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Abstract Large native mammals are declining dramati-
cally in abundance across Africa, with strong impacts on
both plant and animal community dynamics. However, the
net effects of this large-scale loss in megafauna are poorly
understood because responses by several ecologically
important groups have not been assessed. We used a large-
scale, replicated exclusion experiment in Kenya to investi-
gate the impacts of different guilds of native and domestic
large herbivores on the diversity and abundance of birds
over a 2-year period. The exclusion of large herbivorous
native mammals, including zebras (Equus burchelli),
giraffes (Giraffa camelopardalis), elephants (Loxodonta
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africana), and buffalos (Syncerus caffer), increased the
diversity of birds by 30%. Most of this effect was attribut-
able to the absence of elephants and giraffes; these mega-
herbivores reduced both the canopy area of subdominant
woody vegetation and the biomass of ground-dwelling
arthropods, and both of these factors were good predictors
of the diversity of birds. The canopy area of subdominant
trees was positively correlated with the diversity of graniv-
orous birds. The biomass of ground-dwelling arthropods
was positively correlated with the diversity of insectivorous
birds. Our results suggest that most native large herbivores
are compatible with an abundant and diverse bird fauna, as
are cattle if they are at a relatively low stocking rate. Future
research should focus on determining the spatial arrange-
ments and densities of megaherbivores that will optimize
both megaherbivore abundance and bird diversity.

Keywords Bird diversity - Cattle - Indirect effects -
Kenya - Livestock - Megaherbivore

Introduction

Birds play important functional roles in many ecosystems.
Granivorous birds can decrease seed survival (Marone et al.
1998; Kelt et al. 2004), while insectivores can reduce the
abundance of herbivorous arthropods (Strong et al. 2000;
Sanz 2001; Hooks et al. 2003; Van Bael et al. 2003), and
frugivorous birds can be important agents of seed dispersal
(Herrera et al. 1994; Tabarelli and Peres 2002; Ingle 2003).
Consequently, birds can influence the survival and repro-
duction of herbaceous and woody plants both directly,
through seed predation, and indirectly, by reducing the
abundance of herbivorous insects (Strong et al. 2000; Van
Bael et al. 2003) or by dispersing seeds to more favorable
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germination sites (Nogales etal. 1998). Birds are also
important prey for other avian and mammalian predators
(e.g., Rosalino and Santos-Reis 2002; Hounsome and Dela-
hay 2005; Tornberg et al. 2005) and may exert bottom-up
effects on higher trophic levels. Therefore, factors influenc-
ing the abundance and diversity of birds could have impor-
tant indirect effects on community structure and function.

Most of the research carried out on factors influencing
local bird diversity has focused either on the effects of veg-
etation structure (e.g. Macarthur and Macarthur 1961) or
the effects of human-induced habitat changes, such as habi-
tat fragmentation and conversion (Dranzoa 2001; Telleria
et al. 2003; Donnelly and Marzluff 2004). Donnelly and
Marzluff (2004), for example, examined bird species rich-
ness and evenness in urban, suburban, and exurban nature
reserves of varying sizes and within varying matrix types in
the Seattle metropolitan area of the northwestern USA.
They found that species richness declined with decreasing
reserve size, as predicted by theory, and that species even-
ness increased.

In some ecosystems, large mammals can affect vegeta-
tion structure and composition directly, with potential indi-
rect effects on birds. Cattle generally have negative effects
on bird diversity and abundance (Bock et al. 1984; Taylor
1986; Temple et al. 1999; Gonnet 2001; Soderstrom et al.
2001; but see Knopf 1996). However, little research is
devoted to understanding how large wild mammals influ-
ence birds, either directly or indirectly. In one study, McS-
hea and Rappole (2000) found that white-tailed deer
(Odocoileus virginianus) did not affect bird diversity at
sites in eastern North America, although the deer did
depress bird abundance through their effects on understory
vegetation. In Africa, elephants (Loxodonta africana) have
been found to reduce bird abundance and diversity in sites
with high levels of elephant impact (Herremans 1995;
Cumming et al. 1997). To our knowledge, however, no
study has compared the effects of different guilds of large
herbivores on bird communities.

We investigated how a diverse assemblage of large her-
bivorous mammals in an African savanna ecosystem influ-
enced bird diversity and abundance by experimentally
manipulating the presence and absence of megaherbivores
(giraffes and elephants), other large native herbivorous
mammals, and domestic cattle. To explore the underlying
mechanisms of potential interactions between birds and
large herbivores, we simultaneously investigated the effects
of large herbivores on vegetation and arthropod biomass.
Because the numbers of native large herbivores throughout
African savannas are declining while cattle populations are
increasing (duToit and Cumming 1999; Ottichilo et al.
2000), an understanding of the nature and strength of the
impacts of large herbivorous mammals on bird communi-
ties should both provide basic information about the

@ Springer

functioning of these complex ecosystems and guide conser-
vation and management decisions.

Methods
Study site

The study was conducted from February 2001 to February
2003 at the Mpala Research Center, located in the Laikipia
District in the highlands of central Kenya. The study area
consists of wooded grassland with ‘black cotton’ soils char-
acterized by a heavy-clay content (60%) with impeded
drainage (Young et al. 1998). These soils support some of
the most productive rangelands in East Africa. In the study
area, one tree species, Acacia drepanolobium, represents
>97% of the overstory cover (Young etal. 1998); the
remaining woody vegetation includes important food plants
for wild herbivores. The five most common subdominant
trees are (in order from most common to least) Cadaba
farinosa, Balanites aegyptica, Acacia mellifera, Lycium
europaeum, and Rhus natalensis (Gadd 2003). Five species
of grasses predominate in the black cotton soils: Lintonia
nutans, Brachiaria lachnantha, Themeda triandra, Pen-
nisetum mezianum, and P. stramineum. The dominant
native forbs are Aerva lanata, Rhinacanthus ndorensis,
Dyschoriste radicans, and Commelina spp. (Young et al.
1997).

The climate is semi-arid with a pronounced dry season
from December through mid-March. Rainfall averages
500-600 mm per year, although it does show considerable
spatial and temporal heterogeneity. The first 2 months of
data collection for this study coincided with the end of an
intense 2-year drought. In contrast, November 2001 was
exceptionally wet, with almost half of that year’s rainfall
falling during that 1 month (M. Ogada, unpublished data).

Ungulates in this ecosystem include elephants
(Loxodonta africana), reticulated giraffes, (Giraffa camelo-
pardalis), Grevy’s zebras (Equus grevyi), Burchell’s zebras
(E. burchelli), Grant’s gazelles (Gazella granti), Jackson’s
hartebeests (Alcelaphus buselaphus), elands (Taurotragus
oryx), Beisa oryx (Oryx beisa), steinbucks (Rhaphicerus
campestris), cape buffalos (Syncerus caffer), and domestic
cattle and sheep.

The avian fauna known to occur in the area during this
study comprises approximately 75 species, of which nine
are seasonal migrants. The most common species include
rattling cisticolas (Cisticola chiniana), superb starlings
(Lamprotornis suberbus), ring-necked doves (Streptopelia
capicola somalica), taita fiscals (Lanius dorsalis), Speke’s
weavers (Ploceus spekei), yellow-bellied eremomelas
(Eremomela icteropygialis abdominalis), and pied wheate-
ars (Oenanthe p. pleschanka), which are seasonal migrants.
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The two dominant diurnal raptors are the black-shouldered
kite (Elanus c. caeruleus) and the common kestrel (Falco
tinnunculus), a seasonal migrant.

Large herbivore exclosures

This research was conducted within a long-term herbivore
exclusion experiment (the Kenya Long-term Exclusion
Experiment, or KLEE) that was established at the Mpala
Research Centre in 1995 (Young et al. 1998). The KLEE
consists of a randomized block design, with three replicates
of six treatments. The six treatments exclude different com-
binations of wild and domestic large-herbivore species, and
each treatment is 200 x 200 m, or 4 ha (Table 1).

Exclusion treatments are maintained through a combina-
tion of fencing and controlled access by cattle. We
excluded all large herbivores with a 2.3-m-tall fence com-
posed of 11 strands of wire, with every other strand electri-
fied at 6000-7000 V. Fencing to exclude megaherbivores
consists of a single live wire 2 m off the ground and two
ground wires: one ground wire is located above the live
wire; the other runs along the ground. Single wires run
along the live wire; these hang down (length 50 cm) from
the live wire at 50-cm intervals. The presence of cattle is
regulated by the KLEE staff, which conducts timed 2-h cat-
tle runs consisting of 120 Bos indicus cows in each of the
treatment plots used in this study four to eight times per
year; these were designed to reflect a ranch stocking rate of
0.1-0.2 cattle/ha per year (see Young et al. 2005).

While we did not determine the density of large wild
herbivores in the specific study site during our study, mean
densities of megaherbivores and other large wild herbivores
in Laikipia District are 0.004 + 0.002 and 0.05 + 0.01 ani-
mals/ha, respectively, based on aerial sample surveys con-
ducted between 1985 and 2005 (Georgiadis et al., 2001,
2003). These densities are characterized by wide spatial and

Table 1 The six treatments of the Kenya Long-term Exclusion Exper-
iment (KLEE) in which each treatment allows access (+) to a different
combination of large herbivores

Treatment Megaherbivores Other wildlife Cattle
0 _ _ _
C — — +
W — + —
wC — + +
MW + —
MWC + +

M, Megaherbivores (giraffes and elephants); W, other native wildlife;
C, cattle. Other wildlife includes large herbivores, such as zebras and
buffalos

Each treatment area is 200 x 200 m, or 4 ha, and there are three blocks
of these six treatments in KLEE

temporal variations but are generally higher in properties
that are more accommodative to wildlife, such as Mpala
Ranch where our study site was located (Georgiadis et al.,
2001, 2003). For details of the KLEE experiment, see
Young et al. (1998).

Bird surveys

Bird surveys were conducted using a point-count method at
the center of each of the eighteen 4-ha plots. Surveys were
conducted twice per month during the first year (February
2001-March 2002) and every 3 months during the second
year (June, September, December 2002, and February
2003). All 18 plots were surveyed within 48 h of one
another, except in November 2001, when surveys were sus-
pended due to heavy rainfall and were completed during the
first week of December 2001. During the surveys, each plot
was observed for 30 min in both the early morning (0700-
0900 hours) and late afternoon (1600-1800 hours). Birds
were recorded only if they perched or were actively forag-
ing in the plot. Birds flying overhead but not landing in the
plot were not recorded. Aerial feeders—swallows and
swifts—were not recorded due to the difficulty of distin-
guishing foraging flights from local movements. In addi-
tion, birds that were heard but not seen were not recorded
due to the errors associated when observers use only an
auditory cue (Cresswell et al. 1997). Birds that could not be
positively identified—6% of sightings—were recorded as
‘unknown’ and used in analyses of bird abundance but not
of bird diversity.

Arthropod surveys

Arthropods were sampled once per month during the first
year of the study (March—September 2001, December
2001-January 2002) and every 3 months during the second
year of the study (June, September, December 2002, Febru-
ary 2003), with the exception of October and November
2001 when sampling was suspended due to heavy rainfall.
At each sampling session, ground arthropods were sampled
using pitfall traps. An array (spacing 2 m) of four traps
(8 cm diameter x 12 cm deep) was placed in the same rela-
tive position on each of the 18 treatments, for a total of 72
traps. Traps were half-filled with a solution of water and
laundry detergent and were opened for 3 days per month,
and then all arthropods were collected.

Arthropods located in the grass layer were sampled by
sweep-netting. Samples were collected in the morning
between 0800 and 1000 hours using a sweep net with a
diameter of 37.5 cm. A total of 100 sweeps per plot were
made by walking the perimeter of the inner hectare of each
plot. After 50 sweeps, the net contents were transferred to a
Ziploc bag and another 50 sweeps were made. Data from
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the two sweeps were pooled for analysis. All arthropods
were sorted to order, counted, dried, and weighed. Biomass
and diversity estimates of arthropods excluded ants because
of the tendency of ants to follow each other along phero-
mone trails, resulting in potentially non-random sampling.

Woody plant surveys

Because subdominant trees responded quickly to the exclu-
sion of large mammals, we measured the canopy areas of
subdominant trees during October—November 2001 for a
sample of trees located within a 50 x 50-m central quadrat
in each 200 x 200-m KLEE treatment. Canopy area was
determined by measuring the widest diameter of the tree
canopy and its corresponding perpendicular diameter and
then calculating the area of an ellipse. Tree height was mea-
sured to the nearest centimeter using a graduated measuring
pole. Acacia drepanolobium trees were not measured
because their densities, heights, and canopy areas were not
significantly affected by the removal of large herbivores at
the time of this study (B. Okello, T.P. Young, unpublished
data).

Analyses of variance

We first tested for block effects for all dependent variables.
Because no significant effects were found, we omitted block
as an independent variable from the analyses. Levene’s test
was used to ensure all analyses of variance (ANOVAs) did
not violate the assumption of equal variances. All dependent
variables were transformed if necessary to meet the assump-
tions of normality. Unless otherwise indicated, statistical
tests were conducted using Systart ver. 10 (SPSS 2000).

We compared mean bird abundance, species richness,
and the Shannon diversity index among the six treatments
using two-way ANOVAs, with two levels of cattle (pres-
ence, absence) and three levels of wildlife (no wildlife, all
wildlife, all wildlife except megaherbivores) as factors. If
those tests revealed no significant effect of cattle but a sig-
nificant effect of wildlife, we then pooled data from the cat-
tle treatments with the corresponding treatments without
cattle (e.g. treatments with no large mammals were treated
the same as treatments with only cattle). We then con-
ducted a one-way ANOVA with three levels of wildlife (no
wildlife, all wildlife, all wildlife except megaherbivores)
and used Fisher least significant difference (LSD) post-hoc
tests to differentiate the effects of megaherbivores from
those of other wildlife. We conducted repeated measures
ANOVAs on bird diversity, species richness, and abun-
dance as well, with time (17 sampling occasions) and treat-
ment (the six large-mammal treatments) as factors.

We chose to use the Shannon index of diversity, which is
more sensitive to differences in species richness than
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species evenness (Magurran 1988), to minimize the impact
on our diversity index of the presence of two seasonally
abundant, gregarious species—Speke’s weavers (Ploceus
spekei) and red-billed queleas (Quelea quelea aethiopica).

Birds were categorized for diet (granivore, insectivore,
other) and foraging guild (ground-forager, foliage-gleaner,
bark-gleaner, hawker) using information from a combina-
tion of field observations and published data (Feare 1984;
Mackworth-Praed and Grant 1952, 1955; Zimmerman et al.
1996). Birds were also categorized for habitat preference
(savanna, open woodland) based on descriptions in Zim-
merman et al. (1996, Appendix 1). Birds that occupied only
“savanna” or both “savanna” and “brush” habitats were
classified as “savanna” species; birds that occupied “wood-
land” or “woodland” and “brush” habitats were classified as
“woodland” species. For each category (dietary guild, for-
aging guild, habitat preference), we calculated mean bird
abundance and the Shannon diversity index. These values
were then used as dependent variables in six multivariate
ANOVAs (MANOVASs), each with two factors: cattle
(presence, absence) and wildlife (no wildlife, all wildlife,
all wildlife except megaherbivores). When those tests
revealed no significant effect of cattle but a significant effect
of wildlife, we pooled data from the cattle treatments with
the corresponding treatments without cattle and conducted
a one-way MANOVA with three levels of wildlife (no
wildlife, all wildlife, all wildlife except megaherbivores).
We conducted post-hoc tests using Fisher LSD tests to
differentiate the effects of megaherbivores from those of
other wildlife. Al MANOVAs were performed with STaT-
1sTica ver. 6.1 (StatSoft 2001).

We analyzed the relationship between large herbivorous
mammals and (1) biomass of arthropods caught in pitfall
traps, (2) biomass of arthropods caught in sweep sampling,
(3) Shannon diversity index of all arthropods, (4) both
mean and total canopy area of subdominant trees (trees
other than Acacia drepanolobium), as a measure of habitat
diversity, and (5) coefficient of variation in the height of
subdominant trees as a measure of habitat structural com-
plexity. We used two-way ANOVAs, with two levels of
cattle (presence, absence) and three levels of wildlife (no
wildlife, all wildlife, all wildlife except megaherbivores) as
factors. If the tests revealed no significant effect of cattle
but a significant effect of wildlife, we pooled data from the
cattle treatments with the corresponding treatments without
cattle to increase our sample size. We then conducted a
one-way ANOVA with three levels of wildlife (no wildlife,
all wildlife, all wildlife except megaherbivores) and used
Bonferroni post-hoc tests to differentiate the effects of
megaherbivores from those of other wildlife. We also con-
ducted repeated measures ANOVAs on these same depen-
dent variables, with time (17 sampling occasions) and
treatment (six large-mammal treatments) as factors.
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Regression analyses

For dependent variables that showed a significant response
to the exclusion of large herbivores, we evaluated potential
predictors using multiple regression analyses. We per-
formed a series of forward stepwise multiple regression
tests, with o = 0.05 for inclusion. Independent variables in
these tests were both individual mean and total canopy area
of subdominant trees, the coefficient of variation of the
height of subdominant trees, and the biomass of arthropods
caught by pitfall traps and by sweep-net sampling.

Results

From February 2001 through February 2003, we observed
6369 birds of 61 different species [Electronic Supplemen-
tary Material (ESM), Appendix A]; of these, nine were
Palearctic migrants seen only between late-September and
March. The rattling cisticola (Cisticola chiniana) was the
most abundant solitary resident, representing 19% of all
sightings. Speke’s weavers (Ploceus spekei) and red-billed
queleas (Quelea quelea aethiopica) were seasonally abun-
dant residents.

Effects of large mammals on birds

Treatments allowing access to all native large herbivores
had the lowest mean levels of bird diversity over the 2-year
study period, and treatments excluding all large wild and
domestic herbivores had the highest mean levels of bird
diversity. Of a total of 61 different bird species observed on
all plots, 45 were recorded in treatments without large her-
bivorous mammals, and 33 were recorded in the plots
allowing access to native large herbivorous mammals,
including megaherbivores.

Native large herbivores (hereafter NLH), but not cattle,
significantly reduced mean bird species richness (NLH
P, 1,=0.007; cattle P, =0.882; cattle x NLH P,, =
0.859; Fig. 2). Due to the lack of a significant cattle effect,
we treated treatments with native large herbivores the same
as their corresponding treatments that included cattle
(Table 1) in order to differentiate the effects of megaherbi-
vores (see Methods for details). On the basis of this analy-
sis, megaherbivores appeared to have been responsible for
the effect of large herbivores on bird species richness (one-
way ANOVA P, |5 =0.002; Fig. 1). The presence of NLH
also significantly decreased the Shannon diversity index of
birds, but cattle had no effect, nor was there an interaction
between cattle and native large herbivores (Fig. 1; NLH
P, 1,=0.007; cattle P, =0.604; Cattle x NLH P, , =
0.612). Based on one-way ANOVA, bird diversity was sig-
nificantly lower on plots with megaherbivores than on plots
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Fig. 1 Effects of six large herbivore treatments on the Shannon diver-
sity index, H' (a) and total bird species richness (b) over the entire
study period, 2001-2003 (means + SE). Herbivore treatments are no
large herbivores (0), cattle (C), megaherbivores (M), and other large
wild herbivores (W); see Table 1 for treatment descriptions. Corre-
sponding treatments with and without cattle were pooled (see Methods
for details). Lowercase letters inside bars indicate significant differ-
ences (ANOVA, o =0.05)

without (one-way ANOVA P,,5=0.003; Fig. 1). There
were no significant effects of large-herbivore treatment on
bird abundance (NLH P,,, =0.189; cattle P, ,=0.753;
cattle x NLH P, ,=0.785). No individual bird species
was more abundant on sites with megaherbivores than on
sites without (ESM, Appendix B).

Bird abundance, species richness, and the Shannon
diversity index all varied significantly with time, with the
lowest diversity and abundance occurring during dry sea-
son sampling (December—January). Diversity was signifi-
cantly lower in plots to which megaherbivores had access
(repeated measures ANOVA; Table 2). The effect of treat-
ment on species richness was not significant in the repeated
measures ANOVA (P =0.056; Table 2), and there were no
significant time X treatment interactions (Table 2).

@ Springer



392

Oecologia (2008) 156:387-397

Table 2 Repeated measures ANOVA of the effect of large herbivo-
rous mammals (treatment) on bird abundance and diversity through

time

SS df MS F P
Bird diversity (H’)
Between subjects
Treatment 0.85 5 0.17 3.38 0.04*
Error 0.60 12 0.05
Within subjects
Time 220 16 0.14 294 <0.001*
Time x treatment 4.31 80 0.05 1.15 0.22
Error 897 192 0.05
Bird species richness
Between subjects
Treatment 130.03 5 26.00 2.98 0.056
Error 104.82 12 8.74
Within subjects
Time 472.00 16 29.50 539 <0.001%*
Time x treatment 415.14 80 5.2 0.95 0.60
Error 1050.51 192 5.47
Bird abundance
Between subjects
Treatment 7629.94 5 1526.00 0.78 0.57
Error 22932.04 12 1911.00
Within subjects
Time 72471.05 16 452944 323 <0.001*
Time x treatment 112460.01 80 1405.75 1.00 0.49
Error 26927729 192 140249
*P <0.05

Bird diversity, abundance, and species richness all varied significantly
through time. The presence of large herbivores significantly reduced
the Shannon diversity index for birds

The Shannon diversity index of birds was positively cor-
related (R* = 0.76) with both mean canopy area of subdomi-
nant trees (P = 0.001, Fig. 2a) and the biomass of arthropods
captured in pitfall traps (P < 0.02; Fig. 2b). Total bird spe-
cies richness was positively correlated with the biomass of
insects captured in pitfall traps (R> = 0.65; P < 0.01).

Dietary guild

Of the birds observed, 69% were insectivorous and 25%
were granivorous; 6% fed on foods other than insects or
seeds and were not included in analyses based on feeding
behavior. The MANOVA revealed that the presence of
native large herbivores, but not cattle, significantly reduced
the abundance of both insectivorous and granivorous birds
(NLH P,,;=0.05; cattle P,;; =0.31; cattle x NLH
P,,,=0.62). Based on a subsequent one-way MANOVA
(P4 =0.03), both insectivorous and granivorous birds
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Fig. 2 Relationship between the Shannon diversity (H") of birds and
canopy area of subdominant trees(a) and biomass of pitfall insects per
sampling session (means shown) (b)

were less abundant on plots with megaherbivores (Table 3;
Fig. 3a). The diversity of birds categorized by dietary guild
was also significantly reduced by the presence of native
large herbivores (NLH P, ;; = 0.03; cattle P, ;; = 0.85; cat-
tle x NLH P,,,=0.83), and a subsequent one-way
MANOVA revealed that megaherbivores were also respon-
sible for this effect (P,4=0.01; Table 3; Fig. 3b).

Multiple regression analysis of dietary guilds revealed
that both the diversity and abundance of insectivorous birds
were positively correlated with the biomass of insects cap-
tured in pitfall traps (diversity: R*> = 0.39, P < 0.01; abun-
dance: R?*=0.45, P< 0.01), while the diversity and
abundance of granivorous birds were positively correlated
with the mean canopy area of subdominant trees (diversity:
R*=0.55, P < 0.01; abundance: R* = 0.45; P < 0.02).

Foraging guild

Of all the birds observed in the plots, 74% were ground-
feeders, 15% were foliage gleaners, 6% were hawkers, and
5% were bark gleaners. Based on the MANOVA, there
were no significant effects of the presence of large herbi-
vores on either the diversity or the abundance of birds cate-
gorized by foraging guild.
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Table 3 Multivariate analysis of variance (MANOVA) of the
presence of large herbivorous mammals on the abundance of birds
categorized by dietary guild (insectivore, granivore)

F Effect df Error df P
Bird abundance
Intercept 703.76 2 11 <0.01%*
Cattle 1.31 2 11 0.31
Wildlife 2.85 4 22 0.05%*
Cattle x wildlife 0.67 4 22 0.62
Bird diversity (H’)
Intercept 980.85 2 11 <0.01%*
Cattle 0.17 2 11 0.85
Wildlife 3.38 4 22 0.02*
Cattle x wildlife 0.37 4 22 0.83
* P <0.05
a 045
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Fig. 3 Effects of large herbivore treatment on the Shannon diversity
index (a) and abundance (b) of granivorous (dark gray) and insectivo-
rous (light gray) birds (mean + SE). Herbivore treatments are no large
herbivores (0), cattle (C), megaherbivores (M), and other large wild
herbivores (W); see Table 1 for treatment descriptions. In this analysis,
corresponding treatments with and without cattle were pooled (see
Methods for details). Lowercase letters inside bars indicate significant
differences (ANOVA, o = 0.05)

Habitat preference

Thirty-eight percent of the birds observed are typically
savanna residents, while 18% are most commonly residents

of open woodland habitats; the remaining 44% are habitat
generalists (occupying savanna, brush, and woodland habi-
tats) and were not considered in subsequent analyses of hab-
itat preference. Large herbivores had no significant effect on
either the diversity or the abundance of birds categorized by
habitat preference (diversity: NLH P,;;=0.15; cattle
Py11=0.99; cattle x NLH P, ,, =0.29; abundance: NLH
Py 1y =0.11; cattle P, 1, = 0.36; cattle x NLH P, 5, = 0.50).

Effects of large herbivores on arthropods

The biomass of arthropods captured in pitfall traps was not
significantly affected by the presence of large herbivores
(NLH P, ;,=0.069; cattle P, =0.835; cattle x NLH
P, 1,=0.372). When data were pooled regardless of the
presence or absence of cattle, plots with megaherbivores
had a lower biomass of pitfall arthropods than those with-
out (Fig.4a; P,;5=0.05). In contrast, the biomass of
arthropods captured through sweep-netting was unaffected
by the presence of native large herbivores, but it was sig-
nificantly reduced by the presence of cattle (NLH
Py 1,=0.753; cattle P;;,=0.014; cattle x NLH P, ,=
0.835; Fig. 4b). Neither native large herbivores nor cattle
affected the diversity of arthropods captured through pitfall
or sweep sampling, nor did they affect the pooled diversity
of arthropods captured through either method. Using
repeated measures ANOVAs, we found no significant
effects of the presence of large herbivores on either the
biomass or abundance of insects captured in pitfall traps or
with sweep nets. Insect abundance and biomass were sig-
nificantly affected by time (Table 4), but there were no sig-
nificant time x treatment interactions.

Effects of large herbivores on subdominant trees

After 6 years of fencing, the mean canopy area per subdom-
inant tree was significantly smaller on plots with any native
large herbivores (Fig.5; NLH P,;,=0.001; Ccattle
P, 1,=0.537; cattle x NLH P, ;, =0.684). The total can-
opy area of subdominant trees per plot was also smaller on
plots with native large herbivores (NLH P, ;, = 0.013; cat-
tle Py 1, = 0.856; cattle x NLH P, , =0.717). There were
no significant effects of either native large herbivores or
cattle on the number of subdominant trees in the plots.

Discussion

The presence of native large herbivores reduced overall
bird diversity and species richness by approximately 30%,
but it did not significantly affect overall bird abundance.
Most of the effects of native large herbivores were caused
by megaherbivores, which appear to affect birds in two
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a 25 - Table 4 Repeated measures analysis of variance of insect abundance
and biomass
dj M F P
20 - SS if S
@ I Insect abundance (pitfall-collected)
. 154 X -[ Between subjects
E Treatment 51404.5 5 102809 1.2 037
=] xy
X i Error 102755.1 12 8562.9
B 1 y Within subjects
£ Time 4560168 7 651453 162 <0.001%
05 4 Time x treatment 123817.7 35 3537.6 0.8 0.66
Error 3383729 84 4028.2
00 Insect abundance (sweep-netted)
' 0/C WWC MWI/NWC Between subjects
Treatment 36949.9 5 7389.9 0.3 0.92
b 181 Error 316615.1 12 26384.6
16 —'L Within subjects
F _-L _—l_ Time 2329068.5 11 211733.5 304 <0.001*
] Time X treatment 294107.1 55 53474 0.8 0.87
g AL
= 1.2 4 j_ _—I_ Error 9199489 132 6969.3
E 104 Insect biomass (pitfall-collected)
B Between subjects
; 038 Treatment 764 5 153 24 0.1
® 0e Error 76.0 12 6.3
= Within subjects
041 Time 2310 7 330 36 0002%
0.2 Time x treatment 1904 35 54 06 0.96
0.0 Error 7775 84 9.3
0 c W we MW MVC Insect biomass (sweep-netted)
i Between subjects
LATe BEivoR Sra e Treatment 57 5 12 17 022
Fig. 4 Effects of large herbivore treatments on the biomass of insects Error 83 12 0.7
captured in pitfall traps (a) and sweep nets (mean + SE) (b). Herbivore Within subjects
treatments are no large herbivores (0), cattle (C), megaherbivores (M), . «
and other large wild herbivores (W); see Table 1 and the text for treat- T%me 434 1 3.9 106 <0.001
ment descriptions. In panel a, corresponding treatments with and with- Time x treatment 19.7 55 04 1.0 055
out cattle were pooled (see Methods for details). Lowercase letters Error 489 132 0.4
inside bars indicate significant differences (ANOVA, « = 0.05) P =005
< 0.

major ways. First, they browse tree canopies; in the pres-
ence of megaherbivores, both the mean canopy area and the
total canopy area of subdominant trees were lower. Other
native large herbivores also significantly reduced the can-
opy area of those trees, presumably through browsing. In
plots where the mean canopy area of subdominant trees was
smaller, there was significantly lower bird diversity, and the
mean canopy area of subdominant trees was the best pre-
dictor of the diversity of granivorous birds. Second, mega-
herbivores reduced the biomass of ground-dwelling
arthropods captured in pitfall traps. The biomass of arthro-
pods was a significant positive predictor of overall bird
diversity and species richness and of the diversity of insec-
tivorous birds.

@ Springer

The total number of subdominant trees did not differ
between the large-herbivore treatments, but the mean can-
opy area did, resulting in an effect of treatment on the total
canopy area available to birds. Thus, the strong effects of
reductions in the canopy area of trees on birds were likely
due to differences in the mean canopy area of each tree, or
to differences in the total amount of canopy area available.
Birds may be sensitive to canopy area for several reasons.
First, reductions in canopy area reduce the number of avail-
able perching sites, both overall and on each individual
tree. Canopies also provide protection from aerial preda-
tors, such as sparrowhawks, eagles, and falcons, which
were seen occasionally in the study area. Finally, canopies
may influence birds by affecting food availability; for
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Fig. 5 Effects of large herbivore treatments on canopy area of trees
other than Acacia drepanolobium (mean + SE). Herbivore treatments
are no large herbivores (0), cattle (C), megaherbivores (M), and other
large wild herbivores (W); see Table 1 and the text for treatment
descriptions. In this analysis, corresponding treatments with and with-
out cattle were pooled (see Methods for details). Lowercase letters in-
side bars indicate significant differences (ANOVA, o = 0.05)

example, aerial insects may be less abundant in and around
small tree canopies than in large tree canopies, which could
affect the abundance or diversity of insectivorous birds.
Preliminary data from this site suggest that aerial insect
abundance varies both seasonally and from one tree type to
another (D. Ogada, unpublished data); whether abundance
varies with canopy area is not yet known.

The mechanisms by which megaherbivores reduce the
biomass of ground-dwelling arthropods are not well under-
stood, although trampling and consumption of herbaceous
vegetation are likely candidates. The effects of trampling
are expected to be immediate and short-term, whereas those
of vegetation removal are more likely to persist. Moreover,
the presence of megaherbivores reduces the abundance of
insectivorous small mammals, such as shrews (Keesing
2000), which would be expected to result in a positive net
effect on ground-dwelling arthropods. In this instance, the
direct, negative effect of megaherbivores appears to out-
weigh any potentially positive indirect effects mediated by
the suppression of other consumers.

Each of the 4-ha treatment areas was relatively small in
comparison to the size of bird territories and home ranges,
so that birds observed in this study may have utilized more
than one treatment area. Our results demonstrate that bird
activity was higher in sites without megaherbivores,
whether or not all of the birds observed resided in those
plots. Future studies should investigate whether results
from this study scale up to larger areas. This study used the
largest feasible replicated, controlled experimental design.
Studies over larger areas would likely utilize sites that vary

naturally in large-mammal abundance, raising the possibil-
ity that underlying differences in bird diversity between the
sites could be caused by variation in some factor simulta-
neously influencing both birds and large mammals.

The density of native large herbivores in KLEE is regu-
lated only by fencing; therefore, there is the potential for
the presence of certain species to affect the abundances of
others. For example, the presence of elephants could affect
the behavior of other smaller herbivores (e.g., buffalos)
such that the latter become less abundant on plots with ele-
phants than on plots without elephants. Young et al. (2005)
examined this effect at KLEE and found that the density of
zebras was 44% higher on plots with no cattle (based on
dung counts) than on plots with cattle but that zebras were
equally abundant on plots with and without megaherbi-
vores. Dung piles for species other than zebras were not
numerous enough for a similar analysis. In principle, the
effects of megaherbivores on the birds that we observed
could have been caused by the indirect effect of megaherbi-
vores on large herbivores other than zebras.

Similarly, our study design does not enable us to distin-
guish the effects of giraffes from those of elephants. Both
giraffes and elephants browse tree canopies and could have
caused the effects we observed on canopy areas of woody
vegetation. Both also could have affected ground-dwelling
arthropods directly through trampling or indirectly through
soil compaction. Giraffes are exclusively browsers and do
not eat herbaceous vegetation, but elephants consume sig-
nificant quantities of understory forbs and grasses (Lindsay
1982; McKnight 1995; but see Cerling et al. 1999). Young
etal. (2005) found that megaherbivores reduced grass
cover at this site by 8% and forb cover by 33%. Thus, ele-
phants could have affected ground-dwelling arthropods
indirectly by consuming herbaceous vegetation.

Previous comparative studies have found that elephants
affect bird abundance and diversity (Herremans 1995). In
Botswana, elephants reduced the abundance of birds that
are canopy specialists (Herremans 1995). In Zimbabwe,
bird species richness was lower in woodlands with ele-
phants than in those without. In both studies, elephant den-
sities in the impacted areas were >0.5/km?. Georgiadis
et al. (2003) estimated elephant abundance across the dis-
trict in which KLEE is located as 0.42/km>. At these densi-
ties, elephants appear to suppress site-level bird diversity
and abundance.

We found no significant effects of native large herbi-
vores other than megaherbivores on bird diversity or abun-
dance. The diverse ungulate fauna at our site includes
zebras, hartebeests, elands, gazelles, and oryx, among oth-
ers. Our results suggest that their presence is compatible
with an abundant and diverse bird fauna. Likewise, bird
diversity and abundance were not affected by the presence
of cattle, despite the potential for cattle to significantly
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reduce grass cover and to reduce the biomass of arthropods
caught in sweep nets. This lack of effect may largely be due
to rotational grazing and low stocking rates within KLEE.
Results from other studies indicate that cattle generally
have an adverse effect on bird diversity, with grazed areas
supporting fewer bird species (Bock et al. 1984; Gonnet
2001; Taylor 1986; Temple et al. 1999).

Our study and others demonstrate that there is a potential
tradeoff between the conservation of elephants and the con-
servation of other species, including birds. The idea that
conservation focused on one species, elephants, for exam-
ple, may be to the detriment of other species of importance
is not new (e.g. Simon et al. 2001; Gadd 2002; Roemer and
Wayne 2003; Gangoso et al. 2005), and the resolution of
such conflicts may require innovative strategies. The
increased bird diversity we found in 4-ha experimental
units from which megaherbivores had been excluded indi-
cates that elephant-free zones could be relatively small and
still serve as bird refugia.

Our results demonstrate that the presence of megaherbi-
vores reduces local diversity of birds in this East African
savanna habitat. Given the potential importance of birds in
ecological systems, future research should address the eco-
logical consequences of changes in bird diversity brought
about by megaherbivores.
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