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Abstract

Contradictory findings among scientific studies that address a particular issue may impede

the conversion of science to management implementation. A systematic review of peer-

reviewed studies to generate a single outcome may overcome this problem. The conten-

tious topic of the impact that a megaherbivore such as the savanna elephant have for other

species and their environment can benefit from such an approach. After some 68 years, 367

peer-reviewed papers covered the topic and 51 of these papers provided sufficient data to

be included in a meta-analysis. We separated the direct impact that elephants had on trees

and herbs from the indirect effects on other vertebrates, invertebrates, and soil properties.

Elephants have an impact on tree structure and abundance but no overall negative cascad-

ing effects for species that share space with them. Primary productivity explained a small

amount of variation of elephant impact on vegetation. Elephant numbers (density), study

duration, rainfall, tree cover, and the presence of artificial water and fences failed to describe

patterns of impact. We conclude that published information do not support the calls made

for artificially manipulating elephant numbers to ameliorate elephant impact, and call for the

management of space use by elephants to maintain savanna heterogeneity.

Introduction

The impact that iconic megaherbivores have on their environment and on other species carries

considerable emotion and disagreement [1–2]. Park managers with a mandate to maintain

biodiversity often face disagreements in the scientific literature on how to deal with the conse-

quences of megaherbivore impact [3]. Consequently, to formulate policy they sometimes have

to rely on experience and personal opinions [4] instead of scientific evidence [5]. Often, an

option is to consider population control to curb impact, which creates great societal discord

[2]. A systematic review of the scientific literature may empower conservation managers with

evidence-based decisions, by combining the results of relevant and independent peer-reviewed

studies to strengthen overall trends on impact and clarify some of the possible discrepancies

among peer-reviewed studies [6].

Megaherbivores the world over have disproportional effects on their environment [7–8].

Such is the case with the savanna elephant (Loxodonta africana Blumenbach 1797) that
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dominates mammalian biomass in sub-Saharan savannas [9] and that can transform land-

scapes to the detriment of other species and biological diversity [10–12]. Elephants, however,

may also contribute to the maintenance of these savannas and benefit some species that share

space with them [13–15]. Elephants, like other large herbivores such as deer [16], European

bison [17], and the sika deer in Japan [18] can change the plant structure especially where they

occur at high densities [19]. Nevertheless, not all of the many published studies agree on the

impact of elephants on vegetation and on the possible cascading and negative consequences

for other species [3,20]. Most studies, however, agree that elephants in African can change the

savanna landscape [21] and that confinement through fencing and by providing water impairs

roaming that may accentuate impact [22], which sometimes are to the detriment of other spe-

cies and vegetation structure [11]. We therefore opted to extend our previous meta-analysis on

elephant impact on savanna vegetation [3], to seek for evidence of cascading effects on other

species [7,23], and to describe co-variates of impact as a step towards addressing the manage-

ment of elephants.

Most conservation managers conceded that elephants change the structure of vegetation,

especially where they occur in relatively high densities in protected areas, and when elephants

(and other game species) receive water artificially under fenced conditions [11]. These changes

to vegetation are then assumed to be detrimental to the maintenance of biodiversity, which is

the mandate set for conservation officials. An explanatory variable from which to evaluate

impact often include elephant numbers [10], and ignore the prevailing conditions under

which elephants find themselves such as the dynamic nature of savannas (rainfall, primary

productivity, tree cover), and management legacies by providing water and fencing in some of

the protected areas [3].

We address two pertinent issues in this paper. What does the scientific literature tell us

about the impact that elephants have for savanna vegetation and co-occurring species? What

drives the apparent impact of elephants? We followed the protocols described for a systematic

review to source, evaluate, and extract the data from peer-reviewed studies done across the

African continent. We expected elephants to have a negative impact on trees and shrubs and

that this impact is a function of elephant numbers, time (years), rainfall, primary productivity,

the provision of water, and the presence of fences.

Methods

We searched for scholarly papers on elephant impact using the Biological Sciences, Scopus,
Zoological Record andWildlife Ecology and Studies Worldwide search engines. Our search

terms were “elephant�”, “tree�”, “vegetation”, “biodiversity�”, “damage”, ‘impact” in the titles,

abstracts and keywords of English written papers published up to December 2015 (final search

was in April 2016).

We excluded books, book chapters, conference proceedings, technical reports, preprints

[24] and unpublished data. Postgraduate theses sometimes have findings published in the for-

mal literature and were therefore not considered to avoid possible duplication. We used the

maps from [25–26] to select only the published studies done at study sites with savanna ele-

phants [L. africana] and excluded those studies from sites containing forest elephants [L. cyclo-
tisMatschie 1900]. We excluded papers that reported on elephant in wildlife sanctuaries, or

where reported impact was on exotic vegetation. In total we found 367 papers on elephant

impact, of which we had to disregard 294 papers from further consideration because these

lacked data (e.g. opinion papers, narrative reviews), consisted of secondary analyses of primary

data, or failed to report the minimum statistical information for meta-analysis (e.g. n or df,
mean, SD or SE). Of the remaining 73 papers, 51 of them compared variables in the presence
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and absence of elephants (e.g. elephant exclosures, or inside vs outside protected areas). The

remaining 22 papers reported on elephant impact in observational studies with no controls in

place, and we therefore did not consider these any further (see S1 Appendix).

For each selected paper, we recorded the author names and year of publication (study iden-

tity), journal details, study area and country, study duration (the number of years that ele-

phants were excluded), study size (number of samples), details of the measurements (e.g. taxa,

response variable) as well as the mean and variability values (SD or SE). We sourced the infor-

mation from the text, tables, supplementary materials, or extracted the values from graphs

using purpose designed-software (xyExtract V5.1).

Each paper used different variables, or combinations thereof to illustrate elephant impact.

We separated the variables into direct and indirect effect classes, where the former include the

response of trees, shrubs and herbs to browsing, grazing, knocking down trees, pollarding,

breaking branches, stripping bark and feeding on roots [11]. The measurements here included

structural changes to trees, shrubs, herbs (e.g. canopy size, stem diameter, tree height, grass

cover and biomass), and changes in abundance (number of individuals, densities). The indirect

effects for trees included population level responses (e.g. recruitment, survival, and mortality

of adult tree or seedlings), changes in diversity indices (α- and β-diversity) and ecological

processes linked to elephant browsing. Examples of such processes are the damage to trees

inflicted by insects due to elephant browsing on those particular trees, thorn and spine growth

responses, seed production, and changes to leaf polyphenols, tannins and protein levels

ascribed to elephant feeding.

The responses of vertebrates (small mammals, birds and herpetofauna), invertebrates (ants,

dung beetles, flies, butterflies and spiders), and soil properties (soil minerals, pH, silt, compac-

tion, soil water content and infiltration) to the presence of elephants were analyzed separately

as indirect impacts. The measurements relating to vertebrate and invertebrate responses were

also grouped into structural (e.g. body weight of small mammals), abundance (e.g. number of

individuals, density), population level responses (e.g. recruitment, survival), diversity indices

(α- and β-diversity), and ecological processes (e.g. dispersal distances of small mammals, tree

occupation by insects).

For each selected study, we sourced the elephant density at the time of the study (or the

nearest time thereof), calculated a 15-year mean primary productivity using data layers of

Enhanced Vegetation Index (EVI), extracted mean tree cover and mean annual precipitation

(MAP). We also documented management interventions e.g. providing water artificially and

erecting fences that blocked elephant movement (for details refer to S1 Table). We present a

summary of the study site details and number of extracted values separately for each category

for each site in Table 1.

Analysis

For the purpose of this meta-analysis we assigned any measurement made in the presence of

elephant as treatment values, and those made in elephant absence as the control values [3].

We used the Cohen’s d statistic to standardize the effect sizes among each of the comparisons

[27]. Cohen’s d uses a correction factor that penalizes studies with small sample sizes and

gives more weight to studies with relatively larger sample sizes [27]. We then calculated a 95%

CI for separately for structure, abundance, population dynamics, diversity and ecological pro-

cesses associated with trees, herbs, vertebrates, invertebrates, and for soil properties. We inter-

preted impact as neutral if the 95% CI overlapped with zero. If the effect size was below or

above zero, and the 95% CI did not overlap with zero, we regarded the impact as either nega-

tive or positive. These calculations were performed using themeta package [28] in R [29] and

Meta-analysis on elephant impact

PLOS ONE | https://doi.org/10.1371/journal.pone.0178935 June 7, 2017 3 / 12

https://doi.org/10.1371/journal.pone.0178935


T
a
b

le
1
.

T
h

e
1
4

s
tu

d
y

s
it

e
s

ra
n

k
e
d

a
c
c
o

rd
in

g
th

e
n

u
m

b
e
rs

o
f
p

a
p

e
rs

p
ro

d
u

c
e
d

fo
r

e
a
c
h

s
it

e
,
a
n

d
th

e
n

u
m

b
e
r

o
f
e
ff

e
c
ts

in
c
lu

d
e
d

in
th

e
m

e
ta

-a
n

a
ly

s
is

.

S
tu

d
y

s
it

e
a
n

d

c
o

u
n

tr
y

N
u

m
b

e
r

o
f

p
a
p

e
rs

(n
)

E
le

p
h

a
n

t

d
e
n

s
it

y

(i
n

d
.k

m
-2

)

P
ri

m
a
ry

p
ro

d
u

c
ti

v
it

y

(0
–
1
)

T
re

e

c
o

v
e
r

(%
)

M
e
a
n

A
n

n
u

a
l

P
re

c
ip

it
a
ti

o
n

(m
m

.y
r-1

)

M
a
n

a
g

e
m

e
n

t

in
te

rv
e
n

ti
o

n
s

N
u

m
b

e
r

o
f

e
ff

e
c
ts

(k
)

p
e
r

s
tu

d
y

s
it

e

N
u

m
b

e
r

o
f

e
ff

e
c
ts

(k
)

p
e
r

c
a
te

g
o

ry
p

e
r

s
tu

d
y

s
it

e

S
tr

u
c
tu

re
A

b
u

n
d

a
n

c
e

P
o

p
u

la
ti

o
n

D
iv

e
rs

it
y

P
ro

c
e
s
s
e
s

S
o

il

p
ro

p
e
rt

ie
s

1
.
M

p
a
la

R
e
s
e
a
rc

h

C
e
n
tr

e
,
K

e
n
y
a

1
4

0
�2

4
to

0
�4

8
0
�2

0
1
0
�6

6
9
2

W
a
te

r
2
1
4

3
6

1
1
3

4
2

1
1

1
2

—

2
.
K

ru
g
e
r

N
a
ti
o
n
a
l
P

a
rk

,

S
o
u
th

A
fr

ic
a

1
1

0
�4

1
to

0
�9

0
0
�2

6
6
�6

2
5
6
0

B
o
th

2
3
3

2
2

1
0
6

1
4
7

3
5
4

3
.
T

e
m

b
e

E
le

p
h
a
n
t
P

a
rk

,

S
o
u
th

A
fr

ic
a

6
0
�3

8
to

0
�6

0
0
�3

7
1
5
�8

7
5
0

B
o
th

4
2

—
1
8

—
2
4

—
—

4
.
A

d
d
o

E
le

p
h
a
n
t

N
a
ti
o
n
a
l
P

a
rk

,

S
o
u
th

A
fr

ic
a

5
1
�4

5
to

2
�5

3
0
�2

7
2
5
.4

4
0
8

B
o
th

3
4

2
1
9

—
2

5
6

5
.
E

a
s
te

rn
C

a
p
e

P
ri
v
a
te

R
e
s
e
rv

e
s
,
S

o
u
th

A
fr

ic
a

2
0
�1

7
0
�2

8
1
4
�8

5
1
6

B
o
th

1
1

5
6

—
—

—
—

6
.
M

a
n
a

P
o
o
ls

,

Z
im

b
a
b
w

e

2
1
�9

5
0
�3

1
1
0
�6

7
0
9

N
o
n
e

2
5

6
1
1

—
8

—
—

7
.
P

h
in

d
a

P
ri
v
a
te

G
a
m

e
R

e
s
e
rv

e
,

S
o
u
th

A
fr

ic
a

2
0
�5

4
0
�2

8
7
�0

6
7
5
3

B
o
th

6
—

4
—

2
—

—

8
.
S

w
e
e
tw

a
te

rs

G
a
m

e
R

e
s
e
rv

e
,

K
e
n
y
a

2
1
�2

6
0
�2

8
1
2
�4

4
7
4

N
o
n
e

2
6

2
6

—
—

—
—

—

9
.
A

m
b
o
s
e
li

G
a
m

e
R

e
s
e
rv

e
,

K
e
n
y
a

1
0
�2

7
0
�1

7
1
�0

4
6
8
5

N
o
n
e

1
3

1
3

—
—

—
—

—

1
0
.
A

ra
b
u
k
o
-

S
o
k
u
k
e

F
o
re

s
t

R
e
s
e
rv

e
,
K

e
n
y
a

1
0
�4

4
0
�4

5
4
1
�2

6
9
3

B
o
th

5
—

4
—

—
—

1

1
1
.
E

n
d
a
ra

k
w

a
i

R
a
n
c
h
,
T

a
n
z
a
n
ia

1
-

0
�1

9
3
�5

6
6
9
2

W
a
te

r
5

—
2

—
3

—
—

1
2
.
K

ilo
m

b
e
ro

V
a
lle

y
,
T

a
n
z
a
n
ia

1
1
�0

3
0
.3

5
1
6
�2

1
3
6
5

N
o
n
e

1
—

—
—

1
—

—

1
3
.
M

u
rc

h
is

o
n

F
a
lls

N
a
ti
o
n
a
l

P
a
rk

,
U

g
a
n
d
a

1
1
�4

5
0
�4

0
2
4
�4

1
1
9
3

N
o
n
e

9
—

—
—

—
—

9

1
4
.
S

e
n
g
w

a

W
ild

lif
e

R
e
s
e
a
rc

h
A

re
a
,

Z
im

b
a
b
w

e

1
2
�3

0
0
�3

5
1
8
�9

8
2
7

N
o
n
e

6
6

—
—

—
—

—

T
h
e

e
le

p
h
a
n
t
d
e
n
s
it
y

o
r
d
e
n
s
it
ie

s
a
t
th

e
ti
m

e
o
f
th

e
s
tu

d
y

o
r
s
tu

d
ie

s
,
p
ri
m

a
ry

p
ro

d
u
c
ti
v
it
y

(E
V

I)
,
p
e
rc

e
n
ta

g
e

tr
e
e

c
o
v
e
r,

M
A

P
(m

m
p
e
r
y
e
a
r)

,
a
n
d

m
a
n
a
g
e
m

e
n
t
in

te
rv

e
n
ti
o
n
s

(n
o
n
e
,

p
ro

v
id

in
g

w
a
te

r,
fe

n
c
e
s
,
o
r
b
o
th

)
fo

r
e
a
c
h

s
it
e
.
T

h
e

n
u
m

b
e
r
o
f
e
ff
e
c
ts

(k
)

in
c
lu

d
e
s

th
e

to
ta

lf
o
r

s
tr

u
c
tu

re
,
a
b
u
n
d
a
n
c
e
,
p
o
p
u
la

ti
o
n

d
y
n
a
m

ic
s
,
d
iv

e
rs

it
y

in
d
ic

e
s
,
a
n
d

th
e

e
c
o
lo

g
ic

a
l

p
ro

c
e
s
s
e
s

o
f
tr

e
e
s
,
h
e
rb

s
,
v
e
rt

e
b
ra

te
s

a
n
d

in
v
e
rt

e
b
ra

te
s
,
a
n
d

s
o
il

p
ro

p
e
rt

ie
s

fo
r
e
a
c
h

s
tu

d
y

s
it
e
.

h
tt

p
s:

//
d
o
i.o

rg
/1

0
.1

3
7
1
/jo

u
rn

al
.p

o
n
e.

0
1
7
8
9
3
5
.t
0
0
1

Meta-analysis on elephant impact

PLOS ONE | https://doi.org/10.1371/journal.pone.0178935 June 7, 2017 4 / 12

https://doi.org/10.1371/journal.pone.0178935.t001
https://doi.org/10.1371/journal.pone.0178935


we assigned study identity as random effect to account for multiple responses from the same

study [30].

We plotted the frequency distributions of the individual effects (k) separately for trees,

herbs, vertebrates, invertebrates and soil properties and set the bin size width of each distribu-

tion following Sturges’ rule. We used Generalized Linear Mixed-effects models (GLMMs) to

evaluate if direct and indirect elephant effects can be explained by elephant densities, the time

(in years) that elephants were excluded, primary productivity, mean annual precipitation, tree

canopy cover, and management interventions (i.e. presence of artificial water and fences)

using the lme4 package [31]. All these selected explanatory variables (S1 Table) were included

in different combinations in the GLMMs [32] and we assigned study identity as a random

effect to account for dependencies among multiple responses from the same study [33]. A

multi-model selection procedure selected the best models by ranking the candidate GLMMs

by their AIC and Akaike weights (ωi) [32] and the strength of support for the best and alternate

models with AIC differences (ΔAIC) in theMuMIn package [34] (R-scripts are provided in S2

Appendix).

Results

The initial dataset consisted of 367 peer-reviewed papers published in 88 journals (see S3 Ap-

pendix for complete reference list). The first paper appeared before 1950s from the Budongo

rain forest in Uganda. Over the following 68 years, some 80 sites across the sub-Saharan savan-

nas were subjected to a study on elephant impact. The most studies came from the Kruger

National Park in South Africa that had 56 papers published on elephant impact since 1969.

Thirty-three sites across Africa had only a single paper published on impact. The number of

papers on elephant impact steadily increased each year since the first one in 1947, and the

papers used in our meta-analysis only started appearing after 1984 (S1 Fig).

Our final selection of papers came from fourteen study sites distributed across five coun-

tries, with five sites in South Africa, four in Kenya, two in Zimbabwe and Tanzania, and one in

Uganda (Fig 1).

In total, we extracted 636 individual comparisons (k) between elephant presence and absence

from the 51 papers (n) (Table 1). Elephants had a negative impact on tree structure and abun-

dance, and a neutral effect on tree diversity, tree population and the associated ecological pro-

cesses (Fig 2A). Herb structure was not affected by elephants, whereas diversity was positively and

their abundance negatively affected. Vertebrate structure, abundance, population level responses,

diversity and the associated ecological processes did not respond to the presence of elephants (Fig

2B). Impacts were also neutral on invertebrate abundance, diversity and on the associated ecologi-

cal processes (Fig 2B). Soil properties responded negatively to elephant presence.

Most (61�5%) of the individual measured effects (k) were negative, 37�4% were positive, and

1�1% had zero values. The frequency distributions of the effect sizes were unimodal. Modes

centred on the zero bin classes for trees (bin width is 1�27 and effect sizes ranged from -6�18 to

5�56), herbs (bin width 0�68; ranged from -3.86 to 1�11), vertebrates (bin width 1�50; ranged

from -6�43 to 4�96), invertebrates (bin width 1�14; ranged from -2�59 to 5�87), and soil proper-

ties (bin width 0�80; ranged from -4�21 to 1�13) (Fig 3A–3D and S2 Fig). The distribution of

effect sizes for trees and vertebrates were almost symmetrical, left-skewed for herbs and soil

properties, and right-skewed for invertebrates.

Primary productivity was the only explanatory variable included to describe the direct

effects that elephants had (S2 Table). In contrast, for indirect effects, primary productivity,

management interventions, elephant densities, and tree cover were all included as explanatory

variables in the best set of models (S3 Table). These variables, however, explained relatively
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Fig 1. Map of sub-Saharan Africa showing the distribution of the 80 sites with elephant populations where studies were done to

determine the effect elephant had for other species. The study areas in bright red and with numbers assigned to them were included in the

meta-analysis. Those sites in a lighter red had papers published on elephant impact, but the papers did not meet the criteria that we have set

for inclusion in the meta-analysis. The shapefiles for the protected areas were sourced from the World Database on Protected Areas (https://

www.protectedplanet.net/).

https://doi.org/10.1371/journal.pone.0178935.g001
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low amounts of variation in both the direct and indirect effects (marginal R2 for direct = 0�014

and indirect effects = 0�001 respectively).

Discussion

Less than fifteen percent of published studies on elephant impact provided us with enough

information to be included in our meta-analysis. Studies that did provide enough information

Fig 2. The elephant effect size using the Cohen’s d ± 95% CI statistic separately for the structure,

abundance, population dynamics, diversity and the associated ecological processes of trees and

herbs (a) and vertebrates and invertebrates (b). The first value in the bracket indicates the number of

papers (n) from which we extracted the variables, and the second is the number of variables (k) used in

calculating the effect sizes.

https://doi.org/10.1371/journal.pone.0178935.g002
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illustrated that elephants have an impact on the structure and abundance of plants, with no

cascading impact on small mammals, birds, herpetofauna, and invertebrate species. More

importantly, we could only explain a relatively small amount of variation in elephant impact

using primary productivity. Elephant numbers, study duration, rainfall, tree cover, water pro-

vision, and fences could not explain impact. In another recent review, even when elephants

and other megaherbivores are absent vegetation structure changes, i.e. woody biomass and

abundance increase [23], but we still lack information on the indirect effects on other species.

The lack of evidence highlighted by this meta-analysis may challenge current management

perspectives on how to deal with elephant impact.

We had to exclude most publications because they lacked data, had study designs without

controls, or did not present proper statistical information [35]. This ultimately limited the

number of samples from which we could calculate the direct and indirect effects that elephant

had for other species in the African savannas. The lack of data resulted in producing relatively

wide confidence intervals that overlapped with zero for some of the effect sizes, and may imply

that elephants have a neutral effect on co-occurring species. These limitations in the lack of

Fig 3. Frequency distributions of the individual elephant effects (k) on trees (a), herbs (b), vertebrates (c), and invertebrates (d).

https://doi.org/10.1371/journal.pone.0178935.g003
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published data therefore may mask the elephant effect, and can only be resolved when we have

sufficient information from which to calculate effect sizes. It calls for the participants in the

peer-review process to address these limitations for future synthesis [36], to be transparent in

their work [37], and to also report on the salient features of each study such as the sizes of con-

trol and treatment sites [14,20]). Replicated, randomized, and long-term ecological studies

with elephant (and other mega-herbivores) exclosures in place, might in addition also provide

the information from which we can evaluate elephant impact scientifically.

Savannas in Africa are heterogeneous, complex, and factors besides megaherbivores (i.e.

drought, fire) can change savanna structure [38–39]. It remains contentious to separate the

effects of elephants from fires, rainfall, soil mineral content, other herbivores, disease, and the

impact of people [40–42]. Studies on the conversion of woodland to shrubland, or even to

grassland, cannot ignore these alternative explanations as potential drivers of change in the

system [8, 43–44]. To complicate matters, recent evidence indicates that elephants in arid

regions suppress woody encroachment ascribed to elevated levels of atmospheric CO2 [15]

and therefore ultimately prevent the transformation of savannas in Africa.

An added issue in interpreting elephant impact is constrained by some of the underlying

assumptions. One such assumption is that statistically significant differences reflect on signifi-

cant ecological differences, which may not always be the case [45–46]. Another assumption is

that the measurement of impact is independent of scale. For instance, changes on an individual

tree linked to elephant browsing become insignificant at the greater landscape scale, i.e. the

‘park effect’ of which elephants are part to [47–48]). A third assumption deals with a lack of

ecological context, because negative values do not necessarily indicate negative impact. Lower

number of species in the presence of elephants could simply be due to competitive exclusion

[49], or because the community consist of pioneer and ruderal species that dominate the early

stages of succession, or because of the onset of patch dynamics [50–51].

We propose that the underlying assumption for elephant impact should focus on the current

philosophy of conservation, which is to restore and maintain biological diversity [52–53], and

where loosing species becomes unacceptable. Our contention here is to introduce heterogeneity,

as a measure of variation, to evaluate impact [54]. If elephants increase the homogeneity in the

savanna landscape then impact is negative, and where heterogeneity is higher in the presence

of elephants, we deduce then that they contribute positively to the maintenance of savannas in

Africa. Disturbances caused by elephant foraging [11], taken as a negative impact for tree structure

and numbers, establishes niches for species to occupy [14] and thereby increase species diversity

and hence heterogeneity. In contrast, prevailing conditions in parts of Africa that limits elephant

space use may increase homogeneity in the savanna landscape. This fits in with our lack of identi-

fying typical explanatory covariates from which to evaluate impact. If it is not elephant numbers,

savanna dynamics, management legacies, and time since afforded protection that explains ele-

phant impact, then the management in the use of space by elephants [55] remains one of the only

possibilities to negate the scale-dependent rates of disturbances of elephant [11].

This conceptual shift is relevant to conservation management that had concerns in the past

on the effect that megaherbivores have on other species. These concerns motivated them to

take action and to reduce numbers, i.e. through elephant culling, especially when they inter-

preted negative effects as negative impact [10, 56–57]). We conclude that elephants can change

the plant structure and, but that this impact does not transpire into negative effects for other

species that share space with them. Furthermore, in our assessment elephant density does not

explain impact. We propose that the heterogeneity of the African savanna neutralizes the effect

of elephants on species, and that elephants contribute positively to the maintenance of savan-

nas [15]. Currently, there is insufficient evidence to support the notion that reducing elephant

numbers per sewill alleviate any impact.
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16. Côté SD, Rooney TP, Tremblay J- P, Dussault C, Waller DM (2004) Ecological impacts of deer over-

abundance. Annu Rev Ecol Evol Syst 35: 113–147.

17. Kowalczyk R, Taberlet P, Coissac E, Valentini A, Miquel C, Kamiński T, et al. (2011) Influence of man-

agement practices on large herbivore diet–Case of European bison in Białowieża Primeval Forest

(Poland). For Ecol Manage 261: 821–828.

18. Takatsuki S (2009) Effects of sika deer on vegetation in Japan: A review. Biol Conserv 142: 1922–

1929.

19. Kerley GIH, Landman M, Kruger L, Owen-Smith N, Balfour D, de Boer WF et al. (2008) Effects of ele-

phants on ecosystems and biodiversity. In: Elephant management: A scientific assessment for South

Africa (eds. Scholes R.J., Mennell K.G.), 146–205 ( Witwatersrand University Press, Johannesburg).

20. Keesing F, Young TP (2014) Cascading consequences of the loss of large mammals in an African

Savanna. BioScience 64: 487–495.

21. Jones CG, Lawton JH, Shachak M (1997) Positive and negative effects of organisms as physical eco-

system engineers. Ecology 78: 1946–1957.

22. Purdon A, van Aarde RJ (2017) Water provisioning in Kruger National Park alters elephant spatial utili-

zation patterns. J Arid Environ 141: 45–51.

23. Bakker ES, Gill JL, Johnson CN, Vera FWM, Sandom CJ, Asner GP et al. (2016) Combining paleo-data

and modern exclosure experiments to assess the impact of megafauna extinctions on woody vegeta-

tion. Proc Natl Acad Sci USA 113: 847–855. https://doi.org/10.1073/pnas.1502545112 PMID:

26504223

24. Berg JM, Bhalla N, Bourne PE, Chalfie M, Drubing DG, Fraser JS, et al. (2016) Preprints for the life sci-

ences. Science 352: 899–901. https://doi.org/10.1126/science.aaf9133 PMID: 27199406

25. Roca AL, Georgadis N, Pecon-Slattery J, O’Brien SJ (2001) Genetic evidence for two species of ele-

phant in Africa. Science 293: 1473–1477. https://doi.org/10.1126/science.1059936 PMID: 11520983

26. Roca AL, Georgadis N, O’Brien SJ (2005) Cytonuclear genomic dissociation in African elephant spe-

cies. Nat Genet 37: 96–100. https://doi.org/10.1038/ng1485 PMID: 15592471

27. Gurevitch J, Hedges LH (1993) Meta-analysis: combining the results of independent experiments. In:

Design and analysis of ecological experiments (eds. Scheiner S.M., Gurevitch J.) 378–398 ( Chapman

& Hall, London).

28. Schwarzer G (2015) meta: General Package for Meta-Analysis. R package version 4.3–2. http://CRAN.

R-project.org/package=meta.

Meta-analysis on elephant impact

PLOS ONE | https://doi.org/10.1371/journal.pone.0178935 June 7, 2017 11 / 12

https://doi.org/10.1016/j.tree.2004.03.018
http://www.ncbi.nlm.nih.gov/pubmed/16701275
https://doi.org/10.1098/rsbl.2009.0546
https://doi.org/10.1098/rsbl.2009.0546
http://www.ncbi.nlm.nih.gov/pubmed/19776064
https://doi.org/10.1126/science.1205106
http://www.ncbi.nlm.nih.gov/pubmed/21764740
https://doi.org/10.1126/sciadv.1400103
http://www.ncbi.nlm.nih.gov/pubmed/26601172
https://doi.org/10.1007/s00442-002-0919-3
http://www.ncbi.nlm.nih.gov/pubmed/28547558
https://doi.org/10.1111/j.1461-0248.2012.01842.x
http://www.ncbi.nlm.nih.gov/pubmed/22863324
http://www.ncbi.nlm.nih.gov/pubmed/18376543
https://doi.org/10.1098/rstb.2015.0437
http://www.ncbi.nlm.nih.gov/pubmed/27502384
https://doi.org/10.1073/pnas.1502545112
http://www.ncbi.nlm.nih.gov/pubmed/26504223
https://doi.org/10.1126/science.aaf9133
http://www.ncbi.nlm.nih.gov/pubmed/27199406
https://doi.org/10.1126/science.1059936
http://www.ncbi.nlm.nih.gov/pubmed/11520983
https://doi.org/10.1038/ng1485
http://www.ncbi.nlm.nih.gov/pubmed/15592471
http://CRAN.R-project.org/package=meta
http://CRAN.R-project.org/package=meta
https://doi.org/10.1371/journal.pone.0178935


29. R Core Team (2016) R: A language and environment for statistical computing. R Foundation for Statisti-

cal Computing, Vienna, Austria. https://www.R-project.org/

30. Knapp G, Hartung J (2003) Improved tests for a random effects meta-regression with a single covariate.

Stat Med 22: 2693–2710. https://doi.org/10.1002/sim.1482 PMID: 12939780

31. Bates D, Maechler M, Bolker B, Walker S (2015) Fitting Linear Mixed-Effects Models Using lme4. J Stat

Softw 67: 1–48.

32. Burnham KP, Anderson DR (2002) Model selection and multi-model inference: a practical information-

theoretic approach Second Edition ( Springer-Verlag, Berlin).

33. Pinheiro JC, Bates DM (2000) Mixed effects models in S and S-Plus. ( Springer, New York).

34. Barton K (2016) MuMIn: Multi-Model Inference. R package version 1.15.6. https://CRAN.R-project.org/

package=MuMIn

35. Gates S (2002) Review of the methodology of quantitative reviews using meta-analysis in ecology. J

Anim Ecol 71: 547–557.

36. Hillebrand H, Gurevitch J (2013) Reporting standards in experimental studies. Ecol Lett 16: 1419–

1420. https://doi.org/10.1111/ele.12190 PMID: 24118697

37. Parker TH, Forstmeier W, Koricheva J, Fidler F, Hadfield JD, Chee YE, et al. (2016) Transparency in

ecology and evolution: real problems, real solutions. Trends Ecol Evol 31: 711–719. https://doi.org/10.

1016/j.tree.2016.07.002 PMID: 27461041

38. Sankaran M, Hanan NP, Scholes RJ, Ratnam J, Augustine DJ, Cade BS, et al. (2005) Determinants of

woody cover in African savannas. Nature 438: 846–849. https://doi.org/10.1038/nature04070 PMID:

16341012

39. Bond WJ (2008) What limits trees in C4 grasslands and savannas? Annu Rev Ecol Evol Syst 39: 641–

659.

40. Holdo RM, Holt RD, Fryxell JM (2009) Grazers, browsers, and fire influence the extent and spatial pat-

tern of tree cover in the Serengeti. Ecol Appl 19: 95–109. PMID: 19323175

41. Rugemalila DM, Anderson TM, Holdo RM (2016) Precipitation and elephants, not fire, shape tree com-

munity composition in Serengeti National Park, Tanzania. Biotropica 48: 476–482.

42. Morrison TA, Holdo RM, Anderson TM (2016) Elephant damage, not fire or rainfall, explains mortality of

overstorey trees in Serengeti. J Ecol 104: 409–418.

43. Dublin HT, Sinclair ARE, McGlade J (1990) Elephants and fire as causes of multiple stable states in the

Serengeti-Mara woodlands. J Anim Ecol 59: 1147–1164.

44. Skarpe C, Aarestad PA, Andreassen HP, Dhillion SS, Dimakatso T, du Toit JT, et al. (2004) Return of the

giants: ecological effects of an increasing elephant population. Ambio 33: 276–282. PMID: 15387059

45. Johnson DH (1999) The insignificance of statistical significance testing. J Wildl Manage 63: 763–772.

46. Martı́nez-Abraı́n A (2008) Statistical significance and biological relevance: A call for a more cautious

interpretation of results in ecology. Acta Oecol 34: 9–11.

47. Guldemond R, van Aarde R (2007) The impact of elephants on plants and their community variables in

South Africa’s Maputaland. Afr J Ecol 45: 327–335.

48. Guldemond R, van Aarde R (2010) The influence of tree canopies and elephants on sub-canopy vege-

tation in a savannah. Afr J Ecol 48: 180–189.

49. Hardin G (1960) The competitive exclusion principle. Science 131: 1292–1297. PMID: 14399717

50. Tanner JE, Hughes TP, Connell JH (1994) Species coexistence, keystone species, and succession: a

sensitivity analysis. Ecology 75: 2204–2219.

51. Wu J, Loucks OL (1995) From the balance of nature to hierarchical patch dynamics: a paradigm shift in

ecology. Q Rev Biol 70: 439–466.

52. Dobson AP, Bradshaw AD, Baker AJM (1997) Hopes for the future: restoration ecology and conserva-

tion biology. Science 277: 515–522.

53. Young TP (2000) Restoration ecology and conservation biology. Biol Conserv 92: 73–83.

54. Tews J, Brose U, Grimm V, Tielbörger K, Wichmann MC, Schwager M, et al. (2004) Animal species

diversity driven by habitat heterogeneity/diversity: the importance of keystone structures. J Biogeogr

31: 79–92.

55. van Aarde RJ, Jackson TP (2007) Megaparks for metapopulations: Addressing the causes of locally

high elephant numbers in southern Africa. Biol Conserv 134: 289–297.

56. Laws RM (1970) Elephants as agents of habitat and landscape change in East Africa. Oikos 21: 1–15.

57. Whyte IJ (2004) Ecological basis of the new elephant management policy for Kruger National Park and

expected outcomes. Pachyderm 36: 99–109.

Meta-analysis on elephant impact

PLOS ONE | https://doi.org/10.1371/journal.pone.0178935 June 7, 2017 12 / 12

https://www.R-project.org/
https://doi.org/10.1002/sim.1482
http://www.ncbi.nlm.nih.gov/pubmed/12939780
https://CRAN.R-project.org/package=MuMIn
https://CRAN.R-project.org/package=MuMIn
https://doi.org/10.1111/ele.12190
http://www.ncbi.nlm.nih.gov/pubmed/24118697
https://doi.org/10.1016/j.tree.2016.07.002
https://doi.org/10.1016/j.tree.2016.07.002
http://www.ncbi.nlm.nih.gov/pubmed/27461041
https://doi.org/10.1038/nature04070
http://www.ncbi.nlm.nih.gov/pubmed/16341012
http://www.ncbi.nlm.nih.gov/pubmed/19323175
http://www.ncbi.nlm.nih.gov/pubmed/15387059
http://www.ncbi.nlm.nih.gov/pubmed/14399717
https://doi.org/10.1371/journal.pone.0178935

