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Abstract

One of the greatest proximate threats facing biodiversity is habitat change as a
result of the combined effects of agricultural developnaenl livestock grazindgextensive
livestock systems are increasingly competing with wildlife for access to land and natural
resources in African rangelandsthiopia has the highest numbers of livestock in Africa
with most livestock productiortaking place in highland systemsThe Bale Mountains
contain the largest extent of afroalpine habitatAfrica and are the most important
conservation area iBthiopia asone ofthirty-four Conservation Irdrnational Biodiversity
Hotspots.The Bale Mountains Natioh&®arkwasestablishedorty years agdo protect the
endemic, and rodessipecialistEthiopian wolf Canis simens)sandthe afroalpinehabitats

upon which they depend

| use a 21 year timseries of livestock counts in the park to detect changes in the
Oromo traditional livestock production system godantu | show that a seasonal
transhumant livestock production regime, akingtmanty only appears to persist in the
Web valley today and | also find some evidence that the type of livestock is chauiitiing
smaller stock, such as sheep and goats, being more frequently kept. Despite reported!
growing numbers of households in the Web valley, | do not detect an overall increase in
livestock numbers, suggesting that the area may have reached its caapaciycin terms
of livestock.In contrast, the number of livestock on the Sanetti Plateau increased over the
monitoring period, including the remote and inhospitable western section of the plateau.
Furthermore, | detect an increase in the risk of corsadtdisease transmission between
Ethiopian wolves and fremaming dogs in wolf optimal habitats. | subsequeasifmate,
through the use of transects, the deéesif livestock in the Web valley, Morebawa and
Sanettiand calculatethe ratio of observedo maximum sustainable livestock density
(basedon rainfalland vegetation productivity)lhe conservative results suggest that the
Web valley and Morebawa are overstocked given the rangeland predicted productivity for

those areas, and thae problem ofoverstocking is at its worst during the dry season.

| then establish critical relationships between vegetation conditions, livestock
grazing pressure and rodent populatiofi@chyoryctes macrocephalusophuromys
melanonyxand Arvicanthis blick) in the afroalpine,under both natural and controlled
experimentatonditions Rodent biomass declisas the livestock index increasalong a
natural grazing gradient, btodent sé body conditi on, us

ecology and most vegetation vatied measuredlo not significantly vary across the
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livestock grazing gradienRodent populations do respond to the experimental removal of
livestock inside exclosures, although this response is sits@aaiesspecific, and find
someevidence thatheseresponseare concurrent withchanges in the vegetatioBrazed

plots have higher plant species richness and diversity compared to the exclosure sites
which harbour reduced bareground cover and taller vegetation. Differences among roden
species in theiresponses to grazing may be mediated by interaction between the direct
effects of grazing on habitat quality and spegpscific habitat requirements, although the
specific mechanism of this interaction could not be teste@stock may negatively affect
rodents by increasing their predation risk (through removing vegetation cdwer)
reducing the soil suitability for maintaining burrow systems (through tramptingless

likely, by competing for food resources.

A series of simple dynamic food chainodels are developedo explore the
interactions between Ethiopian wolves, rodents and vegetation andhegwmay be
affected byincreasing levels ofivestock grazingl also explorehow predictions made
about these trophic dynamiese affected by the fye of functional response linking the
different levels. The models suggest that the pastures of the Web valley and Maaebawa
likely to be incapable of maintaining wolves at current livestock densities, while the
Sanetti plateau may be able to sustaity @tight increases in livestock density before
tipping into a trophic configuration unable to sustain wolves. This model is a first step in

assessing the seriousness of conflict between pastoralists and wildlife in BMNP.

Resource selection functioage developed and validatéor cattle and skep/@ats
grazing in theBale afroalpinen an attempt to understand some of the drivers behind the
heterogeneous use of the landscape by livestdakitat use by livestocks focused on
lower-lying pastures inhte vicinity of water sources (rivers or mineral springs). Only cattle
strongly select for/against particular vegetation typé® probability of habitat use &so
linked to the distance from the nearest villages. Wwlelsdeveloped highlight a strong
association between livestock use and rodent biomass in Morebawa and Eastern Sanet
suggesting thalivestock grazing poses a threato Et hi opi an wol ve:
marginal habitats in which rodent availability is already limited. Furthermore, the
concentration of livestock around water sources has serious implications for the
degradation ofthe ar k 6 s hy dr @idahg livelil@obds ang dd security of the

millions of people living in the depeadtlowlands.
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Integrating research and ptae is a fundamental challenge for conservation. |
discuss how the methodological tools developed and the insights gained into the dynamic:
of the afroalpine system can contribute to the management of livestock grazing pressure ir
Bale MountainsNational Park and highlight gaps in the knowledge of the afroalpine

ecosystem where more research is needed.
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According to the Millennium Ecosystem Assessit) one of the greatest proximate
threats facing biodiversity is habitat change as a result of the combined effects of
agricultural development and livestock graz{2@05) While the ultimate threats, such as
increasing human populations and expanding global markets, are the root causes o
biodiversity loss, they are generally beyond the scopm$ervation planningdowever,
it is essential that the diverse array of goods and services provided by ecosystems (fron
biodiversity tocarbon sequestration) are managedhe regional or local scalegn ways
that sustain human populations, not onkyating their foodequirements but also a variety
of other environmental, social and economic needs. In the framework of sustainable
development as a guideline for environment protection (The five IUCN Park world
congresses from 1962 to 2003;N E S C O 6 sandMtee rBiosphere Programme 1974;
World Conservation Strategy WWF/UICN/PNUE 1980; World Commission for Protected
Areas 1992 UN Conference for Environment and Development 1992; United Nations
Millennium Development Goals 2000) most natural resource mareagepnogrammes
aim to integrate conservation and development issues, involving local stakeholders in the

management of protected areas.

The global livestock sector is growing faster than any other agriculturadesuor,
providing livelihoods to about.3billion people and contributes about 40 percent to global
agricultural outpu{FAQO, 2008) As a result of growth in human population and increased
demand for meat in delgping nations, the world's population of cattle has increased from
720 million in 1950 to about 1.5 billion in 200With a concomitant increase in sheep and
goat €Caprine3 numbersfrom 1.04 billion to 1.75 billion(FAO, 2006) Despite the
substantial rate ajrowth, livestock is not a major force in the global economy, generating
just under 1.5 percent of totalr@&s Domestic Product (GDP). However,the livestock
sector islocally economically,socially and politically very significant in developing
countries: it provides food and incorteel.3 billion of the world's poor, especially in dry
areas, where livestock are often the only source of livelih@adsre 1.1) The rangelands
that result from grazop and browsing are an importamaturalresource, managed for a
variety of agricultural, forestry, hunting, recreation and conservation obje{(@®aedon et
al., 2004)
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Figure 1-1: Map of livestock densities in the developing world (Thorton et al., 2002).
Densities are expressed in tropical livestock units/km? (Boudet and Riviere, 1968), a unit
that quantifies the total density of livestock by combining the numbers of individuals of the

different species present.

The i mpact of | ivestock on the enviro
terrestrial surfaceaged for livestock grazing and 33% of global arable land used to grow
feed grain(FAO, 2008) contributing to extensive land and habitat degradaivedd,

1994, Ibaneza et al., 2007, Rietkerk et al., 1997, Asner et al.,.ZDi0d)link between
deforestation and livestock production is strong in South America where, by the year 2010,
cattle are projected to be grazing on 24 million hestaf Neotropical land that was forest

in 2000 (Wassenaar et al., 2007Another area where livestock have fuelled habitat
degradation is in rangelands. Rangeland degradation results from an inbalance betwee
livestock density and the capacity of the pasture to support grazing and tganalch
mis-management occurs most frequently in the less resilient arid anéhgdmangelands,
characterised by a relatively erratic biomass produdt@ampbell et al., 2006, Kaine and
Tozer, 2005, lllius and Gonnor, 1999)and leads to the fragmentation of the herbaceous
cover, desertification (increase in bare soil) and woody encroachiiiéchunas and
Lauenroth, 1993, van de Koppel et al., 1997, Fuhlendorf et &@21)28uch processes
affect a multitude of key ecosystem functions such as decomposition, nutrient cycling,
biomass production and soil and water conservd&avadogo et al., 2007, Mwendera and
Saleem, 1997, Dernand Hart, 2007, Hiernaux et al., 1999)
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1.1 Livestock production & livelihoods in Africa

It would be difficult to find any substantial area entirely unaffected by the activities
of men and their herds of domestic stockAfmica, with some 230 million cate, 246
million sheep and 175 million goats on the contintaday. Most of the presenday
livestock entered Africa from Asia, amlid notbecomea majorpart ofthe ecosystem until
the last 45,000 years when sizealllemadherds of cattle, sheep, geatnd donkeys built
up andreliance on domestic stock restricted the pastoralist to areas of good grazing, with
access to water and free of tsetse f{featt and Gwynne, ). As a result of intetribal
warfare and conquest of territories, the land soon became divided into areas of high rainfal
and better grazing, where pastoralists became more sedentary and arid areas whel
nomadism remains a requirement of survival effetient land uselndigenous resource
tenure systems have evolved to meet the constraints of local, often difficult, environments
and to facilitate the operation of complex spatial and temporal land use péBehnge et
al., 1993)

Pastoralists depend wholly upon their livestock for food and other necessities. Of
theedible product$ milk, meat and bloodonly milk can be obtained daily and regularly.
Because mil k i s the gasesommsed Veiy diffeersly tb thag of ¢
the commercial rancher. Nomadic pastoralists therefore strive to maintaiangsfemale
individualsas possible (5860% herd)(Pratt and Gwynne, 197Tgadingto herds with an
inherent capacity for very rapid increase when conditions are favoutbtaefall is very
erratic, as in most rangelands, rapid increase in good conditions leads-pmpukation in
the bad years which follow. In tropical countries with no other means of preserving meat
than by surdrying, the meaproducing animalgcapine§ must be fairly small and
numerous. In terms of standard stock units (450kg), a pastoral family (8 people) needs a
least 20 units, made up of cattle, sheep and goats, to survive from one year to(Bnatther
and Gwynne, 1977)From this, it follows that, in any given area, only a limited number of
human beings can survive by pastoralism @lddverstocking, Wch can lead to rangeland
degradationjs the direct restlof increasinghuman biological needs, coupled with the
livestock capacity for rapid increasader good environmental conditionEhe first arises
when the human population is excessive; the second arises when pastoralists, reluctant 1
sell their surplis animals, accumulate more livestock than is needed for subsisi¢rce.

difference between these two causes has pleaagement implications.
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Extensive livestock systems are increasingly competing with wildlife for access to
land and natural resources African rangelands. Extensive production systems and
wildlife have intermingled for millennia in the dry lands of Africa. Both forms of land use
used to be compatible as the high mobility of pastoralists limited their impact on resources
and competitiorover access to common resources was(Bwwot et al., 2006)However,
with the extension of protected areas (today, representing 13% of the landSalgran
African) and the spread of crop farming, extensive production systems are progressively
deprived of pastures, increasing the risk of con{f&O, 2006) Protected areas and their
surroundings are under great pressures as they are often comparatively rich in water an
fodder resources and competition between Vduibivoresand livestock has escalated.
Habita change and depredation have resulted in 84 of the 175 species of large herbivore:
alive at the end the J0century to be listed as critically endangered, endangered or
vulnerable in the 2002 edition of Red Data BORKCN, 2002)

Many studies in East African protected areas and rangelzands looked at the
dynamics of wild herbivores i n Equbsegregyir e s
have undergone one of the most substantial reductions of range of any African mammal
(Moehlman et al., 2008 Historically, raming through most of Kenya, Somalia, Djibouti
Eritrea and Ethiopia, Grevybs zebras ran
isolated populations in southern Ethiodtensive spatial and temporal overlap between
| i vest ock anhds E8mshowy threughowd partsaof its Kenyan rafigav et
al., 2009) There is evidence thabmpetition with livestock for water negatively affects
foal survival (Williams, 1998)and that individuals activelgelect for areasree from
competition or disturbance by livestook 15years time series of resident and migratory
grazers in the Maasai Mara National Reserve in Kenya has recently revealed that five ou
of seven species of wild ungulates monitored letw1989 and 2003 ¢pis Damaliscus
korrigum Cok e 6 s Is dAicalaphbise leusephalus cakiwarthog Pharcocoerus
africanus impala Aepyceros melampuand giraffes Giraffa camelopardalis decreased
significantly as the number dfomas(huts where livesock are kept at nighthcreased
inside the reserv€Ogutu et al., 2009)The role played by livestock in structuring wild
herbivore assemblages is not limited tfyidgan rangelands. The introduction of livestock
and intensification of grazing in the Indian Tra#dsnalaya has resulted in the local
extinction of four of the seven species of wild ungulates originally present in the area
(Mishra et al., 2002)a patern that has been observed on other continentd-Haois et al.,

2009)



General introduction 20
1.2 Pastoralism in the Bale Mountains, Ethiopia: past,

present and threats.

Ethiopia has the highest numbers of lieest in Africa (Solomon € al., 2003)
estimated for the year 2007 as follows: 43 million cattle, 2.3 million camels, 48 million
caprinesard 2.2 million transport animals (horsesulesand donkeys (FAO, 2007a)
Accordingto government estimates, the livestock sector contributels692 of the total
GDP and 385% ofthe agricultural GDP(Halderman, 2005)The Ethiopianhighlands,
with their diverse physical and biological environmemke up 40%of the total land
mass of the country ardbminate the national economiylost livestock productioii95%)
in Ethiopia takes place in mixed rai@d tropical highland systenand suppors 88% of
the total human populatigfThorton et al., 2002)Censused at around 62 million people in
2000, the population of Ethiopia is expected to almost triple, reacmngstimated 170
million peopleby 2050(Thorton et al., 2002)while cattle, with an annual growth rate of
1.1%(Solomon et al., 2003)s expected to reach 66 million head.

1.2.1 The Bale Mountains

Located in the southern highlands of EthioggaA 4 1 6 N3 6 E3 9aArDd 7 A
4 0 A 0 withiit the National Regional State of Oromihe Bale Mountains are the site of
the second highest mountain in Ethiopia, Tullu Deemtu (4385m a.s.l.). The Bale
Mountainscontain the largest extent of afroalpine hal{taer 3000 in Africa (Yalden,
1983) The main contiguous massif is 2067km?, or 17.5% of African land above 3000m,
and represents the most intact remnant rigirmal highland vegetatioriBrooks et al.,
2004) One of the most importamesources of these mountains ishiglrological system
which provides water and economic benefits to 12 million downstream usdisth
Ethiopia and Somali§OARDB, 2007) Furthermore,hte Bale Mountains are the most
important conservation area in the Ethiopian highlands and are of international
significance. The Bale Mountains are part of one of 34 International Conservation
Internation& Biodiversity HotspotgWilliams et al., 2004)with 163 highland endemics
(including 19 species of mammsyl 27 of which are restricted to Bale its@Williams et
al., 2004, Yalden and Largen, 1992)

The Bale Mountains National Park (BMN®asestablished in 1969 to protect the

endemic mounia nyala {Tragelaphus buxtohpiand Ethiopian wolfCanis simens)sandc.
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2,200 knf of montanehabitats upon which they depefidillman, 1986) Although, six
isolated populations of Ethiopian wolves have been described in Et{iMarano, 2003b)
(Figure 1.2), over half of the remaining wolves are found in the Bale Moun(8&iliero-

Zubiri et al., 2000)
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Figure 1-2: Afroalpine ranges and remaining wolf habitat in Ethiopia. Climatic zones are
illustrated in a gradient of gray. The detailed maps illustrate the current distribution of
suitable wolf habitats. While Ethiopian wolf remain extant in seven of these habitat islands,
the populations in Mount Choke and Gosh Meda have been reported extinct

2003b).

(Marino,
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1.2.2 Oromo pastoralists and changes in the use of the Commons
in BMNP

The Oromo pastoralists and their livestockdnbeen an integral part of the Bale
landscape for many centurigs system of seasonal movements knowig@dantuwas the
traditional method of livestock management in B&&\RDB, 2007, BMNP, 2007)The
lower altitudes provided grazing during the wet season, but during the dry season livestock
were trekked to the higher altitudes, irrtgaular to high altitude forests, which provided
fodder, browse and also shade. In the Harenna Forest on the southern stbpd3atd
Mountans (Figure 1.3), influxes of pastoralists from the surrounding lowland areas
occured for 3-4 months (Decembéviarch) in the dry seasoGirma, 2005) Regular
census in the Wefalley until 2000 (Marino et al., 2006)evealed that in the afroalpine
zone,the opposite pattern of movement was obserwithlivestock numbers peaig in
the wetter months, when henderekept away from the crops growing in the plains further
down and highland pasturesereat their most productive. Conversely, livestock numbers
in the afroalpine weréowest in the dryseason, as herdgeretaken to feed on the fields
which have been left fallowExtreme climatic conditions deterred human settlement or
prolonged grazing seasons the Sanetti PlateafFigure 1.3), but theHelichrysumand

ericaceous heaths along the glsywereoccasionallygrazed.

[ LCegend N
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Figure 1-3: Locations of settlements within BMNP.
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The BMNP has been under increasing pressure frompaly growing human
population and th&ansition of trashumant anshomadic pastoralist populatiotts amore
sedentary lifestyleHuman populations within the BMNP stood at 2,500 in 1984 rising to
7,000 in 1992 and 20,000 in 20QRBlintan et al., 2008) The concomitant increase
livestock numbergfrom 10,500 in 1986 to 168,000 in 2004) wasesult of ppulation
expansion within the park and ¢fie immigration of pastoralist communitier the
lowlands This immigrationbegan after the fall of th&ocialistmilitary governmen{1974
1991 during which pastoralists had been prohibited from travellinggéadistances in
search of forage as a result of ethnic c
movement of the population within the countdacobs and Schloeder, 2004) the same
time, increasing investment in mechanised state famtke lowlands established under
Hai |l e Sel as si9#&hcompelledivgstock prbdacem to shift their migration
routes tothe higher altitude regionés a resultthe Bale highlands including remote and
inhospitable areas of thafroalpine and Harenna forestave become more populated
phenomenon amplified as Bale has long been seen as a suitable location to resettl
households from food deficient arefSlintan et al., 2008)Current estimates place the
number of people living in the park permanently and seasonally at approxirb@ief0
and 40,000 respective({DARDB, 2007) Despite attempts to control livestock numbers in
the past through fining and impoundméhtintan et al., 2008)this has had little effect
(Table X1 & Chapter 2) Today, there is little effective control at all.

Such radical changes in land use patiehave been facilitated by tltemmon
property regime the grazing land in BMNP falls undend the absence of gazetted
boundaries to the national parf&ommon property resources are defined as a class of
resources for which exclusion is difficult and jouse involves subtractabilifgerkes and
Farver, 1989) Common property resources are not epecess but are managed under
interactive traditional resource management systems and instituffdosrn, 1997,
Ostrom, 1991)Such institutions are local and informal, and owmity-based rather than
government sponsore@Berkes and Farver, 1989, Ostrom, 199BHowever, such
institutions are under threats as the Ethiopian government strongly believes today that
sedentarisation is the way forward for the mayoat pastoralists in the country (Ministry
of Federal Affairs, 2002)
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) ) W. of Harenna Forest

Livestock Sanetti | Web N.E.

Web Total
type Plateau| Valley | Park . W.

Valley |Rira Hawo

edge

Cattle 2,053 | 7,750 10,684| 2,514 2,205| 83,340| 10,837| 119,383
Sheep/gats | 3,393 | 11,954 | 7,100 | 2,727 1,577| 9,806 |2,847 | 39,404
Transport 176 1,000 2,758 | 193 964 |2,821 |1,610 |9,522
animals
Total 5,622 | 20,704 | 20,542| 5,434 4,764| 95,967 | 15,294| 168,327

Table 1-1: Number and distribution of livestock in BMNP in 2004 (adapted from Flintan et al.
2008). It is however unclear whether these numbers are estimates or came from a physical

census.

1.2.3 Mounting anthropogenic threats and conservation on the

Commons

A key challenge for the eservation of BMNP is the unclear legal status of the

park. The Ethiopian Wildlife Conservation Organisation (EWCO) was formed in 1965

wi t h
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Wildlife Conservation Order, 1970]. Under this mandate BMNP was declared a National

Park in 1969 by ®W/CO. BMNP was never formally gazetted by parliament, but the

boundary was later describgBWCO, 1974)and it was thereafter treated as a National

Park. This lack of clarityn legal status has contributed to the increasingly unsustainable

natural resource use in BMNPorty years after the creation of the park, the highest level

threats are humarelated threats, including agricultural expansiovgod extraction

anthropogenidires and livestock grazin@igure1.4).

C
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Figure 1-4: Anthropogenic threats in BMNP. From top to bottom: bamboo logging in
Harenna forest, agricultural expansion in the afroalpine (Web valley), fire and livestock
grazing (Web valley)(© Charlene Watson & Flavie Vial).
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In the Harenna forest, land has been cleared for agriculture, principally for wheat,
barley and garlic production. The current rate of deforestatiddramiais estimatecdat
between50,000 and 100,000 ha per annum. An area of about 10,000 ha Bhdide is
used for agriculturgETFF, 2007) However, agricultural expansion on the afroalpine
grasslandsas recently been observatd3,300m a.s.(Figurel.4). Aside from the obvious
problemscaused by habitat loss, unmanagegansion of cultivation leads to habitat
fragmentation and increased human wildlife conflauch as crop raiding by mountain

nyalas, bush piggPotamochoerus larvatisndOlive baboongPapio anubis.

In associatiorwith settlement and agricultural expansion, demand for timber and
wood increaseboth locally and commercially. Indigenous bamboo is used extensively in
large qualities for construction materialBigure 1.4) The most commonly collected
firewood is Eurygps pinifolius but Erica spp, Helichrysumspp, Hypericum revolutum
andLobelia rhynchopetalurare collected to a lesser extéAshenafi, 2001)

Farmers purposely set the fires for various ati#igi honey collection, agricultural
land preparation andurningErica trees and bushde improve forage quality and reduce
retreatsfor leopards,Panthera pardusand spotted hyaegaCrocuta crocuta suspected
livestock predators Such firesare aggraated by prolonged dry seasoasd burn very
large areas of the forest and afroalpine every.yé&#duile vegetation eventually recovers
(Wesche, 2002)other studies have showed that rodents and other small mammals may
take a long time to recolonize the angausnitzer, 2003, Kasso, 200&urthermore,
increasinggrazing pressure will limit the regeneration rate of vegetation after fires.

Increasing settlements and livestock numbers in the afroajpasslandef BMNP
are major concerns for founainreasongStephens et al., 2001)

1. The Bale Mountains are the source of more than 40 rivers including the five major
rivers (Wabe Shebele, Genale, Welemel, Dumal, and Yadot) that are used for hydroelectric
power. The major ivers originating in the Bale massif as#so the only sources of
perennial water for agricultural production and people occupying the arid lowlands of
Easern Ethiopiaand SomaligSillero-Zubiri and Macdonald, 19970vergrazing in the
highlandsis likely to impact on the hydrology of these areas, threatening the livelihoods
and food security of the people in the lowland aredo are highly dependent on good
environmental management of the highla@dsvendera and Saleem, 1997, Gebremeskel
and Pieterse, 2006)
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2. The erosive effects of livestock are visible in many areas. The occurrence of the
denudd mima mounds around the lowatitude horas or mineral springs, seem to
indicate that heavy livestock grazing pressure and soil poadtamgacted to reduce
natural vegetation covérallents, 2007)Moreover, grazing in the Harenna forest removes
understorey vegetation while patches of forest are burned down regularly to increase the
area of grazing land.

3. High levels of livestock have a negative impact on tourism, particularly iivete
Valley as this area is one of the greatest attractions for tourists, yet their experience is

greatly impaired by the presence of thousands of livegtigphens et al., 20Q1)

4. Increasd settlement and numbers of livestock are linked to a variety of threats to
the wildlife, especially the mountain nyala and Ethiopian wolf. Ns/atad other antelopes
compete directly with livestock for food and arsuallyabsent from areas where livedtoc
numbers are higfBrown, 1969) There isalso someevidenceio suggesthat the presence
of livestock is detrimental to rodent populatigBsisby et al., 2006)possibly reducing the

prey base of wlees and raptors in Bale.

1.2.4 Insights from other Ethiopian rangelands

The likely impacts ofncreasedsettlemergin BMNP can be anticipated by looking
at the environmental degradation in protected areas that havenimenintensively
exploited by humas in the past The examples are numerous Eastern Africa where
reserves and national parks have often been created in areas inhabited by pastoralists a
their domestic stocks.

The Simien National PafSNP) in NorthernEthiopia, offers an interestijnnsight
into recent changes in mountain land use. With one of the densest rural populations in
Africa, the majority of habitat below the tree line (<3800 s1.¢ has been converted to
agriculture while livestock grazing is widespread above these kéfgbtelli and Sillere
Zubiri, 1992) Bus by and vegetdtibneswarvgin 8NP feveas that overgrazing is
widespreadwith vegetation covex5% commonacross the Simien(Busby et al., 2006)
Ther surveyalso indicate that intensive grazing has caused degradation to the afroalpine
ecosystem; higher grazing intensity in SNP is correlated with increased posueg, loss
of vegetation structure, reduced vegetative species diversity, prevention of giant Lobelia
regeneration and possibly reduced rodent abunddweel degradatiognwhich includes
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degradation of vegetation cover, soil degradation, and nutrieétey as a result of
grazing,is a major ecological and economic problem in Ethi¢pialeslassie et al., 2005)

It is estimated that fertile topsoil is lost at a rate of one billion cubic meters per year,
resulting in massive environmental degradation and constituting a serious threat to
sustainable agriculture and forgstand hence the livelihood of the agpastoralists
themselvegHurni, 1990, Esser et al., 2002, Anley et al., 2007)

Over the pasdtifty years pastoralists and nomads living besides the Awash River in
the Ethiopan Rift Valley have gradually lost access to their traditional grazing lands as a
result of largescale agricultural development and the kitdral conflict between the
traditional rights of the Kerreyu, Afar and Itu pastoralists forgkgison grazingnd access
to water. Increasingly, these tribes have had to rely on the grasslands within the Awast
National Park and today, more than two thirds of the park is permanently occupied by
people and their livestockJacobs and Schloeder, 2001 Awash National Park,
encroachment and settlement led to the illegal harvest of wood for fuel and shelter,
increase in illegal huntingndincreased competition between wildlife and livestadkch

contributed to thelisappearancef many wild specieglacobs and Schloeder, 1993)

1.2.5 BMNP Ecological Management Programme

A fundamental paradox confronting conservation biologists is that the ecosystems
they wish to conserve are subject to chaf®ens et al., 2003)Changes can arise from
endogenously indied fluctuations arising from normal ecosystem dynaraind, very
often, from accumulating stresses imposed by ever increasing human demands on
ecosystem resourcé¢lsudwig et al., 1993)Distinguishing between these agents of change
is a major scientific challengéGreen et al., 2005)anticipating when the limits of
acceptable changaight be exceeded &sconservation imperativ&Vhile essential, simply
monitoring key indicators of ecosystem health or integrity is unlikely to provide the
fundamental understanding necessary to predict the future consequences of mountin
threats(Mace, 2005) For example, remote sensing enables beuade assessment of
certain ecosystem components but understanding what these can tellusaizystem
function is essential if they are to be useful indicators of future ecosystem conditions
(Pettorelli et al., 2005How ecosystems respond to differstressors will depend on their
intrinsic dynamics, this is why anticipating the effects of different ecosystem stresses

requires additional knowledge of intra and irtt@phic interactions.
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A recurent questionrelating to the protection of thBale Mountainsis how to
conserve the renewable natural resources and the biotic elements of the environment in th
face of changing human use patterns, given that the livelihood of thousands of people
depends on the good management of the |Befbre managemertbols can be put into
place, it is crucial to determine what the threats to the ecosyatenand to quantify thre
impact on the remurcesthat may require protectingurrently, the state of knowledge of
the BMNP ecological processes, species and tdresa low and most management
decisions have to be made with preliminary rather than detailed or expert knowledge. The
ecological management programmEMP) was designed to address this knowledge
deficiency with two objective@OARDB, 2007)

1. The first objectives the establishment @ managemenrorientated monitoring and
research plan for BMNP. This monitoring plan aims to undertakeita stiactions to
address the paucity of data and understanding of ecosystem processes in ddNEGP
baseline data on the extent of potential threats and igestiblogical indicators for

monitoring the achievement of the park purpose.

2. The second obgtive of the EMP is to feed back the information on the status of
the ecosystem components and their threats to enable the design and implementation

appropriate future management actions in this and other programmes.

Livestock grazing has now beercognized as the major stress on the key
ecological attributes of the afroalpine zone, and is considered an immediate priority in the
Sustainable Natural Resources Management Programme (SNROBRDB, 2007,
BMNP, 2007) The programme aims to convert currently unsustainable natural resource
use in BMNP to sustainable levels of resource use through a participatory process wher
communities enter into joint natural resource management agreements with park
managementSNRMP agreements will specify the type and amount of resources that can
be used, by whom, and will lay out the methods, roles and responsibilities for community
monitoring, reglation and resource protection. Howevafprmation is urgently required
in order to initiate and implement such management activiteduding quantifying

levels, locations and impacts of livestock grazing.
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1.3 Thesis structure

The recognition that &fctive conservation strategies must embrace the dynamical
nature of ecosystems lies at the heart ofghagect The ultimate goal of my PhD research
iIs to inform the development of protocols within BMNP to enable the adaptive
management of pastoral ginag pressure so as to ensure the stability of important trophic

interactions. My research strategy has included:

1. Understanding the spatial and temporal aspects of pastoral use of the afroalpine
(Chapter 2 &7).

2. Estimatinglivestock densitiesnside three Ethiopian wolf core ranges: the Web
valley, Morebawa and the Sanetti plateau (Chapter 3).

3. Establishing critical relationships between vegetation, livestock grazing pressure

and rodent populations under both natural and controlled conditions (Ch&p&r

4. Carrying out broaecale predictivemodelling of the dynamics of the trophic
interactions between vegetation, rodents and Ethiopian wolves as well as their response t

disturbance by livestock (Chapt:

This research delivers a quantitativenfiework for managing livestock grazing,
thereby contributing to the alleviation of a critical hunveitdlife conflict that endangers

an area of incalculable biodiversity value.

In Chapter 2, | use a 21 year timeeges (spanning the years 198807) geneated
by the Et hi opian Wol f Conservation Pr oc
Mountains to detect changes in the Oromo traditional livestock production system.
Specifically,| investigate whether the use of the afroalpine grasslands is still seasdnal
driven by vegetation productivity and whether ldegm trends in the numbers of livestock
(cattle,caprinesand transport animals), humans and domestic dogs in core Ethiopian wolf

habitat can be detected.

In Chapter 3, | provide the first systematilivestock density estimates for each of
the three main Ethiopian wolf ranges in Bale: the Web valley, Morebawa and the Sanetti

plateau. First] use distance sampling along 408 km of transects to estimate seasonal
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density of livestockin those areas beten July 2007 and June 2008then use dung
counts as an indirect method of estimating livestock abundance on twenty four
experimental grids in the Web valley, Morebawa and Sanetti pldte@veen 2007 and
2009 Dung deposition rate and decay rate esimated seasonally for eadlvestock
species, in different experiments, and used to convert the dung counts into a density
estimate for each speci€éBhe estimates derived from both methods are compared and
make recommendations for future monitoring lofestock populations in the Bale

Mountains.

Few studies have explored the interactions between livestock and small herbivores
in landscapescale experiments, and determined to what extent these interactions are
mediated through changes in vegetation glancontinuous grazing gradiemtuse this
approachacross 96 experimental gritts quantify the impact of livestock grazing on the
abundance and ecology of three fossorial rodent species, the giant nidetatofyctes
macrocephalus , Bl i ¢ k 6 @Arvicgnthes sblck) and tthe brusturred mouse
(Lophuromys melanonyxin Chapter 4. All three species are endemic to the Bale
Mountains and constitute the main prey items for the endangered Ethiopianl wolf.
specifically investigatethe possible mechanismthrough which livestocknediated

changes in the vegetation mafyectrodent populations

Exclosure studies are widely used to investigate the grazing impacts of ungulates
on vegetation and animal communities by controlling ungulate access togatantes In
Chapter 5, livestock are excluded from three 50x50m experimental grnidhe Web
Valley, an area of high human and livestock dendity the means of exclosures. The
exclosures were built in March 2008, and paired with three control siteg &esdssible
to livestock.The purpose of this studgto establish whethexfroalpinerodentpopulations
and vegetatiomesponded positively to the removallsestock grazingoressure. Rodent
and vegetation surveywere carried out on all sites beforthe construction of the

exclosures and repeated regularly over a period of 14 months.

Combining results from past research conducted on the interactions between
afroalpinevegetation and rodents, and rodents BEtldopianwolves,| develop a simple
dynamc food web model to explore the interactions between these trophic levels and their
response to disturbance by livestock inside the three mainramaesin Bale (Chapter
6). This trophic model allow the partition of vegetation biomass into that requireal

sustain desired abundances of rodents and wolves, and that availdiviestockgrazing.
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Output of ths modelindicates areas where vegetation biomassnsufficient to maintain
acceptable trophic functioning and areas where livestock granalgl be maintained

without detriment to key ecological attributes.

Visualising the distribution of the threats to endangered species is necessary for
effective implementation of conservation planning. Chapter 7, | develop resource
selection functions focattle andcaprinesinside the three main wolf ranges in BMNP to
qguantify the strength of selection by livestock for a number of different habitat components
including, elevation, slope, distance to water and settlements, vegetation type and roden
biomas. The data collected alloor a better understamag of the patterns of habitat use
by Ilivestock in the afroal pine, as well

high rodent biomass and high probably of livestock use.

Applied researchshould be directed at providing predictive tools for risk
assessmeras well agdecision support for managers throughout the management process.
In Chapter 8, | summarise the findings of the present study and discuss how the
methodological tools developeaid the insights gained into the dynamics of the afroalpine
system can contribute to the management of livestock grazing pressure in BMING.
highlight gaps in the knowledge of the afroalpine ecosystemraodmmend future

researchdirections
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2 The changing face of pastoralism and its
implications for Ethiopian wolves in the Bale

Mountains National Park, Ethiopia.
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2.1 Introduction

Understanding the factors impacting an ecosystem is critical to effective and
rational management. Monitoring of these fast@nd their impact is essential for
identifying and quantifying changes that occur and which may result in the adjustment of
management strategies. For example, understanding the-wgmagioral distributions of
livestock is necessary for determining thienpact on rangelands, and for evaluating the
sustainability of grazing system&coones, 1995)However, while many endangered
species are closely monitored, data on the numbers of livestock being grazed inside o
close to protected areas are rarelylemed in a systematic manner that allows trend
analyses to be performed. Here, we present the results from the analysisyda fithe
series on livestock numbers in the Bale Mountains National park (BMNP), in the Oromia

region of Ethiopia.

The BMNPconserves the largest area of afroalpine on the continent and is a centre
of endemicity, with the best remaining populations of Ethiopian wolves (Canis simensis).
With approximately 500 individuals remaining, Ethiopian wolves are the rarest canid in the
world, being limited to seven isolated ranges across the Ethiopian highlands (Marino,
2003). Ethiopia wolf core ranges in BMNP (Figur2l) are located in the Web valley
(775000° N and 578000° E, 3500 m above sea level) and on the Sanetti plateau (757000
N and 596000° E, 4200 m a.s.l.). These populations have been affected by diseases spillin
over from the domestic dog populations, the most immediate threat to their persistence of
(Sillero-Zuberi et al., 2004, Randall et al., 2006), but by livestock ggawhich affects the
quality of rodent habitat, through changes in vegetation cover and composition as well as
through suspected soil compactioGh@pters 5 & B Because of the wolves highly
specialized die(Marino et al., 201Q)it is suspected that livestock grazing will have a
negative effects on wolves population (Nievergelt, Good & Guttinger, 1998, Ashenafi,
2001, Stephens et al., 2001).

The BMNP has been under increasing pressure from a rapidly growing human
population. In Ormia for example, the census by the Central Statistical Agency of
Ethiopia reported that the region's population was estimated at 18,732,525 in 1994 versu:
27,158,471 in 2007Certral Statistical Agency of Ethiopia, 2007)his increased was
mirrored inside BMNP with a human population going from an estimated 2,500 total users
in 1984; to 7,000 in 199€@0ARDB, 2007)and c. 35,000 in 2009 (FZ$hpublished data).

The transhumance system of Oromo pastoralists, known as godantu, follows the rainfall
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pattern and has been a key feature of human use of the Bale Mouotarenturies
(OARDB, 2007) Livestock comprises cattle and smaller stock such as sheep and goats
(shortened to caprines). In the afroagpirone of BMNP (> 3000m above sea level) the
number of households stood at 2872 in 2009 (average household size of 6 people
including 1072 seasonal households (Ri#fpublished data). In the godantu system,
livestock numbers peak on the lush highland pastin the wetter months (Ap#lugust)

and are at their lowest during the dry season.

I Good habitat
B Marginal habitat

I [ Optimal habitat
[ Unsuitable habitat

Goba

Harennaforest «
Rira

easternSanetti

centralSanetti

10 km

westernSanetti

Figure 2-1: Map of the Bale Mountains showing the distribution of Ethiopian wolf habitats
and study areas. The inset shows the details of Sanetti line transect along the Gobai Rira
road (Marino et al., 2006).

Monitoring of livestock in BMNP was prompted in the early 80s and followed
with standard methods up to present by the Ethiopian Wolf Conservation Programme
(EWCP). While ivestock trends up to 2000 have been analysed by Marino et al. (2006),
we update the analyses up to 2007 with the following objectives:

A To identify recentandlonger m trends (198006s to pre

livestock and fre@oaming dogswithin wolf ranges.
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A To test for seasonality in the use of the afroalpine pastures by livestock and whether
such use is still correlated to fluctuations in vegetation productivity.

We would expect the regiemide demographic expansion and accompanying
increase in agriculture to lead to changes in pastoralist systems, from a mobile and
extensive system transhumamgjodanty system to a more intensive ntranshumant
management of livestock production, as seen on other African rangdlad& and
Coppock, 2004, Wurzinger et al., 2009)

2.2 Methods

2.2.1 The EWCP livestock dataset: 1986-2008

Afroalpine habitats in BMNP can be classified on the basis of rodent abundance
and vegetation types, and their empirical associations with wolf density (Gotelli and
Sillero-Zubiri, 1992, SillereZubiri, 1994):

A - The Web valShegtandgceaesstahds and meado
with high rodent biomass (~ 27kg/ha) and wolves at densities ca. £.2/km

A Western Sanetti is Agoodo wol f h-aclub,t at

rodent biomass around 1/5 of tfmbptimal habitat and wolf at densities of ca. 0.25%km

A Eastern Sanetti is fAmarginal o wolf hab
than 1/10 of optimal habitat.

Data collection on livestock and freeaming dog numbers in BMNP hascoirred
since 1986 on the Sanetti plateau, along a transect that runs along th&ifaohzad,
crossing the plateau from east to west (Feg2.1) and partitioning it into three areas
(eastern Sanetti for 6.7 km; central Sanetti for 10km and westerntiSand#.3 km) as
described above. Counts are conducted from a vehicle driving at c. 20km/howt by 2
observers (Marino et al. 2006). From 1988, EWCP initiated comparable counts along a
20km:circuit through optimal wolf habitat in the Web valley. Counte anade on
horseback by -# observers. Monitoring was interrupted between 1993 and 1995 due to
political unrest. The frequency of surveys is shown in TaldleThe methodology applied
permits to compare encounter rates of livestock (individuals/km okgumacross years

and habitat types, after averaging by season to reduce the effect of missing months. Th
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seasons, known by Oromo pastoralists, follow the regime of rainfall: dry season (January
to March); early wet season (April to June), mid wet sea3oly (0 September), and late
wet season (October to December) (OARDB, 2007).

86|87[88[89(90|91|92|93|94|95|96|97|98|99|00|01|02|03|04|05|06]| 07
Sanetti| 22| 23| 28|23|5 (8 |3 218 |3 |5|10]10f{12{12(13|(5 |8 |5 |5 |10
Plateau
Web 2|14 |5 |5 |6 1 (3|6 |11]|11|12(12|12|10|7 |4 |7 |11
valley

Table 2-1: EWCP monitoring activity in BMNP: number of surveys per year.

2.2.2 Testing for trends in the livestock time series

We carried out the analyses of the time series (R®evelopment Core Team,
2009)using the pastecs packadieanez et al., 2009 he firststepvas t he fir egu
the time series, to avoid the shortcomings of incompleterdssing values (mainly
between 1993 and 1996) were extrapolatsithg cubic splines between observed values
(Lancaster and Salkauskas, 1986). Spline interpolation waseoative for all the time
series regulated (Rige 2.2). We are therefore confident that the trends detected do not
result from the interpolated values but illustrate changes in the observed encounter rate:

during the length of the time series.

| assuned that the amplitude of both the seasonal and irregular variations in the
time series did not change as the level of the trend rises or falls. The time series were
therefore decomposed using a loess smoother (locally weighted polynomial regression)
(Clevdand et al., 1990) into three additive components: a trend, a seasonal component an
the residuals (Figure 2.3). Seasonality in the encounter rate was said to exist if the season
component showed an amplitude of at least 5 individuals per km of tramswaten
seasons (Figure 2.3)After removing the seasonal component from the time series, we
used a noiparametric Spearman rank correlation test (rho) between the observations and
time to examine trends across the entire dataset or acrosssatsnibhe dataset (2000
2007). The time series were resampled 999 times for a bootstrap test, and p values <0.0
were judged to demonstrate a significant trend in the time series. The same procedure wa
used to explore the trends along the time series of tleeafatattle to caprines encounters
for both the Web valley and the whole Sanetti plateau data. We removed an obvious outliel

in the Sanetti dataset (Figure 2.4) prior to the analyses.
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Figure 2-2: Comparison of the raw (left) and regularised time series (right) for cattle

encounter rate in the Web valley. Missing values are conservatively interpolated using cubic

splines between observed values as seen inside the black box.
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Figure 2-4: Raw time series of the ratio of cattle to caprines in the Web valley (left) and on
the Sanetti plateau (right). Note that the road survey on the Sanetti plateau started in 1983
but was only sub-divided into the three wolf habitat types in 1986. An unusual high
encounter of caprines in the mid-wet season 2001on the Sanetti plateau (dotted circle) was

considered as unrepresentative and removed from the time series prior to trend analysis.

2.2.3 Cross-correlating livestock and vegetation productivity time

series

We derived data on plant biomass and productivity between January 2000 and
December 2007 from MODSNormalised Difference Vegetation Index (NDVI) satellite
imagery (United States Geological Survey, 262007) These images were monthly
composites with 1km resolution and were not adjusted for cloud cover or Nbpkis a
proxy for greenleaf biomass and photosynthetic activity (Curran, 1982, Box et al., 1989).
High values of NDVI in afroalpine areas of BMNP are likely to be a good indicator of high
photosynthetic activity and rapid seasonal growth in the herb layer, as well as being a
measure of biomass (Tallents, 2007). We calculated monthly average NDVI values for
both the Web valley and the Sanetti plateau in Arc@®vironmental Systems Research
Institute Inc., 2004)Satellite images could not be reliably partitioned into the three wolf
habitat types present on the Sanetti plateau, and average monthly NDVI values were
calculated for eastern, central and western Sanetti combined. We regularised the NDVI
time series(using the same methods as described abbg®re computing their auto
correlation factors using the stats package {R®evelopment Core Team, 2008)order
to test for seasonality in vegetation biomass and productivity. We finally examined the

crosscorrelation factor between the NDVI and livestock time series in order to quantify
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the correlation and lag between the two time series, i.e. whether NDVI attimeat
particular area was a good predictor of livestock encounter rate at.tig{(&ay measured

in months).

2.3 Results

In the Web valley, seasonality in the encounter rate of cattle and caprines was
identified for the whole dataset (198807) (Figire 2.3), with encounter rates higher
during the midwet season (peak counts) than during the dry season (troughs) by c.70
head/km and by c.10 head/km respectively. No significant long term trends were detectec
for either type of livestock in the Web valley owke whole dataset (Fige2.5 & Table 2-

2). However, when partitioning the dataset-p®0 (Marino et al. 2006) and p&Xd00,

we observed a significant increase in cattle encounter rat20pfe and a close to
significant decrease pe2000 (Figire 2.5 & Table 2-2). No significant trends in caprines
encounter rate were detected-g90 or posR000. The time series for freeaming dogs
did not present evidence of seasonality, but showed a significant decrease b@®0post
and across the whole dataééigure 2.6 & Table 22). We did not observe any significant
trend in the cattle to caprines ratio (rho = 0.04, p = 0.36) between 1988 and 2@0& (Fig
24).

No seasonality was detected for livestock on the Sanetti plateau (eastern, centra
and western)The encounter rates of cattle and caprines significantly increased in all three
wolf habitats between 1986 and 2007 (Fg25 & Table 2-2). In most cases, the
significant increase occurred both pre and {2080, with the exception of caprines on
cental Sanetti which were not encountered-po®0 (Figire 2.5 & Table 2-2). The time
series for fre@oaming dogs did not present evidence of seasonality in any of the three
wolf habitats. No overall significant trend in the encounter rate ofrbbaming dog was
detected on central and western Sanetti between 1986 and 2007. Howeverarfreg
dogs increased on eastern Sanetti during the same period and have increased on weste
Sanetti since 2000 (Fuge 2.6 & Table 2-2). We observed a significant increasf the
cattle to caprines ratio (rho = 0.27, p<0.01) between 1983 and 2001rqRg), i.e.
proportionally more cattle are being kept.



The changing face of pastoralism

Cattle Web valley

E BE-
2 g
- -
S 8
5 =
=
= o _
o [rs]
2
[ TT [
T T T T T T
88 92 96 00 04
Year
Cattle central Sanetti
E 8-
D e
_— w —
&
0 o
e =
= e
=
= 3 =)
8 w
G __AM
= = T T T T T T
88 92 96 00 04
Year
Caprines Web valley
P
£ _
8 8
o) =
©
= [ = Qe
Fev) o
= =
=
8 o =
e =
Lu L]
T T T T T T
88 92 96 00 04
Year
Caprines central Sanetti
— 2 4
£ =]
S 84
) —
<]
on o
o
= _
> |
8 o o
9 2
(77 RN

Encounter rate (per km)

o
~

o7

Encounter rate (per km)

Encounter rate (per km)

o7

06

Encounter rate (per km)

100 150 200

50

0

100 150 200

50

0

3 5 7

10

0 % 70

10

41

Cattle western Sanetti

S P AW |

T T T T T T
94 98 02

86 920 06
Year
Cattle eastern Sanetti
86 90 94 98 02 06
Year
Caprines western Sanetti
E T T T T T T
86 920 94 98 02 06
Year
Caprines eastern Sanetti
= T T T T T T
86 90 94 98 02 06

Year

Figure 2-5: Regularised times series of the encounter rate (individuals/km survey) of cattle

(top) and caprines (bottom) in the Web valley, eastern/ central and western Sanetti.
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Area | Species | Seasonality | Trend up to Trend Trend
(Y/N) 2000 since across
(Marino et al. 2000 whole
2006) dataset
Cattle Yes Increase No No
5 (p<0.01) (n=28,p =0.06) | (n=78, p=0.38)
S | Caprines Yes No No No
a (p = 0.64) (n=28,p=0.43) | (n=78, p=0.41)
Qo
= Dogs No Decrease Decrease Decrease
(p = 0.03) (n=28,p=0.03) | (n=78, p<0.01)

Cattle No Increase Increase Increase
— = (p<0_01) (n=85, p = 0.05) (n=85, p<0.01)
§ @ | Caprines No Not Increase Increase
S & encountered | (=28,p=0.05) | ((n=85, p<0.01)
© ¥ " Dogs No Only 1 dog No No
encountered (n=28, p =0.37) (n=54, p=0.12)
Cattle No Increase No Increase
c = (p<0_01) (n=28, p =0.39) (n=85, p<0.01)
E @ | Caprines No Increase No Increase
DG (p = 0.02) (n=28,p=0.49) | (n=85, p<0.01)
=D Dogs No Rarely Increase No
encountered | (n=28,p<0.01) | (n=54,p=0.22)

Table 2-2: Summary of seasonality and trends for livestock and free-roaming dogs. Trends
were assessed after removing the seasonal signal from the time series. Counts of livestock
and free-roaming dogs were started during the late wet season in 1986 and during the mid
wet season in 1994 respectively on the Sanetti plateau. All counts in the Web valley were
started during the mid wet season in 1988. Optimal wolf habitat is colour coded in white,

good wolf habitat in light grey and marginal wolf habitat in dark grey.
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Figure 2-6: Regularised times series of the encounter rate (individuals/km survey) of free-

roaming domestic dogs in the Web valley, eastern/ central and western Sanetti.

The computation of the autmmelation for the NDVI time series revealed that
vegetation biomass was highly seasonal in the Web valley, with cycles being less
pronounced on the Sanetti plateau (fFe2.7). In the Web valley, livestock (both cattle
and caprines) encounter rates at tignand t; were positively correlated with NDVI at
time  (Figure 2.8). A positive correlation between cattle encounter ratg ahtd NDVI
at  indicates a lag of 1 month between an increase in NDVI, for example, and the
subsequent increase in catdncounter rate on the same pastures. Cattle encounter rate at
time t., was negatively correlated with NDVI at timg indicating a time lag of 4 months
between an increase in NDVI and a decrease in cattle encounter rate. On the Sanet
plateau (where NVI values were combined across areas), cattle encounter rates were not
correlated to NDVI at timept(Figure 2.8) while caprine encounter rates at timend t;

were marginally positively correlated to NDVI at time t
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Figure 2-7: Regularised NDVI time series (left) and the corresponding auto-correlation function (right) for the Web valley (top) and the Sanetti plateau (bottom)
between 2000-2007. The dotted lines represent the 95% confidence intervals for the correlation factor based on a non auto-correlated series. It follows that
auto-correlation values outwith the confidence intervals denote a significant correlation at time lag t+x (lag measured in months). NDVI exhibit pronounced

regular cycles of 12 months in the Web valley indicative of strong seasonality in vegetation biomass, while the cycle in NDVI is less pronounced on the Sanetti

plateau.
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Figure 2-8: Cross-correlation factor between livestock encounter rate (seasonal and non-detrended) and NDVI for cattle (top) and caprines (bottom) in the Web

valley (left) and on the Sanetti plateau (right) between 2000-2007. We are looking at the correlation between livestock encounter rate at time t+x (lag measured

in months) and NDVI at time t. The dotted lines represent the 95% confidence intervals for the correlation factor based on uncorrelated series. It follows that

cross-correlation values outwith the confidence intervals denote a significant correlation between the two time-series at time lag t.y.
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2.4 Discussion

2.4.1 Trends in livestock and changes in pastoralist land use

This updated analysis of livestock trends in BMNP confirms the persistence of
some trends (Marino et al., 2006) but also highlightsemrecent changes in afroalpine
land use. The lonterm stability of livestock numbers, despite increasing settlements
(OARDB, 2007), in the Web Valley indicates changing livelihoods, and diminishing herd
sizes, as a consequence of expanding agricultan® gommonly encountered >3000m
a.s.l) and the subsequent loss of communal grazing land as observed in other parts of th
region (Flintan et al., 2008). In the district of Dinsho (north of the Web Valley), for
example, agriculture is now the primary actviMost households keep livestock but the
livestock to human ratio has dramatically decreg¥edtson, 2007)A seasonal livestock
prodiction system, akin to the traditional godantu system, persists in the Web Valley with
cattle numbers, and caprines to a lesser extent, reaching a peak during the wet season (Ju
to September). This seasonal variation was congruent with fluctuations nraryri
productivity, which showed pronounced regularm@nths cycles (echoing the findings of
Tallents, 2007). This may constitute a strong indication that transhumant pastoralists still
follow the rainfall patterns to track productive grazing grounds dutie wetter months.
However, another force driving livestock transhumance today may be the lack of pastures.
as most of the lowlands are cultivated during the wet season and livestock are forced out
other grazing grounds. In the dry season, some tigkseturn to the lowlands as the fields
left fallow provide additional forage at a time when the high altitude afroalpine areas
become totally dry. Other herds, in particular those belonging to permanent settlers in the
Web valley, shift their habitat asfrom the grass meadows to the Erica covered slopes
which were not represented by the fixed survey lines established in the Ethiopian wolf
habitat.

In contrast, livestock strongly remains a central pillar of the livelihoods of the
communities living orthe Sanetti plateau, as judging by the increase in livestock numbers
over the monitoring period in all three habitats, coinciding with an increase in households
over the last 20 years around Rira (western Sanetti) and Goba (eastern Sanetti), just belo
the afroalpine belt (OARDB, 2007). The livestock production system appears less

intensive there than in the Web Valley (as far as depicted by lower encounters rates) anc
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not seasonal. The Erica moorlands above Goba, the open grasslands of the upper plate:
(central Sanetti), and the drier declivity towards Rira were used all year round for grazing,
albeit at different intensity. Seasonal movements of livestock reported by people from the
Goba and Dolo Mena (south of the Sanetti plateau) waredas (districEntan et al.
(2008) were not reflected in the present analyses. One reason may be that the season
movements only involve small herds, and thus go undetected, or that the upland movemen
reaches up to the Harenna forest {89° E and 6%° N; 20003200 m a.s.l.) on the
southern slopes of BMNP (Fig@.1), but not further up onto the plateau. On the Sanetti
plateau, the NDVI exhibited a weaker cycle and only a marginally significant-cross
correlation with the time series of caprines. Because the NDMkss sensitive to slow
growing pubescent perennials such asHeichrysumspp. that dominate the vegetation in
parts of the plateau, a possible caveat is that the time series underestimated the amplituc
of changes in vegetation biomass (Tallents, 200fMerwise, the more constant biomass
would explain, at least in part, why livestock encounter appears tesbasanal on the

Sanetti plateau.

Finally, while Flintan and colleagues (2008) presented some evidence that the types
of livestock may be chaingg in the region, with people reducing their cattle numbers and
including more caprines in their herds, we find no evidence of such changes taking place ir
BMNP afroalpine.

2.4.2 Implications for the Ethiopian wolf

The monitoring conducted by EWCP may mepresent livestock trends in other
areas of the BMNP dominated by Erica moorlands and forests, and it is limited to relative
comparisons only, but its strength resides on the length of the time series. The date
convincingly show increases in the grazpmgssure in both optimal (central Sanetti) and
marginal wolf habitat (eastern Sanetti) which constitutes an additional threat to the already

uncertain future of the Ethiopian wolf.

The effects of grazing upon small mammals, and rodents in particutpassiands
are of concern because of theiritdpwn effects on plant communities (Manson et al.,
2001), their role as ecosystem engineers (Zhang et al., 2003) and, in particular, their
bottoni up effects on bird and mammal predators (Hanski et al., 196dpirdaki and

Norrdahl, 1991, Torre et al., 2007). From independent estimations of livestock densities in
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BMNP, we know the densities of cattle and caprines in the Web Valley to be c. 250 and
120 heads/kmrespectively, and c. 60 and 73 headflon the Saetti Plateau in 2007

2008 (Chapter 3). At this level of grazing, the first systematic study of gazing impacts in
BMNP revealed some apparent vegetation changes and negative effects of livestock upol
rodent biomass (Chapters 5 & 6), while another studigencentral highlands showed that
livestock grazing affected the composition of the rodent community in another afroalpine
area (Ashenafi, 2001). In the drier and more heavily populated northern highlands,
overgrazing has been suspected to affect wolwvesigih unfavourable impacts on rodent

populations for a long time (Nievergelt et al., 1998).

The second, and most imminent, threat posed by the growing human population
inside the park, is the presence of freaming dogs. Our result indicates that tluenber
of freeroaming dogs have increased in parts of the Ethiopian wolf range in BMNP post
2000 (eastern and western Sanetti). Domestic dogs, and in particulendnei@g ones,
are the reservoir from which infectious pathogens such as canine disteinyseand
rabies virus spill over into the Ethiopian wolf populations (Laurenson et al., 1998). At
least three outbreaks of rabies have occurred in the Bale Ethiopian wolf population in the
last 18 years (Siller@uberi et al., 2004, Randall et al., 200éach causing a devastating
50-76% mortality in affected populations and substantially increase the probability of local
extinction (Haydon et al., 2002). The capacity of wolf populations to recover from these
population crashes may be limited by a redustn i n t h e-basecas & direcd p
consequence of livestock grazing. It is thus a matter of great concern, even if under curren

grazing level wolves have recovered from previous outbreaks.
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3 Estimating livestock densities inside Ethiopian
wolf ranges in the Bale Mountains: a

comparison of direct and indirect methods.
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3.1 Introduction

The Bale Mountaingart ofthe easternafromontane hotspgWilliams et al., 2004)
are home to over half of the 500 Ethip wolves estimated to survive todayaimoalpine
relicts across EthiopigMarino, 2003b, SillerZuberi et al.,, 2004)The BMNP is also
inhabited by the pastoralist Oromo people, their livestock and dogs, which spread disease
and can interbreed with the wolvESillero-Zubiri and Macdonald, 1997MHigh levels of
livestock grazing in Bale may be affecting the quality of the habitat suitable for the rodent
community on which the Ethiopian wolves and otloarnivores and raptors depend
(Abebe, 2008, Siller@ubiri and Gottelli, 1995, Tallents, 200Mrough a reduction in
vegetation covefGrant et al., 1982, Keesing and Crawford, 2081iJ decrease in suitable
food resourceqSteen et al., 2005Monitoring Ethiopianwolf populatiors livestock,
domestic dogs and human usas ben one of the core activities of the Ethiopian Wolf
Conservation Programme (EWCP) in the Bale Mounttinshe last twenty year®Vhile
offering an insight into the patterns of human use efafroalpine grasslands, the EWCP
dataset has limitations. Regular EWCP monitoring activities are largely confined to key
Ethiopian wolf core ranges (i.e., Web valley and Sanetti plateau), and while the
methodology used is appropriate for the detectiotreids in livestock encounter rates
(defined as number of sightingsrpen of transectjVial et al., 2009 )it does not prduce

statisticallybased and comparable density estimates.

The monitoring of populations is a crucial component in animal ecology and wildlife
conservation(Blanchard et al., 2008, Collen et al., 2009, Joseph et28D6) The
conservation and management of endangered or harvested animals necessitate
understanding each popul ationés alfFecardian c
et al., 2005) Information onpopulation density can be obtained by direct or indirect
methods, such as line transect sury@aley and Morley, 2002, Devos et al., 2008, Gross
et al., 2007, Marques et al., 2001, Nomani et al., 208&jal surveyg¢Jachmann, 2002)
faecal pellet count§Guschanski et al., 2009, Hacker et al., 2002, Nchanji and Plumptre,
2001, van Vliet et al.2008), or sign countyGusset and Burger, 2005) Line transect
surveys are widely used in animal population ecol@@ymptre, 2000, Maues et al.,
2001)as they aren effectivemethod toestimaé animal densities over large areaghin
budgetary limitg(Olson et al., 2005, Fardi et al., 2005)Distance sampling has become
increasingly popular for the estimation of animal population dengifiakey and Morley,

2002, Devos et al., 2008, Gross et al., 2007, Marques et al., 2001, Nenani2008)
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beingextensively used for surveying wild ungulates by direct observation or sign counting
(Trenkel et al., 1997, Buckland, 1992, Focardi et al., 2005, Marques et al., 2001, Barnes
and Jensen, 1987)

| compare two methods to estimate livestock density. Fickipse tstance sampling
to produce systematic estimates of the densitiescaftle, sheep/goatscépriney and
transport animalghorses, mules and donkeys) the three key Ethiopian wolanges in
Bale (Web valley, Morebawa and Sanetti plateawgr 12 months (July 20G3une 2008)I
subsequently used those estimates to tessgatial and temporal variation in livestock
stocking rate across Bale afroalpine range, and combined thenmaivithll data for the

region to assess potential overstocking.

Direct survey methods such as vantage point sourtransects allow estimation of
sexspecific or agespecific abundance whereas indirect methods, usually based on dung
counts, only allow @snation of overall abundance. However, the latter provide estimates
of average abundance over several months, whereas the former usually yield estimates ¢
abundance for the day of the survey, which may provide misleading information on habitat
use (Marques etal.,, 2001) Dung methodsare commonly used to estimate herbivore
population densitf{Guschanski et al., 2009, Hacker et al., 2002, Nchanji and Plumptre,
2001, van Vliet et al., 200&stheyoftenyield estimatesfoabundance that are comparable
with estimates using direct methods fowrle range of speciewhile being cheaper and
less labowextensive(Barnes, 2001) The most commonly wused
cropbd6 met hod, r e c otmedwveyaplotsyrespective af agardl cath ben g
conductedusing quadrasampling(Bailey and Putman, 1981, Putman, 19&tj)iptransect
sampling (Plumptre and Harris, 1999)r line transect samplingdBarnes et al., 1995,
Marques et al., 2001) chose this method as a second approach to astignaverage
livestock densities inside survey grids located in Web, Morebawa and Sanetti during the
wet and dry seasons of 2008/2009.

3.1.1 Study sites

Tallents (2007) produced a mapf the vegetation in thefroalpine zone of the
BMNP at a finer spatial stmand broader extent thanchpreviouslybeen achieved. Her

unsupervised classification isolated 23 spectrally separable vegetation classes, 17 of whicl
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were statistically distinct in terms of substrate, species composition, height and/or
vegetation coverHowever, the number of vegetation classes was too large for our
purposes, and classes were merged into 3 broader categories, reflecting rodent abundan
(Sillero-Zubiri, 1994, Talkknts, 2007)

1. Alchemilldgrass pastures(A/G) with high giant molerat (Tachyoryctes
macrocephalus and murine rodentLpphuromys melanony&and Arvicanthis blick)
densities

2. Helichrysum/ArtemisishrublandgH/A) with low giant molerat and murine rodent
densities

3. Bare soil/Herbs/drainage line@i/D) with high giant molerat and intermediate

murine rodent densities.

Twenty-four survey grids (40x40m) were set up in these three habitat types to
establish empirical relationships between livestock grazingspre, afroalpine vegetation
and rodent diversity and abundan@@hapter5). The locations of these grids were
randomly generated in ABIS (Environmental Systems Research Institute IncQ420

subject to the following criteria:

1. Equal numbers of grids (8) in each habitat types.

2. Grids to be located inside Ethiopian wolf core ranges: Web (6 grids), Morebawa (6
grids) and Sanetti (12 grids).

3.  Grids located within a 4kmadiusof research camps

The survey grids were located at varying distances from both the nearest source of
water and settlements (FiguBel). Suchvariationwasanticipated to result in differential
intensity of use by livestockas measured by dung countsdlowing us to sample
vegetation and rodents across a grazing gradémazing gradientéPickup and Chewings,
1994) provide a way to observe vegetation changes under different grazing intensities in
areas where it is not possible to manipulate livestodkitles. Previous studidggmveused
the distance to a source of wat@dler and Hall, 2005, Andrew, 1988, Fernandez
Gimmenez and Alleibiaz, 2001, Gonnet et al.,, 2003, Nash et al., 1989from a
livestock camgHoshino et al., 2009, Sasaki et al., 20@Bassess the impact of grazing on

rangeland structure.
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3.2 Methods

3.2.1 Distance sampling: transect design and model selection

| used livestock encounter rates from a previous study (Tallents, ustpedbli
results) to calculate the total length of transect required to obtain a minimum of 60
sightings of cattle per survey in Bale, thereby allowing more precise density estimates
(Buckland et al., 2001) estimatedthat 100km of transects (25 transects & each)
were required. The number of transects in each of the three Ethiopian wolf ranges was
proportional to the area of each sitetr8nsect lines inWeb (74km?) 6 in Morebawa
(57km?)and 11 in Sanetti(110 km?). The location of these transects wasedained in
ArcMap using randomly generated starting points and bearings, and by discarding

proposed transects that crossed rivers.

Quarterly, all transects were walked (= survey) and sightings of sglecies of
livestock were recorded: cattle (CTgorines(ST) and transport animals (TA). Real search
effort varied between 72 and 100km per survey depending on weather. For every livestock
sighting, species and cluster size were noted. Distance from the observer to the centre c
the cluster and angle sfghting were estimated and later transformed into a perpendicular
distance to the transect line. Distance @Bomas et al., 2006yas used to estimaf®  ,
the density estimate for thi" species of livestock in thi" region during five surveys
between July 2007nal June 2008Four parameters were needed to be able to compute
density estimates: the number of clusters sightgd the estimated mean cluster size
(E(s)), the transect length in knb) and the probability density function evaluated at Om
distance f(0);) (Buckland et al., 2001)

The probability density functiof(x);, is derived from the probability of detecting a
cluster given it is at distance from the transectg(x)). Sightings were pooled across
geographic strataNeb/Morebawa/Sanetti), assumg no difference in the detectability of
the different species in the different habitats within each suneeyield the detection
functiong(x) for each species and survey (Fig@t2). All datasets were organized with a
right-truncation () of observéions beyond 375m (Figur&2). A left truncation (before
62.5m) was applied to the five datasets for which the number of observations in the first
distance bin was much lower than those in the secondTiis left truncation was only

applied to some dfhe transects walked in January 2008 by the same observers and not
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under unusual weather conditions. It was therefore assumdadthats A hump o i n
of sightingsin the second distance hivas not the result of animals moving away from the
transet line as a response of the surveyors approadfiiognock and Quinn, 1991 )ut
merely a result of chance which did not contradict the assumption of a uniform distribution

of animals on the landscafiguckland et al., 2001)

The selection of the most appropriate modelgier) was made by comparing AIC
values and goodness of fit tests. The most commonly selected modg(z)fased a hlf-
normal key function with @sine series expansion or a hazard rate key function with a
simple polynomial series expansiomhe probability density functiorf(x); was then

computed as:

f(x), = WQA Equation 3-1
[909, dx

By assumptiong(0)=1, so thaf(x); evaluated a® distance was:

f(0), = W; Equation 3-2

Ja(x, dx

Dependency between cluster size and distance can arise when large clusters ar
more easily detected than small clusters at long distances but their size can be
underestimated due to the reduced detectability of individuals. [#&s in the detection
can becorrectedn Distanceby performing a weighted linear regressiorsagainstg(x);

(Figure 3.3)(Buckland et al., 2001Mean cluster sizek(s), was then estimated by the
predicted mean size of detected clusters in th@negriound the line for which detection is

estimated to be certaig(k); =0).
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Figure 3-2: Global detection probability plots for all livestock types for the five surveys. The blue bars represent frequencies of sightings within distance bins

(m) and the detection function g(x) modelled, after pooling sightings across geographic strata, is shown in red.
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Distance.

The density D; ) of the i species of livestock (individuals/n in the K" region

was then estimatkusing the following equation:

5 _NE(s) f(0)

) Equation 3-3
ik 2|—k q

The livestock density estimates thobtained are legormally distributedallowing
theuseoFi sher 6s combi (Fisher,48babi | ity test

1. Test for seasonality bgompamg, within each aredjvestock numbersn the wet
(July 07, April 08 and June 08) and dry (November 07 and January 08) seasons.

2. Compare livestock densiti@srosghethree areas.

Fisher's methodambinesprobabilities p-values, from each independéest into onetest

statistig y 2, that has @hi-square distributiomsing the formula

i
;(sz = —22 In p Equation 3-4
i1

2
The p-value for 4 is then interpolatedfrom a chisquare table usingj Zegees of

freedom whergj is the number ofestsbeing combined.


http://en.wikipedia.org/wiki/Probabilities
http://en.wikipedia.org/wiki/Test
http://en.wikipedia.org/wiki/Test_statistic
http://en.wikipedia.org/wiki/Test_statistic
http://en.wikipedia.org/wiki/Chi-square_distribution
http://en.wikipedia.org/wiki/P-value
http://en.wikipedia.org/wiki/Interpolation
http://en.wikipedia.org/wiki/Degrees_of_freedom_(statistics)
http://en.wikipedia.org/wiki/Degrees_of_freedom_(statistics)
http://en.wikipedia.org/wiki/Test
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Livestock density estimates obtained from the line transects in 2007/200& ameexted

into TLU to allow comparisons between aséseasons across spe¢i®sudet and Riviere,
1968) Those estimates were then used to compute an average annual, average dr
(November 2007 and January 2008) and wet (July 2007, April/lJune Z888)rsstocking

rate Dy) for the three sites.

3.2.2 Dung counts and conversion to livestock density estimates

Counts of the number of livestock dung piles were carried out inside each of the
twenty-four grids (wet/dry seasons 2008/2009 = four surveys). Disigle on the grids
represents the remains of dung deposited by livestock in the area over the period precedin
the surveys. Assuming a system at steady gié¢€lanahan, 1986).e. where the amount
of dung deposited equals the amount being lost from the system), only two parameters ar
needed to convedung density for thé" species in th¢" grid of regionk (S;) into an
average livestock density estimate in #ib region Diy): the estimated mean time to
decay of dung of thé" species () and the estimated rate of production of dungHmi""

species() in both dry and wet seasons.

All dung piles inside the grids were counted and identified as cattle ¢@piines
(ST) or transport animal (TA) dung by two independent observers. Using -destgh

found no evidence of observegbiin the dung counts inside the grids-(@.34).

3.2.2.1 Estimating mean time to decay

Mean time to decay of the three different types of dung was separately estimated
for the wet and the dry seasof&arnes et al., 997, Ellwood, 2008, Laing et al., 2003,
Nchanji and Plumptre, 2001Decay refers to the disappearance of the animal signs
irrespective of the mechanism by which the process occurred. In this study, ST pellet
groups were estimated to have decayed whentthd been spread out over a large area by
trampling making it impossible to know whether the pellets belonged to the same group or
when they had organically broken down. CT and TA dungs were said to have decayed

when they had broken down to an amorphaatsip
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Fourteen dung degradation plots were set up and monitored in the Web valley
between January 2007 and January 2009 (six and eight dry season/wet season plo
respectively). Fresh livestock dung (84 CT, 72 ST and 84 TA) was collected, labelled and
laid out on plots that were revisited at intervals. The estimated time to decay for each dung
pile was calculated as the number of days from date of deposition to the date the dung wa
| ast observed as "visible" pl us sablradada
fdecayedo visits. T he (8 days3forreach spaniesafrwast i me

computed together with its associated standard errqr .

3.2.2.2 Estimating dung production rate

Dung production rates for all species weestimated from focal livestock
observations on the grazing pastures around Dinsho settlement (BMNP park headquaters
Observers followed focal animals for 220 minutay & day, recording the number of
defecation eventsq( taking place (31/30/8 days ofbservations for CT/ST/TA
respectively). As dung production rate is related to forage (@papman, 2004)which
will change to some extent with season, the above observations were carried out during
both the dry and wet seasons. Assuming animals grazed for 720 miutesr(the ourse

of a day, a daily dung production rate was computed for each individual as:

p= Z_rr? dung. animat. day* Equation 3-5

and a seasonal specigsecific dung production rat@i{ dung.animat.day* for a given

species in a given seasams computed together with its associated standard errpr .

3.2.2.3 Estimating livestock densities

The rate of change of dung on the pastures will depend on changes in the rate it is

produced ;) and its decayr(), as described by the following equation:

S, K Equation 3-6
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If the system is in a steady stateuBtion3-6 can be set to zero and solved 3),[
(referred to asS, in the rest of the text). A§, , pi andr; are estimated with a degree of
uncertainty a seasospecific livestock density estimate( ) was computed using the

delta methodLynch and Walsh, 1998)

< 2
_ S« [1+ g (p'E)J individuals.knf Equation 3-7
BiE (RY)

ik

Where S, is the average dung densitkm?) of the i species in th&" region and

o’ pr is the squared standard error of the produgt ahdr;.

Assuming thap;, r; and S_kare independent and normally distributed, the variance

o’ D, can be estimated using the following equation:

Equation 3-8

o2(D..)-| Sk (o s L)+ e (D) +o%R)o 1))
RCIDANCRS (pp)’

Whereaz(syk) is the squared standard error .

Dix were converted into tropical livestock units (TLU) to allow comparisons across
species. The TLU is a conventional stock unit of a mature zebu weighing g50kdet
and Riviee, 1968) The following conversion factors were used: 1 T£UW.5 cattle =11
caprines= 1.5 transport animglLe Houérou and Hoste, 1977) total livestock density
estimate for eack region D, unit TLUkm?) could then be computed &g sum of all
D,k for each seasom.then compared the livestock density estimates computed using dung
counts to the density estimates from distance sampling within all three regions and seasol

using ttests.

The dung count data wamalysedin R (Ime4 package)using generalisedinear
mixed modelswith a Poisson distribution of residuptse understandhe variation in dung
counts within and between gridsiabitat type, season, yeaistance to water and distance
to settlements were treatedfased factors, while the temporal pseudeplication of grids
was included as a random factbrodels were compared using the likelihood ratio test and

the most parsimonious model was chosen.
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3.2.3 Modelling maximum sustainable livestock biomass from

rainfall data

The study of the relationship between annual rainfall and range production in the
Sahelian tropical zones of Africa shows a close correlation between average range
production and average rainfall over large ar@las Houérou and Hoste, 1977)e
Houerou and Hoste developed regression models relating rainfall and rangeland
productivity from 45 sites from eight countries in the SaheBladanian belt.Thar
derivedrelationshipbetween the maximum rangeland sustainable livesieadkity(y) and

rainfall (xin mm)took the following form:
y = 0.0004x*®** TLU.ha'.year Equation 3-9

The predictions made under this growth model were closely positively correlated to the
data collected in the 45 rangeland sités@r89). We thereforesed to determine wheth

or not our three afroalpine areas might be overstodkeaimparedhe ratio ofobservedo
maximum sustainable livestock biomassthe basis of mean annual rainfMlean annual
rainfall estimates fowweb/Morebawa and Sanettere not available but esates for other

parts of Bale (with similar topography and altitude) were described in Miehe and Miehe
(1994)and extrapolated to our study sites (Te®ltE). However, it is important to note that
both the Web valley and Morabowa are drier than their respective extrapolates (@
Sillero-Zubiri pers. comment), resulting in ovestimated maximum rangeland sustainable

livestockdensites for both areas.

Station Altitude | Mean Mean dry seasor Mean wet| Used as
recorded | (mas.l) | annual rainfall season raiffiall | proxy for
rainfall (Nov/March) (April/Oct)
(mm)
Chorchora | 3500 1086 235 851 Web
Koromi 3850 1061 225 836 Morebawa
Tullu 4050 852 230 622 Sanetti
Konteh

Table 3-1: Estimates of mean rainfall for the study sites as derived from Miehe and Miehe
(1994).
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3.3 Results

3.3.1 Estimation of livestock densities using Distance sampling

During five surveys between July 2007 and June 2008, 389 clusters of cattle (36
119 per survey), 150 clusters adprines(20-39 per survey) and 209 dliers of transport
animals (2756 per survey) were observed (TaB#2). A total of 408 km of transect lines
were surveyed with a sampling effort ranging betweerl(® km per survey. Global
(pooled across geographic areas) cluster encounter rate vaezbbe).491.49 clusters
per km of transect for cattle, 0-2849 for caprinesand 0.360.53 for transport animals
(Table3-2). Global ivestock mean cluster size was variable between surveys ranging from
30.7 to 60.6 for cattle, 41.4 to 85 foaprinesard 6.0 to 8.1 for transports animals (Table
3-2).

The Web valley harbours the highest densities of livestock during the wet season,
with cattle being the most numerous (FiguBtA) . Applying Fi s he
probability test to livestock density estimatr each region, find that the total number

of livestock is not statistically different between Web and Morebawa (FRMB3 (Peattie=

0.4684, Raprines= 0.6991, pa = 0.0360;7; =8.88, NS) but there are significantly more
livestock n Web (Ratie= 0.0205, Baprines= 0.3570, pa = 0.0019;7¢ = 22.36, prishe<0.01)

compared to Sanetti (Figuredg), which remains a manggl grazing area.

Seasonal density of cattle varied from 119.1 to 405.4 CT.kmWeb, 118.7 to
345.3 CT.knf in Morebawa and 23.7 to 110.6 CT.knn Sanetti. Seasonal density of
caprines varied from 38.5 to 289 ST kim Web, 62.9 to 256.9 ST.Kfrin Morebawa and
21.5 to 109 ST.kiin Sanetti. Seasonal density of transport animals varied from 12.1 to
40.6 TA.km? in Web, 5 to 16.5 TA.kf in Morebawa and 0.2 to 10 TA.kfrin Sanetti.
Applying Fisherds combi ned pyestimatésifdr eathy t

survey, | find evidence of seasonality in the number of livestock in Wghe 0.0229,

Peaprines= 0.0323, pa = 0.0381y7 = 20.96, prisne<0.01) but not in Morebawa dfie =
0.0968, paprmeg: 0.6722, pA = 0.0494%: :1147, NS) or Sanettl Qﬁtﬂe: 0.8534, &prmesz

0.4522, pa= 0.2552;7 = 4.64, NS).
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Date Species Sampling | No. clusters| Cluster Mean Total
effort (km) encounter| cluster observations
rate size

July CT 80 119 1.49 30.7 3654
07 (1.052.1) (28.3533.05)

July ST 80 39 0.49 85 3315
07 (0.320.75) | (78.691.4)

July TA 80 42 0.53 8.1 341
07 (0.330.82) | (7.438.77)
November| CT 80 76 0.95 43.35 3485
07 (0.651.4) (34.7-54.2)
November| ST 80 36 0.45 41.36 1489
07 (0.27:0.74) | (28.9%-59.09)
November| TA 80 46 0.58 6.02 277
07 (0.350.95) | (4.667.77)
January | CT 72 45 0.63 44.82 2017
08 (0.430.9) (31.6963.4)
January | ST 72 20 0.29 60.1 1202
08 (0.140.6) (37.7595.69)
January | TA 72 38 0.53 6.13 233
08 (0.320.87) | (4.757.92)

April CT 76 37 0.49 53.03 1963
08 (0.340.7) (38.6372.8)

April ST 76 21 0.28 64.57 1356
08 (0.17:0.46) | (41.25101.1)

April TA 76 27 0.36 6.48 175
08 (0.230.55) | (4.71-8.91)

June CT 100 112 1.12 60.55 6782
08 (0.771.63) | (50.7772.21)

June ST 100 34 0.34 62.35 2120
08 (0.2-0.54) | (49.5478.48)

June TA 100 56 0.56 6.89 386
08 (0.350.9) (5.648.42)

Table 3-2: Global sampling effort, number of livestock observed, cluster encounter rates
and mean cluster size across three survey regions during five transect surveys with 95%

confidence intervals in brackets.

3.3.2 Modelling maximum sustainable livestock biomass from

rainfall data

The simplest approach to arriving at permissible densities is to examine by su
and demand ratios that underlie the conventional manner of determining livestock carrying
capacity (de Leeuw and Tothill, 1993, Bartels et &@993) Winrock (1992) assessed
consumable feed by zone at 0.19, 0.51, 0.72 and 0.76 tonnes of dry matter per hectare fc
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the ard, semiarid, subhumid and highland zones of Africa, respectively, which convert to
permissible densities of 8, 22, 31 and 33 Tki?

The average annual density of livestock was calculaté®%449/49 TLUkmin
the Web valley, Morebawa and Sartetespectively Since those estimates were produced
with a certain degree of variance (Tabl2 & Figure 34), as a result of experimental
design, the conservative density estimates (lower 95% confidiemiteis also reported as
125/69/13TLU.km? in the same three sites respectively, as a measure of the minimum

densi ty of I-ciavsees tsoccekn aorri ofioh.e s t

For the averagestimatedannual rainfall of1086nm/year (Miehe and Miehe,
1994)extrapolated forWeb Le Hou®r ou and Hovotlepéedictd 19 7
sustainable livestockdensity of 44 TLU.km%. The predicted biomass densities for
Morebawa and Sanetti were 43 and 34 TLUmspectively (Table-3). These estimates
are close to Winrockdés (1992) per méiws i bl
that the densitieshus obtained for Web and Morebawa are likely to be slight-over
estimation of the true range capacity (since both areas are drier than the stations used ¢
proxies), the estimates are close to the one debigdtlinrock (1992)on the basis of feed
suppy for the whole highland ecozone. The observed/sustaimabtein Web, using the
average annual density estimategs found to bet.4, indicaing potential overstocking
(Table 33). Similar findings were made for Morebawa, and to a lesser extent, with Sanetti
with observed/sustainable ratio of 3.5 and 1.4 respectively. Using the conservative
livestock density estimates for theseio®g, only Web and Morebawa appear to be -over

stocked with ratios of 2.8 and 1.6 respectively.
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Figure 3-4: Distance-based livestock density estimates (and their 95% confidence intervals)
in A) the Web valley, B) Morebawa and C) Sanetti in July 2007 (peak of wet season),
November 2007 (start of dry season) , January 2008 (peak of dry season), April 2008 (end of

dry season) and June 2008 (beginning wet season).

When considering average TLU densities dsason Le Hou®r ou a
(1977) relationship predicts a biomass density ofLU.km™ for the dry seasorfor all
three areas and B#%/25 TLUkm? for the wet season in Web, Morebawa and Sanetti
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respectively. The observeslistainable ratiajsing aerage annual density estimates, then
becomes 13.9/10.7 and 5.2 during the dry season and 7.1/3.4 and 2 during the wet seast
for Web, Morebawa and Sanetti respectively (Tab®.3rhe ratios obtained when using

the conservative livestock density estinsafer both seasons are always lower for all three
areas. However, both sets of results suggest that, although herbivore densities on th
pastures are much higher all year round than are likely to be sustainable from the mear
annual rainfall received, pasas are more overstocked during the dry season than during

the wetter months.

Obs. Max. Ratio Obs. Max. Ratio | Obs. Max. Ratio
annual | sustain.| (annual) | dry sustain. | (dry wet sustain. | (wet
density | annual season| dry season) season | wet season)
density density | season density | season
density density
195 44 4.4 (2.8) | 125 9 13.9 242 34 7.1
(125) (72) (7.9) (160) 4.7)
3
=
g 149 43 3.5(1.6)| 96 (43) | 9 10.7 184 34 3.4
_g (69) (4.8) (86) (2.5)
S
=
49 (13) | 34 1.4 47 (12) | 9 5.2 50 (13)| 25 2 (0.5)
= (0.38) (1.3)
()
c
c
N

Table 3-3: Distance-based estimates of mean annual and seasonal densities of livestock
(TLU.km™) in the afroalpine range of the Bale Mountains (2007-2008) with conservative
estimates (lower 95% confidence limit) inside the brackets. The maximum sustainable
livestock density was estimated from the relationships established by Le Houérou and
Hoste (1977) between herbivore biomass density and rainfall. The ratio of observed density
to maximum sustainable density was computed with conservative estimates inside the

brackets.
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3.3.3 Livestock dung counts in the survey grids.

The highest densities of livestock dung for both seasons were recorded in the Web
valley (Table3-4). In almost all instances, theghiest density of dung recorded was for
cattle followed by shoat and finally transport animals. Shoat dung density was higher than
cattle dung density in Morebawa during the wet season and in Sanetti during the dry
season. For all species, the dung productate and the mean time to decay were higher

during the wet season (Tal3et).

Variation in the number of livestock dung piles counted inside the grids was best
explained by the additive effects of habitat type, distance to water, season and year o
survey. Distance to the nearest settlement was not a significant explanatory variables (t =
0.82, df = 19, p = 0.42). Grids in H/A and H/D pastures had significantly less livestock
dung than those IA/G pastures (t =4.08, df = 19, p<0.01 and t 3.32,df = 19 and
p<0.01 respectively). Less livestock dung were recorded during the wet seasdn9t,=
df = 70, p = 0.05), whilst more dung was recorded in the second year (t = 2.55, df =70, p =
0.01). The number of livestock dung piles in the grids slomdyeased (t = 2.62 df = 20, p
= 0.02) as the distance from the neaszsirce of watemcreased at a rate of 5.8 dung

pileskm?per 1m (fAreversed grazing gradient).

The seasospecific livestock density estimates for each ai®g ¢btained using
distance sampling and dung counts were significantly different in all cases except in
Sanetti during the dry season (TaBiB):

1. Web (t=2.40, df = 26, p= 0.02 and t =6.15 df = 34, p<0.01 for dry and wet season
respectively)

2. Morebawa (t 4.84 df = 22, <0.01 and t =11.15 df = 28, p<0.01 for dry and wet
season respectively)

3. Sanetti { =0.798 df = 44, p= 0.44and t =6.24, df = 55, p<0.01 for dry and wet

season respectively)
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S, (dungkm? | P (dunganimalday) | ri (day9
Dry | Cattle S, =20885.42| b= 8.4 ri=9.83
* o =1.08 o =2.86
o =4105.32
Caprines| 5~ =19270.83| b= 14.05 ri=9.33
_ c=1.84 o =2.06
o =4003.87
TA § = 71875 pi=9.17 ri=9.2
o * o =1.50 c=35
a o= 1514
= | Wet | Cattle S, =14635.42 | pi=11.40 ri=15.63
c=2527.47 | 708 o=6
Caprines S, =12135.42| pi=14.62 ri=15.75
* o =1.19 o =553
o = 4699.32
TA S, =53125 |p=12.02 ri=11
o = 1475.90 o =3.22 o =3.67
Dry | Cattle § =13437.5 pi=84 r,=9.83
o = 1058.46 o =1.08 c=2.86
Caprines S, =229167 pi = 14.05 ri=9.33
o= 1151.34 c=1.84 o =2.06
g TA S_,k: 520.83 pi=9.17 r=92
g o= 263.87 o =1.50 c=35
g Wet | Cattle S, =7239.58 |P :_S.JégO ri :_165.63
= c=195496 |77 7
Caprines § =9218.75 | pi=14.62 ri=15.75
* o =1.19 o =5.53
o =3859.19
TA az 1305.08 | pi=12.02 =1
s 85410 0 =3.22 o =3.67
Dry | Cattle S, =6953.13 |p=84 ri=9.83
_ o =1.08 c=2.86
o =2363.91
Caprines S, =8489.58 |pi=14.05 ri=9.33
o = 2620.49 c=1.84 o =2.06
TA §:26.04 pi=9.17 ri=9.2
§ o= 26.04 o =1.50 c=35
3 Wet | Cattle S_,k: 2812.5 Pi :—(ﬂ;go ri :_165.63
o =715.78 e °-
Caprines § — pi= 14.62 ri=15.75
_ c=1.19 o =5.53
c=0
TA § =0 pi=12.02 r=11
P o =3.22 o =3.67

68

Table 3-4: Season-specific estimates of dung density, dung production rate and mean time

to decay (S_,k ,pi and rirespectively) for all species in all regions.
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Seasn Dung counts | Distance
sampling
Dry Dx=266.22 | Dx=126.24
o =67.53 oc=3.70
2 | Wet Dy=98.87 Dx=241.98
= 0 =26.50 o =4.06
< | Dry Dx=37.08 Dx=95.97
= o =12.63 o =474
o)
g Wet Dx=42.80 Dx=185.7
= o =13.89 oc=4.99
Dry Dy=68.39 Dx=46.65
= o =26.27 o=3.79
2 | Wet Dk=12.15 |Dx = 49.78
& o =4.93 o = 3.69

Table 3-5: Summary of dung-based and Distance-based livestock density estimates (Dy) in
TLU.km? and standard deviations of the estimated means (@) obtained from distance
sampling and dung counts in the three wolf ranges during the dry and wet season of
2007/2008.

3.4 Discussion

3.4.1 Is the Bale afroalpine overstocked?

Much evidence exists for a rélanship between mean rainfall and pasture
production(Coe et al., 1976, Deshmukh, 1984, Le Houérou and Hoste,.l@7rppical
and suktropical areas, rainfall is correlated with a number of other climatic fastarh as
rain variability, number of rainy days, length of dry and rainy seasons and potential
evapotranspiration which all partly contribute to the determination of pasture production.
The ratio of observed annual livestock density to that maximum sabtaidensity on the
basis of mean rainfall was 4.43:1, 3.47:1 and 1.44r12.8:1, 1.6:1 and 0.4:1 under the
conservative scenariofor the Web valley, Morebawa and Sanetti respectivélye
conservative results suggest that the Web valley and Morelrawaarstocked given the
rangeland predicted productivity for those ar@adthat Sanetti hasatio<l suggesting that
range production may be enough to sustain the current livestock population. Both sets of
results indicate that overstocking is more prmoenit during the dry season than during the

wetter months, an important consideration given that both Web and Morebawa are drier
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than the ranges used as proxies for rainfall and that the conservation ratios may still

slightly underestimate the extent of ostecking.

3.4.2 Are dung counts reliable enough to estimate livestock

densities?

The livestock density estimates inside each wolf range, as derived from the dung
counts, were almost always significantly different from the ones derived from distance
samplirg, however not in a biased wayhere is, of course, the issue of temporasl
variabilityshbfecetismgmasaeaapbased on | i ne
counts which integrate over longer time periods. Howeased on the sample size and on
the estimated standard error for those estimates, | would #ngti¢helivestock density
estimates derived from distance sampling are more reliable and realistic. It is, however,

difficult, to justify why the livestock density estimates derived from bb#h direct and
indirect methods are almost invariably significantly different. While estimaSngwas

relatively straightforward, observed a bigger degree of uncertainty (standard error) in our
estimates of seasonal dung produttiate f;) and, to a larger extent, in dung mean time to
decay (j). This may have contribute the larger standard errors associated with our
livestock density estimatg®;x) from dung countsFor the above reasonswill use the
density of livestok dung (and not livestock density estimates), as an index of livestock
presence(Brooker et al., 2006, Lange, 1969n our analyses irChapter5. | would
recommend more trials on estimating accuragndp; before establishingung counts as

a monitoring method for livestock populations in BMNP.

3.4.3 On the cautious use of grazing gradients

Many studies usthe distancegradient from a livestock camp to assess the impact
of grazing on rangeland structufidoshino et al., 2009, Sasaki et al., 200®)ur results
suggesthat, at least in Bale, the distance from the nearest settlement is not a significant
predictor of livestock use of an area as revealed by livestock dung counts in our survey
grids. Many more studies have used the distance to the nearest source (Adlateand
Hall, 2005, Andrew, 1988, Blanco et al., 2008, Fernatr@iezmenez and AlleiDiaz,
2001, Gebremeskel and Pieterse, 2006, Gonnet et al., 2003, Nash et al., 1999, Solomon
al., 2006) These studies not onbften assume that the probability of livestock use of an
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area decreases as the distance from the nearest source of water increases, but also asst
that this grazing gradient operates on a very small spatial scale (sometimes less than 50
away from water)However, these assumptions are rarely test@dr results suggest that

in Bale, factors such as habitat type contribute significantly to the variation in habitat use
by livestock and our results imply that the timing of the survey (wet/dry seasorga®a f

that should be taken into consideratiéirst livestock movements and use of pastures is
likely to be dependent on rainfall and the onset of the wet season. Second, livestock may
aggregate around sources of water during the drier months but ma&ymamng widely on

the pastures during the wet season when access to water is not kmgdy, in our case,
heavy rains may accelerate the decay of livestock dung on Wwhas$ed our livestock use
index. The distance to thnearest source of water isignificantpredictor of livestock use

of an area, however, contrary to other systehseem t o observe a |
gradient, with the number of livestock dung observed increased as the observer move:
away fromwaterlal so find s$dédatgtahzisndirgvadi ent o
spatial scale with an increase of 5.8 dung.kifé’ per 1m (equivalent to +9 dung pile/grid

per 1000m). would therefore recommend that future studies, using the grazing gradient
concept to measure livestodkpact, test for the significance of distance to water or
settlements in explaining the variation in the intensity of use of the pastures by livestock,
especially in semarid or norarid rangelands where water may not be a limiting resource

all yearlong.
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4 Responses of three endemic afroalpine rodents

to habitat modification by livestock.
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4.1 Introduction

Livestock grazing has major impacts on native biodiversity throughout the world
(Scimone et al., 2007, De Vrieg al., 2007) Grazing has both a direct and an indirect
impact on plants, influencing their growth, survival and reprodudiiiaz et al., 2007,
Milchunas and Lauenroth, 1993, van de Koppel et al., 1997, Fuhfesidair, 2001) and
the abundance and distribution of animal communities inhabiting grasqMfit=eler,

2008, Kruess and Tscharntke, 2002, Schmidt et al., 2005, Bakker et al., 2009, Coppedge ¢
al., 2008) Smallmammals are especially relevant in grasslands because of theiowap
effects on plant communitie@Brown and Heske, 1990, Manson ét 2001)and their
bottoni up effects on bird and mammal predatfi{srpiméki and Norrdahl, 1991, Hanski

et al., 1991b, Torre et al.,, 200Many rodent species are also ecosystem engineers,
increasing landscape teeogeneity and species diversity by creating unique patches of
habitat that differ from the surrounding landscépagchi et al., 2006, Zhang et al., 2003,
Olofsson et al., 2008, Murdoch et al., 200Rddents gemnally have pronounced species
specific habitat preferences, influenced by the distribution and abundance of habitat
resources such as food and locationbafrows antbr plantcommunity physiognomy
making them highly sensitive to habitat char{fiyapelli and Kittlein, 2009, Rosi et al.,
2009, Olayemi and Akinpelu, 2008, Layme et al., 2004)

Surveys on distributions of small mammals demonstrate that patterns of population
change associated with the disturbanclaifitat are complex and difficult to assess since
the specific requirements of most species are largely unkiiberoldova et al., 2008)

This suggests thaeveral mechanisms are operating within a particular ecosystem and that
an experimental approach beyond a compar
test hypotheses on the impact of livestock grazing on the rodent community as a whole.
While a ew studies compare the effect of light/heavy grazing on rodent communities
(Steen et al., 2005, Jones and Longland, 1989y few have tried to establish empirical
relationships between a continuous measure of livestock grazing and rodent population:
(Blaum et al., 2007) Grazing gradients provide a way to observe chamgeegetation

and animal populations under different grazing intensities, with previous studies using the
distance to watefFernandezGimmenez and Alleiiaz, 2001, Gonnet et al., 2008) to
livestock camps(Hoshino et al.,, 2009, Sasaki et &008) to establish gradients in

livestock grazing pressure in rangelands.



Rodent response to livestock grazing 74

4.1.1 The afroalpine and rodents of the Bale Mountains

The Bale Mountains |ie between 06A416
southern highlands of Ethiopia. They representléingest area of afroalpine habitat over
3000m in Africa(Yalden, 1983) and f orm part of Conseryv
afromontane hotspdiBrooks et al., 2004)harbouring a diverse array of endemic and
rangerestricted species. The Bale Mountains National Park (BMNP) was established in
1969 to protect the endemic mountanyala {Tragelaphus buxtopiand Ethiopian wolf
(Canis simens)sand c. 2,200 kfof aroalpinehabitats upon which they depetdillman,

1986) Although, six isolated populations of Ethiopian wolves have been described in
Ethiopia, over half of the estimated 500 remaining wolves are found in the Bale Mountains
(Marino, 2003b)

The giant molerat (GM,Tachyoryctes macrocepha)us Bl ickds gra
Arvicanthis blick) and the brusfurred mouse (LM, Lophuromys melanonyxare
endemes restricted to the southern highlands of Ethigpialden, 1988)(Figure 4.1).

These fossaal diurnal rodents are of great ecological importance as the dominant wild
herbivores within the afroalpine ecosystégillero-Zubiri et al., 1995a, Sillerdubiri et

al., 1995b) They are important componentstbé diet of a diverse guild of diurnal raptors
which inhabit the Bale masdi€louet et al., 2000However, these rodents have been most
closely studied as the main prey of the endangered Ethiopian wolf representing an
estimated 47%, 27% and 16% of t(8ilkeroXubidi ves
and Gottelli, 1995)These rodents, in turn, feed principally on grasses, leaves and stems of
flowering plants, occasionally eay arthropods(Yalden, 1988) GM also have an
important secondary role in the afroalpine as ecosystem eng(deees et al., 1994The
prevalence of GM in habitats with large expanses of bare(Ealllents, 2007)s partly
indicative of their role as ecoggsn engineers as they eject soil from their burrow systems,
creating mima mounds, in the course of the excavation of their burrows. They also heavily
graze the area around each entrance, and gather vegetation for bedding material, furthe
denuding the largtape, maintaining pioneer stages and playing an important role in soil
formation processeg¢Yalden, 1985, SillerZubiri et al., 1995a, Sillerdubiri et al.,
1995b).
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Figure 4-1: Rodent study species: Arvicanthis blicki (left), Tachyoryctes macrocephalus (top

right) and Lophuromys melanonyx (bottom right)(©Flavie Vial).

In the tropics, where rainfall is seasormahny rodent specieshow a peak in their
repraductive activity towards the end of the rainy seagbelany, 1972) Rain is
accompanied by vegetatigrowth, which in tirn influencesreproductive output. In the
Simien Mountains, an ecosystem similar to that of Bale with 75% of the annual rainfall
falling between June and Septembdijller (1977)found that the largest proportion of
pregnant femalesof Stenocephalemys albocaudat®tomys typusand Lophuromys
flavopunctatusoccurred during and just after th@iny seasonln Bale, dthough pregnant
females are seen throughout the year, reproduction in LM and &lBodocumented to be
most intense during the first half of the wet sea®orthe former and the mid to late wet
season for the latter. Fest fenales show igns of pregnancy during the dry season
(Sillero-Zubiri, 1994) Nothing is known about the reproductive cycle and population

dynamics of the GM.

The study of small mammal assemblageshe Ethiopian highlands has mostly
concentrated on distributions and population dynamics associated with geographical
features like altitude and rainfa{lvalden, 1988)or vegetation(Tallents, 2007) Few
studies in Africa have been conducted on the effects of human habitat use on rodent
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communities (Clausnitzer, 2003, Keesing, 1998, Keesing and Crawford, 2001, Eccard et
al., 2000) despite the importance of rodents in the ecosystems either as pest(@agwisy
et al., 2008, Holt et al., 2006, Rabui and Rose, 2004)

The purpose of this study was to establish empirical relationships between livestock
grazing, afroalpine vegetation and rodents in BMNP. Specifidaffyppose and test the
following hypothesesegarding the impact of livestock grazing on the diurnal afroalpine
rodent population using a grazing gradient approach. As grazing pressure increases,
expect a decrease in overall rodent density (H1), body weight (H2), and reproductive
success (H3) wit a concomitant increase in home range size (H4)so investigate
whether these impacts on rodent populations are concurrent with changes in vegetatiol
structure and test the following hypotheses: As grazing pressure incre@gect an
increase in areground cover (H5), a decrease in coveiklohemillaspp., grass and other
common plant species (H6) with a concomitant increase in shrub cover (H7), a decrease i
vegetation species diversity and evenness (H8) and a decrease in the halghemilla
spp. and grass spp (H9).

4.2 Materials and methods

4.2.1 Study sites

I mergel 23 afbal pi ne vegetati on (BO07A@wsuges/ised a s ¢
classification of Bale afroalpine vegetation into 3 habitat categoréiecting rodent
abundancéSillero-Zubiri, 1994)

1. Alchemillaand grass pastures (A/G) with high rodent densities.
2. Helichrysum/Artemisighrublands (H/A) with low rodent densities.
3. Bare sdi Herb pastures/drainage lines (H/D) with high giant molerat and

intermediate LM and AB densities.

Twenty-four survey grids (40x40m) were set up in these three habitat types to
establish empirical relationships between livestock grazing presswalpafe vegetation
and rodent diversity and abundari€dapter 3, Figure 3.1)The locations of these grids
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were randomly generated in ArcGi&nvironmental Systems Research Institute.,In
2004)subject to the following criteria:

1. Equal numbers of grids (8) in each habitat type.

2. Grids to be located inside Ethiopian wolf core ranges: Web valley (6 grids),
Morebawa (6 grids) and Sanetti (12 grids).

3. Grids located within a 4km radius ofetlcampsites.

The survey grids thus obtained were located at varying distances from both the
nearest source of water and settlements. Such variation was anticipated to result ir
differential intensity of use by livestock, as measured by dung counts,irajlayg to
sample vegetation and rodents across a grazing gradient. Surveys of rodents and vegetatic
cover took place during the wet and dry seasons in both 2007/2008 and 2008/2009, giving

us a sample size of ninety six sampling events (24 grids x 2 seafoyears).

4.2.2 Livestock grazing index

| calculated the density of livestock dung inside each grid prior to vegetation and
rodent surveys and converted the density estimates for each livestock species (cattle
sheep/goats and transport animals) into taldivestock units (TLU)YBoudet and Riviere,
1968) using the following conversion factors: 1 TLU=1.5 cattle=11 sheep/goats= 1.5
transport anima{Le Houérou and Hoste, 197T)then used the density of livestock dung
(TLU dung.km?), as an index of the livestock grazing pressure exerted on the experimental
grids(Brooker et al., 2006)

4.2.3 Rodent field surveys

The number of GM opeburrows correlates closely with minimum population size
estimated from individuals surfacing simultaneously and can be used as an index of GM
abundancé€Tallents, 2007, Siller&@ubiri et al., 1995h)On each grid, 25 folding Sherman
livet r aps ( H. B. Sherman Traps, FI ori da, U
10m intervals for liverapping of LM and AB over four consdote days.Traps were set
up at dawn, baited with a mixture of peanut butter and flour, checked at midday and at

dusk when they were closeinimals were given individual marksy fur clipping on their
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abdomen, weighed, sexadd the trap in which theyexe captured recordeReproductive
condition (signs of lactation, pregnancy or hymen perforation; testes size and position) was
also recorded.Only nonpregnant adult rodents were used to calculate the average weight
of LM and AB individuals within eaclgrid. The proportion of LM and AB adult females
(PFLMP and PFABP respectivelthat were pregnant was also calculafeables4-1 and

4-2 provide summaries of the number of captures/recaptures for each species, of the
estimated GM densities andf the ageand sex distribution of both LM and AB
populations. The distributions of the weights recorded for adult LM and AB are shown in
Figure4-2. For every recapture eventgcalculated the distance between the most widely
separated traps where the individual vweaptured, also known as the observed range
length (ORLdistribution shown in Figurel-3) (Pelikan and Holisova, 1969and the
distance moved between retaes (DRC). Both have been shown to provide a reliable
index of homeange size in small mammalMoorhouse et al., 2008, van der Ree and
Bennett, 2003)Il then estimated an average ORL and DRC for LM and for AB on each

grid.
LM AB GM
Total Recaptures Total Recaptures| Density (/knf)
captures captures

October 333 135 50 12 800.85
2007

Februay 485 233 142 51 415.72
2008

November 408 167 117 50 423.19
2008

February 302 133 64 31 197.12
2009

Table 4-1: The number of total captures (first capture and recaptures) and recaptures for LM
and AB, alongside the estimated GM density across all survey grids for each trapping
season. Note: No other species were caught with the exeption of two shrews (Crocidura

fumosa).
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LM AB

Sex ratio | Age ratio (A:SA:J)| Sex ratio | Age ratio (A:SA:J)

(F:M) (F:M)
October 0.58:0.42| 0.94:0.05:0.01 | 0.26:0.74| 0.86:0.11:0.03
2007
February 0.70: 0.30| 0.92:0.05:0.03 {0.40:0.60| 0.96:0.04:0
2008

November 200§ 0.60: 0.40| 0.85:0.1:0.05 |0.28:0.72| 0.96:0.04:0

February 0.53:0.47 0.93:0.07:0 0.20:0.80| 0.94:0.06:0
2009

Table 4-2: The sex ratio (F : M) and age ratio (A- adult, SA- subadult and J- juvenile) for LM

and AB across all survey grids for each trapping season.
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Figure 4-2: Distribution of rodent weights (in g): adult LM (left, n = 860) and AB (right, n =
229) across all grids.
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(right), n = 84) across all grids.
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4.2.4 Modelling rodent abundance

| used Tallents (2007) equations to extrapolate minimum GM abundance (A) from

the total number of open burrows (D) recorded at time C (hours afieight):

A=0.370x (3.445 0.634C—- 0.025C° x)D Equation 4-1

The average trapping success was 9%8®%) with 1107 individuals LM and AB
trapped and 462 recapture events okewr giving an average recapture probability of
23.8% (062.5%). LM and AB population sizes were estimated from minimum number
known alive (MNKA). To reduce the negative bias inherent in this population estimate, a
correction factor was applied based onseld capture estimates for grids with a recapture
probability of at least 25% (n = 33) using Rcapt(iBaillargeon and Rivest, 20Q7A
strong relationship existed between MNKA and these closed capture estimates (p < 0.001
r2=0.83, n = 33); and MNKA was multiplied by 1.44 (95% CI: 11268) to provide bias

corrected estimates for all grids.

The effective trapping area was calculated by adding a boundary strip equivalent to
half the mean distance moved between successive capitieset al., 1978)The mean
distance moved by rodents between recaptured 883 m (= 462, 95% CI 18.929.02)
making the effective trapping area for each grid 2448.76Ropulation densities for LM
and AB (individuals.knf) were calculated using the biesrrected population estimates
for each species and the size of thedffe trapping area. Overall rodent biomass for all
three species combined was calculated using the density estimate for each species and t
mean body mass. Mean body masses of AB and LM were 128.59g + 22.66 SD (n = 115),
and 100.31g = 8.85 SD (n = 57Bspectively. Mean body mass for GM was taken from
Sillero-Zubiri (1994): mean 618g + 190 SD (n = 11).

4.2.5 Vegetation field surveys

Twenty 1m?2 quadrats were randomly placed inside each grid and all plant species
were identified. The flower structures ne@gdor identification of grasses were often not
present, so all grasses were split into two categories only: wetland sedges and other grass
(referred as grasses from this point on). The height of all species was estimated tSing a 1
scale (1= 0/10 cm2 =10/20 cm, 3= 20/30 cm, 4= 30/40 cm and & >40cm). The



Rodent response to livestock grazing 81

percentage cover for all species and baregr¢kiguire4-4) was calculated, using the mid

point coverage for each Brailanquet scal¢BraunBlanquet, 1932)inside each random
quadrat and averaged over all the quadrats to calculate the mean percentage cover for ea
grid. The same was done with height measureménten used the cover estimates to
cal cul ate Shannon di ver gShannyon, (948Speciasrdensitg v e |

was also computedFigure4-4).
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Figure 4-4: Distribution of some vegetation variables : percentage bareground cover (left,
n=96) and plant species density (right, n=96) across all grids.

Within each habitat typd,computed the list of the five most common species and
found that Alchemilla spp. @A. abyssinicaand A. rothii) and grasses dominated the
composition in all three habitats, followed biglichrysumshrubs . citrispinumandH.
gofensg andEuryops prostatusin H/A and H/D grids or byHaplocarpha rueppelliand
Salviamerjamen A/G grids(Figure4-5). | used these species as indicators for the changes
in vegetation cover for inclusion in the models. Changes irvéigetation structure were
modelled using the height data from the three most common vegetation species group

Alchemillaspp., grasses atelichrysumspp.

4.2.6 Data analysis and model selection

Proportion and percentage data were arcsine transformed Ibefog analysed.
The data were analysedi t h  t h e 0 n |IRfRnbeirpeaat., K@0§)sNg gemeral
linear mixed mode based on a repeated measures design with habitat type, season, yea

and the livestock grazing index as fixed factors, while the temporal replication of grids was
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included as a random factor. Nested models were compared using the likelihood ratio test

P-values larger than 0.05 were judged to demonstratesigoificance.

<SG W Feb 08

<1% 0%

s» Nov 08

3%

N

Figure 4-5: Vegetation composition (% cover) of all the grids surveyed in October 2007,
February 2008, November 2008 and February 2009. The bigger the area occupied by a
species inside the pie chart, the more common the species.

4.3 Results

4.3.1 Rodent analyses

4.3.1.1 Rodent abundance

When not correcting for a season or for a year effestrad rodent biomass
declined at a rate ofKg .km™ for every 59 extra TLU dung.km(Figure4-6A). This trend
was mostly driven by the changes in LM and GM densitfasiation in the overall rodent

biomass was best explained by a model containingvay3interaction between season,
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year and livestoclgrazing index (Tablel-3 M1). L i v e s tmpactkodredent biomass

was negative during the wet seasons-2.29, p= 0.03) and worse during year 2 (8:00,
p<0.01), although there was a significant positive relationship between the number of
livestockdung and rodent biomass during the wet season oRy¢ar3.94, p<0.01).

When not correcting for a season or for a year effectdelkitydeclined at a rate

of 1 individualkm™ for every11 extra TLU dung.krf (Figure4-6B). The variation in LM
dersity was also best explained by -avdy interaction between season, year and livestock
grazing index (Tablel-3 M2). Livestockds i mpact on LM
season of year 1 (t<2.16, p = 0.04) but once again positive during the wet seds@ano

2 (t = 0.71, p<0.01)l found thatlivestock ha a negative impact on GNopulations
during the wet seassifTable4-3 M4 & Figure4-6). The sample size of AB trapp&day
have beertoo small to reveal any significant impact of livestock grazingpopulation
density(Table4-3 M3: 2ALL = 0.72, 1df, p = 0.30

4.3.1.2 Body weight, reproductive success and home range

The livestock grazing index did not significantly account for variation observed in

the weight of adults LMTable4-3 M5: 2ALL = 0.19, 1df, p = 0.67/andadultsAB (Table

4-3 M6: 2ALL = 0.27, p = 0.6)) or the proportion of female LNITable4-3 M7: 2ALL =
0.42, 1df, p = 0.5RandfemaleAB (Table4-3 M8: 2ALL = 0.80, 1df, p = 0.37that were
pregnant(Figure 47). ORL (Table4-3 M9: 2ALL = 1.49, 1df, p = 0.22and DRC(Table

4-3 M11: 2ALL = 2.43, 1df, p = 0.22for LM were not affected by the livestock grazing
index.| drew the same conclusions for ORLable4-3 M10: 2ALL = 0.22, 1df, p = 0.64

and DRC(Table4-3M12: 2ALL =0.25, 1df, p = 0.6&for AB (Figure 48).
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Model | Response Best Significant explanatory variables
variable model
M1 Overall rodent Livestock* | Season (wet) * Livestock: t2.19, p = 0.03
biomass Season* | Year (2) * Livestock: t =3, p<0.01
Year Season (wet) * Year (2) * Livestock: t = 3.9
p<0.01
M2 Density LM Livestock* | Season (wet) * Livestock: t2.16, p = 0.04
Season* | Season (wet) * Year (2) * Livestock: t = 2.7
Year p<0.01
M3 Density AB Null
M4 Density GM Habitat + | Habitat (H/A): t =-2.60, p = 0.02
Year + Habitat(H/D): t =-2.11, p = 0.05
Season* | Year (2):t=-2.61, p =0.01
Livestock | Season (wet) * Livestock: t4.88, p = 0.05
M5 Weight LM Year + Year (2):t=-249, p=0.2
Season Season (wet)t =251, p =0.@
M6 Weight AB Null
M7 (Arcsine) Null
PFLMP
M8 (Arcsing Null
PFABP
M9 ORL LM Null
M10 | ORLAB Season Season (wet)t =3.09, p<0.01
M1l DRC LM Null
M12 | DRC AB Season + | Year (2):t=-237,p =0.B
Year Season (wet)t =261, p=0.@

Table 4-3: Summary of the models adopted for the rodent analyses along the grazing

gradient. All models were fitted in R and all parameters estimated in relation to the intercept

for Habitat A/G during the dry season of year 1. Models with interactions contain the

components of the interactions as main effects. A null model (Y =intercept) was fitted when

no explanatory variable significantly explained part of the variation in the response variable.
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Figure 4-6: Relationships between the livestock index and rodent response variables
.Season and year-specific rodent biomass (A) LM density (B) GM density (C) and AB density
(D) plotted against the livestock grazing index for all grids. The data is colour-coded by

season (grey-wet season, black-dry season) and by year (circle-year 1, triangle- year 2).
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Figure 4-7: Relationships between the livestock index and rodent response variables
(2).Season and year-specific LM weight (A) AB weight (B) PFLMP (C) and PFABP (D) plotted

against the livestock grazing index for all grids. The data is colour-coded by season (grey-

wet season, black-dry season) and by year (circle-year 1, triangle- year 2).
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Figure 4-8: Relationships between the livestock index and rodent response variables
(3).Season and year-specific LM DRC (A) AB DRC (B) LM ORL (C) and AB ORL (D) plotted
against the livestock grazing index for all grids. The data is colour-coded by season (grey-

wet season, black-dry season) and by year (circle-year 1, triangle- year 2).

4.3.2 Vegetation analyses

4.3.2.1 Species density, diversity and evenness

The livestock grazing index had a small but highly significant positive effect on
plant spe@sdensity(Table4-4 M13 & Figure4-9A), but did not significantly account for
the variation observed in vegetation divergibpble4-4 M14: 2ALL = 2.85, 1df, p = 0.09)
or evennesgTable4-4 M15: 2ALL = 0.01, 1df, p = 0.9QFigure 49B and C)
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4.3.2.2 Vegetation cover & height

The livestock grazing index had a small but highly significant negative effect on
bareground coverT@ble 4-4 M16 & Figure 4.9D) anda positive effect oH. rueppellii
cover(Table4-4 M20 & Figure 4-10B). The livestock grazing index did not significantly
account for the variation observed in the coveflchemillaspp.(Table4-4 M17: 2ALL =
1.93, 1df, p = 0.17)grass spp(Table 4-4 M18: 2ALL = 0.0003, 1df, p = 0.99)
Helichrysumshrubs(Table4-4 M22: 2ALL = 1.08, 1df, p = 0.3QE. prostatus(Table4-4
M19: 2ALL = 0.55, 1df, p = 0.469r S. mejame (Table4-4 M21: 2ALL = 0.02, 1df, p =
0.88)Figures 49 and 410).

Livestock significatly decreased the height of gsas during the wet seasons
(Table 4-4 M24 & Figure 4-11D). However, the iVestock grazingindex did not
significantly account for the variation observed in the heigildfiemillaspp.(Table4-4
M23: 2ALL = 0.01, 1df, p = 0.92pr Helichrysumshrubs(Table4-4 M25: 2ALL = 0.79,
1df, p = 0.37)Figure 411).

Model | Response Best model| Significant explanatory variables
variable
M13 | (Log) Specieg Livestock +| Season (wet) : t = 2.61, p<Q.0
density Season + | Year (2):t=4.06, p<0.01
Year Livestock: t = 2.50, p = 0.02
M14 | Diversity Habitat* | Year (2):t=3.82, p<0.01
Season * | Habitat (H/D) * Season (wet) : t3.80, p<0.01
Year Habitat (H/A) * Year (2): t =1.96, p =0.05

Habitat (H/D) * Year (2): t =246, p =0.02
Habitat (H/D) * Year (2) * Season (wet)
t=4.20, p<0.01

M15 | Evenness Season * | Season (wet) : t <4, p<0.01
Year Year (2) * Season (wet} = 4.12, p<0.01

Table 4-4: Summary of the models adopted for the vegetation analyses along the grazing
gradient. All models were fitted in R and all parameters estimated in relation to the intercept
for Habitat A/G during the dry season of year 1. A null model (Y = intercept) was fitted when
no explanatory variable significantly explained part of the variation in the response variable

(continues).
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Model | Response Best model Significant explanatory variables
variable
M16 | (Arcsine) %] Livestock + Season (wet) : t =5.16, p01
bareground Season + Year (2): t =4.55, p<0.01
cover Year Livestock: t =-2.63, p = 0.02
M17 | (Arcsine)  %| Season + Season (wet) : t 3.15, p<0.01
Alchemilla Year Year (2): t =6.04, p<0.01
cover
M18 | (Arcsine) %] Habitat + Habitat (H/D): t =3.09, p<0.01
grass cover Season Habitat (H/A): t =-2.96, p<0.01
Season (wet) : t=2.11, p = 0.04
M19 | (Arcsine) %E. | Year Year (2):t =3, p<0.01
prostatus
cover
M20 | (Arcsine) %H. | Livestock + Year (2):t=2.73, p<0.01
rueppellii Year Livestock: t = 3.30, p<0.01
cover
M21 | (Arcsine) % S.| Habitat + Habitat (H/D): t =2.38, p = 0.03
mejamecover | Season + Season (wet) : t=2.44, p =0.02
Year Year (2): t = 3.46, p<0.01
M22 | (Arcsine) %] Habitat Habitat (H/A): t = 3.06, p<0.01
Helichrysum
shrubcover
M23 | Height Habitat + Habitat (H/A): t=2.12, p =0.05
Alchemilla Season Season (wet) : t=2.14, p = 0.04
spp.
M24 | Height grasg Livestock * Season (wet) : t =3.87, p< 0.01
spp. Season Livestock * Season (wet) : t =2.83, p<
0.01
M25 | Height Null
Helichrysum
shruls

Table 4-4 (continued).




Rodent response to livestock grazing

Log {species density(species mz))

Shannon eveness index

% Alchemilla cover (arcsine)

-05

-10

-15

08

06

04

02

01 02 03 04 05

00

- - )
A A Ll
A
£ A A
| aeasnm o . e A
o o A .
Adice Oy A Ll L d
» " * Dryseason 1
Wet season 1
A Dry season 2
Wet season 2
-
T T T T T T
0 10000 20000 30000 40000 50000
Livestock grazing index (TLU dung km2)
® Dryseason 1
- c Wet season 1
A Dry season 2
. 4 Wet season 2
2, ’A\o
¢ N
e ah * A
. . ar ° " .
a A
A
A . Ay .
.
A
- .
5 .
Ey
-
.
T T T T T T
0 10000 20000 30000 40000 50000

Livestock grazing index (TLU dung km2]

-
A
’ E)
7 -
. -
® Dryseason 1
s . Wetseason 1| a
A = C A Dry season 2
Wet season 2
. A .
.
L ea
A .
* 4 o A
> A .
* A
.
e ce i
A ®
»
L
T T T T T T
1] 10000 20000 30000 40000 50000

Livestock grazing index (TLU dung kmz)

Shannon diversity index

% bareground cover (arcsine)

% grass spp. cover (arcsine)

08

06

04

02

90

02 03 04 05 06

01

0003 0.005 0.007

0.001

-
] B
_ : )
A
-
e Aaw
. A
:: ¢ ‘e ® Dryseason 1
. A Wet season 1
as A . 4 Dryseason 2
o " a Wet season 2
o
. a oo *
.‘ . .
A
.
T T T T T
0 10000 20000 30000 40000 50000
Livestock grazing index (TLU dung kmz)
® Dryseason 1
D) Wet season 1
il 4 Dry season 2
Wet season 2
T oa
A A
al Y
O
-
A A A ® A
- e .
. aa * - *
~e -
4 % 4 “ . & <
Lo o A
Ll
T T T T T T
0 10000 20000 30000 40000 50000
Livestock grazing index (TLU dung km?)
o s
e a
= LY
.
g F)
N A
e ® Dryseason 1
i A Wet season 1
4 Dryseason 2
* % . Wet season 2
- e L
A" .“ .
oo . .
— *% *
A A®
® A
*
- .. e
.
T T T T T T
0 10000 20000 30000 40000 50000

Livestock grazing index (TLU dung kmz)

Figure 4-9: Relationships between the livestock index and vegetation response variables A)

vegetation species density; B) Shannon diversity index; C) Shannon eveness index; D)

bareground % cover; E) Alchemilla % cover and F) grass spp. % cover regressed against

the livestock grazing index for all grids.The data is colour-coded by season (grey-wet

season, black-dry season) and by year (circle-year 1, triangle- year 2).
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Figure 4-10: Relationships between the livestock index and vegetation response variables
(2) A) E. prostratus % cover; B) H. rueppellii % cover; C) S. merjame % cover and D)
Helichrysum spp. % cover regressed against the livestock grazing index for all grids.The
data is colour-coded by season (grey-wet season, black-dry season) and by year (circle-year

1, triangle- year 2).



Rodent response to livestock grazing

A)

Alchemilla height {cm)

A
. A

® Dryseason 1
Wet season 1
4 Dryseason 2
Wet season 2

Grass height {cm)

CRLGL LN L] L ] B A - -
T T T T T T
0 10000 20000 30000 40000 50000
Livestock grazing index (TLU dung km?)
o
e
® Dryseason 1
w | c Wet season 1
E a A Dry season 2
B Wet season 2
€ 8-
L .
£ o
9 n L)
@ ™~ T
= -
€ ° -
4
2 Q%
S e 3 e,
£ e4qi ;
.0 A
A .
o feala N
© ] et
T T T T T T
0 10000 20000 30000 40000 50000

Livestock grazing index (TLU dung kmz)

20

15

10

w

.
T T TN

B)

® Dryseason 1
Wet season 1
A Dryseason 2
Wet season 2

ry °

'y

T
10000

T
20000

T T
30000 40000

Livestock grazing index (TLU dung km?)

T
50000

92

Figure 4-11: Relationships between the livestock index and vegetation response variables

(3) A) Alchemilla spp. height; B) grass spp. height and C) Helichrysum spp. height

regressed against the livestock grazing index for all grids.The data is colour-coded by

season (grey-wet season, black-dry season) and by year (circle-year 1, triangle- year 2).

4.4 Discussion

4.4.1 Competition, facilitation or predation?

Livestock grazing, through its effects on vegetation, has the potential to affect

rodent populations through three main pathways: competition, facilitation anatipred

The likelihood of the existence of exploitation competition between livestock and rodents
increases as habitat and diet overlap, and given that the shared resources are in limite

supply (Tokeshi, 1999, Keesing, 2000$hould exploitative competition exist between

livestock and diurnal rodents in Baleyould expect: a decrease in abundarfcaldghree
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rodent species (H1), a decrease in their body weight (H2), and reproductive success (H3
and an increase in their home range size as rodents have to forage further out for foo
(H4). Such processes could be mediated through a decrease hiotmess of forage
available (H5, H6 & H9) in parallel with an increase in unpalatable species such as shrubs
(H7) and an overall decrease in species richness, diversity and evenness (H8). Our dat
brings little support to these hypotheses. The densitieMoand GM do decrease as the

|l i vestock grazing pressure on the.Thigste
providesevidence for the existence of negative interactions between some members of the
two groups (H1 partially supportedjthough thesenteractions can be season and year
specific However, livestock grazing pressure was not found to have an impact on either
the body condition, reproductive success or habitat use by LM and AB (H2, H3 & H4
rejected), results supported by similar findinggammon shrews subjected to high levels

of livestock grazing$orex araneys(Schmidt et al., 2009)This leads us toanclude that

the negative intexctions between livestock ahdl are unlikely to result from exploitative

competition, or from a decrease in the quality of forage.

Indeed, looking at the concomitant changes in the vegetation composition and
structure,| find little evidence that those interactions are mediated by changes in the
vegetation congruent with the competition hypothdsiéd not find that increasing grazing
pressure led to lower cover of the five dominant species group recorded on the @rids (H
rejected), or increased bareground (H5 rejected) and shrub cover (H7 rejected) (lattet
supported by data from other Ethiopian rangelaffsule et al., 2007b, Tefera et al.,
2007b) | found no evidence of livestock grazing affecting etagjon diversity or
evenness. However, our H6 and J esti mat ¢
grass species, as they may vary significantly in their acceptability to grazing herbivores,
not only due to differences in palatability but also du@henological difference3efera
et al., 2007ajand grass species composition and diversity is an important indicator of
rangeland contion (Abule et al., 2007a)l found some evidence of reduced vegetation
biomass in the form of the decreased height of grasses when moving up the grazing
gradient, but not so feklchemillaspp., the preferred forage for rode(dvebe, 2008JH9
partially supported).

Another hypothesis is that livestock, through removal of vegetation, may benefit
rodents by facilitating access to forage of a suitable height or qy&adydon, 1988,
Arsenault and Owesmith, 2002)1 found no evidence of facilitation in our system, since
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two of the rodent species respond negatively to increases in the numbeesbddikv
However,l did find that increased grazing presswas linked tahigher overall vegetation
cover, as the extent of bareground was reduced, and increased species richness. Our rest
may highlight the role livestock can play in maintaining grasdlaegetation by spatial

and temporal dispersion of readily germinating seeds and nutrient by means of manure
(Woldu and Saleemb, 2000, Taddese et al., 2003py favouring the creation of niches

for colonising speciegOlff and Ritchie, 1998, Veen et al., 2008) is also likely that
livestock are attracted to patches with more vegetation resultinghigher recorded
number of dungs in areas with fuller vegetation covbe decrease in bareground cover at
higher livestock densities could also be the result of the reduction in the amount of burrow

excavation taking place when rodent density is on thesdse (especially GM).

Finally, the reduction in vegetation biomass by livestock grazing may induce
changes in habitat structure that affect the detection and avoidance of predators by rodent
(Hayward et al., 197, Smit et al., 2001, Schmidt et al., 2Q0b¥ind some evidence
supporting this final hypothesis as the height of grasses was reduced at higher grazin
i ntensities and the concomitant decrease
(Ethiopian wlves and raptors) ability to detect the brownish/grey rodents on a greener

background.

4.4.2 Soil compaction?

Trampling and soil compaction by livestock may affect the habitat quality for the
rodents by reducing the soil suitability for building and mamtey burrow systemglorre
et al., 2007) Heavy grazing pressures are known to increase surfaesfrand soil loss
and reduce the infiltrability of the sodn other Ethiopian rangeland¥addese et al.,
2002b, Tefera et al., 2007&hanges in soil compaction inrtucan result in vegetation
changes, the impact of which may be delayed for small mammal populations (Mwenedera
et al., 1997)] suggest that evidence for such a mechanism be tested in afroalpine ranges ir
Bale in the light of the lack of evidentdiave bund of exploitative competition between
livestock and rodents. Soil compaction along with increased predation risk may both be
important to explain the indirect effect of livestock grazing on the rodent population in
Bale.
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Differences among rodent gpes in their responses to grazing do exist and may be
mediated by interactions between the direct effects of grazing on habitat quality and
speciesspecific habitat requirements or abilities to respond to spatial heterogeneity at
different spatial scale@ilchunas et al., 1998, Jones and Longland, 1999, Hayward et al.,
1997) The first species to disappear are usually those that are least abundant within the
community, or those that specialise on particular veigetaypes(Tabeni et al., 2007)
However, in Bald found that LM suffered more than AB from increasing grazing pressure
despite being the most abundant and having a more insectivoro(i¢aldstn, 1988)

The lack of significant differences in most of the studied vegetation variables could
be attributed to the fact thgtazing disturbance has already exceeded a certain threshold of
degradation. Mean bareground cover in Bale (21.2%) is higher than that recorded in othel
Ethiopian rangelands, albeit naipine ones, such as Awash (5.3%pule et al., 2007a)
and Borana (5/8%Tefera et al., 2007aHowever, such lack of significance could support
the assertion that moderate livestock grazing is not always harmful to vegetation as
supported by research results from other parts of Ethibpaaldese et al., 2002d)here is
indeed a widespread notion that African grazing systemsbeamtrinsically resilient,
because they have persisted for decades or more despite large and frequent environment
fluctuations (Ellis and Swift, 1988, Belsky, 1992, Milchunas et al., 1988¢getation
changes irsuch systems may be mainly governed by rainfall variations, which determine
plant productivity, and lifenistory attributes of species that place regenerative plant parts
out of their reacHSullivan and Rohde, 2002Yhe relative contribution of grazing and
climatic variability to vegetation change is difficuti assess because both may produce
complex interactive effect@~uhlendorf et al., 2001)Although| found no evidence that
rainfall or temperature determined the patterns of afroalpine vegetatiorvexdbse Bale
over two years of experimental wo(K. Vial, unpublished data), a longer tirseries of

vegetation patterns would be needed to test appropriatetpfiaiations.

4.4.3 What are the implications for biodiversity conservation?

Even in areas witla long history of grazing such as Bale, domestic livestock may
still constitute a threat to biodiversity and ecosystem functioning when their density is
much higher than in the pa@tial et al., 2009 ) Stationery domestic grazers may have
replaced more mobile wild ungulatéBankhauser et al., 2008, Shrestha and Wegge,
2008a) although this is not the case in Bale, and other human activities such as burning
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may also perturb the vegetatibiWesche, 2002, Veen et al., 2008ur resultsuggest that
increasing livestock number in BMNP may pose a thredtedangterm persistence of the
endangered GMCorti and Lavrenchenko, 2008 speies only ever recorded in the Bale
Mountains, now existing as isolated local populations in a highly fragmented habitat and
probably experiencing a high risk of extincti@iarrison, 1991) Ecosystems are complex

and species interactions can have-mdnitive outcomes on community orgaation and
ecosystem processé€Brown et al., 2001) such that it is important to consider the
combined effects of multiple speci@3avidson and Lightfoot, 2008By modifying soil
properties and plant communities through their burrowing activities, many rodentsspecie
facilitate resource exploitation for other species includiimgs (Arthur et al., 2008)and
pollinating insectyYoshihara et al., 2009)Through its direct effect omegetation and
indirect effect on burrowing rodents, higitensity livestock grazing is likely to decrease
habitat suitability fo a range of other wildlife speciesurthermore, livestock is known to
have the potential to alter the feeding ecology of carnivores by indirectly forcing them to
display different functional responses to variation in prey availalfifity et al., 2003, Eide

et al., 2004, Farias and Kittlein, 2008) Bale, the contribution of different species of prey

to the diet of the Ethiopian wolf has already been shown to correlate with the abundance o
prey (Sillero-Zubiri and Gottelli, 1995)Circumstantial evidence also suggests that wolves
may predate more frequently on livesto@darino, 2003b) or become crepuscular or
nocturnal when human interference is severe in densely populated (#eddsn and
Largen, 1992) Our work has highlighted one of the facets of likely conflict between
resident pastoralist camunities and important trophic chains in the Bale Mountains,
possibly affecting long er m conservation goal s for t

Ethiopian wolf.
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5 Responses of afroalpine vegetation and

endemic rodents to the removal of livestock

grazing pressure.
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5.1 Introduction

Livestok grazing is considered a powerfidiver of plant population dynamics as
well as plant communtsuccessior(Diaz et al., 2007, Milchunas and Lauenroth, 1993,
van de Koppel et al.,997, Fuhlendorf et al., 2001)and influencesthe abundance and
distributionof the animal communities inhabiting grasslafdéeeler, 2008, Kruess and
Tscharntke, 2002, Schmidt et al., 2005, Bakker et al., 2009p&zige et al., 2008 mall
mammals are especially relevant in grassldretsause of their téjplown effects on plant
communities(Brown and Heske, 1990, Manson et al., 20849 theirbottoni up effects
on bird and mammadredatorgKorpiméki and Norrdahl, 1991, Hanski et al., 1991b, Torre
et al., 2007) Many rodent species are also ecosystem negs,increasng landscape
heterogeneity and specida/ersity by creating unique patches of habitat that differ from
the surrounding landscagBagchi et al., 2006, Zhang et al., 2003, Olofsson et al., 2008,
Murdoch et al., 2009)

5.1.1 The afroalpine and rodents of the Bale Mountains

The Bale Mountains |ie between 06A416
southern highlands of Ethiopia. They represent the largest area of afroalpine habitat ove
3000m in Africa(Yalden, 1983) and form part of Conservation Interrath a | 6 s E a ¢
afromontane hotspdiBrooks et al., 2004)harbouring a diverse array of endemic and
rangerestricted species. The giant mole(@&M, Tachyoryctes macrocepha)ys Bl i ¢ k
grass rat(AB, Arvicanthis blickl and the brushurred mouse (LM, Lophuromys
melanonyx are endemics restricted to the southern highlands of Eth{dfsilgen, 1988)

These fossoriatliurnal rodents are of great ecological importance as the dominant wild
herbivores within the afroalpine ecosyste8illero-Zubiri et al., 1995a) They are
important components of the diet of a diverse guild of diurnal raptors which inhabit the
Bale massif(Clouet et al., 2000)However, these rodents have been most closely studied
as the main prey of thendangered Ethiopian wollCénis simensjsrepresenting an
estimated 47 %, 27% and 16% of t(8llero-dwubiri v es
and Gottelli, 1995)These rodents, in turn, feed principally on grasses, leaves and stems of
flowering plants, occasionally eating arthropo@éalden, 1988) GM also have an
important secondary role in tladroalpine as ecosystem engine@rallents, 2007, Yalden,
1985)
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The Bale Mountains National Park (BMNP) was established in 1969 to protect the
endemic mountain nyalar(agelaphus bxton) and Ethiopian wolf and c. 2,200 krof
montane habitats upon which they depeftiiman, 1986) Although, six isolated
populations of Ethiopian wolves have been described in Ethidfeaino, 2003b) over
half of the remaining weks are found in the Bale Mountains (total population estimated at
<500 individualsin 2000 (Sillero-Zubiri et al., 2000) The Bale Mountains National Park
has been under increasing pressure from a rapidly growing pastoralist population and thei
livestock (Marino et al., 2006)Livestock densitiegstimatesnside Ethiopian wolf core
ranges (the Web valley, Morebawa and the rgsdti plateay at 195/149/49 tropical
livestock units per km? respectiveiljustrate the levels of threat the Bale afroalpine is
subjected tdChapter 3 (conversion factor fronfLe Houérou and Hoste, 1977)TLU =
1.5 cattle= 11 caprines= 1.5 transport animal). High levels of livestock grazing in Bale
may affect the quality of the habitat suitable for the rodent community on which the
wolves dependSillero-Zubiri and Macdonald, 1997hrough a reduction in vegetation
cover resulting in an increased predation (ildkyward et al., 1997, Germano et al., 2001,
Smit et al, 2001, Schmidt et al., 2008nd/or a exploitative competition for suitable food
resourcegTokeshi, 1999, Reynolds and Trost, 1980, kegs2000)

5.1.2 Exclosure studies and rodent responses to the removal of

grazing pressure

Exclosure studies are widely used to investigate the grazing impacts of ungulates
on vegetation and animal communities by controlling ungulate access to relsmiices
(Firincioglu et al., 2007, Pei et al., 2008, Valone and Sauter, 2005, Kraaij and Milton,
2006, Keesing, 1998While the interpretation of exclosure studies may be complicated by
factors such as the pteeatmat condition of the vegetation, the duration for which
exclosures are in place, and the environmental variability experienced over that period,
they remain an important source of information concerning the impact of grazing and
browsing stock. Severdatudies have exploredhe interactions between livestock and
small herbivorous rodentssing such exclosurg$teen et al., 2005, Grant et al., 1982,
Bock et al., 1984, Heske and Campbell, 1991, Kelt and Valone, 19&%¢yKand
Whitford, 2000, Valone et al., 2002, Valone and Sauter, 2005, Flowerdew and Ellwood,
2001, Weickert et al., 2001, Jones and Longland, 1999, Hayward et al., 1997, Reynolds
and Trost, 1980)These studies have provided evidence for betirehseand increaseis
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the abundance of rodent®llowing the removal ofungulate grazingin multiple
combinationsof ungulateand rodentspecies: red dedCervus elaphysandwood mice
(Apodemus sylvestjisn Dutch deciduoudorest(Smit et al., 2001)sheep andield voles
(Microtus agrestiy in a Norwegian alpine meado(Steen et al., 20055heepcattle and
field volesat two Danishwet meadowgSchmidt et al., 2005¥heep, cattleandfield voles
in Scottishupland meadowgEvans et al., 2006 attleand multiple rodent species the
American short grass steppe (Milchunas et al., 1998)and multiple ungulates versus

multiple rodentspeciesn African savanna(Keesing, 1998, Hagenah et al., 2009)

The purpose of this study was to establish whe#ifieralpinerodentpopuktions
and vegetationn BMNP responded to the removal diffestock grazingpressure. If
livestock grazing affects rodent populations in Bale through competition or removal of
cover leading to increased predation riskyould hypothesisan increase in throdent
biomass(H1) following the removalof livestock grazing pressuiaside livestockproof
exclosures Furthermore,one might expect an increase in rodent body weight (H2),
reproductive success (H3) and a decrease in home range siz&l{el4pposi would be
true if livestock positively affected rodent populations by facilitating access to forage of a
suitable height or qualittMcNaughton, 1976, Gordon, 1988, Karmiris and Nastis, 2007)
also nvestigate whther these impacts on the rodents are mediated through changes in
vegetation structure and test the followimaglditional hypotheses: By removing the
livestock grazing pressure exerted on afroalpine pastuegect achangein vegetation
species diversy and evenness (H5), a decrease in bareground cover (H6), an increase in
the cover and height &lchemillaspp., grass and other common plant species (H7) with a

concomitant decrease in shrubs cover and height (H8).

5.2 Materials and methods

5.2.1 Study sites

Three 50x50m livestock exclosures were built in March 2008 in the Web Valley, an
area of high human and livestock dep$Chapters 2&3 All three exclosures are located
on pastures dominated by grasaed Alchemillaherbs and paired with a controtes{open
to livestock) located between 300 and 1000m away, and of similar topography. Rodent anc

vegetation surveys were carried out before the construction of the exclosures on three o
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the sites (baseline data), and repeated in July, November 2008, &atclune 2009 (a
total of 5 surveysjFigures5-1.&5-2).

Figure 5-1: Photographic timeline for exclosure 1 (from top to bottom, left to right): upon

completion in March 2008, July 2008, November 2008, March 2009 and June 2009.
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Figure 5-2: Photographic comparisons between controls (left) and exclosures (right)
on site number 3 in November 2008 (top) and March 2009 (middle) and on site number 2 in

June 2009 (bottom).
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5.2.2 Rodent field surveys

GM rarely leave their burrows, making them a difficult species to trap. As a result,
data on GM body weight, reproductive status and movement could not be collected for
inclusion in tests of H2/H3 or H4. The number &M open burrows correlates closely
with minimum population size estimated from individuals surfacing and can be used as an
index of GM abundancéTallents, 2007, Siller&@ubiri et al., 1995h)On each grid, 25
folding Sherman live r aps ( H. B. Sherman Traps, Fl o
were arranged at 10m intervals for ltrapping of LM and AB over four consecutiveyda
on each survey occasiohraps were set up at dawn, baited with a mixture of peanut butter
and flour, checked at midday and at dusk when they were clés@thals were given
individual marksby fur clipping on their abdomen, weighed, sexad the trapn which
they were captured recordeReproductive condition (signs of lactation, pregnancy or
hymen perforation; testes size and position) was also reco@etly norpregnant adult
rodents were used to calculate the average weight of LM and AB witbingead. The
proportion of LM and AB adult female@PFLM/PFAB) that were pregnant was also
calculated. For every recapture evdntalculated the distance between the most widely
separated traps where the individual was captured, also known as the dbsaye
length (ORL)(Pelikan and Holisova, 1969and the distance moved between recaptures
(DRC). Both have been shown to provide a reliable index of hamge size in small
mammals(Moorhouse et al., 2008, van der Ree and Bennett, 2003¢n eimated an
average ORL and DRC for LM and for AB on each grid.

5.2.3 Modelling rodent abundance

| used Tallents (2007) equations to extrapolate minimum GM abundap&®ih
the total number of open burrowB)(recorded at tim€ (hours after midnight):

A=0.370x ( 3.445 0.634C— 0.025C° x)D Equation 5-1

The average trapping success was 17.9%00@) with 310 individuals LM and AB
trapped and 216 recapture events observed, giving an average recapture probability o
37.6% (0100%)(Table 51).



Rodent responses to livestock removal

104

LM AB GM
Total | Recapture§ Total | Recaptured Density (/knf)
captures captures
Control 1 2 0 2 0 508.8
Control 2 24 10 15 2 1037.1
S [Control 3| 4 0 0 0 582.8
8 Excol| O 0 1 0 365.4
Exclo2 | 33 9 2 0 1227.9
Exclo 3 3 0 2 0 327.4
o | Control 1| 34 23 8 3 390.6
S [Control2| 32 12 0 0 822.1
£ [Control3] 0 0 0 0 210.8
< [ Exclo1 0 0 0 0 203.5
% Exclo2 | 41 19 0 0 349.7
Exclo3 | 12 4 1 0 272.9
«»n | Control 1 0 0 0 0 0
= [Control2| 6 1 1 0 1119.3
£ [Control3] 0 0 0 0 274
~ ["Exclo1 0 0 1 0 54.6
% Exclo 2 19 2 1 0 61.4
Exclo 3 9 3 1 0 491.2
o Control 1 50 26 0 0 25
£ | Control 2 1 0 0 0 191.1
€ | Control 3 0 0 0 0 508.8
S [ Exclol| 29 14 11 3 31.2
& [ Exclo2| 43 25 4 0 639.4
< ["Exclo 3 0 0 0 0 1058.2
© [Control 1| 34 15 3 1 390.6
€ |Control2| 21 8 9 4 913.4
€ | Control 3 1 0 0 0 12.5
S [Exco1| 21 7 6 2 163.7
& [ Exclo2| 39 19 8 2 91.3
< ["Exclo 3 0 0 0 0 182.7

Table 5-1: The number of total captures (first capture and recaptures) and recaptures for LM

and AB, alongside the estimated GM density across all survey grids for each trapping

season.

LM and AB population sizes were estimated from minimum number known alive
(MNKA). To reduce the negative bias inheramtthis population estimate, a correction
factor was applied based on closed capture estimates from all our survefChagserd)
with a recapture probability of at least 25% £ 33) using Rcaptur¢Baillargeon and

Rivest, 2007) A strong relationshipexisted between MNKA and these closed capture
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estimates (p < 0.001, #20.83, n = 33); and MNKA was multiplied by 1.44 (95% CI: 1.20

1.68) to provide biasorrected estimates fatl grids.

The effective trapping area was calculated by adding a boundary strip equivalent to
half the mean distance moved between successive capfitieset al., 1978)The mean
distance moved by rodents between recaptures was 17.08 m (n 852461 6.8227.35)
making the effective trapping area for each grid 2356.13 m2. Poputiitsities for LM
and AB (individuals.knf) were calculated using the biesrrected population estimates
for each species and the size of the effective trapping @reaall rodent biomass for all
three species combined was calculated using the density estimate for each species and t
mean body mass. Mean body masses of AB and LM were 144.85g = 21.27 SD (n = 46),
and 107.89g = 8.28D (n = 198) respectively. Mean bodhass for GM was taken from
Sillero-Zubiri (1994): mean 618g + 190 SD (n = 11).

5.2.4 Vegetation field surveys

Twenty 1m2 quadrats were randomly placed inside each grid and all species, with
the exception of grasses, were identified. The flower structuresseny for identification
of grasses were often not present, so all grasses were split into two categories only
wetland sedges and other grasses (referred to as grasses from this point on). The height
all species was estimated using-& &cale (1 = @0 cm, 2 = 10/20 cm, 3 = 20/30 cm, 4 =
30/40 cm and 5 = >40cm). The percentage cover for all species and bareground wa:
calculated, using the miploint coverage for each BraiBlanquet scale, inside each
random quadrat and averaged over all the quadraial¢alate the mean percentage cover
for each grid. The same approach was adopted with respect to height measuteimnts.
used the <cover estimates to calculate S

(Shannon, 19485pecieslensitywas also computed.

I computed the list of the five most common species present within all six sites
(controls and exclosures) and found tA&themillaspp. @. abyssincandA. rothii) and
grasses dominated the composition, followedH®jichrysumshrubs H. citrispinumand
H. gofensg Salvia mejame and Hebenstretia dentat | used the species above a

indicators for the changes in vegetation cover for inclusion in the models. Changes in the
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vegetation structure were modelled using the height data from the three most commor

vegetation species groupastchemillaspp., grasses arelichrysunshrubs.

5.2.5 Data analysis and model selection

Proportion and percentage data were arcsine transformed before being analysed
The data were analysed in(R Development Core Tegar2a009)usinggeneraked linear
models with treatment (i.e. grazed/ungrazesile (paired sites 12 or 3) and survey
(before, after 4/7/11/14 monthgs fixed factorsNested models were compared and
adopted using the likelihood ratio ted®-values lager than 0.10 were judged to
demonstrate nerignificance to reflect the unusually small sample size that resulted from
logistical restrictions in the field'he results from the present analyses should therefore be

considered with caution.

5.3 Results

5.3.1 Rodent analyses
5.3.1.1 Abundance

I did not find that the removal of livestock had a significant effect on overall rodent
biomass (Tabl&-2 M1: ALL= 0.12 1df, p = 0.27). However,did observe that although
overall rodent biomass declinering the drier months (November to February) in both
the exclosures and control sites, the decline appeared more severe in the rodent populatiol
on the grazed control plots (Figuse3).

| observed a significant positive response of LM populatienghé removal of
livestock, although this response was site specific (Take M2). Although time of
survey was not a significant explanatory variable, LM densities tended to be higher inside
the exclosures during the drier months (FigotéA & Table 5-3). The removal of
livestock was found to have a significant positive effect on population densities of AB after
11 months (Tabl&-2 M3 & Figure 5.4B). Populations of GM did not appear to respond
significantly to the removal of livestock (Tabe2 M4:ALL= 0.43, 1df, p = 0.49),
although GM density inside the exclosures was more than double that of the control sites
after 11 months (Figurg&4C & Table5-3).
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Figure 5-3: Overall rodent biomass on the control sites and exclosures before and 4 months
(July 2008), 7 months (November 2008), 11 months (February 2009) and 14 months (June
2009) after the removal of livestock grazing pressure from inside the exclosures. The error
bars represent one standard error, and the seasons (wet and dry) are indicated under the x
axis.

5.3.1.2 Body weight, reproductive success and home range

| did not find the removal of livestock to have any impact , over the 14 months

study period, on the weight of LM (Thb-2 M5: ALL = 0.77, 1df, p = 0.62) or AB adults
(Table5-2 M6: ALL = 0.89, 1df, p = 0.65), or aime proportion of femalesM (Table5-2

M7: ALL = 0.59, 1df, p = 0.56) and AB (Tabte2 M8: ALL = 2.04, 1df, p = 0.85)hat
were pregnantNeverheless,| observed a nosignificant trend for higher reproductive
successes inside the exclosures for LM and(A&ble5-3). ORL and DRCfor LM were
affected by grazing ¢#atmentTable5-2 M9 & M11) and were around 30% shorter inside
the exclosures than on the grazed control (Fig§use& Table5-3). The opposite trend was
found for AB individuals, which had larger home ranges inside the exclosures BFable
M10 & M12), however this finding is based on few data points (T&k3 and may not be

reliable.
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Model | Response Best model | Significant explanatory variables
variable
M1 Overall rodent Site Site (2): t = 3.13, p<0.01
biomass
M2 Density LM Treatment * | Site (3):t =-2.31, p =0.03
Site Treatment * Site (2): t = 2.24, p = 0.03
M3 Density AB Treatment * | Survey (after 7 months)=-1.99, p =0.06
Survey Survey (after 11 months): t2.12, p =0.05
Treatment * Survey (after 11 months):
t=2.20,p=0.04
M4 Density GM Site + Survey| Site (2): t = 3.67, p<0.01
Survey (after 4 months): t4.75, p = 0.09
Survey (after 14 months): t-2.23, p = 0.04
M5 Weight LM Survey Survey (after 4 months): t4.80, p = 0.09
Survey (after 7 months): t2.50, p =0.02
Survey (after 1Imonths): t =3.53, p<0.01
Survey (after 14 months): t-2.82, p = 0.09
M6 Weight AB Null
M7 PFLM Null
M8 PFAB Null
M9 ORL LM Treatment * | Treatment * Survey (after 7 months):
Survey t=-3.63, p=0.02
M10 | ORLAB Treatment Treatment: t = 3.34, p 0.02
M1l | DRCLM Treatment | Treatment: t =2.03, p = 0.07
M12 | DRCAB Treatment | Treatment: t=2.24, p = 0.08

Table 5-2: Summary of the models adopted for the rodent analyses inside the exclosures

and control sites. All models were fitted in R and all parameters estimated in relation to the

intercept for site 1 before grazing treatment (i.e. removal of livestock) was applied. Models

with interactions contain the components of the interactions as main effects. A null model

(Y = intercept) was fitted when no explanatory variable significantly explained part of the

variation in the response variable.
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Treatment

Survey

Rodent biomass (kg/kn¥)

LM density (ind/km 2)

AB density (ind/km?2)

GM density (ind/km2)

LM weight (g)

Exclosures
Exclosures
Exclosures
Exclosures
Exclosures
Control sites
Control sites
Control sites
Control sites

Control sites

Before

After 4 months
After 7 months
After 11 months
After 14 months
Before

Ater 4 months
After 7 months
After 11 months
After 14 months

1207.89 (+ 774.10)
836.06 (+ 432.36)
813.13 (£413.11)
1357.06 (+ 357.48)
1055.29 (+ 854.87)
1535.51 (+ 954.38)
1094.48 (+ 496.59)
443.01 (+ 361.66)
680.47 (+ 434.03)
1129.50 (+ 532.08)

6467.95 (+ 5609.12)
5901 (+ 3794.23)

4524 59 (+ 2937.68)
6098.36 (+ 3091.72)
6295.08 (+ 3309.36)
5683.95 (+ 4217.38)
6048.36 (+ 3412.99)
1180.33 (+ 1180.33)
4918.03 (+ 4626.09)
6098.36 (+ 2937.68)

783.99 (+ 195.99)
196.72 (+ 196.72)
590.16 (+ 0)
2360.66 (+1362.93)
1967.21 (+ 1040.95)
3331.97 (+ 2764.90)
983.61 (+ 983.61)
196.72 (+ 196.72)
0(+0)

1377.05 (+857.49)

640.25 (+ 294.05)
275.34 (+42.21)

386.58 (+ 169.74)
576.28 (+ 298.14)
145.92 (+ 27.83)

819.78 (+ 159.56)
474.48 (+ 181.39)
464.43 (+ 336.83)
241.62 (£ 141.92)
438.84 (+ 261.20)

112.20 (+ 5.30)
107.05 (+ 0.08)
102.84 (+12.17)
101.16 (+ 4.288)
107.14 (+ 4.22)
119.03 (+ 3.90)
108.76 (+ 3.32)
104.80 (+ 0)

99 (+ 1)

109.46 (+ 4.03)

Treatment Survey AB weight (g) %LMPF %ABPF Range LM (m) Range AB (m) DRCLM (m) DRC AB (m)
Exclosures Before 135.67 (£11.84) 78 (+23) 100 (+0) 100 (+0) NA 16.02 (£0) NA
Exclosures After 4 months 160 (= 0) 21 (1) NA 23.78 (#3.09) NA 2251 #2.05) NA
Exclosures After 7 months 156 (= 0) 84 (£13) NA 9.13 £ 9.13) NA 7.75 ®7.75) NA
Exclosures After 11 months 135.67 (+25.67) 14 (= 4) 100 (+0) 18.51 *+2.09) 18.46 (+0) 17.53 #0.56) 18.46 (+0)
Exclosures After 14 months 175.42 (£2.92) 47 (+11) 100 (+ 0) 15.95 (+1.26) 19.26 (+3.10) 15.48 (+1.73) 14.97 (+t1.22)
Control sites  Before 136.35 (+8.35) 20 (+20) 100 (+0) 21.2 (+0) 10 (+0) 18.69 (+0) 10 (+0)
Control sites  Ater 4 months 124 (+ 0) 54 (+14) 75 (£ 0) 25.69 +3.18) 10(x0) 20.69 (£0.90) 10(x0)
Control sites  After 7 months NA 50 (£ 0) NA 30 (£ 0) NA 30 (x0) NA

Control sites  After 11 months NA 67 (£34) NA 25.23 (£ 0) NA 24.59 (£ 0) NA

Control sites  After 14 months 143 (£ 13) 23 (£13) 50 (+50) 21.16 £2.09) 14.14 (+0) 19.56 £ 2.49) 14.14 (+0)

Table 5-3: Summary of rodent variables measured in both exclosures and control sites throughout the 5 surveys (mean + standard error).
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Figure 5-4: Species-specific responses of rodent populations to the removal of livestock
(from top to bottom: LM, AB and GM). Densities of each species before and 4/7/11 and 14
months after the removal of livestock are plotted in both control sites and exclosures. The
error bars represent one standard error, and the seasons (wet and dry) are indicated under

the x axis. A significant Treatment * Survey interaction is indicated by *.
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Figure 5-5: Average distance moved between recaptures (DRC) for LM is plotted for both
control sites and exclosures before and 4/7/11 and 14 months after the removal of livestock.
The error bars represent one standard error, and the seasons (wet and dry) are indicated

under the x axis.

5.3.2 Vegetation analyses

5.3.2.1 Species richness, diversity and evenness

| found the removal of livestock to have a significant negative effect on the
vegetation speciedensity (Table 5-4 M13 & Figure 5. 6 A) and on Shann
(Table5-4 M14 & Figure5.6B). | did not detect an effect of livestock removal species
evenness (Table4 M15: ALL = 0.06, 1df, p = 0.19)

5.3.2.2 Vegetation cover & height

| found that the removal of livestock led to a significant decrease in bareground
cover (Tables-4 M16 & Figure5.6C) and a significant imease in the cover &lchemilla
spp.(Table5-4 M17 & Figure5.6D), although both effects were survey specific. The cover
of grass sppwas not affected by the removal of livestddlable5-4 M18: ALL = 0.12,
1df, p = 0.27.
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Model | Response | Best model | Significant explanatory variables
variable
M13 Species Treatment +| Treatment: t =1.90, p = 0.07
richness | Survey Survey (after 4 months) : t=2.74, p = 0.01
M14 Species Treatment * | Survey (after 4 months): t231, p = 0.03
diversity | Survey Survey (after 7 months): t = 4.70, p<0.01
Survey (after 11 months): t=2.17, p = 0.04
Survey (after 14 months): t = 3.81, p< 0.01
Treatment * Survey (after 14 months): £227, p = 0.03
M15 Species Survey Survey (after 7 monthst = 3.16, p<0.01
evenness Survey (after 11 months): t = 2.05, p = 0.05
Survey (after 14 months): t = 2.39, p = 0.02
M16 % Treatment * | Survey (after 4 months): t = 2.95, p< 0.01
bareground Survey Survey (after 11 months): t =2.49, p = 0.02
cover Survey (aftell4 months): t = 2.65, p = 0.02
Treatment * Survey (after 4 months): t&79, p = 0.09
M17 % Treatment * | Site (3): t =4.33, p<0.01
Alchemilla | Survey + Treatment: t =2.12, p = 0.05
cover Site Survey (after 4 months): t4.15, p<0.01
Survey (after months): t =2.26, p = 0.04
Survey (after 11 months): t-2.68, p = 0.02
Survey (after 14 months): t-2.65, p = 0.02
Treatment * Survey (after 4 months): t =2.03, p=0.0
Treatment * Survey (after 7 months): t = 2.24, p = 0.0
M18 % grass Site Site (2):t=2.48, p =0.02
cover Site (3): t=7.03, p<0.01

Table 5-4: Summary of the models adopted for the vegetation analyses inside the

exclosures and control sites. Models with interactions contain the components of the

interactions as main effects. All models were fitted in R and all parameters estimated in

relation to the intercept for site 1 before grazing treatment (i.e. removal of livestock) was

applied.

Continuesé
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Model | Response | Best madel | Significant explanatory variables
variable
M19 %S. Treatment * | Survey (after 7 months): t = 4.46, p<0.01
meajame | Survey + Survey (after 14 months): t = 2.20, p = 0.04
cover Site Site (2): t =7.80, p<0.01
Site (3): t =9.14, p<0.01
Treatment * Survey (afte/ months): t =3.15, p<0.01
M20 % Treatment * | Survey (after 7 months): t = 2.15, p = 0.05
H.dentata | Survey + Site (2):t=2.76, p =0.01
cover Site Site (3):t=2.78, p = 0.01
Treatment * Survey (after 7 months): 224, p = 0.04
M21 % shrub | Treatment * | Survey (after 7 months): t = 4.46, p<0.01
cover Site Survey (after 14 months): t =2.20, p = 0.04
Site (2): t =7.80, p<0.01
Site (3): t =9.14, p<0.01
Treatment * Survey (after 7 months): t3:15, p<0.01
M22 Height Treatment | Treatment * Survey (after 7 months) : t = 2.98, p < 0.(
Alchemilla | Survey
M23 Height Treatment * | Site (3):t =23, p=0.&4
grass Survey+ Treatment * Survey (after 7 months): t =2.93, p < 0.0
Site
M24 Height Site Site (3) :t=233 p=0.0
shrubs

Table 6-3 (continued.)

| found the cover ofs. majame (Table5-4 M19 & Figure 5.6E) andH. dentata

(Table5-4 M20 & Figure5.6F) to be significantly lower inside the exclosures than on the

control sites (Tables-5), although the effects were once againveyr specific. The

removal of livestock had a positive impact on the heigltiohemillaspp.(Table5-4 M22
& Figure 5.7B) and grass spp(Table 5-4 M22 & Figure 5.7C) after the first full wet

season. The removal of livestock also resulted in aspigefic reduction in the cover

(Table5-4 M21 & Figure 5.7A) but not the heigh(Table5-4 M21: ALL = 0.74, 1df, p =

0.74) ofHelichrysumshrubs inside the exclosures.
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Figure 5-6 : Vegetation responses to the removal of livestock plotted for both control sites
and exclosures before and 4/7/11 and 14 months after the removal of livestock: A) species
density, B) Shannon diversity index, C) bareground cover, D) Alchemilla spp. cover, E) S.
mejame cover and F) H. dentata cover. Significant Treatment * Survey interactions are
indicated by *. The error bars represent one standard error, and the seasons (wet and dry)
are indicated under the x axis.
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Figure 5-7: Vegetation responses to the removal of livestock plotted for both control sites
and exclosures before and 4/7/11 and 14 months after the removal of livestock: A) shrub

cover, B) Alchemilla spp. height, C) grass height. Significant Treatment * Survey
interactions are indicated by * The error bars represent one standard error, and the

seasons (wet and dry) are indicated under the x axis.
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Treatment Survey Richness(sp/m 2) $ EOA OOE Guenness @)Q Bareground (%) Alchemilla spp(%) Grassspp.(%)
Exclosures Before 0.57 ¢0.07)  0.41 (+0.13)  0.51 (#0.13)  15.67 #5.14) 35.08 (+13.84) 20.50 (+10.51)
Exclosures After 4 months 0.40 (+0.03) 0.46 (+0.01) 0.53 (+0.01) 18.54 +#5.30) 24.25 (+3.28) 24.58 (£13.15)
Exclosures After 7 months 0.70 (+0) 0.70 ¢0.07)  0.62 (+0.06)  9.42 (+1.02)  43.75 (+8.94) 33.67 (+7.07)
Exclosures After 11 months 0.48 +0.07)  0.58 (+0.08)  0.60 (+0.07)  24.58 +0.87) 21.21 (+4.49) 29.08 (+7.04)
Exclosures  After 14 months 0.37 (+0.09)  0.46 (+0.03)  0.57 (+0.07)  18.92 (+7.60) 33.46 (+7) 28.17 (+6.63)
Control sites  Before 0.63 +0.07)  0.34 (+0.03)  0.41 (+0.01)  6.58 #0.79) 53 (+13.54) 26.33 (+9.74)
Control sites  Ater 4 months 0.45 +0.03)  0.55 (+t0.05)  0.58 (+0.07) 27 (+7.52) 17.13 (+2.69) 13.29 (+5.45)
Controlsites  After 7 months 0.68 (+£0.07) 0.76 (+£0.05) 0.68 (+0.03) 14.25 (#2.17) 34.50 (£9) 28.29 (+9.11)
Control sites  After 11 months 0.50 +0.06)  0.53 (+0.05)  0.24 (+0.05)  23.96 (+4.69) 30.54 (+10.65) 33.21 (+12.93)
Control sites  After 14 months 0.63 +0.07)  0.68 (+t0.05)  0.63 (+0.05) 25 (+6.13) 31 (+7.13) 28.13 (+14.69)

Treatment Survey Shrub (%) S.mejamg%) H.dentata(%) Alchemillaheight (cm) Grass height (cm) Shrub height (cm)
Exclosures Before 0.50 (+£0.29) 4.83 (+2.59) 1.42 (+1.04) 5.24 (+0.24) 6.21 (+1.21) 5 (x0)
Exclosures After 4 months 0.08 (+0.08) 3.38 (£1.65) 0.17 +0.11) 5 (x0) 5 (x0) 20 (x0)
Exclosures After 7 months 0.29 +0.29)  4.83 (t1.80)  0.29 (+0.08)  7.47 (+0.97) 12.08 (+3.44) 7.14 (+0)
Exclosures After 11 months 0.83 (+0.65) 4.96 (+2.89) 0.75 (+0.43) 5 (+0) 5 (+0) 5 (+0)
Exclosures After 14 months 0 (x0) 6.46 (+3.03) 0.38 (+0.38) 5 (x0) 5 (x0) NA

Control sites  Before 0.83 (+0.30)  2.83 (*1.36)  0.17 +0.08)  5.83 (+0.53) 5.93 (+0.93) 5 (+0)
Control sites  Ater 4 months 0.33 (#0.27) 4.29 (+2.13) 0.92 (£0.92) 5 (x0) 5 (x0) 13.75 (£8.75)
Control sites  After 7 months 2.04 (+1.61) 9.42 (+3.05) 2.54 (+2.42) 5.28 (+0.28) 5.50 (+0.25) 15.84 (£5.46)
Control sites  After 11 months 0.38 (+0.31)  4.46 +2.56) 0.67 +044) 5 (+0) 6.50 (+1.50) 8.75 (+3.75)
Control sites  After 14 months 0.92 (+0.74) 6.08 (+3.25) 1.25 (+0.57) 5 (x0) 5 (x0) 6.94(+1.94)

Table 5-5: Summary of vegetation variables measured in both exclosures and control sites

throughout the 5 surveys (mean + standard error).
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5.4 Discussion

The data collected over the first 14 months of this experiment indicates that rodent
populations can respond to the removal of livestock, particularly during the dry season
although this response may be spesiescific (Bakker et al., 2009, Jones and Longland,
1999, Blaum et al., 2007, Jones et al., 2003, Hagenah et al.,. 2@bd)not find that the
removal of livestock had a sighcant effect on overall rodent biomass (H1 rejected)
Although populations of LM and AB can respond positively to the removal of livestock, |
found their responses to be highly ssfeecific or survesspecific. GM populations did not
significantly respod to the removal of livestock, which may explain why | did not detect a
significant difference in overall rodent biomass as GM, being by far the heaviest species,
constitute the bulk of the rodent biomass. | also observed that, although overall rodent
biomass declined during the drier months (November to February) in both the exclosures anc
control sites, the decline appeared more severe in the rodent populations trapped on the graz
control plots.This may indicate that competition for food and/or inceelgsredation risk were
heightened during the dry season when resources were scarce and vegetation cover grea
reduced, and that livestock grazing during that critical period may have exacerbated the
effects of difficult environmental conditionsAs a result of their design, the exclosures have
excluded the main predator of these rodent species, the Ethiopian wolf, in addition to
livestock, so that the increase in rodent abundance may be the result of the combination o
both factors However, raptors, atleer main predator for those diurnal roderitad aerial
access to the exclosures and were therefore unlikely to have been affected by the fence
While it is difficult to quantify the degree to whidhe partial release from predators may
have contributedo an increase in rodent populations inside the exclosupedge unlikely

that ths experimental sideffectwas substantial

Smaller home ranges and higher reproductive success for LM inside the exclosures
may be an indication that resources weragarlonited (or of lesser quality) on grazed sites,
although this did not result in individuals being heavier inside the exclosures. Interestingly, |
found the opposite trend for AB individuals which had larger home ranges inside the
exclosures. This may kmn indication that livestock c@icause an increase in the quantity or
quality of resources available to some speéie=esing, 2000and that differences among
rodent species in their responses to grazing may be mediated by interactions between th
direct effects of grazing on habitat quality and spespecific habitat requiremen(Bakker
et al., 2009, Jones and Longland, 1999, Blaum et al., 2007, Jones et al., B03)

populations may preferentially respond t@mpling and soil compaction by livestgck
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migrating to ungrazed sites although larger home ranges may needntaibtained under
these conditions. Trampling is knownatfect the habitat quality for rodents by reducing the
soil suitability for building and maintaining burrow systeifi®rre et al., 2007)Heavy
grazing pressures are known to increase surfaceffuand soil lossreduce the infiltrability

of the soil on other Ethiopian rangelandsdresuls in vegetation changg9addese et al.,
2002b, Tefera et al., 2007a, Mwendera and Saleem, 1PI9& existence aduch mechanism
should betested in the BMNP afroalpine in the light that, over the {@mg, livesock-
induced soil compaction and exploitatigempetitionmay both be important factors in the

local decline and extinction of rodent populations.

While previous studies have reported that the response of vegetation and rodent
populations to the removal of livestock can be haisipacific(Eccard et al., 2000) provide
some evidence of the heterogeneous (i.e-sgigeific) nature of this response within a
particular habitat typéRosenstock, 1995hrougha significant Treatment * Site interaction
for LM . Such an interaction may be the result of unmeasured differences in livestock
utilisation, soils or other site characteristics. Rodent populations are known to exhibit large
magnitude, geographically synchronous fluctuations, including temporary local extinctions
(Brown and Zeng, 1989Y he lack of grazing impact on some sites could reflect the small size
and isolation of ungrazed patches which matyhrave provided big enough suitable habitats

to detect significant differences in overall rodent (Bs®wn, 1987)

Looking at the concomitant changes in vegetation composition and strudcioued
someevidence thatheimpacts of livestock on rodent densit@®concurrenwith changesn
the vegetationl found a higher species richness and diversity in the grazed control sites
compared to inside the exclosures (H5 supported), accompanied by a reduced &ver of
mejane and H. dentatainside the exclosures after 7 months of livestock exclusion. Both
findings are consistenwith other studiesn which exclosure harboued more abundant
specieghanopen plotswhich hadmore rare and occasional spedi@ba et al., 2001)and
highlight the role livestock can playespecially in nutrieatich systems(Proulx and
Mazumder, 1998) in favouring the creation of niches for colonising @ps (OIff and
Ritchie, 1998, Veen et al., 2008)detected a significantedrease in bareground cover only
after 4 months of livestock removal (H6 partially supported) although a similar trend was
observed after 7 months and after 14 months. Bareground cover at the end of the first dn
season (after 11 months) was similar inhbekclosures and control sites, and tended to be
lower inside the exclosures during the wetter months. This may suggest that vegetation ha

enhanced capacities to respond to rainfall availability under ungrazed conditions. | also founc
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that, after one fullvet season (after 7 months), the removal of livestock had a positive impact
on the height ofAlchemillaspp. and grass (H7 partially supporteti)is however unclear
whether grazing rodents are responsible for the decline in vegetation height betwée mon
and month 11 (corresponding to the length of the dry seaksalso foundthat shrub cover

was higher on the grazed sites than inside the exclosures (H8 supported). While the recover
of grassesnay be relatively modest, it magtill be ecologicallysignificantin protecting the
rodents from predators, particularly raptdia example(Valone and Sauter, 2005, Jones et

al., 2003, Birney et al., 1976, Peles and Barrett, 1996)

The key conservation implicatis of this study relate to the endemic nature and
patchy distribution of the rodent populations as well as the indirect impact livestock grazing
has on their predators which are themselves rare and/or threatened. Excluding livestocl
grazing on parts of Bae Aichemilldgrass pastures, especially during the drier months, could
benefit rodent populations, as this study shows that some species do respond to livestoc
removal after only a few months. However, the-sjiecific nature of rodent and vegetation
response to the removal of grazing illustrates the necessity to consider management options
the landscape level such as the impact assessment of grazing treatment may not produ
significant differences at a smaller habisatle(Alzerreca et al., 1998, Stohlgren et al., 1999,
Kelt and Valone, 1995)The increase in rodent density, although spespesific, could be
beneficial to Ethiopian wolves and raptors by providing increased prey resources especially
during the drier months when Ethiopian wolves raise their p(f#ero-Zubiri and
Macdonald, 1997)The ban on livestock grazingould also result in taller vegetation,
especially during the wet season, which may reduce the predation success of both wolves ar
raptors and therefore | imit the predators
nontlinear, despite increasimgdent biomass. While sociological and epidemiological factors
are likely to affect Ethiopian wolf population growth at high dengitgllents, 2007) a
livestock ban remains likely to result in a subsitdnncrease in wolf carrying capacity in
Weband improvehe longterm conservation prospect for that particular population of wolves

and of this endemic arehdangered species as a whole.
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6 Limits to exploitation: Modelling the impact of

livestock grazing on Ethiopian wolves and their

prey in the Bale Mountains, Ethiopia.
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6.1 Introduction

African rangelands illustrate vividly the challenge of balancing biodiversity
conservation with sustainable development. They support around 230 million cattle, 246
million sheep and 175 million goatsAO, 2007b)as well as very large wild herbivore
populations, yet are mostly located in arid and sama systems, with low and erratic
rainfall and harsh environmental conditions. There are significant associations between
human population density and biodiversity hotspots in Affigamford et al., 2001, Sachs
et al., 2009)inside which conflicts overatural resources are frequéStewart, 2002)and
often centred on contested acceskial resulting in clashes between wildlife conservation
interests and rural livelihood@eluso, 1993) Competition for grazing and water is
increasing, and conflicts between wildlife managers and livestock owners are growing as
pastoralists are increasingly settling in the vicinity of, or inside, protected areas. The main
factorsdriving this transformation in landse patterns are increasing human demographic
pressure, consequent expansion of cultivation, and a reduction in rangeland resources
through privatisation for commercial agriculture and ranchiMgcdonald et al., 2006,
Macdonald and SillerZubiri, 2004)

Acting on these concerns, conservation policy has sought to protect as extensive &
set of areas as possible. The past three decades daneas500% increase in land
designated as protected areas for nature consen@ti@N, 2003) In Ethiopia alone,
there are today 10dationally designated protected areas, the most important of which is
the Bale Mountains National Park (BMNP)
The Bale mountains represent the largest area of afroalpine habitat over 3000m in Africa
(valden,1983) and form part of Con sfomontane hotsspot | n
(Brooks et al., 2004)harbouring a diverse array of endemic and rameg#icted species,
including the largest remaining populations of Ethiopian wol@sn{s simensjs The
Ethiopian wolf is the rarest canid in the world, with a total remaining popuolati less
than 500 individuals, limited to seven isolated ranges across the Ethiopian highlands
(Marino, 2003b) Ethiopian wolf core ranges in BMNP are located in the Web valley,
Morebawa and on the Sanetti plateau. Ethiopian wolves are at the top of one of the mos
simple, yet critical, food chains in the afroalpine of BM{&#llero-Zubiri et al., 1995b)
where wolves prey upon the diurnal fossorial rodent fauna, especially the endemic giant
molerat, Tachyoryctes macrocephaluand two species afurine rodentsArvicanthis
blicki andLophuromys melanonyXhese species represent an estimated 46.6%, 26.7% and
15.5% of t he wol ves 6 d&illero-Zulfirband Gotbelli,uL898)) r
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These rodents are primarily herbivorous, feeding primarily on the above ground structures
of grasses and flowering plant&l¢hemilla sppin particular) on the afroalpine pastures
(Yalden, 1988)

Ethiopian wolf populations have been affected by diseases spilling over from
domestic dog populationSillero-Zuberi et al., 2004, Raad et al., 2006) but livestock
grazing, through its i mpact on the wolve
profound longterm threat to their persistence (Nievergelt, Good & Guttinger, 1998,
Ashenafi, 2001, Stephens et al., 2001). Livdsuabensity estimates for 2007/2008 based on
distancesampling along 500km of transects throughout the three main wolfasgies
(Chapter 3showed the densities of cattle and caprines (sheep and goats) in the Web valley
to be c. 195 tropical livestock usifTLU).km? (95% Cl: 125325 TLU.km?), c. 149
TLU.km™ (95% ClI: 69342 TLU.km?) for Morebawa and 49 TLU.ki(95% ClI: 13194
TLU.km™) for the Sanetti plateau in 20@D08 (1 TLU = 1.5 cattle, 11 sheep/goats or 1.5
horse/mule/donkey (Boudet and Raxe, 1968)). It has been shown that rodent biomass
significantly declines as the livestock numbers increase along a grazing g(&tiapter
4) and that rodent populations increase in response to the experimental removal of
livestock grazing from insidexelosuregChapter5). Such experiments have also revealed
some evidence that the impact of livestock on rodent biomass is concurrent with changes i
the vegetation. In particular, the removal of livestock has a positive impact on the biomass
of Alchemillaspp. and grasses, and results in smaller home ranges and higher reproductive
success folL. melanonyxan indication that resources may be more limited for some

rodent species on grazed si(€hapters).

As human activities play an increasingly impattaole in affecting ecosystem
processes, the ability to predict the direct and indirect effects of these impacts becomes :
priority. Food webs provide insight into the trophic structure and energy flows of
ecosystems, the factors affecting trophic dynamigs well as the trophic effects of
disturbancegPauly et al., 2000, Tsehaye and Nagelkerke, 20@8gh of the large body
of theoretical wor k on f ovwdl tweerbrsa digimeclmand
ecological models fom species(Lotka, 1925, Volterra, 1926)While LotkaVolterra
models can be complex enough to exhibit dynamical cli@idpin, 1975) they often
exhibit stable equilibria allowing food Weanalyses to focus on equilibrium behaviour.
Perturbation experimen{Bender et al., 1984)n which one or more species densities are
altered and changes in the density of other species in the communities are observed, a

widely viewed as a revealing probe to elucidate interspecific interactions angastici
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human impacts on ecosystef¥odzis, 1996, Schmitz, 1997pustainability can then be
evaluated i n t er nowithsthnd distushgnsdii@limg) E073nthat it 1 t vy
the capacity of aystem to absorb change while preserving its structure and dynamics.
There are two common ways of measuring this property: stability and resilience. A number
of sometimes contradictory meanings have been attached to both those terms. Here we wi
usestabii ty as Athe propensity of a (Blollingt e m
1986) While the concept of resilience has often been used to describe many different
properties of a system, we wihicHdistdreahce cap r

be experiencedo whil e st i Isdnsutolirtgad973).i ng an

In the following models, we explicitly look at the potential effects of exploitative
competition between livestock and rodents for primary produatidche BMNP ecosystem
and its possible repercussions on trophic levels higher in the food chain. The dynamic
trophic models developed provides a framework for the objective examination of biomass
flows and standing crops, an approach rarely adopted whesidering these questions.
We apply LotkaVolterra (LV) and norV predatorprey models to explore the
interactions between trophic levels and their response to disturbance by livestock. We ther

use the models to answer the three primary questions:

e Whati s t he i mpact of increasing | ivest

and resilience?

e Does this impact depend on the type of functional response that link the different

trophic levels?

e Do livestock densities estimated to exist in the Web valley, boowa and the
Sanetti pl ateau exceed our model sb6 e

threatening Ethiopian wolvesod .persi st

6.2 Materials & Methods

6.2.1 General model

We explore the dynamics of at@®phic level model wére biomass (kg) per unit area
(km™) of vegetation (), rodents () and wolves (%) is represented by a set of ordinary

differential equations:
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d;<tv = bvxv _avvx\/2 _Cr (Xv)xr _CL(XV)L Equation 6-1
dX 2 ,
=X, —a, X7 ,C, (X)X, ~Cu(X )X, Equation 6-2
dXw 2 .
T:—waw—awwxw‘f‘lfwrcw(xr)xw Equation 6-3

The parameterb; are the rates of eimge of biomass in the absence of other trophic
levels (kg.knf.yr') and therefore positive for vegetation, and negative for rodents and
wolves. Theg; terms govern the density dependence at each trophic leisethe biomass
of livestock (kg.krif) andis assumed to be imposed on the landscape and not subject
directly to the trophic dynamics so is represented as a pararagterithe conversion

efficiency of biomass from th&' level to thei™.

Ci describes the functional response that relatesndss consumption per kg of
consumer per year to resource availability. In this model there are 3 such functional
responsesC;(X,) I the biomass of vegetation consumed per kg of rodent as a function of
the biomass of vegetatiorG (X,) i the biomass of \getation consumed per kg of
livestock as a function of the biomass of vegetation; @) i the biomass of rodents
consumed per kg of wolf as a function of the biomass of rodents. We investigate
combinations of these functional responses, assuming tihdxa either type 1 (linear) or
an extreme version of type 2, where per capita consumption is independent of resource

availability so long as resource is available at all.

6.2.2 Parameterization

All coefficients are expressed as wet biomass unless statezgtwib. We

parameterize functional responses by considering an equilibrium state of the system in

which wolves (X_ ') are present at a biomass density of 30 kg.kanwolf weighs ~14kg,

and are often observed at densities & Rm?, Sllero et al., 1994); rodentsX"), a
mixture comprising grass rats and giant mole rats, present at a biomass density of 286!
kg.km% and vegetation X ') at 385,000 kg.kf (Asefa et al., 2003, Mwendera et al.,

1997, Woldu, 1986, Yayneshet et al., 2003Wolves are assumed to consume an
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equivalent biomass of one giant mole rat (0.62 kg) per day, l@fceé ') = (0.62/14) x
365 = 16.16 kg.km.yr'. Rodets are assumed to consume a biomass of vegetation

equivalent to 20% of their own biomass, he@geX ') = 0.2 x 365 = 73 kg.kifiyr™.

With type 1 functional responses, as assumed by classical-Votierra dynamics,
Ci(X) = a; X, anda; = (X, ')/ X;', and consumption rate depends linearly on the
availability of the resource. In the case of the extreme type 2 functional response,
consumption is independent of resource availability and fat&i( X, '). In this case it is

assumed individuals compensate for resource scarcity by increased effort in acquiring
resources. Obviously there are limits to such compensation, but the intention here is tc
bracket reality- the real functional responses will likely lie someway between these two

extremes.

The trophic efficiency parameters, and a,, are assumed to be 5% and 10%
respectively (Grodzinski and French 1983, Colinvaux and Barnett 1979)b; Tdrens are
estimated assuming a doubling time for vegetation (at low densities) of 1 month, and a
half-life of rodents and wolves of 1 mth and 6 months respectively. Tageterms are
then the only remaining unknown parameters and can then be solved assuming the syste

to be at equilibrium and setting the right hesides equal to zero.

Livestock grazing pressure is modelled as TLUsheaquivalent to 250kg and

requiring 2,300 kg.yt of dry vegetation biomass. Thus assuming a-avgtconversion
factor of 2.2 (Le Houerou and Hoste, 197@)( X,") = 2,300 x 2.2/250 = 20.44 kgyr

We examined how the system responded range of grazing pressures equivalent to
between 0 and 200 TLU .Kfm

Table6-1 provides a summary of the parameters used in the trophic models as well

references for the empirical work they are based on.
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Parameters Estimates Referernces

aw (km”.kg.year") 0

aw(km?.kgt.year) 0

a, (km®.kg'.year) 0

a, (km?.kg™.year') -1.7*10* a,cefgij&k
an (km*.kg™.yeart) 9.5*10° a,cefj&k

a,r (km*.kg™.yeart) -1.9*10* a e fj&k

aww (km*.kgt.year?) -7.5%10° b,g&h

awr (km?.kgt.year?) 5.6*10* a&g

a, (km?.kgt.year?) -5.3*10° a,d e j&k

an (km?.kg'.year’) -1.9%10° a,eqgj&k

aw (km?.kg.year?) -5.6*10° g

by (kg.knt.yeaf’) 7.82 a e j&k

br (kg.kn?.year") -3.00 i

bw (kg.kn?.year") -1.39 h

Table 6-1: Summary of trophic model parameters: point estimates for the instantaneous

growth rates (b;) and per capita species effects (a;) as used in the trophic models. Empirical

work and data on which parameter estimates are based are referenced as follow: a) (Asefa
et al.,, 2003); b) (Colinvaux and Barnett, 1979); c) (Grodziflski and French, 1983); d) (Le
Houérou and Hoste, 1977); e) (Mwendera et al., 1997); f) (Rubal et al., 1995); g) (Sillero-
Zubiri, 1994); h) (Sillero-Zubiri and Macdonald, 1997); i) Chapters 4 & 5; j) (Woldu, 1986);

k)(Yayneshet et al., 2003)

6.2.3 Model analysis

We set out to examine how grazing pressure changes the biomass of vegetation

rodents and wolves at equilibrium. Of particular interest was the grazing prdssuret

which wolf biomass could no longer be sustained. We also examined the stability of this

equilibrium point.
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Model 1 (M1) assumed that all functional responses were type 1, and under these
assumptions the model (in the absence of grazing) takes the simpleVait&aa form.

The equilibrium points X*) can be recovered by inversion of the interaction mafix

(containing thea; elements) and multiplication by the vectdr (containing theb;

elements): X" =A™b. We also evaluated the local stability of these equilibrium points
(conditional on their feasibility<; > 0 for all i) by examining the dominant eigenvalue of

the appropriately formulated Jacobian matdy evaluated aiX” .

We examined 4 models variants:
e M2: Similar to M1 except that the impact of livestock grazing on vegetation was
modelled according to a type 2 response.
e Ma3: Similar to M2 except that the impact of eod grazing on vegetation was also
modelled according to a type 2 response.
e M4: Similar to M2 except that the impact of wolf predation on rodents was
modelled according to a type 2 response.

e Mb5: All functional responses were type 2.

With the introductn of alternative noitype 1 functional responses the model loses its

Lotka-Volterra form and the equilibrium is most easily evaluated computationally.

Sensitivity and elasticity analyses were performed on the paramabtais which there

was the greatesincertainty: by, by, b, and X .

6.3 Results

Equilibrium biomasses of the different trophic levels responded differently to
increased disturbance by livestock depending on the type of functional responses (Fig
6-1). Equilibrium bionass declines steadily with increasing grazing pressure, but more
quickly when rodents maintained a type 2 response to vegetation (models M3 and M5,
Figure 61A). If rodents and wolves exhibit a type 1 response (as in M1 and M2), both
populations steadily etline as a result of increasing livestock grazing pressure on the
vegetation (regardless of the type of functional response exhibited by livestock). If rodents
exhibit a type 2 response (as in M3 and M5), the consumer species remain unaffected b

increasng livestock grazing pressure as populations of rodents and wolves stay close to
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their initial equilibrium until the vegetation biomass crashes. If wolves exhibit a type 2
trophic response (as in M4), the predators remain largely unaffected by increasing
livestock grazing pressure with densities close to their initial equilibrium until the rodent
population crashes (Rige 61B andC).
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Figure 6-1: Changes in the equilibrium biomasses of vegetation (top), rodent (middle) and

Ethiopian wolves (bottom) as livestock density increases under all five model scenarios.
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The analyses of all five models indicated that the equilibrium was locally stable
whenever it was feasible (i.e. biomass at all trophic leve®y,>but depending on the
functional response linking the trophic levels, increasing livestock grazing pressure could
push the system into a less locally stable stagu(Ei62 ) . The systlLgmos
for the LV model (M1) is estimated at 41 TIKh? (Table 6-2). By numerically
integrating the differential equations (#ions 61,6-2 & 6-3), we can also obtain
esti mates of t h eLmnas prstheenor\d modetss2b |(Tialder6R)e |
Maximum resilience to disturbance by livestock (117 Thro®) was achieved under
scenarios where rodents exhibited a type 2 response to vegetation availability, regardless c
the wolvesd functional response to roden
wolves exhibited a type 2 response but theieypa type 1 response to vegetation
availability. The likely true functional response of the consumer species in our trophic
chain lies somewhere in between those two extreme scenarios and so we expect th
systembs true resil i enTL.km?dor lafioapind mastues e n
stocked with livestock densities similar to the Web valley (195 TLU kie. Lnsy), time
to local extinction for Ethiopian wolf packs was estimated between < 1 year (M2, M3, M4
& M5) and 5 years (M1).

Trophic responses

Model Livestock Rodents Wolves L max

M1 Type 1 Type 1 Type 1 40 TLU.km?
M2 Type 2 Type 1 Type 1 38 TLU.km?
M3 Type 2 Type 2 Type 1 117 TLU.km?
M4 Type 2 Type 1 Type 2 32 TLU.km?
M5 Type 2 Type 2 Type 2 116 TLU.km?

Table 6-2: Summary of five trophic models with the type of trophic response assumed for
each consumer species. The resilience of the food chain (L) represents the maximum
possible sustainable livestock density parameters before wolves are eliminated from this

food chain.
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Figure 6-2: Changes in the dominant eigenvalue (Amax) of the Jacobian matrix governing
the equilibrium point (in which wolves are represented) for each of the five trophic models
as livestock density on the afroalpine pastures increases. Models 1 and 2 both predict that
the stability of the equilibrium point is steadily reduced as grazing pressure increases.
Models 3 and 5 predict no change in the stability of the equilibrium point until Lmax is
reached and then the food chain suddenly collapses. Model 4 exhibits intermediate
behaviour. The arrows indicate the average livestock densities in the three wolf sub-
popul ationsdé ranges fttrigh):ahe/Sanétd gBlatead, Marehawla and the
Web valley.

Uncertainty in the esti mat e Ifrestlteden wo |
the biggest difference in the estinbgikbe o0
overestinated by 5%, the resultingmax Will be underestimated by 12%. Similarly,

uncertainty in the estimate bf resulted in >5% difference ibynaxWhile b, and X; were

found to have little effect on the resilience of the system. We pertbrseasitivity
analyses on all four parameters under both extreme scenarios M1 and hte @3y. In

M1, an increase in the instantaneous growth ratesb{f@nd b, this means being more
negative) results in an increadagl, with the effect being mongronounced (contours are
tighter) forb,,. However, under M5, the systebpdbs |

andb; , although biologically plausible food chains did not exist for some combinations of

parameters (horizontal zero contour). An inseein vegetation equilibrium biomasX )
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has a positive impact dnyax under both M1 and M5 (tighter contours suggest even more

so for the latter).
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Figure 6-3: Contour plots showing the predicted Lo under the both extreme scenarios. M1
(left- all type 1 trophic responses) and M5 (right- all type 2 trophic responses) as a function

of b,, and Xv b, and X;l and b, and Xv The stars indicate parameter estimates used in

the trophic models.
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6.4 Discussion

6.4.1 Response of afroalpine food chain to disturbance by

livestock

We have used a simplified representation of the food chain supporting the largest
remaining population of Ethiopian was to explore the sensitivity of trophic dynamics to
increased levels of grazing pressure resulting from the increased use of the rangelands i
this ecosystem by domestic livestock. Depending on assumptions about the shape of th
functional response gowvang the grazing behaviour of rodents the models indicate that the
syst emos Ln@he maximennderesity of livestock that can is consistent with the
maintenance of even a single pack of wolves), lies between 32 and 117 TLUken
Web valley andViorebawa are currently stocked at an estimated 195 and 149 TIPU.km
respectively, and therefore lie outside of the models projected sustainable range. The
intensity of grazing pressure is illustrated by the fact that the model estimates the ratio of
primary productivity consumed by livestock relative to that consumed by rodents to be
between 4.8 and 5.9 for the Web valley for the current stocking rate. The model outputs
suggest that both systems, in their current state, may already be unstable whileettie Sa
plateau (49 TLU.kM) , currently | ie within our res
results of the sensitivity analyses suggest that, under the M1 scenario, both the Web valle

and Morebawa would still be overstocked fot, = 840,000 kg.kif, the maximum

Ethiopian afroalpine vegetation biomass density empirically recofuéaldu, 1986)

However, under the M5 scenario, current livestock densities could be sustainable in both

areasforXx,O 617, 060 kg. km

Estimates of the maximum sustainable livestock stocking rates for all three ranges
can also be calculated using a si m@ad9782 mo
linking primary productivity to rimfall data in these aredq¥ial, 2010) Le Houérou and
Hostebds (1977) mo d e | predicts a34sTuskmai n a
for the Web valley, Morebawa and the Sanetti plateau respectively, estimates that fall

within our resilience fienvel opeodo for the
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6.4.2 Methodological considerations: model and assumptions

The estimate olax is based on the assumptioraththe primary productivity
across all three wolf ranges are equal. However, the Sanetti plateau is a less productiv
system as shrubs constitute the main vegetation type on the plktedne and Miehe,

1993) but an estimate for vegetation carrying capacity in afroalpine shrublands could not
estimated with any confidence. It is therefore veryljikbat L4, for Sanetti is lower than
the one predicted by this trophic model,

closer to an unsustainable condition than currently anticipated.

Little is known about the basic biology and ecology of teenponents of the
afroalpine trophic chain modelled here, making it difficult to estimate accurately the per
capita species effects and their instantaneous growth rates for the different trophic levels
The results of the sensitivity analyses suggest thare accurate estimates of the
afroalpine vegetationb(), rodent b)) and wolf @,) instantaneous growth rates and of the

afroalpine vegetation equilibrium biomasx () for the three wolf ranges in BMNP should

be a priority.

Knowledge of functional responses governing trophic interactions is critically
important to applied aspects of predgpoey biology. While this knowledge is not
available for the species making up the trophic chain described above, the literature can b
usedto provide some guidance. Specialist predators, such as the Ethiopian wolf, tend to
exhibit a type 2 functional response with a curve rising rapidly as prey density increases
(Andersson and Erlinge, 1977¢ven when these predators are solitary hunters, as for
example the Eurasian lynmtynx lyny (Nilsen et al., 2009) However, all three major
types of functional responses have been observed invbesbs small mammals
(sometimes within the same spec{$inger and Rejmanek, 2009)from a linear intake
rate (type 1) in brown lemmingdtémmus sibericys(Batzli et al., 1981)to a type 2
functional response in whiteoted mice Peromyscus leucopus)Lpredating on moth
pupae and a type 3 in the same species predating on sunflower(Ek&uon et al.,

2004) Since the three main rodent prey species were clumped into one rodent trophic
Ancl ass o simplifyothedseperficial @escription of the food chain dynamics, this

mod el only allows us to |l ook at the resp
of individual species to changes in resource availability. If the rodent class mostly
speciaises on a few plant species or specific plant parts, it may be best described by a type

2 functional response. However, if the rodent class is more generalist and can switch to at
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alternative prey type if it is more abundant (such as invertebrates fomtre
insectivorous species such lsmelanonyy then the functional response adopted may

take a concave form over some range of resource availability (type 3).

Vegetation was also modell ed as one t
model he shift in species composition and/or diversity that is usually associated with
livestock grazing(Diaz et al., 2007, Milchunas and Lauenroth, 199Blpwever,
her bi vor e spacityisanotr splelyndgpendent on vegetation biomass but also on
vegetation type and condition, based on foliage cover and botanical composition, as well a:

the nutritive value of the pastu{®quires and Bennet, 2004)

Similarly, the predictions of the model are based on the assumption that Ethiopian
wol vesd diet i s fixed and consi sts exc
especially camls, are known to display functional responses to variation in prey
availability (Fedriani et al., 2001, Farias and Kittlein, 2008, Eide et al., 2004g¢h
differentiation can be enhanced when hurmatuced changes land use increase spatial
heterogeneity in prey availabilifPia et al., 2003)In Bale, the contribution of different
species of prey to the diet of the Ethiopian wolf correlates with abundanceydBilero-

Zubiri and Gottelli, 1995)Circumstantial evidence also suggests that wolves may predate
more frequently on livestockr become crepuscular or nocturnal when human interference

is severe in densely populated ardbarino, 2003a) As a result, we are likely to
underestimateX, by assuming that Ethiopian wol ves

possible that by changing their diets ispense to diminishing rodent densities, Ethiopian
wolves may be more resilient to an increase in livestock density than currently shown by

this model.

The absence of loAgrm baseline monitoring of rodent densities and vegetation
condition precludes angssessment of changes in the state of this ecosystem since the
advent of the high grazing pressures recorded on parts of the Ethiopian wolf range in
BMNP. The ability of these populations to recover from disease, and the rapidity of their
recovery, is limied by the formation of breeding units, and subsequent recruitment of
young to the populatioMarino et al., 2006)itself largely determined by prey abundance
(Tallents, 2007)Historically, the Web valley has supported the bajhwolf densities in
the BMNP and wolves there have until recently recovered from periodic rabies outbreaks
suggesting that past conditions have supported positive wolf population growth rates.
However, the models suggest that the ltergn persistence oWwolves there (and in
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Morebawa) may not be compatible with current grazing pressures with estimated times to
local extinction between < 1 year (M2, M3, M4 & M5) and 5 years (M1).

This projection is evidently at odds with the continuing presence of woivite
Web valley and Morebawa, and there are two possible explanations for this. The first is
that the models structure or parameters are simply wrong. We have parameterized thes
models the best we can given the available data, and we have conduetege aof
sensitivity analyses to explore the consequences of our uncertainty, but the model is a onl
a first step. Given the absence of more detailed information, analyzing a simple model is &
useful prerequisite to the inclusion of greater complexity @mremains possible that a
more detailed treatment of primary production, seasonality, space, and the taxonomic
grouping of plant and rodent species might lead to different conclusions. The second is
that the system is in transition and moving towalasstate that the models predict given
the heavy grazing pressure. Legm transients are an anticipated property of some types
of ecological systenfHastings, 2004)but all the models analyzed here predict a time to
extinction of less than 5 years, with models that assume type 1 functional responses takin
longer han those that assume type 2. We are, however, cautious in placing too much
confidence in these transients which may very well be sensitive to assumptions about

seasonality and the lack of an explicitly spatial dimension.

6.4.3 Management implications

Househdds in Bale are reliant on the environment, particularly on access to
commonlyowned grazing areas and rivers, to support the health and reproduction of their
domestic livestockFlintan et al., 2008)Traditional land use practices by pastoralists can
be less detrimental to the environment anore sustainable than other types of land use
such as agriculture or illegal resource harvestiBgyd et al., 1999, Perkin, 1995)
provided that the economic return derived from livektproduction remain profitable to
those societieCDC/FZS, 1997)and that pastures are correctly managed to avoid
irreversible shifts in vegetation and the fall in productivity that e¢aie de Koppel et al.,
1997) The models suggest that monitoring of the species at the top of afroalpine food
chains may not always be informative of the ecological changes happening at lower trophic
levels. We show, in this example, that if consumer species exhibit type 2 functional
resnses, their populations may be maintained close to unperturbed equilibrium levels for
a long time even when vegetation biomass has been greatly reduced as a result of grazir
disturbance by livestock. Such dynamics makes it difficult to predict populatashes
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and/or local extinction of Ethiopian wolves. While the monitoring of this predator species
of great conservation interest remains important for early detection of disease outbreaks fo
example, we would recommend setting up a regular monitorisigrsyof the afroalpine
vegetation and its productivity in order to be able to foresee dramatic shifts in the stability

of this trophic chain.

Despite its methodological simplicity, the trophic model produces output which
allows us to assess the area8BINP that are likely to be currently overgrazed and those
that will be particularly sensitive to future increases in livestock numbers. This approach
provides a first step in evaluating the seriousness of likely conflict between resident

pastoralist commutes and the ecological processes taking place in the Bale Mountains.
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7 Predicting livestock habitat use in the afroalpine
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7.1 Introduction

7.1.1 The relevance of livestock habitat use patterns

Livestock grazing has major impacts on native biodiversibd ecsystem
functioningthroughout the worldDe Vries et al., 2007, Diaz et al., 2007, Milchunas and
Lauenroth, 1993)Consequently, understanding the spatial and temporal dynamics of
landscape use by livestock is a#@l for multispecies rangeland management
(Cougheour, 1991, Senft et al., 1987)For example, interspecific interactions between
wild and domestic ungulates have been shown to influence the spatial behaviour of the
former, particularly when domestic animals outnumber their wild countdiipaidi et al.,

2001) The displacement of wild herbives by livestock may result from competition for
food, especially at times when such resources are lingBadestha and Wegge, 2008b,
Voeten and Prins, 1999)r the active avoidance of disease/parasites transmission
(Fankhauser et al., 2008Fattle have beerhewn to displace elkGervus elaphysand
reduce vegetative cover essential for fawning habitat for mule @eeicbileus hemioniis

in North Americanmeadows(Loft et al., 1991, Wallace and Krausman, 198and
compete with bharaRseudois nayagrfor foragein the HimalayagShrestha and Wegge,
2008b) Smaller stock, such as sheep and goats, also have the capacity to displace wilc
herbivaes such as the endangered Tibetan arg@vi§ ammon hodgsoniinto less
productive habitafNamgail et al., 2007)

Livestock may also modify habitat suitability for a suite of smaller species such as
rodents (Schmidt et al.,, 2005) invertebrates(Kruess and Tscharntke, 2002pirds
(Coppedge et al., 2008)eptiles(Castellano and Valone, 2008hd fish(Bayley and Li,

2008) As such, mapping habitat use by livestock and understandingriviers behind

their distribution should be part of conservation planning when domestic animals pose a
threat to rare or endangered spedigshnson et al., 2004 Although the collection of
extensive datasets is tirsensuming and the specialised analyses required to produce such
maps rapidly become complex, this knowledga ultimately serve as a powerful tool in

the design and placement of ecological reserves, in mitigating development, directing
remediation efforts and planning further reseaf€lather et al., 1998)Even in areas
where livestock does not pose a treat to native wildlife, uneven grazing and trampling by
livestock onto pstures may still ba key factorunderlyingland deterioratior{Hiernaux,

1998, Hiernaux et al., 1998nd an understanding of livestocistdbution may contribute

to evaluatinghe sustainability of grazing systems
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Resource use patterns are a consequence of the influence of selection on survive
and reproduction which determines fitness in various hal§iatsthwood, 1977)n many
environments, forage, water, minerals, or resting places are not uniformly dispersed anc
physiological constraints may demand that herbivores centre their activities in the vicinity
of important resourceStuth, 1991) As a result, general relationships have been observed
between habitat characteristics and patterns of grazing usgBésks and Putman, 1981)
for review). Permanent surface water is usually naturally restrioteamany rangelands
and can providea limit to the density of herbivorethat @an be sustained in a particular
area(James et al., 1999)ndeed, distance to water is recognised as ondefntost
important predictors of livestock distribution patterf#dler and Hall, 2005, Andrew,
1988, Fernande@immenez and AlleiDiaz, 2001, Gonnet et al., 2003, Nash et al., 1999)
followed by the distribution o$alt/mineral source@iartin and Ward, 1973)0ther abiotic
factors such as degree of slag@anskopp and Vavrd,987)or the presence of fences or
natural barriers (e.g.: rocky surfaces, steep terrain, dense woody vegdtatilmchek et
al.,1999bot h af fect past ur e ¥hé neadootlieestack tb mdintain y
their body temperature within a thermal neutral zone strongly influences their distribution.
Microsite characteristics, such as the presence of shade and/or windywakeetanimals
rest and can affect where they gréizgnch et al., 1992)Grazing animals spend more time
in patches and plant communities that are higher in forage quality and quBiaiigy et
al., 1996, Senft et al., 198%iparian zones often receive heavy use because they provide
water, shade, thermal cover, and a productive source ofquiglity forage. Animal
factors, such as species and breed of anjhhatbel et al., 1967, Lynch et al., 199anhd
knowledge of the are@Bailey, 2005)also play an important role in deciding where to

graze.

The wide availability of geographic information systems (GIS) facilitates the study
of selection of multiple habitat variables by animgBrock and Owensby, 2000,
Kawamura et al., 2005, Rutter et al., 199When linked to the multitude of recent
statistical developments in timeodellingof habitat selection (for examp(€alenge et al.,
2005, Freitas et al., 2008, Gillies et al., 2006)IS offers a ugefriendly visual framework
with which to understand both speclesbitat associations and derive habitat suitability
maps. For example, resource selection fonst (RSF)are statistical modelthat offer a
guantitative characterisation of resource (Beyce and McDopald, 1999, Manly et al.,
2002) RSF can accommodate virtually any type of resource being selected, including both

categorical and continuous variables, and can be interfaced with GIS to facilitate rapid
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analysis and use of remote sensing d&ayce and McDonald, 1999, Erickson et al.,
1998)

RSF have been employed to provide gl for conservation, for example
examining the avoidance of human activity by individual wolv&an{s Ilupu}¥
(Hebblewhite and Merrill, 2008pr determining important habitats for the mountain
caribou Rangifer tarandus in which forest harvesting anduman access should be
managedJohnson et al., 2004Few attempts have heenade to derive habitat selection
models for livestock within African ecosystems ($€®ppock et al., 1986, Fritz et al.,
1996)for example) and even fewer attempts have been made to assess their utility to real
world policymakes. Sitters and colleaguéSitters et al., 2009provide an example of
how spatial distribution data for wild grazers and cattle in Kenya can be used to inform
rangeland management. The study showed spatratipning by livestock and wildlife in
the use of permanent and seasonal water bodies, but not in their forage reJdweyges.
conclude that pastoralist decisions play an important role in the interactions between
livestock and wildlife in African savams and that herd mobility is a key component in

supporting sustainable use of resources for both wildlife and livestock.

7.1.2 The afroalpine and rodents of the Bale Mountains

The Bale Mountains |ie between 06A416
soutkern highlands of Ethiopia. They represent the largest area of afroalpine habitat over
3000m in Africa(Yalden, 1983) and f orm par't of Conseryv
afromontane hotspdiBrooks et al., 2004)harbouring a diverse array of endemic and
rangerestricted species. The giant moleraag¢hyoryctes macrocepha)jy81 i ck6s ¢
rat (Arvicanthis blick) and the brusffurred mousel{ophuromys melanonyare endemics
restricted to the southern highlands of Ethioffalden, 1988) These fossorial diurnal
rodents are of great ecological importance as the dominant wild herbivores within the
afroalpine ecosysterfSillero-Zubiri et al., 1995a)They are important components of the
diet of a diverse guild of diurnghptors which inhabit the Bale masgiflouet etal., 2000)
However, these rodents have been most closely studied as the main prey of the endangert
Ethiopian wolf Canis simens)s Giant moleratsalso have an important secondary role in

the afroalpine as ecosystem enging¢éedlents, 2007, Yalden, 1985)

The Bale Mountains National Park (BMNP) was established in 1969 to protect the
endemic mountain nyaldl{agelaphus buxtohiand Ethiopian wolf and c. 2,200 krof
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montane habita upon which they depen¢Hillman, 1986) Although, six isolated
populations of Ethiopian wolves have been described in E¢hidparino, 2003b) over

half of the remaining wolves are found in the Bale MountdiB#lero-Zubiri et al., 2000)
BMNP has been under increasing pressure from a rapidly growing pastoralist population
and thé& livestock (Marino et &, 2006) Livestock densities estimates inside Ethiopian
wolf core ranges (the Web valley, Morebawa and the Sanetti plateau) at 195/149/49
tropical livestock units per km?2 respectively illustrate the levels of threat the Bale
afroalpine is subjected t&Chapter 3). High levels of livestock grazing in Bales been
demonstrated to negatively impact on the rodent populationghich the wolves depend
(Chapter 5), possiblyhrough a reduction in vegetation cover resulting in an increased
predation risk(Hayward et al., 1997, Germano et al., 2001, Smit et al., 2001, Schmidt et
al., 2005)and/or a exploitative competition for suitable food resoufdekeshi, 1999,
Reynolds and Trost, 1980, Keesing, 2000)

For this chapterf bui | d on Lucy Tallentds wor k,
models and GIS to develop finefletailed and extensive maps of diamolerat Bl i ck
grass rat and the brustrred mouseadensities in BMNP afroalpinéTallents, 2007) In
ordertoh ghl i ght Afecol ogically sensitiveo ar
relative prolability of livestock usgl develop RSFs for cattle and sheep/goatpiine$
inside the three main Ethiopian wolf stdnges in Bale: the Web valley, Morebawa and
Sanetti plateau. These models will also allow us to create livestock habitat suitaljigy ma
for each range as well as help park managers to gain a better understanding of the majc
drivers behind the heterogeneous use of the landscape by livestock.

7.2 Methods

7.2.1 Assessing habitat use and availability

Livestock habitat use was assessed throwgialffollows of individual livestock
(cattle andcaprine$ that took place between February 2007 and June 2009. Observers
would leave the camp in the morning in opposite directionZ.3® am (time when
livestock are leout of ther overnight pens oboma) and would walk for 20 minutes
before selecting a focal animal in the first herd they encountered. Focal animals were
followed throughout the dawntil the herd wadaken back to theillage. Cbserves
recorkekdt he f oc al i ndi vaihaldiheld GESunitlevery 2G minuitaOveri t h

two years, data on 86&attleand 600 shoat sightings were collected in the Web valley,
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Morebawa and Sanetti. This dataset was supplemented by unpublished livestock dat:
collected by Lucy Tallents during her PhD inl8620022007). Tallents had collected 293
cattle and 132 shoat sightings throughout the Web valley and Sanetti plateau with UTM
locations of individuale&ndherd size Livestock sightings were classified by species (cattle

or caprine$ and season (dry evet) for Web and Morebawa but only by season for Sanetti

as the number of sightings for each individual species was <100.

Our studydesign involves contrasting a sample of resource units where the species
is known to occufdata abovelith a random sapie of fiavailable resource unitswhere
the species was not observed but could have been presanin without replacement
within the domain of the area of stu@@earce and Boyce, 200G)he whole of the Web
valley and Morebawa were defined as available habitat, while available habitat was
restrictedto the Eastern side of the Sanetti plateau, since the area sampled was mucl
smaller than the whole area covered by the platéatated assumption in the application
of RSFs is that availability of resources does sptiallyvary (Manly et al., 2002)As a
result, a RSF estimated in one afsmall part of Sanetti) cannot generally be apptm@d
another area (in our case, the whole of the Sanetti plateau) unless the relationship betwee
selection coefficients and availability is modelled explicfpyce and McDonald, 1999)
which | was not able to doOne thousand randomoints were generated inside each
available habitat in ArcGISEnvironmental Systems Research Institute Inc., 2@0w)

used to define the characteristics of available habitat.

7.2.2 Extracting habitat characteristics

Seven abiotic and biotic habitat traits,--x, , were used to build the RSF:

altitude, slope, vegetation type, rodent biomass, distance to the nearest river, distance to tr
nearest village and distance to therasthora (mineral springwith high levels of sodium,
potassium, calcium, manganese amtt). Euclidian distances to rivers, villages dmatas

(in Web only) were computed from distance surface GIS layers (resolution 28.5m) and
altitude, slope and rodemiiomass were extracted from available GIS layers for every
livestock location and random points generated for all three study areas. All values for
continuous variables were transformed by first subtracting the variable mean and dividing
the result by thetandard deviation of that particular variable. Such transformation, termed

centering, prevents high intercorrelations among independent variables.
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lused T @O00F)elasdifiatonof the afroalpine vegetation to determine the
vegetation types of used and available habitats (Figure The number of vegetation

classes was reduced by:

1. merging habitat types with < 10 livestock sightings (<5 for Sanetti due to smaller

dataset)inta@ A Mi nor 0 category.

2. using generalised linear models to examine whether the use of all vegetation types
differed from the reference vegetation type (largest in terms of gied)le 7-1).
Vegetation types not statistically different from the reference wge merged with the

latter.

New vegetation maps were produced based on this reduced classification: 4
distinctive vegetation types in the Web valley, 7 distinctive types in Morebawa and 2 in
Sanetti (Tablé-1). Vegetation type attributes were extracter all livestock sightings and

random points.
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Legend

[ sanetti_polygon
[ svnP_Boundary
I:] Unclassified

- 1. Shaded arboreal heather slopes and lakes

- 2 . Rocky slopes with Alchemilla haumannii and heather
- 3 . Grazed sparse heather slopes and short sedge swamps
- 4 . Lava slopes: rock formations with interspersed heather
- 5 . Short heather and mixed shrubs

- 6 . Sedge swamp

- 7. Bare rock and Helichrysum citrispinum/Alchemilla haumannii
- 8. Boulders and grazed heather

- 9 . Lava flows: boulders interspersed with shrubby grassland
- 10 . Sunny heather slopes

- 11 . Kniphofia wetlands, riverbanks and vegetated mesa edges
[[77] 12 . Alchemilla pedata drainage lines and swamp edges
- 13 . Alchemilla abyssinica pasture

- 14 . Artemisia/Kniphofia/Alchemilla haumannii grassland

. | 15. Grass pasture

[ ] 16 . Rocky H. citrispinum/Artemisia/Kniphofia grassland

I 17 . sparse mixed Helichrysum with Alchemilla abyssinica
- 18. Sparse Helichrysum gofense/Euryops prostratus

- 19 . Rocky Helichrysum grassland

[ 20 . Dense Helichrysum splendidum with scattered giant lobelia
[T 21 . Helichrysum splendidum grassland.

[:] 22 . Rocky Helichrysum splendidum grassland with scattered heather.
I 23 . Mima mounds and grazed horas
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Km

A

Figure 7-1: Afroalpine vegetation classification in the Bale Mountains with polygons of the study areas: Web valley, Morebawa and Sanetti plateau (adapted
from Tallents 2007).
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Study areg New vegetatior] Corresponding vegetation classes

classification |[f rom Tall ent 6s ¢cl
- V 15,1,4,7,8,9,11,12,13,16,17& 19
()
= P 6
>
2 R 14
= Minor 2,3,5,18,20 & 23
T 19, 3,10,11,13,15,18 & 21
B 2
© P 6
g
3 F 7
2 |R 14
S 16
Minor 1,4,5,8,9,12,17,20,22 & 23
= N 21*,1,2,3,4,5,6,7,9,10,11,12,13,14,15,
% 17,18,19,20,21,22 & 23
o L 8

Table 7-1: Simplified vegetation classification used to produce the RSFs. * denotes the

reference vegetation class in each study area.
7.2.3 RSF analysis & model validation

A RSF consists of a number of coefficientk) (that quantify selection for or
avoidance ofk environmental featuresx(). Herel use logistic regressions for all five
datasets (2 areas * 2 species + 1 area with cattlecapdnescombined) to estimate

functions that discriminate between two distributions of habitat covariates, one set with

locations where the species presentf , x , and another set associated with random

(available) locations,f _, x (Keating and Cherry, 2004, Pearce and Boyce, 20Di6¢

y=0
relative likelihood of a given species being present at a location with covaxiaggsen

that it is sampled becomes:

f,_, (X
log L() = Lo+ X+ Bk +(EJ Equation 7-1
fy:O(X) 7y
Where 7, represents the probability of a sampled observation (from the joint distribution

of presence and available sitéming a presence record andof it being an available
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record. The sampling const n{”—lj can be combined with the intercepg, Becausd
7T,

have no information on the sampling proportions, the RSF yields a relative likelihood of
livestock occurrence continuous and not constrained below 1), rather than a true

probability, by dropping the intercept term.

| first included seaso(wet or dry) into the model and looked for interactions with
the habitat variables. Since no significant interactions were found iiivéhdatasetdi.e.
no seasoimelated effect on selectign) removedseasoras anexplanatory variable in the
regres®n models since, as a categorical variable, its effect would only modify the
intercept bo) which is dropped out of the final RSFhad unequal numbers of sightings for
each individual (&4 30% individuals only
8 sightings), producing samples that were not completely independent from each other.
Random effects can accommodate 4mrependence within groups and be used to control
for unbalanced desigr(&illies et al., 2006, Bennington and Thayne, 19%Qwever, it
was decided not to include Alndividual I

several reasons:

1. The maximum number of sightings per wmidual (8) is very low compared to the
number of norindependent locations obtained from a GPS collar for exaniple.
acknowledge that not all the samples are independent but recognise that scale of the isst

is relatively minor.

2.  30% of individuals were only sighted once making the estimation of a random

intercept for single data points meaningless for a significant proportion of the dataset.

3. Generalised linear mixed models (GLMM) run withl ndi vi dual | DO

effectoften failed to converge.

4. Whenthey did converge, GLMM outputs were very similar to the corresponding

generalised linear models run without the addition of a random effect.

| estimated the coefficien$g, 3 ﬁk: in Equation7-1, allowing for quadratic terms,

and used ito create two grazing likelihood maps (one for each species) for each study

area.l grouped all RSF predicted values into ten synthetic bins representing a low (1) to
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high (10) strength of selection. based bin size on histogra@gualized stretches
(quantles) that base bin levels on frequency of occurréhitiesand and Kiefer, 1994)

The AIC provided evidence of the most parsimonious model for each dataset but
did not permit the evahtion of discriminatory performancé.usedk-fold validation to
evaluate the predictive successlod tnost parsimonious RSF modBbyce et al., 2002)
randomly divided the livestock locations into five equal sets based approximatively on
Hu b e r(Hulyettys 1994)ule-of-thumb for the model trainintp-testing ratio (only three
sets for Sanetti due to smaller size of dataset). RSF models were constructed based on 80
(66% for Sanetti) of the data (training set), withholding 2(B8% for Sanetti) for
evaluation (test set) for each iteratidror each withheldtest set RSF valus were
calculated from the model constructed with the training set. Then, one can plot the
frequency of observations of RSF scores, adjusted for ardanwitat particular RSF
score categoryA Spearmasrank correlationRs) between areadjusted frequency dést
livestock locationswithin individual bins and the bin rank was calculated for each cross
validated model. Areadjusted frequenciesre the frequency of crossalidated use
locations with a bin adjusted (divided) by the area of that range of RSF scores available
across the landscap&djusted frequencies should be highly correlated with the RSF scores
if the model is a good one, i.e. indicatititat the RSF model was indeed predicting the
relative probability of occurrence of the organisms on the landsddype.process was

repeated five times (three for Sanetti) using each 20% as a test set. A Speanknan
correlation for mean frequency valubyg bins (E) was also calculated from the full

dataset.

7.3 Results

7.3.1 RSF model for the Web valley
7.3.1.1 Cattle

Four of the seven habitat variables tested indicated strong selection by cattle
grazing in the Web valley (Tablg2 & Figure 7.2). Cattle preferred pastures of lower
altitudes (t =-11.30, p<0.01) and belonging to vegetation class V (t = 1.99, p = 0.05),
thereby selecting for grass awdchemilla pastures, wetlands, river banks and drainage
lines. The likelihood of cattle use deased as the distance to villages increasesqi62,

p<0.01), while the significant nelinear effect of the distance to the nearesta (t = -
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12.42, p<0.01) indicated that likelihood of cattle use was highest at an intermediate

distance of around 3% from the mineral spring (Fuge 7.3).

7.3.1.2 Caprines

Three of the seven habitat variables tested indicated strong selectmapiyes
grazing in the Web valley (Tablg2 & Figure 7.2). Caprinesalso preferred pastures of
lower altitudes (t =4.36, p<0.0). The significant no#linear effects of the distance to the
nearest river (t =2.27, p = 0.02) and the nearest village @122, p < 0.01) indicated
that likelihood of shoat use was highest at the intermediate distances of around 300m fron

rivers andB00m from villages (Figre7.3).

Dataset Best RSF model E
Web Cattle Altitude + Veg type + Dist village 10.99
Dist_hora + (Dist_hor3)

WebCaprines Altitude + Dist_water + Dist_village 1 0.97

(Dist_water§ + (Dist_village}

Morebawa Cattle Altitude + Veg type + Dist water {0.98
Dist_village + Slope + Rodent
(Dist_water§ + (Dist_villagef + (Rodentj

MorebawaCaprines | Altitude + Dist water + Dist_village {0.98
Rodent + (Dist_watef)+ (Dist_villagef

Sanetti Altitude + Dist_village + Slope + Rodent| 0.70
(Altitude)? + (Dist_villagef + (Rodent]

Table 7-2 : Summary of the best RSF models for each of the five datasets and the
corresponding average Spearman Rank correlation coefficient (i) after k-cross model

validation.

7.3.1.3 Model validations
Both models were successfully validated using khe&oss validation method

(Figure 7.5). The average Spearmaeaank correlation by bins for cattleﬁ( =099, p <

0.01) ancbaprines(i = 0.97, p < 0.01) indicate that both models predicted use locations

well.
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7.3.2 RSF model for Morebawa
7.3.2.1 Cattle

All six of the habitat variables tested indicated strong selectiorathye @razing in
Morebawa (Table/-2 & Figure 7.6). Cattle preferred pastures of lower altitudes =
14.33, p<0.01) and grazing on more gentle slopes .56, p<0.01). Cattle strongly
selected against W89 p t0d1)ivegeiatocn acslsa siiskF 6 Mit!
2.49, p = 0.01), AMedet atpi o<n0.dI1lgds s amRO v(et:
2.16, p = 0.03), thereby selecting against mima mouHds;itrispinuniH.splendidum
shrublands ArtemisidKniphofigA. haumaniigrasslands, éather and swamp edges. The
likelihood of cattle use decreased as the distance to villages increase3i5®,7p<0.01).

The significant nodinear effects of the distance to the nearest river 3.47, p <0.01)
and rodent biomass (t 2.95, p<0.01)ndicated that likelihood of cattle use was highest
between 500/700m from rivers and in areas supporting 7/8kg of rodents per hectaes (Fig
7.4).

7.3.2.2 Caprines

Four of the six habitat variables tested indicated strong selectiocajmynes
grazing in Morebaa (Table7-2 & Figure 7.6). Caprinespreferred pastures of lower
altitudes (t =-6.88, p<0.01) and also found rodent biomass to be a good predictor of
habitat use (t = 3.97, p<0.01). The significant Hiopar effects of the distance to the
nearest riveft =-2.96, p <0.01) and the distance to the nearest village (t = 3.95, p<0.01)
indicated that likelihood of shoat use was highest between 500/700m from rivers and
within 100m from villages, although the likelihood increases slightly after 3.5 km (Fig
7.4).

7.3.2.3 Model validations

Both models were successfully validated using kheross validation method

(Figure 7.5). The average Spearmaank correlation by bins for cattleﬁg =0.98, p <

0.01) andcaprines(ﬁ = 0.98, p < 0.01) indicate that both models predicted use locations

well.
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Figure 7-2: Predicted likelihood of land use by cattle (left) and caprines (right) in the Web valley. The RSF predictions are shown as bins from the lowest
likelihood in bin 1 (pale blue) to the highest likelihood in bin 10 (pale yellow). The black circles represent the livestock sightings of each species within the

area.
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Figure 7-4: More quadratic relationships between the relative probability of use by livestock

and explanatory variables: a&b) distance to water and rodent biomass (Morebawa cattle);

c&d) distance to water and distance to villages (Morebawa caprines).
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Figure 7-5: Area-adjusted frequency of binned cross-validated use locations for cattle (left)

and caprines (right) in the Web valley (top) and Morebawa (bottom). Frequency values for

individual cross-validation sets (n = 5) are depicted using unique colours, while mean

frequency values by bin are depicted in black.
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Figure 7-6: Predicted likelihood of land use by cattle (left) and caprines (right) in Morebawa.The RSF predictions are shown as bins from the lowest likelihood

in bin 1 (pale blue) to the highest likelihood in bin 10 (pale yellow). The black circles represent the livestock sightings of each species within the area.
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7.3.3 RSF model for Sanetti

Four of the six habitat variables tested indicated strong selection by livestock
grazing in Sanetti (Tablé-2 & Figure 7.6). Livestock preferred grazing on more gentle
slopes (t =2.34, p = 0.02). The significant ndinear effects of altitude (t =2.33, p =
0.02), the distance to the nearest village {875, p <0.01) and rodent biomass (t = 3.26,
p<0.01)indicated that likelihood of livestock use was highest around 4100wve aden
level, and in pastures located around 4km from villagesu(gig.3). The relationship
between rodent biomass and likelihood of use by livestock is harder to interpret but
indicates that the likelihood is lowest in pastures harbouring rodent biesnassund 4
kg.ha' (Figure7.3).

Legend
®  sanetti both Events

Villages
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Figure 7-7: Predicted likelihood of land use by livestock in Eastern Sanetti. The RSF
predictions are shown as bins from the lowest likelihood in bin 1 (pale blue) to the highest
likelihood in bin 5 (pale yellow). The black circles represent the livestock sightings for both

species within the area.
7.3.3.1 Model validation

The model was not successfully validated using kKfegoss validation method

(Figure 7.7). The average #armanrank correlation by bins for Iivestoc@ =0.70,p =
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0.12) indicates that the model did not predict chadglated use locations well, most
likely as a result of the very small sample size of the dataset for this area.
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Figure 7-8 : Area-adjusted frequency of binned cross-validated use locations for livestock in
Sanetti. Frequency values for individual cross-validation sets (n = 3) are depicted using

unique colours, while mean frequency values by bin are depicted in black.

7.4 Discussion

7.4.1 Major drivers behind livestock heterogeneous use of the

afroalpine

I will only discuss the drivers observed behind livestock habitat use in the Web
valley and Morebawa siecRSF model for Sanetti could not be validated. The limited
dataset of livestock sightings for Sanetti is suspected to be the main reason behind th
failure of thek-cross validation procedure ahdvould advocate the need to collect more
data points thraghout the entire plateau before attempting to produce again valid RSF for

cattle anccaprinedor that particular area .

Distance to the nearest source of water (rivehana) appears to be one of the
major drivers behind both cattle and shoat use efatfnoalpine pastures. Many studies

have observed that the physiological dependence of livestock on water results in their



Livestock habitat use 157

activity being concentrated in the vicinity of lofagting water, and usually dissipating
rapidly with increasing distance from {Pringle and Landsberg, 2004, Fensham and
Fairfax, 2008) although it has been observed thattle generally travel further from water

than caprines(Coughenour, 1991)interestingly, the relationship between use and the
distance to water is a ndimear onel found that the likelihood of espeaked at a distance
between 300m and 700m away from the rivers ¢aprinesn Web and cattleaprinesn
Morebawa) and 3km away from thera (for cattle in Web). This observed pattern may be
the result of herders actively leading cattle away fromhitv@ after the herd has spent
time drinking in the mineral spring (perhaps in an attempt to preserve the habitat
surrounding the springs) or of cattle travelling further to graze as the grass in the
immediate vicinity of thehora or rivers may be overgrad. The results from the RSF
reinforce the livestock use patterndescribed in Chapter Blany studies have used the
distance to the nearest source of wékeller and Hall, 2005, Andrew, 1988, Blanco et al.,
2008, Fernandegsimmenez and Allebiaz, 2001, Gebremeskel and Pieterse, 2006,
Gonnet et al., 2003, Nash et al., 1999, Solomon et al., 20@8sess the impact of grazing

on rangeland structuréThese studies not only often assume that the probability of
livestock use of an area decreases as the distance from the nearest source of wat
increases, but also assume that this grazing gradient operates on a very small spatial sce
(sometimes less than 50m away from watkr)Chapter 3] observed with the livésck
dungcounta fAr ever seo igwhickzthemynber of duhg observed increased

as theobserver moves away from water, suggesting that livestock use of an area increase
as they moved away fromwatedral so f ound t hat gfadentopenatese v e
on a very large spatial scale with an increase of +5.8 dung pifeplemim from a water

source (equivalent to +9 dung pile/grid per 2000m).

| alsofound that thdikelihood of habitat use decreased in a linear fashion for cattle

asthe distance from the villages increased, and in alinear fashion forcaprinesfor

which the relative probability of use peaked at 800m and 100m from villages for Web and
Morebawa respectivelyOther studies have usdbe distancegradient from a livaeck
campl/village to assess the impact of grazing on rangeland stridskino et al., 2009,
Sasaki et al., 2008)Theresultsin Chapter 3uggestdthatin Bale, the distance from the
nearestvillage is not a significant predictor of livestock use of an area as revealed by
livestock dung counts ithe survey grids, and the RSF output predict that this is indeed the

case forcaprinesbut not cattle.
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Grazing activityhasbeen shown tmften focus on more productive, often lower
lying landscapes (Coughenour 1991). Our data demonstratbdtimtattle andaprines
are preferentially found on lowailtitude pastures throughout their afroalpine grazing
range in Bale. It is interesting tmte that some atering points which rely on surface run
off, will often be located on lowdying grounds,possibly exacerbating the impacts of
livestock on these are@éBringle and Landsberg, 2004)

Only cattle seemed to strongly select for/against particular vegetation types
throughout their grazing range in Web and Morebaw@®enft et al., 1985)Cat t | e 0
activities in Web mainly focused on the most extensive vegetation types (grass and
Alchemilla pasturésand on riparian plant communities and wetlands, possibly attracted to
their vicinity by a source of permanent water. Cattle in Morebawa selected against low
productive vegetation types such as heather, bareground anddsinutated grasslands.
Ungulates are known to allocate their foraging time between different habitats in
proportion to their supply in several required nutrients such as protein (BezkShahar
and Coe, 1992)or concentrations of sodium, phosphorus and magnei@&agle and
McNaughton, 1992, McNaughton, 1988For example, BelovskyBelovsky, 1978)
showed that moosé\lces alcesneed to include in their diet aquatic plants to satisfy the
requirements for sodium, while terrestrial plants were more advantageous with respect tc
energyintake. Similar nutrient requirements for cattle could explain the pattern of habitat

selection observed here.

7.4.2 Management implications and future research

7.4.2.1 Highlighting possible ecologically sensitive areas

If selection is consistent with fitnessshauld find more animals in bettguality
habitatsand therefore expect areas with a greater habitat use likelihood to harbour more
livestock,although limited data suggests that the relationship between animal density and
habitat selection may sometimes dmnstrainedHobbs and Hanley, 1990, Johnson and
Seip, 2008, Mitchell et al., 2005, Nielsen et al., 20@&)ch prediction is worrying as the
RSFs developed have highlighted a strong association between liveseotikelifood
and rodent biomass in Morebawa and Sanetti for both cattleaprihes The predicted
likelihood of land use by livestock in Morebawa peaked at intermediate rodent biomass
(7/8 kg.hd), while in Sanetti for both cattle amaprinesghe usdikelihood almost linearly
increased with rodent biomass. The Web valley is an area of overall very high rodent
biomass(Tallents, 2007) and may not present enough variation in rodent biomass for
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selectionby livestock to take place, especially since the livestock numbers are particularly
high in the areaCGhapter 3). The apparent strong association between livestock habitat use
and rodent biomass is concerning as both ranges constitutgukity habitat for
Ethiopian wolves asodent availability there is already limited, while high numbers of
livestock in the optimal wolf and rodent habitat (such as the Web valley) render the threat
posed by livestock to rodents (Chapt#r& 5) and wolves (Chapte6) ubiquitous

throughout the Bale afroalpine.

The concentration of livestock around water sources such as wetland®rasd
has serious implications for the degradation of these particular sydtemstock tracks
are a major cause of breachirfganning, 1994)making iparan areas particularly
vulnerable to physicatlegradation as a result of trampling, addition tol i vest oc
impactson vegetation througpreferential grazingAsh A. J. et al., 1997)As the areas
aroundwatering points beame degraded as a result of intensive use by livestioelgtter
travel further from water to grazéncreasing the piosphere (zone of impact) so that the
degraded zone around the water becomes lgigent, 2001) Wetlands are one of the
principal ecosystem <components fcadogical t h e
managmentprogramme(OARDB, 2007) The afroalpine wetlandsegulate and stabilise
the water flowto the arid and sendrid areas oSouth-EasernandSouthern EthiopiaThe
livelihoods and food security of the people in these lowland areas are highly dependent or
good environmental management in the highland af@agradation ofthe rangelands
surrounding the areas with permanent watgl ultimately lead toincreasd food aid
dependencyn both highlands and lowlands.

7.4.2.2 Future research

The collection of data on the extent of potential threats to the afroalpine ecosystem
components has been recognised as a research priority in the BMNP| Gtareagement
Plan (OARDB, 2007, BMNP, 2007)The RSF models developed for livestock in this
chapter contribute to providing a betterderstanding of the potential extent of livestock
mediated habitat degradation. However, the livestock use likelihood maps can also form
the basis of future research in the park. For example, interspecific interactions between
livestock and native unguked may influence habitat use of the latter if sympatric species
compete for space or food, forcing indigenous animals to use marginal h@béatst al.,
1993) There are ancerns that cattlanay displace the exdemic mountain nyala
(Tragelaphus buxtohiinto marginal habitatsn BMNP (Brown, 1969) Less than 1000
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mountain nyala remain in Ethiopia, with Bale making up 95% of the total papulati
Displacement of this population by livestock into less suitable habitat where agriculture
and settlements are expanding could seriously jeopardise théelomduture of this other
endemic species. Combining our maps with GIS data on the distritartdior the home
ranges of the different nyala populations located in the Web valley may inform us whether
wild and domestic ungulates show spatial or temporal partition of resources such as forag

or water, and highlight areas of significant spatial oyerla

Wetlands provide many important services to the Bale region but are at the same
time ecologically sensitive systems. Our results highlight the serious threat posed by the
preferred use of riparian habitats and wetlands by livestock. Quantifyingffinet of
grazing on the hydrological system is considered a research priority by ERANRDB,

2007, BMNP, 2007)Particularly, dataon wetland extent and dynamics, water flow and
quality as well as water retention properties of soil and vegetation and how these change
when subjected to increasing livestock pressure are urgently required for the adequats

management of the a r k 6 s gidalyedauroek. o






















































