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Table 8.7: Stepwise multiple regression analyses of number of adult females per group as

dependent variable and number of observations of hirola killed by predators per group

and the density of preferred shade trees per group range as independent variables.

Variable B t P
Constant 0.675
Number of hirola killed by -0.481 -2.061 0.085

predators per group
Density of preferred shade trees 0.369 2.786 0.027

per hirola group range

Multiple r = 0.725 (2= 0.526), df = 1,7, p = 0.027
Model: y =-0.481(number of hirola killed)+0.369(density of shade trees)+0.675

8.3.6.3 Adult female emigration
Generally, field observations indicated that hirola groups moved out of grazing patches

where predators were present. Data on emigration from groups indicated that adult
females tended to emigrate more from groups that lived in areas where predators were
most often detected (Figure 8.10a). However, apparently due to higher risk of predation
in bushy habitats, hirola befitted more from group vigilance, and females tended not to
emigrate (Figure 8.10b). A stepwise multiple regression analysis of these independent
variables indicated that higher observation of predators per group range was the principle

factor causing adult female hirola emigration (Tablele 8.8).
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Figure 8.10: The relationship between various independent factors and variation in

number of adult female hirola emigrating per group in Tsavo East National Park.
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Table 8.8: Stepwise multiple regression analyses of number of adult females emigrating

per group as dependent variable and number of predator observations per group range

and the amount of bush coverper group range as independent variables.

Variable B t P
Constant -0.041
Number of predator observation 0.973 9.453 0.001

per group range
Density of bush cover per hirola 0.059 0.225 0.830

group range

Multiple r = 0.963 (12 = 0.927), df = 1,7, p = 0.001
Model: y =-0.973(number of predators)+0.059(density of bush cover)-0.041

8.3.6.4 Adult female immigration
General observations on hirola groups in Tsavo indicate that they are located in areas

ranges that receive lower rainfall compared to the surrounding areas (Chapter VII).
Further, observation on hirola groups in the wet season indicated that they moved away
from lush fast growing grasses (areas where it had rained) and grazed on shorter newly
growing grasses. Data on adult female immigration indicate that immigration was higher
in areas with lower mean monthly rainfall (Figure 8.11a). Analysis also suggested that
adult female hirola immigrated to ranges where oryx were common (Figure 8.11b). The
observed relationship may thus have been because of attraction to grazing sites with the
short green grasses that hirola and oryx prefer, as well as anti-predator advantage in the
form of increased vigilance and predation dilution effects resulting from the presence of
alternative prey in similar habitats like zebra ond Coke’s hartebeest. A stepwise multiple
regression analysis of these independent variables indicated that mean monthly rainfall

per group range was the principle factor causing adult female hirola immigration (Table

8.9).
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Figure 8.11: The relationship between various independent factors and variation in

number of adult female hirola immigrating per group in Tsavo East National Park.

Table 8.9: Stepwise multiple regression analyses of number of adult females immigrating
per group as dependent variable and mean monthly rainfall per group range and amount

of oryx association per group as independent variables.

Variable B 1 P
Constant 1.681

Mean monthly rainfall per group -1.061 -2.737 0.029
range

Amount of association with oryx 0.466 1.902 0.106

hirola per group

Multiple r = 0.719 (r2=0.517), df = 1,7, p = 0.029
Model: y =-1.061(monthly rainfall)+0.466(Oryx association)+1.681

8.3.6.5 Mortality o
69.8% of hirola calves died within the first 6 months of life in Tsavo. Similarly, only

18.0% of the calves born each year survived to the age of 2 years. Observations on
diseases among hirola over the study period indicated that only one female and her calf
had diarrhea, but soon recovered. The remaining animals always appeared to be healthy
and calved normally. However, notable observations were made on the loss of calves and
adults to predators (Chapter IV). Carcasses were found more often in areas with high

grass cover (Figure 8.12a). This may because areas with high grass cover afforded better
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cover for stalking predators. Regression analysis of observed carcasses per group range

in relation to density of shade trees indicated that more carcasses were found in areas
with lower preferred shade trees density (Figure 8.12b). Perhaps, the extensive
wandering behaviour seen when hirola searched for shade in areas where it was scant
may have led to predation exposure. Overall, a stepwise multiple regression analyses of
predicted factors related to mortality indicated that areas of hi gh grass cover were more

prone to higher levels of predation (Table 8.10).
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Figure 8.12: The relationship between various independent factors and variation in

number of carcasses per group in Tsavo East National Park.

Table 8.10: Stepwise multiple regression analyses of number of number of carcasses
observed per group range as dependent variable and % grass cover and density of

preferred shade trees per group range as independent variables.

Variable B T P
Constant -5.496

% grass cover per group range 4.036 3.597 0.009
Density of preferred shade trees -0.354 -1.273 0.250

per hirola group range
Multiple r = 0.806 (12 = 0.649), df = 1,7, p = 0.009
Model: y =4.036(% grass cover)-0.354(Density of shade)-5.496
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8.3.7 The effects of translocation on hirola

8.3.7.1 Mortality of released animals
A total of 29 hirola were captured in Garissa and released in Tsavo in August 1996.

These comprised 10 radio-collared and ear-tagged individuals (2 adult males, 7 adult
females and 1 female yearling) and 19 ear-tagged (3 adult males, 6 male yearlings. 7
female adults and 3 female yearling). In total, the released population included 5 adult
males, 6 sub-adult males, 14 adult females and 4 sub-adult females. Among these, were
21 animals that had been netted (2 adult male, 5 sub-adult males, 10 adult females and 4

sub-adult females), and 8 (3 adult males, 1 sub-adult male and 4 adult females) that had
been darted.

Three months after release, a total of 13 (44.8%) individuals out of 29 released had died.
Results indicated that the presence of collars had no significant effects on mortality
(Table 8.11). However, the method of capture had a significant effect on overall survival
as the majority of the animals that died had been darted (Table 8.12). Adults were the
most affected. The sex and age of individuals did not contribute to the observed

mortality (Table 8.13).

Table 8.11: Mortality in relation to collaring and ear-tagging up to 3 months after release

(December 1996).

Class Died Survived X2 P
Collared & ear-tagged 5 5 0.165 >0.05
Ear-tagged 8 11

Total 13 16
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Table 8.12: Mortality in relation to capture technique up to 3 months after release

(December 1996). (Note: data analysis excludes mortality on foetuses and new-born

calves that resulted from translocating pregnant females).

Age Class Capture Number of animals X2 P
Technique Died Survived

Total Capture Netted 6 15 8.134 <0.05*
Darted 7 1

Adults only Netted 4 8 4.866 <0.05%*
Darted 6 1

Yearlings only Netted 2 7 2.593 >0.05
Darted | 0

Table 8.13: Mortality in relation to sex and age group up to 3 months after release
(December 1996). (Note: data analysis) excludes mortality on foetuses and new-born

calves resulting from the translocation of pregnant females).

Category Classes Number of animals X2 P
Died Survived
Age Adults 10 9 1.357 >0.05
Yearlings 3 7
Sex Males 6 4 1.42 >0.05
Females 12 7

8.3.7.1 Dispersal of the released animals
The released hirola dispersed individually in different directions. This was contrary to

our expectation that they would retain their existing social groups. Figure 8.13 shows the
furthest distances that identified individuals moved before settling. Three females moved
furthest. These were individual number 386, an adult female that went outside the park
to Taita Ranch, 396, an adult female with a young male that moved to Galana River. and
382, a young female that moved to Kulalu Ranch (Figure 8.13). These movements all

occurred within the first 2 weeks after release and the animals involved had all been

caught using nets.
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Figure 8.13: Map of Tsavo south of the Galana River showing the 1996 hirola release

boma (b) and the extent of dispersal of known hirola individuals (Numbers). Solid lines
indicate that the animals were alive and still moving when detected while broken lines
indicate that the animal was dead when detected. Letters 'n' and 'd' denote whether the

animal was netted or darted respectively when captured in Garissa.

There were no significant statistical differences in settling duration and distance in
relation to sex, age and capture technique (Table 8.14). Results show that the time taken

by an individual to settle was positively correlated to the distance moved (Pearson r =

0.57. p < 0.05)
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Table 8.14. Mean differences among age, sex and capture technique in relation to settling

time and the furthest distance moved by hirola from the pre-release boma.

Category  Sub- Mean settling N Mean distance moved n
Category  time (Days) to settling (Km)

Age Adult 95 +134 9 30+ 18 9
Sub-adult 68 + 59 7 3117 7

Sex Male 5116 2 46 £ 31 2
Female 88 + 112 14 29 + 15 14

Capture Net 86 £ 108 15 31+17 15

Method Dart 39 1 28 1

8.4 Conclusions

The survey data on animal numbers used in the analyses of population trends in Garissa
and Tsavo are highly variable. Possible explanations include the fact that counts were
undertaken in different seasons (see Tables 8.1 & 8.5), that counts were undertaken at
varying intensities (5 & 10 km transect spacings) and earlier data (1970s and 1980s) may
have been affected by observer inexperience. Despite these problems, major trends in the
data are apparent and, collectively, the data provide good evidence for a general decline in

abundance.

8.4.1 Garissa

The hirola natural range has declined dramatically since 1963. The decline coincided
with the increase in human population and their livestock, especially sheep and goats;
cattle have also declined more recently, possibly as a result of range degradation and
disease. All wildlife species have declined in number since 1963, including hirola,

although browsers were the most affected.

The information provided by a network of hirola community scouts, indicated that hirola
were the most poached animals in Garissa, followed by gerenuk and giraffe. Overall,
bandits did most poaching. Much of the poaching may have been caused by political
instability in the neighbouring republic of Somalia, where escaping militia men sought

refuge just over the border in Kenya, an area which formed part of the hirola range.
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Overall browsers were most preferred by poachers, followed by grazers and lastly mixed

feeders. According to bushmeat eaters, browsers and species that are not water
dependent animals, such as the hirola have sweeter meat. Most poaching occurred along

the Tana River (Pokomo tribesmen) and the Kenya Somalia border (bandits).

Transmission of disease from wildlife to livestock and vice verse appears to have been
common in the hirola range. This may have been exaccerbated by periodical influxes of
unvaccinated livestock from Somalia, and the frequent movement of pastoralists from as
far afield as Moyale in Kenya in search of pasture for their livestock during dry seasons.
Disease appeared to be responsible for the largest numbers of hirola deaths. The diseases
recorded during the study period included pneumonia, rinderpest, trypanosomiasis, foot

and mouth and East Coast Fever.

Overall, the new information collected during this study supports the possibility that
human induced factors rather than natural factors were responsible for the dramatic
decline of hirola. Of the various possible factors linked to human intervention, disease
and poaching seem to have been most important. Competition with livestock and habitat
degradation may be important medium or long-term factors but were probably less

important in the rapid short-term reduction in numbers.

Information from herdsmen and the hirola community scouts who worked on foot in this
remote environment, suggested that some hirola were killed by predators. Lions and
hunting dogs were known to have killed hirola but hyaenas, while common and a
potential threat to hirola, were not recorded as killing hirola. The available data
suggested that lions killed most hirola. However, it seems unlikely that predation was a

major contributing factor to the observed population decline.

8.4.2 Tsavo
As human populations increase, conservation areas may suffer as a result of edge effect

and lack of, or degradation of, dispersal zones. The Tsavo ecosystem is no exception,
Census records show a general declining trend in the overall number of wildlife and

livestock in Tsavo. The data indicated that the sharpest decline in the Tsavo wildlife and
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livestock occurred in 1991. Though the population recovered somewhat in 1997,

subsequent counts indicate a log-term decline of most wildlife species; the exceptions are

elephants which appear to be stable and cattle which are rising.

Apart from the potential threat of commercial poaching on elephants and rhinos, the main
threat to other wildlife species is due to poaching for meat (known as ‘pot’ poaching).
This mortality is often undetected because poachers use traditional (and silent) snares.
The increasing levels of poverty in communities within the ecosystem and the increasing
population size is likely to put more pressure on wildlife. The hirola groups occurring in
areas prone to poaching were shy and small in size. In addition, the recent poaching of
three 3 buffaloes at the core of the hirola range indicated that all of the Tsavo hirola
population is potentially vulnerable to poaching. However, during the study period it

seemed unlikely that poaching made a significant impact on the population.

Hirola preferred microhabitats with short diverse grass species, ample shade, raised, red
soil areas with a high availability of transient waterholes. The presence and extent of
these habitats affected the distribution of hirola group ranges: where they were present
hirola groups overlapped and where they were scarce, hirola groups were more dispersed.
This observation suggests that hirola in Tsavo may be ecologically limited by the

availability of these relatively rare microhabitats.

Field observations of hirola reproductive behaviour indicated that females often
wandered away from their family groups with their young calves and even with their
yearling offspring. Further, both yearling females and males dispersed from their natal
groups staying alone, or in the company of Grant’s gazelle, before eventually (in the case
of females) rejoining a family group or forming new groups; males joined bachelor
groups before eventually becoming solitary. The solitary stages in the life of hirola may
be a critical stage as such animals risk predation due to lack of protection afforded by the
anti-predator advantages of group membership. Most observed predation was on lone
adult females with their calves and only 18% of all young survived to recruitment.
Studies on Coke’s hartebeest in Nairobi National park showed that 70% of young

survived to year of age (Gosling 1974). This may suggest a lower survival rate among

hirola in Tsavo East National Park.



203

Hirola groups occupied home range areas which contained a number of preferred core
feeding sites which were used regularly. This behaviour while important for forage
utilization may also have made the group vulnerable to ambush predators, particularly
lions, which probably take advantage of predictable movements by potential prey. This
behaviour, in combination with the departure of alternative prey during the dry season
may have placed hirola under severe predation pressure. One hirola group occupying the

smallest home range area was completely decimated by lion predation.

Data on variation in the size of hirola groups suggested that predation and lack of shade
may have been responsible for a reduction in the overall number of hirola per group.
Similar results were obtained for the number of adult females per group and, by
extrapolation, these results suggest that predation and shade availability could limit the
hirola population. Further, higher numbers of observed carcasses were associated with
sites with higher grass and herb cover that could have provided cover for stalking

predators.

Finally, data on the survival of translocated hirola in Tsavo suggested that the capture
method had an important effect on post-release adult survival: animals caught in nets
were more likely to survive than those caught with tranquilizing darts. In contrast, age or
sex, were not contributing factors. On average, adult females wandered less from the
release site, although there were three notable exceptions. While females settled later
than males, they were readily accepted and joined stable groups. Sub-adult females on
the other hand stayed alone or joined groups of Grant’s gazelle. While these factors did
not have a long-term effect in Tsavo, they limited the number of animals that were added

to the population and they need to be considered in future movements of hirola.
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Chapter IX:

Discussion and Conclusions

9.1 Hirola behaviour and ecology

9.1.1 Population size and trends
This study has established that the average population size of hirola in Tsavo East

National Park was 71£9.3 SD, and that these animals ranged over an 844 km? area
(Chapter IV, section 4.2.1). Further, there were about 672 hirola in Garissa in a 5,171
km? range (Chapter IV, section 4.3.2). Since these are probably the only two populations
of hirola, the total for the species is thus about 743. However, the Garissa figure is

probably an underestimate and so the true figure may be between 750 and 1,000 animals.

Considering that about 11 hirola were first released in Tsavo in 1963 (Kock, 1996), and
that an additional 16 animals were added to the population in 1996 (Kock et al., 1998),
the Tsavo hirola population appears to be increasing only very slowly. Given the fact
that female hirola can give birth as early 16 months of age (Smielowski, 1987), this slow
growth suggests the operation of severe limiting factors. Tsavo East National Park is a
protected area and over the years of the present study, the hirola population occurring
there seems stable. However, its very slow growth rate casts doubt on the long-term
viability of the population. Studies on relocated populations indicate that they are more
likely to succeed if the founder population is >100 individuals (Fischer & Lindenmayer,
2000). In Garissa, the hirola population was 13,729 in 1973 (Watson et al., 1973). The
fact that the current population represents about 5% of the previous population after a
period of 27 years indicates that the population is diminishing at an alarming rate.
Furthermore, the Garissa hirola range has considerably declined from its previous range
of about 16,820 km? in 1976 (Bunderson, 1976) to the current 5,171 km?, representing
about 30.7% of the original. The Garissa hirola range is a pastoral land with intense and
increasing human pressures, which are likely to continue to impact negatively on the
population. Overall, there are factors at play that are affecting the growth and abundance

of the two populations and, if unchecked, they are likely to cause the extinction of the

hirola.
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9.1.2 Group size and composition
The hirola social groups in Tsavo ranged between 2 to 15 in number with a mean group

size of 7.3 = 2.6 SD (Chapter IV, section 4.2.2). In Garissa, hirola groups ranged
between 1 and 25 individuals with a mean group size of 7.9 = 4.15 SD (Chapter 1V,
section 4.3.3). All groups were accompanied by an adult male hirola. Neighbouring
groups sometimes joined together temporarily to graze on green patches that had received
earlier showers at the end of the dry season (Chapter V, section 5.2). These results
compare well with previous studies. In Garissa, previous observations showed that
family groups ranged from 5 - 40 with a mean group size of 7 - 9 (Bunderson, 1985;
Kingdon, 1982); these groups were usually in the company of a mature male. Dahiye
(Dahiye, 1999) while working in Garissa observed that family groups ranged from 5-17
with a mean group size of 8.7. The consistency of group size over the entire period
indicates that these values represent the natural group size of hirola. However, the mixed
aggregations of breeding and bachelor herds numbering up to 300 and occurring at the
end of dry season, that were observed by Bunderson in 1976 (Bunderson, 1985) were not
observed in the present study. This might indicate that the population density has
declined due to some limiting factor(s) or that the available groups are now too scattered
to join together in such numbers. Studies in the Mara-Serengeti ecosystem indicated that
the eruption of large groups of ungulates were the result of the removal of a major
mortality factor, rinderpest, through vaccination of surrounding domestic livestock
(Sinclair, 1979). In Tsavo, slight increases in group sizes occurred during the calving
period as a result of new calves being born and small numbers of recruits entering a
group; however, such increases were usually temporary and the groups generally declined

again as individuals were killed by predators.

Hirola groups were dominated by adults although, as mentioned, minor variations
occurred in the number of younger individuals. In both Tsavo (Chapter 1V, section 4.2.2)
and Garissa (Chapter IV, section 4.3.3), the age structure before the onset of calving
showed a bias towards adults and yearlings. After calving, the age structure was biased
towards adults and calves. The occurrence of a low proportion of recruits in the
population was probably a consequence of a combination of high juvenile mortality with
additional mortality when yearlings were expelled from their family groups (Chapter V.

section 5.3.5). The sex ratio of the hirola population in Tsavo and Garissa was biased
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towards females. Only single mature males existed in a group and the number of males
without females, either alone or in groups, were few. Populations with a preponderance

of females can increase faster than those with few females (Hedrick et al., 1996) but this

potential was not realized in the Tsavo population.

9.1.3 Reproductive behaviour and seasonality
This study has confirmed earlier findings that hirola males are polygamous (Kingdon,

1982; Bunderson, 1985). Hirola family groups are maintained and herded by a family
male (Chapter V, section 5.3.1). These adult males remain for long periods with their
groups and are only replaced by solitary adult males when they are killed by predators or
(in one case) when they become too ill to herd the family. Little physical contacts occurs
between neighbouring males. During the study period, only one observation of a male-
male encounter was observed and in this case one of the males avoided damaging
encounter by running away. This male had been newly introduced in Tsavo and its
behaviour could have been due to the fact that it was not yet established in its range.
Isolated male hirola in Tsavo did not show any evidence of territoriality (Chapter V,
section 5.3.2). Instead, they appeared to forage in parts of the group home ranges that
were not being used by the family group. However, group males appeared always alert
and herded females together, possibly so that they could not join another male. Hirola
males (and females) seemed remarkably free of injuries (such as scars and torn ears) that
would indicate fighting. The change of adult males in family groups may thus have been
through means other than fighting. One possible way could be pre-emptive defence.
During diurnal observations on hirola groups, the male hirola sometimes left the family
group suddenly and ran into the bushes as if chasing another animal. In cases where the
cause of such chases was confirmed, it sometimes involved Coke’s hartebeest and
Grant’s gazelle, but in areas with more bush cover, often the cause was not determined
and it could have involved single male hirola. However, the observation that an injured
and weak male hirola could keep a family group for about a year in the area where other
solitary males existed suggests either a low level of intrasexual competition or a strong
owner advantage in takeover attempts. Studies have shown that male mating strategy
largely depends on the availability and distribution of resources, the density of females

and/or males, and the degree of breeding synchrony (Emlen & Oring, 1977: Gosling.
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1986; Clutton-Brock, 1989; Langbein & Thirgood, 1989). The low level of competition

between male hirola may have been due to a low density of females and an even lower
number of competing males; the reasons for the latter is probably due to a high risk of

predation for isolated animals.

Tsavo hirola were seasonal breeders (Chapter IV, section 4.2.3). This conclusion is
similar to previous findings (Kingdon, 1982). The peak mating season occurred between
February and April at the start of long rains. A similar period was observed in zoo hirola
(Smielowski, 1987). Calving occurred from August to March, with a peak at the end of
November and beginning of October. Observations indicated that peak calving occurred
shortly before or after the onset of the short rains. This may explain the importance of
showers in the reproduction of hirola and the extent of the impact of drought on
reproduction. The similarity in age structure between the Tsavo and Garissa populations
indicated that the two populations displayed similar seasonal patterns of reproduction.
Observations on related Alcelaphines (Skinner & Smithers, 1990) have shown that they
give birth within the same period, even in the South African region. The synchronisation
of births with the onset of rainfall may be selected for because it offers optimal grazing
for lactating females (the most costly element of mammalian reproduction) and growing
calves (Murray, 1995). Theoretically, it is possible that all adult females gave birth since
all appeared to be in good physical condition; however, some studies indicate that
individual females may not reproduce in some years, particularly after having weaned an
offspring (Clutton-Brock et al., 1985; Kirkpatrick et al., 1996; Russell et al., 1998).
Observations on hirola in captivity indicated that healthy females calved annually
(Smielownski, 1987). My observations showed that 51% (Chapter IV, section 4.2.3) of
adult females in Tsavo were seen with calves while about 46% (Chapter IV, section
4.3.3) had calves in Garissa. These values must be an underestimate because some calves
would have died and not been recorded in the intervals between locating a group. If it is
assumed that all adult females in Tsavo gave birth, then 68.9% of the calves born must
have died within the first 6 months of life, while only 18% of them survived to 2 years of
age. In captivity, all the adult females calved and 32% of calves died before they were 3
months of age (Smielowski, 1987). Calving occurred around the middle hours of the day
and was accompanied by movements from the calving site, when the calf was able to

move. Such movements may have been an anti-predator strategy. Early mortality umong
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herbivores is usually caused by predators in habitats where predator occur (Linnell et al.,

1995), and preweaning survival is generally <50% (Epstein et al., 1983), and can be as
low as 1% (Byers, 1997). Maternal experience can also reduce the vulnerability of young
ungulates to predators (Byers, 1997; Ozoga & Verme, 1986). The timing of birth may
also account for temporal variation in preweaning survival. Late birth dates often lower
survival in temperate ungulates (Clutton-Brock et al., 1987; Clutton-Brock et al., 1991:
Fiesta-Bianchet, 1988) by shortening the period of access to growing forage. In the
presence of predators, caribou calves born during the birth peak may enjoy higher
survival than those born earlier or later (Adams et al., 1995). Other factors such as
parasites (Logan, 1973), disease (Miller et al., 1988), and high levels of inbreeding (Lent
& Davis, 1991; Sausman, 1984) may sometimes reduce preweaning survival but there

was no evidence of the operation of these factors in the present study.

9.1.4 Dispersal from natal groups and the formation of new groups
Observations on hirola groups in Tsavo indicated that most offspring dispersed away

from their natal groups during the first year of life. All male yearlings left their natal
groups, some as early as 6 months of age while females started dispersing after about 9
months of age (Chapter V, section 5.3.5). Dispersing young males, either 1) joined
groups of Grant’s gazelle, ii) formed temporary mixed groups with other dispersing
females, or iii) joined bachelor groups with older males. At over 32 months of age they
were mature and solitary and could form a family group or replace a group male (Chapter
V, section 5.3.5). Females appeared to stay longer in family groups. During separations,
they either 1) stayed alone or joined groups of Grant’s gazelle, ii) joined young males and
formed temporary yearling groups (of up to 6 in number), iii) joined lone adult males
where they matured and, in one case at least, formed a new group (Chapter V, section
5.3.6), and, iv) those that did not disperse separated occasionally from their natal groups.
but stayed within reach of the group. The group male and sometimes adult females were
directly responsible of driving the yearling individuals out of the groups. Observations of
developing young indicated that male hirola matured at about 30 months while females
were able to mate at about 20 months of age (Chapter V, section 5.3.5). These field
observations compared closely with zoo observations where males were observed to

mature at between 20-24 months and females at 15-20 months (Smielowski, 1987).
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Among the related wild Alcelaphines, male Coke’s hartebeest mature at about 3 years of

age and may be able to takeover territories at 4 years of age, whereas females mature at
between 18 and 24 months and give birth to their first young at between 2 to 3 years
(Skinner & Smithers, 1990). Female blesbok Damaliscus dorcas phillipsi and bontebok
Damaliscus dorcas dorcas are sexually mature at 24 to 30 months of age (Skinner &
Smithers, 1990). Female topi and tsessebe mature at about 28 months while their males
become sexually mature at 30 to 42 months of age (Child et al., 1972; Kingdon, 1982).
However, studies on the mountain goats have indicated that populations in poor habitats
show late sexual maturity (Festa-Bianchet et al., 1994). Dispersal among hirola is thus a
pre-requisite for the formation of new groups, but on the other hand may contribute to the
slow growth of the population if dispersing young are at risk from predation. This
interesting pattern of behaviour may explain why few hirola (about 18%) survive to
recruitment (Chapter IV, section 4.2.5). Studies on other herbivores indicate that the
survival of young may be reduced through shorter nursing time (Sarno, 1999) experience
when they are driven from the natal group at an early age, particularly in the case of

males.

9.1.5 Ranging and daily activity patterns
Hirola groups occupied specific home ranges that varied in size. In some localities, home

ranges appeared to overlap substantially (Chapter VII, section 7.3), while in others they
were far dispersed and separate. These differences may have been due to variations in
food quantity and quality, interference from predators, and, possibly, competition from
other grazers. Observations indicate that home ranges with more core areas were a result
of scattered preferred microhabitats caused by localised rainfall that created patches of
suitable grazing. Both predators and large herbivores such as elephants and buffaloes
caused hirola to move away from an area. These results are similar to the observation in
Saskatchewan that non-migratory woodland caribou (Rangifer tarandus caribou)
movement rates were a response to local predator pressure (Rettie & Messier, 2001).
Observations further indicated that the dispersed location of some hirola groups was a
consequnce of the distribution of suitable microhabitats since all areas occupied by hirola
groups, however far apart, appeared to have relatively similar vegetation. The core areas

of hirola ranges were characterised by the presence of raised red soil areas with grazing
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patches interspersed by bush and surrounded by open, low-lying grazing areas. These

areas had higher densities of seasonal waterholes, preferred shade trees and shrubs, and
patches of short green swards consisting of preferred grass and forb species. Under
suitable conditions hirola used such areas for up to three months, indicating that hirola
could potentially use far smaller home ranges where environmental conditions were
suitable. Most herbivores will move less if their essential requirements are met in a
particular feeding area. The bongo (Tragelaphus eurycerus) in Dzanga National Park,
Central African Republic, spent most of their time near natural salt licks where they
grazed on preferred grasses and herbs, and consumed soils from the salt lick (Klaus-Hugi

et al., 2000). In forests without salt licks, they ranged over much larger areas.

Hirola were most active during the early morning and late evening hours of the day, when
the weather was cool, and they rested during the middle part of the day (Chapter V,
section 5.4). However, sporadic grazing occurred whenever there was prolonged cloud
cover or during showers of rain. Active grazing took place in fairly open areas whereas
resting took place on the edges of bushland. Many prey species avoid predators by using
refuges in which they are less vulnerable to capture but foraging and other activities
necessitate leaving this protection (Kramer & Bonenfant, 1997). During active grazing,
hirola used open areas that were often in use by other herbivore species. These open
areas were often on gently sloping plains with higher densities of transient waterholes
that provided greener preferred pasture for hirola. Hirola appeared to spend the ni ght in
such places, moving very little and staying close to associated species such as Coke’s
hartebeest, zebra, and Grant’s gazelle. However, studies on lion predation indicate that
most kills are around watering points and on the edges of bushes (Ruggiero, 1991; Hanby
et al., 1995). These nightime concentrations of hirola and other herbivores were common
and may have provided some protection against predation. Larger groups accord better
vigilance than smaller ones (Jarman, 1974; Roberts, 1996). Potentially, hirola could thus
have been in danger at their resting sites where they were generally in small groups and
could easily be attacked by predators like lions and cheetahs. However, predators are
generally inactive at such times and during resting hours in or at the edge of scrubland,
hirola showed their lowest levels of overall vigilance and some animals seemed to be fast
asleep. Resting areas such as a group of shrubs surrounded by open areas may also have

conferred some benefits in terms of the ability of hirola to detect potential predators.
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Most social activities took place during the active feeding period (Chapter V, section
5.5). However, some activities such as intra-specific aggression, and social grooming
occurred during resting hours. There were continuous displacements from shade in some
hirola groups particularly when the group was in an area with poor shade trees and
bushes. At times the entire group moved off, apparently in search of better shade areas.
The male generally occupied the best available shade followed by females arranged with
respect to their social dominance. In good shade sites, the main activity was resting and
grooming. Inter-specific aggression also occurred during grazing periods and were
mostly over grazing patches. Zebra, Coke’s hartebeest, and topi interactions with hirola
were mainly over food patches, whereas Grant’s gazelle was often chased when they

attempted to nose hirola calves.

9.1.6 Ungulate community structure and association
A total of 14 animal species were seen commonly on the hirola range in Tsavo, while 7

occurred in Garissa (Chapter VI, sections 6.2.1&2. In both places, the ungulate species
showed seasonal trends in numbers with most occurring in the wet season. The main
factor determining both the annual movements and variations in their numbers was found
to be rainfall, presumably through its effects on the food supply. The benefits of seasonal
migrations and aggregation may be to take advantage of seasonal spatial variation in food
availability, maximise the growth potential of the vegetation through rotational grazing,
and escape predation pressure (Fryxell, 1995). As a result, resident and migratory species
could have different forms of regulation, with residents commonly regulated by predators
and migrants regulated by food availability (Fryxell et al., 1988). Overall, migratory
species tend to achieve highest levels of abundance while resident species tend to be
fewer (Fryxell, 1995). Observation of lion predation on zebra and wildebeest in the
Kruger National Park indicated that non-migratory wildebeest were the most affected as
compared to zebra that were semi-migratory (Mills & Shenk, 1992). Hirola used the
same ranges all year round while other herbivores moved depending on season.
Differences in the amount of available food or dispersion of food items can cause
seasonal variations in location, typical group sizes and concentrations of most ungulate

species (Jarman, 1974). Observations on hirola groups indicated that they maintained
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their general range throughout the year (Chapter VII, section 7.3). One reason why hirola
could survive the dry season was that during this period, groups moved into bushy
habitats where they obtained some green food material from the bases of bushes and trees
as well as obtaining shade. At the same time, most grazing was done on the edges of or
inside drying or dry waterholes where vegetation was relatively green. In addition, the
most intensive grazing occurred in early morning on dew laden forage and hirola thus
rarely needed to drink free water. However, the ability of hirola to survive through the
dry season meant that they were resident throughout the year and thus subject to year-
round predation pressure from resident predators. This may have been particularly
intense when the migratory prey species moved out of the hirola range. A high density of
prey species on a particular range should tend to reduce the risk of predation to all species
involved through simple dilution effect (Hamilton, 1971; Bertram, 1978). Doubling the
local density of herbivores while predator density remains unchanged would lead to a

halving of the mortality risk.

In Tsavo, hirola associated with other species at a frequency that was related to their
availability on the range (Chapter VI, section 6.3.1&2). Grant’s gazelle was the most
common ungulate in Tsavo and the dominant associate of hirola and hirola appeared to
benefit from the presence of Grant’s gazelle through a reduced need for vigilance in
mixed groups. However, in Garissa, warthogs were the most common on the range but
topi formed the main associates. Though predation risk may have been reduced by
association with other species, and by the availability of alternative prey, the use of the
same range would have resulted in competitive interference over resources especially
from zebra and Coke’s hartebeest in Tsavo, and topi in Garissa. On the other hand,

competition during the dry seasons may have been reduced due to the emigration of

potential competitors.

9.1.7 Habitat selection and food choice
The pattern and structure of vegetation are determined largely by environmental and

edaphic factors (Belsky, 1995). Further. rainfall, geology, soil moisture, soil
characteristics on the slope (soil catena), and soil alkalinity, salinity. and sodicity are the

dominant influences on pattern and structure in African savannah svstems (Belsky.
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1995). Large mammals, however, also have a strong influence on species composition.

decomposition rates, nutrient recycling and microsite structure, through herbivory
(McNaughton et al., 1988). Overall, these factors create microsites that suit certain
species. Hirola were found to be highly selective of microhabits, choosing sites with a
sparse short green grass/forb layer that provided food and relatively dispersed bush for
cover and shade (Chapter VII). These findings are supported by earlier observations of
patch selection trials showing that grazers tend to prefer short, sparse swards to tall, dense
swards (Wilmshurst et al., 2000). Indeed, migratory herbivores often shift from areas of
high to low sward biomass during the growing season (Vesey-Fitzgerald, 1960; Gwynne
& Bell, 1968; Jarman, 1974; Langvatn & Hanley, 1993; Wilmshurst et al., 1990). As
nutritional quality is an inverse function of grass abundance, herbivores appear to
sacrifice short-term intake for nutritional gains obtainable by eating sparse forage of
higher quality (Wilmshurst et al., 2000). The distribution of preferred shade trees and
shrubs also influenced their location. Hirola preferred fairly open sites, though they
required some bush for cover and shade. The amount of tree and shrub cover varied
between Tsavo and Garissa, with more open sites (on flood plains along the Tana River
dominated by the preferred grass Sporobolus helvolus and patches of the forb Commelina
forscalae) holding higher densities of hirola. These sites were heavily grazed by cattle
and wildlife especially hippos, buffaloes, zebra and topi. The occurrence of large
numbers of hirola at such sites may indicate that hirola benefits from the presence of
other species that help in reducing the overall heights of grass herb layer. Similarly,
hirola ranges in Tsavo coincided with sites that were frequently used by other species
such as zebra, Coke’s hartebeest, oryx and buffalo. Hirola preferred sites with shorter
grass and only used areas with taller grass in the dry season, and in places where they
could get shade. The presence of high densities of hirola on sites with a short, sparse
herb layer may indicate the occupation of a preferred habitat. However, it also suggests a

lack of sufficient habitat with preferred food plants which could thus lead to local

concentrations and over-utilisation.

The diet which savannah ruminants select vary in two principal ways: botanically, in the
proportions of grasses, forbs and browse, and in quality, which approximates to the
inverse of fibre content and its degree of lignification (Ilius. 1997). All ruminants select

against wood, stem and leaf sheath and in favour of leaf lamina, but this tendency is
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strongest in small species and almost absent in large species. Large species make less use
of short grass than do small species, and are the first to move off swards high on the
catena when they become depleted during the dry season (Illius, 1997). The most
selective feeders, such as duikers, have botanically-diverse diets, avoiding fibrous
components of the vegetation where possible. Intermediate selectivity is associated with
lower-quality diets and is exhibited by animals in the range of 50 to 200 kg body weight
(which includes the hirola), which may tend to specialise on either grass or browse, or
switch from grass to browse as grass digestibility declines at the end of the wet season
(Jarman, 1974). Hirola appear to feed mainly on grasses, selecting short stands and
consuming whole plants (stem, leaf and inflorescence) at about 7 cm from the ground.
However, forbs were eaten too. In Tsavo, the proportion of forbs increased in the diet
during the dry season. Similarly, hirola in Garissa mainly grazed but ate forbs too. Two
strange observations in Garissa were of a female hirola feeding on the leaves of
Combretum hereroense and once I encountered a group in the riverine forest feeding on
the dry (but highly nutritious) seeds of Acacia tortilis. Both of these observations were
made in the dry season. In general, hirola used moderately tall grass areas in the dry
season as they moved closer to bushy areas. Further, hirola preferred green grass but
would avoid them as they grew taller in the wet season; they then moved in search of
edge grasses that were less green but shorter. The avoidance of tall grass may have been a
result of the threat from predation. Though hirola food plants appeared low in nutrients
during the dry season, hirola seemed to tolerate this for a short period and they did not
seem to change in body condition. According to White (White, 1980), loss of body
condition in the dry season among tropical ungulates is usually explained by low quality
of forage. Studies indicate that as grass swards mature, they increase in biomass and
decrease in quality as they accumulate structural carbohydrates (Waite, 1963). Mature,
poorly digestible grass requires longer retention in the rumen and/or reticulum to reduce
particle sizes sufficiently to pass to the hind gut (Illius & Gordon, 1992). Faster passage
of high-quality grass means that it can be consumed in greater quantity by ruminants than
can low-quality grass (Baile & Forbes, 1974). Hirola may have overcome this condition
as a result of their feeding around drying water holes that most times had greener grass
and by the selection of nutritious, succulent forbs. This pattern of selection may also

explain why their faecal material had higher nutrient contents and why hirola always

appeared to be in good physical condition.



9.2 Factors limiting hirola populations

9.2.1 The Garissa hirola population

9.2.1.1 Habitat degradation
Observations on hirola feeding and on their habitat preference indicated that they

preferred grassland patches with short grass/herb layer interspersed with bushes (Chapter
VII, Section 7.5, Chapter VIII, section 8.2.1&2). Such areas in Garissa appear to be
declining. Most sites are overgrown with bush (eg the Arawale Game Reserve that was
formally created as a conservation site for hirola (Magin, 1996b)) while others are turning
into scrubland with bare ground (eg the Bura area). Few hirola occur on sites where
these processes are most advanced. This habitat degradation has been caused by recent
increase in the human population, and especially by the influx of Somali refugees as a
result of political instability in the Somali Republic. The increased human population has
also led to an increase in livestock numbers and hence overstocking. An increase in
livestock leads to overgrazing, an increase in bare ground and the progressive growth of
bush cover leading to a general decline in range condition (Oba et al., 2000, Prins & OIff,
1998, Rainy & Worden, 1997). The loss of habitat is a major factor in the decline of
most wildlife populations (Morrison et al., 1992). The decline in population can be
through reduced reproduction rates, increased mortality rates or increased competition for
food resources between livestock and wildlife grazers such as hirola (Prins, 1992). As a
result of overgrazing, there may also be a reduction in fuel load that is necessary to

promote the fire regimes that would help reduce bush encroachment (Dublin et al., 1990).

The increase in illegal immigrants, many of them ex-soldiers from Somalia led to
increased poaching especially of elephants and rhinos (Chapter VIII, section 8.2.3).
During the 1990s large gangs of 100 — 200 men roamed the hirola range and lived off
wildlife while poaching for ivory and rhino horn and robbing buses, villages, and market
centers. Most locals believe that of all the wildlife in the range, hirola has the best meat
and most poachers prefer it. There were about 10,500 elephant and about 100 rhinos in
the hirola range by 1977 (DRSRS data base, 1977). Currently only about 35 elephants
exist on the forest edges of the TPNR along the Tana River and no rhinos survive.
Elephants destroy woodlands thus creating grasslands and grassland patches (Laws, 1969.

Caughley, 1976), thus acting as facilitators to grazers like hirola. The decline in
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elephants and rhinos, may have led to bush encroachment and an overall decline in

habitat quality for hirola.

9.2.1.2 Poaching
Bush encroachment in Garissa has in turn forced hirola to vacate overgrown sites and

inhabit sites closer to Somali homesteads or vacated homesteads where through grazing
and human activities, the bush cover is low and the sward layer is short (Chapter IV,
section 4.3). However, this location presents a further threat as poachers can find hirola
within short distances of their settlements. The Garissa hirola had higher flight distances
than those in Tsavo thus indicating a greater threat from poaching. Studies in the Katavi
Ecosytem in western Tanzania have indicated that wildlife species tend to be fewer

outside protected areas and that as a result of hunting, they are always shy (Caro, 1999).

Due to unstable government in Somalia, high incidences of organized poaching were
recorded along the Kenya/Somalia border. As a result of high insecurity in the area, the
Kenya government has deployed large numbers of mainly upcountry security personnel.
Due to the remoteness and hardships of the area, re-supplies of food are sometimes
unreliable and this may lead to poaching. The presence of Home Guards to help contain
banditry and cattle rustling has also led to more guns for poaching in the region. Several
people have played down the effect of poaching, but I believe it is one of the major
factors affecting hirola in Garissa. The only animals that exist in large numbers in the
Ijara/Galmagalla area are waterbuck, whose meat is regarded as unpleasant and warthogs,
which are avoided by Muslims. Studies in the Ishasha Sector of Ruwenzori National
Park, Uganda indicated that poaching was one of the key factors causing the decline of
the topi population (Yoaciel & Van-Orsdol, 1981). Yoaciel's study showed that
poaching increased even further after the establishment of a military garrison at the
Ishasha border since these people were largely immune to prosecution. The current
localized distribution of hirola away from areas where water is available indicates their
response to this kind of threat. A study on buffaloes on the border between Botswana
and Zimbabwe indicated that this water-dependent species settled far away from water

reserves, in areas where they were least likely to encounter poachers (Hunter, 1996).
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9.2.1.3 Diseases
Disease could be an important threat to hirola in the natural range and could potentially

drive the species to extinction in a single disease episode. The most probable cause of
such an outbreak would be transmission from livestock. This study indicated high
movements of people and livestock within the hirola range (Chapter VIII, section 8.2.5).
These involved two main groups of people, the first from Somalia. The periodic
movement of Somalis with their livestock into the hirola range was due to the ongoing
inter-clan conflicts in Somali and were partly to ensure their personal security, partly to
sell their livestock at markets along the Kenyan Coast and partly to graze their livestock
within the coastal forest grasslands patches during periods of drought. The second form
of livestock movements within the hirola range involved the Kenyan Somalis from as far
as Wajir and Moyale who came southwards to graze their livestock in periods of extreme
drought. Most of these people were heavily armed and they lived mainly on wildlife.
These frequent and large-scale movements of livestock were a constant opportunity for

disease transmission.

In captivity, hirola suffer from acidosis, bloat, tuberculosis and mycobacterioses
(Smielowski, 1987). It also seems very likely that hirola, like most African bovids, are
susceptible to rinderpest. Serological testing of four adult hirola in 1995 and of 35 hirola
from the 1996 capture indicated that none of these animals had been exposed to
rinderpest. However, in 1999, these samples were reassessed using a more sensitive test
and at least one hirola tested positive (Kock et al., 1999). There is concern that rinderpest
may now be endemic in the Garissa District and that each year a portion of the hirola
population succumbs to it (Kock et al., 1999). The closely related Damaliscus spp.are
moderately susceptible to rinderpest (Woodford, 1984). Reported cases of rinderpest
outbreaks occurred in the hirola range in 1962-1963, and in 1982-1984 and it has been
suggested that each outbreak may kill a part of the hirola population (Ottichilo et al.,

1995). The rinderpest epidemic west of Tana River near Garsen and Tsavo East National

park killed 55% of the buffalo population (Kock et al., 1999).

It also appears likely that hirola are susceptible to other diseases that affect livestock and
the mortality of hirola in late 1998 was due to East Coast Fever and trypanosomiasis

(Richard Kock pers comm.). Foot and mouth disease might cause some mortality among
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hirola but is likely that, like most other ungulates, hirola are wholly or partially resistant

to this disease (Pratt & Gwynne, 1977; Kock et al., 1999). According to Kingdon
(Kingdon, 1982), there are no reports of hirola suffering declines as a result of disease,
however the dramatic decline in hirola during 1983 and 1985 may have been at least
partly due to disease. In general, it seems probable that hirola have suffered massive
mortality due to disease from time to time. Now that hirola have been reduced to such
low numbers, any further major episode of disease may represent a serious threat to the

survival of the species.

9.2.1.4 Climatic changes
Climatic changes may have also had some impacts on hirola. There was drought in the

hirola range in 1965, 1970, 1973 - 1976, 1979, 1980, 1984 — 1985, 1990, 1992 (Dirschl et
al., 1978; Decker, 1989; Wargute & Aligula, 1993; Wargute, 1994)). Droughts are
certain to have reduced the hirola food resources and probably caused some level of death
and low reproduction. In addition, starving people will have been more likely to poach
hirola for food. Studies have shown that populations of herbivores are determined by the
quantity and quality of food over a period sufficient enough to enable the animal to
deposit reserves of energy and protein stored in the body (Prins & OIff, 1998). Skogland
(Skogland, 1986) suggested that the fecundity of migratory populations should be less
sensitive to environmental variation than that of sedentary populations such as hirola
(Chapter VII, section 7.3). Migratory populations such aswildebeest, caribou, and elk do
show stable fecundity of prime-aged females, but constant adult fecundity has also been
reported in sedentary populations of roe deer (Capreolus capreolus) (Gaillard et al.,
1992) and fallow deer (Putman et al., 1996), indicating that the adult fecundity of many
large herbivores is resilient to a wide variety of environmental conditions and may be a
species-specific life history trait. Studies on moose (Boer, 1992), pronghom (Byers,
1997), and gazelles (Baharav, 1983) confirm high resilience of adult fecundity in
ungulates. Limited, density-independent year to year variation in adult fecundity usually
originates from annual variation in weather such as rainfall (Berry, 1981). Since the
quality and quantity of forage in semi-arid areas is largely influenced by rainfall. it is
likely that droughts negatively influenced the hirola population through reduced
reproductive and survival rates. These effects may have been enhanced by poaching and

the spread of diseases as livestock are moved around, often concentrating in areas where



219
some resources remain. During the 1997-1998 El-Nino floods a similar but reverse

situation occurred. The entire hirola range was flooded and an aerial survey showed that
some hirola had taken refuge on raised ground, indeed the very same areas that people
were forced to occupy. Almost the entire stock of goat and sheep in the range died.
Hirola may have died too and while none were reported, the hirola scouts recorded some
poaching. An outbreak of East Coast Fever immediately after the EI-Nino also caused

substantial deaths among hirola and livestock.

9.2.1.5 Loss of dry season refuges
Observations of hirola occupying the area around the TPNR, indicated that the open

patches used were typical flood plains, and constituted the highest concentration of hirola
in Garissa (Chapter IV, section 4.3.1). The Tana River typically discharges water onto
the flood plains each year. In the past these floods have even been known to kill an entire
forest along the river banks (Decker, 1989; Hughes, 1990). This process has been
essential in maintaining flood plains that offer grazing habitat for hirola. Currently, parts
of the flood plains have been converted to irrigation schemes as at Bura and Garsen,
hence the loss of habitat for hirola. However, currently, flooding rarely occurs except
during a major change in climate such as the El-Nino episodes and there are indications
that slowly the riverine forest is expanding to cover the few existing flood plains. At the
same time, bush encroachment is proceeding from the hinderland. In addition, dams for
the generation of hydroelectric power have been constructed upstream at Masinga,
Kiambere, Kindaruma and one is proposed for Mutonga. Such dams are reducing the
discharge of the river and will lead to further loss of the flood plains. Comparable
evidence for the impact of such changes in vegetation structure, is the encroachment of

bush that led to the decline of roan antelope in Kruger National Park (Joubert, 1976).

9.2.1.6 Competition with livestock and other ungulates
Interspecific competition occurs when two or more species utilize a resource which is

limited in supply. Field observations in Garissa indicated that most hirola were found in
areas close to livestock bomas and along the flood plains on the banks of Tana River
(Chapter IV, section 4.3.1). Further, hirola were observed to graze close to cattle in the
wet season, but during the dry season when grazing areas were scarce, hirola used the
same areas as those utilized by livestock but occupied them very early in the moming

before livestock arrived and late in the evenings after the livestock had been moved to
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homesteads for the night. However, when food was scarce and livestock could not feed
for long enough during day light hours, the owners grazed them all night. This indicates
the potential impact of the increased livestock population on hirola. Interestingly enough,
there were 200, 000 cattle in the hirola range in 1973 (Duncan, 1974) and 126,730 cattle
in 1995 (Ottichilo et al., 1995). This suggests an overall decline in carrying capacity on
the hirola range, that is affecting both species. Further, studies on topi and wildebeest
indicated that wildebeest, which have relatively wide mouths, can graze down vegetation
swards to a height below that which can be tolerated by topi; and, the narrower-mouthed
topi can reduce the leafy component of differentiated swards (i.e., swards in which seed-
bearing stems have developed) through selective feeding to a level below that which can
be tolerared by wildebeest (Murray & Illius, 2000). Although this kind of investigation
was not undertaken in this study, it seems likely that the massive presence of livestock in

areas occupied by hirola may be directly affecting the hirola’s food resources.

9.2.1.7 Predation
Records of predation on hirola by lions and hunting dogs were common in Garissa.

Though no data was available on predator density and actual impact on hirola, studies in
the Ishasha Sector of Rwenzori National park indicated that the high density of predators
(lions) was responsible for the decline of topi population, in addition to poaching
(Yoaciel & Van-Orsdol, 1981). Lions, hyaenas, and hunting dogs were seen quite
commonly in Garissa and a number of observations of predation were recorded by the
hirola scouts (Chapter IV, section 4.3.4). A number of cases of predation were recorded
during the East Coast Fever outbreak, perhaps due to attacks on weak and sick hirolas.
The numerous cases of predator attacks recorded on well protected domestic animals may

also have been an indication of the high predation pressure on wildlife including hirola.

9.2.1.8 Overview of limiting factors in Garissa
Though data from the natural range is not conclusive, this study has established that

disease, poaching, predation, habitat degradation and competition from livestock and/or
other wildlife herbivores (Chapter VIII, section 8.2) are contributing to the decline on an
already diminished natural hirola population. At the current mortality rates, the hirola
population could remain static but poaching may exterminate some local groups that
occur in high poaching zones (e.g., areas close to the Kenya-Somalia border) or drive the

surviving members to sub-optimal habitats where they may eventually die out. On the
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other hand, a disease outbreak (section 9.2.1.3) that affects both livestock and wildlife
could potentially spread to the peripheral groups (those that are not under direct threat
from poachers currently, particularly the groups within the Tana River Primate N.R.) and
wipe out the entire population. Poaching and disease might thus be the biggest and
immediate threats to the natural hirola population. Competitive interference and habitat

destruction might be the most important long-term threats.

9.2.2 The Tsavo hirola population

9.2.2.1 Microhabitat selection
This study indicated that hirola were highly selective in their choice of microhabitat in

Tsavo (Chapter VIII, section 8.3.2). Range observations indicated that such
microhabitats were limited in their availability. The relationships between the
preferences of animals to an objective classification of the habitats in a particular area
might give an indication of the balance between habitat requirements and resource
availability. Studies have shown that there is often a trade-off between habitat selection
and predation risk (Cowlishaw, 1997), resulting in greater use of less risky microhabitats.
Further, an antelope selects the vegetation type that best satisfies its feeding
requirements, then selects the stand of plants that most suit it and lastly the plant parts
that it prefers to eat (Jarman, 1974). The fact that some hirola group ranges were
clustered on particular microhabitat types while others were dispersed at low density is an
indication of the preference of this species for particular habitat conditions and of the

limitations of such habitats in Tsavo East N.P.

9.2.2.2 Local ranging behaviour and predisposition to predation
Hirola were observed to occupy the same range area all year round, only making local

shifts to neighbouring habitat patches (core areas) (Chapter V). Observation on other
ungulates indicated that they made seasonal movements away from the area in the dry
season in search of resources, whereas the main predators (lions) did not move (Chapter
IV, section 4.2.8) (Hanby et al., 1995). Hirola may thus have been exposed to high
predation pressure during these periods. Studies on lion prey selection in Kruger
National Park indicated that lions selected the most abundant small to medium sized
ungulates namely impala, wildebeest and zebra (Funston et al., 1998). Similarly in the

Mara, pride lions killed topi, Coke’s hartebeest, impala and warthogs during periods
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when the preferred migratory species (wildebeest and zebra) had migrated to the
Serengeti (Bertram, 1979). Also, because a particular area was likely to contain
wildebeest for a small proportion of the year, while zebra, with their less aggregated
distribution, were likely to be present for a longer part of the year, more zebra were killed
despite their being less abundant than wildebeest (Bertram, 1979). Studies in the
Serengeti also indicate that lion prides did not migrate alongside prey but instead preyed
on the few available non migratory prey species (Hanby et al., 1995). Further, lion prides
in the Ngorongoro Crater (where prey species were abundant most of the year) had
smaller home ranges than the Serengeti plains prides, which had to survive on seasonally
available prey (Hanby et al., 1995). The fact that the antipredator benefits of interspecific
association were also reduced makes predation a more serious threat to hirola in the dry
season when other prey have moved. The Garissa population may experience similar
threat as a result of seasonal topi migrations between the hinterland and the coastal

forests.

9.2.2.3 Reproductive behaviour and predisposition to predation
Observations on hirola groups in Tsavo revealed that female hirola often separated from

their family groups to graze alone with their calves or with their yearling offspring
(Chapter V, section 5.3.4). Further, hirola yearlings separated from their natal groups to
live alone or in temporary sub-adult groups (See 5.2). Two females and their calves were
killed by lions while in isolation from the group. Probably, only about 68.9% of calves
born survived up to 6 months of age and only about 18.0% of calves born survived to the
age of 2 years. Studies have shown that membership of larger groups confers anti-
predator advantages (Jarman, 1974; Roberts, 1996). Hirola live mainly in groups and
may not be able to effectively conceal themselves to avoid predators, unlike solitary
antelopes that can conceal themselves in closed habitats and that sometimes freeze in the
event of predation risk (Jarman, 1974; Sinclair, 1985; Hamilton, 1971; FitzGibbon &
Lazarus, 1995b). Similarly, a lone hirola amongst a group of Grant’s gazelle or zebra or
ostrich may be easily recognisable to predators. Observation on lion predator selection in
Kruger National Park indicated that lions selected buffalo calves and old bulls that they
encountered away from herds (Funston et al., 1998). Studies on moose (Alces alces
gigas) in the eastern Talkeetna Mountains, Alaska, indicated that annual mortality from

grizzly bear (Ursus arctos) and wolf (Canis lupus) predation was higher for solitary
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yearlings than for dependent yearling (those with adults) and for solitary adults (White et
al., 2001). Field observations that some female hirola were killed, together with their
calves while in isolation and that only a few of the dispersing yearling survived to rejoin
groups supports the common finding that solitary animals are vulnerable (Chapter VIII,
section 8.3.4). However, it is also possible that young hirola may be better able to hide
from predators when alone than when in groups. The overall costs and benefits of
dispersal behaviour have yet to be clarified and deserve further study.In general, hirola
appear to be timid and vulnerable animals; they responded to approaching predators by
running slowly away. Overall, observations of their anti-predator behaviour suggests that

predation could be an important factor limiting hirola numbers.

9.2.2.4 Poaching
Field observations indicated that Tsavo hirola are not free from the threat of poaching.

Tsavo National Park currently faces a serious threat of loss of game through poaching for
meat by local people. So called ‘pot poaching’ is believed to be a major factor
contributing to the decline of wildlife in the Masai Mara region in Kenya (Ottichilo et al.,
2000). The decline of buffalo populations in the north-western and western corridor

areas of Masai Mara was also attributed to illegal hunting (Dublin et al., 1990).

9.2.2.5 Disease
Between 1995 and 2000, two hirola, a mother and calf, were observed to have diarrhoea

but they soon recovered. No other evidence of disease was observed in Tsavo during this
study and disease did not appear to be an important factor in this population. However,
there was a rinderpest outbreak in Tsavo between 1994 and 1995 (Kock et al., 1999),
which greatly reduced the ruminant population and hirola may have been affected. The
rinderpest outbreak in Tsavo was thought to have been caused by the movement of
infected livestock from Somalia to the ranches around Tsavo National Park (Richard

Kock pers. comm.).

9.2.2.6 Predation and shade
Analysis of the effect of a range of candidate limiting factors on variation across hirola

groups suggested that predation and shade may have important effects on the overall
numbers of hirola per group (Chapter VIII, section 8.3.5). Predation was known to be the

cause of some of the observed mortalities and the abundance of carcasses was related to
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variation in predator occurrence (Chapter IV, sections 4.2.6&7). Other studies have
demonstrated that predation can be a limiting factor especially on species with a small
population, e.g., topi (Yoaciel & Van-Orsdol, 1981), bighorn sheep (Hayes et al., 2000)
and feral horse (Greger & Romney, 1999). Studies on prey selection by lions in Manovo-
Gounda-St-Floris National Park in the Central African Republic indicated that grazers
were taken more frequently than browsers or mixed feeders, and the majority of the kills
occurred on rivers floodplains or the surrounding woodlands (Ruggiero, 1991). Hirola
groups grazed on the edges of drying waterholes, which occurred mostly in open areas
and used the surrounding bushes for shading. This environment may have predisposed
them to predation. The high intensity of aggressive displacements over shade (Chapter
V, section 5.5.1) suggested that this variable might be important and the abundance of
prefrred shade trees and bushes was correlated with observed variation in group size
(Chapter VIII, section 8.3.6.1&2); temperature is known to be a major influence on

ungulate diurnal activity cycles (Roberts & Dunbar, 1991).

9.2.2.7 Overview of limiting factors in Tsavo East N.P.
Observation of hirola groups in Tsavo indicated that predation, the availability of a

spatially limited food resource (short green grass) and lack of shade could have limited
group sizes and hence the population. However, the incidence of predators and the
abundance of shade were inversely correlated and thus confounded in multivariate
analysis. This intercorrelation may have been because lions were attracted to open areas
where prey concentrations formed ansd where shade trees and bushes were minimal. In
spite of this, competition for shade caused considerable competition and thus seemed to
be biologically important; however, it seems unlikely that it would be a primary limiting
factor. Predation emerged as the most important factor in multivaraite analysis and this
result, together with a variety of observational data suggest that predation is by far the
most important factor limiting the Tsavo population. The limited availability of a
preferred food supply is potentially important but seems unlikely to be placing a ceiling
on hirola numbers at the present low population size. If food were limiting there would
be some indication of poor body condition and reduced reproductive performance.
However hirola nearly always seemed to be in excellent condition, even in the dry
season, and there was no indication that female reproduction was constrained. This

suggests that the hirola population was below carrying capacity and that it has never been
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at carrying capacity since its introduction in 1963. The reason seems likely to be the high
level of predation that the population experiences, particularly during the dry season

when the population is exposed by the departure of the migratory alternative prey.

9.3 Conservation management strategies

9.3.1 In-situ conservation (Garissa)

9.3.1.1 Re-establishment of existing conservation areas
The findings of this study indicates that about 60 hirola exist in the Arawale Game

Reserve and about 200 in and around the Tana Primate National Reserve. There is an
urgent need to re-establish these partially protected or unprotected areas as real National
Parks. National Parks enhance local security, promote tourism and wildlife protection,
exclude people and livestock, and, ideally, provide income from tourism that can be
directed to help projects within the local community. While there is no direct evidence
that upgrading such areas will necessarily result into an increase in the number of
wildlife, studies have shown that higher numbers of wildlife occur in protected areas than
outside (Caro, 1999). The Kenya Wildlife Service should attempt to convert the area on
the east bank of the TPNR into full Park status to protect the high concentration of hirola
there, degazette parts of the Arawale Game Reserve (which now have no value as
wildlife refuges) and extend its southern range (which has some groups of hirola) into a
National Park. The two parks could then form breeding grounds for hirola in their natural
range. These areas could act as a focus for future management plans and at the same time
could reduce conflict with local people. Studies elsewhere show that the absence of
active protection in non protected areas, either by central authorities or through local

agencies, has resulted in declining numbers of wildlife (Leader-Williams et al., 1990).

9.3.1.2 Develop community based conservation schemes
In order to alleviate the conflict that exists at present between KWS and the local

community, it is imperative that the local community is involved in hirola conservation
measures. For example, the area around Galmagala which harbours substantial numbers
of hirola could be converted into a community based conservation zone. This objective
could be achieved through the formation of local conservation groups (Lewis et al.,
1990); (Wilkie et al., 1998), and the upgrading of protection. However, community-

based conservation programs will only succeed if the communities involved receive



226

tangible benefits. The elders of the community around the Galmagala area have
consistently expressed to me their desire to allocate part of their land to a community
based hirola conservation zone. In return, they wish to be assisted in building dams and
bore holes to provide water to the community as well as their livestock, and to be
provided with armed protection against banditry from neighbouring Somalia. In
Tanzania, such schemes are being undertaken by the Tanzania National Parks Authority
in collaboration with the German Development Agency (GTZ) around the Selous Game
Reserve, (Krishke et al., 1996) and the Cullman Wildlife Project, which is providing
funding for schools and clinics to the villages adjacent to its hunting concessions (Robin-

Hurt-Safaris, 1996).

9.3.1.3 Active habitat management
With the knowledge that is now available about hirola habitat requirements parts of

Arawale Game Reserve that once supported high densities of hirola could be reinstated to
their original form. This could be achieved partly through controlled burning to restore
grassland patches (Dublin et al., 1990). In areas where there is no enough fuel to sustain
fire (the areas near Bura), mechanical and possibly, chemical means could be used to
reduce bush cover. In addition, the area could be easily supplied with permanent
watering points at selected sites by piping from the nearby Tana River. Such
developments could be achieved by relatively modest levels of funding and would

represent an investment for future income from wildlife.

9.3.1.4 Monitoring microhabitat changes
Taking note of the microhabitat selectivity revealed in the present study of hirola, future

management should attempt to monitor the availability and dynamics of the preferred
short grass habitats so that any change can be quickly noted. Attempts should also be
made to develop and refine techniques (such as controlled burning) that could be used to

increase the availability of such limiting resources.

9.3.1.5 Monitoring of the impact of diseases
This study supports the suggestion made elsewhere that disease is a potential threat to

hirola in Garissa. The major declines in hirola numbers that have been observed may be
partly a result of diseases that have been transmitted through livestock movements.

There is a need to monitor the spread of diseases between livestock and wildlife
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especially in the dry seasons and periods of extreme drought. This could be achieved
through frequent monitoring of diseases among wildlife, by monitoring livestock
movements throughout the range, and enforcing livestock vaccination programmes
against possible diseases. Livestock vaccination programs in the Mara/Serengeti region
led to tremendous increase in wildlife population (Sinclair, 1979). It may also be useful
to determine the impact of the topi migration on hirola in terms of disease transmission.
Topi migrate between the hirola’s natural range, through the tsetse fly infested coastal
forest to the open glades on the edges of the Indian Ocean, where they come into contact

with the Swahili people’s livestock.

9.3.1.6 Benefits of other associate species
This study established that hirola appeared less vigilant while in association with Grant’s

gazelle (Chapter VI, section 6.4). However, this data was acquired during the mid hours
of the day. There is need to establish further the advantages of other associate ungulates
during all hours of the day and especially morning and evening when hirola appear to

have many and varying associate species like Coke’s hartebeest and zebra among others.

9.3.1.7 Hirola energy requirements

Energy (calories) is a major component of an animal’s daily diet requirement (Illius,
1997), a procedure that lacked in this study. There is need to carry out captive
experiment to understand the energy requirements, energy content of natural hirola foods

during different seasons.

9.3.2 Ex-situ conservation

9.3.2.1 Establishment of wild and semi-wild populations
There are only two existing populations of hirola worldwide. These are the in-situ

population occurring in Garissa District in a non-protected pastoral rangeland and the ex-
situ population which exists mainly within Tsavo East National Park, a protected area.
Results of this study indicate that the two populations breed effectively, but their overall
numbers remain low if not declining. There is no indication that the factors responsible
for their low numbers have been corrected and so they face an uncertain future. While
the protection of the in situ population should be given high priority, the chance of

extinction in both existing populations is so high that there is a compelling argument for
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the establishment of further ex-situ populations in better protected and, if possible,
predator-proof sanctuaries. This would allow the risk of extinction can be spread
geographically and would allow the total numbers of hirola to be increased to a level
where stochastic factors would be less likely to cause chance extinction. According to
the IUCN/SSC Antelope Specialist Group, the decline of hirola since the 1970s within its
restricted natural range suggests that it is in danger of extinction in the short to medium
term (East, 1998). This conclusion is supported and reinforced by the findings of the

present study.

The establishment of ex-sifu populations in addition to that in Tsavo National Park, in
areas where a high level of protection and management can be assured, is an urgent
priority to reduce the risk of extinction. Hirola survival will remain precarious until
secure populations have been established in a larger number of sites both within and
outside its natural range. The present study has also established that hirola groups can
probably thrive in than previously supposed (about 3.5 km?, Chapter VII, section 7.3) if
sufficient food and shelter is available and if disturbance is minimised. In order to save
hirola, a carefully planned distribution of hirola to willing farms around the country,
could be undertaken as a first step. The issue of ownership of the animals on private
farms should not be an obstacle and could be tackled through legal agreements with the
respective farms and ranches. The initial objective of KWS should be to help establish a
reasonable number of groups of hirola in different parts of the country in protected,
predator free environmen. The aim of establishing such groups should not be to establish
semi-natural populations but rather to encourage numbers to increase so that the risk of
species extinction is reduced and so that animals are available for future conservation

measures (such as reintroduction to Garissa, if it becomes necessary).

However, the aim of creating further ex-situ groups is bound to face problems. The local
Somali pastoralists in whose range hirola occurs have been encouraged to believe that
hirola belong to them. During 1996 translocation, great efforts were made to stop the
translocation. To help avoid this kind of scenario, KWS should be prepared to take
decisive direct action in support of its role as the main statutory custodian of Kenyan
wildlife. Such action should however take place in the context of programmes of

conservation education and would be most effective as part of an integrated plan for
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hirola conservation in Garissa that included the restoration of protected areas (as

discussed above), and the chanelling of benefits from hirola conservation to the local

community.

At a practical level, the question of how animals should be moved in order to establish
new groups requires serious consideration. Lessons from the 1996 translocation indicate
that the best method devised so far is the capture using nets (Chapter VIII, section 8.3.7)
of entire family groups and movement by plane as quickly as possible into spacious pre-
release pens in the recipient range. Helicopter darting is less successful and should be
used only sparingly. Habituated individuals can be darted efficiently from the ground but
this requires a rapid operation (one vehicle with an experienced darting team and enough

loaded dart guns for each animal) so that the animal can be immobilised before the other

members of the group can react to the disturbance.

Magin (Magin, 1996b), and Butynski (Butynski, 2000) have recommended several
candidate areas for future hirola translocation. These are in two categories; the KWS
managed National Parks and private ranches. KWS National Parks include the nothem
area of Tsavo East National Park between the Yatta and Lali Hills, the Maktau-Jibe-
Ziwani area of Tsavo West National Park, Nairobi National Park, and Meru National
Park. The proposed private ranch areas include Baobab Farm - Mombasa, Hilton
Wildlife Sanctuary - Taita Hills, Athi River Game Ranching, Lewa Downs Wildlife
Sanctuary, and Oljogi (Pyramid) Wildlife Sanctuary. However, before any translocation
is made, these sites should be surveyed for possible limiting factors that have been
documented in this study (Chapter VIII, section 8.3.6) and for any negative impact on the
area. This study suggests that a thorough evaluation and comparison of these sites in
relation to current sites occupied by hirola should be undertaken before any animals are
moved. The ecological factors to be considered include grass/herb and shrub layer

composition and structure, predation levels, availability and density of transient water

holes and herbivore prey densities.

Any introductions should also take into account possible negative effects of competitive

interference with indigenous species. The introduction of alien species is generally

undesirable and should only be taken when there are compelling overriding reasons.
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Hirola are believed to be ecological competitors of hartebeest and this may be the reason
for their exclusive allopatric geographical distributions (Kingdon, 1997). While
hartebeest are currently reasonably abundant, their populations are declining across
Africa (except in southern Africa where they are farmed) and their conservation needs
must not be forgotten during efforts to conserve hirola. Introductions to sites such as
Nairobi National Park should thus be reconsidered. All of the ex situ introductions of
hirola should also be regarded as interim measures. The preferred location for hirola in
the long-term is the native range in Kenya and Somalia and they should be re-established

there in large numbers when local conditions permit.

9.3.2.2 Captive animals (relevance of dispersal behaviour)
The hirola is Africa’s only critically endangered species/genus of antelope which is not

represented in captivity by a viable population. Establishing a viable population of hirola
in captivity would provide new research opportunities on the species, enhance donor and
zoo support and help ensure hirola survival. Much progress has been made by zoos with
respect to their ability to maintain and breed antelopes in large naturalistic exclosures, but
also in their commitment to conservation, particularly through research, public education,
re-introductions such as the Arabian oryx (Price, 1989), and financial assistance for in-

situ conservation activities.

A number of ungulates have been saved from extinction through captive breeding include
the Arabian oryx (Price, 1989), scimiter-horned oryx (East, 1998) and the European
bison (Bison bonasus) (Akimov et al., 2001). The addax (Addax nasomaculatus) and
mountain bongo (Tragelaphus eurycerus isaaci) are nearly extinct in the wild but viable
populations for re-introductions exist in captivity (East, 1998). It should be noted that the
ultimate success of such breeding programs not only depends on proper demographic and
genetic management of the captive population, but also on the successful collaboration of
all scientific and captive breeding institutions, and more important, the on-the-ground
conservation agencies, who provide facilities for re-introductions and/or introductions
(Frantzen et al., 2001). A self-sustaining captive population of hirola should be
established as soon as possible to provide an important security back-up measure and to
secure the long term survival of the species. At the moment, there are only two hirola

existing in captivity (Butynski, 2000). Hirola have been in captivity since 1950s and



some individuals have survived and bred well (Smielowski, 1987). There have, howeinl,
been serious disease problems which affected individuals from time to time, causing their
eventual decline and elimination. There have also been behavioural problems in captivity
mainly through aggression between individuals kept in close contact (Andanje, 1997).
However, these problems can potentially be avoided if the social system described in this

study (Chapter V) is taken into account and if the dispersal patterns described are

simulated in captive breeding conditions.



232

Bibliography

Adams, L. G,, Singer, F. J. & Dale, B. W. 1995. Caribou calf mortality in Denali National
Park, Alaska. Journal of Wildlife Management, 59, 584-594.

Agatsiva, J. L. 1995. Conservation and management of hirola in Kenya. , pp. 41. Nairobi:
Kenya Wildlife Service, Hunter's Antelope Task Force.

Akimov, 1., Kozak, L, Kryzanovavskij, V. & Perzanowski, K. 2001. Long-term population
records - A crucial factor for the success of the re-establishment of European bison
(Bison bonasus) population in Ukraine. Ekologia-Bratislava, 20, 57-62.

Alexander, K. A., Kat, P. W,, Frank, L. G., Holekamp, K. E., Smale, L., House, C. &
Appel, M. J. G. 1995. Evidence of canine distember virus infection among free-
ranging spotted hyenas (Crocuta crocuta) in the Masai Mara, Kenya. Journal of Zoo
and Wildlife Medicine, 26, 201-206.

Allendorf, F. W. & Leary, R. F. 1986. Heterozygosity and fitness in natural populations of
animals. In: Conservation Biology: the science of Scarcity and Diversity (Ed. by
Soule, M. E.), pp. 57-76. Massachusetts: Sinauer Associates, Sunderland.

Altmann, J. 1974. Observational study of behaviour: sampling methods. Behaviour, 49,

227-267.
Andanje, S. A. 1997. Hirola monitoring progress report: update analysis of animal

movement, location and herding. Biodiversity Conservation Unit. Kenya Wildlife

Service. .
Andanje, S. A. & Goeltenboth, P. 1995. Aspects of the Ecology of the Hunter's Antelope or

Hirola (Beatrugus hunteri, Sclater, 1889) in Tsavo East National Park, Kenya. , pp.
38. Nairobi: Kenya Wildlife Service, Research and Planning Unit.

Andanje, S. A. & Ottichilo, W. K. 1997. Population status and feeding habits of the
translocated sub-population of Hunter's antelope or hirola (Beatragus hunter,
Sclater, 1889) in Tsavo East National Park, Kenya. African Journal of Ecology, 31,
38-48.

Andanje, S. A. & Ottichilo, W. K. 1999. Population status and feeding habits of the
translocated sub-population of Hunter's antelope or hirola (Beatragus hunteri,

Sclater, 1889) in Tsavo East National Park, Kenya. Afr. J. Ecol., 37, 38-48.



233
Ansell, W. F. H. 1972. Order Artiodactyla. In: The Mammals of Africa: An Ildentification

Manual (Ed. by Meester, A. & Setzer, H.). Washington, D.C.: The Smithsonian
Institution Press.

Atkinson, 1. 1989. Introduced animals and extinctions. In: Conservation for the twenty-first
century (Ed. by Western, D. & Pearl, M.), pp. 54-75. New York: Oxford University
Press.

Ayeni, J. S. O. 1975. Utilization of waterholes in Tsavo National Park (East). East African
Wildlife Journal, 13, 305-323.

Baharav, D. 1983. Reproductive strategies of female Mountain and Dorcas gazelles
(Gazella gazella gazella and Gazella dorcas). Journal of Zoology, 200, 445-453.

Baile, C. A. & Forbes, J. M. 1974. Control of feed intake and regulation of energy balance
in ruminants. Physiol. Rev., 54, 160-214.

Ballou, J. 1983. Calculating inbreeding coefficients from pedigrees. In: Genetics and
Conservation: a Reference fo Managing Wild Animal and Plant Populations (Ed.
by Schonewald_Cox, C. M., Chambers, S. M., MacBryde, B. & Thomas, L.), pp.
509-520. Menlo Park, California: Benjamin/Cummings Publishing Company.

Ballou, J. D, Foose, T. J., Lacy, R. C. & Seal, U. S. 1989. Florida panther population
viability analysis. . Apple Valley, Minnesota: U.S. Fish and Wildlife Service.
Captive Breeding Specialist Group, Species Survival Commission, IUCN.

Bayliss, P. 1987. Kangaroo dynamics. In: Kangaroos: Their Ecology and Management in
the Sheep Rangelands of Australia (Ed. by Caughley, G., Shepherd, N. & Short, J.),
pp. 119-134. Cambridge: Cambridge University Press.

Beissinger, S. R. 1986. Demography, environmental uncertainty, and the evolution of mate
desertion in the snail kite. Ecology, 67, 1445-1459.

Belsky, A. J. 1995. Spatial and temporal landscape patterns in arid and semi-arid African
savannas. In: Mosaic landscapes and ecological processes (Ed. by Hansson, L.,
Fahrig, L. & Merriam, G.), pp. 31-56. New York: Chapman and Hall.

Ben-Shahar, R. 1995. Habitat classification in relation to movements and densities of
ungulates in a semi-arid savanna. Afr. J.Ecol, 33, 50-63.

Ben-Shahar, R. & Coe, M. J. 1992. The relationships between soil factors, grass nutrients
and the foraging behaviour of wildebeest and zebra. Oecologia, 90, 422-428.

Berger, J. 1990. Persistence of different-sized populations: an empirical assessment of rapid

extinctions in bighorn sheep. Conservation Biologyv, 4, 91-98.



234

Berry, H. H. 1981. Population structure, mortality patterns and a predictive model for
estimating future trends in wildebeest numbers in the Etosha National Park.
Madoqua, 12, 255-266.

Bertram, B. C. R. 1978. Living in groups: Predators and prey. In: Behavioural Ecology (Ed.
by Krebs, J. R. & Davies, N. B.), pp. 64-96. Oxford: Blackwell Scientific
Publications.

Bertram, B. R. C. 1979. Serengeti predators and their social systems. In: Serengeti:
dynamics of an ecosystem (Ed. by Sinclair, A. R. E. & Norton-Griffiths, M. N.), pp.
221-248. Chicago and London: The University of Chicago Press.

Bijlsma, R., Ouborg, N. J. & Treuren, R. V. 1994. On genetic erosion and population
extinction in plants: a case study in Scabiosa columbaria and Salvia pratensis. In:
Conservation genetics (Ed. by Loeschcke, V., Tomiuk, J. & Jain, S. K.), pp. 255-
271. Basel, Switzerland: Birkhauser Verlag.

Boer, A. H. 1992. Fecundity of North American moose (Alces alces): a review. Alces
supplement, 1, 1-10.

Brown, J. H., Stevens, G. C. & Kaufman, D. M. 1996. The goegraphic range: size, shape,
boundaries, and internal structure. Annual Review of Ecology and Systematics, 27,
597-623.

Brown, L. H. 1963. An Assessment of some development schemes in Africa in the light of
human needs and the environment. In: Proceedings of the 9th Technical Meeting ,
IUCN . Nairobi.

Brown, L. H. & Cocheme, J. 1969. A study of the agroclimatology of the highlands of
Eastern Africa. . FAO, Rome: FAO/UNESCO/WMO Interagency Project on
Agroclimatology, Technical Report.

Bunderson, W. T. 1976. The numbers, distribution and densitities of the Hunter's antelope
in southern Garissa and Lamu districts, Kenya. , pp. 18-21: Kenya Wildlife
Conservation and Management Department (Now Kenya Wildlife Services).

Bunderson, W. T. 1977. Hunter's Antelope. Oryx, 14, 174-175.

Bunderson, W. T. 1979. Hunter's Antelope. In: Swara , pp. 14.

Bunderson, W. T. 1981. Ecological separation of wild and domestic mammals in an East

African Ecosystem. , pp. 220-222. Logan, USA: Utah State University.



235
Bunderson, W. T. 1985. The population, distribution and habitat preferences of the Hunter's

antelope Damaliscus hunteri in northeast Kenya. , pp. 13. Cambridge, UK: In Litt.
to J. Williamson, WCMC.

Burt, W. H. 1943. Territoriality and home range concepts as applied to mammals. Journal
of Mammology, 24, 346-352.

Butynski, T. M. 2000. Independent Evaluation of Hirola antelope (Beatrugus hunteri)
conservation status and conservation action in Kenya. , pp. 1-180. Nairobi: Kenya
Wildlife Service and Hirola Management Committee.

Byers, J. A. 1997. American Pronghorn. Social adaptation and ghosts of predators past.
Chicago IL: University of Chicago Press.

Caro, T. M. 1999. Densities of mammals in partially protected areas: the Katavi Ecosystem
of western Tanzania. Journal of Applied Ecology, 36, 205-217.

Caughley, G. 1976. The elephant problem - an alternative hypothesis. East african Wildlife
Journal, 14, 265-283.

Caughley, G. 1987. Ecological relations. In: Kangaroos: Their Ecology and Management
in the Sheep rangelands of Australia (Ed. by Caughley, G., Shepherd, N. & Short,
1.), pp. 159-187. Cambridge: Cambridge University Press.

Caughley, G. 1989. New Zealand plant-herbivore systems: past and present. New Zealand
Journal of Ecology, 12, 3-10.

Caughley, G. 1994. Directions in conservation biology. Journal of Animal Ecology, 63,
215-244.

Channell, R. & Lomolino, M. V. 2000. Dynamic biogeography and conservation of
endangered species. Nature, 403, 84-86.

Child, G., Robbel, H. & Heburn, C. P. 1972. Observations on the biology of the tsessebe
Damaliscus 1. lunatus) in northern Botswana. Mammalia, 36, 342.

Clark, C. & Mangel, M. 1984. Foraging and flocking strategies: information in an uncertain
environment. American Naturalist, 123, 626-641.

Clark, T. W. 1989. Conservation biology of the black-footed ferret. . Philadelphia: Wildlife
Preservation Trust International.

Cleaveland, S., Appel, M. G. J., Chalmers, W. S. K., Chillingworth, C., Kaare, M. & Dye,
C. 2000. Serological and demographic evidence for domestic dogs as a source of
canine distemper virus infection for Serengeti wildlife. Veterinary Microbiology,

72, 217-227.



236
Clutton-Brock, T. H. 1989. Mammalian mating systems. Proc. R. Soc. Lond. B Biol. Sci.,

236, 339-372.

Clutton-Brock, T. H., Major, M., Albon, S. D. & Guinness, F. E. 1987. Early development
and population dynamics in red deer 1. Density -dependent effects of juvenile
survival. Journal of Animal Ecology, 56, 53-64.

Clutton-Brock, T. H., Major, M. & Guinness, F. E. 1985. Population regulation in male and
female red deer. Journal of Animal Ecology, 54, 831-846.

Clutton-Brock, T. H., Price, O. F., Albon, S. D. & Jewell, P. A. 1991. Persistent instability
and population regulation in Soay sheep. Journal of Animal Ecology, 60, 593-608.

Coe, M. J., Cumming, D. H. & Phillipson, J. 1976. Biomass and production of large
African Herbivores in relation to rainfall and primary production. Oecologia, 22,
341-354.

Cowlishaw, G. 1997. Trade-off between foraging and predation risk determine habitat use
in a desert baboon population. Animal Behaviour, 53, 667-686.

Crete, M. & Courtois, R. 1997. Limiting factors might obscure population regulation of
moose (Cervidae: Alces alces) in unproductive boreal forests. Journal of Zoology,
242, 765-781.

Crouse, D., Crowder, L. & Caswell, H. 1987. A stage-based population model for
loggerhead sea turtles and implications for conservation. Ecology, 68, 1412-1423.

Crowe, D. 1995. Status of selected wildlife resources in Botswana and recommendations
for conservation actions. In: Proceedings of a Symposium on the Present Status of
Wildlife and its Future in Botswana (Ed. by Leggett, K.). Gaborone: The Kalahari
Conservation Society and the Chobe Wildlife Trust.

Cumutt, J. L., Pimm, S. L. & Maurer, B. A. 1996. Population variability of sparrows in
space and time. Oikos, 76, 131-144.

Dahiye, Y. M. 1999. Population size and seasonal distribution of the Hunter's antelope or
hirola (Beatragus hunteri Sclater, 1889) in southern Garissa, Kenya. . Addis Ababa:
Addis Ababa.

de-Boer, W. F. & Prins, H. H. T. 1990. Large herbivores that strive mightily but eat and
drink as friends. Oecologia, 82, 264-274.

Decker, S. B. 1989. Effects of habitat disturbance on the behavioural ecology and
demographics of the Tana Red Colobus (Colobus badius rufomitratus). . Atlanta,

Georgia: Emory University.



237

DeMauro, M. M. 1993. Relationship of breeding system to rarity in the lakeside daisy
(Hymenoxys aculis var. glabra). Conservation Biology, T, 542-550.

Diamond, J. M. 1984. "Normal" extinction of isolated populations. In: Extinctions (Ed. by
Nitecki, M. H.), pp. 191-246. Chicago: Chicago University Press.

Diamond, M. M. 1989. Overview of recent extinctions. In: Conservation for the twenty-
first century (Ed. by Western, D. & Pearl, M.), pp. 376-341. New York: Oxford
University Press.

Dirschl, H. J., Mbuga, S. W. & Wetmore, S. P. 1978. Preliminary Results from an Aerial
Census of Livestock and Wildlife of Kenyan Rangelands. . Nairobi: Ministry of
Tourism and Wildlife - KREMU Technical Report.

Doak, D. F., Kareiva, P. & Klepetka, B. 1994. Modeling population viability for the desert
tortoise in the Mojave Desert. Ecological Applications, 4, 446-460.

Donaldson, J. 1964. Rescue of the Hunter's antelope. In: Animals .

Dorst, J. & Dandelot, P. 1970. A Field Guide to the Larger Mammals of Africa. London.

Doughty, R. W. 1989. Return of the Whooping Crane. Austin: University of Texas Press.

Dracopoli, I. N. 1914. Some notes on the game animals of Jubaland. Uganda Natural
History Society, 4, 117-121.

DRSRS. 1977. Summary of aerial survey (s) for Garissa District. , pp. 22. Nairobi:
Ministry of Planning and National Development, Department of Resource Survey
and Remote Sensing.

Dublin, H. T., Sinclair, A. R. E. & McGlade, J. 1990. Elephants and fire as causes of
multiple stable states in the Serengeti-Mara woodlands. Journal of Animal Ecology,
59, 1147-1164.

Duncan, P. 1974. The status of the Lamu topi population. . Nairobi: Game department
(Research Division), University of Nairobi.

Dunham, K. M. 1994. The effect of drought on the large mammal populations of Zambesi
riverine woodlands. J.Zool., 234, 489-526.

East, R. 1984. Rainfall, soil nutrient status and biomass of large African savanna mammals.
African Journal of Ecology, 22, 245-270.

East, R. D. 1998. African Antelope Database 1998. , pp. 434. Gland, Switzerland:
TUCN/SSC Antelope Specialist Group.



238

Elgar, M. A. 1989. Predator vigilance and group size in mammals and birds: A critical
review of empirical evidence. Biological Review, Cambridge Philosophical Society,
64, 13-33.

Emlen, S. T. & Oring, L. W. 1977. Ecology, sexual selection, and the evolution of mating
systems. Science, 197, 215-223.

Epstein, M. B., Feldhamer, G. A. & Joyner, R. L. 1983. Predation on white-tailed deer
fawns by bobcats, foxes, and alligators: predator assessment. Proc. Annu. Conf.
Southeast. Assoc. Fish Wildl. Agencies, 37, 161-172.

Estes, R. D. 1991. The Behaviour Guide to African Mammals. California: University of
California Press.

Estes, R. D. 1999. Hirola: Generic status supported by behavioural and physiological
evidence. Gnusletter, 18, 10-11.

Festa-Bianchet, M., Urguhart, M. & Smith, K. G. 1994. Mountain goat recruitment: kid
production and survival to breeding age. Canadian Journal of Zoology, 72, 22-217.

Fiesta-Bianchet, M. 1988. Birthdate and survival in bighomn lambs (Ovis canadensis).
Journal of Zoology, 214, 653-661.

Fischer, J. & Lindenmayer, D. B. 2000. An assessment of the puplished results of animal
relocations. Biological Conservation, 96, 1-11.

FitzGibbon, C. D. 1988. The antipredator behaviour of Thomson's gazelles. : Cambridge.

FitzGibbon, C. D. 1989. A cost to individuals with reduced vigilance in groups of
Thomson's gazelles hunted by cheetahs. Anim. Behav., 37, 508-510.

FitzGibbon, C. D. & Lazarus, J. 1995a. Antipredator behaviour of Serengeti ungulates:
individual differences and population consequences. In: Serengeti II: Dynamics,
Management, and Conservation of an Ecosystem (Ed. by Sinclair, A. R. E. &
Arcese, P.). Chicago and London: University of Chicago Press.

FitzGibbon, D. C. & Lazarus, J. 1995b. Antipredator behaviour of Serengeti ungulates:
individual differences and population consequences. In: Serengeti II: dynamics,
management, and conservation of an ecosystem (Ed. by Sinclair, A. R. E. &
Arcese, P.), pp. 274-296. Chicago and London: The University of Chicago Press.

Frankel, O. H. & Soule, M. E. 1981. Conservation and evolution. Cambridge, United
Kingdom: Cambridge University Press.



239

Franklin, I. R. 1980. Evolutionary change in small populations. In: Conservation Biology,
an Evolutionary-Ecological Perspective (Ed. by Soule, M. E. & Wilcox, B. A.), pp.
135-149. Sunderland, Massachusetts: Sinauer Associates.

Frantzen, M. A. J., Ferguson, J. W. H. & de-Villiers, M. S. 2001. The conservation role of
captive African wild dogs (Lycaon pictus). Biological Conservation, 100, 253-260.

Fritz, H. & Duncan, P. 1994. On the carrying capacity for large ungulates of African
savanna ecosystems. Proc.R.Soc.Lond., 256, 73-82.

Frost, P. G. H., Meneut, J.-C., Walker, B. H., Medina, E., Solbrig, O. T. & Swift, M. 1986.
Responses of Savanas to stress and disturbance. Biology International Special.

Fryxell, J. M. 1995. Aggregation and migration by grazing ungulates in relation to
resources and predators. In: Serengeti II: Dynamics, Management, and
Conservation of an Ecosystem (Ed. by Sinclair, A. R. E. & Arcese, P.), pp. 257-
273. Chicago: The university of Chicago Press.

Fryxell, J. M., Greever, J. & Sinclair, A. R. E. 1988. Why are migratory ungulates so
abundant? American Naturalist, 131, 781-798.

Funston, P. J., Mills, M. G. L., Biggs, H. C. & Richardson, P. R. K. 1998. Hunting by male
lions: ecological influences and socioecological implications. Animal Behaviour,
56, 1333-1345.

Gaillard, J. M., Festa_Bianchet, M., Yoccoz, N. G., Loison, A. & Toigo, C. 2000.
Temporal variation in fitness components and population dynamics of large
herbivores. Annual Review of Ecology and Systematics, 31, 367-393.

Gaillard, J. M., Sempere, A. J., Boutin, J. M., Laere, G. V. & Boisaubert, B. 1992. Effects
of age and body weight on the proportion of females breeding in a population of roe
deer (Capreolus capreolus). Canadian Journal of Zoology, 70, 1541-1545.

Gilpin, M. E. & Soule, M. E. 1986. Minimum viable populations: the processes of
population extinction. In: Conservation Biology: the Science of Scarcity and
Diversity (Ed. by Soule, M. E.), pp. 13-34. Sunderland, Massachusetts: Sinauer
Associates.

Goodman, D. 1980. Demographic intervention for closely managed populations. In:
Conservation Biology, an Evolutionary-Ecological Perspective (Ed. by Soule, M.
E. & Wilcox, B. A.), pp. 171-195. Sunderland, Massachusetts: Sinauer Associates.



240
Gosling, L. M. 1974. The social behaviour of Coke's hartebeest (Alcelaphus buselaphus

cokei). In: The behaviour of ungulates and its relation to management (Ed. by Geist
& Watther), pp. 488-511: IUCN, Morges.

Gosling, L. M. 1986. The evolution of mating strategies in male antelopes. In: Ecological
Aspects of Social Evolution (Ed. by Rubenstein, D. I. & Wrangham, R. W.), pp.
244-281. Princeton: Princeton University Press.

Gosling, L. M. & Petrie, M. 1990. Lekking in topi: A consequence of satellite behaviour by
small males at hotspots. Anim. Behav., 40, 272-287.

Graetz, D., Fisher, R. & Wilson, M. 1992. Looking Back: the changing Face of the
Australian Continent, 1972-1992. . Caberra: CSIRO Office of Space Science and
Applications.

Green, R. E. 1994. Diagnosing causes of bird population declines. Ibis, 137, s47-s55.

Greenway, P. J. 1969. A check list of plants recorded in Tsavo National Park, East. Journal
of the East African Natural History Society and National Museum, 3, 168-209.

Greger, P. D. & Romney, E. M. 1999. High foal mortality limits growth of a desert feral
horse population in Nevada. Great Basin Naturalist, 59, 374-379.

Grimwood, I. R. 1963. Operation Hunter's. In: African , pp. 10-13.

Grimwood, 1. R. 1964. Airlift for Hunter's antelope: Rescue Operation in Kenya. Oryx, 7,
164-167.

Grubb, P. 1993. Order Artiodactyla. In: Mammal Species of the World: A Taxonomic and
Geographic Reference (Ed. by Wilson, D. E. & Reeder, D. M.), pp. 377-414.
Washington: Smithsonian Institution Press.

Grunblatt, J., Said, M. & Mutiva, J. M. 1989. Livestock and Wildlife Data Summary 1987-
1989 for Kenya Rangelands. . Nairobi: Department of Resource Survey and
Remote Sensing.

Grunblatt, J., Said, M., Njuguna, E. & Ojwang, G. 1995. DRSRS protected and adjacent
areas analysis. , pp. 30. Nairobi: Department of Resource Survey and Remote
Sensing (DRSRS).

Gwynne, M. D. & Bell, R. H. V. 1968. Selection of vegetation components by grazing
ungulates in the Serengeti National Park. Nature, 220, 390-393.

Haltenorth, T. & Diller, H. 1977. A field guide to the mammals of Africa including
Madagascar. Cambridge, UK.



241

Hamilton, W. D. 1971. Geometry for the selfish herd. Journal of Theoretical Biology, 31,
295-311.

Hanby, J. P., Bygott, J. D. & Packer, C. 1995. Ecology, demography, and behaviour of
lions in two contrasting habitat: Ngorongoro Crater and the Serengeti Plains. In:
Serengeti II: Dynamics, Mangement, and Conservation of an Ecosystem (Ed. by
Sinclair, A. R. E. & Arcese, P.), pp. 315-331. Chicago: Chicago University Press.

Hanski, I. & Gilpin, M. 1991. Metapopulation dynamics: brief history and conseptual
domain. Biological Journal of the Linean Society, 42, 3-16.

Hanski, 1., Poyry, J.,, Pakkala, T. & Kussaari, M. 1995. Multiple equilibria in
metapopulation dynamics. Nature, 377, 618-621.

Hayes, C. L., Rubin, E. S., M.C.Jorgensen, Botta, R. A. & Boyce, W. M. 2000. Mountain
lion predation of bighorn sheep in the Peninsular Ranges, California. Journal of
Wildlife Management, 64, 954-959.

Hayne, D. W. 1949. Calculation of size of home range. Journal of Mammology, 30, 1-18.

Hedrick, P. W. 1992. Genetic conservation in captive populations and endangered species.
In: Applied Population Biology (Ed. by Jain, S. K. & Botsford, L. W.). Dordrecht:
Kluwer Academic Puplishers.

Hedrick, P. W., Lacy, R. C., Allendorf, F. W. & Soule, M. E. 1996. Directions in
Conservation Biology: Commends on Caughley. Conservation Biology, 10, 1312-
1320.

Hobbs, R. J., Saunders, D. A., Bruyn, L. D. & Main, A. R. 1992. Changes in Biota. In:
Reintegrating Fragmented Landscapes (Ed. by Hobbs, R. J. & Saunders, D. A.),
pp. 65-106. New York: Springer-Verlag.

Hughes, F. M. R. 1990. The influence of flooding regimes on forest distribution and
composition in the Tana River floodplain, Kenya. Journal of Applied Ecology, 27,
475-491.

Hunter, C. G. 1996. Land uses on the Botswana/Zimbabwe border and their effects on
buffalo. South African Journal of Wildlife Research, 26, 136-150.

Illius, A. W. 1997. Physiological adaptation in savannah ungulates. Proceedings of the
Nutrition Society, 56, 1041-1048.

Ilius, A. W. & Fitzgibbon, C. 1994. Costs of vigilance in foraging ungulates. Animal
Behaviour, 47, 481-484.



242
Hlius, A. W. & Gordon, L J. 1992. Modelling the nutritional ecology of ungulate

herbivores: evolution of body size and competitive interactions. Qecologia, 89,
428-434.

ITE. 1996. Ranges V Users Manual. Institute of Terrestrial Ecology. . Dorset, UK.

Ivlev, S. V. 1961. Experimental ecology of the feeding of fishes. New Haven, Conn.: Yale
University Press.

Jackson, T. P. 1998. The diurnal activity of Brants' whistling rat (Parotomys brantsii): The
effect of seasonal and physical conditions. Transactions of the Royal Society of
South Africa, 53, 227-236.

Jarman, M. V. & Jarman, P. J. 1973. Daily activity of impala. East African Wildlife
Journal, 11, 75-92.

Jarman, P. J. 1974. The social organization of antelope in relation to their ecology.
Behaviour, 48, 215-267.

Jefferies, D. J., Wayre, P., Jessop, R. M. & Mitchell-Jones, A. J. 1986. Reinforcing of the
native otter Lutra lutra population in East Anglia: an analysis of the behaviour and
range development of the first release group. Mammal Review, 16, 65-79.

Jessen, C. 2001. Selective brain cooling in mammals and birds. Japanese Journal of
Physiology, 51, 291-301.

Jimenez, J. A., Hughes, K. A., Alaks, G., Graham, L. & Lacy, R. C. 1994. An experimental
study of inbreeding depression in a natural habitat. Science, 265, 271-274.

Johan, T. T. 1995. Determinants of the composition and distribution of wildlife
communities in Southern Africa. Ambio, 24, 2-6.

Joubert, S. C. J. 1976. The population ecology of the roan antelope (Hippotragus equinus
equinus Desmarest, 1804) in the Kruger National Park. . Pretoria: University of
Pretoria.

Karron, J. D. 1987. The pollination ecology of co-occurring geographically restricted and
widespread species of Astragalus (Fabaceae). Biological Conservation, 39, 179-
193.

Kear, J. & Berger, A. J. 1980a. The Hawaiian Goose. Calton, England: T. & A.D. Poyser
Ltd.

Kear, J. & Berger, A. J. 1980b. The Hawaiian Goose. In: T. & A.D. Poyser Ltd . Calton,
England.



243
Keller, L. F., Arcese, P., Smith, J. N. M., Hochachka, W. M. & Stearns, S. C. 1994.

Selection against inbred song sparrows during a natural population bottleneck.
Nature, 372, 356-357.

Kenward, R. E. 1987. Wildlife Radio Tagging. London: Academic Press.

Kenya, S. 0. 1970. National Atlas of Kenya. Nairobi.

Kingdon, J. 1982. East African Mammals. In: An Atlas of Evolution in Africa , pp. 477-483.
New York: Academic Press.

Kingdon, J. 1997. The Kingdon Field Guide to African Mammals. London: Academic
Press.

Kirkpatrick, J. F., McCarthy, J. C., Gudermuth, D. F., Shideler, S. E. & Lasley, B. L. 1996.
An assessment of the reproductive biology of Yellowstone bison (Bison bison)
subpopulations using noncapture methods. Canadian Journal of Zoology, 74, 8-14.

Klaus-Hugi, C., Klaus, G. & Schmid, B. 2000. Movement patterns and home range of the
bongo (Tragelaphus eurycerus) in the rain forest of the Dzanga National Park,
Central African Republic. African Journal of Ecology, 38, 53-61.

Kock, R. 1996. New hope for hirola. In: Swara , pp. 33.

Kock, R., Andanje, S. & Soorae, P. 1998. Hirola or Hunter's antelope (Beatragus hunteri)
conservation measures. . Nairobi: Kenya Wildlife Service - Hirola Tusk Force.

Kock, R. A., Wambua, J. M., Mwanzia, J., Wamwayi, H., Ndung'u, E. K., Barret, T., Kock,
N. D. & Rossiter, P. B. 1999. Rinderpest epidemic in wild ruminants in Kenya
1993-1997. Veterinary Records, 145, 275-283.

Kotler, B. P., Blaustein, L. & Brown, J. S. 1992. Predator facilitation: the combined effects
of snakes and owls on the foraging behaviour of gerbils. Annales Zoologica
Fennici, 29, 199-206.

Kramer, L. D. & Bonenfant, M. 1997. Direction of predator approach and the decision to
flee to a refuge. Animal Behaviour, 54, 289-295.

Krebs, J. R. & Davies, N. B. 1987. An Introduction to Behavioural Ecology. Oxford:
Blackwell Scientific Publications.

Krishke, H., Lyamuya, V. & Ndunguru, L. F. 1996. The development of community-based
conservation around Selous Game Reserve. In: Community-Based Conservation in
Tanzania (Ed. by Leader-Williams, N., Kayera, J. A. & Overton, G. L.), pp. 75-83.
Gland, Switzerland: IUCN.



244

Kumamoto, A. T., Charter, S. J., Houk, M. L. & Fram, M. 1996. Chromosomes of the
Damaliscus (Artiodactyla, Bovidae):  Simple and complex centric fusion
rearrangements. Chromosome Research, 4, 614-622.

Lacy, R. C,, Petric, A. M. & Warneke, M. 1993. Inbreeding and outbreeding depression in
captive populations of wild species. In: The natural history of inbreeding and
outbreading (Ed. by Thornhill, N. W.). Chicago: University of Chicago Press.

Lado, L. 1996. Problems of wildlife management and landuse in Kenya. Land use policy, 9,
169-184.

Lamprey, H. F. 1963a. Ecological separation of large mammal species in the Tarangire
Game Reserve, Tanzania. E. Afr. Wildl. J., 2, 1-46.

Lamprey, H. F. 1963b. Ecological separation of large mammals species in the Tarangire
Game Reserve, Tanganyika. East African Wildlife Journal, 1, 63-92.

Lande, R. 1988a. Genetics and demography in biological conservation. Science, 241, 1455-
1450.

Lande, R. 1993. Risks of population extinction from demographic and environmental
stochasticity, and random catastrophes. American Naturalist, 142,911-927.

Lande, R., Engen, S. & Saether, B. E. 1995. Optimal harvesting of fluctuating populations
with a risk of extinction. American Naturalist, 145, 728-745.

Langbein, J. & Thirgood, S. J. 1989. Variation in mating systems of fallow deer (Dama
dama) in relation to ecology. Ethology, 83, 195-214.

Langvatn, R. & Hanley, T. A. 1993. Feeding -patch choice by red deer in relation to
foraging efficiency. Oecologia, 95, 164-170.

Laws, R. M. 1969. Tsavo Research Project. Journal of Reproduction and Fertility,
Supplement, 6, 495-531.

Lazarus, J. & Symonds, M. 1992. Contrasting effects of protective and obstructive cover on
avian vigilance. Animal Behaviour, 43, 519-521.

Leader-Williams, N., Albon, S. D. & Berry, P. S. M. 1990. Illegal exploitation of black
rhinoceros and elephant populations: pattern of decline, law enforcement and patrol
effort in Luangwa Valley, Zambia. Journal of Applied Ecology, 27, 1055-1087.

Ledig, F. T. 1986. Heterozygosity, heterosis and fitness in outbreeding plants. In:
Conservation Biology: the Science of scarcity and Diversity (Ed. by Soule, M. E.),

pp. 77-104. Massachusetts: Sinauer Associates, Sunderland.



245

Lent, P. C. & Davis, W. J. 1991. Variables influencing survival in four generations of
captive-born muskoxen. Rangifer, 13, 137-142.

Leuthold, W. & Leuthold, B. M. 1975. Temporal patterns of reproduction in ungulates of
Tsavo National Park, Kenya. East African Wildlife Journal, 13, 159-169.

Lewis, D. M., Kaweche, G. B. & Mwenya, A. N. 1990. Conservation outside protected
areas; lessons from an experiment in Zambia. Conservation Biology, 4, 171-180.

Lima, S. L. & Dill, L. M. 1990. Behavioural decisions made under the risk of predation: a
review and prospectus. Canadian Journal of Zoology, 68, 619-640.

Linnell, J. D. C., Aenes, R. & Andersen, R. 1995. Who killed Bambi? The role of
predation in the neonatal mortality of temperate ungulates. Wildlife Biology, 1, 209-
223.

Logan, T. 1973. Study of white-tailed deer fawn mortality on Cookson Hills Deer Refuge
in Eastern Oklahoma. Proc. Southeast. Assoc. Game Fish Comm., 26, 27-35.

Lord, C. C., Woolhouse, M. E. J. & Barnard, B. J. H. 1997. Transmission and distribution
of virus serotypes: African horse sickness in zebra. Epidemiology and Infection,
118, 43-50.

Ludwig, D., Hilborn, R. & Walters, C. 1993. Uncertainty, resource exploitation and
conservation: lessons from history. Science, 260, 17-36.

Ludwig, J. A, Fargher, J. D., Foran, B. D., James, C. D., MacCleod, N. D. & McIntyre, S.
1996. Restoration of our earth's rangelands: Emergency damage control or faith in
self-healing. In: Fifth International Rangeland Congress-Rangelands in a
sustainable Biosphere (Ed. by West, N. E.), pp. 65-71. Salt Lake City, USA.

Magin, C. 1996b. Hirola Recovery Plan. , pp. 46. Nairobi: IUCN Antelope Specialist
Group in collaboration with the Kenya Wildlife Service and Hirola Task Force.

Mannetje, L. t. 1984. Nutritive value of tropical and subtropical pastures, with special
reference to protein and energy efficiency in relation to animal production. In:
Herbivore nutrition in the subtropics and tropics (Ed. by Gilchrist, F. M. C. &
Mackie, R. 1), pp. 51-66. Pretoria: The Science Press.

May, R. M. 1976. Harvesting whale and fish populations. Nature, 263, 91-92.

McKay, A. D. 1971. Seasonal and management effects on the composition and availability
of herbage, steer diet and live-weight gains in a Themeda Triandra grassland in
Kenya, II. Results of herbage studies, diet selected and live-weight gains. Journal

of Agricultural Science, 76, 9-26.



246

McNaughton, S. J. 1983. Serengeti grassland ecology: The role of composite
environmental factors and contigency in community organization. Ecological
Monograph, 53, 291-320.

McNaughton, S. J. & Georgiadis, N. G. 1986. Ecology of African grazing and browsing
animals. Rev. Ecol. Syst., 17, 39-65.

McNaughton, S. J., Ruess, R. W. & Seagle, S. W. 1988. Large mammals and process
dynamics in African ecosystems. BioScience, 38, 794-800.

Mehlman, D. W. 1997. Change in avian abundance across the geographic range in response
to environmental change. Ecological Applications, 7, 614-624.

Mentis, M. T. & Duke, R. R. 1976. Carrying capacities of natural veld in natal for large
wild herbivores. South African Journal of Wildlife Research, 6, 65-74.

Miller, B. & Mullette, K. J. 1985. Rehabilitation of endangered AL;stralian bird: The Lord
Howe Island Woodhen Tricholimnas sylvestris (Sclater). Biological Conservation,
34, 55-95.

Miller, F. L., Broughton, E. & Gunn, A. 1988. Mortality of migratory barren-ground
caribou on the calving grounds of the Beverly herd, Northwest Territories, 1981-
1983. Can. Wildl. Serv., 66, 1-26.

Miller, P. S. 1994. Is inbreeding depression more severe in a stressful environment? Zoo
Biology, 13, 195-208.

Miller, P. S. & Hedrick, P. W. 1993. Inbreeding and fitness in captive populations: lessons
from Drosophila. Zoo Biology, 12, 333-351.

Mills, L. S. & Smouse, P. E. 1994. Demographic consequences of inbreeding in remnant
populations. American Naturalist, 144, 412-431.

Mills, M. G. L. & Shenk, T. M. 1992. Predator prey relationships - the impact of lion
predation on wildebeest and zebra populations. Journal of Animal Ecology, 61,
693-702.

Morrison, M. L., Marcot, B. G. & Mannan, R. W. 1992. Wildlife-Habitat Relationships.
Wisconsin: The University of Wisconsin Press.

Murray, M. G. 1995. Specific nutrient requirements and migration of wildebeest. In:
Serengeti II: dynamics, management, and conservation of an ecosystem (Ed. by

Sinclair, A. R. E. & Arcese, P.), pp. 231-256. Chicago: The University of Chicago

Press.



247

Murray, M. G. & Illius, A. W. 2000. Vegetation modification and resource competition in
grazing ungulates. Oikos, 89, 501-508.

Newmark, W. D. 1995. Extinction of mammal populations in western North American
national parks. Conservation Biology, 9, 512-526.

Norton, P. M. 1981. Activity pattern of Klipspringer in two areas of the Cape Province.
South African Journal of Wildlife Research, 11, 126-134.

Nunney, L. & Campbell, K. A. 1993. Assessing minimum viable population size:
demography meets population genetics. Trends in Ecology and Evolution, 8, 234-
239.

Oba, G., Post, E., Syvertsen, P. O. & Stenseth, N. C. 2000. Bush cover and range condition
assessments in relation to landscape and grazing in southern Ethiopia. Landscape
Ecology, 15, 535-546.

Oliver, W. R. L. 1985. The Jamaican hutia or Indian coney (Geocapromys brownii) - a
model program for captive breeding and reintroduction? In: Proceedings of the 10th
Symbosium of the Association of British Wild Animal Keepers (Ed. by Partridge, J.).

Olson, S. L. 1989. Extinction on islands: man as a catastrophe. In: Conservation for the
twenty-first century (Ed. by Western, D. & Pearl, M.), pp. 50-53. New York:
Oxford University Press.

Orsdol, K. G. V. 1984. Foraging behaviour and hunting success of lions in Qweens
Elizabeth National Park, Uganda. Afr.J.Ecol., 22, 79-99.

Ottichilo, W. K., Leeuw, J. D., Skidmore, A. K., Prins, H. H. T. & Said, M. Y. 2000.
Population trends of large non-migratory wild herbivores and livestock in Masai
Mara Ecosystem, Kenya, between 1977 and 1997. Afri. J. Ecol., 38, 202-216.

Ottichilo, W. K., Mirangi, J. M., Muriuki, G. & Kock, R. 1995. The Current Status of
Hunter's Hartebeest (Hirola) in Kenya. , pp. 34. Nairobi: Kenya Wildlife Service.

Ozoga, J. J. & Verme, L. J. 1986. Relation of maternal age to fawn-rearing success in
white-tailed deer. Journal of Wildlife Management, 50, 480-486.

Pal, Y., Gupta, A. K. & Yadav, M. P. 2000. Heat tolerance in donkeys and mules. Annals
of Arid Zone, 39, 461-464.

Parker, C., Pusey, A. E., Rowley, H., Gilbet, D. A., Martenson, J. & Obrien, S.J. 1991. A

case study of a population bottleneck: lions of the Ngorongoro Crater. Conseration

Biology, 5, 219-230.



248

Parker, C., Scheel, D. & Pusey, A. E. 1990. Why lions form groups: Food is not enough.
Am. Nat., 136, 1-19.

Pitra, C., Kock, R. A., Hofmann, R. R. & Lieckfeldt, D. 1997. Molecular phylogeny of the
critically endangered Hunter's antelope (Beatragus hunteri Sclater 1889). J. Zool.
Syst. Evol. Research, 36, 179-184.

Pounds, J. L. & Crump, M. L. 1994. Amphibian declines and climate disturbance: the case
of the golden toad and the harlequin frog. Conservation Biology, 8, 72-85.

Pratt, D. J., Greenway, P. J. & Gwynne, M. D. 1966. A classification of East African
rangeland with an appendix on terminology. Journal of Applied Ecology, 3, 369-
382.

Pratt, D. J. & Gwynne, M. D. 1977. Rangeland management and ecology in East Africa.
London: Hodder and Stroughton.

Price, M. R. S. 1989. Animal Re-introductions: the Arabian Oryx in Oman. Cambridge,
UK: Cambridge University Press.

Prins, H. H. T. 1992. The patoral road to extinction: competition between wildlife and
traditional pastoralism in East Africa. Environmental Conservation, 19, 2.

Prins, H. H. T. 1996. Ecology and behaviour of African buffalo: social inequality and
decision making. London: Chapman & Hall.

Prins, H. H. T. & OIff, H. 1998. Species-richness of African grazer assemblages: towards a
functional explanation. In: Dynamics of Tropical Communities (Ed. by Newbery, D.
M., Prins, H. H. T. & Brown, N.). London: Blackwell Science Ltd.

Pulliam, H. R. & Caraco, T. 1984. Living in groups. In: Behavioural Ecology: an
evolutionary approach (Ed. by Krebs, J. R. & Davies, N. B.), pp. 122-147. Oxford:
Blackwell Scietific Puplications.

Putman, R. J., Langbein, J., Hewison, A. J. M. & Sharma, S. K. 1996. Relative roles of
density-dependent and density-independent factors in population dynamics of
British deer. Mammalian Review, 26, 81-101.

Quenette, P. Y. 1990. Functions of vigilance behaviour in mammals: a review. Acta
Ecologica, 11, 801-818.

Rainy, M. E. & Worden, J. S. 1997. Summary of wildlife and domestic herbivore

population trends in Kenya's rangeland Districts between 1977-1994. , pp. 24.
Nairobi: Explore Mara Ltd.



249

Ralls, K. & Ballou, J. D. 1983. Extinctions: lessons from zoos. In: Genetics and
conservation: a reference for managing wild animal and plant populations (Ed. by
Schonewald-Cox, C. M., Chambers, S. M., MacBryde, B. & Thomas, W. L.).
California: Benjamin/Cummings, Menlo Park.

Ralls, K., Ballou, J. D. & Templeton, A. R. 1988. Estimates of lethal equivalents and the
cost of inbreeding in mammals. Conservation Biology, 2, 185-193.

Rayman, N., Jorde, P. & Laikre, L. 1995. Supportive breeding and variance effective
population size. Conservation Biology, 9, 1619-1628.

Rayman, N. & Laikre, L. 1991. Effects of supportive breeding on the genetically effective
population size. Conservation Biology, S, 325-329.

Rettie, W. J. & Messier, F. 2001. Range use and movement rates of woodland caribou in
Saskatchewan. Canadian Journal of Zoology, 79, 1933-1940.

Ritchie, A. T. A. 1932. Big Game Shooting in Africa. London: Seeley, Service & Co. Ltd.

Roberts, G. 1996. Why individual vigilance declines as group size increse. Animal
Behaviour, 51, 1077-1086.

Roberts, S. C. & Dunbar, R. I. M. 1991. Climatic influence on the behavioural ecology of
Chanler's mountain reedbuck in Kenya. Journal of Wildlife Management, 49, 513-
519.

Robin-Hurt-Safaris. 1996. The Cullmann Wildlife Project. In: Community-Based
Conservation in Tanzania (Ed. by Leader-Williams, N., Kayera, J. a. & Overton, G.
L.), pp. 97-100. Gland, Switzerland: IUCN.

Roelke, M. E., Martenson, J. S. & O'Brien, S. J. 1993. The consequences of demographic
reduction and genetic depletion in the endangered Florida panther. Current Biology,
3, 340-350.

Rosenzweig, M. L. & Clark, C. W. 1994. Island extinction rates from regular censuses.
Conservation Biology, 8,491-494.

Rowe, L. & Ludwig, D. 1991. Size and timing of metamorphosis in complex life cycles:
time constraints and variation. Ecology, 72, 413-427.

Ruggiero, R. G. 1991. Prey selection of the lion (Panthera leo 1.) in the Manovo-
Gounda_St-Floris National Park, Central African Republic. Mammalia, 55, 23-33.

Russell, D. E., Gerhart, K. L., White, R. G. & Wetering, D. V. D. 1998. Detection of early
pregnancy in caribou: evidence for embryonic mortality. Journal of Wildlife

Management, 62, 1066-1075.



250

Saunders, D. A., Hobbs, R. J. & Margules, C. R. 1991. Biological consequences of
ecosystem fragmentation: a review. Conservation Biology, 5, 18-32.

Sausman, K. A. 1984. Survival of captive-born Ovis canadensis in North American zoos.
Zoo Biology, 3, 111-121.

Scheel, D. 1992. Foraging behaviour and predator avoidance: Lions and their prey in the
Serengeti. : Minesota.

Scheel, D. 1993. Profitability, encounter rates and pry choice of African lions. Behav.
Ecol., 4, 90-97.

Scholes, R. J. & Walker, B. H. 1993. An African savanna synthesis of the Nylvley study.
Cambridge: Cambridge University Press.

Sclater, P. L. 1889. Description of Hunter's antelope. In: Proceeding Zoological Society-
1889 , pp. 372-377.

Seal, U. S., Thorne, E. T., Borgan, M. A. & Anderson, S. H. 1989. Conservation biology
and the black-footed ferret. New Haven, Connecticut: Yale University Press.
Shaffer, M. 1981. Minimum population sizes for species conservation. BioScience, 31, 131-

141.

Sidney, J. 1965. The past and present distribution of some African ungulates. Transaction
of Zoological Society, London, 30, 1-397.

Simberloff, D. 1986. The proximate causes of extinction. In: Patterns and processes in the
history of life (Ed. by Raup, D. M. & Jablonski, D.), pp. 259-276. Berlin:
Springer_Verlag.

Simberloff, D. S. 1988. The contribution of population and community biology to
conservation science. Annual Review of Ecology and Systematics, 19, 473-511.

Sinclair, A. R. E. 1979. The eruption of the ruminants. In: Serengeti, Dynamics of an
Ecosystem (Ed. by Sinclair, A. R. E. & Norton-Griffiths, M.), pp. 82-103. Chicago
and London: The University of Chicago Press.

Sinclair, A. R. E. 1985. Does interspecific competition or predation shape the African
ungulate community? Journ. Animal Ecology, 54, 899-918.

Sinclair, A. R. E. & Arcese, P. 1995. Population consequences of predation-sensitive
foraging: the Serengeti wildebeest. Ecology, 76, 882-891.

Sinclair, A. R. E. & Norton-Griffiths, M. 1982. Does competition or facilitation regulate

migrant ungulate populations in Serengeti? A test of hypothesis. Oecologia, 53,
364-369.



251

Skarpe, C. & Bergstrom, R. 1986. Nutrient content and digestability of forage plants in
relation to plant phenology and rainfall in the Kalahari, Botswana. J.arid Environ.,
11, 147-164.

Skinner, J. D. & Smithers, R. H. N. 1990. The mammals of the Southern African Subregion.
Pretoria: University of Pretoria.

Skogland, T. 1986. Density-dependent food limitation and maximal production in wild
reindeer. Journal of Wildlife Management, 50, 314-319.

Smielowski, J. 1987. A note on the reproductive biology of the Hunter's antelope or hirola
(Damaliscus hunteri - Sclater, 1889) in the zoo environment. Zoologische Garten,
57, 234-240.

Smith, L. E. 1988. Successional concepts in relation to range condition assessment. In:
Vegetation Science Application for Rangeland Analyses and Management (Ed. by
Tueller, P. T.), pp. 113-133. Dordrecht: Kluwer Academic Publishers.

Smith, T. 1998. Sahelo-Saharan Antelopes: Workshop on the Conservation and
Restoration of Sahelo-Saharan Antelopes. . Djerba, Tunisia: Institut Royal des
Sciences Naturelles de Belgique.

Sokal, R. R. & Rohlf, F. J. 1981. Biometry. San Francisco: W.H. Freeman and Company.

Soule, M. E. 1983. What do we really know about extinction? In: Genetics and
conservation: a reference for managing wild animal and plant populations (Ed. by
Schonewald-Cox, C. M., Chambers, S. M., MacBryde, B. & Thomas, W. L.), pp.
111-124. London: Benjamin/Cummings Publishing Company, Inc.

Soule, M. E. 1987b. Introductions. In: Viable Populations for Conservation (Ed. by Soule,
M. E.), pp. 1-10. Cambridge: Cambridge University Press.

Soule, M. E., Bolger, D. T., Alberts, A. C., Sauvajot, R., Wright, J., Sorice, M. & Hill, S.
1988. Reconstructed dynamics of rapid extinctions of chaparral-requiring birds in
urban habitat islands. Conservation Biology, 2, 75-92.

Stewart, D. & Stewart, J. 1963. The distribution of some large mammals in Kenya. Journal
of East African History Society and Coryndon Museum, 24, 1-52.

Stewart, D. R. M. 1965. The epidermal characters of grasses, with special reference to East
African plains species. Bot. J., 84, 63-174.

Stewart, D. R. M. 1967. Analysis of plant epidermis in feaces: a technique for studying the
food preferences of grazing herbivores. J. Appl. Ecol., 4, 83-111.



252

Storr, F. M. 1961. Microscopic analysis of faeces; a technique for ascertaining the diet of
herbivorous mammals. Aust. J.Biol. Sci., 14, 157-164.

'tMannetje, L. 1984. Nutritive value of tropical and subtropical pastures, with special
reference to protein and energy efficiency in relation to animal production. In:
Herbivore nutrition in the subtropics and tropics (Ed. by Gilchrist, F. M. C. &
Mackie, R. L), pp. 51-66. Pretoria: The Science Press.

Towns, D. R. & Daugherty, C. H. 1994. Patterns of range contractions and extinctions in
the New Zealand herpetofauna following human colonisation. New Zealand
Journal of Zoology, 21, 325-339.

Underwood, R. 1982. Vigilance behaviour in grazing African antelopes. Behaviour, 79, 81-
108.

Valone, T. J. 1989. Group foraging, public information, and patch estimation. Oikos, 68,
357-363.

Vesey-Fitzgerald, D. F. 1960. Grazing succession among east African game mammals. J.
Mamm., 41, 161-172.

Vrijenhoek, R. C. 1994. Genetic diversity and fitness in small populations. In:
Conservation genetics (Ed. by Loeschcke, V., Tomiuk, J. & Jain, S. K.), pp. 37-53.
Basel: Birkhauser Verlag.

Waite, R. 1963. Botanical and chemical changes in maturing grass and their effects on its
digestibility. Agr. Prog., 38, 50-56.

Walther, F. R. 1990. Hartebeests. In: Grzimek's Encyclopedia of Mammals (Ed. by Parker,
S. P.), pp. 418-436. New York: McGraw-Hill.

Wargute, P. W. 1994. The abundance, distribution, and trends of the Hunter's hartebeest
(Damaliscus hunteri) in Kenya. , pp. 35. Nairobi: Hirola Task Force.

Wargute, P. W. & Aligula, H. M. 1993. The Status of the Hunter's Hartebeest in Kenya. ,
pp. 24. Nairobi: East African Wildlife Society and Department of Resource Survey
and Remote Sensing.

Watson, R. M., Tippett, C. I. & Marriam, M. J. 1973. Livestock, Wildlife, Landuse and
Land Potential Surveys of Tana River District and South Garissa Districts. .
Nairobi: Resources Management and Research (Survey Division).

Wayne, R. K., Gilbert, D. A, Lehman, N., Hansen, K., Eisenhawer, A., Girman, D., Mech,
L. D., Gogan, P.J. P, Seal, U. S. & Krumenaker, R. J. 1991. Conservation genetics
of the endangered Isle Royale gray wolf. Conservation Biology, 5, 41-51.



Appendix

254

Appendix 1: Checklist of plant species observed in Tsavo and Garissa hirola range. G =
Growth form, s = Shrub, h = Herb, sg = Sedge, t = Tree, X = Observed, ‘Blank’ = Not

observed.
Plant Species Family G Observed in
Garissa Tsavo
Anisotes tanensis C.Buden Acanthaceae s X
Anisotes parvifolius Oliv. Acanthaceae S X
Barleria argentea Rolf.f. Acanthaceae s X
Barleria ramulosa C.B.Cl. Acanthaceae S X
Berleria acanthoides Vahl Acanthaceae S X
Barleria prionitis Acanthaceae S X
Berleria eranthemoides C.B.CL Acanthaceae S X
Blepharis maderaspatensis Lindau Acanthaceae h X
Blepharis linarifolia Pers. Acanthaceae h X
Blepharis fruticosa C.B.ClL. Acanthaceae h X
Echbolium hamatum C.B.CI. Acanthaceae h X
Monechma debile (Forsk.) Nees Acanthaceae h X
Neuracanthus ukambensis C.B.Cl. Acanthaceae h X
Thunbergia holstii Lindau Acanthaceae h X
Justicia heterocarpa T. Anders. Acanthaceae h X
Justicia flava Vahl Acanthaceae h X
Asystasia somalensis (Franch.) Gillett Acanthaceae h X
Echbolium sp. Verdcourt Acanthaceae h X
Echbolium revolutum (Lindau) C.B.CL Acanthaceae h X
Ruttya fruticosa Lindau Acanthaceae S X
Thunbergia holstii Lindau Acanthaceae h X
Echbolium hamatum C.B.CIL. Acanthaceae h X
Sansevieria sp. Agavaceae s X
Sansevieria sp. (spotted) Agavaceae h X
Sanseveria intermedia N.E.Br. Agavaceae h X X
Gizekia pharnaceoides L. Aizoaceae h X
Achyranthus aspera L. Amaranthaceae s X X
Amaranthus aschersonianus Thellg. Amaranthaceae s
Amaranthus graecizans L. Amaranthaceae s X
Digera mucronata L. Mast. Amaranthaceae h X
Aerva lanata (L.) Schultes Amaranthaceae h
Aerva pasca Amaranthaceae h X
Pupalia lappacea (L.) A. Juss. Amaranthaceae h X X
Sericocomopsis hildebrandti Schinz Amaranthaceae s X
Sericocomopsis pallida (S. Moore) Schinz Amaranthaceae s X
Lannea alata (Engl.) Engl. Anacardiaceae s X X
Lannea schweinfurthii (Engl.) Engl. Anacardiaceae t X
Lannea triphylla (A. Rich.) Engl. Anacardiaceae s X
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Lannea stuhlmannii (Engl.).
Adenium obesum (Forssk.) Roen & Schult.
Carissa edulis (Forssk.) Vahl
Strophanthus mirabilis Gilg.
Sarcostemma viminale (L.) P. Br.
Asparagus falcatus L.

Asparagus racemosa Willd.
Balanites rotundifolia (Van Tiegh) Blatter
Balanites orbicularis Sprague
Bourreria teitenis (Gurke) Thulin
Heliotropium steudneri Vatke
Trichodesma zeylanica (L.) R. Br.
Cordia somalensis*

Cordia monoica R. Br.

Cordia siniensis Lam

Ehretia teitensis Guerke
Commiphora africana (A.Rich.) Engl.
Commiphora campestris Engl.
Commiphora edulis (Kl.) Engl.
Commiphora holtziana Engl.
Commiphora riparia Engl.
Commiphora schimberi

Commiphora boiviniana Engl.

Caesalpinia trothae Harms ssp. Erlangeri (Harms)
Brenan
Cassia abbreviata Oliv. Ssp. Kaessneri (Bak.f.) Brenan

Cassia longiracemosa Vatke

Delonix elata (L.) Gamble

Cassia mimosoides L. Group E.
Tamarindus indica L.

Boscia angustifolia A.Rich.

Boscia coriacea Pax

Cleome hirta (Klotsch) Oliv.

Boscia mossambicensis Klotzsch
Cadaba farinosa Forssk.

Cadaba glandulosa Forssk.

Cadaba heterotricha Hook.

Maerua decumbens (Brongn.) De Wolf
Maerua subcordata (Gilg) De Wolf
Maerua denhardtiorum Gilg.

Maerua edulis (Gilg & Ben.) De Wolf
Maerua grantii Oliv.

Maerua mungaii Beentje

Maerua triphylla A.Rich.

Thylachium thomasii Gilg

Maerua subcordata (Gilg) De Wolf

Anacardiaceae
Apocynaceae
Apocynaceae
Apocynaceae
Asciepiedaceae
Asparagaceae
Asparagaceae
Balanitaceae
Balanitaceae
Boraginaceae
Boraginaceae
Boraginaceae
Boraginaceae
Boraginaceae
Boraginaceae
Boraginaceae
Burseraceae
Burseraceae
Burseraceae
Burseraceae
Burseraceae
Burseraceae
Burseraceae
Caesalpiniaceae

Caesalpiniaceae
Caesalpiniaceae
Caesalpiniaceae
Caesalpiniaceae
Caesalpiniaceae
Capparidaceae
Capparidaceae
Capparidaceae
Capparidaceae
Capparidaceae
Capparidaceae
Capparidaceae
Capparidaceae
Capparidaceae
Capparidaceae
Capparidaceae
Capparidaceae
Capparidaceae
Capparidaceae
Capparidaceae
Capparidaceae
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Caparis sp

Maytenus heterophylla (Eckl. & Zeyh.) Robson

Combretum aculeatum Vent.
Combretum hereroense Schinz
Terminalia orbicularis Engl. & Diels
Terminalia parvula Pampan
Terminalia sp.

Terminalia spinosa Engl.
Commelina africana L.

Commelina latifolia A.Rich.
Commelina albescens Hassk.
Commelina forskalaei Vahl
Commelina benghalensis L.

Aspilia mossambicensis (Oliv.) Willd
Emilia discifolia (Oliv.) C.Jeffrey
Vernonia colorata Drake

Vernonia cinerea (L.) Less
Vernonia hildebrandtii Vatke
Aspilia mossambicensis (Oliv.) Wild
Notonia sp.

Evolvus alsinoides L.

Ipomea mombassana Vatke
Crassula schimperi Fisch. & Mey.
Kalanchoe sp.

Momordica boivinii Baill.

Cyperus bulbosus Vahl

Cyperus esculentus L.

Cyperus distans L.f.

Cyperus rotundus L.

Kyllinga alba Nees

Kyllinga erecta

Diospyros cornii Chiov.

Euclea natalensis A.DC. Ssp. Obovata
Acalypha fruticosa Forssk.

Croton dichogamus Pax

Croton meyharthii Pax
Erythrococca bongensis Pax
Euphorbia cuneata Vahl (E. spinescens)
Euphorbia polyantha Pax
Euphorbia hirta L.

Tragia arabica Baill.

Tragia subsessilis Pax

Euphorbia tirucalli L.

Euphorbia spinescens Pax

Givotia gosai A.R. Smith
Phvllanthus maderaspatensis L.

Capparidaceae
Celastraceae
Combretaceae
Combretaceae
Combretaceae
Combretaceae
Combretaceae
Combretaceae
Commelinaceae
Commelinaceae
Commelinaceae
Commelinaceae
Commelinaceae
Compositae
Compositae
Compositae
Compositae
Compositae
Compositae
Compositae
Convolvulaceae
Convolvulaceae
Crassulaceae
Crassulaceae
Cucurbitaceae
Cyperaceae
Cyperaceae
Cyperaceae
Cyperaceae
Cyperaceae
Cyperaceae
Ebenaceae
Ebenaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
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Phyllanthus somalensis Hutch.
Securinega virescens (Willd.) Baill.
Aristida adoensis Hochst

Aristida adscensionis L.

Brachiaria leersoides (Hochst) Stapf
Brachiaria eruciformis (J.E.Sm.) Griseb.
Brachiaria deflexa (Schumach.) Robyns
Brachiaria serrifolia (Hochst.) Stapf
Cenchrus ciliaris L.

Chloris barabata Sw.

Chloris roxburghiana Schult.

Chloris pygnothrix

Chrysopogon aucheri (Boiss.) Stapf
Chrysopogon plumulosus

Cynodon plectostachyus (K.Schum.) Pilg.
Cynodon dactylon (L.) Pers.
Dactyloctenium aegyptium (L.) Willd
Dactyloctenium australe Steud.
Digitaria macroblephora (Hack) Stapf
Digitaria milanjiana (Rendle) Stapf
Digitaria rivae (Chiov.) Stapf
Echinocloa haploclada (Stapf) Stapf
Enteropogon macrostachyus (A.Rich.) Benth.

Enteropogon rupestris (J.A. Schmidt.) A.Chiov.

Enteropogon somalensis

Eragrostis caespitosa Chiov.
Eragrostis cilianensis (All.) Lut.
Eragrostis tenuifolia (A.Rich.) Steud.
Eragrostis horizontalis A. Peter
Eragrostis superba Peyr.

Tragus berteronianus Schult.

Tragus heptaneuron

Oropetium thomaeum (L.f.) Trin.
Latipes senegalensis Kunth

Panicum coloratum L.

Leptochloa obtusiflora Hochst.
Bothriochloa radicans (Lehm.) A. Camus
Panicum maximum Jacgq.

Panicum infestum Anderss.
Schmidtia bulbosa Stapf

Paspalum vaginatum Sw.

Paspalum commersonii

Cymbopogon pospischilii (K. Schum.) C.E. Hubb.

Heteropogon contortus (L.) Roem. & Schult.
Setaria verticullata (L.)P.Beauv.
Setaria holstii

Euphorbiaceae
Euphorbiaceae

Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
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Gramineae
Gramineae
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Gramineae
Gramineae
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Sporobolus fimbriatus (Trin.) Nees
Sporobolus helvolus (Trin.) Dur. & Schum
Sporobolus pyramidalis P.Beauv.
Sporobolus spicatus (Vahl) Kunth
Tetrapogon bidentatus Pilg.
Tetrapogon tenellus (Roxb.) Chiov.
Pyrenacantha malvifolia Engl.
Becium sp.

Leucas martinicensis (Jacq.) Ait.f.
Leucas nubica Benth.

Ocimum americanum L.
Plectranthus lanuginosus (Benth.) Agnew
Aloe deserti Berger

Scilla kirkii Bark

Asparagus asiaticus L.

Asparagus falcatus L.

Strichnos decusata (Pappe) Gilg.
Agelanthus cehleri (Engl.) Polh. & Wiens
Viscum sp.

Lawsonia inermis L.

Caucanthus albidus (Nied.) Nied.
Abutilon hirtum (Lam.) Sweet
Abutilon fruticosum Guill. & Perr.
Abutilon mauritianum (Jacq.) Medic
Abutilon racemosa

Hibiscus micranthus L.f.

Hibiscus palmatus Forsk

Sida ovata Forssk.

Sida tenuicarpa Vollesen

Thespesia danis Oliv.

Melia volkensii Guerke

Acacia brevispica Harms

Acacia bussei (Sjostedt)

Acacia elatior Brenan

Acacia mellifera (Vahl) Benth
Acacia nilotica (L.) Del.

Acacia nubica Benth.

Acacia reficiens Wawra

Acacia senegal (L.) Willd.

Acacia tortilis (Forssk.) Hayne
Acacia zanzibarica (S.Moofe) Taub.
Albizia anthelimintica Brongn.

Newtonia hildebranddtii (Vatke) Torre var. hildebrandtii

Ficus ingens (Miq.) Miq.
Commicarpus stellatus (Wight) Berhaut
Coccinia grandis (L.) Voigt

Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Gramineae
Icacinaceae
Labiatae
Labiatae
Labiatae
Labiatae
Labiatae
Liliaceae
Liliaceae
Liliaceae
Liliaceae
Loganieceae
Loranthaceae
Loranthaceae
Lythraceae

Malpighiaceae

Malvaceae
Malvaceae
Malvaceae
Malvaceae
Malvaceae
Malvaceae
Malvaceae
Malvaceae
Malvaceae
Meliaceae
Mimosaceae
Mimosaceae
Mimosaceae
Mimosaceae
Mimosaceae
Mimosaceae
Mimosaceae
Mimosaceae
Mimosaceae
Mimosaceae
Mimosaceae
Mimosaceae
Moraceae

Nvctaginaceae
Nvctaginaceae
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Ochna inermis (Forsk.) Schweinf.
Ochna inermis (Forsk.) Schweinf.
Opilia campestris Engl.

Erythrina melanacantha Taub.
Indogofera arrecta A. Rich.
Indigofera hochstetteri Bak.
Crotalaria agatiflora Schweinf.
Indigofera volkensii Taub.

Indigofera spinosa Forsk

Sesbania sericea (Willd.) Link.
Stylosanthes fruticosa (Retz.) Alston
Tephrosia pumila (Lam.) Pers.
Tephrosia subtriflora Bak.

Tephrosia villosa (L.) Pers.

Tephrosia noctiflora Bak.
Platycelythium voense (Engl.) Willd
Adenia globosa Engl.

Sesamothamnus rivae Engl.

Polygala sphenoptera Fres.
Calyprotheca taitensis Pax & Vatke) Brenan
Portulaca oleracea L.

Talinum caffrum (Thunb.) EcK. & Zey.
Tallinum portulacifolium (Forsk.) Schweinf
Calyptrotheca somalensis Gilg
Helinus integrifolius (Lam.) Kuntze
Dirichletia glaucescens Hiern
Gardenia jovis-tonantis (Welw.) Hiern
Hymenodictyon parvifolium Oliv.
Meyna tetraphylla (Hiern) Robyns
Xeromphis keniensis Tennant sp. Nov.
Tarenna graveolens (S.Moore) Brem.
Tennantia sennii (Chiov.) Verdc. & Bridson
Vepris glomerata (F.Hoffm.) Engl.
Zanthoxylum chalybeum Engl.
Dobera glabra (Forssk.) Poir.

Dobera loranthifolia (Warb.) Harms
Salvadora persica L.

Allophylus rubifolius (A.Rich.) Engl.
Manilkara mochisia (Bak.) Dubard
Lycium europaeum L.

Solanum hastifolium Dunal

Solanum somalense Franch.

Solanum teitense Vatke

Solanum incanum L.

Melhania taylori Bak.f.

Waltheria indica L.

Ochnaceae
Ochnaceae
Opiliaceae
Papilionaceae
Papilionaceae
Papilionaceae
Papilionaceae
Papilionaceae
Papilionaceae
Papilionaceae
Papilionaceae
Papilionaceae
Papilionaceae
Papilionaceae
Papilionaceae
Papilionaceae
Passifloraceae
Pedaliaceae
Polygalaceae
Portulacaceae
Portulacaceae
Portulacaceae
Portulacaceae
Portulacaceae
Rhamnaceae
Rubiaceae
Rubiaceae
Rubiaceae
Rubiaceae
Rubiaceae
Rubiaceae
Rubiaceae
Rutaceae
Rutaceae
Salvadoraceae
Salvadoraceae
Salvadoraceae
Sapiudaceae
Sapotaceae
Solanaceae
Solanaceae
Solanaceae
Solanaceae
Solanaceae
Sterculiaceae
Sterculiaceae
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Sterculia africana (Lour.) Fiori
Sterculia stenocarpa H. Winkl.
Grewia bicolor Juss

Grewia forbesii Mast.

Grewia lilacina K.Schum

Grewia nematopus K. Schum.
Grewia stuhlmannii K. Schum.
Grewia tenex (Forssk.) Fiori
Grewia tembensis Fres var. kakothamnos (K.Schum.)
Grewia villosa Willd.

Triumfetta flavescens A.Rich.
Premna resinosa (Hochst.) Shauer
Premna hildebrandtii Guerke
Cissus rotundifolia (Forssk.) Vahl
Rhoicissus revoilii Planch.
Tribulus terrestris L.

Alovelus*

Libia caviodora *

Opuntia opposita*™

Prosopis chilensis

Circostema

Sterculiaceae
Sterculiaceae
Tiliaceae
Tiliaceae
Tiliaceae
Tiliaceae
Tiliaceae
Tiliaceae
Tiliaceae
Tiliaceae
Tiliaceae
Verbenaceae
Verbenaceae
Vitaceae
Vitaceae
Zygophyllaceae
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Appendix 2: A checklist of mammals and bird species commonly observed in Tsavo and

Garissa hirola ranges. X = Observed, ‘Blank’ = Not observed.

Species/Classification

Scientific Name

Observed in

Garissa  Tsavo
Primates
Senegal Galago Galago senegalensis X X
Vervet Monkey Cercopithecus aethiops X X
Yellow Baboon Papio cynocephalus X X
Carnivora
Black-backed Jackal Canis mesomelas X
Bat-eared Fox Otocyon megalotis X
Zorilla Ictonyx congica X
Honey Badger Mellivora capensis X X
African Civet Civettictis civetta X X
Small-spotted Genet Genetta genetta X X
Slender Mongoose Herpestes sanguinea X
Bushy-tailed Mongoose Bdeogale crassicauda X X
Dwarf Mongoose Helogale parvula X
White-tailed Mongoose Ichneumia albicauda X X
Banded Mongoose Mungos mungo X
Spotted Hyaena Crocuta crocuta X X
Aardwolf Proteles cristatus X X
Cheetah Acinonyx jubatus X
Caracal Felis caracal X
Serval Felis serval X
African Wild Cat Felis sylverstris X X
Lion Panthera leo X X
Leopard Panthera pardus X
African hunting dog Licaon pictus X X
Proboscidae
African Elephant Loxodonta africana X X
Perissodactyla
Common Zebra Equus burchellii X X
Grevy's Zebra Equus grevyi X X
Black rhino Diceros bicornis michaeli X
Hyracoidea
East African Rock Hyrax Proavia jonstoni X
Bush Hyrax Heterohyrax spp. X
Tubulidentata
Aardvark Orycteropus afer X




PHOLIDOTA
Cape Pangolin

Artiodactyla
Warthog

Bushpig

Masai giraffe
Coke's hartebeest
Grant's gazelle
Fringe-eared Oryx
Eland

Impala
Waterbuck
Buffalo

Topi

Hirola

Gerenuk
Steinbuck

Lesser kudu

Dik dik
Hippopotamus
Reticulated giraffe

Common birds
Somali ostrich

Sacred ibis

Hadada ibis

Egyptian goose
Secretary bird
White-backed vulture
Egyptian vulture
Verreaux's eagle
Bateleur

African goshawk
Tawny eagle

Greater kestrel

Crested francolin
Yellow-necked spurfowl
Quail

Helmeted guinea-fowl
Kenya crested Guinea-fowl
Vulturine Guinea-fowl

South African Crowned Crane

Kori Bustard
Crested bustard
Black-bellied Bustard

Manis temminckii

Phacocherus africanus
Potamochoerus porcus

Giraffa camelopardalis m.

Alcelaphus buselaphus
Gazella grantii

Oryx beisa callotis
Taurotragus oryx
Aepycerus melampus
Kobus ellipsiprimnus
Syncerus caffer
Damaliscus korrigum
Beatragus hunteri
Litocranius walleri
Raphicerus campestris
Tragelaphus imberbis
Madoqua kirkii
Hippopotamus amphibius
Giraffa camelopardalis r.

Struthio camelus
molybdophanes
Threskiornis aethiopicus

Hagedashia hagedash
Alopochen aegyptiaeus
Sagittarius serpentarius
Pseudogyps africanus
Neophron percnopterus
Aquila verreauxii
Terathopius ecaudatus
Accipitor badius
Aquila rapax

Falco rupicoloides
Francolin sephaena
Pternistis leucoscepus
Coturnix coturnix
Numida mitrata
Cuttera pucherani
Acryllium vidturinum
Balearica regulorum
Ardeotis kori

Lophotis ruficrista
Lissotis melanogaster
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Chestnut-bellied Sandgrouse
Black-faced Sandgrouse
Ring-necked Dove
Namaqua Dove

Green pigeon

European Rollar
Lilac-breasted Roller

Pied Kingfisher

Carmine Bee eater
Red-billed Hornbill
Ground Hornbill

South African Hoopoe
Pearl-spotted Owlet
Verreaux's eagle-owl
Speckled Mousebird
Blue-eared glossy Starling
Superb Starling
Red-billed Oxpecker

Pterocles exustus
Eremialector decoratus
Streptopelia capicola
Oena capensis

Treron australis
Coracias garrulus
Coracias caudata

Ceryle rudis

Merops nubicus

Tockus erythrorhynchus
Bucorvus leadbeateri
Upupa africana
Glaucidium perlatum
Bubo lecteus

Colius striatus
Lamprocolius chalybaeus
Spreo superbus
Buphagus erythrorhynchus

White-headed Buffalo Weaver Dinemellia dinemelli

Red-billied Buffalo-weaver

Bubalornis niger
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Appendix 3: Summary of population ecology and reproductive biology of hirola.

Factors

Hirola data from Tsavo, Garissa and Dvur Kralove n.Zoo

Population size
Family group size

Female sexual
maturity

Male sexual maturity

Gestation

Weaning
Female maternal

attachment

Male maternal
attachment
Longevity

Breeding system

Males access to
females

Litter size

Calving rate

Tsavo 71.1+9.3 SD, Garissa 672 (range 259-1085)
Tsavo 7.3+2.6 SD, Garissa 7.9+1.15 SD

One female from the DH family group, monitored and ear-
notched since birth, was observed mating at an age of 23 months.
Data from captivity (Smielowski, 1987) shows that hirola
females mated first at between 15 and 24 months. Coke’s
hartebeest (Stanley-Price, 1974) mated at 3 years.

One male from the M2 family group, monitored and ear-notched
since birth was mature and solitary at 28 months and formed a
family group at 32 months age. Data from captivity
(Smielownski, 1987) showed that males attempted mating at
between 20 months 3 days — 24 months 4 days. Data on Coke’s
hartebeest (Stanley-Price, 1974) indicated that males were mature
at 3 years and able to mate after 4 year.

Field observation on hirola in Tsavo indicated that most mating
occurred between March and April. Peak calving occurred
between October and November. This gives an estimated
gestation period of between 7 and 8 months. Data from captivity
(Smielownski, 1987) indicates that gestation lasted about 7.5
months. Coke’s hartebeest has a gestation period of 8 months
(Gosling, 1974, Kingdon, 1982).

The frequency of suckling among hirola in Tsavo East N.P.
declined after about 3 months.

Observation on hirola groups in Tsavo indicated that female
hirola separated from their natal groups at about 9-14 months of
age. Data from Coke’s hartebeest indicate that females stayed
with the mother up to about 3 years age (Stanley-Price, 1974).
Observation in Tsavo showed that male hirola separated from
family groups at between 6 and 12 months of age.

Assuming that the young hirola captured in August 1971 and
taken to Dvur Kralove nL (Smielowski, 1987) Zoo were
yearlings, one of the males in this zoo lived for 11 years, 3
months.

Sex ratios for both Garissa and Tsavo indicated that there are
generally more females than males. Hirola family groups with
single males and a number of females occurred in both Tsavo and
Garissa, indicating a polygynous breeding system.

An injured male from VR group in Tsavo East managed to
remain with a family group for 1 year. Further, few changes of
group males occurred. This indicates that healthy males in
family groups may exclude lone males from access to females for
long periods.

Hirola females gave birth to only one young, as in all other
alcelaphines.

In Tsavo, the ratio of observed calves to adult females was




Juvenile mortality

Adult mortality

Recruitment

Population sex ratio

Adult sex ratio

Calf sex ratio

Effect of inbreeding
Home range size

Core area size
Diseases

Drought
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51%=+1.7%, but this was known to be an underestimate and a
more realistic assumption may be that all or nearly all females
calved. In Garissa, the ratio of observed calves to adult females
was 46%; again, this was probably an underestimate. In
captivity, all adult females except one calved annually
(Smielowski, 1987).

Due to early dispersal from natal groups by young hirola, it was
not possible to monitor juvenile mortality up to 1 year’s age.
However, the data collected indicated that 40.5+13.8% survived
to 6 months of age. In captivity, 31.7% survived to one year
(n=19, Smielowski, 1987). Gosling (1974) observed a 30%
mortality between 0-1 year among Coke’s hartebeest. In Tsavo,
assuming that all females calved, 69.8% may have died before 6
months of age.

Data from 52 individually identified hirola indicated an annual
adult mortality rate of 11.9%=+1.9.

Comparing the number of calves born per group and the number
of individuals observed at the age of about 2 years in the Tsavo
hirola population, about 34.9% may have survived to this age.
Assuming that all females calved, 18.0% of calves born survived
to the age of 2 years.

Data from the hirola population in Tsavo indicated a sex ratio of
1:2.7, while that in Garissa was 1:3.2 M:F. These ratios were not
signicantly different from unity.

The adult sex ratio was 1:3.8 in Tsavo and 1:4.4 M:F in Garissa.
In Coke’s hartebeest, young males are expelled from territories at
from 10 months to over 2 years of age; when expelled at young
ages they suffer higher mortality rates and this partly accounts for
the adult sex ratio of about 1:1.5 (M:F)(Gosling, 1974).

The calf sex ratio in Tsavo was 1:1.85, while that in Garissa was
1:1.9 M:F. In captivity, the calf sex ratio was 1:1.7 (n=19,
Smielowski, 1987).

One known female in Tsavo rejoined her natal group and was
mated by her father. Hirola groups rarely changed males.
Observation on 9 hirola groups for 4 years indicated an average
home range of 81.5+38.4 km?®.

Hirola group core areas in Tsavo were about 3.45x1.28 km®.

4 disease outbreaks occurred in the natural range (Garissa)
between 1970 and 2000. During this period, the population
declined from 14000 to 1000. The probability of occurrence was
thus about 13.3% per annum. The highest population decline
after a disease episode was between 1983 and 1985 when the
population declined from 10,843 to 1,595 (85.3% decline).

6 droughts have occurred in the hirola natural range between
1970 and 2000. During this period, the hirola population
declined from 14000 to 1000. The probability of occurrence of a
drought is thus about 20% per annum (occurring every 7-8

years).
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