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a b s t r a c t

Global conservation policy is increasingly debating the feasibility of reconciling wildlife conservation and
human resource requirements in land uses outside protected areas (PAs). However, there are few
quantitative assessments of whether or to what extent these ‘wildlife-friendly’ land uses fulfill a
fundamental function of PAs—to separate biodiversity from anthropogenic threats. We distinguish the
role of wildlife-friendly land uses as being (a) subsidiary, whereby they augment PAs with secondary hab-
itat, or (b) substitutive, wherein they provide comparable habitat to PAs. We tested our hypotheses by
investigating the influence of land use and human presence on space-use intensity of the endangered
Asian elephant (Elephas maximus) in a fragmented landscape comprising PAs and wildlife-friendly land
uses. We applied multistate occupancy models to spatial data on elephant occurrence to estimate and
model the overall probability of elephants using a site, and the conditional probability of high-intensity
use given that elephants use a site. The probability of elephants using a site regardless of intensity did not
vary between PAs and wildlife-friendly land uses. However, high-intensity use declined with distance to
PAs, and this effect was accentuated by an increase in village density. Therefore, while wildlife-friendly
land uses did play a subsidiary conservation role, their potential to substitute for PAs was offset by a
strong human presence. Our findings demonstrate the need to evaluate the role of wildlife-friendly land
uses in landscape-scale conservation; for species that have conflicting resource requirements with peo-
ple, PAs are likely to provide crucial refuge from growing anthropogenic threats.

! 2014 Elsevier Ltd. All rights reserved.

1. Introduction

The conservation value of land uses that have the potential to
reconcile biodiversity conservation and human livelihood needs
(hereafter, ‘wildlife-friendly land uses’), is receiving increasing sci-
entific attention (Daily et al., 2001; Norris, 2008; Kinnaird and
O’Brien, 2012). This emergent trend largely stems from the urgent

need for strategies that can minimize threats to wildlife species in
the face of growing human demands on the land (Fischer et al.,
2008; Koh, 2008), and two key concerns associated with conserva-
tion in traditional, government-managed protected areas (PAs).
First, notwithstanding their demonstrated success in conserving
wildlife habitat worldwide (Bruner et al., 2001; Geldmann et al.,
2013), PAs are often limited in size (Woodroffe and Ginsberg,
1998), and are becoming increasingly insular due to expansion
and intensification of human land use around them (Hansen and
DeFries, 2007). Secondly, the exclusionary policy of strictly invio-
late PAs is often in conflict with livelihoods of local communities
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(Adams et al., 2004). Wildlife-friendly land uses, including commu-
nity-managed forests (CMFs) and certain agricultural systems
(Daily et al., 2001), can address livelihood concerns through
mechanisms such as sustainable natural resource extraction, crop
harvest, local enterprise and payments for conservation (Ferraro,
2001; Salafsky et al., 2001; Berkes, 2007). The integration of
wildlife-friendly land uses into conservation plans, however,
hinges on the effectiveness with which they fulfill their purported
conservation role.

Protected areas have long been a cornerstone for conservation
policy (Margules and Pressey, 2000; Hansen and DeFries, 2007).
Therefore, a valuable benchmark for the conservation role of wild-
life-friendly land uses would be to determine whether or to what
extent these land uses fulfill a fundamental function of PAs—to sep-
arate elements of biodiversity from processes that threaten their
persistence (Margules and Pressey, 2000). From such a standpoint,
wildlife-friendly land uses can be conceptualized to perform two
distinct conservation roles relative to PAs. (1) Subsidiarity: wild-
life-friendly land uses perform a subsidiary function to PAs by serv-
ing as secondary wildlife habitat, thereby augmenting overall
habitat availability and supplementing the conservation potential
of PAs. Under this scenario, wildlife conservation at the landscape
scale is largely facilitated by PAs. (2) Substitution: wildlife-friendly
land uses provide alternative habitats that are comparable in qual-
ity to those offered by PAs (e.g., Western et al., 2009). Although sev-
eral studies have documented the biodiversity in wildlife-friendly
land uses (e.g., Daily et al., 2001; Raman, 2001), the subsidiary
and substitutive roles of these land uses relative to PAs have not
been formally evaluated in landscape-scale conservation programs.
Distinguishing these roles can provide a mechanistic basis to eval-
uate the conservation value of various wildlife-friendly land uses.
This can facilitate realistic assessments of the extent to which visu-
alized conservation goals may be achieved over time. For instance,
if wildlife-friendly land uses (e.g., certain agricultural practices)
play a subsidiary role in achieving specific conservation objectives
in heterogeneous landscapes, PAs (or areas under a similar protec-
tive regime) would represent unique and critical components
vis-à-vis the realization of these objectives. In such landscapes,
wildlife-friendly agriculture may not be expected to play a substi-
tutive role relative to PAs (Ehrlich and Pringle, 2008); however, the
degree of subsidiarity of such agricultural practices (Raman, 2001;
Balmford et al., 2012) still offers valuable insight into the conserva-
tion utility of these land uses. Furthermore, understanding the con-
servation role of wildlife-friendly land uses compared to PAs
directly speaks to the conservation debate of land sparing versus
land sharing (Green et al., 2005; Fischer et al., 2008), providing a
potential approach to evaluate the viability of these contrasting
strategies in different contexts.

The pervasive influence of a growing human footprint is driving
much of the decline in wildlife populations across the world
(Sanderson et al., 2002a; Karanth et al., 2010). Large-bodied mam-
mals are particularly affected because they are intrinsically extinc-
tion-prone (Cardillo et al., 2005), and share a long history of
competition with people over limited space and resources
(Woodroffe et al., 2005). Given the growth of human populations
in conservation landscapes (Wittemyer et al., 2008), and the likely
negative influence of this trend on large mammal populations
(Brashares et al., 2001; Cardillo et al., 2004), anthropogenic factors
can potentially modulate the subsidiary or substitutive roles of
wildlife-friendly land uses (e.g., Stokes et al., 2010). The substitu-
tion of PAs by wildlife-friendly land uses would necessitate inter-
ventions that minimize threats such as poaching (Blake et al.,
2007) and human-wildlife conflict (Woodroffe et al., 2005) in wild-
life-friendly land uses. In the absence of such regulations, hunted
or conflict-prone species might avoid frequent and high-density
use (henceforth ‘high-intensity use’) of areas outside PAs due to a

strong human presence (Ciuti et al., 2012). High-intensity use thus
could be indicative of areas that serve as refuges from anthropo-
genic threats while meeting species resource requirements
(Charnov, 1976; Lima and Bednekoff, 1999), and in doing so, have
high conservation potential. While species occurrence in wildlife-
friendly land uses might indicate that they at least perform a
subsidiary role, the use of the same land uses with high-intensity
would therefore affirm their potential for PA substitution (e.g.,
Daily et al., 2001; Kinnaird and O’Brien, 2012).

We evaluate the subsidiary and substitutive roles of CMFs and
wildlife-friendly agriculture in the context of habitat needs of the
endangered Asian elephant (Elephas maximus), a conflict-prone
large mammal species. We apply multistate occupancy models
(Nichols et al., 2007) to spatial data on elephant occurrence to dif-
ferentiate between the overall probability of elephants using a
given site (W1), and the conditional probability of high-intensity
use given that a site is used by the species (W2). Under the subsid-
iarity hypothesis, we predicted that elephants would not differen-
tiate between wildlife-friendly land uses and PAs in their overall
space-use patterns but high-intensity use would be restricted to
PAs. Under the substitution hypothesis, however, elephant
space-use intensity would be comparable between wildlife-
friendly land uses and PAs. Finally, we investigate if human pres-
ence modulates the conservation potential of wildlife-friendly land
uses by precluding either their subsidiary or their substitutive
roles.

2. Methods

2.1. Study system

We used the Asian elephant (Elephas maximus) as an example
species based on the following: (a) its expansive space and
resource requirements (Sukumar, 2003; Fernando et al., 2008)
necessitates a potential dependency on areas outside PAs for per-
sistence; (b) the susceptibility of the species to threats from poach-
ing (Blake and Hedges, 2004) and human-elephant conflict
(Williams et al., 2001) can potentially limit its occurrence in
human-dominated areas. These factors, combined with its signifi-
cant influence on ecosystem structure and function (Sukumar,
2003), contributes to the recognition of the Asian elephant as a
landscape species, whose conservation can benefit other species
and the landscape as a whole (Sanderson et al., 2002b).

We conducted the study in a heterogeneous landscape in Garo
Hills (25"080–25"230N; 90"370–90"580E) located in the state of
Meghalaya, northeastern India, that comprises a mosaic of PAs,
CMFs, areas under slash-and-burn shifting cultivation (locally
known as jhum), monoculture plantations of cashew (Anacardium
occidentale), rubber (Hevea brasiliensis) and areca palm (Areca cate-
chu), and human habitation (Fig. 1). PAs in the landscape approxi-
mately occupy 276 km2 and include Balphakram National Park
(220 km2), Siju Wildlife Sanctuary (6 km2), Baghmara Reserve For-
est (44 km2) and Rewak Reserve Forest (6 km2); CMFs encompass
an area of about 60 km2. Our study site provided an ideal opportu-
nity to: (a) compare forests under two management regimes (i.e.,
CMFs and PAs) and test if CMFs can substitute for PAs; (b) evaluate
if the conservation roles of wildlife-friendly land uses vary by land
use type; and (c) contrast the degree of subsidiarity of jhum fal-
lows undergoing regeneration of native vegetation to areas of more
intensive agriculture (i.e., monoculture plantations).

2.2. Sampling

We used a grid-based sampling approach to collect data on
signs of elephant presence (e.g., dung piles, tracks and feeding
signs). Occupancy studies make a distinction between ‘occupancy’
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and ‘use’ as different parameters of interest—a landscape unit is
‘occupied’ if a species is physically present somewhere in the unit
during the survey period; use on the other hand may be defined as
the species being present within the unit at random points in time
(MacKenzie, 2005). Since the objective of the study was to measure
intensity of use by elephants rather than true occupancy, we
defined each study site as a 4 km2 grid cell such that it is smaller
than the minimum expected home range size of Asian elephants
(Fernando et al., 2008). Typically, occupancy studies account for
detection probability through repeated assessments of sampling
units assuming that the occupancy state at each unit is static dur-
ing these assessments (i.e., the system is closed to changes in occu-
pancy) (Kendall and White, 2009). Repeated surveys within a site
may be executed over time (temporal replication), or across space
(spatial replication; i.e., different locations within a site)
(Mackenzie et al., 2006). Given the remoteness of a large propor-
tion of our study site, we opted for spatial replication (Kendall
and White, 2009) to meet the assumption of closure (Mackenzie
et al., 2006). Therefore, each grid cell encompassed a set of nine
uniformly distributed sampling points (Fig. 1), and the approxi-
mate Euclidean path between two consecutive points represented
one spatial replicate. Following this design, we sequentially sam-
pled eight spatial replicates per site, starting at the most accessible
sampling point, and walking in a predetermined direction to all
other points within the site. Replicates within a site that we were
not sampled were incorporated into the detection history as miss-
ing values (see Mackenzie et al., 2006).

We sampled a total of 80 sites encompassing 320 km2 between
January and May 2011, and an additional 19 sites covering 76 km2

in January and early February 2012. During this period, we
invested approximately 990 person hours of effort walking a dis-
tance of 540.8 km. We encountered and recorded 2225 elephant
signs along sampled spatial replicates within the 99 sites. We also
documented land use at each of the nine sampling points and at
the mid-point of each spatial replicate. Thus, we obtained 17
within-site records of observed land use for sites where all eight
spatial replicates were sampled. We classified land use as forest,
jhum fallow (i.e., areas undergoing varying stages of successional
regeneration following the abandonment of cultivation), monocul-
ture plantation and human habitation. Percentage land use (aver-
aged across sampled sites) was: (a) forest = 52% (N = 668
observed points); (b) jhum fallow = 21% (N = 261); (c) monoculture
plantation = 18% (N = 215); and human habitation = 9% (N = 98).
Modal land use in a given site accounted for 70% of observed
within-site land use records on average. We used a global position-
ing system and available GIS information to map the locations of
PAs, CMFs, jhum fallows, monoculture plantations and villages
within the study area.

2.3. Occupancy models and data analysis

We used a multistate occupancy model (Nichols et al., 2007) to
evaluate the subsidiary and substitutive roles of lands outside PAs
for the Asian elephant. Occupancy studies generally record the
detection or non-detection of species presence as binary data
(Mackenzie et al., 2006). Multistate models are an extension of
the standard occupancy models, and they allow the classification
of sites by different categories of occupancy (Nichols et al., 2007).

Fig. 1. Study area in Garo Hills, India (black polygon in the inset) comprising four protected areas (PAs)—Balphakram National Park (BNP), Baghmara Reserve Forest (BRF), Siju
Wildlife Sanctuary (SWS) and Rewak Reserve Forest (RRF)—and community-managed forests (CMFs) interspersed within a human-dominated, agricultural landscape.
Sampled sites included 99 grid cells of size 4 km2 distributed across the landscape. Within each grid cell, there were nine uniformly distributed sampling points, and a walk
between two adjacent points represented a spatial replicate. Land use in grid cells outside PAs and CMFs largely included fallows of slash-and-burn shifting cultivation or
jhum, plantations of cashew, rubber and areca palm, and human habitation.
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Therefore, these models were ideally suited for differentiating
between low- and high-intensity elephant use of sites (e.g.,
Martin et al., 2010). We defined the two states of use (low- and
high-intensity use), based on median counts of elephant signs
per replicate across all sites (5 signs per replicate). Thus, elephant
sign detection along replicate r in site s was assigned state 1 (low-
intensity use) when signs encountered along r were >0 and <5, and
state 2 (high-intensity use) when encountered signs along r were
P5. Using these data, we were able to estimate the following
model parameters: (a) the probability of detecting elephant pres-
ence along replicate r conditional on low-intensity use of site s
(psr

1); (b) the probability of detecting elephant presence along rep-
licate r conditional on high-intensity use of site s (psr

2); (c) the
overall probability that site s is used, regardless of intensity
(Ws

1); (d) the probability of high-intensity use of site s conditional
on elephant use of the site (Ws

2); and (e) the probability that high-
intensity use was observed along replicate r given detection of ele-
phant presence and that site s was used with high-intensity (dsr).

We estimated the five parameters of interest using Program
MARK (White and Burnham, 1999) implemented in R (R
Development Core Team, 2013) with the help of the ‘MSOccupancy’
model in the RMark library (Laake and Rexstad, 2007). We first
identified the most appropriate model structure for the detection
probability parameters (p1, p2 and d) based on Akaike’s information
criterion corrected for small sample sizes (AICc). Sample size was
the number of surveyed sites. We modeled p1, p2 and d using the
independent, additive and two-way interactive effects of modal
land use, and mean ruggedness, a measure of variation in elevation
within a sampling site. We considered the following land uses: for-
est (including both PAs and CMFs), jhum fallow and plantation; we
did not have a priori reasons to expect variation in detection prob-
abilities between PAs and CMFs as they were both largely com-
prised of moist deciduous and tropical evergreen forests in our
study landscape. During this analysis we allowed the intensity of
use parameters (W1 and W2) to vary as a function of (a) distance
to forest (in m), that is, distance of site s to the closest forest irre-
spective of whether it is community-managed or within a PA, (b)
distance of site s to PAs (in m), (c) mean village density (per
km2) within site s, and (d) modal land use within s. Our intention
was to use the most general model for W1 and W2 while identifying
the best model structure for p1, p2 and d.

Next, we fixed p1, p2 and d to the best-supported model
structure from the previous analysis, and evaluated the relative

influence of the independent, additive and pair-wise interactive
effects of the aforementioned site-specific covariates (a–d) on W1

and W2. We also compared all models to an intercept-only model
whereby parameters of interest were constant. Since there were
three model structures for p1, p2 and d that had comparable sup-
port (DAICc < 2) (Appendix A: Table A1) (Burnham and Anderson,
2002), we carried out three sets of analyses whereby p1, p2 and d
were fixed to one structure per analysis set. Model comparisons
were made on the basis of their AICc scores and Akaike weights
(wi). Top models for W1 and W2 were identical in all three sets
(Appendix A: Tables A1 and A2). We largely used the top model
in Table A1 to make inferences on parameters of interest as the
model was well supported (DAICc between this model and the next
best model >3; wi for the model >0.5).

We used ArcGIS v.9.3 to create a distance map for forests
(including both PAs and CMFs), and thereafter extract the mini-
mum Euclidean distance of the centroid of each sampled site from
the nearest forest, irrespective of PA or CMF. We similarly
extracted the Euclidean distance of each site from PAs. We used
ArcGIS to create a density map of village locations within the study
area, and obtained the average number of villages per km2 within
each site. Finally, we used Quantum GIS v.1.6 to estimate mean
ruggedness for each site—an index of terrain heterogeneity defined
as the average elevation change between any point in a sampled
site and its immediate neighborhood (Riley et al., 1999)—from a
digital elevation model of the area.

3. Results

3.1. Detection of elephant presence

The probability of detecting elephant presence when a given
site was used by the species with low-intensity (p1) depended on
the additive effect of land use and ruggedness within the site
(Table A1). Land use also influenced detection probability in sites
used with high-intensity (p2). Detection probability for both states
of site use intensity was higher in forests (p1 = 0.57, 95% CI = 0.41–
0.72; p2 = 0.83, 95% CI = 0.78–0.86), declining progressively as the
land use transitioned to jhum fallows (p1 = 0.14, 95% CI = 0.05–
0.34; p2 = 0.74, 95% CI = 0.64–0.82) and monoculture plantations
(p1 = 0.08, 95% CI = 0.03–0.20; p2 = 0.41, 95% CI = 0.27–0.58)
(Fig. 2a). The dense growth of herbaceous weeds such as
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Fig. 2. (a) Probability of detecting elephant presence conditional on low-intensity and high-intensity use of a site by elephants (p1 and p2, respectively) as a function of land
use within the site. Shaded bars represent detection probability estimates and the error bars are 95% confidence intervals. Ruggedness for p1 was the average value across
sites. (b) The influence of ruggedness within a site on p1 when land use was forest (solid line), jhum fallow (dashed line) and monoculture plantation (dotted line). Shaded
circles represent observed elephant detections or non-detections in sampled sites.
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Eupatorium adenophorum and Mikania micrantha in jhum fallows,
and the combination of a hard and dry soil structure and thick
layer of leaf litter in plantations, likely had a negative influence
on detection probabilities in these land uses. Site ruggedness had
a negative effect on p1 for all land uses (Table A1; Fig. 2b). The
probability that high-intensity use was observed given detection
of elephant presence and that a site was in fact used with high-
intensity (d) was estimated to be 0.57 (95% CI = 0.52–0.62).

3.2. Role of community-managed forests and the importance of human
presence

Asian elephants have been shown to prefer forest fragments
and riparian habitats in heterogeneous landscapes (Kumar et al.,
2010). Our results support this observation whereby distance to
forests, including both PAs and CMFs, was the overwhelming driver
of the probability of elephants using a site regardless of intensity
(W1) (Table A1). The relationship between W1 and distance to for-
est was strongly negative (b = !0.004, 95% CI = !0.008 to !0.0005).
Thus, while the probability of elephants using a site was high
within a distance of 1.5 km from forests (W1 > 0.9), it declined
sharply to nearly zero (W1 = 0.02) at a distance of just 3 km from
the forest edge (Appendix A: Fig. A1).

The probability of high-intensity use conditional on elephant
use of a site (W2), however, was best explained by the interactive
effect of distance to PAs and village density (Table A1). For a given
distance of a site to PAs, W2 declined with an increment in village
density (Fig. 3a). While W2 remained relatively unchanged (mean
W2 = 0.84, SE = 0.12) within a maximum distance of 5.7 km from
PAs in the study system when there were no villages (Fig. 3b), it
rapidly declined to near zero as village density increased
(Fig. 3c–e). For example, at a mean density of 1.33 villages per
km2, which was the maximum among sampled sites, the probabil-
ity of high-intensity use dropped to negligible levels (W2 < 0.01)
when distance to PAs exceeded 2.7 km (Fig. 3e). The strong nega-
tive influence of village density notwithstanding, W2 remained

high at approximately 0.9 within a distance of 1.5 km from the
edge of PAs even with increasing village density (Fig. 3a).

Thus, our results suggest that elephants do not differentiate
between PAs and CMFs in their overall space-use patterns but
restrict high-intensity use to PAs. This lends support to the
subsidiarity hypothesis with respect to CMFs and contradicts the
hypothesis that CMFs or other wildlife-friendly land uses can sub-
stitute for PAs in the context of elephant habitat requirements. The
finding that village density influenced W2 but not W1 (Table A1)
suggests that although human presence does not detract from
the subsidiary role of wildlife-friendly land uses, it precludes PA
substitution.

3.3. Degree of subsidiarity of wildlife-friendly agriculture

We further investigated the degree of subsidiarity of other wild-
life-friendly land uses in our study area using models where W1

varied with land use. Unfortunately, the models failed to converge
when other parameters (i.e., p1, p2, W2) were a function of site-
specific covariates. Therefore, we used a simpler model where
W1 varied with land use while all other parameters were fixed to
the intercept (i.e., W2, p1, p2 and d were constant). Estimates of
W1 for different land uses as per this model were: W1

FOREST > 0.99;
W1

JHUM = 0.94, 95% CI = 0.52–0.99; and W1
PLANTATION = 0.65, 95%

CI = 0.40–0.84. We did not separate forests into PAs and CMFs
because our top model (Table A1) suggested that forests, irrespective
of whether they were within PAs or CMFs, were associated with
W1 = 0.99 (95% CI = 0.78–0.99).

The best-supported model that included land use as a covariate
for W2 (Table A1: model 3) suggested an additive effect of distance
to PAs and within-site land use on high-intensity use. This model
further supports the finding that wildlife-friendly land uses do
not substitute for PAs. As per this model, there was a strong likeli-
hood of high-intensity use inside PAs (W2

PA = 0.93, 95% CI = 0.82–
0.98) (Fig. 4a). At an average distance of 1.5 km from the outer edge
of PAs, CMFs and jhum fallows were also fairly likely to support
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Fig. 3. Interactive effects of distance to protected areas (PAs) and village density (VD) on the probability of high-intensity use of a site conditional on elephant use of the site
(W2). (a) Contour lines represent W2 estimates across the range of distance to PAs and mean village densities associated with sampled sites within the study area. Variation in
estimates of W2 (solid lines) as a function of distance to PAs, are plotted for increasing village density ranging from (b) VD = 0 (first quartile), through (c) VD = 0.25 (mean),
and (d) VD = 0.43 (third quartile) to (e) VD = 1.33 (maximum). VD was quantified as the number of villages per km2 averaged across each 4 km2 sampling site. Shaded
polygons represent 95% confidence intervals.
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high-intensity use by elephants conditional on elephants using these
land uses (W2

CMF = 0.83, 95% CI = 0.66–0.92; W2
JHUM = 0.90, 95%

CI = 0.66–0.98) (Fig. 4a). The estimate of W2 in plantations at the
same distance from PAs was lower and less precise (W2 = 0.60, 95%
CI = 0.29–0.85). As distance to PAs increased, however, W2 decreased
rapidly in all land use types (Fig. 4b–d), with the sharpest decline in
plantations (Fig. 4d), and the shallowest in jhum fallows (Fig. 4c).
Mean village densities per km2 in CMFs, jhum and plantations were
0.20 (SE = 0.04), 0.17 (SE = 0.05) and 0.64 (SE = 0.06), respectively.
Thus, it is conceivable that a "200% higher village density in planta-
tions compared to CMFs and jhum contributed to a considerably
lower probability of high-intensity use of this land use.

4. Discussion

The purported failure of state-run exclusionary conservation is
a key factor that contributed to the development of different com-
munity-based conservation approaches (Berkes, 2007). Thus, there
is discussion on whether sustainable use in CMFs presents an alter-
native model to preservation in nationally mandated PAs (e.g., Bray
et al., 2003; Ostrom and Nagendra, 2006). This view of community-
based conservation, however, implicitly assumes that CMFs can
substitute for PAs in terms of the benefits they offer to wildlife
species of conservation concern. Our results suggest that this
assumption may not be valid for species that compete with
humans for resources—high-intensity space use by elephants was
largely confined to PAs with CMFs playing a subsidiary conserva-
tion role. Wildlife-friendly land uses could potentially play a sub-
stitutive role for certain species or taxa (e.g., Daily et al., 2001;
Ranganathan et al., 2008). But for conflict-prone species such as
the Asian elephant, our results suggest that the inclusion of CMFs
in conservation plans should perhaps be viewed as a strategy for
augmenting habitat availability (e.g., buffer zones), while meeting
sustainable livelihood needs of local communities. They could also
serve as corridors or movement conduits between PAs. Further, our

results emphasize the need to evaluate the role of CMFs in land-
scape-scale conservation programs. Insights thus obtained can
help clarify the importance of CMFs and other wildlife-friendly
land uses in meeting current and future conservation targets, and
can also inform global policy. For example, the Convention on
Biological Diversity’s Aichi Target 11 calls for at least 17% of terres-
trial land to be conserved through various area-based conservation
measures (Geldmann et al., 2013); the subsidiary versus substitu-
tive roles of wildlife-friendly land uses could help determine the
extent to which the expansion of these conservation lands would
need to be within PAs.

We recognize that an experimental study would have provided
stronger inference, and thus would have allowed us to better
assess the conservation potential of land uses independent of their
spatial location and context. Unfortunately, true experiments at
moderate to large spatial scales are rarely possible in real-world
systems, and observational studies such as ours do provide impor-
tant insights. Inferences specific to our study system could also be
strengthened by data collected from other seasons and over a
longer time frame. Finally, we note that research focusing on quan-
tifying demographic parameters in different land uses over time
could provide useful insight into the dynamics and viability of
wildlife populations. Nevertheless, our observational study permit-
ted inferences about the hypotheses of interest, and we believe
that it makes an important contribution to our overall understand-
ing of the conservation potential of wildlife-friendly land uses in
heterogeneous, human-dominated landscapes.

Land sharing through wildlife-friendly farming can be a suitable
conservation strategy for adaptable species that can persist in a
‘soft-matrix’ landscape (Green et al., 2005; Fischer et al., 2008).
For generalist species such as the Asian elephant, (Sukumar,
2003), wildlife-friendly farming therefore has the potential to play
a subsidiary role to PAs, providing secondary habitat to the species.
We tested this hypothesis in the context of jhum, a wildlife-
friendly farming technique, and evaluated its conservation value
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Fig. 4. Probability of high-intensity use of a site conditional on elephant use of the site (W2) as a function of land use and distance to protected areas (PAs). Estimates of W2 in
community-managed forests (CMF), jhum fallows (JHM) and plantations (PLN) are presented for (a) sites at an average distance of 1.5 km from the edge of PAs (shaded bars),
and with increasing distance to PAs (solid lines in b, c and d, respectively). Error bars and shaded polygons represent 95% confidence intervals.
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relative to intensive agriculture in monoculture plantations. Both
W1 and W2 were "30% greater in jhum fallows than plantations,
suggesting that the former is the more elephant-friendly land
use. Jhum fallows are often characterized by grasses, that at a later
stage of succession, are replaced by dense bamboo culms (Raman
et al., 1998). Both grasses and bamboo are valuable resources for
elephants (Sukumar, 2003), and their prevalence likely attracts
elephants to these fallows. It is important to note, however, that
high-intensity use of these agricultural areas was contingent on
elephant presence, which was strongly dependent on proximity
to forests within PAs or CMFs (Table A1 and Fig. A1). The impor-
tance of neighboring forests has been highlighted by other studies
investigating the conservation value of wildlife-friendly farming
(Raman, 2001; Bali et al., 2007), and their maintenance will likely
hold the key to successful elephant conservation within heteroge-
neous landscapes.

Human-wildlife coexistence, particularly in the context of con-
flict-prone megafauna, has been the subject of much research
(Woodroffe et al., 2005; Carter et al., 2012) and recent debate
(Goswami et al., 2013; Harihar et al., 2013; Karanth et al., 2013).
Coexistence is generally difficult to achieve because of competing,
and often conflicting, resource needs of large mammals and people
(Woodroffe et al., 2005), and the resultant decline in large mammal
populations in the face of a burgeoning human footprint (Brashares
et al., 2001; Cardillo et al., 2004). Our results clearly demonstrate
this contention, whereby the substitutive role of wildlife-friendly
land uses was mediated by human presence. Thus, even though
CMFs and wildlife-friendly farming might ‘soften’ the matrix
between PAs in heterogeneous landscapes, threats imposed by pre-
valent human populations can substantially limit species like the
Asian elephant from using the matrix. This apparent avoidance
response to a human-dominated ‘‘landscape of fear’’ is analogous
to observed species behavioral responses to human disturbance
(Ciuti et al., 2012). Therefore, the mitigation of anthropogenic
threats outside PAs can substantially contribute to realizing the
conservation potential of wildlife-friendly land uses. For example,
the adoption of conflict mitigation measures (reviewed in Treves
et al., 2009) would likely be important in scenarios such ours,
where regular human–elephant conflicts outside PAs (Datta-Roy
et al., 2009) potentially limits the conservation effectiveness of
existing wildlife-friendly land uses.

The currency for conservation is increasingly transitioning
towards multiple-use, heterogeneous landscapes to meet the hab-
itat requirements of wide-ranging species (Sanderson et al.,
2002b). Conservation investment and planning in lands outside
PAs clearly need to be based on empirical evidence vis-à-vis their
conservation value (Sutherland et al., 2004; Ferraro and
Pattanayak, 2006). Here, we highlight the potential for CMFs and
wildlife-friendly agriculture to strengthen the conservation bene-
fits offered by PAs to wide-ranging species like the Asian elephant.
However, our results emphasize that these wildlife-friendly land
uses do not substitute for PAs in their ability to support viable ele-
phant populations. We show that the strong presence of humans
outside PAs has an overriding negative influence on the conserva-
tion potential of CMFs and wildlife-friendly farming. Therefore,
global conservation policy not only needs to recognize the multiple
roles that wildlife-friendly land uses can fulfill, but also their con-
servation limitations. This holds the key to effecting successful
conservation initiatives in human-dominated landscapes.
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Appendix A. Supplementary material

Top-ranked models used to assess probabilities of elephant
detection and site use; and probability of elephants using a site
regardless of intensity (W1) as a function of distance to forests. Sup-
plementary data associated with this article can be found, in the
online version, at http://dx.doi.org/10.1016/j.biocon.2014.06.013.
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Appendix A. Supplementary material 

Table A1. Top-ranked models used to assess probabilities of elephant detection and site use 

Model K AICc ∆AICc wi 

Detection Probability     

Ψ1(FD) Ψ2(PAD) p1(LU + RG) p2(LU) δ(.) 12 1184.76 0.00 0.30 

Ψ1(FD) Ψ2(PAD) p1(LU + RG) p2(LU + RG) δ(.) 13 1186.30 1.54 0.14 

Ψ1(FD) Ψ2(PAD) p1(LU + RG) p2(LU) δ(RG) 13 1186.59 1.83 0.12 

Ψ1(FD) Ψ2(PAD) p1(LU + RG) p2(LU) δ(LU) 14 1186.96 2.20 0.10 

Ψ1(FD) Ψ2(PAD) p1(LU + RG) p2(LU) δ(LU × RG) 17 1187.55 2.80 0.07 

Ψ1(FD) Ψ2(PAD) p1(LU + RG) p2(LU + RG) δ(RG) 

 

14 1188.20 3.44 0.05 

Site Use Probability     

Ψ1(FD) Ψ2(PAD × VD) p1(LU + RG) p2(LU) δ(.) 14 1181.61 0.00 0.53 

Ψ1(FD) Ψ2(PAD) p1(LU + RG) p2(LU) δ(.) 12 1184.76 3.15 0.11 

Ψ1(FD) Ψ2(LU + PAD) p1(LU + RG) p2(LU) δ(.) 13 1184.97 3.36 0.10 

Ψ1(FD) Ψ2(PAD + VD) p1(LU + RG) p2(LU) δ(.) 13 1185.85 4.24 0.06 

Ψ1(FD + VD) Ψ2(PAD) p1(LU + RG) p2(LU) δ(.) 13 1186.21 4.60 0.05 

Ψ1(FD × VD) Ψ2(PAD) p1(LU + RG) p2(LU) δ(.) 14 1186.97 5.36 0.04 

Probabilities of detecting low and high intensity use (p1 and p2, respectively), and the 

probability of observing high intensity use given elephant detection and actual high intensity 

use of a site (δ), were modeled to vary with land use (LU), ruggedness (RG) and spatial 

replicate. Covariates for the probability of site use (Ψ1) and the probability of high intensity 
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site use (Ψ2) included distance to forests (FD), distance to PAs (PAD), village density (VD) 

and land use. Covariate structure for p1, p2 and δ were fixed to the top detection probability 

model to estimate site use probability; Ψ1 and Ψ2 were modeled as a function of the same 

covariates as for detection probability, as well as their additive and interactive effects. The 

table includes the top six models from the two respective analyses. AICc represents Akaike’s 

information criterion corrected for small sample size; differences in AICc between each model 

and the most parsimonious model are denoted by ΔAICc. K is the number of parameters and 

wi is the AICc model weight. Model notation follows that of linear models: a × b includes 

additive and interactive effects of a and b, whereas a + b includes additive effects only. A 

model where parameter a was held constant is represented by a(.). AICc of intercept-only 

models in (A) i.e., p1(.) p2(.) δ(.) and (B) i.e., Ψ1(.) Ψ2(.) were 1233.61 and 1217.1, 

respectively. 
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Table A2. Top-ranked multistate occupancy models used to evaluate elephant site use  

Model K AICc ∆AICc wi 

Analysis Set 2     

Ψ1(FD) Ψ2(PAD × VD) p1(LU + RG) p2(LU + RG) δ(.) 15 1183.25 0.00 0.53 

Ψ1(FD) Ψ2(PAD) p1(LU + RG) p2(LU + RG) δ(.) 13 1186.30 3.05 0.11 

Ψ1(FD) Ψ2(LU + PAD) p1(LU + RG) p2(LU + RG) δ(.) 14 1186.64 3.39 0.10 

Ψ1(FD) Ψ2(PAD + VD) p1(LU + RG) p2(LU + RG) δ(.) 14 1187.46 4.21 0.06 

Ψ1(FD + VD) Ψ2(PAD) p1(LU + RG) p2(LU + RG) δ(.) 14 1187.81 4.56 0.05 

Ψ1(FD × VD) Ψ2(PAD) p1(LU + RG) p2(LU + RG) δ(.) 

 

15 1188.63 5.38 0.04 

Analysis Set 3     

Ψ1(FD) Ψ2(PAD × VD) p1(LU + RG) p2(LU) δ(RG) 15 1183.61 0.00 0.52 

Ψ1(FD) Ψ2(PAD) p1(LU + RG) p2(LU) δ(RG) 13 1186.59 2.98 0.12 

Ψ1(FD) Ψ2(LU + PAD) p1(LU + RG) p2(LU) δ(RG) 14 1186.90 3.29 0.10 

Ψ1(FD) Ψ2(PAD + VD) p1(LU + RG) p2(LU) δ(RG) 14 1187.75 4.14 0.07 

Ψ1(FD + VD) Ψ2(PAD) p1(LU + RG) p2(LU) δ(RG) 14 1188.11 4.50 0.05 

Ψ1(FD × VD) Ψ2(PAD) p1(LU + RG) p2(LU) δ(RG) 15 1188.92 5.31 0.04 

Probabilities of detecting low and high intensity use (p1 and p2, respectively), and the 

probability of observing high intensity use given elephant detection and actual high intensity 

use of a site (δ), were fixed to the second model in Table A1 (Analysis Set 2) and the third 

model in Table A1 (Analysis Set 3), respectively. Covariates for the probability of site use 

(Ψ1) and the probability of high intensity site use (Ψ2) included the independent, as well as 

additive and interactive effects of distance to forests (FD), distance to PAs (PAD), village 
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density (VD) and land use (LU). Both sets include the top six models from the two respective 

analyses. AICc represents Akaike’s information criterion corrected for small sample size; 

differences in AICc between each model and the most parsimonious model are denoted by 

ΔAICc. K is the number of parameters and wi is the AICc model weight. Model notation 

follows that of linear models: a × b includes additive and interactive effects of a and b, 

whereas a + b includes additive effects only. A model where parameter a was held constant is 

represented by a(.).  
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Fig. A1. Overall probability of elephants using a site, regardless of intensity (Ψ1), as distance 

to forests (within protected areas or community-managed forests) increases. The solid line 

represents Ψ1 estimates, and shaded polygon, the 95% confidence interval around these 

estimates. Shaded circles represent observed elephant detections or non-detections in sampled 

sites. 
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