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ABSTRACT. Fire has long been a principal tool for manipulating ecosystems, notably for pastoralist cultures, but in modern
times, fire use has often been a source of conflicts with state bureaucracies. Despite this, traditional fire management practices
haverarely been examined from a perspective of fire behavior and fire effects, which hampers dial ogue on management options.
In order to analyze therationalefor fireuse, itspractical handling, and ecol ogical effectsin high-elevation ericaceous heathlands
in Ethiopia, we used three different information sources: interviews with pastoralists, field observations of fires, and analysis
of vegetation age structure at the landscape level. The interviews revealed three primary reasons for burning: increasing the
grazing value, controlling a toxic caterpillar, and reducing predator attacks. Informants were well aware of critical factors
governing fire behavior, such as slope, wind, vertical and horizontal fuel structure, and fuel moisture. Recent burns (14 years
since fire) were used as firebreaks to control the size of individual burns, which resulted in amosaic of vegetation of different
ages. The age structure indicated an average fire return interval of ~10 years. At these elevations (> 3500 m), the dry period is
unreliable, with occasional rains. Of all observed fires, 83% were ignited during very high Fire Weather Index levels, reached
during only 11% of al days of the year. Burning isillegal, but if this ban was respected, our data suggest that the Erica shrubs
would grow out of reach of cattle within a few years only, creating a dense and continuous canopy. This would aso create a
risk of large high-intensity wildfires sincethelandscapeisvirtually devoid of natural fuel breaks. Under the present management
regime, this heathland ecosystem should be quite resilient to degradation by fire due to arelatively slow fuel buildup (limiting
fireintervals) and an effective regrowth of Erica shoots. Nevertheless, if burning is done during severe drought, there may be
arisk of smoldering fires killing the lignotubers. Given the intimate knowledge of fire behavior and fire effects among these
pastoralists, it should be possible to develop a fire management plan that can sustain the present land use and ecosystem, and
be sanctioned by both authorities and the local community.
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INTRODUCTION pastoralists in Africa, however, point to multiple reasons for

Fire is a natural ecological process and often an integral
component of ecosystem function and diversity (Bowman et
al. 2009). At the same time, fire is atool that has been used
by humans over millenniato modify vegetation according to
their needs (Lewis 1989, Bowman 1998). It can be assumed
that traditional fire practices largely reflect the prevailing
cultural use of the landscape (Keeley 2002, Bird et al. 2008,
Granstrom and Niklasson 2008). However, today most states
havearestrictivelegidation towardsfire practices (Kull 2004,
Larisand Wardell 2006, Eriksen 2007, Solomon et al. 2007),
and traditional fire use is also rapidly changing due to
socioeconomic factors (Kepe and Scoones 1999, Métailié
2006). This is causing shifts in fire regimes, with potential
adverse effects on ecosystems and livelihoods (Pausas and
Keeley 2009, Shaffer 2010).

For pastoraists in particular, fire is often a necessary
management tool since it is the most efficient way to control
woody species and keep the vegetation short enough for
grazing animals. There are surprisingly few studies that have
analyzed traditional ecological knowledge regarding fire
management in pastoraist cultures. Studies of savanna

burning, among which the need to rejuvenate pasture may be
the most important (Angassa and Oba 2008, Butz 2009).
Further, there can be a need to burn out fuels early in thefire
season to create firebreaks and prevent high-intensity late-
seasonwildfires(Hough 1993, Mbow et al. 2000, Laris2002).

In the forested southern highlands of Ethiopia, agricultureis
limited at high elevations due to a severe temperature climate
with frequent night frosts. Therefore, grazing isthe main land
use. Above ~3300 m elevation, tree heather (Erica spp.)
becomes increasingly dominant in the forest, and at ~3500 m
thereis adistinct tree line above which the Ericaiskept in a
shrubby state through repeated burning by montane
pastoralists (Miehe and Miehe 1994). This subalpine Erica
scrub vegetation, hereafter referred to as the heathlands, has
two co-dominant species: Ericaarborea L. and Ericatrimera
(Engl.) Beentje(Gashaw et al. 2009). Theheathland vegetation
is highly flammable due to the small leaf size of the Erica
species, their fine branching structure, the persistence of dead
branches (Pereira et al. 1995), and the high calorific value of
their foliage (Dimitrakopoulos and Panov 2001). Firekillsall
above-ground biomass, but both Erica species regenerate
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rapidly by re-sprouting from underground lignotubers
(Wescheetal. 2000). Y oung post-fireregeneration stageshave
a large proportion of perennial grasses and herbs (including
Trifoliumspp.) between thelignotubers. Both grass, herbs, and
the young Erica shoots are consumed by cattle (Johansson et
al. 2009).

Fire is a highly complex and potentially dangerous
phenomenon, and modern fire management relies on a
research-based understanding of fuels, fire behavior, and fire
effects. In contrast, traditional fire knowledge must have
evolved through a collective and gradua accumulation of
experience, in accordance with other examples of traditional
ecological knowledge (Berkes et al. 2000). One problem is
that most studies of traditiona fire management describe fire
practices that were already abandoned or under considerable
change (Lewis and Ferguson 1988, Storm and Shebitz 2006,
Shaffer 2010), which hampers the analysis of people's
understanding of fire, current fireregimes, and their ecological
effects. In Ethiopia, burning of vegetationisnominally illegal
(Melaku Bekele, personal communication), but law
enforcement has been weak in remote areas such as Bale;
therefore, active fire management is still being practiced.
There is, however, growing concern regarding the
sustainability of the current land use, and fireisgenerally seen
by the authorities as purely destructive to the heathland
ecosystem. These concerns might become further augmented
by upcoming carbon storage issues (Roman-Cuesta et al.
2011). In this perspective, a deeper understanding of the
traditional fire management and itsrational e should assist any
future devel opment towardsamore participatory management
system for the heathlands. Traditional ecological knowledge
from this “living” fire culture can also advance the
understanding of historic fire culturesin similar ecosystems.

Inthisstudy weinterviewed pastoralistsinthe Bale Mountains
in order to elucidate their traditional knowledge of fire with
regard to factors such as fuel structure, topography, and
weather. We aso documented the pastoralists genera
management strategies, their burning techniques, and how
they perceivetheimpact of burning on pasturequality. Inorder
to corroborate the interview information and to quantify the
present fireregimeand itseffects, we al so analyzed the current
vegetation age structure at the landscape level and madefield
observations of fire occurrence and fire weather during four
consecutive dry periods.

METHODS

Study area

The study was conducted in the southern highlands of
Ethiopia, in the Bale Zone of Oromia Regional state, in the
districts of Adaba, Dodola, Ashena Robe, and Serofta, in an
~50 x 25 km area centered at 6°49° N, 39°15 E. The Bale
Mountains is an ~2600 km? mountain massif rising to a peak
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a 4377 m. It is covered by subalpine forests from
approximately 2700 m up to the tree line at 3500 m, where
tree-formed Erica spp. (~11 m tall) revert to a shrubby
heathland, which is maintained by repeated burning. The
burning creates a heterogeneous landscape with vegetation
patchesin different stages of succession which are dominated
by E. arborea and E. trimera shrubs, typically ranging from
0to 2 min height. The older stages have a dense multi-stem
shrub canopy with moss covering the ground, whereas in the
younger stages the re-sprouting Erica individuals are
separated by a short-cropped lawn of grasses and herbs.

The bedrock consists of Tertiary basalts, weathering to dark
brown to black silty loamshigh in soil organic matter and with
awell-developed humuslayer ontop (Yimer et al. 2006). The
climateis cool and moist with cold nights and warm days and
with precipitation distributed throughout most of the year but
with the major rain period occurring between June and
October. Thereisashort dry season which normally laststwo
to three months (December—January), but small amounts of
precipitation sometime fall during the dry season. The dry
season is characterized by more pronounced diurnal
temperature fluctuations and common night frosts (Wesche et
a. 2008). Inter-annua variation in rainfall is very large, and
there are recurring inter-decadal droughts (Seleshi and
Demaree 1995). These, however, affect the high atitudesless
severely than the lowlands (Miehe and Miehe 1994).
Temperature and rainfall is highly dependent on atitude and
topography. In the study area, the mean daily maximum and
minimum temperatures at 3500 m altitude were ~14°C and 5°
C, respectively, and the mean annua rainfall was ~1740 mm
(measured by us at two sites in 2005-2008).

The inhabitants are Oromo-speaking pastoralists who have
lived in the area for many centuries (Huntingford 1955,
Haberland 1963). Thereareno reliable popul ation density data
for the study area, but the annual population growth for the
Bale Mountains is high (3.46% between 1994 and 2007
[Anonymous 2012]). There are no dwellings above the tree
line due to the harsh nighttime climate, but homesteads are
scattered in the forests below. The heathlands are the main
pasture area, although the forest is also used for grazing.

Livelihoods depend mainly on livestock, primarily cattle (Bos
taurus indicus L.). Milk and butter are produced for
sustenance, butter is sold at the weekly market, and
occasionally abull issold for slaughter. Many househol dsalso
rear afew sheep or goats. Cattle grazein small herds (ranging
between 7 and 18 animals, with about one-third of them
lactating cows [Gustafsson 2009]). During the daytime, they
graze freely in the heathland (Fig. 1), without shepherds,
whereas young calves, sheep, and goats are herded close to
the settlements to protect them from predators (mainly
common jackal [Canis aureus L.], spotted hyena [Crocuta
crocuta Erxleben], and leopard [ Panthera pardusL .]). Horses
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arealso raised for transport and sale. There are no motor roads
inthearea, and horsesarewidely used for travel and transport.
All livestock except mature bulls are kept close to the houses
during nighttime, guarded by dogs against predators.

Fig. 1. Cattlein a 1-year-old stand of Erica spp. Some of
the dead Erica stems from the pre-burn stand are still
standing. Older and taller Ericais seen in the background.

Interviews

We spent, in total, 249 daysin the heathlands, during four dry
seasons between 2005 and 2008, collecting data for different
studies concerning fuel structure and vegetation response to
fireand grazing. Interspersed with different vegetation studies,
we conducted qualitative interviews with 18 informants who
were utilizing the heathlands as pasture, in six different areas
with a minimum 8 km inter-distance. We selected the
informants by purposeful sampling in order to interview
mainly persons experienced in fire use. Since we found out
that burning is considered to be primarily a male task, we
interviewed more men (14) than women (four). A further
criterion was that the informants were not closely related or
lived close to each other. The age of the informants ranged
from 20 to ~90 years. We selected several old informants to
get perspectives on past and current fire management.
Informants represented all groups of the society in aspects of
age, wealth, and gender. Wealth was assessed by the size of
their cattle herds, number of wives, and homesteads, and
whether or not they came from a former landlord family. A
first interview was conducted in January 2006, seven
interviewswere done in the dry season 2006/2007, eight were
conducted in the following dry season, and two were donein
November 2008. By then we had achieved datasaturation with
regard to central questions on fire management.

We assured al informants anonymity. They wereinterviewed
on separate occasions by one or two of the authors, with one
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local interpreter trandating from Oromo to English. The
interviews lasted about one hour, were recorded on a digital
voice recorder, and were later trandated by an independent
interpreter who transcribed the Oromo language parts of the
interviews into text, which we compared with the audio
tranglations to detect possible discrepancies. All interpreters
were native Oromo speakers and were fluent in English.

We used semi-directed interviews to avoid undue influence
but still keep focus on the subject (Huntington 2000). The
interviews started with a few general questions about
subsistence and historical change with respect to livelihoods
and the environment. The rest of the interview focused on a
set of 24 enlarged photo prints (e.g., Collier and Collier 1986)
of different features of thelocal landscapes, such asheathland
vegetation of different structureand height, and different kinds
of heathland fires and burn patterns, including a series of nine
photos of Erica vegetation of different age sincefire. In order
to avoid defining the pictures and leading the thoughts of the
informants, we always started by asking what they saw in the
photo. Then we asked about Erica stand age and forage value,
and if it could and should burn, and under what conditions.
We asked about ignition and control, weather, fire behavior,
safety measures, and sizes and quality of burns.

We complemented the semi-directed interviews with in-field
interviews with two of the previoudy interviewed male
informants. They weremiddle-aged (40 and 45 yearsold), had
lived their wholelivesin the area, and were currently actively
engaged in fire management. During these interviews, we
walked through the heathland and looked closely at soils,
plants, and insects, and discussed fire behavior and effectsin
more detail. With one of these informants we also performed
a burn (for which we had obtained legal permit) in order to
document ignition techniques, which were also corroborated
by observations at adistance, of anumber of other burns. The
information obtained during thein-field interviewswashighly
consistent and supported the information obtained from the
semi-directed interviews.

None of the informants were hesitant to talk freely about fire,
despitethefact that they also stated that burning is considered
tobeillega. All informants (except onewoman) had lived the
largest part of their lives on the mountain and had a clear
opinion about the effects of fire on pasture quality, and all had
a good general understanding of fire behavior and burning
practices.

All interview answers were coded and compiled into a
spreadsheet together with the demographic data. We searched
for patterns relative to informant category (e.g., gender, age,
wealth), but since the interview results regarding fire
management and effects were overall consistent, we did not
attempt to analyze them quantitatively for the different
categories. A display of age and socioeconomic status of the
informants in relation to particular questions is, however,


http://www.ecologyandsociety.org/vol17/iss3/art19/

given in Results: Tables 1 and 2. Interview information
relevant to fire management issummarized in thetext together
with selected verbatim excerpts.

Fire observations and fire weather data collection

During al 249 days spent in the heathlands during four
different dry seasons, werecorded all observed firesand made
notations of the date and time of day, current wind speed, and
relativeair humidity (measured by handheld instruments). We
also visualy estimated fire position (relative to known
positions), slope, duration and spatial extent of the fire, and
(when possibleto observe) ignition sequence and approximate
flame lengths.

Tobeabletolink our field observations of heathland firewith
fire weather, we calculated daily index values using the
Canadian Fire Danger Rating System (Stocks et al. 1989). It
has proved to be a reliable tool for scaling fire danger and
potential firebehavior invariousfuel typesindifferent biomes,
e.g., in Mediterranean shrublands (Viegas et al. 1999), which
aresimilar infuel structureto the Bale heathlands. The system
usesinput of noon readings of temperature, relative humidity,
and wind speed, plus daily precipitation to calculate a set of
indicesthat represent fuel moisture content, firerate of spread,
and fire intensity on relative scales (disregarding fuel type).
We concentrated on the Fire Weather Index (FWI), which is
designedto scaletofireintensity, with valuesgreater than ~25
considered extreme (Stocks et al. 1989).

Weather variables for index calculations were taken at two
different locations (27 km apart) at 3500 m. Precipitation was
measured in rain gauges and recorded every day by local staff.
Radiation-shielded climatel oggers(Tinytag plus, Gemini data
loggers) placed 50 cm above the soil surface collected data
continuously between February 2006 and February 2008, from
which we extracted solar noon readings of temperature and
relative air humidity. We had no continuous reading of wind
speed, but frequent wind measurements with a handheld
anemometer during fire observations suggested that wind
patterns were rather uniform during clear days. We therefore
entered a standard daily wind speed of 3 m/s for the index
calculations. To test the hypothesis that fire occurrence is
positively related to FWI, aPoisson regression was performed
(R Development Core Team 2010).

Vegetation age structure and Erica development

Vegetation composition and age structure at the landscape
level was estimated by line-intercept sampling in different
parts of the heathland. Eight transects of ~1-2 km each were
sampledwithina33x 11 kmarea. Four transectsweresampled
in January—February 2007 and four were sampled in February
2008. Two of the 2007 transects were resampled in 2008 in
order to quantify the extent of burning in vegetation in which
height and age were previously recorded. The transects were
laid out parallel to the contour lines. Along each transect, the
distinct borders between Erica stands of different height
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(indicating difference in time since last fire) were positioned
using GPS. In each stand, we visually estimated slope and the
percentage area cover of grass’herb vegetation and the two
different speciesof Erica. The height of thetwo Erica species
was sampled by measuring five individuals of each species.
Basal stem sections were collected (one per species; in total,
138 stem sections) for later age determination by counting
growth rings under a stereomicroscope. In this area, wood
growth in the Erica ceases during the dry period, which leads
to the formation of annual rings, which allows for age
determination. We confirmed this by sampling Erica stems
from areas with a known burn date (fires we had ourselves
seen burning) and by scarifying small sectionsof the cambium
at intervalson older Erica stems, which we cut 28 months|ater
and analyzed under a stereomicroscope. On recently burned
areas (1- to 2-years-old), dead stems were also sampled to
determine the age of the vegetation at the time of the fire to
enableusto calculateaveragefirereturnintervals. Dead stems
decompose rapidly, which limited this sampling to recent
burns only.

The ring counts of live Erica shoots enabled us to determine
the time since fire for each stand aong the transect. The
proportion of different age classes along each transect was
cal culated using thedistancesbetween GPS pointsthat marked
thestand borders (Abeytaand Franklin 1998). Sincemost fires
were observed in January and February, we assigned all burns
dated to a particular dry season to the second calendar year of
that dry season (e.g., to 2001 for fires dated to the dry season
2000/2001). For the resampled transects (sampled both in the
dry period 2006/2007 and 2007/2008), the proportion of new
burnsin 2008 per each age class (age at the time of fire) was
divided by the proportion of that age classavailable at the start
of the 2007/2008 dry season to obtain a “probability” of
burning for each age class.

RESULTS
Interviews

History of livelihoods and land management

All old informants said that when they were young they lived
from cattle only. The major change according to most (Table
1) is that today there are more people on the mountain, each
family has fewer cows, and each cow givesless milk: “When
we were children the numbers of cows were many and one
person could get milk for two children from one cow...there
was sufficient grazing land for our cattle and we got a good
amount of milk and milk products...milking frequency could
beamost two timesper day. At that timewe harvested enough
amounts of milk and honey but not now...there is a big
difference relative to that time because the population has
increased.”

The only real discrepancies between informants we had
classified as wealthy and poor were in their perception of
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Table 1. The most important historical changes cited by the informants to have occurred during their lifetime, separated by age

and wealth groups.”

Age group® Y oung Middle old

Wealth group poor poor mid. rich poor mid. rich Tot.
Number of informants 2 3 3 1 2 3 4 18
Historical change:

Reduced pasture/milk production per cow 1(1) 2 2 2 1(2) 3 11 (3)
Decrease in number of cattle per family 2(2) 1(2) 2 2 73)
Increase in population density 2(1) 2 1 1(1) 6(2)
Cessation of seasonal migration of cattle 3 1 1 1 6
Decline of forest cover below the tree line 1(1) 2(1) 1 2 6(2)
Decreased rainfall 1(2) 11 2(D 4(3)
Arrival of agriculture/barley (at lower elevations) 1(2) 21 32
Fencing of grazing land in the forest 1 1 1 3
Cessation of the landlord system 1(2) 1(1)
Increased peace and stability 1(1) 1(1)
Increased education levels 1 1
Decrease in honey production 1 1
Decrease in numbers of hyenal/leopards 1 1
Decrease in mountain nyala® 1 1
No difference 1(1) 1(1)

"Each informant spontaneously mentioned 2-5 different factors.

For each factor, the number of informants who stated this

first (indicating itsimportance) is given in brackets. The total number of informants who mentioned each factor is givenin

the last column.

*The age groups are Y oung (20 to 29 years), Middle-aged (30 to 49 years), and Old (50 to ~90 years).

$Tragelaphus buxtoni, a large antelope

historical change (Table 1). The wealthier answered that life
is more difficult today and that they have fewer cattle per
family than when they were young: “When | was a child my
family had about 100 cows and they grazed the whole
mountain.” Some of the poor stated that life is better today,
despite the population increase, as one informant expressed:
“When | was a child the land was owned by the landlord and
now everybody istheowner of theland. Thelandlordsallowed
us to have cattle if we could pay for the land. The landlord
owned more cattle than other people. Today we pay tax to the
agricultural office but the payment is much lessthan what we
paid to the landlord. Therefore, life is better now.”

All old informants claimed that the heathlands have a long
history of burning: “When | was a child the sato (the Oromo
word for Erica) on the mountain looked the same as today,
some was long and some was short because of fire...my
grandfather knew how to burn sato.” Fires in the Erica belt
were considered a purely anthropogenic phenomenon; none
of the informants had ever heard of lightning igniting
heathland fires. The spontaneous comments to this question
were as follows: “ The lightning is aways followed by rain,”
“Thesatoistooshorttobehit by lightning,” and“ Thelightning
only hitstall treesin the forest, and burns that individual tree
only.”

Rationale for fire use

When asked about the reasons for burning the heathlands, all
informants listed the same three reasons (Table 2), and most
mentioned them in the same order: (1) to improve pasture
quality, (2) to eradicate atoxic caterpillar (called “bokata’ in
the Oromo language) that makes the cattle sick, and (3) to
remove hiding places for wild animals. When shown a photo
of a2.5mtall Ericascrub and asked whether itisgood pasture,
one old woman said, “The old sato is very bad for the cows
because they cannot reach the green shoots and because there
isno grassunder it. Also, thereis bokata that makes the cows
sick...and the hyenamay hide in the tall bush.”

All informants explained that recently burnt heathland (1- to
~3-years-old) (Fig. 1) is preferred by the cattle because it
contains more grass, herbs, and young Erica shoots (Table 3).
Most claimed that the grass/herb vegetation between Erica
bushes was most important for cattle nutrition, but one old
woman explained that “the grass is good for grazing during
the rainy season but the sato is more important for the cows
during the dry season, when the grassis dry,” stressing that
theevergreen Ericahasincreasing forageval ueduring drought
periods. We were also told that during the exceptionally long
drought inthe2007/08 dry period (that lasted until May 2008),
the families herding their cattle in the heathlands lost fewer
cows to starvation than did families at lower elevations who
were utilizing only forest pasture or the grassland on the plain
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Table 2. Stated reasons' for burning, separated by age and wealth groups.

Age group® Y oung Middle old

Wealth group poor poor mid. rich poor mid. rich Tot.
Number of informants 2 3 1 2 3 4 18
Reasons for burning:

To improve pasture quality 2(2) 2(2) 33 1(1) 2(2) 2(2) 4(4) 16 (15)
To get rid of astinging caterpillar 1 3(1) 3 1 2 3 4 17 (2)
To get rid of hiding places for hyena/leopard 2 3 1 2 2(2) 4 16 (1)
To facilitate cattle movement 1 1

Al informants spontaneously gave three different reasons for burning (except two informants who each stated only one reason). The number of informants
who stated a particular reason first (indicating its importance) is given in brackets. The total number of informants who cited each reason is given in the

right column.

*The informants are divided into the age groups Y oung (20 to 29 years), Middle-aged (30 to 49 years), and Old (50 to ~90 years).

(below 2700 m el evation). Thegrass/herb lawn found between
the Erica shrubs in the young stages consists, on average, of
50% grass species and 50% herb species (unpublished data).
Duringthein-fieldinterviews, wewereinformed that the cattle
prefer the Trifoliumspp., Thymusschimperi, and grassspecies,
especialy the grass species regenerating from seeds after
deeper burns. The alpine rosette herb Haplocar pha rueppellii
is common in the lawn and was said to be bad for the cows.
When the canopy closesin older stages, the grasses and herbs
arereplaced by amosslayer beneath the shrubs (unpublished
data), which according to one informant is “useless for the
cattle but good for fire” (Table 3).

Asfor predators capable for slaying cattle, the most common
weresaid to be spotted hyenas, but there are also leopards, and
three of the old informants told us that stray lions have been
seen and killed in the heathland in the past. Burning the
heathland was stated to limit hiding places for predators and
to facilitate the hunt of them. Hyenas were said not to attack
cattle in the short vegetation (Table 3), except during foggy
weather. The large predators have a centra role in the
traditional culture: “We have a celebration every year when
wegivethelion food...and no oneinsultsthe lion or hyenaby
calling his name because then he is believed to attack your
cows.”

Statements about the toxic caterpillar were highly uniform. It
was said to be associated with older, flowering Erica (Table
3). “Bokata causes a skin rash on the cows and they become
‘dry’ and themilk production declines...it may eventually lead
to their death.” On a few occasions when riding through the
area, guides pointed towards bokata occurrences, aways in
tall (~2 m) Erica. During one of the in-field interviews, we
obtained specimens of the bokata. It was later identified as a
caterpillar with urticating (i.e., stinging) setae, and it belonged
to one of the families Lasiocampidae, Notodontidae, or
Lymantriidae (Andrea Battisti, personal communication).

Assessments of vegetation as fuel, burning techniques,
timing of fires

Time since fire was said to affect both flammability and
grazing value (Table 3). One- to 3-year old Erica vegetation
was said to be very good pasture and impossible to burn.
According to the informants, the lower age limit for the
vegetation to be burnable lies around six years of age,
depending on browsing pressure. But they also stated that 4-
to 5-year-old vegetation is possibleto burn if it is very dense,
if the slopeis steep, or if the wind is strong. For those photos
in which the vegetation was identified as “burnable’, the
informantsalso claimedthat it “ should” burn. Erica scrub that
was 1.5-2 m tall was said to be very easily burnt (Table 3).
According to most informants, 4 mtall Ericaismore difficult
to burnthan 2 mtall Erica since “it is overgrown, because the
branches are too far from the ground,” or "there is no fuel
under it.” For a good result, the vegetation should be “tall
enough to achieve ahomogenous burn with clean bordersand
no remnant unburnt patches inside.” One old man gave us a
rule of thumb regarding Erica heights: “ Sato up to the knees
is good forage, from the waist it is burnable, and when above
the head it should already have been burnt.” Two other old
men gave us distinct terms used to indicate the flammability
of the vegetation: “sijja sato” refers to burnable Erica, and
“ginchirae sato” isthe term used for unburnable Erica.

When we showed different photos of borders between burnt
and unburnt vegetation, the informants gave a variety of
suggestions why the fire had stopped, such as “wind shift,”
“rain,” or “the sato was too short to burn.” Upon a direct
question, all agreed that areas with short Erica (i.e., recent
burns) are used as firebreaks to be able to control the size of
afire since fire cannot travel in the short vegetation (Fig. 2).
However, many of theinformants stated that the fire canjump
morethan 10 mif thewind isstrong, and that sparks canignite
tall vegetation even farther away.
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Table 3. Vegetation status and summary of interview resultsin relation to Erica post-fire age.

Vegetation data Summary of interview answers
Erica age (years) Ericatrimera Erica canopy Pasture quality Bokata' risk  Predator® risk Fire potential Should be burnt
average cover'
height' (%)
(m)
3 0.4 40 best none low none no
6 0.7 60 good none low conditional’ nolyes
15 16 90 poor high high high yes
30 4.0 90 very poor high high decreasing yes
old forest 11.0 90 poor none n/a no no

"Erica height and canopy cover in relation to age refer to the upper limit for each class and are taken from the vegetation

survey (Fig. 10) and unpublished data for older stages.
‘Bokatais the local name for the stinging moth caterpillar.
8 Large predators: hyena, leopard, and lion

I Can burn only with strong wind or steep slope

Fig. 2. Photographs of the same heathland valley side taken
nearly two years apart, in the dry period 2006 and 2008. The
black areas in the 2006 photo were newly burnt, and the
border of one of those (a) has been highlighted with awhite
trace. The area below (b) was burnt in January 2008, and the
fire stopped against the border of the then 2-year-old burn
(@), only scorching the plants afew metersinto the 2-year-
old vegetation, seen as a brown fringe above the 2008 burn.
Thisindicates an upslope wind during the burning, asis
typical in the area. Likewise, the left-hand margin of the
2008 fire borders another 2006 burn. The length of the ring-
shaped burn (a) is approximately 80 m.

,2008-01-28

When shown photos of heathland dominated by the spiny
apine cushion plant Helichrysum citrispinum (Asteraceae)
(called “tukka’ in the Oromo language), the informants
claimed that “this is not good pasture because the tukka is
spiny, so the cows cannot reach the grass under it,” and some
spontaneously said, and therest said when asked, that thisland
could be improved by fire, but “it is much more difficult to
burntukkathan sato becausethefire doesnot transfer between
the plants...each tukka bush has to be ignited individualy.”
This was confirmed by many observations we made of
individual burnt Helichrysum plants. Only once did we see a
whole patch of burnt HelichrysunvErica vegetation. It had
been burnt towardsthe end of theextremedrought inthespring
of 2008.

Erica was recognized as the prime fuel component in the
heathlands, but grass was also mentioned regarding lower
elevation fires. One old man detailed the consequences of
relaxed grazing following an outbreak of cattle disease during
the time of his grandfather (more than 100 years ago, most
likely the Rinderpest outbreak in the 1890s): “ Thefire crossed
the grass plain and went up in the forest from Dodola...this
happened after all the cattle had died.” When we asked about
this cattle disease in the following interviews, five old
informants mentioned the“ Great Famine” followingthecattle
epizootic (locally called “madini”), and one old man gave us
alocal saying about the aftermath: “Namni tokeeta’ a—Margi
kokkee gayee,” which translated means “people became
scattered—the grass grew to their throats’ (referring to the
grass on the plain). Three old informants mentioned another
outbreak of the epizootic in the 1970s, in which one of them
lost 60 cows. He said the cattle death was followed by large
grass fires on the plain, and he described how he participated
in fighting them.

According to the informants, the burning season is equal to
the dry period, and most claimed that the best month for
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burning is January, and that it takes about three weeks after
thelongrainsstop (at theend of October) beforethevegetation
can burn. The wind normally blows upsiope during the day
and downhill inthelateafternoon, and all informantspreferred
the uphill wind for burning (Fig. 3): “The best timeto burnis
at midday when the bush is dry and the wind starts blowing
uphill.” When we asked specifically which part of the
vegetation should be dry, they answered that it is important
that the moss and the litter under the bush is dry. When we
asked if it was possible to burn during nighttime, we got
differentanswers: “ Y es, thewindisstronger during nighttime”
or “Yesitispossible, but not practiced becauseit is often too
cold.”

Fig. 3. Heathland fires on February 4, 2008 at 1210 hours
on a northeast-facing slope, ignited at multiple points along
astraight line and allowed to burn uphill, supported both by
the slope effect and the noon uphill wind. Note the other
fires on the mountain in the background to the | eft.

Firesareignited with a“shewa’ (atorch of dry Erica shoots,
Fig. 48) at many separate points in a straight line along the
lower side of the intended burn area, which alows the fireto
go uphill and with the wind. This was confirmed by our test
burn and field observations of ignition patterns (Fig. 3). The
informants told us about different containers for transport of
glowing embers (also called “shewa’ or “konshora’), which
are made out of bamboo splints, tree bark, or the hollow
inflorescence stem of the giant lobelia (Lobelia
rhynchopetalum) (Fig. 4b). These are traditionally used for
carrying fire (e.g., during honey collection from wild bees)
and for igniting heathland fires. Most informants claimed that
only men and children perform the burning, and never women,
but two old women claimed that sometimes women also
participate. One to three people was said to be enough to
manage a burn. Three informants said that children often do
the burning today since the men are afraid of prosecution.
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Fig. 4. (A) A torch, “shewa,” for ignition, made of tightly
bundled dry Erica shoots tied together by a Thymus
schimperii stem. Note that it is the compact end of the
bundle that is burning. (B) Shewafor transporting fire and
for ignition, made out of ahollow giant lobelia (Lobelia
rhynchopetalum) inflorescence stem filled by glowing
embers pushed forward to activate it as atorch.

Most informantssaid they preferred large-sized uniform burns
rather than many small burns because large burnsrequire less
effort per unit areaburnt. But four of theold informantsargued
that it isimportant to have many small burns of different ages
in order to aways have good pasture “ since it takes more than
ayear before a new burn gives good pasture.”

When asked about possible risks when burning tall Erica
scrub, most informants ensured us that “there is no danger
because the cows and children see the smoke and they run
away...sometimes we may make asignal to warn the children
before firing.” Only two old men had heard about any fire
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accidents. In one case “five cows got trapped between thefire
and astony areabecause of asuddenwind shift, andthey died.”
Another old man told us “one man got fire in his clothes...he
did not die, but he got wounds, and there was no hospital...he
was given milk and meat and recovered.”

When shown photos of burning Erica with white or black
smoke, most informants claimed that “the white smoke shows
that the sato istoo wet to burnwell,”..." itison itsway to stop”
or “the fire with black smoke is a guba gari (good firein the
Oromo language) and it results in better pasture quality,” or
“the one which cleans al sato is a guba gari.” None of the
informants detailed why the pasture would be better after a
good fire, but during the in-field interviews informants
claimed that a good fire reduces the size of the remaining
stumps that limit the cattle access to the fresh shoots, and that
there is more new grass. “A good fire gives better pasture...
but if thefire burnstoo deep in the soil, the regeneration may
be delayed...but after some time the yield is very high
compared to bad burns.”

Weasked why we sometimesobserved cattleonthefresh black
burns, and weretold that they were attracted to the ash because
it “tastes salty,” and in one of the in-field interviews we were
also shown fire-heated mineral soil that the cattle were said to
lick for minerals.

Legality

All informants stated that burning of the heathland is illegal
today, but they gave us very different dates as to when the
burn ban was implemented: during the Deurge time (1974—
1991), 1988, 2000, or 2007, or they said that they did not know
when it became illegal. Most also claimed that they did not
know the reason why burning is illegal, but two informants
said “it is because the agricultural bureau thinks the fire may
spread to the forest below...the forest cannot burn because
thereisno fuel on the ground.” Only two informants (both in
thesamearea) had heard of anyonegoingto prisonfor burning
heathland. Four informants said that a special permission for
burning could be obtained if they could prove that the bokata
caterpillar wasaseriousproblemfor thecattleandif they could
bring in specimens to the agricultural bureau, but only one
informant had heard that such a burning permit had ever been
issued. Another said "there is no point in asking, since it is
illegal.” All informants claimed that if burning ceased, after
only a few years there would not be enough forage for the
cattle.

Fire observations and fire weather

During our four dry seasons of field work we observed 192
separate heathland fires (16 in the 2004/2005 dry season, 36
inthe 2005/2006 dry season, four inthe 2006/2007 dry season,
and 136inthedry season 2007/2008). The FWI over the period
2006—2008 mirrored the annual cycle of dry and wet periods
but was also highly variable during the dry period (Fig. 5),
reflecting occasional episodes of precipitation. Fires were
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observed in December (12%), January (45%), and February
(43%). Most fires (83%) occurred at FWI values greater than
25 (Fig. 6b), but the proportion of all measured days (from
February 2006 to February 2008, including rainy seasons) with
an FWI value greater than 25 was only 11% (Fig. 6a). The
chance of observing afire (expressed as number of fires per
FWI classdivided by the number of observation days per FWI
class) increased progressively with increasing FWI (Fig. 6¢).
Therewasastatistically significant relationship between FWI
and number of observed fires per day (z=21.92, P < 0.001).

Fig. 5. Calculated daily values of the Fire Weather Index
(FWI) for the period February 11, 2006 to February 11,
2008.
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Fires were concentrated in the period of the day with the
highest air temperature and the lowest relative air humidity
(Fig. 7). Ninety-fivepercent of all fireswereobserved between
1000 and 1600 hours. Wind speed recorded for the observed
firesranged from O to 6 m/swith an average of 2.5 m/s. There
were occasional wind gusts up to 9 m/s. Flame lengths could
be only roughly classified since the distance to the fires was
often severa hundred meters. Flame lengths were estimated
to be in the range of 3-10 m. Sizes of the individual burns
ranged from ~0.5 to 5 ha In several cases, we observed
successive burning of adjacent patches, and typicaly, fires
burned until reaching recently burnt vegetation (Fig. 2).

Most of the observed fires had minor effects on the humus
layer, and smoldering usually stopped in less than one hour.
Only on rare occasions did we observe prolonged smoldering
eatinginto decayed lignotubers. Butin areasthat burnt towards
the end of the prolonged drought in early 2008, deep
smoldering (>10 cm) into the humus layer was observed, as
were afew fire-killed Erica lignotubers.

Vegetation age structure and Erica development

Along the sampled line transects there were no Erica stands
older than 13 years, and there was a gradual decreasein area
per age class towards the older age classes, reflecting the
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Fig. 6. (a) The proportion of days per Fire Weather Index
(FWI) class. x denotes the relative proportion of al
measured days, including the rainy season. The grey bars
show the proportion of observation days for the dry season
days only. (b) The number of observed fires per FWI class.
(c) Fire occurrence per FWI class expressed as number of
observed firess/number of observation daysin each FWI
class. The number on the FWI axisisthe upper limit of each
FWI class.
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decreasing chancefor apatch to have escaped re-burning with
increasing time since fire (Fig. 8). Within this overall pattern
there was a large variation in area burnt in different years.
Relatively large areas burned during 2000 and 2005, whereas
only tiny fractions burned in 2002 and 2007. Four of the
transects were sampled in January and February 2007 and the
rest were sampled in February 2008, so 2008 was
underrepresented in the data. During a short visit to the area

Fig. 7. Temporal distribution of the observed heathland
fires. The curvesillustrate the average relative air humidity
(RH) and temperature (T) for al dayswith at least onefire
observation.
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in November 2008 we noted that large areas had been burnt
later than February 2008 during an exceptionally prolonged
drought that lasted until the end of April (according to our
precipitation records).

Theageof fire-killed Erica stems (i.e., age at time of fire) that
were sampled in recently burned areas averaged 10.2 years(S.
E. 3.6; n = 29), with arange from six to 19 years. For the two
resampled transects, there were no stands that were below the
age of five years when they burned in 2008 (Fig. 9), despite
the fact that 1- to 4-year-old vegetation accounted for 42% of
the area along the transects. For the older age classes (>4
years), on average, 23% had been burnt in 2008, and therewas
no clear increase with age of the vegetation (Fig. 9). Themean
age (area-wel ghted) for thestandsthat burnedin2007/08 along
these transects was 9.3 years, again suggesting a fire return
interval of approximately 10 years.

The Erica scrub increased gradually in height and area cover
with age (Fig. 10). On average, E. trimera reached 100 cmin
10years. E. arboreawasonaverage40%taller than E. trimera,
but since E. trimera was dominating in all transects (on
average, 72% of the Erica bushes), height development is
displayed for E. trimera only. The area cover of Erica bushes
increased with time since fire. The canopy was more or less
closed (branches of adjacent bushes touching each other) six
to eight years after fire (Fig. 10b).
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DISCUSSION

Thefiremanagement system of theBale M ountain heathlands,
withitsresulting vegetation structure, hasevidently devel oped
primarily out of the need to maintain good quality pasture for
cattle. Cattle browsing height is limited to ~1.5 m (Sanon et
al. 2007), implying that the Erica start to grow out of thereach
of cattle about 10 years after fire, which also corresponds to
the average fire return interval (as indicated both by age of
fire-killed stems and the resampled transects). Further, the
informants claimed that the cattle prefer the “fresh” re-
sprouting Erica shoots the first one to three years after fire,
which is corroborated by dlightly lower fiber content and
higher protein content in the top shoots of 1- to 3-year old E.
arborea and E. trimera compared to top shoots from 7- to 12-
year old bushes (Johansson et al. 2009). In a study of habitat
use by cattlein thisarea (Gustafsson 2009), most feeding time
was indeed spent in the age classes 1-3 years, which also had
the largest area cover of grass’herb vegetation (including a
large proportion of Trifolium spp.) providing high-quality
forage. Still, some informants emphasized that the Erica
shootsareequally important asthegrass/herb component since
the Erica speciesareevergreen and provideforage a so during
periods of extreme drought, when grasses and herbs cure.

Fig. 8. Relative area distribution of vegetation age classes
from al transects from both sample years (2007 and 2008).
Note that the relative areafor 2008 burnsis
underrepresented since half of the data was collected in
2007. Some of the areas that burnt along time ago have
since burnt again; hence, the decrease in relative areawith
increasing age.
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The other main reason to burn the heathland, to eradicate the
toxic caterpillar, has not been reported earlier, and this shows
the importance of using interviews to understand people's
incentivesfor burning. Urticating setae of asimilar kind from
a number of moth species from around the world are known
to causerespiratory and skinirritationsin humansand animals
(Battisti et al. 2011), which conformsto interview statements
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about bokataeffectson cattle. Finally, burning removeshiding
places for the large predators, mainly hyenas and leopards,
which are serious threats to both humans and livestock
(Atickem et a. 2010). Thus, three powerful arguments were
given for short-interval burning as range management, none
against. Despitethelimited number of informants, their overall
congruencesuggeststhat wehaveuncoveredthegeneral views
regarding proper use of fire to maintain productivity in these
heathlands.

Our informants gave less specific statements about the
preferred landscape structure and sizes of burns, probably
because they have not experienced very large, landscape-
covering fires. But such fires would be disastrous since, as
some of the old informants pointed out, it takes at least one
year before a new burn produces enough forage, so a
landscape-covering fire would cause famine locally. In the
past, the herders could movethe cattlelonger distancesto new
pastures, but today the lifestyle has become more sedentary
and there is aneed for stands of different age within the daily
walking distance of the cattle herd, about 6 km (Gustafsson
2009).

In contrast to savanna systems, where fuel buildup isfast and
the fire-created patch-mosaic is quite ephemeral, burnt areas
in these heathlands act as firebreaks for several years. This
makes the landscape patch structure more long-lasting but
would also makeit more difficult to reconstruct when lost. At
the same time, fire would be expected to be even more
important for maintai ning pasturequality inthishabitat, where
relaxation of burning alows shrubland to revert into a low
forest with little grazing value.

Fig. 9. Fireincidencein relation to age class for the two
transects that were sampled both in 2007 and in 2008. Bars
denote the proportion of the areain each age class that was
burned between January 2007 and February 2008. x denotes
the “available’ areain each age class at the beginning of the
dry season 2008.
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The present small-scale mosaic of stands of different agesis
totally dependent onthefact that young burnsact asfirebreaks.
Themountainlandscapelacksother typesof firebreaks, except
some small rocky outcrops. Most streams are ephemeral and
too narrow to stop afire. According to the informants and to
our field observations, 1- to 3-year-old vegetation cannot carry
afire, while 4- to 5-year old vegetation potentialy can burn
but only in extreme situations (steep slope, strong wind, or
advanced drought). Six- to 10-year-old vegetation is easily
burnt during favorableweather. Itispossiblethat the observed
fuel limitation is partially dependent on high grazing pressure
since grass and herbsin early successional stages are cropped
short (unpublished data). Relaxed grazing will likely resultin
a more continuous fuel bed in early succession, with taller
grassherb in-between the Erica, but it is not known if, and at
what level of drought, the grass/herb vegetation would cure
enough to carry fire. The potential role of grassfuelsat lower
elevationswasmentioned intheinterviewsregarding the post-
Rinderpest fire epi sode but woul d not beanissueunder current
grazing pressure.

Theinformants had a detailed perception of fire behavior and
its governing factors, such as fuel structure, fuel moisture,
wind, and slope. There are also several examples of how this
knowledgewasusedinthefiremanagement. Fuel wasvisually
assessed with regard to horizontal as well as vertica
continuity, and there was a good understanding of how this
developed with time since fire. Ignition patterns were set to
take advantage of both slope and wind. In total, this amounts
to a substantial knowledge base among a large number of
people and should be valuable for all future land management
initiativesin the area. It islikely that thislevel of expertiseis
typical for any region with along history of anthropogenic
fire.

One reason for frequent tension between traditiona fire
management and state policiesin different parts of the world
isreal land use conflicts, such as that between forestry and
grazing (Moreira et al. 2001). In other cases, tension may be
due to mutua distrust and lack of fire knowledge among
government officials (Sletto 2009). If so, much of theseissues
could be solved through participatory land use planning. For
exampl e, thefear stated by officialsin Balethat heathland fires
would spread to the tall forest below isacasein point. It was
never observed during the study period and is unlikely to
happen due to lack of suitable fuel (unpublished data).

The heathland burningintheBaleMountainsisheavily biased
towards days with very high fire weather indices (Fig. 6a),
which is surprising given that ericaceous live fuels typically
are flammable as soon as their surface is dry (Davies et al.
2009). Thelikely reason isthat the mosg/litter under the Erica
has to be sufficiently dry to support the fire, as was pointed
out by the informants. Since the topsoil has a high organic
content (Yimer et al. 2006), deep smoldering is also possible
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(Frandsen 1987). Nevertheless, most fires seem to burn off
only the surface fuels, suggesting that the humus layer is
usually too moist to smolder. However, the occasional death
of Erica lignotubers we observed after fires that had burnt
towards the end of the prolonged drought in 2008 shows that
there is indeed a potential for type conversion towards
grassland since seed recol onization of Erica spp. isvery poor
(Wesche et al. 2008).

Fig. 10. (a) Height of Ericatrimerain relation to time since
fire. (b) Canopy cover of Erica spp. (both E. trimera and E.
arborea) in relation to time sincefire.
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It is not known for how long these heathlands have been
subjected to anthropogenic fire, but it is likely that they have
been burnt on short rotation as long as people have kept cattle
there. Thescant historical information suggeststhat pastoralist
people have been utilizing the Bale Mountains for many
hundreds of years (Haberland 1963). Early visitors report on
a moorland of short fire-disturbed Erica scrub (Bourg des
Bozas 1906, Brown 1969). The presence of very large Erica
lignotubers is further evidence of a long history of burning
since the lignotubers increase radially quite slowly: for E.
arborea, a yearly radia growth rate of only 2 mm has been
reported (Garland and Marion 1960). In the Bale Mountains,
E. trimera lignotubers are often more than 1.5 m in diameter
andarelikely tobeseveral hundredyearsold. Possibly, natural
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fires could also have fostered the development of these large
lignotubers, but lightning fires were unheard of among the
informants. Lighting is frequent towards the late dry period
(personal observation), andignitionswoul d be expected when
the humus is dry (Latham and Williams 2001). Given the
massive amount of anthropogenic fire, lightning ignitions are
likely to get little attention, but their complete absence from
the collective memory suggests they are indeed very rare.

CONCLUSION

Thereistoday adramatic discrepancy between official policy
and current fire management in the area. The average fire
return interval isin the order of 10 years despite the fact that
burning is illegal. If instead the official blanket ban on fire
was respected, large problems would develop within only a
few years. First, thegrazing potential of theareawould decline
severely. Second, a potential for large-scale high-intensity
wildfire would gradually emerge as fuels build up and the
present firebreaksdisappear. Ontheother hand, itisnot known
if the current regime of fire and grazing istruly sustainablein
the long term. The system is partly self-regulating since the
relatively slow fuel buildup puts alower limit on fire return
intervalsand the Ericalignotubers provide efficient regrowth,
but grazing pressure today is likely to be at unprecedented
levels(Vial et a. 2010). Also, burning during extreme drought
may pose a risk of deep smoldering killing lignotubers, and
this may be further augmented by a changing climate with
increasingly severe droughts (Hulme et al. 2001). Given the
highly flammabl e nature of the Erica scrub, and theimmediate
interestsof the pastoralists, any attempt to modify currentland
management islikely to be successful only if these peopleand
their traditional fire knowledge are incorporated into the
process.

Responsesto this article can be read online at:
http: //mww.ecologyandsoci ety.org/vol 17/iss3/art19/
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