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Fig. 1. Representative gelada monkey (7Theropithecus gelada) habitats encountered during recent
MMBF-funded surveys for the species across the Ethiopian Highlands. (A) Intact gelada
ecosystem on the Guassa Plataeu, Menz escarpment, North Shewa province where geladas form
herds of several hundred individuals. (B) Human-dominated, marginal gelada habitat near Tenta,
South Wollo province supporting smaller (<40 individuals) gelada herds, living in close
proximity to humans, their croplands and rangelands, and domestic livestock.



SUMMARY

Gelada monkeys (Theropithecus gelada) are the last remaining member of a once speciose
genus. Today, geladas are confined to the rapidly shrinking alpine grasslands of the Ethiopian
Highlands where they are threatened by conversion of their Afroalpine habitat to crop- and
rangeland. Global climate change and a rapidly growing human population in Ethiopia
exacerbate these problems. Geladas are currently listed by the IUCN as Not Threatened/Least
Concern, even though only 3% of the original Afroalpine habitat remains. Based on our
collective experiences studying geladas at three widely separated locations across the species’
geographic range during the past decade, we believe the IUCN designation represents a severe
underestimate of the current risk faced by geladas. With MMBF support, we carried out
systematic censuses for geladas across a large portion (~2/3) of their remaining habitat in the
wild in 2015 and 2016. Our objectives in carrying out these censuses were to (1) map the
distribution of the species’s remaining populations, (2) obtain accurate estimates of the number
of geladas in each local population (or deme) as well as obtain an overall estimate of the total
population size remaining in the wild, and (3) resolve the phylogeny and taxonomy of geladas at
the subspecies level via genetic analyses. Although we are still in the midst of processing and
analyzing our field data and samples, our preliminary analyses suggest that while geladas are still
found in many parts of their historic range, most remaining populations appear to be small (<40
individuals) and found in highly degraded, marginal habitat, often in close proximity to humans
and their livestock. Additional analyses are still underway and promise to yield information vital
for assessing the status and distribution of geladas in the wild, as well as contribute to the
development of conservation and restoration strategies for the rapidly changing Ethiopian
Highlands. Geladas comprise the majority of the native large herbivore biomass throughout the
Ethiopian Highlands, and their loss would likely have adverse ecological consequences for
people and other animals and plants living in these Highlands. Our ongoing goal is to determine
what is left of this once widespread and ecologically important species and what we can learn
from the loss or decline of geladas in areas that have already been irreversibly altered by human
activities. In addition to providing an update on our results so far, we also wish to request
additional funding to complete the final ~1/3 of the surveys to achieve our project objectives in
full.



INTRODUCTION
Project background & rationale

The last remaining member of a once widespread and species-rich genus, the gelada
(Theropithecus gelada) is endemic to the Afroalpine grasslands and adjacent escarpments of the
Ethiopian Highlands, occurring at altitudes ranging from 1800 to 4500 m asl (Jablonski 1993).
Conversion of gelada habitat to farmland and livestock grazing areas has proceeded at an
exponential pace in recent decades and, today, just 3% of the original alpine grassland habitat in
the Ethiopian Highlands still exists, making the area one of the fastest disappearing ‘biodiversity
hotspots’ (of 34) on the planet (Williams et al. 2005). Despite immediate and long-term threats
posed by global climate change (Dunbar 1998), as well as the growing understanding of the
importance of this Eastern Afromontane grassland ecosystem for the maintenance of biodiversity
in the region (Williams et al. 2005), geladas continue to be listed as ‘Least Concern/Not
Threatened’ by the [IUCN Red List (Gippoliti and Hunter 2008). In our collective opinion, this is
a designation that is almost certainly erroneous. Even more fundamentally, both the distributions
and the physical characteristics of the two subspecies are poorly defined, and a possible third
subspecies has been identified (Gippoliti 2010; Mori & Belay 1990).

Geladas were once regarded as abundant. Indeed, an unsubstantiated estimate placed them at
400,000-600,000 individuals in the 1970s (Dunbar 1977). This estimate continues to plague
gelada conservation status because no current quantitative estimates exist. Land use change in
the Ethiopian highlands has primarily affected grass and shrubland (Meire et al. 2013). In recent
decades, this process has been accelerating, with large tracts of the Afroalpine landscape
converted for agriculture and rangeland, a trend likely to continue in the future without intensive
management (Funkenberg 2010). Indeed, the human population of Ethiopia has quadrupled in
the last century to 100 million, and is projected to reach 180 million people by 2050, making it
the tenth most populous country in the world (UNDESA 2013). We believe land use change
underlies what our collective, albeit anecdotal, experience studying the three largest remaining
populations across the gelada geographic range (northern: Simien Mountains; central: Guassa;
southern: Arsi) points to. Our observations suggest gelada numbers were either overestimated in
the 1970s or (more likely) have fallen dramatically since then. In particular, our recent censuses
of these populations prior to the commencement of the current MMBF-funded study found a
combined total of less than 6,000 geladas [ Simien Mountains: ~4250 (Beehner et al. 2007),
Guassa: ~810 geladas (Fashing & Nguyen, unpub. data), Arsi: ~600 geladas (Mekonnen, unpub.
data)]. These numbers produce an extrapolated estimate that is several orders of magnitude
lower than the 1970s estimate and creates considerable cause for concern.

Are geladas a keystone species?

Large mammals have been widely recognized to play key roles in ecosystem functioning
(McNaughton et al 1997). Through habitat engineering and interactions with diverse constituents
of the faunal and floral communities, animal control of physiochemical processes and energy
flow reverberates through the ecosystem (Jones et al. 1994). Species defined as “keystones”
exhibit a disproportionately large control over the structure and functioning of ecosystems
relative to their abundance (McNaughton et al 1997).



Geladas are grazers that obtain ~90% of their diet from grass blades in the rainy season when
their nutritional value is high, but shift their diet to herbs, seeds and underground plant parts (i.e.
rhizomes) in the dry season (Dunbar 1977; Fashing et al. 2014). Their habitat is characterized by
a diversity of plant community types; matrices of ‘guassa’ tussock grasses (Festuca spp.), short
herbs (Alchemilla spp.) and grasses, giant lobelias (Lobelia rhynchopetalum) and Ericaceous
moorlands (Erica and Phillipia spp.) (Fashing et al. 2014). Erosion of their ancient Basaltic
plateau habitats has been occurring for millennia, leading to the evolution of a plant community
structure that is of vital importance to the retention of soil (Meire et al 2013). The region is
susceptible to high inter- and intra-annual variation in precipitation, often experiencing a
prolonged and intense rainy season from June to September but also being very vulnerable to
drought (Nyssen et al 2005). Although there has been much research into the impact of cropland
and livestock grazing on erosion and other ecosystem processes in Ethiopia (Descheemacker et
al. 2006; Billi 2015), there has been very little attention paid to the influence of native grazer
species on these processes. Carrying out a sorely needed census of 7. gelada to illuminate their
current conservation status provides an ideal opportunity to test their keystone role in the
Afroalpine system through a spatially explicit comparison of animal, plant and soil landscape
patterns and processes.

Project objectives

Because our preliminary evidence suggests that geladas are far less common than is currently
recognized, the primary objective of this study is to carry out a comprehensive countrywide
census — which is now 2/3 complete — for geladas that will identify (1) how many gelada
populations remain, and (2) the total number of geladas in each population. Because gelada
phylogeny and taxonomy still remains unresolved (Gippoliti 2010), a 3rd objective of our study
focused on biogeography and isolation, specifically the use of phylogenetic analyses to
determine genetic variation within and between the remaining gelada populations. The data
we are collecting from the censuses and subsequent genetic analyses will be essential to
determining an accurate conservation status of geladas as a species as well as the respective
status of each of the subspecies (two are currently recognized, though genetic analyses may
reveal that there are more, Gippoliti 2010). We anticipate our surveys will not only impact the
status of geladas on the IUCN Red List, but also inform conservation and management policies
for geladas within Ethiopia. In particular, the genetic data will be crucial in understanding
barriers between local populations (between supposed subspecies ranges), and from north and
south of the Rift Valley. Although the Ethiopian government and Ethiopian Wildlife
Conservation Authority are eager to know how many geladas remain, Ethiopia is one of the
world’s poorest countries and funds are not available internally to support such countrywide
surveys. We are confident that we will be able to resolve the status of Ethiopia’s flagship primate
species and make important contributions towards its conservation. This report lays out the
progress we have made thus far.



METHODS
Study areas

We searched the published
literature and historical
records and identified 11 sites
where geladas are known to
occur or where they have
been reported to occur in the
past (Fig. 2). These sites are
scattered primarily across the
central and northern
Ethiopian Highlands and
encompass Shewa, Wollo,
Gonder, Gojjam, Tigray and
Oromia regions, an area
covering ~51,000 km®. The
habitat types found in these
areas today include intact

Afroalpine grasslands in
protected areas, but also
fragmented and isolated
suitable gelada habitat
outside protected areas in
human dominated
landscapes.

To carry out our censuses, we
first identified potentially
suitable gelada habitat using
computer modeling. We
derived a simple model
predicting gelada suitable
habitat from a Digital
Elevation Model (DEM) and
broad vegetation zones. For
320 existing gelada presence
locations, 99% were located
in the predicted suitable
habitat (defined as areas
above 1800m asl and within

2km of a cliff, with >20°
slope, Fig. 3). The highly
specialized habitat
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Figure 3. Areas of potential or known gelada occupancy. In the
figure, + represents randomly chosen survey locations within the
species’s potential suitable habitat range (2 km from cliff; slope >20°;
Ambhara region only)




requirements of geladas (grasslands above 1,800 m and within 2-3 km of a near-vertical rock
face that serves as a sleeping cliff and retreat from predators) means that it has been relatively
simple to narrow down the list of potential locations where geladas might still occur, simplifying
transect selection. Promising survey localities (n=1124 different locations on different cliffsides)
were then chosen at random within the areas of known or potential gelada occupancy derived
from the suitable habitat model (Fig. 3).

Abundance and population size of geladas

Base camps were established at each survey site to enable observers to sample the region as
comprehensively and effectively as possible, usually in less than 7 days. Systematic censuses
were carried out via the ‘direct count method’ which is optimal for censusing a species like
geladas, which live in mountainous but very open terrain (Beehner et al, 2007). Sweep censuses
were used with 3 to 6 observers at a time, to determine population size and density of geladas.
Observers simultaneously walked along transects 2-10 km in length, as time allowed, along the
cliff-faces (Whitesides et al, 1988). The observers walked along the transect at an average speed
of 1-2 km/h on foot depending on the habitat, usually starting in the mid-morning when gelada
groups tend to leave their sleeping cliffs for foraging (Hunter, 2001). We ensured the boundaries
of a single day’s census did not overlap that of the subsequent day’s census so as to avoid
double-counting on the following census day. During censuses, we also conducted sweep
censuses of all other large herbivores, native and domestic, according to the same protocol. Over
the course of 3 days in both Simien Mountains National Park and Borena Saynt National Park,
we collaborated with National Park and research staff there to survey with up to 15 observers
simultaneously in these unusually large survey areas.

Genetic structure and intraspecific divergence

Faecal samples were collected noninvasively from geladas at each census site for later genetic
analyses. At each locality, observers attempted to sample a target of 5% of the population.
Samples were preserved in 30 ml tubes containing >97% ethanol at least for 24 hours. After 24
hours, we decanted the ethanol and left the tube open for some time for the sample to dry. Then,
the sample was transferred to a new test tube containing silica beads separated by small pieces of
tissue paper to avoid direct contact of the feces with silica. In addition, tissue samples were
collected opportunistically from dead specimens. Data recorded for each sample collected
include the date, name of collector, species, identification/code number of the sample, GPS
location, altitude, age and sex of the individual (if known), condition of feces collected, habitat
type, group size and other features. The samples were stored in the field for several few weeks
before being transported to Addis Ababa University and stored under -4C until they cam be
transported to the German Primate Centre (DPZ), Germany for further genetic analyses. Zinner
& Roos (collaborators on this project) have secured funding from Primate Action Fund (Zinner
& Roos, PAF 13-14) to carry out the genetic analyses.

Gastrointestinal parasite infections

Faecal samples were also collected noninvasively at each site for later laboratory analysis for
gelada gastrointestinal parasites. Samples were collected immediately after defecation from the



inner part of the feces to avoid contamination (Gillespie, 2006). As before, a target of fecal
samples from 5% of each potential gelada population/deme or survey site was aimed for to
assess the potential parasitic infection across sites. Before collecting fecal samples, it was
necessary to examine the sample macroscopically for the presence of blood, mucus, tapeworm
proglottids and adult or larval nematods (Gillespie, 2006). Replicate fecal samples (ca. 3g) were
stored in a 15 ml sterile plastic vial with 7-8 ml of 10% formalin solution and >99.5 % ethanol.
The same attributes were recorded as the genetic samples (above). In addition, any external
parasitic infection and swelling observed on geladas were recorded including the age/sex class of
individuals and other associated features recorded above. The samples were transported to the
Addis Ababa University, Department of Zoological Sciences where they are being preserved at
4°C or below.

Vegetation composition and biogeochemistry

The plant community composition at each
survey site was examined through rapid
botanical assessments of randomly selected
vegetation plots on survey transects. We
recorded species diversity and relative
biomass. All census participants were trained
in basic botanical identification and
soil/vegetation sampling, and equipped with a
GPS unit and digital camera. All participants
attempted to reach a target of five plots per
hour, with at least 20 m distance separating
points, ensuring an equal coverage in all six
main habitat types: Festuca grassland,
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(Euryops-Festuca grassland), Erica moorland, Figure 4. Example UAV-derived imagery; (A)
Helichrysum-Festuca grassland, and swamp Guassa (Community Conservation Area, in N.
grassland (Ashenafi et al, 2012). Habitat Shewa; Festuca grassland and grazing lawn
classification will be defined for all survey mosaic); (B) Were Ilu region (no protection, in

locations on the basis of these plots, as well as ~ S- Wollo; high percentage of bare ground)

regular ground control points and unmanned

aerial vehicle (UAV) imagery. Image classification will be performed by using a moving
window approach at a 5 x 5 m resolution, which can estimate the proportion of the vegetation
community of the three most abundant plants. Site characteristics — e.g., stone cover and
topography, soil moisture — were recorded using a WET-sensor (Delta-T Device), and samples of
above-ground biomass and surface soils. We will create Digital Terrain Models (DTMs) and
ortho-image mosaics after creating photogrammetric image blocks by bundle-block triangulation
from georeferenced photo log files (Linder 2009). The resulting fine-scale mosaics (approx. 10
cm) and DTMs will be used to regress the plot vegetation and nutrient data to the larger spatial
extent (Fig. 4).



PRELIMINARY RESULTS

(1) How many geladas are left and where are they? To date, we have surveyed for geladas
across much of their historical range, in North and South Shewa, East Gojjam, North Gondar,
North and South Wollo, and Tigray (Fig. 6). All censuses were undertaken by a team of 4-5
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Figure 5. Major 7. gelada census sites in 2015 and 2016,
categorized as large (>40 animals), marginal (<40), or absent.

Faecal (phylogenentic, parasitological), botanical and soil

samples were collected from each site.

observers trained and usually
accompanied by RIB), first in
2015 (March-July) and again in
2016 (January-June). In total,
we have collectively covered
>22,000 km by road and
systematically walked ~1,235
km of cliffside transects. Our
analyses of the survey data are
still underway, but to date, our
preliminary analyses suggest
that the vast majority (>80%) of
gelada populations surveyed
thus far comprise fewer than 40
individuals, significantly less
than populations inhabiting
more ecologically intact
ecosystems such Borena Sayint
NP (>300 geladas) and Guassa-
Menz Community Conservation
Area (>800 geladas) (Fig. 5).
Nearly all of the marginal
populations surveyed thus far
occupy degraded Afroalpine
grassland habitats characterized
by low plant diversity and
biomass.

To date, we have carried out
transects at nearly 2/3 of the
sites identified in our suitable
habitat model as potentially
capable of supporting geladas
in the Ethiopian Highlands
(n=724 of the 1124 randomly
generated cliffside transect sites
from our habitat suitability
model). We are currently
analyzing the data and samples

collected from these surveys and finalizing habitat and demographic modeling to identify those
sites that require a revisit for land cover and/or census purposes, as well as high priority sites that



have not been visited yet. We are hopeful that more geladas will be found in the remaining
survey areas, which will focus on sections of Tigray, North Wollo, Delanta and Gonder regions
in the north and Arsi in the south (Fig. 6). These areas may contain vestiges of the gelada
populations that once were commonly seen across the Ethiopian Highlands, and living in more
ecologically intact environments than their counterparts elsewhere in the country, but only by
visiting these sites and surveying for geladas at these sites can we determine with any degree of
certainty the true conservation status and distribution of this flagship monkey species for the
rapidly disappearing Ethiopian Highlands ecosystem.

# (2) Genetic structure within and
| across gelada populations. To
date, we have collected 367 fecal

samples for genetic (and
parasitological) analyses. While
§ the laboratory analyses are still
' underway, our preliminary

| genetic analyses suggest three
distinct gelada haplotype
groupings are distributed across
{ the species’s current range.

Figure 6. Geographic distribution of resulting haplotypes from
the northern and central parts of Ethiopia. Adapted from a map
provided by Dietmar Zinner (DPZ). Dots indicate sample
locations in the species range of 7. gelada. yellow = northern
haplotypes; green = central haplotypes; orange = southern
haolotvoes. (2015 onlv)

(3) Survey site plant and soil characteristics. We established and evaluated 1270, 4x4m
botanical plots across the different survey sites. In % of these plots (635), we took soil and plant
samples. To date, we have processed 412 of these plots for soil bulk density, volumetric water
content, organic matter content, and soil C and N concentrations. Plant and soil subsamples are
being analysed for NN ratios (standardized relative to air, db N), as well as N, Carbon (C),
and Phosphorous (P) concentrations. Our continuing analyses of these samples and data will
enable us to identify those plant community characteristics and biogeochemical features of sites
supporting thriving gelada populations from those supporting marginal (or no) gelada
populations.

Below, we append a copy of our project’s timeline (Appendix 1), an accounting of how the
previous MMBF award was disbursed (Table 1), a request for additional funding and proposed
budget (Table 2).
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APPENDIX 1. Project Timeline

a) January-November 2015: Census team surveyed potential gelada sites in the Northern
Highlands. Genetic work on the faecal samples began in Germany in Roos and
Zinner’s German Primate Center genetics lab.

b) May 2015: Census team visited Simien Mountains where Beehner and Bergman
helped coordinate survey work at this (their long-term behavioral research) site and its
environs, which contains by far the largest remaining gelada population on record.
Other sites across the Northern Highlands were also surveyed and faecal samples were
also collected at most sites (Figures 6&7).

c¢) January-June 2016: Census team surveyed several additional potential gelada sites in
the Northern Highlands.

d) July-December 2016: Habitat Classification and production of 3D orthomosaics by
Burke for all survey sites using Agisoft Photoscan Professional (0.85) software, and
ERDAS Imagine software. Image classification is performed by using a moving
window approach to at a 5 x 5 m resolution from the Red, Green, and Blue light bands
to define habitat “classes”.

e) July 2016-March 2017: Data analyses from population censuses with GIS mapping of
gelada distribution ongoing. Population density is estimated using DISTANCE
(Version 5.0, Plumptre & Cox, 2006). Other analyses, including those of the faecal
samples collected in the field, also ongoing.

f) January - March 2017: Census team will survey final 1/3 of sites identified as
potentially capable of supporting remaining populations of geladas in the Ethiopian
Highlands.

g) March — December 2017: Prepare peer-reviewed scientific publications on (1) gelada
distribution and abundance across Ethiopia [1st author will be Mekonnen], (2) gelada
phylogeny and evolutionary history [1st author will be Zinner], and (3) gelada and
domestic herbivore impact on plant communities and ecosystem processes [ 1st author
will be Burke]. Produce reports for the Ethiopian government and Ethiopian Wildlife
Conservation Authority (EWCA) containing the results of our research and our
recommendations for the best strategies for the conservation of geladas and their
rapidly disappearing Afroalpine habitat. Petition [UCN to change the status of geladas
on their Red List, pending the results of our surveys and molecular taxonomic
research. Develop and promote landscape restoration plans at ~10 sites across the
Shewa, Wollo, Gonder and Tigray regions which would improve connectivity between
gelada populations.
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Table 1. BUDGET — MMBF Funds Already Spent

We thank the MMBF fund for their generous contribution of $15,000 (USD) to this scientific
endeavor thus far. The accomplishments described in this report, and the data and samples
collected and undergoing careful analysis by an international team of researchers (from Canada,
Ethiopia, Norway, England, Germany and the USA) would not have been possible without the
support of the MMBF. Below, we outline the items on which we spent the MMBF funds.

16



