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ABSTRACT General Circulation Models (GCMs) were used to develop climate change scenarios for 
the Lengwe National Park in Malawi Scenanos of future precipitation and ambient temperature were  
in turn used to evaluate habitat suitabihty of 5 ungulate populations and to rank their vulnerabihty to 
global climate change in the park Preliminary results suggest that ambient temperatures may nse  with 
a doubling of atmospheric COz, and precipitation will be  more vanable The vulnerability assessment 
results suggest that all the ungulates, especially nyala antelope Tragelaphus angasi, could be  highly 
susceptible to climate induced changes in habitat and food supply Adaptive measures, such as translo- 
cation, culling, and expanding the water supply, may alleviate climatic change impacts on nyala and 
other ungulates 
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INTRODUCTION 

The consensus that increases in the atmospheric 
greenhouse gases will adversely affect the global cli- 
mate system is growing (Carter et  al. 1994, Houghton 
et al. 1992). Changes in ambient temperature, precipi- 
tation patterns and soil moisture are some of the 
expected direct effects of climate change. Unmanaged 
or semi-managed ecosystems are regarded as espe- 
cially vulnerable if global climate changes (Carter et  
al. 1994). Oniinde & Juma (1991) asserted that wildlife 
is a key natural resource that might be susceptible to 
climate change. In Malawi, where wildlife manage- 
ment and ecotourism are integral parts of the land use 
system, assessment of potential vulnerability to climate 
change is an integral step in environmental planning. 
Designated wildlife areas occupy approximately 22 5% 
of Malawi's land area as national parks, wildlife 
reserves, a.nd forest reserves (Mkanda 1991, Mkanda 
& Munthali 1994). 

Recently, there have been 3 significant droughts (in 
1978-79, 1981-82, and 1991-92) that have affected wild- 
life in habitat in southern Africa including Malawi. The 
impacts of droughts were regionally variable, but often 

devastating to wildlife populations. One drought effect 
in Lengwe National Park was overcrowding of wildlife 
at  water holes, leading to overgrazing of foliage which 
induced changes to the plant community structure. In 
extreme cases animal mortality occurred, including loss 
of the nyala antelope Tragelaphus angasi in Lengwe 
National Park (Mkanda & Munthali 1991). 

A preliminary global climate change vulnerability 
analysis of 5 ungulate populations of Lengwe National 
Park appears to show that the nyala could be the most 
vulnerable species (Western 1991, Mkanda 1996). 
Therefore, the potential impacts of climate change on 
nyala and several other ungulates were assessed using 
a scenario-based analysis. Specifically, the study 
assessed potential changes in habitat suitability under 
different climate scenarios and examined possible 
adaptive measures. 

STUDY SITE 

Lengwe National Park was selected because of its 
current extreme climatic conditions, and because 
future scenarios for this region depict hotter and drier 
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Fig. 1. Location of Lengwe National Park in Malawi 

weather than the current climate (Fig. 1). The park 
(887 km2 in size) lies in the Lower Shire Valley (south- 
ern Malawi) at an  altitude of between 30 and 100 m 
above sea level. Lengwe has a semi-arid type of cli- 
mate (Hulme et al. 1994). The minimum mean temper- 
ature is 16'C in June, while the mean maximum is 
36°C in November. Precipitation ranges from 84 mm in 
September to 2136 mm in December. The annual mean 
monthly rainfall is 700 mm. These climate parameters 
represent the highest and the lowest temperature and 
the most erratic rainfall patterns in Malawi (Anony- 
mous 1975). Mkanda et al. (1988) observed that during 
drought years the mean annual precipitation falls 
below 500 mm. This phenomenon has occurred twice 
in the past 13 yr. 

The eastern portion of Lengwe National Park, also 
known as 'Old Lengwe', occupying an area of only 
104 km2, is nyala habitat (Mkanda & Munthali 1991). 
The soils are derived from upland drift deposits, con- 
sisting of sand, clay loams, and sandy loams (Clarke 

1983). Acacia th~cket-clump savanna, inhabited by the 
tree species Acacia nigrescens, Albizia harveyi, and 
Dalbergia melanoxylon, is the primary vegetation. 

Lengwe National Park ecosystems are described by 
Munthali (1991). The park has several ungulate spe- 
cies including 2000 buffaloes Syncerus caffer, 300 
kudus Tragelaphus strepsiceros, 1300 warthogs Pha- 
choecorus aethiopicus, and 1000 impalas Aepyceros 
melampus. Reptiles, small mammals, and birds are 
also common throughout the park. The nyala is a key 
species in the park, numbering approximately 2000. 
Another small population of nyala occurs in a small 
reserve about 50 km south of Lengwe. Movement 
between the 2 populations does not occur because the 
intervening corridor has been heavily settled (Mkanda 
& Munthali 1991). 

MATERIALS AND METHODS 

Four General Circulation Models (GCMs) were 
employed in this scenario-based analysis (Unganai 
1996; this issue). The scenarios were developed from 
the following models: the Canadian Climate Center 
(CCC) model (Boer et al. 1992), the GFD3 model from 
the Geophysical Fluid Dynamic Laboratory (Manabe & 
Wetherald 1987), the Goddard Institute for Space 
Sciences (GISS) model (Hansen et al. 1983), and the 
United Kingdom Meteorological Office UK89 model 
(Mitchell et al. 1989). As in the baseline (existing cli- 
mate) scenario, the precipitation and temperature data 
from 3 grid points were averaged for each model. Cur- 
rent precipitation and temperature data for the period 
1951 to 1980 were obtained from the International 
Institute of Applied Systems Analysis (IIASA) database 
(Unganai 1996). Three grid points (34" 00' E,  16" 30' S; 
34" 30' E, 16" 30' S; and 35" 00' E, 16" 30' S) that are 
adjacent to Lengwe National Park were averaged and 
employed as  the baseline (existing climate) scenario. 

The mean l x C 0 2  model outputs and the spatially 
averaged precipitation and temperature data were 
plotted and comparisons of seasonal climate patterns 
with the GCM outputs were made (see Figs. 3 & 4) .  
Four GCMs (GFD3, GISS, CCC, UK89) were consid- 
ered useful in simulating the current climate in the 
study area (Unganai 1996). To develop climate change 
scenarios, changes in ambient temperature patterns 
were analyzed in comparison to existing climate 
(Unganai 1996). Precipitation pattern changes were 
computed as  the ratio (2 X COz): (l X COz). 

Millsap et al. (1990) used 16 variables to provide a 
vulnerability ranking of all vertebrate taxa in Florida, 
USA. This study employed s~milar variables to rank 
vulnerability of 5 ungulates occurring in Lengwe Na- 
tional Park: nyala, impala, buffalo, warthog, and kudu. 
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These ungulates were chosen for the analysis because 
of their prominent role in park ecosystems (Mkanda & 
Munthali 1991, Munthali 1991). Biological scores were 
obtained from the sum of individual scores for 7 vari- 
ables that reflected different facets of distribution, 
abundance and life history (see Table 2). Action scores 
were the sum of individual scores for 4 variables that 
reflected the current ecological knowledge about the 
taxon. Five supplemental variables were used to sort 
and categorize taxa to answer specific questions about 
a taxon behavior (Munthali 1991). Variable scores 
ranged from 0 to 10 (10 denoting high vulnerability). 

The Habitat Suitability Index (HSI) method was used 
to evaluate the nyala habitat under each climate sce- 
nario (U.S. Fish and Wildlife Service 1981). The HSI 
method relates the suitability of habitat variables of a 
landscape to the animal species of concern and assigns 
an index of suitability. Values of HSI range from 0 
(conlpletely unsuitable) to 1 (optimally suitable). To 
detect the total HSI under the present climate, several 
parameters were developed: annual precipitation, 
preferred browse height, the number of preferred 
browse/grass species, area of the park burned as part 
of management policy, mean annual temperature, area 
of thicket cover, distance to water, and degree of ille- 
gal incidents (number of snares, gunshots, carcasses, 
and poacher sightings). A number of assumptions 
regarding HSI were developed based on conditions 
described in the following paragraphs (see Table 3). 

Since up to 2136 mm of precipitation occurs in the 
park, and drought strikes when the annual precipita- 
tion falls below 500 mm, any precipitation of up to 
2000 mm would be considered optimally suitable 
under any climate change scenario. The suitability 
index (SI) would therefore be 1. In contrast annual pre- 
cipitation of less than 500 mm would be unsuitable (0). 

Field observations have shown that the preferred 
browse height of nyala is 1.0 m. During times of 
drought, however, the nyala browses up to 2.0 m. 
Therefore, 1.0 m was taken as the optimum suitable 
browse height. Inversely, suitability would be consid- 
ered to increase with a decrease in height. Under cli- 
mate change, therefore, an  increase in browse height 
would make the habitat unfavorable while a decrease 
would increase habitat suitability for nyala. 

Munthali (1991) reported that the nyala prefer to 
browse 16 plant species in Lengwe National Park. 
Therefore, with climate change, the habitat would be 
suitable if nyala had about 16 browse species or more. 
In contrast, it could become unsuitable if there were 
< l 5  species. 

The recommended vegetation burning policy is that 
of the park is burned early in the season, is 

burned late, and another '4 is left unburned. For a park 
of 104 km2 size, 30 to 60 km2 of open space is suitable; 

below or above is considered unsuitable. The interpre- 
tation of suitability would remain unchanged under 
any climate change scenario. 

Thicket clumps, which occupy about half the park, 
are nyala habitat in Lengwe. Therefore, a thicket cover 
of between 50 and 100 km2 is suitable. Suitability de- 
clines if thicket cover falls below 50 km2. If the thicket 
cover were to decrease under climate change, the habi- 
tat would be unsuitable. If the cover were to increase, 
however, the habitat would be optimally suitable. 

The park has artificial water holes spaced on aver- 
age at a distance of 5 km. Therefore, a distance of 5 to 
10 km is considered as suitable. The suitability de- 
clines above 10 km and below 5 km. Under climate 
change, a distance of between 5 and 10 km would still 
be deemed suitable, but any decrease (because the 
area would be too wet) or increase in distance would 
be considered unsuitable. 

Illegal poaching data were categorized as follows: 
low, 30 incidents per year; medium, 31 to 60 incidents; 
and high, 260 incidents. These values were then con- 
verted to 0 = high, 1 = medium, and 2 = low. The habi- 
tat is suitable if the incidents are low, but the index 
declines as the number of incidents increases. The 
same conditions would apply under climate change. 

Finally, suitability indices for temperature were 
determined from the mean minimum and maximum 
temperatures of 16 and 36°C respectively. Any depar- 
ture from this range is regarded as unsuitable. Under 
climate change, therefore, temperatures that would be 
lower or higher than the present range would reduce 
habitat suitability. 

The suitability indices at which the habitat was 
thought suitable were aggregated (Fig. 2) to calculate 
the overall HSI as the geometric mean (HSI = SI, X S12 
X S13 X ... SI,)"". For example, the suitability index 
using the GFD3 model was 0.86. This was derived from 

ANNP -b graph - gem HSI 

BHTP - graph -A 
BSPP - graph - 
CENT - graph - 
COVR - graph - 
DWTR - graph - 
INCD - histog - 
BURN - graph - 
Fig. 2. Schematic diagram of aggregated nyala habitat model. 
ANNP-  annual precipitation (mm); BHTP: preferred browsing 
height (m),  BSPP: preferred browse species; CENT: tempera- 
ture ("C); COVR: thicket cover (km2); DWTR: distance to 
water (km),  INCD: degree of illegal incidents; BURN. park 
area burned (km2); histog: histogram: gem: geometric mean 



Clirn Res 6: 157-164, 1996 

the geometric mean of the suitability indices of the 
following parameter values: precipitation range of be- 
tween 500 and 2000 mm, a preferred browsing height 
of 1.5 m, number of browsing/grazing species being 
15, 60 km2 of the park area burned, a temperature 
range of 16.4 to 36.2'C, a thicket cover of 75 km2, 9 km 
between water, and low incidents with a value of 2. To 
detect habitat suitability under each climate change 
scenario, the annual precipitation and mean tempera- 
ture data derived from each GCM were used in the 
habitat model. This made it possible to determine the 
impact of changes in precipitation and temperature on 
habitat (Hulme et al. 1994). 

RESULTS 

Generally, the GCM scenarios suggest that ambient 
temperatures will rise within the study area; the tem- 
perature increase ranges from 2.8 to 3.1°C (Table 1). 
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Fig. 3 Ambient temperature and precipitation patterns of 
existing climate (IIASA) in comparison to l X CO2 scenarios of 

3 GCMs (GFD3, CCC, UK89) 

Table 1. Changes (difference between l X and 2x COz) in pre- 
cipitation and ambient temperature patterns under 3 climate 

change scenarios in Malawi 

Model Atemperature ("C) Aprecipitation (%) 

GFD3 3.1 12.8 
CCC 3.1 -11.0 
UK89 2.8 -0.7 

I + IlASA GFD3 * CCC + ~ ~ 8 9 1  l 
0.00 ! , , , , , \ , , , , I 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

+ IlASA GFD3 * CCC + UK89 I I 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Months 

Fig. 4. Ambient temperature and precipitation pattern of 
existing climate (IIASA) in comparison to 2 x C 0 2  scenarios of 

3 GCMs (GFD3, CCC. UK89) 

Two models (UK89, CCC) imply a decline in annual 
precipitation under climate change scenarios, the lat- 
ter depicting a greater (1 1 %) precipitation deficit than 
the former. Only the GFD3 model depicts an increase 
in annual precipitation (12.8%). 

The GCM scenarios also predict similar seasonal 
trends of annual precipitation and ambient tempera- 
ture under both baseline and climate change scenarios 
(Figs. 3 & 4).  The general trend is frequent precipita- 
tion at the onset of the rainy season in November con- 
tinulng until January. The Chiperoni rains, which are 
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Table 2. Populatlon vulnerability assessment scores of 5 ungulates in Lengwe Natlonal Park, Malawi. Values range from 0 to 10 
(10 denoting hlgh vulnerab~lity) 

Var~able  Score 
Nyala Buffalo Kudu Warthog Impala 

-- 

Biological 
1 Population slze 6 0 6.0 6 0 10 0 8.0 
2 Populat~on trend 6.0 0 6 0 6.0 0 
3 Range slze 10.0 9.0 9.0 9.0 10.0 
4 Distribution trend 2.0 0 2.0 0 0 
5 Population concentration 6.0 6.0 0 0 6.0 
6 Reproductive potent~al  3.0 3.0 3.0 3 0 3.0 
7 Spec~alization 3.3 0 1.7 0 0 

Total (max. 70.0) 36.3 24.0 27.7 28 0 27.0 

Action 
1 Knowledge of distribut~on 0 0 0 0 0 
2 Knowledge of population trend 6.0 6.0 6.0 6.0 6.0 
3 Knowledge of population llm~tation 5.0 5.0 5.0 5.0 5.0 
4 Management activities 0 5.0 5.0 0 5.0 

Total (max. 40.0) 11.0 16.0 16.0 11.0 16.0 

Supplemental 
1 Significance of taxon 3.0 4.0 3.0 3.0 3.0 
2 % of range in the park 5.0 1 .O 1.0 1 .O 1 .O 
3 Trend in park population 2.0 2.0 2.0 5.0 4.0 
4 Period of occurrence 4.0 4.0 4.0 4.0 4.0 
5 Harvest of taxon 1.0 1.0 1 .O 1 .O 1 .O 

Total (max. 24.0) 20.0 20.0 10.0 20.0 10.0 

Grand total (max. 134.0) 67.3 60.0 53.7 59.0 53.0 

dry-season precipitation brought by high-pressure The HSI appears to decline for Lengwe National 
southeasterly winds, dominate in winter (May to July). Park species under 3 of the climate change scenarios 
Ambient temperatures are usually above 25°C during (Table 3).  HSI is not drastically different among GCMs. 
most of the year except between May and August, For example, there is only a difference of 0.06 between 
when declining to 20°C. Under both climate change the baseline scenario and the UK89 model climate 
scenarios ( l  X CO2 and 2 X COz),  all models, except the change scenario, which gives the lowest suitability 
GFD3, do not exhibit significant departure from the index. The GFD3 and CCC models depict similar 
current precipitation and temperature trends. The future habitat conditions. 
GFD3 climate change scenario depicts higher 
precipitation than both the existing and 
2 x C 0 2  at  the Onset of the rainy Table 3 Nyala habitat suitablllty indices (HSI) under exlstlng and cli- 
season (Fig. 4 ) .  mate change scenarios in Malawi 

Using the Millsap et al. (1990) method, all 
of the ungulates may be vulnerable to climate 
change. The nyala may be the species most 
vulnerable to global climate change in 
Lengwe National Park. The impala appears 
to be the least vulnerable, followed by buf- 
falo and kudu in this ecosystem (Table 2) .  
The variables also suggest that the nyala and 
warthog may have more specific niche 
requirements. The supplemental variables 
contribute insignificantly to the sum of the 
scores. 

Variable Baseline GFD3 CCC UK89  

Annual precipitation (mm) 773.0 872.0 768.0 688.0 
Temperature ("C) 25.2 28.3 28.0 28 4 
Browse height (m) 1.5 1.5 1.5 1.5 
Preferred browse species 10.0 10.0 10.0 10.0 
Area burnt (km2) 60.0 60.0 60.0 60 0 
Thicket cover (km2) 75.0 75.0 75.0 75 0 
D~stance  to water (km) 9.0 9.0 9.0 9 0 
Illegal incidents (no.) 2.0 2.0 2.0 2.0 

HSI 0 9 0.9 0.9 0.8 
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DISCUSSION 

Two of the climate change scenanos suggest that 
there will be lower precipitation in Lengwe National 
Park. Although the GFD3 model predicts increased 
precipitation, rising ambient temperatures will proba- 
bly increase evapotranspiration rates, reduce water 
availability and reduce vegetation productivity (Hulme 
et al. 1994). Coe et al. (1976) and Western (1991) have 
demonstrated that there is a positive correlation be- 
tween animal biomass, vegetation production and 
rainfall. The implication of the GCM scenarios is that 
lower precipitation would lead to declines in vegeta- 
tion and animal biomass (Munthali 1991). 

Depicting the consequences of global climate 
change on nyala is difficult due to ecosystem complex- 
ity (Western 1991). Methods that can directly link ani- 
mal population vulnerability with habitat indices (e.g. 
HSI) are yet to be developed. There may not be any 
direct climate impact on the nyala due to changes in 
ambient temperature or precipitation patterns. Cli- 
mate change may indirectly affect other habitat vari- 
ables such as distance to water, thicket cover, composi- 
tion of browse and grass species, and browse height, 
causing degradation in habitat suitability (Mkanda & 
Munthali 1991). Climate change will also have impli- 
cations for other animal species including predators. 
Sensitivity testing is required to depict changes in HSI 
as habitat variable values change. Secondly, sensitivity 
testing would help identify critical adaptive measures 
to climate change vulnerability (Markham 1996; this 
issue). 

Nyala is a vulnerable species that may not adapt to 
climate-induced habitat changes easily. Evidence from 
past droughts seems to support this assumption. 
Between November and December 1980, 50 to 100 
nyala died in Lengwe National Park (Mkanda & 
Munthali 1991). This was attributed to the drought of 
1980 (total annual precipitation of 477 mm), which 
resulted in poor regeneration of the vegetation. A com- 
bination of a high nyala population and low rainfall led 
to unsatisfactory habitat conditions. Similarly, under 
climate change scenarios, any decline in annual pre- 
cipitation to the level of 1980, assuming a large nyala 
population, would lead to a drastic decline in the gen- 
eral habitat suitability. However, small populations 
could also become vulnerable for reasons other than 
climate change (e.g. inbreeding depression). 

The models employed in this analysis may not neces- 
sarily reflect the actual magnitude of future ecosystem 
change (Carter et al. 1994). However, the HSI seems to 
decline under all the scenarios. Since the baseline pre- 
cipitation and temperature scenarios were developed 
using a long-term database, there is some degree of 
confidence In the scenario results. The general trend in 

habitat suitability declines as opposed to growing vari- 
ability of extreme events (3 GCM scenarios show that 
temperature may rise). 

SUMMARY AND ADAPTATION OPTIONS 

The scenarios show that as climate changes, particu- 
larly ambient temperature, habitat loss increases. 
Therefore, adaptive measures should aim at alleviat- 
ing the negative impacts of these changes. Ecosystems 
may adapt to climate change without human interven- 
tion. Caughley & Walker (1983a, b) assert that to 
prevent change, more management effort would be 
needed in the future. Reducing temperature or 
increasing precipitation locally to improve habitat suit- 
ability is not possible in Lengwe National Park. Assum- 
ing the worst climate change scenario depicted by 
Hulme et al. (1994) for southern Africa (water deficits 
attributable to climate change), animal mortality 
would be significant, particularly if populations were 
near carrying capacity. Therefore conventional wild- 
life management techniques such as translocation, 
provision of artificial water supplies, culling, and 
trophy hunting may be useful management tools 
should intervention become necessary. 

Translocation as a wildlife management tool has 
been widely applied during times of drought, but it 
would probably be of limited application under 
changed climate conditions since these will be charac- 
terized by a general drought condition (Walker et  al. 
1987). Secondly, within Malawi, translocation could 
only be to an adjacent wildlife reserve (Mwabvi) capa- 
ble of holding only a small translocated population. 
Translocating the nyala to Mwabvi may have genetic 
implications for breeding populations. Caughley & 
Walker (1983a, b) state that species comprise sub-pop- 
ulations that are genetically distinct and may possess 
adaptive characteristics for their particular environ- 
ments. Introduction of populations from elsewhere 
leads to mixing of 2 incompatible gene complexes 
(inferior vs superior competitors). Translocation to 
other parts of Malawi would pose ecological problems 
because of habitat limitations. The only other option 
would be to translocate the animals to a zoo, safari 
parks or intensively managed wildlife ranches. 

Provision of artificial water supplies would help alle- 
viate the impacts of water deficits if applied as an 
anticipatory adaptation measure (Walker et al. 1987). 
This could reduce access of animals to water. However, 
provisional supply would be of limited value as a reac- 
tive measure when the climate has changed because 
water tables d.ecline, making underground water 
extraction costs prohibitive. Provision of animal drink- 
ing water alone would also not help forage production, 
which is likely to decrease with low precipitation. 
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Since animal biomass and habitat suitability may de- 
cline because of low precipitation associated with cli- 
mate change (Coe et al. 1976), culling to reduce animal 
numbers to acceptable management limits might be a vi- 
able option. Studying impacts of droughts on some con- 
servation areas in southern Africa, Walker et al. (1987) 
asserted that culling was ecologically unnecessary 
where sufficient spatial heterogeneity existed to provide 
reserve forage. The GCM scenarios analyzed in thls 
study imply that water deficits would be continuous. 
Therefore, plant biomass production would decline, 
making long-term survival of most of the herbivores 
questionable. The disadvantage of culling is that it does 
not necessarily help animals adapt to climate change. 
Culling also reduces genetic variability, which could be 
a problem when the population tries to recover. How- 
ever, culling helps to reduce animal populations and 
maintain them within carrying capacity (Kombe 1983). 

Whether adaptation should be anticipatory or reactive 
is a n  important question but difficult to answer from the 
climate change scenarios analyzed in this study (Carter 
et al. 1994, Mkanda 1996). If one or all of these options 
are chosen, anticipatory adaptation would mean carry- 
ing out measures in anticipation of climate change. In 
contrast, reactive adaptation would involve taking cor- 
rective measure in response to climate change. It is pre- 
mature to recommend either option in Malawi at this 
time (Magadza 1994). This study may help to confirm 
how difficult it is to choose either an anticipatory or 
reactive adaptive strategy. Both adaptive strategies 
have been applied in the culling of nyala in Lengwe 
National Park and each became highly controversial 
(Kombe 1983, Mkanda & Munthali 1991). 
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