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The ¢rst half of 1999 was unusually dry at Ngogo, and
caused leaves to dry on most trees throughout the study
area. With the return of the rains in the second half of
the year, trees on deeper soils recovered. In the year fol-
lowing the drought, massive tree mortality occurred
along ridges and on hill-tops that happened to have shal-
low soils.This study investigated which species were sus-
ceptible to the drought in a locality with shallow soils.

Methods

The study area

The studywas conductedat theNgogostudysite inKibale
National Park, Uganda. Altitude within the park ranges
from1590 m in the north to 990 m in the south (elevation
at Ngogo is about1350 m). Annual mean rainfall is about
1492 mmand fairly well distributed throughout theyear.
March^May and September^November are usually wet-
ter than other months, while June^July and December^
February are usually dry months (Struhsaker, 1997).
Mean monthly minimum and maximum temperatures
are about 16 8C and 23^24 8C, respectively. Detailed
descriptions of the study site were provided by Butynski
(1990) and Struhsaker (1997). Trees were enumerated in
anarea comprised of upper slope and ridge topswithvery
shallow soils, and bare rocks were exposed in some parts.

Field methods

Sampling was conducted along an access trail through a
locality severely a¡ected by the drought. The area was

sampled in March 2000, about 8 months after the end
of the drought.The transect was subdivided into 40 adja-
cent plots of 5 m � 25 m, constituting a sample area of
0.5 ha. All trees of �7 cm diameter at breast height
(d.b.h., measured at 1.4 m) whose centres were located
within 2.5 m from the centre of the trail were identi¢ed
to species and d.b.h. recorded to the nearest mm. Our
nomenclature followed that of Hamilton (1981). Only
standing trees were included in the sample. Trees were
assigned to four categories of health condition namely:
normal, when the tree was growing normally;moribund,
for trees with dried limbs, defoliated and likely to die
shortly; sprout,whenatreehadoneormoreyoung shoots
on the stem and/or limbs; and dead, when the tree was
actually dry. Rainfall data were collected from a single
rain-gauge located at the camp, about 1km away from
the sampling area.

Data analysis

To determine if some species were more prone to mortal-
ity than would be expected, selection ratios (Crawley,
1983) were calculated for each species.These were calcu-
lated as the proportion of each species among the dead
trees divided by the proportion of the species in the
sampled area. Selection ratios of greater than one indi-
cated that the species was vulnerable. Student’s t-test
was used to determine if the mortality was di¡erent
between small and large trees. The mean d.b.h. of dead
and live trees were compared for all trees combined,
and for individual species that had selection ratios of
>1, provided they were represented by a more than 30
stems.

Results

A total of 422 trees belonging to 27 species was recorded
in the 40 plots. Forty per cent (170 trees) of all the trees
recorded belonged to one species, Uvariopsis congensis
(Table1). The selection ratio exceeded one for only two
species, U. congensis and Celtis africana. Seventy-nine
(19%) of all trees in the sample were dead. Uvariopsis

194 # 2003 African Journal of Ecology, Afr. J. Ecol.,41, 194^196

Correspondence: Jeremiah S. Lwanga, Makerere University
Biological Field Station, PO Box 409, Fort Portal, Uganda



congensis alone accounted for 86% of all the dead trees.
Overall, mean d.b.h. did not di¡er between dead and live
trees. However, for U. congensis, mean d.b.h. of the dead
trees was larger than that of live trees (t¼2.256; P<0.05;
df¼168). Small sample sizeprecluded testing fordi¡erence
between mean d.b.h. of dead or live C. africana trees.

During the El nin‹ o year1999, the total amount of rain-
fallatNgogowas1002.5 mm.Thiswas489.5 mmless than
the long-term average for the area, which was 1492 mm
during 1977^91 (Struhsaker, 1997). Figure1 shows the
monthly distribution of rainfall for 1999 and the mean
monthly rainfall for1997^8 and 2000.The severe period
during 1999 was the ¢rst half of the year, in the second
half, rainfallwas comparable to other years (Fig.1).None-
theless, the drought was severe enough to cause notice-
able tree mortality in some areas.

Table1 Tree species encountered in the sample, indicating health condition and selection ratios

Species Dead Moribund Normal Sprout Total
%
Dead

%
overall

Selection
ratio

Aeglopsis eggelingiiM.R.F. Taylor 1 1 0 0.24 0
Albizia grandibracteataTaub. 1 1 0 0.24 0
Aphania senegalensis Radlk. 2 2 0 0.47 0
Cassipourea ruwensorensisAlston 2 2 0 0.47 0
Celtis africana Burm. f. 1 2 3 1.27 0.71 1.78
Celtis durandii Engl. 1 1 4 6 1.27 1.42 0.89
Chaetacme aristata Planch. 6 6 0 1.42 0
Chrysophyllum albidum G. Don 1 13 3 17 1.27 4.03 0.31
Conopharyngia holstii (K. Schum) Stapf 1 1 0 0.24 0
Dasylepis eggelingii Gillett 2 2 0 0.47 0
Diospyros abyssinica (Hiern) F.White 2 4 100 3 109 2.53 25.83 0.10
Dombeya mukole Sprague 2 9 11 2.53 2.61 0.97
Elaeodendron buchananii Loes. 1 1 0 0.24 0
Ficus natalensis Hochst. 1 1 0 0.24 0
Fluegea virosa Baill. 1 1 0 0.24 0
Harrisonia abyssinica Oliv 1 9 10 1.27 2.37 0.53
Lovoa swynnertonii Bak. f. 1 1 0 0.24 0
Markhamia platycalyx (Bak.) Sprague 2 1 3 0 0.71 0
Millettia dura Dunn 3 3 0 0.71 0
Mimusops bagshawei S. Moore 1 1 0 0.24 0
Pleiocarpa pycnatha (K. Schum.) Stapf 1 1 0 0.24 0
Pterygota mildbraedii Engl. 2 1 40 43 2.53 10.19 0.25
Rothimania urcelliformis (Hiern) Bullock 1 3 1 5 0 1.18 0
Teclea nobilis Del. 1 2 10 6 19 1.27 4.50 0.28
Uvariopsis congensis Robyns 68 11 88 3 170 86.08 40.28 2.14
Vangueria apiculata Robyns 1 1 0 0.24 0
Warburgia ugandensis Sprague 1 1 0 0.24 0

Totals 79 21 302 20 422 100 100 1

Fig1 Monthly rainfall during1999 and mean monthly rainfall
for the years1997,1998 and 2000 at Ngogo, Kibale National Park.
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Discussion

Selection ratios (Table1) indicated thatUvariopsis congen-
siswasparticularlysusceptible todrought relatedmortal-
ity. Although tree growth rates are highly variable
(Swaine, Hall & Alexander, 1987) and hence larger trees
are not necessarily older, the di¡erence between d.b.h.
of dead and live Uvariopsis trees seems to suggest that
the older trees were more susceptible.

Climatic diagrams based on long-term mean annual
rainfall portray tropical rain forests as having a uni-
formly ever-wet climate, which is not the case (Bruenig,
1996; Whitmore, 1998). Prolonged droughts, though
uncommon intropical rainforests, canhave severe e¡ects
on plants (Bruenig,1996;Whitmore,1998). AsWhitmore
(1998) noted, unusually prolonged dry seasons can be of
great signi¢cance for rain forest species. At Barro Color-
ado, tree mortality was unusually high following the El
Nin‹ o event of 1982^83 (Condit, Hubbell & Foster, 1995).
At Ngogo, the annual distribution pattern of rainfall is
usuallybimodal.However, in1999 the¢rst half of theyear
was unusually dry (Fig.1) and caused an exceptionally
high mortality of trees in some areas with shallow soils.
Since the establishment of the study site, mortalityof this
nature had not been observed anywhere in the forest (T.
Struhsaker, pers. comm.). This observation suggests that
if global warming occurs as is anticipated, the forest area
maydecrease, becauseprolongeddryseasonsarebelieved
to be among the problems associated with global warm-
ing (Alonso et al., 2001).
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