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Changes in Elephant Abundance Affect Forest Composition or Regeneration?
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ABSTRACT
While overall numbers of African elephant have declined dramatically in recent times, some populations are now conﬁned to protected
areas and are locally overabundant—an undesirable situation for both biodiversity conservation and elephants. In forested protected
areas, options to manage elephants are limited because it is difﬁcult to safely approach animals, yet it is vital that these populations are
managed because browsing by elephants can dramatically alter forest ecosystems. Using data collected over 50 yr in Kibale National
Park, Uganda, we examine the prediction that increasing elephant numbers and associated changes in their foraging behavior have
caused a shift in tree community composition. Although the relative abundance of elephants increased signiﬁcantly between 1996 and
2010, the population structure of their preferred tree food species did not change, nor did tree community composition change in favor
of species able to re-sprout after elephant damage. Furthermore, over the last 50 yr Kibale elephants have not become more selective
foragers, as would be expected if more nutritious tree species were declining. However, elephants are more abundant in disturbed areas
dominated by shrubs and grasses and appear to have arrested forest succession in these areas. At their current abundance, elephants
have not selectively altered the composition of intact old growth forest, but they do inhibit the regeneration of disturbed areas.
Abstract in Spanish is available in the online version of this article.
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PLANT

COMMUNITIES

CAN

BE

STRONGLY

INFLUENCED

OR

EVEN

animals (Jones et al. 1994, Power
1997, Crain & Bertness 2006, Wright & Jones 2006, Chapman
et al. 2013). Several classic examples illustrate the inﬂuence of animals on plant communities, including prairie dogs (Cynomys spp.
[VanNimwegen et al. 2008,]), sea otters (Enhydra lutris; [Estes &
Palmisano 1974,]), and beavers (Castor canadensis; [Naiman 1988,]).
Perhaps the most dramatic example of a mammal affecting plant
communities is that of changes in African elephant (Loxodonta
africana) densities causing signiﬁcant changes in vegetation structure over large areas (Buechner & Dawkins 1961, Laws 1970,
Smart et al. 1985, Hawthorne & Parren 2000, Lawes & Chapman
2006). Elephants browse on small trees, pushing them over, and
often killing them. They also debark large trees, thereby reducing
tree survival rates (Laws 1970, White et al. 1993, Lwanga 1994,
Sheil & Salim 2004). For example, when elephants in Murchison
Falls National Park, Uganda, were protected from organized
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hunting in the 1930s, their population growth was associated with
a 55–59 percent reduction in the number of large trees (Buechner
& Dawkins 1961). Conversely, illegal hunting during the Ugandan
civil war (1970s and 1980s) dramatically reduced elephant numbers in Murchison, followed by a corresponding increase in the
park’s woodland area (contrast the information presented in these
references Brooks & Buss 1962, Buss & Savage 1966, DouglasHamilton et al. 1980, Eltringham & Maplas 1980). The role elephants played in this woodland increase was veriﬁed in experiments excluding elephants and resulting in marked tree
regeneration (Hatton & Smart 1984, Smart et al. 1985). Given
that the elephant culling policy initiated in 1967 was stopped in
1994 (Van Aarde & Pimm 1999, Dickson & Adams 2009), the
impact of elephant numbers on large trees is also a concern in
Kruger National Park, South Africa (Shannon et al. 2008, Smit &
Ferreira 2010).
Although elephants can play an important role in structuring
the composition of vegetation (Chapman et al. 1992, Babweteera
et al. 2007, Campos-Arceiz & Blake 2011, Bonnell et al. 2012), it
is clear that at a large spatial scale elephant numbers have
ª 2014 The Association for Tropical Biology and Conservation
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declined dramatically over the past century (Brooks & Buss 1962,
Blake & Hedges 2004, Blanc et al. 2007, Burn et al. 2011, Maisels
et al. 2013). Elephants are currently found in 37 African countries
and their total population was estimated to be 472,000 animals in
2007 (Blanc et al. 2007). The most recent estimate of forest elephant populations indicates a decline of approximately 62 percent
between 2002 and 2011 and a 30 percent loss in their geographical range (Maisels et al. 2013). Despite their overall decline elephants are locally overabundant in some regions. This results in
habitat modiﬁcation undesirable for both biodiversity conservation and elephants, where management strategies call for forest
habitats to be maintained (Cumming et al. 1997, Guldemond &
Van Aarde 2008, Scheiter & Higgins 2012). For example, high
elephant densities in the vicinity of water sources can make mopane woodland habitats susceptible to elephant over-browsing
(Ben-Shahar 1996).
In some instances, local overabundance has led to elephant
culls to maintain ecosystem integrity (Shannon et al. 2008, Dickson & Adams 2009, Smit & Ferreira 2010). However, such management programs have only been applied in savanna/woodland
systems, where estimates of elephant populations are relatively
easy and a variety of management options are possible (Pimm &
Van Aarde 2001, Dickson & Adams 2009). In forests, estimating
elephant density is more difﬁcult (Walsh & White 1999, Wanyama
et al. 2009) and management options are limited because the
dense forest makes it difﬁcult to approach animals safely. Elephants have become increasingly conﬁned to protected areas,
and, in the absence of natural or anthropogenic forces regulating
their populations, they will become locally overabundant in both
forests and savannas. New and innovative management options
may be urgently required to avoid signiﬁcant disturbance to forest
ecosystems by such elephant populations.
Here, we examine ﬁve predictions concerning changes in elephant numbers, adjustments in elephant feeding patterns, and
subsequent modiﬁcation in the structure and composition of the
plant community in Kibale National Park, Uganda (hereafter
Kibale): (1) the relative abundance of elephants has increased
since 1996; (2) the more elephants prefer a tree species, the
greater its annualized rate of population decline; (3) a tree species’
ability to re-sprout after elephant damage is negatively correlated
with its population decline; (4) elephants have arrested forest succession by favoring previously disturbed sites with a high proportion of shrubs and grasses; and (5) elephants have become more
selective in their diet over time as former preferred tree foods
have declined.

METHODS
STUDY AREA.—Kibale National Park (795 km2) is located in western Uganda (0°130 –0°410 N and 30°190 –30°320 E) near the foothills of the Rwenzori Mountains (Struhsaker 1975, 1997,
Chapman & Lambert 2000). Kibale is a mid-altitude, moist-evergreen forest receiving an annual average rainfall of 1696 mm
(1990–2012; C.A. Chapman and L.J. Chapman unpubl. data).
Kibale was designated a Forest Reserve in 1932 and became a
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National Park in 1993. This study was conducted in the Kanyawara area of the park, near Makerere University Biological Field
Station, in three forestry compartments with different disturbance
(logging) histories. Compartment K-30 (282 ha) has not been
commercially harvested and is considered a relatively undisturbed
mature forest (Struhsaker 1975, Skorupa 1988), a relatively undisturbed old forest (Struhsaker 1997), or an old growth forest
(Chapman et al. 2010a). Prior to 1970, pitsawyers removed a few
large stems (0.03–0.04 trees/ha), but this had little impact on forest structure (Skorupa 1988, Struhsaker 1997). This area is dominated by large Parinari excelsa (hence its recognition as a Parinari
forest by foresters) and other timber species such as Carapa grandiﬂora, Olea capensis, Pouteria altissima, Strombosia schefﬂeri, and Newtonia buchananii (Osmaston 1959, Chapman & Chapman 1997).
Compartment K-15 (347 ha) was selectively logged at high intensity from September 1968 through April 1969 with an average
21 m3/ha or approximately 7.4 stems/ha harvested (Skorupa
1988, Struhsaker 1997). It is estimated that logging and incidental
damage destroyed 50 percent of all trees (Skorupa 1988, Chapman & Chapman 1997). Eighteen tree species were harvested,
with nine species contributing more than 95 percent of the harvest volume. This area had more ﬂat valley bottoms than the
K-30 area (Skorupa 1988, Struhsaker 1997). Compartment K-14
(405 ha), was selectively logged at low intensity from May
through December 1969 (averaging 14 m3/ha or approximately
5.1 stems/ha). Twenty-three tree species were harvested, with
nine accounting for 94 percent of the harvest volume; approximately 25 percent of all trees were destroyed by logging and incidental damage (Skorupa 1988, Struhsaker 1997). Logging in this
compartment was spatially heterogeneous as some areas were
heavily logged (i.e., Mikana), while others were largely untouched
(Chapman & Chapman 2004).
Elephant numbers in the Kibale region have been dynamic
and have been shaped by a variety of factors operating at different spatial and temporal scales. As a result, understanding how
their numbers are in balance with ecosystem structure and function is difﬁcult. Wing and Buss (1970) estimated that Kibale supported approximately 1770 elephants in the early 1960s, but state
that based on a number of sources of error the estimate could
be as low as 400 animals. Recent estimates suggest that 390 elephants currently occupy Kibale (Wanyama et al. 2009), but again
the error associated with this number is recognized as being
large. Between 1929 and 1959, Ugandan control workers and trophy hunters killed 40,000 elephants, resulting in a 75 percent
decrease in the area used by elephants (Brooks & Buss 1962). As
recently as 50 yr ago, elephants migrated between Kibale and
Queen Elizabeth National Park to the south, Rwenzori Mountains National Park to the west, and into the Democratic Republic of Congo by both southern and northern routes (Wing &
Buss 1970). Thus, it is possible that at the time of Wing and
Buss’s estimate in the 1960s, elephant numbers were very high
because they were in the process of being conﬁned to the
national park by hunting, or that the survey’s estimates included a
large number of transient animals. However, since the 1960s evidence suggests that elephant numbers declined dramatically until
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the early 1990s when Kibale became a national park and people
living illegally in the south of what is now the park were resettled
(van Orsdol 1986, Chapman & Lambert 2000, Hartter et al.
2011). Since then the elephant population has increased and dispersed throughout the park (i.e., in the 1990s elephants were not
found in the south of the park where human encroachment was
extensive, but they are present in the south in large numbers
today). Currently, elephants are conﬁned within the park boundary or a few hundred meters of it during crop raiding events
(Naughton-Treves et al. 1998, MacKenzie et al. 2011, Naughton
et al. 2011).
PREDICTION 1:

THE

RELATIVE

ABUNDANCE

OF

ELEPHANTS

HAS

1996.—We conducted censuses to quantify the
relative abundance of elephants between July 1996 and June
1997, July 2005 and June 2006, and June 2008 and July 2009 (see
Chapman et al. 2010b for details of the transects). Census data
are comparable across time as the same methods were used in
each census; the same observers walked the same census routes
and recorded the same types of elephant sign each time. Transects were approximately 4 km long and two observers walked
each transect at approximately 1 km/h and counted elephant
trails that crossed the transects. In forest with dense undergrowth, such as Kibale, elephants make an unmistakable trail that
is relatively easy to identify and follow. In the ﬁrst two periods,
we walked transects every 2 wk to ensure we could tell fresh
from old trails; however in the third period, we were conﬁdent at
aging trails, therefore we walked transects once a month. We
combined the biweekly estimates from the ﬁrst two periods to
produce a monthly estimate comparable to the last period. In
total, observers walked 184 transects covering 736 km.
INCREASED SINCE

PREDICTION 2:

THE MORE ELEPHANTS PREFER A TREE SPECIES, THE

RATE OF POPULATION DECLINE.—We
deﬁned elephant diet preferences with respect to the number of
times a tree species was fed on by an elephant divided by the
abundance of that tree species in the forest (note: this is different
than selectivity used below when contrasting the long-term data).
In 2011 and 2012, we determined the preference values for tree
species by establishing 77 elephant ‘diet plots’ measuring
10 m 9 50 m (total sample area of 3.85 ha) in areas damaged
by elephants; this was done within ~10 days of the damage
occurring. As researchers were in the ﬁeld every day, and the general location of herds in the region was known, we were able to
know the approximate date that the elephants were in a particular
area and sampled the area soon after to ensure reliable identiﬁcation of the trees upon which elephants fed (i.e., leaves of killed
trees were still on the stem). Within each diet plot, we identiﬁed
the species of all tree stems >0.5 m tall that had signs of elephant damage, estimated their height and measured their diameter at breast height (dbh; if above 1.2 m tall). We described the
extent of elephant damage on a 1–5 scale, where 1 indicated little
damage, 4 indicated damage thought to be sufﬁcient to eventually
kill the stem, and 5 indicated that elephant damage had killed the
stem. Trees were identiﬁed using recognized taxonomic keys
GREATER

ITS

ANNUALIZED

(Polhill 1952, Hamilton 1991, Katende et al. 1995, Lwanga 1996).
To calculate the abundance of tree species in the forest, we used
data from 26 permanent vegetation plots established in the Kanyawara area in 1989. Each plot was 200 m 9 10 m, providing a
total sample area of 5.2 ha. These plots were in the same general
area as the diet plots, but it is possible that slight differences in
location introduced some bias in the determination of preference.
Given the number of plots, however, the bias is assumed to be
small. We identiﬁed the species of each tree with dbh >10 cm
(measured at 1.2 m from the ground on the uphill side; note
1.3 m from the ground is a more traditional standard) within
5 m of each side of the transect, individually marked it with a
uniquely numbered aluminum tag, and measured its dbh. This
provided an initial sample of 2096 trees (67 species). We resurveyed these plots in May 2000, September–November 2006, and
January–April 2013. During each resurvey, we relocated all previously tagged trees to assess survival, remeasured them to quantify
growth, and identiﬁed, tagged, and measured new trees recruiting
into the >10 cm dbh size class. We noted mortality and ascertained the cause of death when possible. To assess if preferred
tree species had greater population declines as a consequence of
elephant foraging, we determined the population changes for
each tree species in the 26 plots between 1989 and 2013 and correlated the annualized rate of population change with elephant
diet preferences.
PREDICTION 3:
ELEPHANT

A

TREE

DAMAGE

IS

SPECIES’

ABILITY

NEGATIVELY

TO

RE-SPROUT

CORRELATED

AFTER

WITH

ITS

POPULATION DECLINE.—We

resampled the 26 vegetation plots
between February and July 2012 to speciﬁcally document tree
death or damage (e.g., the main stem snapped) and whether it
was likely to be caused by elephants. We noted if the tree had
resprouted and yielded a new stem. We compared these survey
results with those from 2000 to determine the proportion of
stems per tree species killed or damaged by elephants in each
time period. These surveys underestimated elephant damage, as
we could not relocate some tagged trees (4%), possibly because
they died early in the period between 2000 and 2012 and
decayed. We determined species-speciﬁc mortality rates between
1989 and 2013 and related it to the proportion of trees that were
damaged by elephants and resprouted. A signiﬁcant correlation
between these two variables would suggest that elephant damage
has driven a shift in the composition of the forest toward species
in that resprouted.
PREDICTION 4:

ELEPHANTS HAVE ARRESTED FOREST SUCCESSION BY

FAVORING PREVIOUSLY DISTURBED SITES WITH A HIGH PROPORTION OF
SHRUBS AND GRASSES.—We assessed the relative abundance of elephants in each of the three compartments in 1996–1997, 2005–
2006, and 2008–2009 using the methods described in Prediction
1. We evaluated vegetation ground cover in each of the 26 vegetation plots when we inventoried the resprouting trees in 2012.
Every 5 m along the 200 m vegetation plot, we estimated the
proportion of ground covered by three broad ground vegetation
types: shrubs, grasses, or ferns. We used a one-way analysis of
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variance (ANOVA) on arcsine-square root transformed data to
examine differences in ground cover between compartments. In
conducting this analysis, we tested to ensure the assumptions of
the model were met.
PREDICTION 5:
DIET

OVER

ELEPHANTS HAVE BECOME MORE SELECTIVE IN THEIR

TIME

AS

THEIR

PREFERRED

TREE

FOODS

HAVE

DECLINED.—If

elephant numbers have increased, and given that
their feeding often causes the death of the stems they eat, we
predicted that elephants would feed more selectively than they
did 20 yr ago, i.e., they would continue to seek out species that
for some reason were particularly beneﬁcial, but since the density
of those species had declined they would be more selective. The
study by Wing and Buss (1970) clearly demonstrated that the elephant population in Kibale were very selective foragers—in their
study they enumerated 250 woody species, 108 were browsed signiﬁcantly more than expected, 91 as expected, and 51 less than
expected. We evaluated dietary preference for a set of 13 tree
species for which there were comparable data in 1962–1963
(Wing & Buss 1970), 1978–1979 (Kasenene 1980, 1984, 1987),
1993 (Lwanga 1994, Struhsaker et al. 1996), and 2012–2013 (this
study). Wing and Buss (1970) studied elephant habitat use and
foraging patterns over the entire park. Almost 15 yr later, Kasenene (Kasenene 1980, 1984, 1987) quantiﬁed elephant damage in
eleven 0.81 ha plots in the logged (N = 5) and unlogged (N = 6)
forestry compartments. In 1992 and 1993, Lwanga (1994)
recorded elephant damage to trees along fresh elephant trails in
all forestry compartments near the Makerere University Biological
Field Station (Kanyawara); much of this information is reported
in Struhsaker et al. (1996). A species selection ratio was calculated
as the quotient of the proportional contribution of that species to
the total number of browsed trees divided by its proportional
contribution to the total number of trees enumerated. A ratio
greater than one indicates the species was selectively browsed
(Crawley 1983, Struhsaker et al. 1996). We assessed differences
among years using Kruskal–Wallis test.

FIGURE 1. Elephant sign (trails  SE) recorded in areas with different logging history (unlogged (K30), lightly logged (K14), and heavily logged (K15))
in Kibale National Park during three periods (July 1996 to June 1997, July
2005 to June 2006, and June 2008 to July 2009).

TABLE 1. Elephant selection ratios reported from four different studies in Kibale
National Park, Uganda between 1962 and 2013.
Tree species

1962–64*

1978–79†

1993‡

2012–13§

Antiaris toxicaria

2.85

2.08

3.47

6.61

Blighia unijugata

2.80

n/a

3.00

1.06

Celtis africana

3.42

3.27

1.22

0.68

Ficus exasperata

0.96

n/a

3.94

2.50

Funtumia latifolia

1.65

0.93

0.26

0.10

Lovoa swynnertonii

2.85

0.82

3.56

1.00

Mimusops bagshawei
Monodora myristica

3.21
1.69

0.63
1.75

4.32
0.00

2.33
5.06

Newtonia buchananii

2.12

1.60

4.66

5.22

RESULTS

Parinari excelsa

1.17

0.19

5.75

0.61

Strombosia schefﬂeri

2.66

0.66

4.06

0.28

PREDICTION 1: THE RELATIVE DENSITY OF ELEPHANTS HAS INCREASED
SINCE 1996.—In general, the number of elephant trails recorded
per km of transect walked increased over time, and at each time
period we observed more elephant trails in the heavily logged
area (with more ground vegetation—see Prediction 4) than in the
unlogged or lightly logged areas (Fig. 1).

Trichilia splendida

2.20

1.90

0.71

2.02

Trilepsium madagascariense

2.95

2.29

2.72

0.38

Average

2.35

1.46

2.90

2.14

*Data from Wing & Buss (1970), sampling done in 1962 between 1964 and
included the whole park.
†

Data from Kasenene (1980, 1984, 1987), sampling done in 1978 and 1979

and included forestry compartments K30 and K14 (average of compartments

PREDICTION 2:

THE MORE ELEPHANTS PREFER A TREE SPECIES, THE

GREATER ITS ANNUALIZED RATE OF POPULATION DECLINE.—There

was no evidence that the abundance of more preferred elephant
foods declined between 1989 and 2013 (damage rank = 1 Spearman rank coefﬁcient rsp = 0.1543, damage rank ≥2 rsp = 0.2159,
damage rank ≥4 rsp = 0.0551). This was the case for all species
and only for the species listed by Struhsaker et al. (2006) as preferred foods. All tree species (N = 16) identiﬁed by Struhsaker
et al. (Table 6 in Struhsaker et al. 1996) as signiﬁcantly preferred

presented).
‡
Data from Lwanga (1996), sampling done in 1993, and includes forestry
compartments K30 and K15 (average of compartments presented).
§

This study, sampling done in 2012 and 2013, and includes forestry compart-

ments K30, K14, and K15 (average of compartments presented).

species (Table 1) were also identiﬁed as preferred species in our
study (N = 68), with the exception of Dasylepis eggelingi and Blighia
unijugata (considering all rankings of damage). This suggests
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consistency in dietary preferences across years, potentially based
on the nutritional value of the food species (Rode et al. 2006).
PREDICTION 3:
ELEPHANT

A

DAMAGE

TREE
IS

SPECIES’

ABILITY

NEGATIVELY

TO

RESPROUT

CORRELATED

AFTER

WITH

ITS

POPULATION DECLINE.—We

considered 33 trees (1.4% of the 2358
trees sampled in 2013) to have been killed by elephants within
the last year. A further 27 trees (1.2%) had been pushed over or
damaged by elephants to the extent that the main stem was no
longer present, but the tree was still alive and resprouting. Fortysix trees (2.0%) had resprouted from damage that could not be
conclusively attributed to elephants. The stems of eight trees
(0.34%) had been snapped by a falling larger tree, but were
resprouting. The change in the population size for each tree species was independent of the proportion of trees damaged by
elephants and able to resprout (rsp = 0.015, P = 0.587).
PREDICTION 4:

ELEPHANTS HAVE ARRESTED FOREST SUCCESSION BY

FAVORING PREVIOUSLY DISTURBED SITES WITH A HIGH PROPORTION OF
SHRUBS AND GRASSES.—The number of elephant trails was greater
in the logged than the unlogged areas, which was consistent
among years (Fig. 1). As predicted, the heavily logged area had
more ground vegetation than the old growth forest (F2,17 = 6.63,
P = 0.007; Scheffe post hoc test P = 0.008), but ground vegetation
did not differ between the lightly logged and old growth areas
(Scheffe post-hoc test P = 0.187).

PREDICTION 5:

ELEPHANTS HAVE BECOME MORE SELECTIVE IN THEIR

DIET OVER TIME.—The

average selection ratio of the 13 species
for which there are comparable data between 1962 and 2013 did
not change over time (Kruskal–Wallis3/45, P = 0.058, Table 1).
Selectivity during the 1978/1979 period was low, which is what
resulted in this test being marginally signiﬁcant; however, comparing the last two periods when elephant density data are availability
there was no signiﬁcant change (Mann–Whitney P = 0.243).

DISCUSSION
Interactions between elephants and the tree community are
dynamic and dependent on elephant density, the ability of the tree
community to recover from elephant damage, and the time scale
over which damage occurs. We tested ﬁve predictions concerning
how changes in elephant numbers and feeding behavior might
affect the tree community of Kibale National Park, Uganda.
While we documented a dramatic increase in the relative abundance of elephants, this increase did not lead to a decline in the
annualized rate of population change in their preferred food species. Furthermore, we found no evidence to support the prediction that elephant feeding preferences changed as their
abundance increased, which we expected as their preferred food
species became less abundant. However, an important caveat
is that present elephant abundance is possibly one quarter that
documented in the early 1960s (Wing & Buss 1970).
Evaluating these predictions assumes that changes in elephant trails counts reﬂect actual changes in density. In Kibale,

where the herbaceous vegetation is often extensive (Malenky et al.
1993), elephant trails are readily apparent regardless of the area
or nature of the ground vegetation. Thus, it is unlikely that the
increase in relative density is indicative of changes in the ground
vegetation; furthermore, there is no evidence of a large change in
the extent or nature of the ground vegetation. However, increases
in elephant trail numbers could be caused by elephants increasing
their movement rate; a hypothesis for which we have no data
with which to evaluate. Yet, we have no reason to expect elephants move more in the later census relative to the ﬁrst; furthermore, since the ﬁrst census the elephant population has dispersed
throughout the park while prior they were restricted to the more
northern areas (i.e., in the 1990s elephants were not found in the
south of the park where human encroachment was extensive, but
they are present in the south in large numbers today). We therefore view the increase in elephant trail number to reﬂect a true
change in density.
The lack of an effect by elephants on the composition of
the old growth tree community in Kibale may reﬂect: (1) a nonlinear interaction between elephants and preferred food tree species; (2) shifts in tree abundance are caused by other factors,
masking the inﬂuence of elephants; (3) the degree and scale to
which elephants are selective is sustainable under current elephant
abundance and food tree species densities; or (4) elephant numbers are still recovering from culling and poaching in the 1960s
and probably still below the level that their food resources can
sustain.
It is possible that elephant damage will not have an effect
on old growth tree community composition until a threshold
abundance of elephants is reached. As elephant numbers increase,
their effect on the tree community may not be initially apparent
because tree recruitment might depend on other environmental
factors, such as the nature of gap formation (Hubbell et al. 1999,
Zanne & Chapman 2005) or seed dispersal (Wright et al. 2000,
Jordano et al. 2011). However, after such thresholds are passed,
elephants may quickly start playing a structuring role in forest
composition.
Elephant may affect the composition of the forest, but their
inﬂuence may not be as great as other factors. Working in the
same area, Chapman et al. (2010a) documented that the abundance of tree species frequently recruiting into large disturbed
areas has declined, relative to species that can recruit into the
understory or canopy gaps. Other Kibale research showed that
changes in folivorous primate density inﬂuence forest composition; over 17 yr, 78 percent of tree species known to be killed by
excessive red colobus (Procolobus rufomitratus) foraging declined in
abundance (Chapman et al. 2013). If a number of processes
simultaneously inﬂuence forest composition, identifying the
impact of a single process, such as elephant foraging, will be
difﬁcult.
Alternatively, elephant foraging may not affect old growth
tree community composition because elephants forage in a relatively unselective manner at a small spatial scale. At large spatial
scales, elephants have been shown to be selective with respect to
the habitat they choose. De Knegt et al. (2011) demonstrated that
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elephants select areas based on large-scale characteristics, such as
the proximity to water or a habitat’s herbaceous biomass. Holdo
(2003) documented that elephants selected foraging areas with
high soil quality, rather than the availability of particular plant
species. Similarly, our data indicate selection on large spatial scales
as elephants had high relative abundance in areas with thicker
herbaceous layer (Fig. 1). At smaller spatial scales, elephants may
be forced to be relatively unselective to merely obtain sufﬁcient
food intake (Shrader et al. 2012). Given their large body size
(males 5500–6000 kg, females 2500–2800 kg [Owen-Smith
1988]), elephants are expected to be less selective than smaller
species because they have lower nutrient requirements per unit of
body mass (Jarman 1974). Furthermore, they can afford to be
less selective because, as hind-gut fermenters, their rapid digestive
passage compensates for lower digestive efﬁciency in breaking
down ﬁber (Bell 1971). These observations have led elephants to
be classiﬁed as non-selective bulk feeders (Van Soest 1994, Pretorius et al. 2012). As a result, elephants may not be selecting speciﬁc tree species on which to feed. In Chobe National Park,
Botswana, Owen-Smith and Chafota (2012) documented that at
times more than 50 percent of the trees in this ecosystem were
moderately or highly acceptable to elephants, but that 40–70 percent of the food elephants consumed was from just one or two
favored and abundant shrubs.
It is difﬁcult to know the level of elephant abundance that
would represent a ‘natural’ or equilibrium state, if this state even
exists. Elephant numbers in Uganda may be still recovering from
culling in the 1960s and poaching in the 1970s and 1980s. If so,
it is not surprising that most of our predictions of food selection
and elephant inﬂuence on the tree community were unsupported.
Alternatively, elephant numbers may already be elevated because
high human population density has conﬁned them within the
boundary of the park. A longer term understanding of elephant
population change and tree community dynamics is needed to
distinguish between these alternatives and this is underway.
The effect of elephant foraging at large spatial scales may
signiﬁcantly affect the future of Kibale and other forested ecosystems. Our results support previous research indicating the importance of the interaction between herb cover and elephant damage
on tree regeneration in Kibale (Osmaston 1959, Struhsaker et al.
1996, Chapman & Chapman 1997, 2004, Lawes & Chapman
2006). By feeding on the herbs and grasses that often colonize
disturbed areas, elephants prevent forests from recovering after
disturbance. Without continued elephant disturbance, advanced
regeneration by tree species would likely penetrate the herb canopy and eventually recover disturbed forest (Paul et al. 2004,
Lawes & Chapman 2006). Thus, elephants may be inﬂuencing
Kibale at the habitat level, maintaining areas in a state of arrested
succession by favoring herbaceous vegetation capable of resprouting after elephant foraging. Given the large areas of regenerating
forest in the south of Kibale and in the logged areas to the north
(Chapman & Chapman 1997, Omeja et al. 2011, Tweheyo et al.
2013), elephant foraging likely plays a signiﬁcant role in forest
dynamics on a park-wide scale. In addition, elephants are important seed dispersers and thus in the future as elephant numbers
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increase, they will be dispersing more of the seeds of fruits they
ingest. This will likely promote these species over others (Chapman et al. 1992, Babweteera et al. 2007, Campos-Arceiz & Blake
2011). The large-scale impact of elephant seed dispersal on forest
composition is an interesting area for further study, particularly in
the regenerating forests in southern Kibale.
In summary, the elephants of Kibale are increasing in number, yet they have not become more selective foragers as would
be expected if the more nutritious tree species were declining.
However, elephants are more abundant in disturbed areas dominated by shrubs and grasses and appear to have arrested forest
succession in these areas. At their current abundance, elephants
appear not to be altering the composition of intact old growth
forest, but they are playing a very signiﬁcant role in inhibiting
tree regeneration in disturbed areas and in Kibale these are
extensive. Particular, attention should be made to their impact in
the regenerating forest in the south of Kibale, where their interaction with Lantana camara—an aggressive invasive herb capable
of suppressing regeneration— may change forest dynamics. It
would also be interesting to elucidate if their numbers are
increasing from natural recruitment or the movement of herds
from Queen Elizabeth.

ACKNOWLEDGMENTS
Funding for the research in Kibale National Park was provided
by the Canada Research Chairs Program, Natural Science and
Engineering Research Council of Canada, Fonds Quebecois de la
Recherche sur la Nature et les Technologies, the National Geographic Society and by NIH grant TW009237 as part of the joint
NIH-NSF Ecology of Infectious Disease program and the UK
Economic and Social Research Council. Permission to conduct
this research was given by the National Council for Science and
Technology, the Uganda Wildlife Authority, and McGill University Animal Care. We thank Drs. Babweteera, Lauren Chapman,
Tom Struhsaker, and two anonymous reviewers for helpful
comments on this project.

LITERATURE CITED
BABWETEERA, F., P. SAVILL, AND N. BROWN. 2007. Balanites wilsoniana: regeneration with and without elephants. Biol. Conserv. 134: 40–47.
BELL, R. H. V. 1971. A grazing ecosystem in the Serengeti. Sci. Am. 225:
86–93.
BEN-SHAHAR, R. 1996. Do elephants over-utilize mopane woodlands in northern Botswana? J. Trop. Ecol. 12: 505–515.
BLAKE, S., AND S. HEDGES. 2004. Sinking the ﬂagship: the case of forest
elephants in Asia and Africa. Conserv. Biol. 18: 1191–1202.
BLANC, J. J., R. F. W. BARNES, G. C. CRAIG, H. T. DUBLIN, C. R. THOULESS, I.
DOUBLAS-HAMILTON, AND J. A. HART. 2007. African elephant status
report 2007: An update form the African elephant database. IUCN,
Gland, Switzerland.
BONNELL, T. R., R. REYNA-HURTADO, AND C. A. CHAPMAN. 2012. Post-logging
recovery time is longer than expected in an East African tropical forest. For. Ecol. Manage. 261: 855–864.
BROOKS, A. C., AND I. O. BUSS. 1962. Past and present status of the elephant
in Uganda. J. Wildl. Manage. 26: 38–50.

710

Omeja et al.

BUECHNER, H. K., AND H. C. DAWKINS. 1961. Vegetation change induced by
elephants and ﬁre in Murchison Falls National Park, Uganda. J. Ecol.
42: 752–766.
BURN, R. W., F. M. UNDERWOOD, AND J. BLANC. 2011. Global trends and
factors associated with the illegal killing of elephants: a hierarchical Baysian analysis of carcass encounter data. PLoS ONE 6:
e24165.
BUSS, I. O., AND J. M. SAVAGE. 1966. Changes in population numbers and
reproductive rate of elephants in Uganda. J. Wildl. Manage. 30: 791–
809.
CAMPOS-ARCEIZ, A., AND S. BLAKE. 2011. Megagardeners of the forest – the
role of elephants in seed dispersal. Acta Oecol. 37: 542–553.
CHAPMAN, C. A., T. R. BONNELL, J. F. GOGARTEN, J. E. LAMBERT, P. A. OMEJA,
D. TWINOMUGISHA, M. D. WASSERMAN, AND J. M. ROTHMAN. 2013. Primates as ecosystem engineers. Int. J. Primatol. 34: 1–14.
CHAPMAN, C. A., AND L. J. CHAPMAN. 1997. Forest regeneration in logged and
unlogged forests of Kibale National Park, Uganda. Biotropica 29:
396–412.
CHAPMAN, C. A., AND L. J. CHAPMAN. 2004. Unfavorable successional pathways
and the conservation value of logged tropical forest. Biodivers. Conserv. 13: 2089–2105.
CHAPMAN, C. A., L. J. CHAPMAN, A. L. JACOB, J. M. ROTHMAN, P. A. OMEJA, R.
REYNA-HURTADO, J. HARTTER, AND M. J. LAWES. 2010a. Tropical tree
community shifts: Implications for wildlife conservation. Biol. Conserv. 143: 366–374.
CHAPMAN, L. J., C. A. CHAPMAN, AND R. W. WRANGHAM. 1992. Balanites-wilsoniana: elephant dependent dispersal. J. Trop. Ecol. 8: 275–283.
CHAPMAN, C. A., AND J. E. LAMBERT. 2000. Habitat alteration and the conservation of African primates: case study of Kibale National Park,
Uganda. Am. J. Primatol. 50: 169–185.
CHAPMAN, C. A., T. T. STRUHSAKER, J. P. SKORUPA, T. V. SNAITH, AND J. M.
ROTHMAN. 2010b. Understanding long-term primate community
dynamics: implications of forest change. Ecol. Appl. 20: 179–191.
CRAIN, C. M., AND M. D. BERTNESS. 2006. Ecosystem engineering across environmental gradients: implications for conservation and management.
Bioscience 56: 211–218.
CRAWLEY, M. J. 1983. Herbivory, the dynamics of plant-animal interactions.
University of California Press, Berkeley.
CUMMING, D. H. M., M. BROCK-FENTON, I. L. RAUTENBACH, R. D. TAYLOR, G.
S. CUMMING, M. S. CUMMING, J. M. DUNLOP, A. G. FORD, M. D. HOVORKA, D. S. JONHSTOHN, M. KALCOUNIS, Z. MALANGU, AND C. V. R.
PORTFORS. 1997. Elephants, woodlands and biodiversity in southern
Africa. S. Afr. J. Sci. 93: 231–236.
De KNEGT, H. J., F. van LANGEVELDE, A. K. SKIDMORE, A. DELSINK, R. SLOTOW, S. HENLEY, G. BUCINI, W. F. de BOER, M. B. COUGHENOUR, C. C.
€
GRANT, I. M. A. HEITKONIG
, M. HENLEY, N. M. KNOX, E. M. KOHI,
E. MWALIWA, B. R. PAGE, M. PEEL, Y. PRETORIUS, S. E. van WIEREN,
AND H. H. T. PRINS. 2011. The spatial scaling of habitat selection by
African elephants. J. Anim. Ecol. 80: 270–281.
DICKSON, P., AND W. M. ADAMS. 2009. Science and uncertainty in South
Africa’s elephant culling debate. Environ. Plan. C Govern. Policy 27:
110–123.
DOUGLAS-HAMILTON, I., R. MALPAS, E. EDROMA, P. HOLT, G. LAKER-AJOK,
AND R. WEYERHAEUSER. 1980. Uganda elephant and wildlife survey.
World Wildlife Fund, Washington, DC.
ELTRINGHAM, S. K., AND R. C. MAPLAS. 1980. The decline in elephant numbers
in Rwenzori and Kabalega Falls National Parks, Uganda. Afr. J. Ecol.
18: 73–86.
ESTES, J. A., AND J. F. PALMISANO. 1974. Sea otters: their role in structuring
nearshore communities. Science 185: 1058–1060.
GULDEMOND, R., AND R. J. Van AARDE. 2008. A meta-analysis of the impact
of African elephants on savanna vegetation. J. Wildl. Manage. 72:
892–899.
HAMILTON, A. C. 1991. A ﬁeld guide to Uganda forest trees. Makerere University Printery, Kampala.

HARTTER, J., S. J. RYAN, J. SOUTHWORTH, AND C. A. CHAPMAN. 2011. Landscapes as continuous entities: forest disturbance and recovery in the
Albertine Rift landscape. Landscape Ecol. 26: 877–890.
HATTON, J. C., AND N. O. E. SMART. 1984. The effect of long-term exclusion
of large herbivores on soil nutrient stutus in Murchison Falls National
Park, Uganda. Afr. J. Ecol. 22: 23–30.
HAWTHORNE, W. D., AND M. P. E. PARREN. 2000. How important are forest
elephants to the survival of woody plant species in Upper Guinean
Forests? J. Trop. Ecol. 16: 133–150.
HOLDO, R. M. 2003. Woody plant damage by African elephants in relatin to
leaf nutrients in western Zimbabwe. J. Trop. Ecol. 19: 189–196.
HUBBELL, S. P., R. B. FOSTER, S. T. O’BRIEN, K. E. HARMS, R. CONDIT, B.
WECHSLER, S. J. WRIGHT, AND S. L. LOODE. 1999. Light-gaps, disturbances, recruitment limitation, and tree diversity in a Neotropical forest. Science 283: 554–557.
JARMAN, P. J. 1974. The social organization of the antelope in relation to their
ecology. Behaviour 48: 215–267.
JONES, C. G., J. H. LAWTON, AND M. SHACHAK. 1994. Organisms as ecosystem
engineers. Oikos 69: 373–386.
JORDANO, P., P. M. FORGET, J. E. LAMBERT, K. BOHNING-GAESE, A. TRAVESET,
AND S. WRIGHT. 2011. Frugivores and seed dispersal: mechanisms and
consequences for biodiversity of a key ecological interaction. Biol. Lett.
7: 321–323.
KASENENE, J. M. 1980. Plant regeneration and rodent populations in selectively felled and unfelled areas of Kibale Forest, Uganda. PhD Dissertation. Makerere University, Kampala, Uganda.
KASENENE, J. M. 1984. The inﬂuence of selective logging on rodent populations and the regeneration of selected tree species in the Kibale Forest,
Uganda. Trop. Ecol. 25: 179–195.
KASENENE, J. M. 1987. The inﬂuence of mechanized selective logging, felling
intensity, and gap-size on the regeneration of a tropical moist forest in
the Kibale Forest Reserve, Uganda. PhD Dissertation. Michigan State
University, East Lansing, MI.
KATENDE, A., A. BIRNIE, AND B. TENGRIAS. 1995. Useful trees and shrubs for
Uganda: identiﬁcation, propagation and management for agricultural
and pastoral communities. Regional Soil Conservation Unit, Nairobi.
LAWES, M. J., AND C. A. CHAPMAN. 2006. Does the herb Acanthus pubescens
and/or elephants suppress tree regeneration in disturbed Afrotropical
forests? For. Ecol. Manage. 221: 274–284.
LAWS, R. M. 1970. Elephants as agents of habitat and landscape change in
East Africa. Oikos 21: 1–15.
LWANGA, J. S. 1994. The role of seed and seedling predators, and browsers on
the regeneration of two forest canopy species Mimusops bagshawei and
Strombosia schefﬂeri in Kibale Forest Reserve, Uganda. PhD Dissertation.
University of Florida, Gainesville, FL.
LWANGA, J. S. 1996. Trees and shrubs. In P. C. Howard, L. Davenport, and R.
A. Matthews (Eds.). Kibale Forest biodiversity report, pp. 15–36. Forestry Department, Kampala, Uganda.
MACKENZIE, C., C. A. CHAPMAN, AND R. SENGUPTA. 2011. Spatial patterns of
illegal resource extraction in Kibale National Park, Uganda. Environ.
Conserv. 39: 38–50.
MAISELS, F., S. STRINDBERG, S. BLAKE, G. WITTEMYER, J. HART, E. A. WILLIAMSON, R. ABA’A, G. ABITSI, R. D. AMBAHE, F. AMSINI, P. C. BAKABANA,
T. C. HICKS, R. E. BAYOGO, M. BECHEM, R. L. BEYERS, A. N. BEZANGOYE, P. BOUNDJA, N. BOUT, M. E. AKOU, L. B. BENE, B. FOSSO, E.
GREENGRASS, G. GROSSMANN, C. IKAMBA-NKULU, O. ILAMBU, B. I. INOGWABINI, F. IYENGUET, F. KIMINOU, M. KOKANGOYE, D. KUJIRAKWINJA,
S. LATOUR, I. LIENGOLA, Q. MACKAY, J. MADIDI, B. MADZOKE, C. MAKOUMBOU, G.-A. MALANDA, R. MALONGA, O. MBANI, V. A. MBENDZO, E.
AMBASSA, A. EKINDE, Y. MIHINDOU, B. A. MORGAN, P. MOTSABA, B.
MOUKALA, A. MOUNGUENGUI, B. A. MOWAWA, C. NDZAI, S. NIXON, S.
NKUMU, F. NZOLANI, L. PINTEA, A. PLUMPTRE, H. RAINEY, B. B. de
SEMBOLI, A. SERCKX, E. STOKES, A. TURKALO, H. VANLEEUWE, A. VOSPER, AND Y. WARREN. 2013. Devastating decline of forest elephants in
Central Africa. PLoS ONE 8: e59469.

Elephant Abundance and Forest Change

MALENKY, R. K., R. W. WRANGHAM, C. A. CHAPMAN, AND E. O. VINEBERG.
1993. Measuring chimpanzee food abundance. Tropics 2: 231–244.
NAIMAN, R. J. 1988. Animal inﬂuences on ecosystem dynamics. Bioscience 38:
750–752.
NAUGHTON, L., J. ALIX-GARCIA, AND C. A. CHAPMAN. 2011. A decade of forest
loss and economic growth around Kibale National Park, Uganda: lessons for poverty reduction and biodiversity conservation. Proc. Natl
Acad. Sci. USA 108: 13919–13924.
NAUGHTON-TREVES, L., A. TREVES, C. A. CHAPMAN, AND R. W. WRANGHAM.
1998. Temporal patterns of crop raiding by primates: linking food availability in croplands and adjacent forest. J. Appl. Ecol. 35: 596–606.
OMEJA, P. A., C. A. CHAPMAN, J. OBUA, J. S. LWANGA, A. L. JACOB, F. WANYAMA, AND R. MUGENYI. 2011. Intensive tree planting facilitates tropical
forest biodiversity and biomass accumulation. For. Ecol. Manage. 261:
703–709.
van ORSDOL, K. G. 1986. Agricultural encroachment in Uganda’s Kibale Forest. Oryx 20: 115–117.
OSMASTON, H. A. 1959. Working plan for the Kibale and Itwara Forests.
Ugandan Forest Department, Entebbe.
OWEN-SMITH, N. 1988. Megaherbivores. Cambridge University Press, Cambridge.
OWEN-SMITH, N., AND J. CHAFOTA. 2012. Selective feeding by a megaherbivore,
the African elephant (Loxodonta africana). J. Mammol. 93: 698–705.
PAUL, J. R., A. M. RANDLE, C. A. CHAPMAN, AND L. J. CHAPMAN. 2004.
Arrested succession in logging gaps: is tree seedling growth and survival limiting? Afr. J. Ecol. 42: 245–251.
PIMM, S. L., AND R. J. Van AARDE. 2001. Population control – African elephants and contraception. Nature 411: 766.
POLHILL, R. M. 1952. Flora of tropical East Africa. A.A. Balkema, Rotterdam,
the Netherlands.
POWER, M. 1997. Ecosystem engineering by organisms: why semantics matters, reply. Trends Ecol. Evol. 12: 275–276.
PRETORIUS, Y., J. D. STIGTER, W. F. de BOER, S. E. van WIEREN, C. B. de JONG,
H. J. de KNEGT, C. C. GRANT, I. HEITKONIG, N. KNOW, E. KOHI, E.
MWAKIWA, M. J. S. PEEL, A. K. SKIDMORE, R. SLOTOW, C. van der
WAAL, F. van LANGEVELDE, AND H. H. T. PRINS. 2012. Diet selection
of Aﬁrcan elephants over time shows changing optimization currency.
Oikos 121: 2110–2120.
RODE, K. D., P. I. CHIYO, C. A. CHAPMAN, AND L. R. MCDOWELL. 2006. Nutritional ecology of elephants in Kibale National Park, Uganda, and its
relationship with crop-raiding behaviour. J. Trop. Ecol. 22: 441–449.
SCHEITER, S., AND S. I. HIGGINS. 2012. How many elephants can you ﬁt into a
conservation area. Conserv. Lett. 5: 176–185.
SHANNON, G., D. J. DRUCE, B. R. PAGE, H. C. ECKHARDT, R. GRANT, AND R.
SLOWTOW. 2008. The utilization of large savanna trees by elephants in
southern Kruger National Park. J. Trop. Ecol. 24: 281–289.
SHEIL, D., AND A. SALIM. 2004. Forest tree persistence, elephants, and stem
scars. Biotropica 36: 505–521.
SHRADER, A. M., C. BELL, L. BERTOLLI, AND D. WARD. 2012. Forest or the
trees: at what scale do elephants make foraging decisions. Acta Oecologia 42: 3–10.

711

SKORUPA, J. P. 1988. The effect of selective timber harvesting on rain forest
primates in Kibale Forest, Uganda. PhD Thesis, University of California, Davis, CA.
SMART, N. O. E., J. C. HATTON, AND D. H. N. SPENCE. 1985. The effect of
long-term exclusion of large herbivores on vegetation in Murchison
falls National Park, Uganda. Biol. Conserv. 33: 229–245.
SMIT, I. P. J., AND S. M. FERREIRA. 2010. Management intervantion affects
river-bound spatial dynamics of elepahnts. Biol. Conserv. 143: 2172–
2181.
STRUHSAKER, T. T. 1975. The red colobus monkey. University of Chicago
Press, Chicago, IL.
STRUHSAKER, T. T. 1997. Ecology of an African rain forest: logging in Kibale
and the conﬂict between conservation and exploitation. University of
Florida Press, Gainesville.
STRUHSAKER, T. T., J. S. LWANGA, AND J. M. KASENENE. 1996. Elephants, selective logging, and forest regeneration in Kibale forest, Uganda. J. Trop.
Ecol. 12: 45–64.
TWEHEYO, M., D. M. TUMUSIIME, T. MUHAIRWE, AND R. TWINOMUHANGI. 2013.
Elephant damage and tree response in restored parts of Kibale
National Park, Uganda. Int. J. Biodivers. Conserv. 5: 371–377.
Van AARDE, R. J., AND S. L. PIMM. 1999. Culling and the dynamics of the
Kruger National Park African elephant population. Anim. Conserv. 2:
287–294.
Van SOEST, P. J. 1994. Nutritional ecology of the ruminant. Cornell University
Press, Ithaca.
VANNIMWEGEN, R. E., J. KRETZER, AND J. F. CULLY. 2008. Ecosystem engineering by a colonial mammal: how praire dogs structure rodent communities. Ecology 89: 3298–3305.
WALSH, P. D., AND L. J. T. WHITE. 1999. What will it take to monitor forest
elephant populations. Conserv. Biol. 13: 1194–1202.
WANYAMA, F., R. MUHABWE, A. J. PLUMPTRE, C. A. CHAPMAN, AND J. M. ROTHMAN. 2009. Censusing large mammals in Kibale National Park: evaluation of the intensity of sampling required to determine change. Afr.
J. Ecol. 48: 953–961.
WHITE, L. J. T., C. E. G. TUTIN, AND M. FERNANDEZ. 1993. Group composition and diet of forest elephants, Loxodonta africana cyclotis Matschie
1900, in the Lope Reserve, Gabon. Afr. J. Ecol. 31: 181–199.
WING, L. D., AND I. O. BUSS. 1970. Elephants and forests. Wildl. Monogr. vol.
19: 92.
WRIGHT, J. P., AND C. G. JONES. 2006. The concept of organisms as ecosystem
engineers ten years on: progress, limitations, and challenges. Bioscience
56: 203–209.
WRIGHT, S. J., H. ZEBALLOS, I. DOMINGUEZ, M. M. GALLARDO, M. C. MORENO,
AND R. IBANEZ. 2000. Poachers alter mammal abundance, seed dispersal, and seed predation in a neotropical forest. Conserv. Biol. 14:
227–239.
ZANNE, A. E., AND C. A. CHAPMAN. 2005. Diversity of woody species in forest, treefall gaps, and edge in Kibale National Park, Uganda. Plant
Ecol. 178: 121–139.

