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We examined factors responsible for spatial occu-
pancy and burrow site selection for permanent occu-
pancy by Indian crested porcupine in Keoladeo
National Park, Bharatpur, Rajasthan, India. We em-
ployed occupancy framework to examine a priori
hypotheses and to obtain detection histories of faecal
droppings and burrow occurrence. The detection
probability (0.19 £ 0.05sg) and occupancy (0.28 £
0.055g) of burrow sites were lower than those of faecal
deposits (0.33 £ 0.0295¢ and 0.71 £ 0.06s) respectively.
The rodents avoided areas with water cover and se-
lected those closer to the boundary of nearby agricul-
tural fields at higher elevation as burrow sites. None
of the considered covariates influenced their spatial
occupancy. This study infers the strategic placement
of burrows by these apex ecosystem engineers, also
providing crucial ecological niche for various other
co-occupants.

Keywords: Burrows, Hystrix indica, occupancy model-
ling, site selection, spatial occupancy.

ALL organisms adjust to different ecological conditions
imposed on them by the environment and the conformity
between them constitutes ‘adaptation of an organism’'.
Although animals can adapt and occupy almost every
possible habitat, they inhabit only a limited set of eco-
logical conditions eventually shaping species occupancy
in a particular habitat’. Thus, understanding the influence
of specific environmental variables upon occurrence of
species in a habitat is a prerequisite for management and
subsequent development of conservation action plans™.
Identifying these specific conditions or factors is there-
fore crucial in understanding species occupancy or site
selection for a specific activity.

A species not only occupies a habitat, but also selects
an appropriate site for refuge either daily or seasonally,
which is an essential requirement for the persistence of
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any population. Suitable burrowing sites for fossorial
animals, play a crucial role in the successful rate of re-
production and rearing of offspring”®, and also provide
protection against weather extremes, fire and predation’'%.
Several physical, biological and ecological factors sig-
nificantly influence the refuge site-selection by popula-
tions at various spatial scales'>. Thus, understanding
these factors across a landscape is imperative to manage
the concerned species.

For some mammals, burrows are a crucial form of
engineered shelters'™'*. The Indian crested porcupine
Hystrix indica, Kerr, 1792 is one such nocturnal, highly
elusive, ecologically generalist, large (11-15 kg) burrow-
ing rodent'>'® that uses complexly engineered burrow-
networks'’. Its distribution ranges from Turkey, Sinai
Peninsula, the eastern Mediterranean, Southwest and
Central Asia (including Afghanistan and Turkmenistan)
to Pakistan, India, Nepal, China and Sri Lanka'®™', and
reaching an altitude up to 2400 m in the Himalayan
mountains'’. The porcupine is herbivorous, feeding on
both hypogeal and epigeal parts of plants, including
roots, bulbs, succulent tubers, ripe fallen fruits and bark
of certain tree species™ >*. Usually porcupines occupy
self-constructed burrows consisting of a long entrance
tunnel, multiple exits and a large inner chamber'™*?¢,
Porcupines are known to have permanent burrows within
their territory along with several others; nevertheless, site
fidelity is observed for several years if not disturbed”’.

Having a widespread distribution, the Indian crested
porcupine has a broad habitat tolerance®** and is com-
mon enough to be considered as a serious pest in parts of
its range” ', thus it is accorded the status of ‘least con-
cern’ by the IUCN Redlist. Despite their pest status, the
porcupines significantly contribute to ecosystem func-
tions by dispersing vegetative propagules of plants (geo-
phytes)**™3, their diggings capture water, organic matter
and seeds®, they provide appropriate refuge sites for
other species® and are potential prey species®®*. In view
of this, the Indian crested porcupine is classified as an
‘allogenic engineer’ capable of altering the environment
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through physical state changes in biotic or abiotic materi-
als, via mechanical or other means®>*. The burrows of
Indian crested porcupine in particular are a crucial refuge
for many species’>**!, at least in certain stage of their
life cycle, especially during the breeding season. There-
fore, an understanding of the biology of Indian crested
porcupine and its burrowing behaviour is a crucial pre-
requisite for the management of not just these rodents,
but also other mutually tolerant species co-occupying
their burrows.

Keoladeo National Park (KNP), in semi-arid areas of
Bharatput, Rajasthan, India, is one of the important Ram-
sar sites and IUCN World Heritage sites*. It is a closed
dynamic system having a conspicuous seasonally flooded
wetland with an array of mixed habitat types*. Indian
crested porcupine is one of the major mammal inhabitants
and apex ecosystem engineer in the Park (Figure 1). Their
burrows are an important ecological niche as they are
also co-occupied by golden jackal, striped hyaena, Indian
rock python, monitor lizard and bat species (Figure 1)**.
The Park has the highest density of near-threatened
Indian rock python in India*; it is presumed that the
availability of a large number of burrows in the Park is
the major reason for such high density. Often Indian rock
pythons are seen congregating in huge numbers (>10)
around these burrows during winters’®*. These burrows
therefore appear to be highly significant in the region, as
they provide appropriate microhabitat, especially to the
poikilothermic pythons which solely depend on porcupine
burrowing sites for refuge.

High seasonal variation in temperature and seasonal
flooding make the Park’s ecosystem highly dynamic; thus
an understanding of the spatial occupancy and site selec-
tion for burrowing by the porcupine is necessary. The
present article aims to examine the factors that are
responsible for the spatial occupancy and site selection
for permanent occupancy of porcupines in KNP.

Figure 1. Indian crested porcupine (ICP) Hystrix indica emerging
from its burrow in Keoladeo National Park (KNP), Bharatpur (camera-
trap image).
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Methods
Study area

Keoladeo National Park (27°7.6'-27°12.2'N, 77°29.5'-
77°33.9'E) is in Bharatpur district of Rajasthan. The total
area of the Park is 29 sq. km, of which 20.5 sq. km is ter-
restrial and 8.5 sq. km is a wetland area. It falls under the
semi-arid zone (Province 4A) of India*, covered by dry—
mixed—deciduous babul forest". It is a man-made fresh-
water ecosystem with a natural depression on the flood-
plain of two minor tributaries of the River Yamuna:
Gambhir and Banganga. It is a monsoonal wetland, re-
ceiving water from nearby reservoirs every year during
August—September (post monsoon). The Park lies on the
Central-Asian Flyway of the Asia-Pacific Global Migra-
tory Flyway and is an important global wintering ground
for migratory waterfowl that breed in the Palearctic
region®’. The terrestrial habitat contributes three times the
area of the Park’s wetland, providing a favourable habitat
for resident migratory birds, reptiles and mammals*.

Identification of covariates

The Indian crested porcupine is a generalist species that
covers long distances (up to 8 km) from its permanent
dwelling sites during foraging”***, as shown in the case
of Hystrix cristata™. Thus, food resource availability may
play an important role in the occurrence of porcupine in
KNP. Soils that can be easily excavated for food
resources may also affect their habitat use. Therefore,
vegetation parameters and soil type may influence the
spatial occupancy of porcupine in the Park. These porcu-
pines are nocturnal in habit, and forage during the night
resulting in negligible detections. However, the distinc-
tive faecal droppings are easy to detect and hence are the
only visible and easily detectable sign of the species in
the fields. Unlike other porcupines that have latrine sites
near their burrows’, the Indian crested porcupine is not
reported to use any such sites for defecation and their
faecal pellets are easily observed randomly (Figure 2).
Faecal deposits have been used as an indirect indicator of
species occurrence to assess habitat use by large mam-
mals and their occupancy’>™>* including rodents>. Detect-
ing faecal deposits in the field is least expensive and
easy; thus it is considered as an indicator of spatial occu-
pancy for the porcupine. We identified five ground-based
covariates: tree density (TRDE), mean tree height (TRHT),
mean shrub height (SHHT), shrub density (SHDE) and
soil type (ST) which may influence the occupancy of
porcupine. We used herb density (HEDE) as a covariate
to model detection probability that could influence the
detection of indirect signs like faecal deposits.

Although the porcupine is a habitat generalist, in KNP
with varying temperature, their burrows serve as surrogate
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for ‘permanent occupancy’ of the species. The Park ex-
periences seasonal flooding causing inundation of certain
parts, which occasionally results in permanent damage to
the burrow systems®. Thus, higher elevation and greater
distance from the point of maximum level of water-stand
may positively influence the likelihood of occurrence of
the burrows, whereas the per cent water cover would
have a negative influence. The Park is also surrounded by
vast agricultural fields having monoculture of seasonal
crops like Triticum aestivum, Brassica campestris,
Sesamum indicum and tuberous vegetables like Solanum
tuberosum and Solanum melongena, which are reported
to be part of the diet of Indian crested porcupine®’. They
are known to venture out to such nearby fields for regular
foraging®°. Thus the burrowing sites would likely be
closer to the Park’s boundary surrounding the fields, thus
making it easier for the porcupine to sneak out. Hence,
greater distance from the Park’s boundary would nega-
tively influence the likelihood of occurrence of the bur-
rows. The available literature reveals that many species
prefer soil types having clay and silt content with loamy
texture due to their ability to hold moulded form easily
when wet. They appear to be vital constituents for
construction of burrows in kangaroo rats’® pocket
gophers™, ground squirrels, deer mice, montane vole®®
and prairie dogs®. The type of soil enhances durability of
the burrows, which is also expected to play a role in site
selection for burrowing by the porcupine. This resulted in
the identification of one ground-based covariates — soil
type (ST) and four remotely sensed covariates — grid with
per cent water cover (WATER), mean elevation of the
grid (ELE), distance from the Park boundary (BOU) and
distance from the point of maximum level of water-stand
(DIWET), which may influence the occurrence of bur-
rows. We used duration of search (TIME) as a covariate
to model detection probability that could influence the
detection of burrows. Table 1 shows the predicted re-
sponse of the Indian crested porcupine to each of these
covariates.

Figure 2.

Distinctive faecal pellets of ICP in KNP.

2442

Survey design

The study area was overlaid with 25 ha grid layer with a
total of 137 grids. To locate the faecal deposits of porcu-
pine and measure the habitat covariates, a diagonal line
(707 m) was fixed for each grid as a sampling line for
assessment (Figure 3). Sampling plots (20 x 20 m) were
laid at a regular interval of 177 m on 10 m either side of
the transect line inscribed as spatial replicates. Addition-
ally, to locate the burrows, each grid (25 ha, i.e.
500 x 500 m) was sub-divided into four (250 x 250 m)
sub-grids (Figure 3), and each sub-grid was considered as
a spatial replicate. Spatial replicates suitable for single-
season survey’'® were chosen to construct the detection
histories due to limitation of manpower and logistics;
nocturnal activity cycle of the species resulted in negligi-
ble detection and ease of detecting distinctive faecal
deposits was the only indicator of the species in the field.

Field methods

Field surveys were conducted from September 2013 to
November 2014. Grids were realized on ground using a
GPS (Garmin® eTrexVist™). Sampling for the burrow
sites was carried out during the dry season to have access
to majority of the landscape. Each grid which was further
subdivided into four sub-grids was systematically walked
to locate the burrows in a zigzag search trail with the help
of two efficient local trackers. The geo-coordinates for all
the detected burrows were recorded using handheld GPS.

Table 1. Predicted species response to each covariate based on a
priori hypotheses for Indian crested porcupine
Type Covariates 74 p
Droppings TRDE + 0
TRHT + 0
SHHT + -
SHDE + -
HEDE 0 -
ST + 0
Burrows WATER - 0
ST + 0
ELE + 0
TIME 0 +
BOU - 0
DIWET + 0

TRDE, Tree density; TRHT, Mean tree height; SHHT, Mean shrub
height; SHDE, Shrub density; HEDE, Herb density; ST, Soil type;
WATER, Grid with per cent water cover; ELE, Mean elevation of the
grid; TIME, Duration of search; BOU, Distance from Park boundary
and DIWET, Distance from the point of maximum level of water-stand.
‘+’ signifies a positive effect on the response variable, ‘—* signifies a
negative effect on the response variable and ‘0’ signifies that the co-
variate has no effect on the response variable. y: Probability of occur-
rence and p: species detection probability.
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Figure 3. a, Location of KNP in India. b, Map of KNP overlaid with the sampling grids

(25 ha). ¢, Details of the sampling protocol in each grid for locating burrows. d, Details of the
sampling protocol for measuring habitat covariates and presence/absence of ICP faecal drop-

pings.

A sub-grid was recorded as ‘occupied’ if the burrow was
detected (four spatial replicates).

We overlaid the grids on the shapefiles of the study
area with maximum standing water, which were obtained
from the Rajasthan Forest Department. The per cent water-
standing area was calculated based on its proportion in
each grid. ASTER-GDEM data were downloaded from
the USGS Earth-Explorer followed by processing them in
open-source Quantum-GIS software (ver. 2.4.0). With this,
a digital elevation map was developed that helped deter-
mine the mean elevation of each grid. The distance co-
variates ‘BOU’ and ‘DIWET’ were digitally determined
for each grid using measuring tool in Quantum-GIS soft-
ware. Out of 137 grids, 91 formed the sampling unit for
faecal deposits covering the terrestrial area of the Park, as
others were either floodplains or outside the jurisdiction
of the Park. A straight diagonal line across each grid was
chosen as a sampling line and the plots were laid on
either side of the grids at fixed intervals. A full-sized grid
(25 ha) with complete accessibility had six such plots
(spatial replicates). A total of 546 such plots were sam-
pled for the presence of porcupine faecal deposits to
determine its occupancy, enumerate the vegetation para-
meters, and collect soil samples for assessing the soil
type. If plots or sub-grids could not be sampled, either
due to inaccessibility resulting from waterlogging or due
to logistic reasons such as areas falling outside the juris-
diction of the Park; the replicate was treated as a missing
observation®.

For the enumeration of trees, shrubs and herbs, nested
quadrates of 20 x 20 m (one), 5 x 5m (one) and 1 x I m
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(four) respectively were laid within these plots. Species
with GBH (girth at breast height) >10 cm were consi-
dered as woody species. The plant species were recorded
and their taxonomic identification was done following
Prasad er al.*. Quantitative community characteristics,
including tree height and shrub height were determined
using a range finder (Nikon Forestry Pro). The stand den-
sity for the trees, shrubs and herbaceous layer, i.e. total
number of individuals per unit area was determined for
each plot®®®. All the quantitative community characteris-
tics assessed for each plot were then extrapolated to grid
level, which was further analysed as five habitat covari-
ates, namely TRHT, SHHT, TRDE, SHDE and HEDE,
influencing porcupine occupancy.

Apart from the plots, soil samples were also collected
from each burrow site and soil type was assessed using
feel-analysis method®. We classified soil types based on
the preference for burrowing by the porcupine — clay
loam (CL), silty clay loam (SCL) and silty loam (SL)
appeared to be the most preferred soil types in decreasing
order. With this, a scoring of 0—10 was given to each grid
considering the proportion of the three preferred soil
types (0, none of the three soil types present; 1, higher
percentage of SL; 2, higher percentage of SCL; 3, equal
percentage of all three soil types; 4, higher percentage of
CL; 5, 100% SL; 6, 50-75% CL/SCL; 7, >75% SCL +
others; 8, 100% SCL; 9, >75% CL + others, and 10,
100% CL). Scoring was in a hierarchical order where a
score of ‘10’ indicates that a grid has the highest prob-
ability of occurrence of the burrows, whereas a score of
‘1’ indicates vice-versa.
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Table 2. Summary of model selection procedure for factors affecting detection probability of Indian
crested porcupine in KNP, Bharatpur

Type Model p AIC, AAIC, w; K
Droppings v (), p() 0.33 558.54 0.00 1.00 2

v (.), p(SHDE) 0.50 587.39 28.85 0 3

v (.), p(HEDE) 0.50 589.73 31.19 0 3

v (.), p(SHHT) 0.50 589.85 31.31 0 3
Burrows v (), p() 0.19 230.75 0.00 0.50 2

v (.), p(TIME) 0.19 230.75 0.00 0.50 3

p, Estimated species detection probability; AIC., AIC corrected for small sample bias; AAIC,, Differ-
ence in AIC, values between each model and the model with the lowest AIC.; w;, AIC. model weight; K,
Number of parameters estimated by the model and DHDE, Shrub density.

Table 3. Summary of model selection procedure for Indian crested porcupine occupancy in KNP
Model v (SE) AIC, AAIC, Wi K
Droppings
v(),p () 0.71 0.06 558.54 0.00 0.40 2
v (TRDE + SHHT + ST), p (.) 0.62 0.08 558.83 0.29 0.35 5
v (TRDE + SHHT + SHDE + ST), p (.) 0.62 0.09 560.83 2.29 0.13 6
w (SHHT + ST), p (.) 0.62 0.07 561.55 3.01 0.09 4
v (SHHT), p (.) 0.49 0.04 565.76 7.22 0.01 3
v (ST), p () 0.63 0.05 566.06 7.52 0.01 3
v (TRDE), p (.) 0.49 0.04 567.09 8.55 5.60E-03 3
v (TRHT), p (.) 0.50 0.04 569.75 11.21 1.50E-03 3
v (SHDE), p (.) 0.49 0.03 570.45 11.91 1.00E-03 3
Burrows
v (WATER + BOU + ELE), p (.) 0.61 0.18 214.02 0.00 0.78 5
v (WATER + BOU), p () 0.59 0.20 218.73 4.71 0.07 4
v (WATER), p () 0.60 0.21 219.65 5.63 0.05 3
w (WATER + ELE), p (.) 0.62 0.06 219.90 5.88 0.04 4
v (BOU + ELE), p () 0.57 0.15 220.31 6.29 0.03 4
v (BOU), p () 0.53 0.10 221.74 7.72 0.02 3
v (ELE), p () 0.51 0.07 225.57 11.55 2.4E-03 3
v(),p () 0.28 0.05 230.75 16.73 2.0E-04 2
v (ST), p () 0.60 0.19 233.84 19.35 0.00 3
v (DIWET), p (.) 0.50 0.06 233.77 19.75 0.00 3

y: Estimated occupancy parameter; SE, Associated standard error.

Table 4. Covariates influencing the Indian crested porcupine occu-
pancy ranked on the basis of summed model weights of covariates, with
beta coefficient and associated standard error

Covariate Summed AIC, weights B-coefficients (SE)
Droppings
SHHT 0.58 0.69 +0.32
ST 0.58 0.17 £0.07
TRDE 0.48 0.60 +0.31
SHDE 0.13 0.12 £0.27
TRHT 1.50E-03 -0.32+£0.23
Burrows
WATER 0.95 -12.28 £9.94
BOU 0.91 -9.02 +£4.52
ELE 0.86 8.57£5.10
ST 0.00 0.08 £0.17
DIWET 0.00 —0.09 £0.35
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Occupancy estimation

Detection histories of the porcupine faecal deposits and
burrows were constructed for each spatial replication
(sub-grids and plots), where ‘1’ indicates detection, ‘0’
indicates non-detection and ‘-’ indicates a missing obser-
vation. We z-transformed the data on covariates to rescale
and normalize them prior to occupancy analysis. The two
model parameters, i.e. probability that a grid is occupied
by the species (w) and detection probability (p) were
estimated using likelihood functions®. The data were
analysed using single-season models in program
PRESENCE ver. 9.0 (refs 70, 71) to derive maximum
likelihood estimates of model parameters. Based on prior
knowledge on the biology of Indian crested porcupine, it
was speculated that the covariates indexing vegetation
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structure, soil type, elevation and distance from the point
of maximum level of water-stand would positively affect
occupancy and burrow site selection; whereas covariates
indexing water cover and distance from the Park bound-
ary (agricultural fields) would negatively affect it. A step-
wise approach was used, that is to model the effects of
covariates on detection (p) at first, and then modelled
occupancy (). Three ground-based covariates — SHHT,
SHDE and HEDE - affected the probability of detecting
droppings along the search trail, while covariate TIME,
i.e. duration of search affected the probability of detect-
ing burrows. Hence these covariates were used to model
the detection probability (p). To avoid biased inferences
resulting from multi collinearity in predictor variables,
Pearson correlation analysis was performed, which did
not identify autocorrelation among the covariates; thus a
combination of covariates was used in one model and all
selection models were uncorrelated. Subsequently a can-
didate set of nine a priori models was formulated to
investigate the influence of covariates on porcupine
occurrence; whereas a candidate set of 10 a priori models
was formulated to investigate the influence of covariates
on burrow site selection for permanent occupancy. Model
selection, computation of model weights and averaging of
parameters followed Burnham and Anderson’”. Models
were ranked according to Akaike Information Criterion
(AIC) adjusted for a small sample size (AIC.)’>. Models
were tabulated in ascending order of AAIC. values.
To establish the relative influence of each covariate
on occurrence, computed model weights were summed
over all models containing the particular covariate™. We
report the estimate of occupancy as mean + standard
error.
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Figure 4. Estimated ICP burrow occupancy data generated for
each grid, which were extracted from the best-fitting model, [y
(WATER + BOU + ELE), p(.)]. Unsampled grid cells comprised those
that were not sampled.
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Results

Habitat factors affecting the occupancy of Indian
crested porcupine in KNP

From 91 sites with 6 sampling occasions, the estimated
species detection probability (p) was 0.33 + 0.029gg.
None of the covariates influenced detection probability
(w; (SHDE) =0, w; (HEDE)=0, w; (SHHT) = 0; Table
2); so we ran subsequent models without SHDE, HEDE
and SHHT as a function of p (Table 3). The naive occu-
pancy estimate was 0.64 and proportion of sites occupied
(w) was 0.72. The model-averaged occupancy estimate
from top-ranked model y(.), p(.) and the associated stan-
dard error gave an estimate of y =0.71 £ 0.06sg.
Summed model weights of the covariates indicated that
SHHT (0.57), ST (0.57) and TRDE (0.48) were the major
determinants of occupancy of porcupine over other co-
variates (Table 4). Further, the occupancy of porcupine
was positively correlated to SHHT (5, = 0.69 £ 0.32), ST
(f1=0.17£0.07) and TRDE (8, =0.60 = 0.31).

Habitat factors affecting burrow site selection and
permanent occupancy of Indian crested porcupine in
KNP

A total of 41 porcupine burrow systems were recorded in
the Park during sampling (Figure 4). From 137 sites with
4 sampling occasions, the estimated detection probability
(p) of burrow sites was 0.19 £ 0.05sg. Since both null (.)
and duration of search (TIME) equally influenced the de-
tection probability (w;(.) = 0.50, w; (TIME) = 0.50; Table
2), we chose (.) over (TIME) and ran subsequent models
without TIME as a function of (p) (Table 3). The naive
occupancy estimation for occurrence of burrows was 0.17
and proportion of sites occupied (w) for permanent
occupancy was 0.29. The model-averaged occupancy
estimate from top-ranked model w(WATER +BOU +
ELE), p(.) and the associated standard error gave an esti-
mate of ¥ =0.61+0.18sz. The second best model
included w(WATER + BOU), p(.) and the associated
standard error gave an estimate of ¥ =0.59 + 0.20g.
Summed model weights for WATER (0.95), BOU (0.91)
and ELE (0.86) were more than those for ST (0.004) and
DIWET (0.00) (Table 4). Burrow site selection for per-
manent occupancy by porcupine was thus negatively cor-
related to both per cent water cover (WATER: f;,=
—12.28 £9.94) and distance from the Park boundary or
nearest agricultural field (BOU: S;=9.02 £4.52), and
positively correlated to mean elevation (ELE: 5, = 8.57 £
5.10). Site selection for permanent occupancy was
mapped based on the occupancy estimates for each grid
using the best fit model (Figure 4). Overall, 31.4%, 5.8%
and 65.0% of the sampled 137 grid cells were classified
as low (w = 0.01-0.40), medium (y =0.41-0.80), and
high (v = 0.81-1.00) respectively.
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Discussion

The detection probability (0.19 + 0.05s¢) and occurrence
(0.28 £ 0.05sg) of Indian crested porcupine burrow sites
was lower than the detection probability (0.33 £ 0.029g)
and occupancy (0.71 £ 0.065g) of their faecal deposits,
indicating that certain factors are responsible for their site
selection for permanent occupancy, irrespective of their
uniform spatial occupancy. Porcupines were found
throughout the terrestrial area of the Park (67 out of 91
sampled grids); however, per cent water-cover, distance
from the Park boundary surrounded by agricultural fields
and elevation of the landscape determined the selection
for burrowing site. All the 41 recorded burrow systems
(in 23 out of 137 sampled grids) were found confined to
areas with no floodplains, closer to the agricultural fields
and at a higher elevation than the average elevation of the
park. These findings suggest that habitat in general and
preferable feeding habits do not influence shelter re-
quirements or permanent occupancy.

Null model w(.), p(.) remained as the top-ranked model
with the lowest AIC, value for occupancy of porcupine. It
is apparent that none of the habitat covariates played any
significant role in its occupancy. However, North Ameri-
can porcupine Erethizon dorsatum in Canada showed
habitat selection pattern at tree level as their bodies are
modified for climbing and manoeuvring in trees for rest-
ing, feeding on bark, fruit and leaves, and for avoiding
predators’>"*. Similarly, concentration of preferred food
items determined the habitat utilization of Indian crested
porcupine in Israel”” and Cape porcupine Hystrix afvi-
caeaustralis in South Africa’. In southern Tuscany, Italy,
the crested porcupine Hystrix cristata, avoided cultiva-
tions and selected habitats with dense vegetation, provid-
ing cover and food within the study area (second-order
selection) and within home ranges (third-order selection);
in the warm period, porcupines selected agricultural areas
representing a minor proportion of the study site®.
Exceedingly generalist feeding behaviour of Indian
crested porcupine’'; high abundance of resource material
and lack of any fierce predator in KNP are possible rea-
sons that the porcupines cover long distances away from
their permanent burrowing site for foraging and hence
occupy entire landscapes.

Among the five covariates chosen to assess burrow site
selection by the porcupine, a combination of per cent
water cover, distance from the boundary and mean eleva-
tion had the highest model weight (w; = 0.78), indicating
an increase in the probability of permanent occupancy
with simultaneous decrease in area with water cover,
decrease in distance from the boundary and increase in
mean elevation of the area. The Park has a depression at
the centre forming a wetland and experiences post-
monsoon flooding in low-lying areas due to release of
water from nearby reservoirs. However, low-lying, water-
logged areas are not suitable sites for burrowing, as sea-
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sonal flooding causes inundation which might result in
permanent damage to the burrow systems. It was
observed that even though the water cover reduced con-
siderably during dry season, porcupines did not attempt
to dig burrows for permanent settling in those regions.

Another covariate: ‘distance from the park boundary’
had the second highest model weight (w; = 0.07), which
indicates that the probability of permanent occupancy
increases with closer proximity of the Park’s boundary
surrounded by agricultural fields. This affirms previous
findings highlighting the affinity of Indian crested porcu-
pine to agricultural fields””°. However, these findings
are in contrast with a study in Drakensberg Midlands,
South Africa’’, where the area available under cropland
negatively influenced occupancy and the extent of wet-
land area positively influenced it. Along with per cent
water cover and distance from the boundary, mean eleva-
tion also influenced the probability of permanent occu-
pancy that increased with increase in mean elevation of
an area. The Park lies at an average elevation of 174 m
amsl and digital elevation mapping of the area revealed
the range of elevation between 148.2 and 204.0 m amsl.
Though there is not much undulation in the area, even a
minor elevation seems to have influenced the placement
of burrows by the porcupines. All the 41 burrow systems
were dug above an elevation of 170 m, which is also the
maximum water level mark when the wetland is com-
pletely inundated to a depth of approximately 1.5-2.0 m.
Burrow site-selection and location of the burrow systems
on higher elevation, thus provide protection against per-
manent damage from surface run-off and inundation dur-
ing monsoonal rainfall and post-monsoon flooding.
Another covariate: soil type with lower summed model
weight (w; = 0.00; 8, =0.08 £0.17sg) was not useful for
explaining burrow site selection and occurrence, possibly
because there is not much discrepancy between the use
and availability of the most preferred soil types (clayey
and silty) by the porcupine from the region. These are the
most widespread soil types found in the Park and are also
preferred by other burrowing rodents® .

These results strongly support three of the five a priori
hypotheses namely, ‘per cent water cover’ negatively
influencing the permanent occupancy and likelihood of
‘occurrence’ of the burrows; ‘distance from the bound-
ary’ surrounded by the agricultural fields negatively
influencing the burrow site-selection and the ‘elevation’
positively influencing the occurrence; whereas none of
the covariates (vegetation, soil type and distance from the
point of maximum level of water stand) was found to
significantly influence the spatial occupancy of porcu-
pines. These results show that patterns of spatial occu-
pancy for a species at macro level do not necessarily
determine permanent occupancy at micro level, i.e.
patterns observed at one scale are not necessarily good
predictors of patterns obtained at other scales’®’®, and
conflicting demands at different scales lead to varied
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selection criteria®’. Here, the Indian crested porcupine has
been used as a study model to examine how burrow site
selection acts as a surrogate in determining its permanent
occupancy, which otherwise is a generalist species with
broader spatial occupancy. This study highlights the fac-
tors determining burrow site selection by Indian crested
porcupine for permanent occupancy. The strategic loca-
tions of these earthen burrows are significant, since they
also provide crucial ecological niche for various other
co-occupants. Hence, it is important to conserve the natu-
ral habitats, especially those of the porcupine which is a
primary excavator and a significant ecosystem engineer
in extreme semi-arid conditions of KNP.
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