleck & Yaffee, 2000; Daniels & Walker, 2001; Schusler ef
al, 2003; Ostrom, 2007; Plummer & Armitage, 2007), social capital (Flora, 1998; Pretty & Ward, 2001;
Titeca & Vervisch, 2008; Leahy, & Anderson, 2008), leadership (Shannon, 1991; Danter ef al, 2000),
diversity of actors and institutions (Low ef al, 2003; Ostrom, 2005), and monitoring (Boyle et al, 2001,
Wilhere, 2002; Fernandez-Gimenez et al, 2008; Lyons ef al, 2008; Cundill & Fabricius, 2010).?

Local Ecological Knowledge Integration

The ISM approach employed in this study explores local ecological knowledge (LEK)
integration as an important mechanism for adaptive governance. A deep understanding of ecosystem
dynamics and effective management practices can be found with rural communities that interact with
their local landscapes for their livelihoods on a daily basis. An array of cross-disciplinary research
denotes the potential benefits of integrating ecological knowledge of resource users with conventional
scientific knowledge. This scholarly inquest has gained much attention in the fields of anthropology,
sociology, political science, and natural resource management over the past two decades. Such
experiential and applied knowledge of the environment holds utility for contemporary science,
stemming from local resource users' physical connection to place, and constitutes a rich, deeply-rooted
“practical environmentalism” (Pickering-Sherman ef al, 2010). Examples demonstrate how local and
traditional knowledge may have meaningful contributions to long-term local economic development
studies (Sillitoe, 1998), provide a complementary perspective to adaptive ecosystem management
(Berkes et al, 2000; Fernandez-Gimenez & Estaque, 2012), facilitate effective co-management between
resource users and government agencies (Fernandez-Gimenez et a/, 2006), promote decision-making
authority for community stakeholders (Ballard et al, 2008), and afford a more holistic assessment about
the environmental attributes and processes in question (Gagnon & Berteaux, 2009). Despite this, well-
placed criticism of such knowledge integration also exists. Critics of this process note an array of
challenges, including the potential for co-optation of local knowledge (Chalmers & Fabricius, 2007),
oversight of critical power relations (Nadasay, 1999), lack of institutional legitimacy (Kofinas, 2005),
and legalistic issues of intellectual property rights (Shingu, 2005). Continued work is thus needed to
refine and assess the practical application of integrating LEK and conventional scientific knowledge, as
“...integrating different sources of knowledge acts as a critical social source of resilience for adaptation
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and transformation” (Folke et al, 2005, 462). Yet upon reviewing species distribution modeling (SDM)
and ecosystem services (ES) literature, noticeable gaps in engaging local and traditional ecological
knowledge integration in theory and application become apparent.

For this study we defined LEK according to Olsson and Folke (2001), as “knowledge held by a
specific group of people about their local ecosystems”. Calling it LEK instead of traditional ecological
knowledge (TEK) was a conscious decision as TEK is distinct, being “...culturally embedded and
transmitted among members of a geographically- and socially-defined community” (Fernandez-
Gimenez & Estaque, 2012, 287). In the case of our study site in Ethiopia, the recent legacy of the
communist Derg government included extensive relocation of people from their homelands to other
parts of the country as recently as the early 1990s, in an attempt to deter civil unrest (Keller, 1988;
Bussmann et al, 2011). Relocation is still practiced with the current government as an option for people
who have exhausted resources in their traditional homelands, thus holding great potential for disrupting
the historical and cultural continuity of TEK across Ethiopia.

Species Distribution Modeling, Knowledge Integration and Ecosystem Services

Although the creation and use of new geospatial mapping and modeling applications is rapidly
increasing across disciplines, the integration of local and traditional ecological knowledge is noticeably
lacking in theory and applied studies. An array of information science and technology options are
available to researchers, with increased accessibility and speed of these tools. This has allowed
important advancements in the quality and speed of information acquisition, analysis and
dissemination, in addition to more effectively addressing important social and environmental concerns.
Despite this, the human element is often absent from these analyses, with local and traditional forms of
ecological knowledge rarely acknowledged, albeit with some noteworthy exceptions (Calamia, 1999;
Naidoo & Hill, 2006; Graham et a/, 2010)*. Within species distribution modeling (SDM) literature, this
gap is especially prevalent. SDM combines information on species locations with environmental data,
to quantify species distributions across environmental gradients and map those distributions through the
use of statistical models (Elith & Leathwick, 2009; Franklin, 2009).

Useful applications of SDM can be found across a wide range of research and management
endeavors including risk assessment of invasive species (Stohlgren et al, 2010; Jarnevich et al, 2011;
Lindgren, 2012), extrapolating future climate change impacts on forest pest outbreaks (Evangelista et
al, 2011), food security (Evangelista ef al/, In Review), and endemic flora (Davis et al, 2012),
characterizing livestock production systems (Cecchi et al/, 2010), conservation planning (Ferrier, 2002;
Kremen et al, 2008 Thorn et al, 2009), ecological restoration efforts (Carroll et al, 2003; Hirzel et al,
2004), and predicting suitable habitat for cryptic and endangered species (Pearson et al, 2007;
Evangelista et al, 2008; Kebede ef al, In Review). These mapping and modeling techniques allow for
comparison of various management approaches that can be tested on the ground (Ashton ef al, 2011).
SDM applications often hold a central role in conservation planning and policy-making, yet rarely
incorporates or acknowledges LEK, despite the important benefits that local and traditional forms of
knowledge have brought to scientific research around the world.

Focusing on ecosystem services (ES) literature, reveals numerous studies addressing ES
governance and ES mapping and modeling. Kenward et al (2011) offers the largest systematic
investigation of 34 local and international case studies, addressing what governance strategies best
afford outcomes for the following environmental response variables of ecosystem service enhancement,
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(2011). Although much of this work tends to be conducted in developed countries, calls for engaging local and traditional
ecological knowledge are starting to occur. See Newman et al (2012) and Pandya (2012).



biodiversity maintenance and sustainable use of natural resources. Their results confirm the beneficial
nature of adaptive management in regards to ES with emphasis on the importance of knowledge
integration and leadership, which had a strong positive effect on all response variables assessed.
Although empirical cases of ES mapping and modeling are prevalent, and have proven beneficial for
comparing the trade-offs between different land use/land cover change scenarios (Nelson & Daily,
2010; Nelson et al, 2009), in addition to broader theoretical and technical discussions (Naidoo et al,
2008), most focus explicitly on market valuation of services. Moreover, in similar fashion to SDM
literature, existing ES mapping and modeling approaches overall fail to incorporate local and
traditional ecological knowledge of resource users, and fail to connect the services assessed to actual
beneficiaries on the ground (Ricketts, 2013). This trend exists despite rural communities often being
disproportionately dependent on critical services derived from local landscapes, and the Millennium
Ecosystem Assessment calling for increased engagement of local communities for ES conservation and
monitoring efforts (MA, 2005).

Focusing on particularly vulnerable landscapes like Ethiopia, we see the necessity of adaptive,
flexible, interdisciplinary approaches. Ethiopia's flora, comprised of approximately 6-7,000 higher
plant species (Asfaw & Tadesse, 2001), is essential to human well-being and ecological diversity, but is
increasingly threatened by a range of anthropogenic pressures. The United Nations Environmental
Programme (UNEP) lists a number of important and linked environmental issues facing Ethiopia,
including water access and availability, livestock and land degradation, and threats to biodiversity and
endemism (UNEP, 2008). These longstanding problems have acute impacts on plant communities, and
are further heightened by a rapidly growing rural population. Some 85% of Ethiopians live in rural
areas, with the vast majority of these people (approximately 90%) living in the highlands and
dependent on small-scale, rain-fed subsistence agriculture (Zeleke, 2010, 6). Furthermore, between 70
and 80 percent of the population depend on traditional plant-derived medicine for their primary
healthcare (Abebe, 1984; Bekalo et al, 2009; Assefa et al, 2010; Zenebe et al, 2012). Such increased
pressures in places like Ethiopia place “...a region on a trajectory of greater risk to the panoply of
stresses and shocks that occur over time” (Folke ef a/, 2005, 460), reducing the ability and capacity to
adapt from shock, and thus making the social-ecological system more vulnerable (Adger, 2006).

STUDY AREA

Our study concentrated on three sites located in the Oromia Region of Ethiopia, each broadly
representing a level of human incursion and a similar range of elevation and disturbance gradient,
including the town of Dinsho at the northern edge of the Bale Mountains National Park (BMNP), and
two villages adjacent to protected hunting concessions called Odo Bulu and Demaro, located east of
BMNP (Figure 1). The elevation of Dinsho is about 3,200m, with a more varied elevational gradient for
Odo Bulu and Demaro, ranging from 1,500-3,300m (Bussmann et a/, 2011). Mean annual temperatures
ranging from 2.4C° to 15.5C° in Dinsho and 10.2 C° and 21.3 C° in Odo Bulu and Demaro
respectively. Precipitation for Dinsho averages 1,218.6mm annually (Assefa et al, 2010), and 68 to
93mm in Odo Bulu and Demaro (Busmmann et al, 2011), with the entire region having a bimodal
distribution pattern with the “small rains” called belg occurring from February to May and the “big
rains” called kiremt occurring from June to September. The residents of all three study sites are
predominately of Oromo heritage, the main ethnic group of Ethiopia's southern highlands. Traditionally
the Oromo people are agro-pastoralists and small-scale subsistence farmers that cultivate wheat and
barley as a dietary staple and cash crop. To a lesser extent, cattle, goats and sheep are kept by most
households. During the months of cultivation, the livestock are moved into open areas within BMNP
where they are grazed until the end of harvest (Stephens ef al/, 2001; FZS, 2007).

The region is also an area of high biodiversity, with rare endemic species including the
endangered mountain nyala (7ragelaphus buxtoni: Evangelista ef al, 2007) and the critically



endangered Ethiopian wolf (Canis simensis: Waltermire, 1975). Additionally, the area is the product of
a varied elevational and climatic gradient. The landscape is comprised of dense forests populated by
immense trees including Juniperus procera in the predominately dry southern expanses of Gaysay,
Hagenia abyssinica, Hypericum revolutum, Schefflera abyssinica and S. volkensii in the wetter,
northern reaches, in addition to an abundance of Artemisia, Helichrysum, Ferula and Kniphofia genera
in the flatter sections of the valley (UNESCO, 2013). Furthermore the area's topography and vegetation
reflect the extended weathering of lava outflows stemming from the Oligocene Epoch (33.9 -23 million
years B.P.) (Assefa et al, 2010), which have resulted in the loamy, fairly fertile, and low-density Mollic
Andosol soils commonly associated with these volcanic sites (Yineger et al, 2007). Threatened by
deforestation and grazing pressure from a rapidly expanding population of people and livestock, the
distinct vegetation of the region is critically important to human well-being and biodiversity as “...both
the conditions and the isolation of these areas have led to the evolution of unique plant communities
that are found nowhere else” (UNEP, 2008, 11).
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Figure 1. Study sites located in the south-central highlands of Ethiopia



METHODS

Our integrative spatial modeling (ISM) methodology (Figure 2) consists of a mixture of
qualitative and quantitative approaches crossing social and natural science disciplines, with the ultimate
goal of promoting adaptive governance in community-based collaborative conservation efforts. The
components of ISM are: 1) to understand the nuances of local user valuation of provisioning ES
through the important adaptive governance feature of knowledge integration, 2) Modeling the suitable
habitat of these culturally, economically, and ecologically significant service-providing species, 3)
Offer a unique platform for assessing ES vulnerability to anthropogenic disturbances including
population growth, climate change and invasive species, and 4) actively engage the local community of
interest throughout the iterative ISM process. This paper focuses on the first two steps, and concludes
by discussing necessary next steps. We find through this preliminary assessment, that ISM holds great
potential as a useful interdisciplinary tool for community-based conservation efforts.

Quantitative Data Model: Prasence-
only data for species of interest {defined
by resource users’ LEK)

Predictor Variables: Different environmental
information including elevation, slope, aspect ===
and vegetation indice s

Qualitative Data Model: ES conservation
targets determined through re source user
LEK

Identify species that
provide ecosystem
services (ES)

Local Ecological
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valustion of
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Figure 2. Integrative spatial modeling methodology (ISM) workflow. The model relays the first two stages of ISM;
integrating qualitative data (local ecological knowledge), used to define ecosystem service (ES)-providing species of
interest and locate species in the field, with quantitative statistical modeling (species distribution modeling), to map
suitable habitat of critical ES. These models are brought back to the community to validate and calibrate in an
iterative process. The final, future addition to the workflow and methodology is utilizing similar modeling
procedures to assess the vulnerability of ES-providing species to anthropogenic disturbances (e.g. climate change,
population increase and invasive species).



Qualitative data (local ecological knowledge)

We focused on applying techniques inherent to ethnobotanical studies, while incorporating a
necessary understanding of gendered-knowledge, more explicitly addressed in anthropology, sociology,
and political science research. Although ethnobotanical research is a prime example of integrating local
knowledge and conventional scientific methodologies (Vandebroek et al, 2011), many published
studies have overlooked the importance of women's plant knowledge (Pfeiffer & Butz, 2005). This
“lack of gender consciousness” (Garibay-Orijel ef al, 2012, 10) is especially pervasive in Ethiopia, with
many studies implicitly assuming homogeneity of a given community's LEK, although recent work has
revealed the importance of women's distinct plant knowledge in the Bale Mountains region (Luizza et
al, in review). With the paucity of data on women's ethnobotanical knowledge in Ethiopia, it was
imperative to catalogue this understanding of local flora to compare with that of men's plant
knowledge.

In this study we catalogued women's knowledge of a wide array of plant-derived provisioning
services through the use of a focus group approach, which afforded a view of different perspectives
about the topic simultaneously (Morgan, 1997) and allowed unanticipated information to emerge
(Huntington, 1998). Data on men's uses of plants in the region (specifically the villages around the
hunting concessions, Odo Bulu and Demaro) had already been collected through semi-structured
interviews during a recent study which included three of the authors of this paper (Bussmann et al,
2011). Additionally, men in all three study sites were engaged during this most recent trip to gain
insight into some of the most important provisioning service plants in the region for both men and
women.

Our study design was pre-approved by the Social, Behavioral, and Education Research
Institutional Review Board at Colorado State University (Protocol # 12-3795H). The focus groups were
conducted by Young, Kuroiwa and Luizza in December, 2012 with interpretive support by Worede.
Participants included 13 local women that resided in or around the town of Dinsho and the villages
adjacent to the Odo Bulu hunting concession. The women from Dinsho were recruited through a
women's micro-loan program managed by a local non-profit organization, and the women from the
village near Odo Bulu were recruited by Worede with the help of local villager who works as the head
tracker for the hunting concession. Twelve local men participated in semi-structured interviews in
2011, recruited through a random sampling technique (Bussmann et al, 2011). We compiled 337
pictures of plants collected by (Bussmann et al, 2011), which were also used for the men's interviews,
and found within the TROPICOS botanical database’ managed by the Missouri Botanical Garden.
These pictures were organized and formatted to contain either one or two full-color images of each
individual plant, in the field (often with one close-up shot of the flower, fruit or leaves), with the
scientific name and local name (if known) printed on each picture. The nomenclature of all species also
follows TROPICOS.

At the beginning of each women's focus group, a formal introduction was made, explaining the
project and its goals before receiving verbal consent by each participant. Pictures were laid out on
tables in groups based on growth type (e.g. fern, grass, tree, shrub) and the women were encouraged to
walk around, view the pictures and talk with each other as long as they needed. Each respondent
collected pictures of plants they recognized, and once everyone had finished, the respondents and
interviewers discussed each collected plant's local Oromiffa name and the use(s) derived from it
(Figure 2). All participants had the opportunity to contribute their knowledge for each plant species.
Each focus group lasted for approximately six hours and was conducted in Oromiffa with the help of
Worede, who is conversant in Oromiffa and fluent in Amharic and English. In addition to Worede's
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translation help, the use of hand gestures helped transcend language barriers between the interviewers
and focus group respondents. Plants that remained on the table were collected and placed in a folder
labeled “unidentified” and the process was repeated until all 337 plants were accounted for. Plant uses
were later grouped into a set of 15 ethnobotanical provisioning service categories (Table 1), in part
drawn from Bussmann et al (2011) and supplemented with new categories coming out of the focus
group. Bussmann et al's (2011) data on men was subsequently re-assessed with this modified

provisioning service category list.

Figure 2. Focus group respondents identifying plants in Dinsho (L), and discussing plant uses in Odo Bulu (R).

Plant Use Description

Construction Plants utilized in the assemblage of buildings, including
homes and other habitable structures, fencing and large
farming implements like ploughs

Cooking Plants utilized as cooking implements for the preparation of
food, sieves, containers for food storage, or as non-stick
spread for greasing clay injera pans

Cosmetics Plants utilized as care substances or implements to enhance
the appearance and/or odor of the human body

Detergent Plants utilized as cleaning agents for clothing or
cookware/dishware

Firewood Plants gathered and utilized as fuel material

Fodder Plants gathered and utilized as feed for domesticated
livestock

Food Plants gathered and consumed to provide nutritional support
for the human body

Forage Plants consumed in the wild by livestock and/or wildlife

Honey Plants utilized in any aspect of honey production, including
plants pollinated/nectar collected by bees or used in
construction of beehives

Medicinal Plants utilized for their actual or perceived curative

properties for a variety of human physical ailments

None

Plants with no use




Other Plants utilized for in a variety of other less prevalent
processes (leather softeners, aromatics, paint, cleaning
implements, baskets and other non-food storage containers,
hats, furniture, decoration, food for non-ungulate wildlife or
livestock, non-construction related rope/twine, toothbrushes)

Spiritual/Ceremonial Plants utilized for alleviating spiritual ailments or afflictions
or for special ceremonial events

Unknown/Unidentified Plants with no known use or not identified in the interview
process

Veterinary Plants utilized for their actual or perceived curative

properties for a variety of livestock physical ailments
Table 1: Description of each ethnobotanical provisioning service category with detailed explanation of each plant use.

Quantitative Spatial Data

Vegetation field sampling was conducted at all three study sites and supplemented with species
occurrence data for modeled ES-providing plant species, acquired from the Global Biodiversity
Information Facility (GBIF) database®. Field data was conducted using Modified-Whittaker plots
(Stohlgren et al, 1995), which have proven extremely effective at capturing plant diversity and species
richness, by utilizing a nested plot approach of multiple sampled spatial scales at Im?, and 100m?
subplots within a 1,000m? main plot (Campbell ef al, 2002; Ghorbani, et al, 2011). These field plot data
were used for the majority of ES-providing species occurrence points. To predict suitable habitat of the
local user-defined ES-providing plants, we used five independent spatial variables in our analyses that
were derived from remotely sensed data and GIS computations. All data was projected in the Universal
Transverse Mercator system (WGS 84, Zone 37N) with 30m resolution. Coarse resolution moderate
resolution imaging spectroradiometer (MODIS) imagery was re-sampled to 30m. The MODIS data
acquired from instruments aboard NASA’s Terra satellite were downloaded from the United States
Geological Survey Global Visualization Viewer (GLOVIS)’. A 30m resolution Digital Elevation Model
(DEM) from the National Aeronautics and Space Administration’s (NASA) Shuttle Radar Topography
Mission was used, with slope in degrees and aspect raster layers generated in ArcGIS 10.0 Spatial
Analyst. Two vegetation indices- Normalized difference vegetation index (NDVI) and enhanced
vegetation index (EVI)- were derived from MODIS and additionally run as environmental predictors in
concert with the DEM, slope, and aspect raster layers. Both vegetation indices were acquired for a
single MODIS scene during the end of the dry season (December, 2012) when the team was most
recently in the Bale Mountains conducting the women's focus groups.

Data were processed through Maxent statistical software package version 3.3.3¢ (Phillips ef al,
2004; Phillips et al, 2006). This species distribution modeling approach is a general-purpose machine
learning method that models species distributions from presence-only species occurrence records (Elith
et al, 2011), and been shown to have high accuracy in predicting species distributions (Franklin, 2009;
Stohlgren et al, 2011), even with small sample sizes (Pearson et a/, 2007). The principle of maximum
entropy states that a probability distribution that is the most spread out, or closest to uniform (i.e.
having “maximum entropy”), subject to known constraints, is the most appropriate estimation of an
unknown distribution, because it concurs with all knowns and avoids all that is not known (Phillips et
al, 2006). The Maxent modeling output creates a surface with a continuous habitat suitability gradient,
with values ranging from 0 (least suitable or dissimilar) to 1 (most suitable or most similar to cells with

® http://www.gbif.org/
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presence points) and provides a calculation of the percent contribution of the different environmental
variables used in the model (Stohlgren et al, 2011). For our study, models for each user-defined ES-
providing species of interest were run 15 times, and averaged. This approach combined with the
Maxent feature of withholding a specified portion of the data for testing, facilitated enhanced model
performance while utilizing all available data without having an independent dataset. Furthermore,
these multiple model runs provided a measurement of the amount of variability in the model. For the
random test percentage, we withheld 10% of the data across all three models run. Furthermore our
models were run with 5,000 iterations to allow for adequate convergence time, which reduces the
likelihood that the model will over-predict or under-predict the species-environmental relationships.
Maxent default settings were used for regularization parameterization and creation of background
points, as other studies have shown these default settings to achieve strong performance in predicting
habitat suitability (Phillips & Dudik, 2008).

RESULTS
LEK Data

The women's focus groups resulted in the identification of 181 plants, and the men's interviews,
294 plants. Species identified spanned an array of growth types including herbs (seed-producing
annuals, biennials, or perennials that do not develop persistent woody tissue and die down at the end of
a growing season), shrubs (relatively low height woody plants, often with several-stems), trees (woody
perennial plants with a single, often elongated main stem and generally few branches on their lower
extent), ferns (flowerless, seedless vascular plants, with roots, stems, and fronds, that reproduce by
spores), climbers (weak-stemmed plants, including vines, that gain support from climbing, twining, or
creeping along a surface), and grasses (predominately herbaceous plants with jointed stems, slender
sheathed leaves, and flowers produced in spikelet bracts).

A broad range of provisioning services were associated with the identified species and revealed
distinct types of knowledge for men and women (Figure 3). For example, men identified nearly six
times as many plants with forage uses and twice as many firewood uses than women, but women
identified nearly twice as many plants providing honey production uses and medicinal and veterinary
uses. Respondents were detailed and forthcoming in their descriptions of the plant uses. For the
women, this was particularly because of the relationship that had already been built with the group by
the micro-loan program. Having this established trust was critical for our study, which enacted a rapid
rural appraisal approach, seeking cost-effective ways to learn about rural conditions (Chambers, 1981).
Such brief assessments can hold important trade-offs of data collection efficiency, and richness and
potential accuracy of the data. A broad array of LEK and TEK literature acknowledges the merits of
different approaches for cataloguing local and traditional knowledge. These approaches involve
different data collection methods and levels of engagement and embededness in a community of
interest, ranging from rapid appraisal workshops with local stakeholders, conducted in a matter of
hours (Merritt et al, 2009), to more traditional ethnographic approaches, which are often characterized
by individual interviews and involve long-term community engagement spanning a number of years
(Peloquin & Berkes, 2009). With any approach having established trust is paramount. These findings of
the rich extent and unique contribution of rural people's LEK in the Bale Mountains reveals the urgent
need to include this gender-distinct understanding of local flora when conducting management of plant
resources and attempts at community-based conservation planning. For our ISM methodology, this is a
critical step in determining ecosystem service conservation targets.
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Figure 3. Identified provisioning services derived from plants by men an women in the Bale Mountains of Ethiopia.
Stark differences in provisioning service categories reveal distinct “gendered” knowledge about plant uses.

Maxent Modeling

Plants with human medicinal applications were the most prevalent use categories identified by
the women respondents (approximately 23% of uses), whereas plants providing forage for livestock
and wildlife was the dominant category identified by men (approximately 40% of uses). With this
understanding and the fact that plant-based medicines constitute a major part of rural Ethiopian's
primary health care, we focused preliminary modeling efforts on three tree species with medicinal
properties, which male respondents additionally noted to be of high local value (whether for medicinal
properties or other uses). Each species had between 15 and 30 presence points derived from our field
plots and supplemented with existing occurrence records for the region. This included: 1) Hagenia
abyssinica (Heto in Oromiffa), a tree from the Rosaceae family which acts as an anthelmintic to
combat tapeworm, in addition to being a critical timber source for house construction and furniture, 2)
Hypericum revolutum (Garramba in Oromiffa), a tree from the Hypericaceae family, the leaves of
which are boiled with Juniperus procera leaves to make a tea that alleviates flu symptoms, and also
used to make house frame beams, and 3) Juniperus procera (Hindesa in Oromiffa), a tree from the
Cupressaceae family, the leaves of which are boiled and made into a tea which is drank and the vapors
inhaled to alleviate a “swollen stomach”, in addition to being used for house construction. Modeling of
user-defined provisioning ES plants (derived from LEK) were extrapolated to a broader spatial extent



beyond the BMNP boundaries and encompassing a broad elevational gradient between 1500 and
4400m. 1500 meters was chosen as the low elevation cut-off, as existing research on the endangered
and endemic mountain nyala (7ragelaphus buxtoni), reveal this large spiral-horned antelope to prefer
dense highland forest concealment and have been found occurring at elevations as low as 1500m
(Evangelista ef al, 2008). These upper and lower Afro-montane zones tend to be dominated by our
study species Hagenia abyssincia, Hypericum revolutum and Juniperus procera. Background points
were pulled from this defined area to facilitate a more accurate model (Elith et al, 2011). A binary
logistic threshold was processed to convert the medicinal plant suitable habitat models from a
continuous gradient suitability (ranging from 0 to 1), to a binary threshold of sensitivity = specificity,
matching the original model output values, and thus creating a binary threshold cut-off where a value
of one equals “suitable habitat™ and a value of zero equals “unsuitable habitat”. These threshold values
are unique to each species model run and can be found in the Maxent output .csv file.

The following output tables relay the accuracy statistics of each model and the ranking of
variable importance for each medicinal tree model. Our preliminary results reveal strong Area Under
the Receiver Operating Characteristic Curve (AUC) values. The AUC values facilitate easily
interpreted comparisons of model performance, with an AUC value of 0.5 indicating that the model
performance is no better than random, while values closer to 1.0 (the highest value) indicates stronger
model performance. AUC plots the true positive error rate on the x-axis (sensitivity) against the false
positive rate (specificity) on the y-axis for every probability value predicted for the data in question
(Franklin, 2009, 222). In other words, AUC “...has a natural statistical interpretation. Pick a random
positive example and a random negative example. The area under the curve is the probability that the
classifier correctly orders the two points...A perfect classifier therefore has an AUC of 1 (Phillips, 2004,
659).

Hagenia abyssinica (model AUC: 0.993; standard deviation: 0.003)

Variable Percent Contribution
Normalized difference vegetation index (NDVI) 42.1

Digital elevation model (DEM) 39.8

Slope 9.5

Enhanced vegetation index (EVI) 6

Aspect 2.6

Hypericum revolutum (model AUC: 0.971; standard deviation: 0.040)

Variable Percent Contribution
Digital elevation model (DEM) 75.3

Enhanced vegetation index (EVI) 9.1

Slope 6.5

Aspect 4.8

Normalized difference vegetation index (NDVI) 4.3




Juniperus procera (model AUC: 0.935; standard deviation: 0.053)

Variable Percent Contribution
Digital elevation model (DEM) 76.9

Normalized difference vegetation index (NDVI) 17.9

Slope 2.5

Aspect 1.5

Enhanced vegetation index (EVI) 1.2

Assessing variable importance is done through the analysis of variable contributions output.
This shows the environmental predictors used in the model and their percent predictive contribution of
each variable. The higher the contribution, the more impact that particular variable has on predicting
the occurrence of the species modeled. Our results show the digital elevation model to consistently be a
high predictor, which makes ecological sense, as observations in the field have shown each species to
create somewhat distinct bands by elevation with some overlap, especially between Hagenia
abyssinica and Hypericum revolutum. It is important to emphasize that models with small presence
point sample sizes, such as our medicinal tree models, should not be interpreted as predicting limits to
the range of each species but as predicting areas with similar environmental conditions to known
locations of that species (Pearson ef al, 2007).

Individual medicinal plant models were subsequently combined (Figure 4) in ArcGIS 10.0 to
produce a medicinal tree biodiversity “hot-spot” map (Figure 5), highlighting regions where all three
trees share suitable habitat, where two species share suitable habitat, and where only a single species
has suitable habitat.

Hagenia abyssim‘ o Junipems prora E Hypericum revfutm

Figure 4. Individual medicinal plant model output were combined in ArcGIS 10.0 “Raster Calculator” to produce a
medicinal tree biodiversity “hot spot” map (Figure 5).
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Figure 5. Combined model outputs produced a medicinal tree biodiversity “hot spot” map, revealing zones across the
Bale region where suitable habitat exists for all three medicinal service providing species, two species, and only one
species, respectively. This model once validated and calibrated with local resource users can provide important data
for community-based conservation efforts.

Our combined model reveal a medicinal tree “hot spot” belt spanning the middle of the BMNP
and extending into its northern extents. Swaths of suitable habitat for two of the three species is also
present in the northern reaches of the park, which encompasses the Bale Massif which includes
elevations 3,000m and above (Hillman, 1988). Overall, these results agree with existing research on the
extent of such tree species in the Bale region, although seemingly under-representing patches of
suitable habitat in the southern escarpment of the BMNP, which through LEK data collection and visual
confirmation, has revealed all three species to be present.

CONCLUSIONS & NEXT STEPS:

This study has enacted the first two components of our ISM methodology (understanding the
nuances of local user valuation of provisioning ES through the important adaptive governance feature
of knowledge integration and modeling the suitable habitat of these culturally, economically, and
ecologically significant service-providing species). It reveals important distinctions in local ecological
knowledge between men and women in the Bale Mountains of Ethiopia, and the efficacy of our rapid
appraisal approach in cataloguing LEK. This assessment revealed the women participants were
generally able to identify plants just as well as our male participant, and additionally possessed unique



knowledge about local flora. Furthermore, we show the importance of combining qualitative methods
of cataloguing LEK with quantitative methods of habitat suitability modeling, to actively involve the
community in defining conservation targets and relative importance of different species and ecosystem
services in the region. Inherent trade-offs and different benefits of the varied LEK collection methods
exist (Berkes & Berkes, 2009; Fazey et al, 2005; Fazey et al, 2006; Marie et al, 2009; Merritt et al,
2009; Peloquin & Berkes, 2009), but with any given methodology, gaining the trust of participants is
critical. In our case, the focus group respondents were members of a micro-loan program, and had a
pre-existing level of trust and comfort with each other. Additionally, they were trusting of our research
team as the non-profit who has worked with these women over many years gave their full support of
our research endeavors. The importance of trust-building is present in other LEK research as well. In a
study of wetlands conservation management in Australia, researchers spent two months volunteering
with land managers to gain a better understanding of existing conservation issues and to build trust
between the research team and managers participating in the study (Fazey et al, 2005).

Our medicinal plant models produced high AUC scores, but these must be interpreted with care,
as the unavoidable spatial autocorrelation of highly clustered presence points seen in this study and
others, can artificially inflates AUC values (Stohlgren ef al, 2011). Furthermore, caution in interpreting
the relative importance EVI and NDVI predictors is also needed as both indices are shown to be highly
correlated (Wardlow, et al, 2007). This necessitates continued iterations of LEK data collection and
model validation and calibration with local resource users, to leverage the respective strengths of each
qualitative and quantitative approach used in ISM.

Our LEK data collection supports the argument of strong links between resource knowledge and
use (Reyes-Garcia et al, 2007). In addition to the added insights afforded, this “gender consciousness”
is needed for effective and holistic management of plant resources and attempts at community-based
conservation. this “gender consciousness” is needed for effective and holistic management of plant
resources and attempts at community-based conservation. Engaging local resource users about their
LEK in many ways provides a level of empowerment for participants. This was made apparent with the
women focus group respondents. At first the women thanked our research team for coming to teach
them about plants, but we quickly clarified that they were the teachers, and their excitement at this
unexpected role change was quickly noticed. Moreover, the women noted that the focus group process
made them aware of an existing disconnect they have overlooked yet perpetuated in their daily lives.
One where “nature and plants” are separate from “people and livelihoods”, and more importantly
revealed the strong connections between these critically interconnected parts.

Results of these preliminary medicinal plant models can hold utility with future community-
based conservation efforts and lead into the next component of ISM, which entails conducting
vulnerability assessments to LEK-defined conservation targets to pressing anthropogenic drivers of
change including climate change, population increase and invasive species. The same qualitative
methods used to explore local users knowledge of plants and their uses (e.g. focus groups and semi-
structured interviews) will be conducted with the same community members to define the most
pressing drivers of change. Following this assessment, the same species distribution modeling
approaches will be employed to model the vulnerability of different plant-derived provisioning ES to
these drivers of change. For example, observational data and discussions with a variety of Ethiopians
has shown population increase linked with land-use conversion to be a major concern in the Bale
region. Rural settlement expansion is prolific across the landscape including a surge of illegal housing
settlements, fences and agriculture fields emerging within the protected BMNP boundaries. This likely
poses a threat to the medicinal trees modeled in this study. Additionally, three varieties of non-native
Eucalyptus (E. globulus, E. melliodora, and E. rostrata) are increasingly favored for lumber, with
growing cultivation leading to the removal of broad swaths of native vegetation. Eucalyptus takes 3-6
years to be of harvest age, whereas the closest “fast-growing” native tree of good lumber quality,
Cordia, takes 20-60 years to be of harvest age. The rapid economic return achieved with Eucalyptus



provides great incentive for removing native vegetation, but ISM can provide an important platform for
understanding potential impacts on biodiversity hotspots of ES-providing species and allow for more
effective, efficient and legitimate cost-benefit analyses that actively engage local resource users at all
stages of the process.

Important next steps of this ISM approach includes assessing ES vulnerability to anthropogenic
disturbances including population growth, climate change and invasive species, and continuing to
actively engage the local community of interest throughout the iterative ISM process. Current models
will be brought back to the Bale region and field validated with community members and calibrated
based on continued inclusion of LEK of men and women. Furthermore, we will begin implementing
this ISM approach to research beginning in the Yukon Watershed, which spans Interior Alaska and
extends into the Yukon Territory. Working with the Native American and First Nation tribes of the
Yukon Inter-Tribal Watershed Council, we will attempt to replicate the approaches used in this study in
the Bale Mountains of Ethiopia.
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