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1 | INTRODUCTION
Protected areas (PAs) are often the part of larger ecosystems and
their establishment can leave areas of ecological importance be-
yond their limits (DeFries et al., 2007). Human pressure and land-
use change are well-established causes of wildlife decline (Ripple
et al., 2015), mainly resulting from habitat loss and fragmentation.
Interactions between wildlife and people living around PAs are
influenced by social and ecological factors such as access rights
to land by PAs and local communities, and the impact of human
activities on habitats and wildlife behaviour (Laudati, 2010). For
instance, in Southeast Asia, camera trap surveys revealed defor-
estation for agriculture inside a PA had confined large mammals to
small patches of remaining forest (Kinnaird et al., 2003) whereas
in a selectively logged forest on Borneo, some large mammals,
including elephants, were only found in areas where forests had
been logged (Brodie et al.,, 2015). Regenerating forest patches
have been identified as key habitats for Asian elephants (Sitompul
et al., 2013) and possibly African forest elephants (Barnes et al.,
1991).

In Africa, small-scale subsistence agriculture remains an import-
ant driver of deforestation (Curtis et al., 2018; Hosonuma et al.,
2012) and can be a main cause of habitat loss for wildlife. However,
the livelihoods of people living around PAs can also be affected by
wildlife damaging their crops (Peterson et al., 2010). In Mozambique,
crop-raiding by elephants is widespread (Dunham et al., 2010) and
perceived as a major concern by local communities (De Boer &
Baquete, 1998). The drivers of crop-raiding are complex to disentan-
gle, elephants usually avoid populated areas and farmland (Galanti
et al., 2006), so isolated fields within a savannah or forest matrix are
more susceptible to crop-raiding (Pittiglio et al., 2014).

In Gilé National Park (GNAP), a population of around 50 African el-
ephants (Loxodonta africana) (Macandza et al., 2017) has remained since
the population was decimated by hunting in the early 1970s (Ntumi et al.,
2012). Yet, crop destruction by elephants affects part of the communities
that settled around the park after the civil war ended in the 1990s and
where small-scale agriculture is currently the main activity for 89% of the
population (Etc Terra, 2017). Indeed, some farmers of a small village in the
periphery of the park were recently affected by crop-raiding by elephants
and moved their fields to the other side of the road (Etc Terra, 2017).
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Fields are harvested at the end of the rainy season or begin-
ning of the dry season and farmers use slash and burn agricul-
ture with a cycle of 3 years of cultivation followed by 3-10 years
of fallow during which the miombo woodland regenerates until a
new slash and burn, cultivation cycle (Etc Terra, 2017). As a re-
sult, yearly fires are frequent in the miombo woodland, mostly
caused by the uncontrolled preparation of land for agriculture or
hunting (Frost, 1996). In GNAP, the entire park burns every year
effectively removing understory vegetation, mostly at the middle
or end of the dry season when slash and burn are practised. To
reduce the intensity of fires later in the dry season, ‘cold’ fires are
ignited at the beginning of the dry season as they are not as de-
structive for trees and seldom affect the canopy (Etc Terra, 2017;
Ryan & Williams, 2011).

The slash and burn practices have generated patchworks of
forest, cultivated clearings and regenerating woodland at different
stages of regrowth along the buffer zone of GNAP (Montfort et al.,
2021). In 2019, nearly half of deforested patches were no longer cul-
tivated and were covered by dense regenerating miombo vegetation
(F. Montfort pers. obs.) suggesting natural vegetation rather than ag-

ricultural fields may have been attracting elephants outside GNAP.

¢
‘Mozambique

The aim of this study was to identify potential mechanisms
explaining the excursions of elephants outside GNAP. We hy-
pothesised elephants were attracted by deforested patches
around the boundary of GNAP. Our analyses distinguished re-
cently deforested patches (assumed to be fields) and older defor-
ested patches (assumed to be regenerating woodland). Indeed,
although crop-raiding by wildlife and the impact of deforesta-
tion on wildlife have been extensively studied, the role of re-
generating vegetation on resource selection has received much
less attention. The use of small, scattered, deforested patches or
fields (crop-raiding) needs to be analysed at the scale of the an-
imal's behaviour (Manly et al., 2004). For example, crop-raiding
elephants spend very little time in fields (in our case it was ~3%
of their time) so fields will not appear clearly in home range
metrics such as utilisation distributions (Benhamou, 2011). To
estimate the selection of deforested patches, we followed an
approach similar to the one used by Valls-Fox et al. (2018) to as-
sess the importance of waterholes in large herbivore movement
patterns: We used Step Selection Functions (SSF) (Fortin et al.,
2005) that calculate selection strength at the spatiotemporal

scale of a foraging bout.

FIGURE 1 Map of Gilé National Park in Mozambique (Hansen et al., 2013; Mercier et al., 2016). (a) Mozambique is in Southeast Africa (b)
Gilé National Park in Mozambique (c) Gilé National Park and surrounding areas
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2 | METHODS

2.1 | Studysite

The study was conducted in Gilé National Park, Mozambique. GNAP
has a total area of 4,532 km?, divided between fully protected core
area (2,861 km?) and a buffer zone (1,671 km?) (Figure 1). A total
of 32,000 inhabitants live around GNAP. Between 2005 and 2016,
about 3,900 ha of forest were cleared each year for agriculture in the
buffer zone (Etc Terra, 2017).

The tropical climate comprises a well-defined wet period be-
tween November and April and a dry period from May to October
(Frost, 1996). Annual average rainfall is around 800-1,000 mm.
The landscape of GNAP consists of a miombo woodland (67%) with
continuous 10-20 m high tree cover (Montfort et al., 2021; White,
1983) and low nutrient quality for both woody-plant and grass
leaves (Frost, 1996) (Figure 2). Within this forest matrix, 30% of the
land cover is composed of edaphic grasslands that are often flooded
during the rainy season (Chidumayo, 1997). Miombo woodland un-
derstory vegetation is scarce, it can be found along the few peren-
nial rivers (3% riparian forests) and in post-cultivation regenerating
woodland (0.3%) (Montfort et al., 2021). Around the park, vegeta-
tion is a mosaic of small fields (<1 ha each), patches of regenerating
woodland and open wooded savannahs that have lost their capacity

to regenerate miombo woodlands (Figure 2).

2.2 | Elephant monitoring and data collection

Three GPS collars (Africa Wildlife Tracking, South Africa) were ini-
tially deployed in 2014 and three new collars were deployed to re-
place them in 2016. In October 2014, two adult females (F1 and F2)
and one adult male (M1) were collared. In July 2016, only one female

FIGURE 2 Vegetation typesin Gilé
National Park and its periphery (Montfort,
2016). (a) miombo woodland inside Gilé
National Park (GNAP), (b) non-forest
areas in GNAP and its periphery, (c)
recently deforested patch (field) around
GNAP and (d) older deforested patch
(regenerating woodland) after slash and
burn agricultural practices around GNAP.
Photographs M. Nourtier ©

was recollared (F1) and another female (F3) and one male (M2) were
collared for the first time because F2 and M1 were not found. Collars
were set to record one location every 4 h (Table 1).

Statistical analyses were conducted separately: from October
2014 to September 2016 for F1, F2 and M1 and from September
2016 to February 2019 for F3. F1 was not included in the second
period, she was illegally killed in the south-east of the park on the
11th of September 2016. M2 was removed from the analysis due to
the short duration of the data set (<8 months), which did not allow
us to study seasonal patterns. In total, 14,250 GPS fixes were used
in this study.

2.3 | Data analysis

2.3.1 | Habitat selection

Home ranges were estimated by 95% utilisation distributions using
the biased random bridge method (Benhamou, 2011) with ade-
habitatHR R package (version 0.4.15 in R 3.5.3). Resource selection
(Manly et al., 2004) was estimated by SSF (Fortin et al., 2005). For
each observed step, 10 control steps were generated with the same
starting point but different length and angle using the rdSteps func-
tion from the hab R package (version 1.20.4 in R 3.5.3). The maximum
length of control steps was set at 6,078 m (95% quantile). Random
steps were sampled within a buffer of 2 km from the 100% Minimum

Convex Polygon using adehabitatHR R package.

2.4 | Landscape predictor variables

Deforested patches were identified with the Global Forest Change

map, based on Landsat data with a spatial resolution of 30 m, which
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Id
F1
F2
F3
M1
m22

Sex
Female
Female
Female
Male
Male

Age

Adult
Adult
Adult
Adult
Adult
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Data collection

Start

3/10/14
5/10/14
9/07/16
4/10/14
7/07/16

End
11/09/16
4/06/16
11/02/19
12/02/16
16/03/17

Number of
months

24
20
32
17

8

Number
of points

3,413
1,996
5,154
2,210
1,477

Success
rate (%)

80
55
90
74
97

TABLE 1 Details on the elephants
collared and used in the study

Note: Success rate corresponds to the number of GPS locations that were successfully reported
every 4 h divided by the expected number of GPS locations. Further individual characteristics such
as specific age for each elephant were not known.

M2 was removed from the data set because we needed at least a full year of data to model
seasonal variation.

Recent Deforested Areas (<=3 years) Older Deforested Areas (>3 years)
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FIGURE 3 Seasonal variation of selection strength in four habitats by four collared elephants. Continuous and dashed lines represent
individual females (F1, F2, F3) and the dotted line corresponds to a male (M1). Grey areas represent standard errors for each prediction. A
selection strength higher than one in the x-axis corresponds to a preference for a certain type of habitat, a selection strength close or equal
to one shows no preference
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indicates tree cover loss between 2001 and 2018 on a yearly basis
(Hansen et al., 2013). We inferred a given pixel was a recently defor-
ested area (field) if it had been cleared <3 years before or an older
deforested area (fallow) if it had been cleared 3-7 years before. In
the study area, fields are cultivated for a maximum of 3 years after
slash and burn and after this cultivation period, fields are left as
abandoned fallow to regenerate and recover their fertility (Montfort
et al., 2021). Patches cleared more than 7 years before were ex-
cluded from the analysis since they could either be fields or regen-
erating woodland.

Since Global Forest Change maps only provide percentage tree
cover, other pixels were classified either as woodland (tree cover
>50%) or non-forest areas (tree cover <50%). Land cover was ob-
tained from the 2016 map of GNAP produced from Landsat satellite
images at 30 m resolution (Mercier et al., 2016). Other variables used
in the models were proximity to rivers, to roads and proximity to
dense forest patches (tree cover >75%). Correlation between vari-
ables was tested using the Pearson correlation coefficient, with no
significant correlation (p-value >0.05).

To analyse how seasonal patterns influenced the selection of
environmental variables, we used time-dependent p; parameters
(Forester et al., 2009). Movement models were constructed sep-
arately for each individual using the survival package in R (Coulon
et al., 2008; Ziolkowska et al., 2016). A total of 67 models were
built and we selected the model with the lowest Akaike Information

Criterion.

3 | RESULTS

During the study period, the proportion of each elephant's home
range outside the geographic boundaries of GNAP ranged from 45%
(F2) to 56% (M1). On average, miombo woodland covered 60% of
their home range and 37% corresponded to non-forest areas, both
of which were used proportionately to their availability in the land-
scape (Figure 3). Conversely, the SSF showed that elephants strongly
select deforested patches (Figure 3). These areas only cover 3% of
their home range.

Selection patterns of deforested patches varied according to
season and individuals (Figure 3). Seasonal preference for recently
deforested patches (fields) was clearest for M1 with a single signif-
icant peak in June when crops are harvested. The pattern was sim-
ilar for F2 with a lower and delayed preference (August). Seasonal
patterns are less clear for F1 and F3 with two peaks each during the
rainy and the dry season.

All three females preferred older deforested patches (regenerat-
ing woodland) during the late rainy season. The level of preference
and duration differed between individuals: it was longest but lower
for F1 (March-July) suggesting repeated visits to these patches
whereas it was greater but briefer for F3 (April-May), suggesting
more time spent in these patches during a brief period. The pattern
for F2 was in between F1 and F3 with a broader peak from May to
July. Finally, selection patterns for M1 contrasted with the females,

with a delayed and lower preference for regenerating woodland

during the dry season.

4 | DISCUSSION

Although miombo woodland is the predominant habitat inside GNAP
and deforested patches account for a small percentage compared
to this habitat, the SSF revealed a marked selection by elephants
of deforested patches at some periods of the year. This preference
may explain why elephants spent about half of their time outside
GNAP. Differences between individuals (Figure 3) may also reflect
environmental variation, indeed F1, F2 and M1 were monitored from
2014 to 2016 whereas F3's dataset covers the 2016-2019 period
(Table 1). The drought triggered by the 2016 El Nifio event may ex-
plain why F3 selected regenerating woodland only during the late
rainy season whereas, in previous years, F1 and F2 also did so during
the early dry season (Figure 3).

Our results are consistent with previous studies of crop-raiding
behaviour by elephants (La Grange, 2016) and reports of crop-
raiding by local communities (F. Montfort pers. comm.). Indeed,
fields are more likely to be visited at the end of the growing season
when the quality of crops supersedes natural vegetation (Osborn,
2004). Elephant bulls have a greater tendency to raid crops than fe-
males (Branco et al., 2019; Vogel et al., 2020; Von Gerhardt et al.,
2014) as shown by M1's clear preference for recently deforested
patches (Figure 3). There is a notable individual variability related
to crop-raiding, whereas M1 and F2 selection patterns are compat-
ible with crop-raiding, F1 and F3 patterns are less clear as they do
appear to select these patches but no clear seasonal pattern can be
discerned (Figure 3).

However, crop-raiding does not explain why older deforested
patches, which are no longer cultivated, remain attractive for ele-
phants (Figure 3). There is a broad consensus that agricultural expan-
sion and intensification is detrimental to wildlife due to net habitat
loss as well as the direct (e.g. hunting) and indirect effects (e.g.
disturbance) of human activities (Ripple et al., 2015). Yet, closed-
canopy tropical forests, or mature miombo woodlands with little or
no undergrowth, provide few foraging opportunities for large herbi-
vores. Understory vegetation is important for elephants throughout
their range. In Laikipia, Kenya, 70% of plants found in the elephant
diet correspond to understory vegetation (Coverdale et al., 2016)
and low-structure forests are important habitats for elephants in
Borneo (Evans et al., 2018).

Studies on the regeneration of miombo in GNAP show that
species composition and woody vegetation structure (density, tree
height) differ between regenerating and mature miombo patches
(Montfort et al., 2021). Unfortunately, we lack data on elephant diet
in GNAP to evaluate the suitability of GNAP for elephants from a
foraging perspective. Patches of regenerating woodland are never-
theless likely to be key habitats where elephants can maximise their
energy intake from foraging (Bischof et al., 2012) and take cover in
the dense vegetation (Barnes et al., 1991; White, 1994).
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Several factors such as fire frequency and low herbivore density
may explain the lack of attractiveness of GNAP. The uncontrolled
yearly fires that sweep through GNAP negatively impact the un-
derstory (Etc Terra, 2017; Fusari et al., 2010), and may reduce the
availability of palatable grasses and shrubs. Understory vegetation is
the main source of food for elephants, it can be positively affected
by elephant browsing (Coverdale et al., 2016). The extirpation of
many herbivore species and the low densities of remaining species
due to colonial and post-colonial hunting may have increased tree
cover and the proportion of miombo woodland in the landscape as
in Gorongoza National Park (Daskin et al., 2016).

Our analysis suggests that recently and older deforested
patches may be one of the factors attracting elephants outside
GNAP in human-dominated landscapes. However, the limited
quality of GPS data available for this study and small size of defor-
ested patches make it difficult to ascertain to what extent fields
or regenerating woodlands were the main cause of elephant ex-
cursions outside of the PA. Our study highlights the potential im-
portance of regenerating woodland patches as resources for large
herbivores. Yet, the miombo woodland belt to which GNAP be-
longs in coastal Mozambique still constitutes the main habitat for
elephants and other species in the area. Uncontrolled and illegal
deforestation remains a major threat to its conservation. Adaptive
management, such as selective logging of small-designated areas
associated with firebreaks, could be considered to create clear-
ings and stimulate the regeneration of young forest tree species.
Carefully planned and monitored interventions may increase plant
diversity and improve coexistence with neighbouring subsistence
farmers by attracting elephants back inside GNAP away from their
fields.

ACKNOWLEDGEMENTS

We thank the Francois Sommer Foundation - International
Foundation for Wildlife Management who granted us access to the
elephant GPS data and the Association Nitidee for the internship
funding.

CONFLICT OF INTEREST

The authors state that they have no conflicts of interest.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from
Francois Sommer Foundation. Restrictions apply to the availability
of these data, which were used under license for this study. Data
are available from the authors with the permission of the Francois

Sommer Foundation.

ORCID
Hugo Valls-Fox "= https://orcid.org/0000-0001-7482-1205
REFERENCES

Barnes, R. F. W,, Barnes, K. L., Alers, M. P. T., & Blom, A. (1991). Man
determines the distribution of elephants in the rain forests of

Northeastern Gabon. African Journal of Ecology, 29(1), 54-63.
https://doi.org/10.1111/j.1365-2028.1991.tb00820.x

Benhamou, S. (2011). Dynamic approach to space and habitat use based
on biased random bridges. PLoS One, 6(1), €14592. https://doi.
org/10.1371/journal.pone.0014592

Bischof, R., Loe, L. E., Meisingset, E. L., Zimmermann, B., Van Moorter,
B., & Mysterud, A. (2012). A migratory northern ungulate in the
pursuit of spring: Jumping or surfing the green wave? The American
Naturalist, 180(4), 407-424. https://doi.org/10.1086/667590

Branco, P.S., Merkle, J. A., Pringle, R. M., Pansu, J., Potter, A. B., Reynolds,
A., Stalmans, M., & Long, R. A. (2019). Determinants of elephant
foraging behaviour in a coupled human-natural system: Is brown
the new green? Journal of Animal Ecology, 88(5), 780-792. https://
doi.org/10.1111/1365-2656.12971

Brodie, J. F., Giordano, A. J., & Ambu, L. (2015). Differential responses
of large mammals to logging and edge effects. Mammalian Biology,
80(1), 7-13. https://doi.org/10.1016/j.mambio.2014.06.001

Chidumayo, E. N. (1997). Annual and spatial variation in herbaceous biomass
production in a Zambian dry miombo woodland. South African Journal of
Botany, 63(2), 74-81. https://doi.org/10.1016/50254-6299(15)30706-7

Coulon, A, Morellet, N., Goulard, M., Cargnelutti, B., Angibault, J.-M., &
Hewison, A. J. M. (2008). Inferring the effects of landscape struc-
ture on roe deer (Capreolus capreolus) movements using a step
selection function. Landscape Ecology, 23(5), 603-614. https://doi.
org/10.1007/s10980-008-9220-0

Coverdale, T. C., Kartzinel, T. R, Grabowski, K. L., Shriver, R. K., Hassan,
A.A., Goheen, J. R, Palmer, T. M., & Pringle, R. M. (2016). Elephants
in the understory: Opposing direct and indirect effects of con-
sumption and ecosystem engineering by megaherbivores. Ecology,
97(11), 3219-3230. https://doi.org/10.1002/ecy.1557

Curtis, P. G., Slay, C. M., Harris, N. L., Tyukavina, A., & Hansen, M. C.
(2018). Classifying drivers of global forest loss. Science, 361(6407),
1108-1111. https://doi.org/10.1126/science.aau3445

Daskin, J. H., Stalmans, M., & Pringle, R. M. (2016). Ecological lega-
cies of civil war: 35-year increase in savanna tree cover following
wholesale large-mammal declines. Journal of Ecology, 104(1), 79-89.
https://doi.org/10.1111/1365-2745.12483

De Boer, W. F., & Baquete, D. S. (1998). Natural resource use, crop dam-
age and attitudes of rural people in the vicinity of the Maputo
Elephant Reserve, Mozambique. Environmental Conservation, 25(3),
208-218. https://doi.org/10.1017/50376892998000265

DeFries, R., Hansen, A., Turner, B. L., Reid, R., & Liu, J. (2007). Land use
change around protected areas: Management to balance human
needs and ecological function. Ecological Applications, 17(4), 1031-
1038. https://doi.org/10.1890/05-1111

Dunham, K. M., Ghiurghi, A., Cumbi, R., & Urbano, F. (2010). Human-
wildlife conflict in Mozambique: A national perspective, with em-
phasis on wildlife attacks on humans. Oryx, 44(2), 185-193. https://
doi.org/10.1017/S003060530999086X

Etc Terra (2017). Project design document of GNR REDD project. Validated by
VCS. Etc Terra. https:/registry.verra.org/app/projectDetail/VCS/1674

Evans, L. J., Asner, G. P., & Goossens, B. (2018). Protected area man-
agement priorities crucial for the future of Bornean elephants.
Biological Conservation, 221, 365-373. https://doi.org/10.1016/j.
biocon.2018.03.015

Forester, J. D., Im, H. K., & Rathouz, P. J. (2009). Accounting for an-
imal movement in estimation of resource selection functions:
Sampling and data analysis. Ecology, 90(12), 3554-3565. https://
doi.org/10.1890/08-0874.1

Fortin, D., Beyer, H. L., Boyce, M. S., Smith, D. W., Duchesne, T., & Mao,
J. S. (2005). Wolves influence elk movements: Behavior shapes a
trophic cascade in Yellowstone National Park. Ecology, 86(5), 1320-
1330. https://doi.org/10.1890/04-0953

Frost, P. (1996). The ecology of miombo woodlands. In Campbell B. (Ed.),
The Miombo in transition: Woodlands and welfare in Africa. 11-57
Center for International Forestry Research.


https://orcid.org/0000-0001-7482-1205
https://orcid.org/0000-0001-7482-1205
https://doi.org/10.1111/j.1365-2028.1991.tb00820.x
https://doi.org/10.1371/journal.pone.0014592
https://doi.org/10.1371/journal.pone.0014592
https://doi.org/10.1086/667590
https://doi.org/10.1111/1365-2656.12971
https://doi.org/10.1111/1365-2656.12971
https://doi.org/10.1016/j.mambio.2014.06.001
https://doi.org/10.1016/S0254-6299(15)30706-7
https://doi.org/10.1007/s10980-008-9220-0
https://doi.org/10.1007/s10980-008-9220-0
https://doi.org/10.1002/ecy.1557
https://doi.org/10.1126/science.aau3445
https://doi.org/10.1111/1365-2745.12483
https://doi.org/10.1017/S0376892998000265
https://doi.org/10.1890/05-1111
https://doi.org/10.1017/S003060530999086X
https://doi.org/10.1017/S003060530999086X
https://registry.verra.org/app/projectDetail/VCS/1674
https://doi.org/10.1016/j.biocon.2018.03.015
https://doi.org/10.1016/j.biocon.2018.03.015
https://doi.org/10.1890/08-0874.1
https://doi.org/10.1890/08-0874.1
https://doi.org/10.1890/04-0953

AMAYA ET AL.

7
African Journal of Ecology @/ua\VaVA| LEYJ—

Fusari, A., Lamarque, F., Chardonnet, P., & Boulet, H. (2010). Reserve
Nationale de Gilé, Plan de Gestion 2010-2020 (p. 105). IGF
Foundation.

Galanti, V., Preatoni, D., Martinoli, A., Wauters, L. A., & Tosi, G. (2006).
Space and habitat use of the African elephant in the Tarangire-
Manyara ecosystem, Tanzania: Implications for conservation.
Mammalian Biology, 71(2), 99-114. https://doi.org/10.1016/j.
mambio.2005.10.001

Hansen, M. C., Potapov, P. V., Moore, R., Hancher, M., Turubanova, S. A.,
Tyukavina, A., Thau, D., Stehman, S. V., Goetz, S. J,, Loveland, T. R.,
Kommareddy, A., Egorov, A., Chini, L., Justice, C. O., & Townshend,
J. R. G. (2013). High-resolution global maps of 21st-century forest
cover change. Science, 342(6160), 850. https://doi.org/10.1126/
science.1244693

Hosonuma, N., Herold, M., De Sy, V., De Fries, R. S., Brockhaus, M.,
Verchot, L., Angelsen, A., & Romijn, E. (2012). An assessment of de-
forestation and forest degradation drivers in developing countries.
Environmental Research Letters, 7(4), 044009. https://doi.org/10.10
88/1748-9326/7/4/044009

Kinnaird,M.F.,Sanderson,E.W.,O'Brien, T.G., Wibisono,H.T.,& Woolmer,
G. (2003). Deforestation trends in a tropical landscape and implica-
tions for endangered large mammals. Conservation Biology, 17(1),
245-257. https://doi.org/10.1046/j.1523-1739.2003.02040.x

La Grange, M. (2016). Mitigation of the Human/Elephant Conflict in
the Buffer Zone if the Gilé National Reserve, Zambézia Prinvice,
Mozambique. IGF Foundation.

Laudati, A. A. (2010). The encroaching forest: Struggles over land and
resources on the boundary of Bwindi impenetrable National Park,
Uganda. Society and Natural Resources, 23(8), 776-789. https://doi.
org/10.1080/08941920903278111

Macandza, V., Bento, C. M., Roberto, R., Mamugy, F., Haldane, M., &
Vermaak, J. (2017). Relatério da Contagem aérea de fauna bravia na
Reserva Nacional do Gilé. ANAC.

Manly, B. F., McDonald, L., Thomas, D., McDonald, T. L., & Erickson, W.
P. (2004). Resource selection by animals: Statistical design and analysis
for field studies (2nd ed). Kluwer Academic Publishers.

Mercier, C., Grinand, C., Randrianary, T., Nourtier, M., & Rabany, C.(2016).
Background study for the preparation of the Zambézia integrated land-
scape management program. Etc Terra and Rongead. https://www.
nitidae.org/files/2b047b2f/zilmp_background_study_en.pdf

Montfort, F. (2016). Etude de la régénération de la forét de Miombo en
périphérie de la Réserve Nationale de Gilé a la suite de changements
d’'usage du sol, Mozambique. Etc Terra.

Montfort, F., Nourtier, M., Grinand, C., Maneau, S., Mercier, C., Roelens,
J. B., & Blanc, L. (2021). Regeneration capacities of woody spe-
cies biodiversity and soil properties in Miombo wooldand after
slash-and-burn agriculture in Mozambique. Forest Ecology and
Management, 488, 119039.

Ntumi, C. P., Monjane, N., Tafula, ., & Massinga, J. (2012). Determinagdo
preliminar do tamanho da populacdo de elefantes da Reserva Nacional
do Gilé, Mogcambique. IGF & UEM.

Osborn, F. V. (2004). Seasonal variation of feeding patterns and
food selection by crop-raiding elephants in Zimbabwe.
African  Journal of Ecology, 42(4), 322-327. https://doi.
org/10.1111/j.1365-2028.2004.00531.x

Peterson, M. N., Birckhead, J. L., Leong, K., Peterson, M. J., &
Peterson, T. R. (2010). Rearticulating the myth of human-
wildlife conflict. Conservation Letters, 3(2), 74-82. https://doi.
org/10.1111/j.1755-263X.2010.00099.x

Pittiglio, C., Skidmore, A. K., van Gils, H. A. M. J., McCall, M. K., & Prins,
H. H. T. (2014). Smallholder farms as stepping stone corridors for
crop-raiding elephant in northern Tanzania: Integration of Bayesian
expert system and network simulator. Ambio, 43(2), 149-161.
https://doi.org/10.1007/s13280-013-0437-z

Ripple, W.J.,Newsome, T. M., Wolf, C., Dirzo, R., Everatt, K. T., Galetti, M.,
Hayward, M. W,, Kerley, G. I. H., Levi, T, Lindsey, P. A., Macdonald,
D. W., Malhi, Y., Painter, L. E., Sandom, C. J.,, Terborgh, J., & Van
Valkenburgh, B. (2015). Collapse of the world’s largest herbi-
vores. Science Advances, 1(4), e1400103. https://doi.org/10.1126/
sciadv.1400103

Ryan, C. M., & Williams, M. (2011). How does fire intensity and frequency
affect miombo woodland tree populations and biomass? Ecological
Applications, 21(1), 48-60. https://doi.org/10.1890/09-1489.1

Sitompul, A. F., Griffin, C. R., Rayl, N. D., & Fuller, T. K. (2013). Spatial and
temporal habitat use of an Asian elephant in sumatra. Animals, 3(3),
670-679. https://doi.org/10.3390/ani3030670

Valls-Fox, H., Chamaillé-Jammes, S., de Garine-Wichatitsky, M.,
Perrotton, A., Courbin, N., Miguel, E., Guerbois, C., Caron, A.,
Loveridge, A. J., Stapelkamp, B., Muzamba, M., & Fritz, H. (2018).
Water and cattle shape habitat selection by wild herbivores at the
edge of a protected area. Animal Conservation, 21(5), 365-375.
https://doi.org/10.1111/acv.12403

Vogel, S. M., Lambert, B., Songhurst, A. C., McCulloch, G. P., Stronza,
A. L., & Coulson, T. (2020). Exploring movement decisions: Can
Bayesian movement-state models explain crop consumption be-
haviour in elephants (Loxodonta africana)? Journal of Animal Ecology,
89(4), 1055-1068. https://doi.org/10.1111/1365-2656.13177

Von Gerhardt, K., Van Niekerk, A., Kidd, M., Samways, M., & Hanks, J.
(2014). The role of elephant Loxodonta africana pathways as a spa-
tial variable in crop-raiding location. Oryx, 48(3), 436-444. https://
doi.org/10.1017/S003060531200138X

White, F. (1983). The vegetation of Africa. United Nations. https://unesd
oc.unesco.org/ark:/48223/pf0000058054

White, L. J. T. (1994). Biomass of rain forest mammals in the Lopé
Reserve, Gabon. Journal of Animal Ecology, 63(3), 499-512. https://
doi.org/10.2307/5217

Ziolkowska, E., Ostapowicz, K., Radeloff, V. C., Kuemmerle, T., Sergiel,
A., Zwijacz-Kozica, T., Zieba, F., Smietana, W., & Selva, N. (2016).
Assessing differences in connectivity based on habitat versus
movement models for brown bears in the Carpathians. Landscape
Ecology, 31(8), 1863-1882. https://doi.org/10.1007/s1098
0-016-0368-8

How to cite this article: Amaya PC, Nourtier M, Montfort F,
et al. Are elephants attracted by deforested areas in miombo
woodlands?. AfrJ Ecol. 2021;00:1-7. https://doi.org/10.1111/
2je.12882



https://doi.org/10.1016/j.mambio.2005.10.001
https://doi.org/10.1016/j.mambio.2005.10.001
https://doi.org/10.1126/science.1244693
https://doi.org/10.1126/science.1244693
https://doi.org/10.1088/1748-9326/7/4/044009
https://doi.org/10.1088/1748-9326/7/4/044009
https://doi.org/10.1046/j.1523-1739.2003.02040.x
https://doi.org/10.1080/08941920903278111
https://doi.org/10.1080/08941920903278111
https://www.nitidae.org/files/2b047b2f/zilmp_background_study_en.pdf
https://www.nitidae.org/files/2b047b2f/zilmp_background_study_en.pdf
https://doi.org/10.1111/j.1365-2028.2004.00531.x
https://doi.org/10.1111/j.1365-2028.2004.00531.x
https://doi.org/10.1111/j.1755-263X.2010.00099.x
https://doi.org/10.1111/j.1755-263X.2010.00099.x
https://doi.org/10.1007/s13280-013-0437-z
https://doi.org/10.1126/sciadv.1400103
https://doi.org/10.1126/sciadv.1400103
https://doi.org/10.1890/09-1489.1
https://doi.org/10.3390/ani3030670
https://doi.org/10.1111/acv.12403
https://doi.org/10.1111/1365-2656.13177
https://doi.org/10.1017/S003060531200138X
https://doi.org/10.1017/S003060531200138X
https://unesdoc.unesco.org/ark:/48223/pf0000058054
https://unesdoc.unesco.org/ark:/48223/pf0000058054
https://doi.org/10.2307/5217
https://doi.org/10.2307/5217
https://doi.org/10.1007/s10980-016-0368-8
https://doi.org/10.1007/s10980-016-0368-8
https://doi.org/10.1111/aje.12882
https://doi.org/10.1111/aje.12882

