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Habitat determinants of species occupancy and niche partitioning among
sympatric owlets: the paradoxical role of agricultural lands for the
endangered Forest Owlet, Athene blewitti

Determinantes del hábitat en la ocupación y partición de nicho entre búhos simpátricos:
el papel paradójico de campos de agricultura para la especie amenazada Athene
blewitti.
Zainab Z. Khan 1  , H. S. Sushma 1  , Paul Antony B 1  , Kaushik M. Koli 1, Aditi Neema 1, M R Meera  2, M Arasumani 2, V.V.
Robin 2  , Rajah Jayapal 1   and Shomita Mukherjee 1 

ABSTRACT. Species with highly restricted distributions are intriguing especially when they co-occur with similar and related species
that are more widely distributed. They are also of conservation concern because of their restricted distributions and low population
size. The Forest Owlet (Athene blewitti) is an endangered species endemic to the central Indian landscape that occurs in apparently
unconnected pockets. Two other species of owlets, with wide distributions in India, Jungle Owlet (Glaucidium radiatum) and Spotted
Owlet (Athene brama) co-occur with Forest Owlet. Understanding how species use the habitat matrix is central to prioritizing
conservation action. We studied the three species across an extensive part of the predicted range of Forest Owlets through 350 surveys.
Our results indicate that Jungle Owlet occupancy (ψ = 0.5896, SE = 0.08) was highest, followed by Forest Owlet (ψ = 0.2517, SE =
0.10), and Spotted Owlet (ψ = 0.1781, SE = 0.07). The Forest Owlet showed a preference for stands of forests with large trees but not
necessarily with closed canopies, as well as open habitats (agricultural land cover). The Spotted Owlet showed a preference for agricultural
land cover with lower litter and bare ground cover. In contrast, the Jungle Owlet showed a preference for dense forest and canopy cover.
The preference for agricultural cover by the Forest Owlet provides important insights into our understanding of the ecology of this
owlet. Most significantly, it brings up several conservation challenges for managing this endangered species across a human-use
landscape.

RESUMEN. Las especies con una distribución altamente restringida son intrigantes especialmente cuando co-occurren con especies
cercanamente emparentadas y similares que están más ampliamente distribuidas. Estas especies son también de interés para la
conservación por su distribución restringida y bajo tamaño poblacional. Athene blewitti es una especie amenazada y endémica al paisaje
del centro de India donde se encuentra en bolsillos de hábitat aparentemente desconectados. Otras dos especies de búhos, con una
amplia distribución en India, Glaucidium radiatum y Athene brama co-occurren con Athene blewitti. Comprender como la especie utiliza
la matriz del hábitat es central para priorizar acciones de conservación. Estudiamos las tres especies a lo largo de una porción extensiva
del rango predicho de Athene blewitti usando 350 muestreos. Nuestros resultados indican que la ocupación de Glaucidium radiatum (ψ 
= 0.5896, SE = 0.08) fue la más alta, seguida por Athene blewitti (ψ = 0.2517, SE = 0.10) y Athene brama (ψ = 0.1781, SE = 0.07).
Athene blewitti mostro una preferencia por fragmentos de bosque con árboles grandes, pero no necesariamente con dosel cerrado, así
como hábitats abiertos (cobertura de agricultura). En contraste, Athene brama mostró una preferencia por bosque denso y con alta
cobertura de dosel. La preferencia por coberturas de agricultura por parte de Athene blewitti provee información importante para
nuestro entendimiento de la ecología de este búho. Mas significativamente, revela muchos retos en conservación para el manejo de esta
especie amenazada a lo largo de un paisaje utilizado por humanos.
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INTRODUCTION
Knowledge about and factors determining species occurrences
are fundamental for effective conservation planning. Factors
influencing species distributions vary at different spatial scales.
Often information on species distributions is available at a larger
spatial scale but because management decisions are focused on
smaller geographical units, a finer resolution of species
occurrences and factors influencing them are crucial, especially
for endangered species. Human-dominated landscapes in
tropical, developing countries continue to increase, creating a
matrix of natural and human landscapes. Species may respond to

elements of such a matrix depending on their specialization or
habitat choice, some are restricted to interior forests, and some
may occupy edges and human-use landscapes (Marzluff  et al.
2004, Watson et al. 2004). In addition, interspecific interactions
such as competition among ecologically similar species could also
influence habitat choice and resource use (O’Reilly et al. 2022).  

Many studies on owls have reported such interspecific interactions
(Lanen et al. 2011, Wiens et al. 2014, Eriksen et al. 2018, Mangan
et al. 2019), however, similar studies are inadequate in South Asian
countries. In central India, the endangered and endemic Forest
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Owlet (Athene blewitti) co-occurs with two widely distributed
owlets: the Spotted Owlet (Athene brama) and the Jungle Owlet
(Glaucidium radiatum). However, the global distribution ranges
of the three species are dissimilar (del Hoyo et al. 1999), suggesting
varied factors that may limit their occurrences. The Forest Owlet
is extremely restricted, with a small and patchy distribution across
India’s narrow latitudinal range (19o-22° N; BirdLife
International 2018). On the other hand, the closely related
Spotted Owlet has a much wider distribution across Asia,
occurring throughout India, and is categorized as least concern
(BirdLife International 2018). Jungle Owlet is endemic to South
Asia (India, Nepal, Bhutan, Bangladesh, and Sri Lanka) but is
widespread within this range and listed as least concern (BirdLife
International 2018). The Forest Owlet was rediscovered after 113
years (King and Rasmussen 1998) in the same region of
Maharashtra. Subsequently, the species has been reported in new
locations (Laad and Dagale 2014, Patel et al. 2017, Raha et al.
2017) and has been the focus of several distribution surveys and
ecological studies because of its endangered and endemic status
(Jathar and Rahmani 2004, Ishtiaq and Rahmani 2005, Mehta et
al. 2007, 2017, Patel et al. 2015, 2017). These studies provide a
broad understanding of the habitat requirements of the species.
However, finer scale, quantitative measures through systematic
and robust methods are lacking. Further, the species co-occurs
with other similar-sized owlets, therefore it would be pertinent to
study them together because there is a gap in our knowledge about
what factors influence the distribution of these owlets at the local
scale where they co-occur.  

In a previous study, species distribution models (SDM) were
constructed for the Forest Owlet using “presence-only data” and
various combinations of environmental and climatic variables
(Mukherjee et al. 2016, Koparde 2019). Although such presence/
absence surveys can be implemented at the landscape level, these
surveys fail to discriminate between the non-detection and true
absence of a species. To understand how factors influence
associations between species occurrence and their habitat, it is
important to account for imperfect detection and sampling biases
(Gu and Swihart 2004). Occupancy models estimate the
probability of species presence while accounting for imperfect
detection (MacKenzie et al. 2017). They also provide robust
estimates for species monitoring to detect changes in site
occupancy and thereby help to evaluate management
interventions. They are suitable for monitoring especially when
density or abundance estimation of rare and cryptic species will
likely incur costs in terms of time and resources. Occupancy
models have also been used to address ecological questions such
as interspecific interactions (Mangan et al. 2019).  

We aimed to evaluate the underlying factors determining the
occurrence and detectability of the Forest Owlet, Jungle Owlet,
and Spotted Owlet, focusing on Forest Owlet in an area where all
three are known to co-occur. We used occupancy modeling to
examine the role of (1) vegetation structure, (2) land cover
variables such as forest and agriculture, and (3) topographic
variables on the occurrence of the three owlets. Based on the
literature available regarding the species, we expected the forest-
associated species, i.e., Forest Owlet and Jungle Owlet, to be
positively related to closed vegetation and forest structure, and
the Spotted Owlet to show an opposite trend of negative
relationships with closed habitats. Further, we explored

interspecific associations between the three owlets based on their
occupancy probability at each site.

METHODS

Study area
The current known distribution of the Forest Owlet falls within
geographic coordinates, 19° N to 22° N and 72° E to 78° E, covering
the states of Maharashtra, Gujarat, and Madhya Pradesh, and the
Union Territory of Dadra and Nagar Haveli, and Daman and Diu.
Recent species distribution models projected the distribution range
over a large landscape (16,500 km²) within these states (Mukherjee
et al. 2016, Koparde 2019). The landscape falls within the north-
western Ghats and the Satpura and Nimar hill range with elevations
ranging from 50 to 1350 m. Much of this landscape is human
dominated. The forests within these regions are listed under the
Champion and Seth (1968) categorization of Tropical Moist and
Dry Deciduous Teak forests of the types 3B/C1b in Gujarat and
Maharashtra and 5A/C1, C1a and C1b in Madhya Pradesh.

Study design
We created polygons around the niche clusters in the intersection
region of the two SDMs (Mukherjee et al. 2016, Koparde 2019) to
identify areas for sampling. Niche clusters included both high
probability areas and a few low probability areas adjoining the high
probability area predicted by the two SDMs. Polygons were drawn
over three focused regions namely: Dangs, Tansa, and Toranmal in
Maharashtra and Gujarat from where the owlets are known to
occur (Appendix 1, Fig. A1.4). We then overlaid 1 x 1 km grids over
these polygons, using ArcGIS v. 10.5 (Fig. 1). Because the home
ranges of Forest Owlet and its sympatric owlets found in India are
unknown, we used the maximum known home range (95.0 ha) of
the Little Owl, Athene noctua, (Grzywaczewski 2009), a
phylogenetically close relative of the Forest Owlet (Koparde et al.
2018), to determine the grid size.  

From the grids generated, we removed grids that had ≥ 50% of the
area covered with non-forest habitats such as large agricultural
fields, urban settlements, wastelands, large water bodies, etc.
because these are not considered to be suitable habitats. However,
we included grids that had forest edges with agriculture and
grasslands because these areas are known to be used by multiple
species including the specialist Forest Owlet (Jathar and Rahmani
2004, Mehta et al. 2015, Kulkarni and Mehta 2020). We included
“grasslands” as a class because the available land cover data from
central India (NRSC LULC classification) includes deciduous
forests with less than 50% canopy cover classified as grasslands
(NRSC 2014). We then randomly selected 2.5% of the grids from
the niche polygons from an area of approximately 3500 km² for the
occupancy surveys. Within these grids, we assessed the habitat
occupancy of the three owlets using temporally replicated surveys.

Survey methods
We conducted the surveys between November 2018 and May 2019,
which coincided with the breeding season of the three owlets. The
Forest Owlet is diurnal and crepuscular (Jathar and Rahmani 2004,
Ishtiaq and Rahmani 2005), while the Jungle Owlet is crepuscular,
and the Spotted Owlet is nocturnal (Ali 1996). Therefore, we
conducted the surveys during the morning (0600 to 1000 h) and
evening (1530 to 1900 h) hours. In each grid, we located its centroid
and scanned the surroundings for direct sightings of the three
owlets. In addition, we also played back calls of the three owlets
because this method has been successfully used to detect Forest
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Fig. 1. Map representing 88 survey locations (2018-2019) spread across two states namely: Gujarat
and Maharashtra based on the species distribution models (SDMs) for Forest Owlet, Athene
blewitti, (Mukherjee et al. 2016, Koparde 2019). Location of the study area (pink polygon) is
indicated in the inset map of India.

Owlets in central India (Ishtiaq and Rahmani 2000, Jathar and
Rahmani 2004). If  the centroid location was inaccessible, an
alternate location within 200 m of the original point was selected.
A hand-held Zoom H1 handy portable digital recorder (volume
stop 100) was used to play the calls. The playback volume was
standardized to amplitudes similar to natural calls following the
protocols of Darras et al. (2018). The recorder was connected by
an aux cable to a Sony SRS-XB10 portable Bluetooth speaker,
which was usually placed on a tree. We first played the Forest
Owlet calls. We played the contact “Kuhu” call once and the
territorial “Kwak” call thrice and then the contact “Kuhu” call
once again (call descriptions follow Ishtiaq and Rahmani 2005).
This was followed by five minutes of silent listening. We repeated
this twice if  there was no response to the broadcasted calls. Next,
we played the Jungle Owlet calls, followed by five minutes of
listening. We followed the same protocol to detect the Spotted
Owlet. If  any of our target species was detected before or during
the call playback of another owlet, its call was not played further.
If  our target species were detected during the call playback, then
we stopped the trials for the species. We carried out these surveys
for two consecutive days leading to four temporal replicates of
the call playback survey.  

Two trained observers surveyed each grid, and the same observers
visited the grids for all the replicates, to avoid within-grid observer

bias. A total of four observers in teams of two carried out surveys
simultaneously in different grids. Each type of sign (sighting or
call) was recorded as detection (1), while the absence of these signs
was recorded as non-detection (0). If  a response call was recorded,
it was followed by a visual confirmation of the species. If  we could
not conduct a survey due to inclement weather or logistic
constraints, we recorded it as a missing observation (“-”) while
building detection histories for the analyses. We surveyed 88 grids,
i.e., Dangs (58), Tansa (18), and Toranmal (11), putting a total
field effort of 1703 person-days of surveys.

Site-specific covariates
We laid four circular plots of 10 m radius at 200 m intervals within
each grid. We selected a set of variables to measure based on our
a priori hypotheses on the occurrence of the species (Table 1). We
measured habitat variables including tree height (m), girth at
breast height (GBH) of trees (cm), tree species richness and
abundance, and canopy cover (%) using a densiometer (Strickler
1959) at the 4 corners of an imaginary square within each 10-m
radius plot. We also assessed ground cover (shrubs/herbs/grasses,
bare ground, litter, and rock cover) in the 1-m² quadrat laid within
the primary 10-m plots. In addition to the ground-based surveys,
we collected remotely sensed covariates to examine the influence
of habitat variables on species occupancy.
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Table 1. Predicted influence of site level covariates on the occupancy probability and survey level covariates on the detection probability
of the three owlets: Forest Owlet (Athene blewitti), Jungle Owlet (Glaucidium radiatum), and Spotted Owlet (Athene brama). The “+”
signifies a positive effect on the response variable, and “–” signifies a negative effect on the response variable.
 

Data source Covariate Predicted effect on occupancy
of Forest Owlet†

Predicted effect on occupancy
of Jungle Owlet

Predicted effect on occupancy
of Spotted Owlet

Site covariates Primary Average tree girth at breast height (GBH) + + +
Percent canopy cover (CC) - + -
Percent bare ground cover (BC) - - -
Percent litter cover (LC) + - -
Percent rock cover (RC) + +

Derived Percent forest cover (FC) +
Percent grassland cover (GC) + +
Percent agricultural land cover (AC) + +
Percent human settlement (HS) +
Average topographic ruggedness index (TRI) +
Enhanced vegetation index (EVI) +
Average elevation (ELE) + -
Forest edge density (FED) + +
Agricultural edge density (AED) +
Drainage density (DD) +

Expected effect on detection
of Forest Owlet

Expected effect on detection
of Jungle Owlet

Expected effect on detection of
Spotted Owlet

Primary Noise (N) - - -
Ambient light (AL) + + -

Survey-specific
covariates

Land cover and topographic variables
We used the ASTER global digital elevation model (GDEM version
3) 30-m resolution (NASA/ASTER Team 2019) dataset to compute
topographic variables. The dataset included separate DEM tiles,
which were mosaicked to obtain mean values for elevation, slope,
and aspect using the zonal statistics plugin in QGIS v. 3.10 (QGIS
Development team 2019). We also derived the topographic
ruggedness index (TRI) for each sampled grid. Land cover
covariates such as forest cover (FC), grassland (GC), human
settlements (HS), agriculture (AC), and waterbody were derived by
supervised classification of Sentinel-2 imagery in Google Earth
Engine (Gorelick et al. 2017). The classified land use and land cover
data were used to calculate the edge density (m/ha) of the five classes
in each survey grid in Fragstats 4.2 (McGarigal et al. 2012).  

Previous studies reported that the Forest Owlet was also found in
edge habitats near agriculture (Kulkarni and Mehta 2020), thus we
calculated the edge density, which is expected to have a positive
influence on the occupancy of the species. Shuttle radar topography
mission (SRTM version 3.0), global (90-m resolution) data (NASA
JPL 2013) was used to generate drainage lines and to compute
drainage density (km-¹) using basin area. This was calculated using
the formula drainage density = stream length/basin area. Because
historical records report Forest Owlet occurrence in riverine forests
(Ball 1877), we used enhanced vegetation index (EVI) as a surrogate
for riverine areas within the grids because these patches could not
be classified from Sentinel imagery due to the limitations of spatial
and spectral resolution. Enhanced vegetation index is a measure of
“greenness” or “green biomass” in a cell and is generally considered
an alternative for forest types. Values of the EVI range from -1 to
1 in which lush and evergreen vegetation generally falls between
values of 0.20 to 0.80. We used mean EVI for the analyses. We
reasoned that the grids having riverine patches would remain
“evergreen” throughout the year and therefore have higher mean
EVI values than grids having dry forest types and barren or fallow
lands. We processed and analyzed all the layers in QGIS 3.10 and
ArcGIS 10.5.

Survey specific covariates
Detection of a species may be influenced by variables specific to
each survey and therefore need to be modeled. We hypothesized
that the detection of our study species would be influenced by
factors such as ambient light (lx) and ambient noise (db). We
measured these factors during each survey to determine their
influence on the species’ detection probability. We measured
ambient light (lx) through Lux Meter (Light Meter application v.
1.5; My Mobile Tools Dev 2018) and ambient noise (db) through
the Sound Meter application v. 3.6 (Abc Apps 2018), using the same
model of android smartphones. The readings were first calibrated
on all the devices, and the average reading for 30 seconds was taken
for both ambient light and noise before initiating call playback.

Data analysis

Habitat occupancy
We used occupancy modeling to determine factors influencing the
distribution of the three owlets in the landscape. Occupancy models
measure two key parameters: ψ, the probability that a site is
occupied by the species, and p, the probability of detecting the
species presence in a replicate, given that the grid is occupied by the
species (MacKenzie et al. 2017). Because some of the variables may
be correlated and collinear, we first performed Pearson’s correlation
coefficient analysis on the entire set of covariates. Covariates that
had r < 0.6 were not included in the same model. We also used the
variance inflation factor (VIF) to assess collinearity between pairs
of covariates. The final set of covariates used in the modeling and
their predicted influence on the occupancy and detection
probability of the three species is given in Table 1. We standardized
all covariates (z-scores) before performing the occupancy modeling
in the program PRESENCE v. 13.5 (Hines 2006). We constructed
a global model containing all potential variables influencing the
two model parameters (Burnham and Anderson 2002, MacKenzie
et al. 2017). Subsequently, we constructed alternative plausible
models to identify covariates influencing the model parameters. We
performed a goodness of fit (GOF) test (MacKenzie and Bailey
2004) on the global model to assess model fit (10,000 bootstraps).
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Fig. 2. A comparison of individual site occupancy (ψ) estimates of the three owlet species: Forest Owlet (Athene blewitti), Jungle
Owlet (Glaucidium radiatum), and Spotted Owlet (Athene brama) in the study sites in Gujarat and Maharashtra.

The models were ranked based on Akaike information criterion
(AICc) values and corrected for small sample size (Burnham and
Anderson 2002). If  the GOF test revealed overdispersion (ĉ > 1),
then the models were ranked based on quasi Akaike information
criterion (QAICc) values corrected for small sample size
(Anderson et al. 1994). We performed model averaging if  a single
top model did not emerge and considered models with ΔAICc <
2 (Burnham and Anderson 2002). We used single-species, single-
season occupancy models (MacKenzie et al. 2002) in PRESENCE
v. 13.5 (Hines 2006). Further, model-averaged predictions were
used to produce the response curves for each covariate (Burnham
and Anderson 2002) from the top-ranking models using the
package “unmarked” (Fiske and Chandler 2011) in R (R Core
Team 2020). We overlaid the three owlets' cell level occupancy
probabilities and mapped the occupancy estimates range across
all survey grids (Fig. 2) using QGIS.

Interspecific association amongst the owlets
We estimated the correlation between occupancy estimates for the
owlets using Spearman’s rank correlation test and obtained p 
values using the “rcorr” function in the package “Hmisc” (Harrell
and Dupont 2020). We created scatter plots of the correlation
matrix (Fig. 3) using the function “ggscatter” in the package
“ggpubr” (Kassambara 2020). Both analyses were performed in
R (R Core Team 2020).

RESULTS
Out of 350 surveys (88 grids visited ~ 4 times), we detected Forest
Owlets in 22 grids (positive detections = 71), Jungle Owlets in 51
grids (positive detections = 140), and Spotted Owlets in 15 grids
(positive detections = 34). The GOF test (with 10,000 bootstraps)
revealed overdispersion in the case of Forest Owlet and Jungle
Owlet (ĉ > 1), thus the value of ĉ was used to calculate QAICc
for both species. We did not find any overdispersion in the case
of the Spotted Owlet (ĉ < 1) and used AICc as the ranking
criterion for this species. The QAICc and AICc values were
calculated using the number of positive detections (71, 51, and
34 for Forest Owlet, Jungle Owlet, and Spotted Owlet,
respectively) as the effective sample size (Burnham and Anderson
2002). See Table 2.

Forest Owlet
No single top-ranked model emerged. From a candidate set of 22
models, 6 models seemed to fit the data well, ΔQAICc < 2
(Appendix 1, Table A1.1). We, therefore, performed model
averaging to derive final estimates of the model parameters
(Burnham and Anderson 2002). Comparisons between all the
models are reported in Table 2. Our analysis indicated GBH,
agricultural land cover (%), and elevation had a positive influence
while bare ground cover (%) and EVI had a negative influence on
the site occupancy (ψ). Ambient noise had a negative influence
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Fig. 3. Relationship between a) Forest Owlet, Athene blewitti, and Jungle Owlet, Glaucidium radiatum, b) Forest Owlet and Spotted
Owlet, Athene brama, c) Jungle Owlet and Spotted Owlet as a function of the occupancy probability. Each point corresponds to cell-
wise occupancy estimates of the three species.

on the detection probability (p) of the Forest Owlet (Table 3; Fig.
4). The model-averaged estimate of detection probability (p) of
the Forest Owlet was 0.7871 (SE = 0.06), while the probability of
occupancy (ψ) was 0.2517 (SE = 0.10), which was close to the
naive occupancy estimate of 0.2500.

Jungle Owlet
As in the case of the Forest Owlet, no single best model emerged.
From a candidate set of 8 models, 2 models fitted the data well,
ΔQAICc < 2 (Appendix 1, Table A1.2). The analysis indicated
canopy cover (%), forest cover (%) had a positive influence and
bare ground cover (%) had a negative influence on the site
occupancy (ψ) of the Jungle Owlet (Fig. 4). Ambient light had a
positive influence on its detection probability (p). The model-
averaged estimate of detection probability (p) for the Jungle Owlet
was 0.6843 (SE = 0.04), while the probability of occupancy (ψ)
was 0.5896 (SE = 0.08), which was close to the naive occupancy
estimate of 0.5795.

Spotted Owlet
Only one top model fitted the data well (ΔAICc < 2) from a set
of 58 models (Appendix 1, Table A1.3). Agricultural land cover
(%) showed a positive influence, while bare ground cover (%) and
litter ground cover (%) showed a negative influence on the site
occupancy (ψ) of the Spotted Owlet (Fig. 4). Ambient light had
a negative influence on its detection probability (p). The detection
probability (p) for the Spotted Owlet was 0.5546 (SE = 0.08), while
the probability of occupancy (ψ) was 0.1781 (SE = 0.07), which
is close to the naive occupancy estimate of 0.1705.

Habitat partitioning among the three owlets
We found no significant correlation between the occupancy of
Forest Owlet and Jungle Owlet (Rs = -0.18606, N = 86, p > 0.05).
See Fig. 3. There was a weak negative correlation between the
occupancy of Jungle Owlet and Spotted Owlet (Rs = -0.2435, N
= 86, p < 0.05), and a significant positive correlation between the
occupancy of Forest Owlet and Spotted Owlet (Rs = 0.6719, N
= 86, p < 0.05).

DISCUSSION
Our study provides insights into the landscape and environmental
attributes associated with the occurrences of the endangered
Forest Owlet and its sympatric Jungle and Spotted owlets in

central India. We found that the probability of occupancy was
highest for Jungle, followed by Forest, and Spotted owlets.

Role of large trees and open cultivated land for Forest Owlet
Our results indicated that both forests with large trees (as
indicated by high GBH values) and open cultivated lands (as
indicated by high AC) positively influence the occupancy of the
Forest Owlet (Fig. 4). Our results concur with previous studies
that have shown that the species prefers sites that have a mix of
these habitats. Although this may seem contradictory, specific
ecological reasons may underlie the observed habitat choice as
shown by previous studies. These studies reported that the species
preferred large trees for nesting (Jathar and Rahmani 2004,
Ishtiaq and Rahmani 2005, Mehta et al. 2007, 2017, Kulkarni and
Mehta 2020). Open habitats are important for the species because
they perhaps facilitate foraging efficiency (Jathar and Rahmani
2004, Mehta et al. 2018). Because rodents comprise a major
proportion of its diet (Mehta et al. 2018), open cultivated lands,
which possibly attract rodents, seem to influence the occurrence
of Forest Owlet.  

Other studies have also emphasized the importance of small
agricultural holdings interspersed with forests for the species
(Patel et al. 2015, 2017, Patel 2018). However, it is important to
note that the current habitat, a mosaic of forested land and
agriculture, is likely a remnant of its original habitat, as reported
in historical records (BirdLife International 2018).

Role of closed forest and elevation for Forest Owlet
Although early literature suggested a preference for riverine and
dense forests (Ball 1877, Ali and Ripley 1969), our results across
a large landscape do not support this idea (negative influence of
EVI on occupancy). This pattern is consistent with other studies
stating that the species occurs in areas with lower canopy cover
and tree density (Jathar and Rahmani 2004) and moderately dense
forests (Mehta et al. 2008, 2015). This could also be because the
original habitats with dense forests are no longer available or are
confined to very few and small pockets due to deforestation and
land use change (Kaul et al. 2009, Reddy et al. 2016), which our
random sampling design does not represent adequately.  

Elevation had a weak positive influence on the occurrence of the
Forest Owlet, even though it was a covariate in one of the top-
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Table 2. Summary of the top ranked models according to quasi Akaike information criterion (QAICc) values for Forest Owlet (Athene
blewitti), Jungle Owlet (Glaucidium radiatum), and Akaike information criterion (AICc) values for Spotted Owlet (Athene brama) are
represented below. (GBH: girth at breast height, CC: canopy cover, AC: agricultural land cover, FC: forest land cover, BC: bare ground
cover, LC-: litter cover, ELE: elevation, EVI: enhanced vegetation index, N: noise, AL: ambient light). ψ(.)p(.) is the null model.
 
Species Model QAICc ΔQAICc AIC wgt Model Likelihood no. Par. -2*LogLike

ψ(GBH+AC)p(N) 89.18 0.00 0.2001 1.0000 5 167.47
ψ(GBH+BC+AC)p(N) 89.29 0.11 0.1894 0.9465 6 162.59

Forest Owlet

ψ(GBH+EVI)p(N) 90.19 1.01 0.1208 0.6035 5 169.63
ψ(GBH+BC+EVI)p(N) 90.30 1.12 0.1143 0.5712 6 164.76
ψ(GBH+BC+ELE+AC)p(N) 90.66 1.48 0.0955 0.4771 7 160.24
ψ(.)p(.) 90.75 1.57 0.0913 0.4561 2 185.27
ψ(GBH+BC+EVI+AC)p(N) 91.32 2.14 0.0686 0.3430 7 161.65
ψ(CC+FC),p(AL) 230.12 0.00 0.5608 1.0000 5 347.08
ψ(CC+BC+FC),p(AL) 231.50 1.38 0.2813 0.5016 6 345.82

Jungle Owlet

ψ(CC+BC+FC+ELE),p(AL) 233.53 3.41 0.1019 0.1818 7 345.52
 

Model AICc ΔAICc AIC wgt Model Likelihood no. Par. -2*LogLike
ψ(BC+LC+AC),p(AL) 154.44 0 0.3941 1 6 139.33
ψ(BC+AC),p(AL) 157.39 2.95 0.0902 0.2288 5 145.25

Spotted Owlet

ranking models. Although the species has been recorded from
50-920 m, the higher elevation records are limited (Ishtiaq and
Rahmani 2000, Jathar and Rahmani 2004, Patel et al. 2015,
Kulkarni and Mehta 2020). Our random sampling design with
relatively fewer spatial replicates may have also limited our
elevational sampling, and it does not permit us to specifically test
the elevation hypothesis for the Forest Owlet.

Fine scale habitat partitioning between the species
Forest Owlet and Spotted Owlet occurrence were positively
associated with the presence of agriculture and negatively with
bare ground cover (Fig. 4), reflecting patterns documented by
others (Pande et al. 2006, 2007, Mahmood-ul-Hassan et al. 2007,
Vanitha et al. 2018). Small mammals and invertebrates, which
prefer habitats with more shrub, herb, and grass cover, are a major
part of the owlet diet (Mehta et al. 2018), which explains their
negative association with bare ground cover. This is reflected in
the higher spatial overlap between the two species (Fig. 3). Both
species appear to use similar foraging sites although avoiding
competition through temporal separation in their activity. On the
contrary, there may be habitat partitioning of the Forest Owlet
with the Jungle Owlet. The latter occurs in areas associated with
higher forest and canopy cover (Fig. 4); a pattern supported by
studies on Jungle Owlet from other parts of India (Jayson and
Sivaram 2009). We note that we are only reporting fine-scale
habitat preferences, and any inference on their niche and
competition must consider their diet, which was not examined in
this study. The Forest Owlet appears to be using an intermediate
habitat (with positive influences of agriculture and forests with
trees having a high GBH), which overlaps more with the Spotted
Owlet than the Jungle Owlet. However, for a more detailed study
of spatial segregation or overlap between the three species, we
suggest a multi-species occupancy modeling approach (Rota et
al. 2016).

Landscape/local differences in occupancy
The average occupancy of Forest Owlet was higher around Dangs
(0.27) and Tansa (0.24) compared to Toranmal RF (0.14). Forests
in Toranmal RF are highly degraded (Jathar and Rahmani 2004,

Jathar and Patil 2011) and had the lowest occupancy for all three
owlets (Fig. 2). In contrast, the forest in and around Dangs and
Tansa WLS still have pockets of teak plantations and disturbed
forests. This habitat is also preferred by the Jungle Owlet, which
had the highest occupancy overall among the three owlets (Jayson
and Sivaram 2009). Because of limitations in sample sizes, we
pooled datasets from Tansa WLS and Dangs in the formal
analyses for a combined estimate of occupancy.  

We note that our results for the Spotted Owlet must be taken with
caution because our survey design did not include grids with
extensive human settlements or agricultural fields that the species
is strongly associated with (Pande et al. 2006, 2007, Mahmood-
ul-Hassan et al. 2007, Vanitha et al. 2018).

Factors affecting detection probability and recommendations for
future surveys

Detection probability and playback
Despite the relative rarity of the Forest Owlet, its detection
probability was fairly high (~78%) and closely followed by the
more common Jungle Owlet and the Spotted Owlet. Playback of
two different calls (the contact call “Kuhu” and the territorial call
“Kwak”), calls described in Ishtiaq and Rahmani (2005), may
have increased the detectability of the Forest Owlet, and the
timing of the survey during the breeding season when the birds
are most vocal (Ishtiaq and Rahmani 2000, Mehta et al. 2015).
In fact, playback may have aided the detection of all three
sympatric owlets, as reported in other studies on owls in India
(Ishtiaq and Rahmani 2000, Mehta et al. 2008, Jayson and
Sivaram 2009). The owlets also responded to interspecific calls
(Jungle Owlet responding to Forest Owlet and Spotted Owlet calls
and vice versa), although these instances were few (n = 17). Jungle
Owlet was highly vocal compared to the other two owlets and was
often detected calling naturally (n = 25). It also responded to
conspecific and interspecific calls. Similar behavior has been
reported in a study from southern India, in which the encounter
rate for Jungle Owlet was highest among the six other species of
owls (Jayson and Sivaram 2009).  
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Fig. 4. Model-averaged predicted occupancy in response to the covariates that are present in the top models for Forest
Owlet, Athene brama: (a) tree girth at breast height (cm), (b) agricultural land cover (%), (c) bare ground cover (%), (d)
enhanced vegetation index, (e) elevation (msl), Jungle Owlet, Glaucidium radiatum: (f) canopy cover (%), (g) forest land
cover (%), (h) bare ground cover (%), and Spotted Owlet, Athene brama: (i) agricultural land cover (%), (j) bare ground
cover (%), (k) litter ground cover (%). All other variables are set to mean values. The predicted probability of occupancy is
plotted over the observed range of values of each predictor. Bands represent 95% confidence interval.

The use of calls needs to be tested further to determine its effects
on the occupancy and detection of these species. The current study
was conducted from November to May, coinciding with the
breeding season of the three species. Increased territorial behavior
and calling during the breeding season may have facilitated their
detection, as suggested by other studies on owls (Jathar and
Rahmani 2004, Ishtiaq and Rahmani 2005, Jayson and Sivaram
2009). However, multi-season and multi-year studies are required
to support this observation, to determine the extent to which
changes in behavior impact their detectability, and to learn which
season is best suited for such surveys.  

Noise negatively impacted the detection of the Forest Owlet.
However, we were unable to assess whether noise affects
detectability, or if  the birds have a behavioral avoidance to noise.
Factors like wind, precipitation, temperature, and time of night
(for nocturnal species) may also affect the detection probability
of owls, all of which could not be factored into this study because
of logistic/resource constraints.

Recommendations
We sampled 2.5% of a relatively large part of the predicted
landscape of the Forest Owlet and generated baseline occupancy
estimates for the three species of owlets. We also provide some
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Table 3. Model-specific β coefficient estimates (from top ranking models) for covariates determining Forest Owlet, Athene blewitti (FO),
Jungle Owlet, Glaucidium radiatum (JO), and Spotted Owlet, Athene brama (SO), occupancy ψ in Gujarat and Maharashtra. Number
of sites = 88. (GBH: girth at breast height, CC: canopy cover, AC: agricultural land cover, FC: forest land cover, BC: bare ground cover,
LC-: litter cover, ELE: elevation, EVI: enhanced vegetation index, N: noise, AL: ambient light). ψ(.)p(.) is the null model.
 
Species Models β (SE) βGBH

(SE)
βBC (SE) βEVI

(SE)
βCC (SE) βELE

(SE)
βAC (SE) βFC (SE) βLC (SE) βN (SE) βAL (SE)

FO ψ(GBH+AC)p(N) -2.5098
(0.5498)

0.2409
(0.1159)

- - - - 0.1504
(0.0869)

- - -0.5784
(0.2538)

-

FO ψ(GBH+BC+AC)p(N) -1.7689
(0.6379)

0.2430 
(0.1227)

-0.3329
(0.1692)

- - - 0.2221
(0.0999)

- - -0.5844
(0.2552)

-

FO ψ(GBH+EVI)p(N) -0.0474
(2.4664)

0.3095 
(0.1113)

- -0.2818
(0.3141)

- - - - - -0.5783
(0.2542)

-

FO ψ(GBH+BC+EVI)p(N) 3.7723
(3.1473)

0.3379
(0.1202)

-0.3139
(0.1508)

-0.6636
(0.3850)

- - - - - -0.5901
(0.2574)

-

FO ψ(GBH+BC+ELE+AC)p(N) -2.3087
(0.7580)

0.2162
(0.1271)

-0.3877
(0.1764)

- - 0.1728
(0.1133)

0.2314
(0.1036)

- - -0.5960
(0.2594)

-

JO ψ(CC+FC),p(AL) -1.6058
(0.5098)

- - - 0.1755
(0.0802)

- - 0.2916
(0.0975)

- - 0.1901
(0.1639)

JO ψ(CC+BC+FC),p(AL) -0.8839
(0.8009)

- -0.1595
(0.1444)

- 0.1847
(0.0828)

- - 0.2269
(0.1086)

- - 0.1905
(0.1640)

SO ψ(BC+LC+AC),p(AL) 0.1556
(1.0151)

- -0.4525
(0.2103)

- - - 0.2808
(0.1221)

- -0.4792
(0.2309)

- -0.3940
(0.2471)

key insights on survey methods that can be used for future
monitoring of their distribution range within this region. We note
that although the occupancy of the Forest Owlet was relatively
low, for a bird that was considered critically endangered until
recently, this estimate is still high (~ 25%). Given the high detection
probability of Forest Owlet in sharp contrast to its relatively low
occupancy, we suggest future surveys be optimized with more
spatial coverage and fewer temporal replicates in the central
Indian landscape, in line with the recommendations from
Mackenzie and Royle (2005). Because of the high detectability
with calls, we suggest using passive sound recording using
autonomous recording units (ARU) as an additional, non-
intrusive method for long-term occupancy surveys of rare and
endangered species (Pérez-Granados et al. 2018).

Conservation challenges
The importance of agricultural land for the Spotted Owlet is well
established (Mahmood-ul-Hassan et al. 2007, Ali and
Santhanakrishnan 2015, Vanitha et al. 2018). However, in the case
of the endangered Forest Owlet, its apparent preference for
agricultural land may raise major conservation challenges. It
requires large trees for nesting and roosting (Jathar and Rahmani
2004, Ishtiaq and Rahmani 2005, Mehta et al. 2007, 2017,
Kulkarni and Mehta 2020), while exploiting open areas and
agricultural land for foraging (Patel et al. 2015, 2017, Patel 2018,
Kulkarni and Mehta 2020). This mosaic of forested and
agricultural land is likely a remnant of its original habitat.
However, these areas are vulnerable to constant threats such as
agricultural expansion, encroachment, habitat degradation, and
fragmentation due to anthropogenic activities (Mehta et al. 2008,
Jathar and Patil 2011, Patel et al. 2015, Mehta et al. 2017, Kulkarni
and Mehta 2020). In Toranmal, threats due to loss of vegetation,
illicit wood cutting, and collection of firewood, especially of teak,
are well documented (Jathar and Patil 2011). The Forest Owlet
occurrence is known to be strongly associated with these teak-
dominated forests (Jathar and Rahmani 2004, Ishtiaq and

Rahmani 2005, Mehta et al. 2007, 2008, 2017, Kulkarni and
Mehta 2020), and it is known to avoid areas with anthropogenic
activities such as fuelwood collection and logging (Kulkarni and
Mehta 2020). The vegetation cover has shrunk in this region due
to the expansion of agriculture (Jathar and Patil 2011, Roy et al.
2015), and this continued expansion will likely exacerbate existing
pressure on the remaining forest patches in sustaining this species.

It is important to note that among the three regions sampled in
this study, only areas within Purna WLS (in Dangs) and Tansa
WLS are under formal protection. However, several records of
the species are from outside the protected area (Fig. 2), making
monitoring these threats and their regulation a major challenge
for their conservation. Community engagement and changing
traditional perceptions and superstitions around owlets,
especially among landowners bordering these forests, is yet
another challenge that needs to be addressed alongside protection
for long-term success. With a large dependency on forest produce,
which was observed in all the field sites, creating alternate
livelihood options while maintaining political will for the same is
a conservation hurdle that needs to be overcome.

CONCLUSION
We provide baseline occupancy estimates for the three species of
owlets, which can be useful for monitoring and planning future
surveys. Our results show that the endangered Forest Owlet
occupies a habitat niche that includes forests with large trees and
agricultural lands and is more common in some parts of its range
than previously thought. Among the other sympatric owlets,
Jungle Owlet shows a preference for the dense forest with low bare
ground cover, while Spotted Owlet shows a preference for habitats
with higher agricultural land cover. The high detection probability
(> 50%) of all three species with call playback methods indicates
a greater potential for acoustic detections in future studies.
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Appendix 1 

 

 

Table A1.1 Summary of the top ranked models according to QAICc values for Forest Owlet. 

 

Model QAICc ΔQAICc AIC 

wgt 

Model 

Likelihood 

no. 

Par. 

-2*LogLike 

ψ(GBH+AC)p(N) 89.18 0.00 0.2001 1.0000 5 167.47 

ψ(GBH+BC+AC)p(N) 89.29 0.11 0.1894 0.9465 6 162.59 

ψ(GBH+EVI)p(N) 90.19 1.01 0.1208 0.6035 5 169.63 

ψ(GBH+BC+EVI)p(N) 90.30 1.12 0.1143 0.5712 6 164.76 

ψ(GBH+BC+ELE+AC)p(N) 90.66 1.48 0.0955 0.4771 7 160.24 

ψ(.)p(.) 90.75 1.57 0.0913 0.4561 2 185.27 

ψ(GBH+BC+EVI+AC)p(N) 91.32 2.14 0.0686 0.3430 7 161.65 

ψ(GBH+BC+RC+ELE+AC)p(N) 92.26 3.08 0.0429 0.2144 8 158.22 

ψ(GBH+CC+BC+LC+RC+TRI+ELE+E

VI)p(N) 

92.69 3.51 0.0346 0.1729 8 159.14 

 

GBH: Girth at breast height, CC: Canopy Cover, AC: Agricultural Land Cover, BC: Bare ground cover, 

LC-: Litter cover, ELE: Elevation, EVI: Enhanced Vegetation Index, TRI: Average topographic ruggedness 

index, RC: Rock ground cover N: Noise, AL: Ambient Light. ψ(.)p(.) is the null model. 

 

 

Table A1.2 Summary of the top ranked models according to QAICc values for Jungle Owlet.  

 

Model QAICc ΔQAICc AIC 

wgt 

Model 

Likelihood 

no. 

Par. 

-2*logLike 

ψ(CC+FC),p(AL) 230.12 0.00 0.5608 1.0000 5 347.08 

ψ(CC+BC+FC),p(AL) 231.50 1.38 0.2813 0.5016 6 345.82 

ψ(CC+BC+FC+ELE),p(AL) 233.53 3.41 0.1019 0.1818 7 345.52 
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ψ(CC+BC+FC+ELE+FED),p(AL) 235.68 5.56 0.0348 0.0620 8 345.36 

ψ(GBH+CC+BC+FC+ELE+FED),p(AL) 237.88 7.76 0.0116 0.0207 9 345.23 

ψ(.),p(.) 239.70 9.58 0.0047 0.0083 2 372.27 

ψ(GBH+CC+BC+LR+FC+ELE+FED),p(

AL) 

240.14 10.02 0.0037 0.0067 10 345.12 

ψ(GBH+CC+BC+LC+FC+ELE+FED)p(

AL+N) 

242.49 12.37 0.0012 0.0021 11 345.12 

 

GBH: Girth at breast height, FC: Forest Land cover, CC: Canopy Cover, BC: Bare ground cover, LC-: 

Litter cover, ELE: Elevation, FED: Forest Edge Density, N: Noise, AL: Ambient Light. ψ(.)p(.) is the null 

model. 

 

Table A1.3 Summary of the top ranked models according to AICc values for Spotted Owlet. 

 

Model AICc ΔAICc AIC wgt Model 

Likelihood 

no. 

Par. 

-2*logLike 

ψ(BC+LC+AC),p(AL) 154.44 0 0.3941 1 6 139.33 

 ψ(BC+AC),p(AL) 157.39 2.95 0.0902 0.2288 5 145.25 

ψ(BC+LC+AC+GC),p(AL) 157.49 3.05 0.0858 0.2176 7 139.18 

ψ(CC+BC+LC+AC),p(AL) 157.64 3.2 0.0796 0.2019 7 139.33 

 ψ(BC+LC),p(AL) 157.67 3.23 0.0784 0.1989 5 145.53 

 ψ(LC+AC),p(AL) 157.77 3.33 0.0746 0.1892 5 145.63 

 ψ(LC),p(AL) 159 4.56 0.0403 0.1023 4 149.62 

ψ(AC),p(AL) 159.3 4.86 0.0347 0.088 4 149.92 

ψ(BC+AC+GC),p(AL) 160.12 5.68 0.023 0.0584 6 145.01 

ψ(BC+LC+AC+GC+HS),p(

AL) 

160.82 6.38 0.0162 0.0412 8 139.06 
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GBH: Girth at breast height, CC: Canopy Cover, AC: Agricultural Land Cover, BC: Bare ground cover, 

LC-: Litter cover, GC: Grassland cover, HS: Human-settlements, N: Noise, AL: Ambient Light. ψ(.)p(.) is 

the null model. 

 

 
 

Fig. A1.4 Map representing the polygons that were created based on the SDMs for the   Forest Owlet 

(Mukherjee et al. 2016, Koparde 2019). Location of the study area (green polygon) is indicated in the 

inset map of India. 
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