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ARTICLE INFO ABSTRACT
Keywords: Forest loss and degradation are the most significant threats to terrestrial biodiversity in the tropics. Promoting
Bamboo restoration flagship or umbrella species is a strategy that can be used to conserve intact forests and restore degraded eco-
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systems, conserve biodiversity, and achieve sustainable development goals. The Bale monkey (Chlorocebus
djamdjamensis) is an arboreal, forest-dwelling, threatened primate restricted to a small range in the southern
Ethiopian Highlands, which relies mostly on a single species of bamboo (Arundinaria alpina) and prefers bamboo
forest habitat. Most of the Bale monkey’s range lies outside protected areas and most of its historical bamboo
forest habitat is degraded or destroyed. The conservation of Bale monkeys and bamboo is highly inter-dependent;
however, the value of using the Bale monkey as a flagship or umbrella species for forest restoration has not been
evaluated. Here we use geographic range overlap and geospatial modeling to evaluate Bale monkeys as a flagship
and/or umbrella species. We also assess if conservation intervention on behalf of Bale monkeys can help restore
bamboo forest, while simultaneously providing a wide range of socioeconomic and environmental benefits. We
found that Bale monkeys share their range with 52 endemic and/or threatened vertebrate species and at least 9
endemic and/or threatened plant species. Our results show that Bale monkeys meet both the flagship and um-
brella species criteria to restore bamboo forest and conserve threatened co-occurring species. Since bamboo is
fast-growing and can be harvested every year, we suggest that a science-based sustainable harvest and man-
agement regime for bamboo would help to improve the livelihood of both the local community and Ethiopians in
general without significantly affecting the long-term survival of Bale monkeys and regional biodiversity. Further,
a conservation management strategy protecting and restoring bamboo forest has the potential to achieve at least
six of the 17 United Nations Sustainable Development Goals.

1. Introduction ha of tropical primary forest were lost from 2002 to 2019, with most
forest loss occurring in Brazil (24.5 Mha), Indonesia (9.5 Mha), and the

One of the most important challenges humanity faces is how to Democratic Republic of the Congo (4.8 Mha) (Weisse and Goldman,
prevent species extinctions (Ceballos et al., 2017), and in terrestrial 2020). To put this in perspective, an area of old-growth tropical forest
systems the leading threat is forest degradation and loss (Gibson et al., larger than Madagascar was lost in just 18 years. As a result, integrating

2011; Haddad et al., 2015; Newbold et al., 2015). Globally, ~60 million forest restoration and landscape connectivity in land-use planning is a
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Fig. 1. Geographical range and localities of Bale monkeys in the southern Ethiopian Highlands, including the Bale Mountains National Park (BMNP).

critically important strategy for achieving biodiversity conservation,
climate change corrections, and other sustainable development goals
(Chazdon and Brancalion, 2019; Heller and Zavaleta, 2009; Lewis et al.,
2019).

Funding limitations lead conservationists to prioritize some species
over others, focusing especially on those with the greatest potential
conservation impacts (Caro, 2010; Rodrigues and Brooks, 2007). As a
result, the use of flagship and umbrella species has become an extremely
valuable strategy for restoration and biodiversity conservation (Caro,
2010; Rodrigues and Brooks, 2007; Shen et al., 2020; Thornton et al.,
2016). Flagship species are taxonomically distinctive, threatened, and
charismatic species that can serve as icons for conservation efforts
(Bowen-Jones and Entwistle, 2002; Chapman et al., 2020; Macdonald
et al., 2017). Flagship species are usually selected based on socio-
cultural factors, which influence their ability to generate funding and
to promote public awareness (Bowen-Jones and Entwistle, 2002; Caro,
2010; Simberloff, 1998). Well-known examples of flagship species
include giant pandas (Ailuropoda melanoleuca) for the restoration and
conservation of bamboo forest ecosystems in western China (Li and
Pimm, 2016; Shen et al., 2020), snow leopards (Panthera uncia) for the
conservation of alpine ecosystems in Central Asia (Shen et al., 2020),
and Ethiopian wolves (Canis simensis) for the conservation of Afroalpine
ecosystems in the Ethiopian Highlands (Tefera and Sillero-Zubiri, 2007).

On the contrary, umbrella species are species with specific habitat
requirements for which restoration and protection of their habitat
benefits many other co-occurring species (Caro, 2010; Roberge and
Angelstam, 2004; Thornton et al., 2016; Ward et al., 2020). The effec-
tiveness of umbrella species depends on their spatial range overlap with
other species of conservation concern and the ability to protect the
habitat quality and viability of other co-occurring species of interest
(Branton and Richardson, 2014; Breckheimer et al., 2014). For example,
restoring and connecting habitat for jaguars (Panthera onca) provides a

substantial amount of high-quality habitats for other co-occurring
terrestrial mammals in Latin America (Thornton et al., 2016). Simi-
larly, forest restorat[[parms resize(1),pos(50,50),size(200,200),bgcol
(156)]1] and five additional threatened co-occurring species, respectively
(Ward et al., 2020).

A species can serve as both a flagship and umbrella species (Caro,
2010; Li and Pimm, 2016; Shen et al., 2020). The best-known example of
a flagship-umbrella is the panda because their conservation generates
enormous public interest and benefits many species inhabiting bamboo
forests (Li and Pimm, 2016; Shen et al., 2020). Bale monkeys (Chlor-
ocebus djamdjamensis), which, like pandas, depend exclusively on
bamboo (Schaller, 1985), are medium-sized (adult weight: 4.9-6.4 kg)
Old-World primates endemic to southern Ethiopia. Bale monkeys
depend primarily on a single species of bamboo (Yushania alpina; syn-
onym: Arundinaria alpina hereafter bamboo) as a food source and prefer
bamboo forest habitat (Mekonnen et al., 2010a; Mekonnen et al., 2010b;
Mekonnen et al., 2017; Mekonnen et al., 2018a).

Here we use geographic range overlap and geospatial modeling to
evaluate Bale monkeys as a flagship and/or umbrella species for the
restoration of bamboo forest ecosystems and conservation of sympatric
fauna and flora in the southern Ethiopian Highlands. Specifically, we (1)
evaluate the conservation threats Bale monkeys face; (2) identify the
other threatened and/or endemic species that are sympatric with Bale
monkeys; and finally (3) discuss the potential benefits of Bale monkey
conservation interventions (e.g., restoration and protection of bamboo
forest) to achieving United Nations Sustainable Development Goals
(SDGs).
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2. Methods
2.1. Study species and habitats

Ethiopia has only two indigenous bamboo species, highland
(A. alpina) and lowland bamboo (Oxytenanthera abyssinica) (Embaye,
2000; Embaye et al., 2005). Highland bamboo covers ~330,000 ha and
is found scattered in pockets across parts of southern and western
Ethiopia (Embaye, 2000; Zhao et al., 2018). The range of Bale monkeys
in southern Ethiopia harbors substantial areas of highland bamboo as
these montane forests are protected in part by their remoteness and the
mountainous terrain of the Bale Mountains (Fig. 1) (Embaye, 2000;
Mekonnen et al., 2010b; Zhao et al., 2018). However, most of the
bamboo forest remaining in the Sidamo Highlands is degraded or nearly
eradicated due to agricultural expansion, human settlement, logging,
and grazing land expansion (Gippoliti et al., 2019; Mekonnen et al.,
2012). Even these degraded areas have significant conservation poten-
tial as bamboo is the fastest-growing non-timber plant and matures
much earlier than co-occurring timber plants (Liese and Kohl, 2015).
Bamboo can be harvested within 4 years after planting and subsequently
provides consistent yields every year (Ben-Zhi et al., 2005).

Although the Bale monkey was first described as a species in 1902, it
was generally neglected until it was rediscovered in 1990 (Carpaneto
and Gippoliti, 1994) and revalidated as a species a decade later (Groves,
2005). Over the past decade, however, intensive studies have been
conducted on the ecology, behavior, genetics, gut microbiota, and
conservation biology of Bale monkeys in southern Ethiopia (Mekonnen
et al., 2017; Mekonnen et al., 2018c; Trosvik et al., 2018). The Bale
monkey is an arboreal bamboo-specialist restricted to a narrow
geographic range in the southern Ethiopian Highlands (Gippoliti et al.,
2019; Mekonnen et al., 2018b). The Bale monkey is classified as
Vulnerable with populations declining due to habitat loss, degradation,
and fragmentation, hunting, and possible hybridization with vervets and
grivets (Gippoliti et al., 2019). It is restricted to an estimated 12,500 km?
in the bamboo forest habitats in the Bale Mountains and isolated forest
fragments in the Sidamo Highlands (Gippoliti et al., 2019; Mekonnen
et al., 2012; Mekonnen et al., 2010b) (Fig. 1). Bale monkeys prefer high
elevation (2355-3300 m asl) bamboo forests over the other available
habitat types, including tree-dominated forest, bushland, and grassland
habitats (Mekonnen et al., 2012; Mekonnen et al., 2010b). Most pop-
ulations do not occur in protected areas except those in Bale Mountains
National Park (BMNP) (Gippoliti et al., 2019; Mekonnen et al., 2012;
Mekonnen et al., 2010b).

In continuous forest, Bale monkeys are dietary specialists, devoting
77-81% of their feeding time to highland bamboo, focusing mostly on its
young leaves and shoots (Mekonnen et al., 2010a; Mekonnen et al.,
2018a). In a forest fragment where bamboo stands are still present but
degraded, bamboo accounts for 30% of Bale monkey feeding time, while
in another fragment where bamboo has been largely eradicated, bamboo
only constitutes 2% of their feeding time (Mekonnen et al., 2018a). In
these fragments, they also consume fruits, forbs, and graminoids,
including cultivated food species (Mekonnen et al., 2018a), which ac-
count for 0.2-10.3% of their feeding time depending on the degree of
fragment degradation (Mekonnen et al., 2020b).

2.2. Assessment of flagship and umbrella species characteristics

To assess whether the Bale monkey can serve as a flagship species for
the conservation of highland bamboo, we considered if Bale monkey was
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taxonomically distinctive, threatened, and if it is considered a charis-
matic species by an international audience and by local people in the
highlands of Ethiopia.

To assess whether Bale monkeys serve as an umbrella species, as
preliminarily suggested by Gippoliti (2020), we performed a compre-
hensive analysis to identify species that share geographic range and
habitat with Bale monkeys. We compiled a list of all the endemic and/or
threatened mammal, bird, reptile, and amphibian species in Ethiopia
from the ITUCN Red List and BirdLife International (Birdlife Interna-
tional, 2020; TUCN, 2020) (Appendix A). Because we lack data on the
invertebrates that share the range of Bale monkeys, we are unable to
assess the importance of Bale monkeys as an umbrella species for
invertebrate conservation. However, we also compiled a list of the
endemic and/or threatened vascular plant species in Ethiopia (cf., Asefa
etal., 2020; IUCN, 2020). We consider a species endemic if its range falls
entirely within Ethiopia’s boundaries. We consider a species threatened
if it is classified as Vulnerable, Endangered, or Critically Endangered in
the most recent IUCN Red List (IUCN, 2020). We identified 128 endemic
and/or threatened terrestrial animal species for Ethiopia, including 66
mammal species, 46 bird species, 11 amphibian species, and 5 reptile
species (Appendix A). Among these species, 80 are endemic (45
mammal, 20 bird, 11 amphibian, and 4 reptile species) to Ethiopia and
84 (38 mammal, 36 bird, 9 amphibian, and 1 reptile species) are clas-
sified as threatened (Appendix A). We also compiled a total of 518
endemic and/or threatened plant species for Ethiopia. Of these, 489
species are endemic (19 tree, 133 shrub, 278 herb, 35 grass, 10 epiphyte,
12 climber and 2 geophyte species) to Ethiopia and 60 (22 tree, 31
shrub, 6 herb and 1 climber species) are classified as threatened (Ap-
pendix B). In addition, the IUCN (2020) classifies 9 endemic mammal
and 8 endemic plant species as Data Deficient; based on our experience
we consider these species as threatened though we did not include them
in our analyses.

We extracted the geographic range map (extent of occurrence) of
each endemic and/or threatened species from the IUCN Red List.
Although the IUCN range polygons provide useful information regarding
the species’ geographic boundaries, they incorporate some areas that are
not suitable for a particular species (Li and Pimm, 2016). Thus, we
collected elevational range and primary habitat data for each animal
species from BirdLife International, the [UCN Red List, and supplemental
missing elevational data from the literature.

We produced species richness maps across Ethiopia using Spatial
Analysis in Macroecology (SAM) version 4.0 (Rangel et al., 2010) and
ArcGIS 10.8.1 to identify the concentration of threatened species and
centers of endemism by summing the range map for each threatened,
endemic, and threatened and/or endemic animal species as well as for
all terrestrial animal species. We estimated species richness by the total
count of species recorded in each grid cell (0.1° x 0.1° lat-
itude-longitude resolution, i.e., 11 x 11 km) built in SAM software. We
did not produce richness maps for endemic and threatened plants of
Ethiopia due to a lack of IUCN range polygon data for most species.

3. Results
3.1. Conservation threats of Bale monkeys

The primary threat facing Bale monkeys is deforestation and the
unsustainable harvesting of bamboo. They are still locally abundant in

the remaining continuous bamboo forests of the Bale Mountains, but in
the Sidamo Highlands there are <800 individuals occurring in more
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Fig. 2. Bale monkeys are visually striking animals that live in bamboo forests
that people in high-income countries know little about. These traits combined
with the fact that primates often receive special attention in fund raising efforts,
means that they can serve as a flagship species, bringing global attention to the
need to conserve them and their bamboo habitat. Photo by Nik Borrow.

Table 1
Selection criteria for the conservation of flagship and umbrella species.

Type Description Reference

Flagship
species

Species that are taxonomically
distinctive, threatened, and
charismatic, which can serve as
icons for conserving a particular
habitat. They are usually selected
based on socio-cultural factors,
such as their ability to generate
funding and to promote public
awareness for implementing
conservation activities.

Species with specific habitat
requirements for which
conservation actions (e.g.,
restoration and protection of their
habitat) benefit many other
sympatric species. They are often
large wide-ranging species whose
large area requirements conserve
many other co-occurring species.
However, small species with
specific habitat requirements can
also serve as umbrella species.

A species that can serve both as a
flagship and an umbrella species

Bowen-Jones & Entwistle,
2002; Chapman et al., 2020

Umbrella
species

Roberge & Angelstam,
2004; Thornton et al., 2016;
Ward et al., 2020

Flagship- Caro (2010)
umbrella

species

than two dozen forest fragments (Gippoliti et al., 2019; Mekonnen et al.,
2012; Mekonnen et al., 2010b). Bale monkeys are threatened in these
forest fragments by hunting that occurs in response to their crop raiding
on barley, maize, vegetables, fruits, bamboo, and enset (Ensete ven-
tricosum). Local people reported intense conflict with Bale monkeys in
all 26 known localities in the Sidamo Highlands and people have
extirpated populations at other sites (Mekonnen et al., 2012).

Bale monkeys are also threatened by climate change. As these ani-
mals only occur at high-altitude, their ability to respond by moving is
limited. Genetic and morphological studies indicate that Bale monkeys
are also threatened by hybridization with the more widespread and
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adaptable grivet (C. aethiops) and vervet monkeys (C. pygerythrus) in the
zones of contact that are found in degraded and fragmented sections of
the range of Bale monkeys (Gippoliti et al., 2019; Mekonnen et al., 2012;
Mekonnen et al., 2018c). Further degradation of their montane forest
habitat would surely lead to more hybridization of Bale monkeys with
these other Chlorocebus species.

3.2. Bale monkey as a flagship and umbrella species

The Bale monkey is a visually striking animal (Fig. 2) that inhabits an
unusual bamboo forest ecological niche that people in high-income
nations know little about but are intrigued by. These traits, combined
with the fact that primates often receive special attention in fund raising
efforts, means that Bale monkeys can serve as a flagship species,
bringing international attention to the need to conserve them and their
bamboo habitat (Table 1).

The range of Bale monkeys overlaps with the ranges of 52 other
endemic and/or threatened vertebrates. Of these vertebrates, 31 are
endemic to Ethiopia, 36 are classified as threatened in the IUCN Red List,
and 15 are both threatened and endemic species (Table 2, Table 3,
Fig. 3). Of the 15 threatened endemic species that overlap with Bale
monkeys, 8 are mammals, 1 is a bird and 6 are amphibians (Table 2,
Table 3). Further, the Bale monkey shares its forest habitat with 30 other
endemic and/or threatened species that inhabit forest habitats, of which
19 are endemic to Ethiopia, 22 are threatened and 11 are both threat-
ened and endemic. The range of Bale monkeys also overlaps with the
ranges of 9 endemic and/or threatened plant species, of which, 7 are
endemic to Ethiopia, 3 are threatened and 1 species is both threatened
and endemic to Ethiopia (Table 4).

4. Discussion

We have demonstrated that the Bale monkey can act as an umbrella
species and that taking action to protect them will advance conservation
efforts for many other animals and plants. We also provide evidence that
Bale monkeys can act as a flagship species to attract international
funding. Here, we consider what actions will be useful to undertake to
protect Bale monkeys and their bamboo forest habitat in Ethiopia.
However, it must be recognized that Bale monkeys destroy people’s
crops. As a result, conservation and restoration plans must be inten-
tionally designed to reduce crop feeding by the monkeys and to provide
benefits to the local people. This approach would ensure that the crop
losses that local people do experience are offset by other economic gains
resulting from bamboo restoration and ecotourism projects and by a
sincere appreciation that conservation and restoration actions in Bale
monkey habitats are helping Ethiopia’s wildlife and international status
(i.e., they have pride in helping conservation).

4.1. Bale monkey as a flagship and umbrella species

Our study highlights a link between the Bale monkey’s charismatic
nature and its ability to serve as a flagship species for the conservation of
bamboo forest habitat and many co-occurring species in the region.
Flagship species that occur in high conservation priority areas can
enhance their value in terms of their potential for conservation mar-
keting (e.g., to create awareness about the importance of biodiversity
conservation in the region and to raise funding) (Caro, 2010; Macdonald
et al., 2017). Because the Bale monkey inhabits Ethiopia’s important
bamboo forest ecosystem characterized by high biodiversity, endemism,
and vulnerability to habitat alteration and climate change, the species is
marketable to the international and national community. Given that
Bale monkeys in the most degraded fragments in their human-
dominated landscape damage cultivated foods, thereby competing
with nearby people who want to harvest crops, local people are unlikely
to consider them flagship species in the areas where there is intense
conflict between people and monkeys. However, restoration of degraded
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Table 2
Summary of the number of taxa in each conservation category and with range overlap with the Bale monkey.
Description Mammals Birds Amphibians  Reptiles Total Vascular
animal plants
Total number of species in Ethiopia 271 821 72 242 1406 6,603
Number of endemic and/or threatened species 66 46 11 5 128 518
Number (and %) of endemic species 45 20 11 (15.3%) 4(1.7) 80 (6.1%) 489 (7.4%)
(16.6%) (2.4%)
Critically Endangered 2 1 3 0 6 10
Endangered 7 2 3 0 12 17
Vulnerable 8 7 3 0 18 11
Near Threatened 4 2 1 1 8 5
Least Concern 15 8 1 3 27 13
Data Deficient 9 0 0 0 9 8
Not Evaluated by IUICN - - - - - 425
Number (and %) of threatened species 38 36 9 (12.5%) 1(0.4%) 84 (6.0%) 60 (1.0%)
(14.0%) (4.4%)
Critically Endangered 3 7 3 0 13 10
Endangered 14 8 3 0 25 25
Vulnerable 21 21 3 1 46 25
Endemic species that have range overlap with Bale monkey range 16 6 7 2 31 7
Number of threatened species that have range overlap with Bale monkey range 12 18 6 0 36 3
No. of endemic and/or threatened species that have range overlap with Bale monkey 20 23 7 2 52 9
range
Number of both endemic and threatened species that have range overlap with Bale 8 1 6 0 15 1
monkey range
Number of threatened species that have forest habitat overlap with Bale monkey 9 7 6 0 22 1
Number of endemic species that have forest habitat overlap with Bale monkey 8 2 7 2 19 4
Number of endemic and/or threatened species that have forest habitat overlap with 12 9 7 2 30 5
Bale monkey
Number of both endemic and threatened species that have forest habitat overlap with 5 0 6 0 11 1

Bale monkey

NA: No available data for most endemic species of plants on their distribution, abundance, ecology and status in the current IUCN Red List.

and marginal forest fragments with bamboo and indigenous food and
sleeping tree species can reduce or stop entirely such conflict, thereby
helping to facilitate more sustainable coexistence between local people
and the monkeys (Mekonnen et al., 2020b; Mekonnen et al., 2021). In
areas with little or no human-Bale monkey conflict, local people might
over time come to view Bale monkeys more favorably and ultimately as
a flagship species. Furthermore, as they continue to attract international
attention through research and conservation activities (Bourton, 2010)
and potentially draw in tourists, Bale monkeys will come to be viewed as
a flagship species by Ethiopian governmental agencies and businesses.
Overall, this suggests that the Bale monkey can serve as a flagship spe-
cies nationally and internationally to raise funds for conservation and
restore and protect the bamboo forest ecosystem in the Ethiopian
Highlands internationally and nationally (Table 1). Thus, we recom-
mend establishing and expanding pilot bamboo restoration and refor-
estation projects in the Sidamo Highlands. Non-governmental
organizations, funding bodies, private companies, and research in-
stitutions could help lead the way in supporting bamboo restoration and
reforestation projects because local people cannot be expected to pay for
conservation in low income countries such as Ethiopia (Garnett and
Thomson, 2020).

We suggest that 52 endemic and/or threatened vertebrate and at
least 9 endemic and/or threatened plant species in southern Ethiopia
have ranges that overlap with that of Bale monkeys (Table 2). This range
and habitat overlap means that any conservation intervention for Bale
monkeys, such as restoration and protection of bamboo habitats, would
also benefit many co-occurring threatened and/or endemic mammals,

birds, amphibians, reptiles and plants in the southern Ethiopian High-
lands (Tables 2-4). Thus, like the giant panda in bamboo forest habitat
in China (Li and Pimm, 2016), the Bale monkey is promising as both a
flagship species and an umbrella species for the restoration and pro-
tection of bamboo forest at the landscape level in southern Ethiopia.
Of the 489 endemic plant species recorded in Ethiopia, 425 are Not
Evaluated, and 8 are recorded as Data Deficient by IUCN (IUCN, 2020).
Therefore, we suggest urgent IUCN Red List assessment for these
endemic species because they generally have more significant global
conservation concerns, smaller geographic ranges, smaller population
sizes, fewer potential sites for conservation intervention, and overall
greater vulnerability to extirpation and extinction than non-endemic
species (Brooks et al., 2006; Mekonnen et al., 2020a). Bale monkey
habitat protection will likely benefit many of the species/subspecies that
are not evaluated. A comprehensive biodiversity assessment in the re-
gion occupied by the Bale monkey that includes plants, insects, and
other invertebrates (Green et al., 2015; Kalinkat et al., 2017) is needed.

4.2. Bamboo forest restoration and conservation strategies in the range of
Bale monkeys

A conservation strategy protecting and restoring bamboo forest has
the great potential to achieve a wide range of socioeconomic and envi-
ronmental benefits associated with the United Nations Sustainable
Development Goals (SDGs). The SDGs were adopted by the UN General
Assembly in 2015 and consist of 17 goals (UN General Assembly, 2015).
Here we summarize the potential contributions of bamboo forest
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Table 3
List of endemic and/or threatened terrestrial animal species whose ranges overlap with that of the Bale monkey.
No.  Scientific name English name Taxon Category IUCN Threatened Endemicity  Elevation Forest Habitat
Red status (m) habitat
List overlap
status
1 Tragelaphus Mountain nyala Mammal Herbivorus EN Yes Yes 1800-4300 Yes Forest, Grassland,
buxtoni mammal - Shrubland
Large
2 Tachyoryctes Giant Mole Rat Mammal Small mammal  EN Yes Yes 3000-4150 No Grassland
macrocephalus (Rodent)
3 Megadendromus Nikolaus’s Mammal Small mammal VU Yes Yes 3000-3800 No Shrubland
nikolausi mouse (Rodent)
4 Lophuromys Black-clawed Mammal Small mammal VU Yes Yes 3100-4300 Yes Artificial/
melanonyx Brush-furred (Rodent) Terrestrial,
Rat Grassland, Forest
5 Crocidura lucina Lucina’s Shrew Mammal Small mammal VU Yes Yes 3000-4050 No Wetlands (inland),
(Shrew) Grassland
6 Crocidura harenna ~ Harenna shrew Mammal Small mammal  CR Yes Yes 2400-2630 Yes Forest
(Shrew)
7 Crocidura Bale shrew Mammal Small mammal EN Yes Yes 2400-3280 Yes Forest, Grassland
bottegoides (Shrew)
8 Myotis scotti Scott’s mouse- Mammal Bat vu Yes Yes 1300-2500 Yes Shrubland, Forest
eared bat
9 Cyanochen Blue-winged Bird Bird vu Yes Yes 1800-4100 No Grassland,
cyanoptera Goose Wetlands, Shrubland
10 Leptopelis ragazzii Shoa Forest Amphibia ~ Amphibia VU Yes Yes 1930-3010 Yes Artificial/
Treefrog Terrestrial,
Wetlands, Forest
11 Ericabatrachus Bale Mountains Amphibia ~ Amphibia CR Yes Yes 2400-3200 Yes Forest, Wetlands
baleensis Frog
12 Balebreviceps Bale Mountains Amphibia ~ Amphibia CR Yes Yes 2815-3200 Yes Shrubland, Forest
hillmani Treefrog
13 Altiphrynoides Osgood’s Amphibia ~ Amphibia CR Yes Yes 1950-3520 Yes Wetlands,
osgoodi Ethiopian Toad Shrubland, Forest
14 Altiphrynoides Malcolm’s Amphibia ~ Amphibia EN Yes Yes 2500-4000 Yes Artificial/
malcolmi Ethiopia Toad Terrestrial,
Shrubland, Forest
15 Afrixalus Ethiopian Amphibia ~ Amphibia VU Yes Yes 1700-2750 Yes Forest, Wetlands,
enseticola Banana Frog Artificial/
Terrestrial,
Grassland
16 Lepus starcki Ethiopian Mammal Herbivorus LC No Yes 2140-4380 No Artificial/
Highland Hare mammal - Terrestrial,
Medium Grassland,
Shrubland
17 Stenocephalenys Gray-tailed Mammal Small mammal  LC No Yes 2400-3900 No Grassland,
griseicauda narrow-headed (Rodent) Shrubland
rat
18 Stenocephalemys Ethiopian Mammal Small mammal LC No Yes 3000-4377 No Grassland,
albocaudata narrow-headed (Rodent) Shrubland
rat
19 Stenocephalemys Ethiopian Mammal Small mammal LC No Yes 800-3300 Yes Artificial/
albipes white-footed (Rodent) Terrestrial,
mouse Shrubland, Forest
20 Lophuromys Ethiopian forest Mammal Smallmammal  LC No Yes 1200-2760 Yes Forest
chrysopus brush-furred rat (Rodent)
21 Arvicanthis blicki Blick’s GrassRat ~ Mammal Small mammal  NT No Yes 2500-4050 No Grassland
(Rodent)
22 Crocidura thalia Thalia’s shrew Mammal Smallmammal  LC No Yes 515-3300 Yes Wetlands,
(Shrew) Grassland,
Shrubland, Savanna,
Forest
23 Crocidura glassi Glass’s shrew Mammal Small mammal  NT No Yes 2700-4050 No Wetlands,
(Shrew) Grassland,
Shrubland
24 Vanellus Spot-breasted Bird Bird LC No Yes 1800-4100 No Artificial/
melanocephalus Lapwing Terrestrial,
Wetlands, Grassland
25 Serinus nigriceps Ethiopian Siskin ~ Bird Bird LC No Yes 1800-4100 No Grassland,
Shrubland
26 Poicephalus Yellow-fronted Bird Bird LC No Yes 300-3200 Yes Artificial/
flavifrons Parrot Terrestrial, Savanna,
Forest
27 Parophasma Abyssinian Bird Bird LC No Yes 2440-3,655 Yes Forest, Artificial/
galinieri Catbird Terrestrial,
Shrubland

(continued on next page)
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No. Scientific name English name Taxon Category IUCN Threatened Endemicity  Elevation Forest Habitat
Red status (m) habitat
List overlap
status
28 Macronyx Abyssinian Bird Bird NT No Yes 1200-3000 No Grassland
Aavicollis Longclaw
29 Trioceros harennae ~ Harenna Reptile Reptile LC No Yes 2400-3300 Yes Forest, Shrubland,
Hornless Artificial/Terrestrial
Chameleon
30 Trioceros Bale Two- Reptile Reptile NT No Yes 1500-2400 Yes Forest
balebicornutus horned
Chameleon
31 Ptychadena Erlanger’s Amphibia ~ Amphibia NT No Yes 1300-2500 Yes Wetlands,
erlangeri Grassland Frog Grassland, Forest
32 Lycaon pictus African wilddog =~ Mammal Carnivorous EN Yes No 0-4000 Yes Forest, Savanna,
mammal Shrubland,
Grassland, Desert
33 Panthera leo Lion Mammal Carnivorous VU Yes No 0-4200 Yes Forest, Savanna,
mammal Shrubland,
Grassland, Desert
34 Panthera pardus Leopard Mammal Carnivorous VU Yes No 0-5200 Yes Forest, Savanna,
mammal Shrubland,
Grassland, Rocky
areas, Desert
35 Otomops harrisoni Harrison’s Mammal Bat VU Yes No Unknown Yes Artificial/
large-eared Terrestrial, Savanna,
giant mastiff bat Forest
36 Trigonoceps White-headed Bird Bird CR Yes No Unknown — No Artificial/
occipitalis Vulture 4000 Terrestrial,
Grassland,
Shrubland, Savanna
37 Torgos tracheliotos ~ Lappet-faced Bird Bird EN Yes No Unknown — Yes Savanna, Grassland,
Vulture 3500 Desert, Shrubland,
Forest
38 Streptopelia turtur European Bird Bird VU Yes No Unknown — Yes Forest, Shrubland,
Turtle-dove 1300 Artificial/Terrestrial
39 Sagittarius Secretarybird Bird Bird vu Yes No Unknown No Artificial/
serpentarius Terrestrial,
Grassland,
Shrubland, Savanna
40 Polemaetus Martial Eagle Bird Bird vu Yes No 0-3000 Yes Savanna, Wetlands,
bellicosus Grassland,
Shrubland, Forest
41 Neophron Egyptian Bird Bird EN Yes No 0-4500 No Rocky areas,
percnopterus Vulture Artificial/
Terrestrial,
Wetlands,
Grassland,
Shrubland, Savanna
42 Necrosyrtes Hooded Vulture Bird Bird CR Yes No 0-4000 Yes Artificial/
monachus Terrestrial, Desert,
Grassland,
Shrubland, Savanna,
Forest
43 Gyps rueppelli Riippell’s Bird Bird CR Yes No 0-4500 No Rocky areas, Desert,
Vulture Grassland,
Shrubland, Savanna
44 Gyps africanus White-backed Bird Bird CR Yes No 0-3500 Yes Artificial/
Vulture Terrestrial, Desert,
Grassland,
Shrubland, Savanna,
Forest
45 Falco cherrug Saker Falcon Bird Bird EN Yes No 0-4700 No Wetlands, Artificial/
Terrestrial,
Grassland,
Shrubland
46 Bugeranus Wattled Crane Bird Bird vu Yes No 2000-4140 No Artificial/Aquatic &
carunculatus Marine, Artificial/
Terrestrial,
Wetlands, Grassland
47 Bucorvus Northern Bird Bird vu Yes No Unknown — Yes Savanna, Shrubland,
abyssinicus Ground-hornbill 3227 Rocky areas,
Grassland, Forest
48 Balearica Black Crowned Bird Bird vu Yes No Unknown No Artificial/
pavonina Crane Terrestrial, Marine,

Coastal/ Supratidal,

(continued on next page)
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No. Scientific name English name Taxon Category IUCN Threatened Endemicity  Elevation Forest Habitat
Red status (m) habitat
List overlap
status
Wetlands,
Grassland, Savanna
49 Common Bird Bird vu Yes No Unknown No Artificial/Aquatic &
Pochard Marine, Marine
Coastal/Supratidal,
Marine Neritic,
Wetlands (inland)
50 Tawny Eagle Bird Bird vu Yes No 0-3000 Yes Savanna, Shrubland,
Artificial/
Terrestrial,
Grassland, Forest
51 Agquila nipalensis Steppe Eagle Bird Bird EN Yes No 0-3000 No Savanna, Grassland,
Rocky areas
52 Basra Reed- Bird Bird EN Yes No 1500-7000 No Shrubland,
warbler Artificial/ Aquatic &

Marine, Wetlands,
Savanna

IUCN Red List status: Vulnerable (VU), Endangered (EN), Critically Endangered (CR), Near Threatened (NT), Least Concern (LC), Data Deficient (DD), Not Evaluated

(NE).

Threatened status: Yes: if the species is either VU, EN or CR; No: if the species is either LC or NT; Unknown (UN): if the species is classified as DD; and NE: if the species is
not yet evaluated by IUCN.
Endemicity: Yes if the species is exclusively found within Ethiopia’s political boundaries and No: if the species found in another country.

Forest habitat overlap: Yes: if the species uses forest habitat and No: if the species does not use forest habitat; Unknown: if data is not available.
Endemic species: No. 1-31; threatened species: No. 1-15, 32-52.

(a) Threatened species

(b) Endemic species

for High: 36

. Low: 7

wo High: 32

Low: 1

(c) Endemic and/or threatened species

[ High: 55

. Low: 7

150 300 600 km

(d) All animal species

. Low: 181

o High: 646

150 300 600 km

Legend
[_1Bale monkey range

Fig. 3. Species richness maps of terrestrial animal species, including mammals, birds, reptiles, and amphibians, that occur in Ethiopia. (a) Richness of threatened
species (Vulnerable, Endangered or Critically Endangered in the ITUCN Red List), (b) Richness of endemic species, (c) Richness of endemic and/or threatened species,
and (d) Richness of all terrestrial animal species found in Ethiopia.
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Table 4
List of threatened and/or endemic vascular plant species whose ranges overlap with that of the Bale monkey.

No  Scientific Family Growth Phylum Taxon IUCN Threatened Endemicity  Elevation Forest Habitat

name form Red status (m) habitat
List overlap
status

1 Trifolium Fabaceae Herb Tracheophyta  Dicotyledons LC No Yes 1700-3150 No Grassland
schimperi

2 Urtica Urticaceae Herb Tracheophyta  Dicotyledons NE UN Yes Unknown Yes Forest
simensis

3 Mikaniopsis Asteraceae Herb Tracheophyta  Dicotyledons NE UN Yes Unknown Yes Forest
clematoides

4 Aloe Asphodelaceae  Shrub Anthophyta Monocotyledons DD UN Yes 1050-1500  No Rocky
welmelensis areas

5 Vepris Rutaceae Shrub Tracheophyta  Dicotyledons LC No Yes 1750-2500  Yes Forest
dainellii

6 Erythrina Fabaceae Tree Tracheophyta  Dicotyledons LC No Yes 1400-2600  Yes Forest
brucei

7 Eriocaulon Eriocaulaceae Herb Tracheophyta = Monocotyledons VU Yes Yes Unknown No Wetlands
aethiopicum (inland)

8 Aloe Asphodelaceae ~ Shrub Anthophyta Monocotyledons VU Yes No 1000-1800  No Savanna
rugosifolia

9 Prunus Rosaceae Tree Tracheophyta  Dicotyledons vu Yes No Unknown Yes Forest
africana

IUCN Red List status: Vulnerable (VU), Endangered (EN), Critically Endangered (CR), Near Threatened (NT), Least Concern (LC), Data Deficient (DD), Not Evaluated

(NE).

Threatened status: Yes: if the species is either VU, EN or CR; No: if the species is either LC or NT; Unknown (UN): if the species is classified as DD; and NE: if the species is

not yet evaluated by IUCN.

Endemicity: Yes if the species is exclusively found within Ethiopia’s political boundaries and No: if the species is found in another country.
Forest habitat overlap: Yes: if the species uses forest habitat and No: if the species does not use forest habitat.

restoration and sustainable use to achieving 6 of the 17 SDGs (Fig. 4).

Contribution to poverty reduction (SDG1): Restoration of bamboo will
provide several socioeconomic benefits for local people as bamboo is
used for making crafts, household goods, fences, charcoal, and serves as
a raw material for building construction, paper, textile, and timber
production (Akwada and Akinlabi, 2020; Embaye, 2000; Partey et al.,
2017; Sawarkar et al., 2020). Presently, bamboo culms are one of the
major sources of income next to agriculture in southern Ethiopia
(Embaye, 2000; Teshale et al., 2017). Bamboo shoots are also consumed
by local people (Embaye, 2000; Satya et al., 2012) and their leaves are
used as livestock feed when there are dry season feed shortages
(Mekuriaw et al., 2011).

Contribution to clean and affordable energy (SDG 7): Bamboo forest
restoration and sustainable cultivation can generate affordable and
clean energy. Fuelwood consumption and charcoal production is the
second biggest anthropogenic cause of forest loss and fragmentation in
tropical Africa after agricultural expansion (FAO, 2010; MacDicken,
2015). Urbanization and limited access to electricity and its high cost are
expected to increase the demand for fuelwood and charcoal consump-
tion (Adkins et al., 2012). Bamboo charcoal is relatively cheap, renew-
able, and less toxic than wood charcoal (Lobovikov et al., 2007). Thus,
bamboo could be used as an alternative and sustainable energy resource,
thereby reducing deforestation (Nitayaphat et al., 2009; Van Khuc et al.,
2018).

Contribution to sustainable cities and communities (SDG 11): Restora-
tion and protection of bamboo can contribute to the achievement of
sustainable cities and communities because it can be used as a raw
material for constructing furniture and bamboo-based sustainable

houses (Ling et al., 2016; Salzer et al., 2016). Bamboo is already widely
used for building traditional homes by the Sidama and Oromo people in
the countryside (Fig. 5). It is also flexible, durable, relatively cheap,
abundant, renewable, and much stronger than wood and brick (Puri
et al., 2017; Scurlock et al., 2000). Thus, bamboo is an environmentally
friendly alternative resource for building low-cost houses in towns and
cities (Manandhar et al., 2019; Puri et al., 2017).

Contribution to responsible production and consumption (SDG 12): Due
to its fast growth, bamboo can be a source of sustainable bioenergy and
green building materials as well as a sustainable substitute for tropical
forest wood or cotton in the bioenergy, construction, and manufacturing
industries (Manandhar et al., 2019; Nayak and Mishra, 2016). Gener-
ally, bamboo has a low negative environmental impact throughout its
life cycle, uses less energy than conventional materials, and generates
little waste during its processing and production stages and what it does
produce is bio-degradable. Thus, industrial products made from bamboo
are often considered eco-friendly (Hardin et al., 2009; Manandhar et al.,
2019).

Contribution to climate action (SDG 13): Bamboo forest restoration
and protection can combat climate change through the sequestration of
CO;, from the atmosphere, which will create carbon trade opportunities
(Lobovikov et al., 2012; Nath et al., 2015) and generate additional in-
come for the local community (Dwivedi et al., 2019; Nath et al., 2018).

Contribution to life on land (SDG 15): Bamboo forest restoration and
conservation can promote biodiversity conservation (e.g., as a food
source and wildlife habitat) by rehabilitating degraded mountainous
lands (Bystriakova et al., 2004; Embaye, 2000; Kaushal et al., 2020).
Adequately managed afforestation of bamboo has enormous restoration
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Fig. 4. Phenomenological model showing the interdependence of Bale monkey and bamboo conservation as well as the significance of Bale monkey conservation to

achieving sustainable development goals (SDGs).

potential for biodiversity conservation because bamboo is fast-growing
and adapted to grow on degraded, marginal, and mountainous lands
unsuitable for traditional agriculture (Ben-Zhi et al., 2005; Yen and Lee,
2011). Restoration of bamboo improves soil quality, prevents soil
erosion, sequesters carbon in the soil, and enhances water retention
(Kaushal et al., 2020; Lu et al., 2018). The Bale Mountains and Sidamo
Highlands are generally not suitable for traditional agriculture and are
highly vulnerable to soil erosion, thus bamboo restoration and protec-
tion here has tremendous potential to conserve biodiversity and achieve
SDGs.

5. Conclusions

Bale monkeys are bamboo specialist species adapted to narrow
geographic ranges, habitats, and dietary niches, which make them
highly vulnerable to habitat fragmentation and degradation. Ethiopian
bamboo is regarded as the “new green gold of Africa” (McKenna, 2013;
Nurse, 2016) because of its potential for generating income and
reducing poverty. This offers many potential opportunities for conser-
vation. However, large-scale use of bamboo for local consumption and
commercial purpose requires a science-based management plan to
improve the local community’s livelihood and ensure sustainable use
without significantly affecting the long-term survival of Bale monkeys

10

and regional biodiversity.

We suggest that Bale monkeys could serve as a flagship and umbrella
species for restoration and conservation efforts in southern Ethiopia.
Bamboo forest restoration and protection will provide important
habitat, increase fragment connectivity, and reduce the use of cultivated
foods and the resulting human-wildlife conflict. Furthermore, appro-
priate bamboo restoration and management strategies will also help to
achieve at least six UN SDGs (SDG 1, SDG 7, SDG 11, SDG 12, SDG 13,
and SDG 15) and conserve sympatric biodiversity in the tropics.
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