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from other tourist forests in Uganda for it neither has
wildlife capacity nor variety to attract large numbers of
international visitors (Nambasi, 1999).

The inajor facilities at Mabira Ecotourism Centre
include a visitors’ ccntre, picnic site and viewing
platform, grass thatched houses for accommodation and
a campsite. Forest activities include butterfly viewing,
bird walching, scenic viewing, camping, picnicking and
walks on forest trails, grassland trails and cycling roules.
Local tour guides have been traincd on environmental
interpretation and visitor nanagement, and the majority
comes from thc corminunities surrounding the forest
reserve. More facilities have since been put up in
response to the incrcasing number of visitors, The
number of visitors is relatively lower in Mabira forest
reserve than other protected areas in the country with
ceotourism prograinmes, with an average 0 300 visitors
pet month. The average revenue received cvery month
is cstimated to be Ug. Shs, 1 million (Namhasi, 1999).

Linmitations of the methodology used in the study
Recreation ccology seeks to understand the cffects of
visilor activities on natural environments particularly the
relationships between the amount of trampling and
vegetative response, and the relative vulncrahility of
different plant specics and communities. An effcctive
approach for isolating the effect of the amount of
trampling from other confounding variables is to apply
controlled levels of trampling to previously
undisturbed sites, usually on small plots. This
experiincntal approach has been taken many fimes in
different vegctation types, from the early work of
Wagar (1964), Sun and Liddle (1991), Kuss and Hall
{1991, and Cole and Bayileld {1992).

There arc both conceptual and procedural
problems with experimental trampling studies. The
conceptual problems are breadly those of any
cxperimental technique; the approach does not precisely
simulate the way in which trampling occurs in practice.
Trampling in the ficld can be erratic, extended over long
periods and variabie both in season and intensity.
Although trampling expcriments have examined
prolonged trampling and extended recovery {Bayfield,
1979; Cole, 1987), there arc problems with using small
experimental plots for such studies. In partieular, the
recovery ol vegetation on small plots surrounded by
undisturbed vegetation may be atypical of large
recreation sites, and prolonged experiments can require
complex and space-demanding designs and input over
many years (Cole and Bayfield, 1992). Despite these
shottcomings, experimental trampling is still an effective
method of assessing the response of vegetation to
short-duration trampling.

The procedural problems rclate mainly to lack
ol standardisation in levels of trampling, plot size,
recovery periods, and measurements taken. Lack of
standardisation makes it difficult to comparc the
responses of vegetation types from different studies.
Some studies have only examined initial damage without

assessing recovery (Bell and Bliss, 1973). Very few have
considered structural changes, such as the reduction in
height that is usually the initial responsc to trampling. The
method uscd in this study is [lexible and can be applicd in
a widc variety of plant communities. Tt has evolved after
scveral years of trials in the USA and UK and has
standardized and rcpeatahle treatments.

Methods

Study area

Mabira forest reserve has an arca of 306 km?. The rescrve
lies between 32°52” and 33°07° Eand 0°24° and 035" N
(Howard, 1991). The mean annual teinperature range is 16-
17°C (miniinum} and 28-29°C (maximum). The annual rainfal]
is 1,250-1,400 tnm. Mabira is considered to be a sccondary
forest in which the distinctive vegefation lypes represent
sub-climax connmunitics, heavily influcnced by human
activities over prolonged periods of time (Sangsier, 1950).
The trees of this forcst are reasonably well known and 202
speeies (47% of the country’s (otal) have heen recorded.
Five tree species from this reserve arc listed as endangered
(Howard, 1991): Milicia excelsa, Cordia mitlenii, Irvingia
gabonensis, Entandrophragma angolense, and Lavoa
SWyRErionii.

The fauna of Mabira forcst reserve is rcasonably
well known and includes 151 species of forest bird (46% of
the country’s total), 2 species of diurnal forest primate {17%
of the country’s total}, and 39 species of forest swallow tail
and charaxes butterfly (57% of the country’s total} (Forest
Department, 1996). The present status of the targer animals
is not known, but a small population ol buffalo (Syncerus
caffer) was reported along the Musamya river in 1983
{(Howard, 1991). Elephants arc now extinct and threatencd
or near threatened specics are leopard (Panthera fea),
Nahan’s francloin (Fracolinus nahani), and blue swallow
{Hirundo atrocaerulea).

Assessment of the effects of plant morphology on vegetation
resistance, resilience and tolerance

Experimental study sites werc cstablished in two types of
vegetation: an open [orcst and grassland. Trampling lancs
{Figure 1) were established in each vegetation type. Each
set comprised five lanes, each 0.5 m wide and 1.5 m long
{adopted from Cole and Bayfield, 1992). Treaiments were
raudomly assigned to the lanes. Onc {ane was a control
and therefore not trampled. The other lanes received 23,
50, 200 and 500 passcs. A pass was a onc-way walk at a
natural gait, along the lane.

Measurcments were taken on each lanc in two
adjacent 30 cin x 50 ¢m sub-plots. In each sub-plot, the
cover of caeh vascular plant species was estimated.
Vegetation stature was cstimated to the ncarest 1 cm at
50 systematically determined points in cach sub-plot.
Trampling treatments were administered when the
vegetative cover was approaching its peak. Follow-up
measurements were taken two wecks and one year after
trampling,
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was 90% before trampling and 100% in the control plot.
The average RC was 50% two weeks efter tframpling and
90% in the control and 20% one year after the cxperimentaland
continuous trampling by visitors (Figure 2).

Figure 2:
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Plate 1. Ground condition at Mabira ecotourisin camping
site in the dry season.

Indices of vepetation resistance, resilience, and tolerance
There were two main vegetation fypes in Mabira Ecotourism
Centre; a mixed secondary forest whose herbaceous layer
is dominated by Justicia flava and Synedrella nodiflora
and grassland dominated by Paspalum conjugatum-
Paspalum scrobiculata. Indices of resistance, resilience,
and tolerance for the two vegetation types are given in
Table 2. These indices provide a incans of quantifying the
gencral response of each vegelation type to irampling
disturbance, responscs that are graphically evident in
Figure 2, These various facets of vulnerability can also be
combined in a single graph (Figure 3) that portrays
resistance on one axis {mean relative cover two weeks after
0-500 passes) and tolerance on the other hand (mean relative
cover one year after ¢-500 passcs).

Table 1. Characteristics of plants at the Mabira Ecotourism Centre

Species Mean ht (cm}) Physiognomic Leaf-stemn
type architecture
Ageratum conyzoides 25 d e
AXONOpUS cCompresus 1.0 g m
Cardamine trichocarpa 28 d e
Cloris pycnothrix* 30 g d
Comelina afticana 25 m e
Conyza floribunda™ 32 d e
Cyathula prostrala - d e
Cynodom dactylon® 6.2 g e
Cyperus cyperoides”™ 20 5 e
Cyperus pinguis 55 5 e
Cyphostemma adenocuale” 1.5 d e
Desmodium incanum® 3.0 d e
Drymatia cordala 3.5 d &
Dichondra rapens 1.0 d e
Dicrocephala integrefolia® 45 d e
Digitaria velutina 35 g e
Dyschoriste radicans 27 d e
Eleusine indica 40 g e
Eragrostis tenuifolia a0 g e
Flueggea virosa 10 d e
Justicia flava 7.0 d e
Hydrocotyle manii 20 d cr
|pomoea involucrate - d [
Laportea ovalifolia 2.0 d 2
Lepsitemon owariense 750 d c
Kyllinga sp. a0 S r
Marantachloa sp 02 m e
Mariscus cyperoides 46 s €
Onxalis coniculala 4.5 d e
Oxalis latifolia 1.5 d e
Paspalum conjugata 1.5 g e
Paspalum scrobiculatum 58 ¢} e
Phyllanthus nuiruli 34 d e
Priva cordifolia* 6.5 d e
Pseudoechinolaena
polystachya” 1.0 q e
Sidaromboidea” 50 d e
Spilanthes mauritiniana 22 d e
Sporobolus moller 25 q [
Synedrella nodiflora® 15 D e
Triumpheta annua - D e
enonia amygdalina 300 D e

Physiognomic type: s=sedge, g=grass, d=dicotyledon hm=herbaceous monocot
Leaf-stem architecture: e=erect, m=matted, c=climbing, =rosetle, d=decurnbent cr=creeping. * Plants found in the

contro! plots 2nd not trampled plots one year after trampfing.
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resistance, moderate tolerance and very low resilience
to human trawnpling. The Justicia dominated secondary
forest undergrowth has moderate resistance, low
resilience and low tolerance to trampling.

2. The method used in this study has becn the [irst major
attempt to provide information on vegetation response
to trampling in a tropical forest in Uganda. There is a
need to repeat a similar experiment in situations
elsewhcre with similar or different vcgetation types
betore the method can be accepted as a prapmatic
approach to obtaining standardised information on
vecgetation response to trampling.

3. There is a need to conduct sfudies that link vegetation
response to trampling and visitor numbers. This
would provide information needed to establish the
ecotourism carrying capacity of rccreation sites in
Uganda’s tropical forests,

Acknowilcdgements

I wish to thank the International Foundation for Science
(IFS) for funding thc study. Many thanks to the Forest
Officer in charge of Mabira Forest Rescrve, the stafT at the
Mabira Ecotourism Centre and Ms, Mary Namaganda of
Makerere University Herbarium for assisting with the plant
identification. T thank the anonymous reviewers for their
comments on the earlier version of the manuseript.

References

Bayfield, N.G. 1979, Recovery of four montane heath
communities on Caimgorm, Scotland, from disturbance
by trampling. Biological Conservatian 15:165-175.

Bell, K.L. & Bliss, 1..C. 1973. Alpine disturbance studies:
Olympic National Park, USA. Biological Conservation
52532,

Butler, R.W. 1991, Tourism. Environment and Development.
Environmental Conscrvation 18(3): 201-200.

Carter, E, 1991, Sustainabkle tourism in the Third World:
Problems and Prospects. Discussion Paper No. 3,

Geographical Series B, Department of Gecgraphy,

University of Reading.

Cole, DN, & Bayfield, N.G. 1992. Recreational trampling of
vegetation: standard experimental procedures.
Biological Conservation 63:209:215.

Cole, D.N. 1987, Effects of three seasons of experitnental
trampling on five montanc forest communities and a
grassland in western Montana, USA. Biclogical
Conservation 40: 219-244,

Cole, DN, 1996. Disturbance of natural vegetation by
camping: cxperiinental applications of low-level stress.
Environmental Management 19(3): 4054 16.

Forest Department 1996. Mabira Forest Rescrve
Biodiversity Report. Forest Department, Kampala, pp.
120.

Howard, P.C. 1991, Nuature conservation in Uganda's
tropical high forests. IUCN, Gland, Switzerland and
Cambridge, UK, pp. 313.

Kuss, R.F. & Hall, CN. 1991. Ground flora tampling studics:
five years after closure. Environmental Management
15:715-727. .

Nambasi, I, 1999, Visitor characteristics and aititndes
towards ecotourisim in Mabira Forest Reserve, A special
project tcport, Department of Geography, Makercre
University, Kampala, 57 pp.

Sangster, R.G. 1950, Warking Plan for the South Mengo
Forests, Uganda, for the period 1948-1957. Uganda
Forest Depariment, Entcbbe.

Sherman, P.B. & Dixon, J.A. 1991, Thc economics of naturc
tourism: Determining if it pays. In: Whelan, T. (Ed.),
Nature Tourism, and pp. 89-131. [sland Press,
Washington, D.C.

Sun, D, & Liddle, M.J. 1991. Field occurrence, recovery,
and simulated trampling resistance and recovery of two
grasses. Biological Conservation 8: 187-203.

Wagar, J.A. 1964, Thc carrying capacity of wild lands for
recrcation. fForest Science Monograph No. 7. Society
of American Foresters, Washington, D.C.

Whelan, T.(Ed.})1991, Ecotourism and ils rolein sustainable
development. Nature tourism, pp. 3-22. [sland Press,
Washingion, D.C.



