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Abstract 

Background: Knowledge about the niche overlap among wild species and domestic cattle is helpful to conserve 
and manage wildlife. We assessed the habitat niche breadth and overlap of sympatrically living spotted deer (Axis axis) 
and domestic cattle with swamp deer (Cervus duvaucelii) in Shuklaphanta National Park, Nepal during the dry season 
to explore the possibility of interspecific competition by studying the habitat use by these species. The assumption 
was made that the presence of pellets is proof of habitat used by species.

Methods: Grids of 2 km × 2 km have four subgrids, each with four sample plots, making a total of 16 plots 
(20 m × 20 m) in each grid. The size of each sub-grid was 200 m × 200 m and they were placed randomly inside the 
grid but at least 1 km apart from one another. The data was collected in a 96 plots in total. Levin’s niche breadth and 
Morisita’s overlap index were calculated to determine the niche breadth and the habitat overlap, respectively.

Results: The Levin’s measure of niche breadth suggested that spotted deer had the highest acclimatization with an 
index value of 0.94, followed by domestic cattle at 0.50, and swamp deer at 0.33 in our study area. Thus, our findings 
supported the evidence that spotted deer are habitat generalists, whereas swamp deer are habitat specialists. The 
swamp deer had lower niche breadth and more overlap with domestic cattle.

Conclusion: Our study showed the least niche breadth of swamp deer in comparison to spotted deer and domestic 
cattle. The domestic cattle had the highest and least niche overlap with spotted deer and swamp deer, respectively, in 
terms of habitat use. Our study suggests that domestic cattle grazing should be stopped, and grassland management 
should be carried out for the benefit of ungulates. Similar studies should be conducted, including different seasons 
and places, prior to appropriate habitat management. In addition, further studies are needed to quantify the extent of 
interspecific competition by incorporating more species.
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Background
Distinctive resource utilization enables different spe-
cies to concentrate in ecological niches and, as a result, 
coexist in a distinct zone, and this theory has fueled one 
of ecology’s most productive fields (Chase and Leibold 

2003). When multiple species coexist, biotic interactions 
(such as competition, predation, parasitism, and mutual-
ism) have an impact on their fitness and behavior, as well 
as their habitats (Pearson and Dawson 2003). Niche over-
lap analysis comprises analyzing the use patterns of many 
dimensions, such as food, habitat, time, and space. How-
ever, in this study, we only considered two dimensions, 
habitat and space, and evaluated the overlap between the 
species in these dimensions. Inspecting multiple species 
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allows us to assess the degree of niche overlap between 
them (Warren et al. 2010). Similar sympatric species are 
expected to exhibit niche overlap and competitive inter-
actions in situations of limited resources, both morpho-
logically and phylogenetically (Schoener 1974; Putman 
1996). As a consequence, likely competing allopatric spe-
cies are anticipated to broaden niche distinctions to keep 
away from or lower competition (Pianka 1974; Schoener 
1974; Putman 1996). The spatial facet of a niche (habi-
tat) is the typically split resource accompanied by food 
(Schoener 1974, 1983; Toft 1985). Niche theory and habi-
tat selection illustrate that akin species with akin niches 
need to be allopatric or own a number of their behav-
ioral facets that separate them temporally or spatially 
within the same horizon. Due to resource partitioning, 
the co-occurrence of competitive species coexists in the 
same habitat (Hardin 1960). Niche breath can be gained 
by recognizing individual species’ positions within a col-
lection of resource states. A few plants and animals are 
more specialized than others, and the measure of niche 
breadth tries to measure this quantitatively. In Nepal, the 
swamp deer are confined to Shuklaphanta National Park 
(SNP) and Bardia National Park (BNP), and domestic cat-
tle and other wild ungulates also use their habitat in SNP. 
Niche breadth and habitat overlap studies will help to 
explore the factors associated with the habitat of swamp 
deer in the SNP.

Despite SNP and BNP in Nepal, swamp deer (Cervus 
duvaucelii) can be found in India’s national parks includ-
ing LaggaBagga, Krishnapur, and Dudhwa (Duckworth 
et  al. 2015b). It has been enlisted as "vulnerable" in the 
red list of the International Union for Conservation of 
Nature (IUCN) (Duckworth et al. 2015b) and is listed in 
Appendix I of the Convention on International Trade in 
Endangered Species of Wild Fauna and Flora (CITES), 
which is a treaty that governs the international trade in 
endangered species (CITES 2019). Among 27 protected 
species of mammals in Nepal, swamp deer are strictly 
protected under the National Parks and Wildlife Con-
servation Act 2029 (1973). It is kept in this category as 
the only remaining isolated populations of these species 
are found in small patches within a few areas of Nepal 
and the government is aiming to establish a sustainable, 
viable population of these species. Moreover, it is strictly 
protected because of its heavy habitat loss and poaching, 
and it is also illegally traded in national and international 
markets for meat, antlers, and skin (DNPWC 2019). Dur-
ing the 1960s, swamp deer were wiped out from Chit-
wan National Park, perhaps due to serious factors (such 
as killing, wildlife disease, and habitat fragmentation 
and loss) (Duckworth et al. 2015b). Predation, poaching, 
and flooding are the major reasons for the high mortal-
ity of swamp deer  (Rucervus d. ranjitsinhii  and R. d. 

duvaucelii) (Duckworth et al. 2015b). This deer is a major 
prey of the Bengal tiger (Panthera tigris tigris) and there 
are few reports of kills by common  leopards (P. pardus) 
and dhole (Cuon alpinus) (Qureshi et  al. 2004). Swamp 
deer are principally grazers (Qureshi et al. 2004). Mean-
while, R. d. duvaucelii is occasionally reported to feed 
on aquatic plants, and, R. d. ranjitsinhii is found to feed 
aquatic plants during both monsoon and winter seasons 
(Qureshi et al. 1994). Spotted deer (Axis axis) have been 
listed as the "least concern" on the IUCN’s red list (Duck-
worth et al. 2015a). Spotted deer are plastic species, capa-
ble of considerable adaptive response. This trait is well 
reflected in its widespread distribution in India, even 
where it is considered an exotic species (Dave 2008). In 
addition, most of the natural ranges of spotted deer are 
shared with livestock (Dave 2008).

In SNP, livestock induces incessant pressure on native 
wild herbivores, such as swamp deer (Ottichilo et  al. 
2000), and therefore, this study is designed to explore 
the niche overlap of swamp deer with spotted deer and 
domestic cattle in the food deficient season. Domestic 
cattle grazing, along with intensifying human pressure 
are the main problems in the SNP (Bhattarai 2012). The 
nutritional stability of wild species might be affected by 
cattle grazing and several disruptions as they expend 
additional vitality moving elsewhere from the disruptions 
and can be compelled to forage in poor quality habitat 
patches and, as a consequence, may be competitively 
eliminated from high quality habitats (Schaller 1977). 
Quantitative research on those elements is required with 
the intention of recognizing the relationships between 
livestock and herbivores, which can be vital to under-
standing the important factors limiting wild ungulate 
densities and formulating a significant conservation plan 
for the area and the species.

SNP is home to South Asia’s largest population of 
swamp deer, an endemic, restricted, and prone to extinc-
tion grassland species (Poudel 2007). Similarly, spotted 
deer contribute the highest proportion of the diet of tiger 
species in Nepal (Upadhyaya et al. 2018) that mostly pre-
fer grassland habitats (Sharma and Chalise 2014). The 
densities of spotted deer and swamp deer are the high-
est among the other deer species in the park (Pokhrel 
and Thapa 2008; Karki et  al. 2015). Several plans are in 
progress to translocate some individuals of Swamp deer 
from SNP to foster the mini population of BNP (Duck-
worth et  al. 2015a, b). In addition, the Department of 
National Parks and Wildlife Conservation is also study-
ing the feasibility of reintroducing the species to Chitwan 
National Park (CNP) (Duckworth et al. 2015a, b). Other 
species such as hog deer are not considered because of 
a distinctly lower density than that of spotted deer in the 
park (Adhikari and Thapa 2013). Lamichhane et al. (2020) 
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found blue bull evidence in the forest edge, semi-open 
habitat with dispersed forest patches, and agriculture 
land across the buffer zone, but not in grassland patches 
in the core area of the SNP. During the field survey, there 
was a presence of pellets of ungulates, such as hog deer, 
blue bull, barking deer, wild boar, etc., but only in a very 
few sample plots (8 sample plots, i.e., 8.3%), which were 
almost negligible and thus were not a focus for our study 
either. This study was conducted in the dry/winter sea-
son, a food-deficient season. During food deficient con-
ditions, there can be more overlap in the resource use 
among the wild herbivores and domestic cattle that 
results in competition (Voeten and Prins 1999). Thus, 
this study assessed the niche breadth regarding habitat 
use by the species, assessed the habitat overlap among 
wild and domestic herbivores, and explored whether the 
potential exists for direct interspecific competition.

Methods
Study area
This study was conducted in the SNP of Nepal, which 
lies in the far western part of the country and covers an 
area of 305   km2 with an additional buffer zone area of 
243   km2 (SNP 2017) (Fig.  1). Abandoned agricultural 

land accounts for 7.87% of the total, with forest account-
ing for 65.02%, grassland accounting for 16.10%, shrub 
land accounting for 3.76%, and water bodies accounting 
for 7.25% (NTNC 2017). The SNP possesses the largest 
patch of grassland in Nepal, covering an area of 54  km2, 
called the Shuklaphanta grassland. Most of the park area 
is covered with Shorea robusta forest. The major wild 
prey species of tiger in SNP are barking deer (Muntiacus 
vaginalis), blue bull (Boselaphus tragocamelus), hog deer 
(Axis porcinus), rhesus macaque (Macaca mulata), spot-
ted deer, swamp deer, and wild pig (Sus scrofa) (DNPWC 
2016; NTNC 2017; Sharma et al. 2020).

Field methods and data collection
In November, preliminary field surveys and discussions 
with key informants such as park staff and wardens 
were conducted to gain information about the different 
habitat types present in the SNP. During the prelimi-
nary field survey, GPS location points of different habitat 
types were taken and they were plotted in Google Earth 
Pro and ArcGIS to ensure the grid of 2 km × 2 km that 
could be laid out at that location. Habitat types were 
classified based on the various climax vegetation types 
present in an area (Pfister and Arno 1980). Data was 

Fig. 1 Study area (a) map showing Kanchanpur district in Nepal, (b) Shuklaphanta National Park core area and buffer zone in Kanchanpur district, 
(c) different land use-land cover types inside the park
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collected during the dry season (November 2018 to Feb-
ruary 2019). Field surveys were conducted between 10:00 
and 17:00 and the dry season was selected for the study, 
because the habitat overlap become maximum in the dry 
season/winter season due to scarce food resources (Arse-
nault and Owen-Smith 2002). A grid-based survey with a 
total of 96 sample plots in different habitat types such as 
open and closed Shorea robusta forest, short grassland, 
tall grassland, riverine forest, grassland in floodplains, 
and grassland after fire was assigned and surveyed with 
an approximately equal number of plots in each habitat 
type. Different habitat types are also listed in Table 1. In 
accordance with the main focused species in this study, 
96 sample plots and, correspondingly, spatial coverage by 
plots were assumed to be the most representative for col-
lecting our desired information. In addition, we assumed 
the occasional turnover of deer species in a negligible 
number of plots in this time frame of 2 months. The sam-
ple grids to be surveyed were fixed, and the grids were 
selected based on factors such as whether they represent 
all habitat types present in SNP, the presence of species 
under consideration, and accessibility. Besides, the sam-
ple grids were chosen so that there was no existing fenc-
ing measure embraced adjacent, which could directly 
influence our data and hence the results of research. The 
representation of all habitat types, the occurrence of 
focused species and accessibility were also reconfirmed 
through consultations with park staff, plotting the grids 
in Google Earth Pro and through ArcMap shapefiles of 
different habitat types provided by the national park 
office.

Evans (1979) found that quadrat sampling of fresh pel-
lets was one of the most effective methods for studying 
ungulate habitat preferences. With the help of ArcGIS, 
the park was divided into grids of 2 km × 2 km, each with 

four sub-grids, each with four sample plots, for a total 
of 16 plots (20 m × 20 m) in each grid. The size of each 
sub-grid was 200  m × 200  m and they were placed ran-
domly inside the grid but at least 1  km apart from one 
another. In each sub-grid, a square sample plots of size 
20 m × 20 m was allocated through systematic sampling 
and was equally spaced with 100 m of distance in between 
them (Fig.  2). The layout of the grids is also shown in 
Fig.  2f. Sample plots with GPS coordinates extracted 
from ArcGIS were located with the help of handheld GPS 
devices. On four consecutive days in December, all of the 
pellets and dung in each sample plot were removed using 
a clearance method (Putman 1984).

Jung and Kukka (2016) reported that the decay of pel-
lets is more rapid in drier territory than in wet territory 
due to their acquaintance with sunlight and wind, and 
also documented that the majority of the pellets fall off 
after the first growing season (4 months since the depo-
sition of the pellet). Taking these things into considera-
tion, direct field observation was done at a regular 15-day 
interval in the months of January and February to moni-
tor the cleared sample plots. A field period of 2 months 
was expected to be appropriate in tropical humid climatic 
regions, and taking more months could have caused loss 
of pellets due to factors, such as rain, wind, human tram-
pling, fire, etc. A group of three team members familiar 
with the wildlife species of the study area and with good 
knowledge of identifying pellets of different species were 
involved throughout the field survey. Only fresh pellets 
were thoroughly searched inside all the laid sample plots 
of size 20 m × 20 m, since all the old pellets were cleared 
previously. During the observations, pellets were identi-
fied and noted on the survey sheet.

No camera trapping or other sophisticated genetic 
analysis was used to gather the information on niche 

Table 1 Niche breadth

This table shows the number of plots in which the focused species signs were found in different habitats present in SNP and the calculated niche breath. Spotted deer 
had the highest niche breadth

Habitat types Number of plots in which species signs occurred

Spotted deer Swamp deer Domestic cattle

Closed Shorea forest 11 0 4

Open Shorea forest 13 1 9

Riverine forest 14 1 2

Short grassland 10 3 4

Tall grassland 13 4 0

Grassland after fire 8 12 0

Grassland in floodplains 7 2 5

Total 76 23 24

Levin’s Niche Breadth 6.65 3.02 4.05

Standardized Levin’s Niche breadth 0.94 0.33 0.50
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Fig. 2 Study design a map showing Kanchanpur district in Nepal, b Shuklaphanta National Park core area and buffer zone in Kanchanpur district, 
c Grids (▢) of 2 km × 2 km inside the Shuklaphanta National Park, d sub-grids of 200 m × 200 m inside the grid, e sample plots of 20 m × 20 m 
inside sub-grid, f Study design with base map extracted from the Google Earth
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dimensions (habitat use and space) as the pellet count 
method can also easily govern the areas used intensively 
by faunas (Julander 1958) and a similar method was used 
in several other studies (Bailey and Putman 1981; Putman 
1984; Hemami et al. 2005). Likewise, pellets of the differ-
ent species were distinguished from each other by their 
size and shape following Rivero et al. (2005) and also with 
the assistance of veteran local field assistants.

Data analysis
Based on the equation given below (Krebs 1999), Levin’s 
measure of niche breadth was calculated for all species 
under study:

 where B = Levin’s measure of niche breadth, B’ = Stand-
ardized niche breadth, pi = Proportion of individuals 
found in or using resource state i, n = number of possible 
resource state.

The percentage of cover overlap between species pairs 
or spatial overlap was determined by knowing the num-
ber of plots shared by species in the sample grids. Then 
Morisita’s index was used to determine the resource 
overlap between the pair of species, as described in Krebs 
(1999). The index values range from 0 to 1. “Zero” rep-
resents no overlap, whereas “one” represents maximum 
overlap. High overlap (0.80), moderate overlap (0.40–
0.80), and low overlap (0.40) were defined as the three 
levels of overlap (Jung et al. 2015):

where c = Morisita’s index of niche overlap between 
species j and k, pij = proportion resource i is of the total 
resources used by species j, pik = proportion resource i 
is of the total resources used by species k, nij = number 
of individuals of species j that use resource category i, 
nik = number of individuals of species k that use resource 
category i, Nj, Nk = total number of individuals of each 
species in the sample.
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∑
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Results
Seven habitat types were found in the SNP, including for-
est and grassland. They are closed Shorea forest, open 
Shorea forest, or Shorea savana, riverine forest, short 
grassland, tall grassland, grassland after fire, and flood-
plain grassland. Through the pellet counts from the grid-
based sampling during the dry season, Levin’s measure of 
niche breadth or adaptability showed that spotted deer 
had the highest adaptability with an index value of 0.94, 
followed by domestic cattle at 0.50, and swamp deer at 
0.33 in SNP (Table 1).

The co-occurrence of swamp deer and spotted deer 
was observed in 69.50% of plots in which the pres-
ence of swamp deer was recorded. The co-occurrence 
of domestic cattle and spotted deer was detected in 
28.90% of plots in which the presence of spotted deer was 
recorded. However, the co-occurrence of domestic cat-
tle and swamp deer in the sample plots was found to be 
negligible.

During the dry season, domestic cattle have a high 
Morisita’s index of overlap of 0.83 with spotted deer. 
Spotted deer have a moderate overlap index value of 
0.57 with swamp deer, whereas there is a low overlap 
index value for swamp deer with domestic cattle at 0.23 
(Table 2).

Interaction of domestic cattle with wild species is very 
high in Shorea robusta forest, while there is no interac-
tion in tall grassland and grassland after fire (Fig. 3).

Discussion
The biggest herd of swamp deer individuals on a global 
scale is supported by the SNP (Poudel 2007). However, 
at present, this species is restricted only to the SNP 
and BNP of Nepal, which has always been at the risk of 
extinction due to possible disturbances. Based on rel-
evant literature, we have regarded habitat as the major 
component of the ecological niche for our study (Schoe-
ner 1989; Chase and Leibold 2003). This study explored 
the possibility of interspecific competition of swamp 
deer with spotted deer and domestic herbivores in SNP 
through determination of niche breadth and overlap. 
From our study, we found that swamp deer mostly pre-
ferred the grassland formed after a fire, while their next 
choices were the tall grassland, short grassland, and 

Table 2 Morisita’s habitat overlap index for different species

Bold values just highlight the highest habitat overlap index among spotted deer 
and domestic cattle

Highest habitat overlap index (0.83) was found between domestic cattle and 
spotted deer

Species Spotted deer Swamp deer Domestic cattle

Spotted deer 1 0.57 0.83
Swamp deer 0.57 1 0.23

Domestic cattle 0.83 0.23 1
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grassland located in the floodplain. Its presence is very 
low in the riverine forest and the Shorea robusta forest. 
This study is similar to Wegge et al. (2006) as it reports 
more late successional grasses (Naranga and Themeda 
spp.) and short grasses (such as Imperata cylindrica) 
in the diet of swamp deer. In addition, Moe and Wegge 
(1997) found that cut-and-burned action enhanced the 
forage quality, resulting in higher deer density, as the deer 
preferred the burned plots. Similarly, a study conducted 
in Uttarakhand, India has also reported grasses and herbs 
as the major diet of swamp deer (Tewari 2013). For these 
reasons, deer were recorded within the grassland after 
the fire, where they got new growth of grass as well as the 
fiery remains, a source of minerals. They adapted to all 
types of grassland. The spotted deer did not show many 
differences in the use of different habitat types. This study 
found that spotted deer mostly occurred in riverine for-
est, followed by open Shorea forest, tall grassland, and 
closed Shorea forest. Spotted deer’s diet consists of both 
browse and grass, with the latter contributing much of 
their nutrition throughout the year (Kushwaha 2016). 
Despite being recognized as a chief grazer, it sometimes 
ingests fallen leaves, flowers, and fruits in the drier areas 
during the winter season (Sankar 1994; Sankar and Acha-
rya 2004; Raman 2013). It co-existed with the domestic 
species and was prevalent even near human disturbance 
areas. Domestic cattle were prevalent in grassland in the 
flood plain and open Shorea forest, followed by short 
grassland and riverine forest. Thus, there is a chance of 
competition between the swamp deer and spotted deer in 
tall grassland and short grassland. Similarly, there is the 
chance of competition between domestic cattle on short 
grassland and on flood plains.

Niche breadth is the evenness of the spread of indi-
viduals of particular species within the availability of 

resource conditions (Krebs 1999). This study calculated 
that Levin’s niche breadth was highest for the spotted 
deer, followed by domestic cattle and swamp deer. Thus, 
the swamp deer has low distribution among the resource 
states, but the spotted deer is uniformly distributed in 
forests and grasslands. The study was quite different 
from ours, and they found that spotted deer avoided the 
intense crown cover areas and detected their presence in 
the open forested sites. However, this discrepancy could 
be related to differences in vegetation types, since the 
extensive canopy cover in Pokharel and Storch (2016) 
was predominantly dominated by Anogeissus latifolia 
and Terminalia tomentosa, whereas the vegetation in this 
case is primarily Shorea robusta and Acacia catechu.

Morisita’s habitat overlap index found that there was 
high resource overlap between spotted deer and domes-
tic cattle and that for the spotted deer and swamp deer 
was moderate, while for swamp deer and domestic cattle 
it was low. Similar findings were observed in the dietary 
overlay of cattle and deer in the winter season as well as 
the occurrence of their competitive interactions (Jenks 
et  al. 1996). However, the spotted deer tries to separate 
from others by avoiding the mixed forest, anthropogenic 
disturbances, short grasslands, and predators’ pres-
ence, particularly during the summer season (Bhattarai 
2019). The forest and grassland periphery were the most 
frequently sighted ecotone areas for this deer species 
(Schaller 1967; Eisenberg 1981; Bagchi 2001).

Habitat partitioning is a common biological strategy 
for reducing niche overlap and avoiding competition 
among co-occurring species (Rosenzweig 1981; Traba 
et al. 2015). Swamp deer and spotted deer showed habitat 
partitioning during the dry season. The spotted deer seg-
regated from the short grassland and created a suitable 
environment for the swamp deer. Similarly, the spotted 

Fig. 3 Interaction of domestic cattle with wild species in different habitat types. Interaction of domestic cattle with wild species was very high in 
Shorea robusta forest
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deer creates proper conditions for the swamp deer by 
consuming the fallen leaves and flowers, though it is 
chiefly a grazer. The livestock and spotted deer habitat 
overlap more, and it can create a situation, where spot-
ted deer move to the habitat of swamp deer and create 
difficulties. Bhatta (2008) reported that swamp deer do 
not frequently visit the area grazed by livestock. Evi-
dence also suggests that livestock may compete for forage 
available in the area, and thus deer are forced to forage 
in areas, where vegetation with less nutritional quality is 
available (Crawford 1984). However, it should be taken 
into account that overlap of any or all of the niche dimen-
sions (food, habitat, time, and space) by any two species 
would not forcibly indicate that there is competition 
between those species; it would illustrate that there is an 
association or the likelihood of competition (Holt 1987; 
Prins and de Boer 1990). However, this study did not 
explore more about it, so more research on the intensity 
of competition is required. We just focused on overlap in 
our study, which will guide further research in the future. 
According to the field observations and key inform-
ant survey from the park authority, there is an increas-
ing trend of domestic cattle grazing inside the park area, 
so we predict that such conditions will accelerate more 
competition with the herbivore wild animals feeding on 
the same plant species.

Based on the information received from park staff 
and field visits, some of the efforts made by park people 
to minimize the problem of domestic cattle grazing are 
mesh wire fencing, electric fencing, intensive patrolling, 
community awareness, etc. Moreover, various habitat 
management operations are done in a few areas to reduce 
the effect of niche and habitat overlap, such as artificial 
grass cutting with tractors, waterholes with solar water 
pumps, controlled fires, etc. Likewise, grazing of domes-
tic cattle should be controlled, and the plant species uti-
lized by wild ungulates should be protected and increased 
to minimize the existing competition. However, detailed 
studies regarding the diet composition of these compet-
ing species in different seasons and other places are sug-
gested to get a clear understanding and information prior 
to implementing the management activities in the study 
area.

Conclusions
Our study showed the least niche breadth of swamp 
deer in comparison to spotted deer and domestic cat-
tle. This implies that swamp deer are habitat specialists, 
and they are especially vulnerable if habitat degrada-
tion and fragmentation continue in their preferred 
habitats. The existence of swamp deer was significant 

in the grasslands after the fire during the dry season. 
Thus, conservation strategies such as managing grass-
land with prescribed fire, artificial grass cutting by trac-
tors, enhancing connectivity among priority grassland 
habitat patches, etc., should be implemented to sustain 
such an endemic population of swamp deer in the study 
area. Besides, although there was little overlap between 
swamp deer and domestic cattle, the domestic cattle 
and swamp deer had the highest and moderate overlap 
with spotted deer, respectively, which suggests that the 
grazing of domestic cattle should be strictly controlled 
to minimize possible competition with wild ungulates. 
In addition, further studies are recommended to access 
the niche breadth using more sophisticated techniques, 
such as genetic analysis, radio-telemetry, etc.
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