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Abstract Foraging ecology of the globally endangered Nilgiri Wood Pigeon (Columba elphin-
stonii) was investigated in the Western Ghats, India, using faecal sampling and direct observations.
The birds fed on fruits of 39 plant species, on seeds of 11 species, flowers and leaf buds of four
species and a few ground invertebrates. Direct observations across seasons showed nine plant
species were selected more often (47% of observations), with fruits of the members of the family
Lauraceae the most preferred. Gleaning accounted for 76% of feeding methods throughout the
year. Feeding was mainly from twigs at the edges on the upper and middle canopy (> 6 m). Fre-
quency of feeding on fruits correlated significantly with fruit abundance, which depended on
rainfall. The present study indicates that the pigeon requires a wide variety of diets from different
forest environments. Conservation of this species depends on preserving all habitat types required
to meet their resource needs throughout the year.
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I ntroduction

Columbids are the fundamental agents in the regen-
eration of non-wooded areas and are among the most
important agents in the colonization and building of
wooded habitats in tropical forests. There are 318
species of pigeons and doves found in the world,
divided into 42 genera (Gibbs et al., 2001). Of the
318 species of columbid, 13 are already extinct and
59 (19%) are categorized as Threatened and a further
40 (13%) as Near Threatened (BirdLife International,
2008). Overall, nearly one third of extant columbids
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face, to some degree, a threat of extinction. In Asia,
two species, i.e., the Silvery Wood-Pigeon (Columba
argentin) and the Negros Fruit Dove (Ptilinopus
arcanus) disappeared during the last decade. Both
were frugivores and forest dwellers. Virtually all
threatened pigeons and doves that are confined to the
tropics, are dependent on forests and have restricted
ranges with over three-quarters inhabiting the tropi-
cal forests of Asia, Australasia and Oceania (Gibbs
et al., 2001). In India, 29 species of columbids are
found, of which three are listed as Threatened. In the
Western Ghats, 12 species are reported, of which
one, the Nilgiri Wood Pigeon (Columba elphin-
stonii), is endemic and also Threatened (Ali and
Ripley, 1987; BirdLife International, 2001).
Information on the basic ecology of most Colum-
bidae families in the tropics is very limited, espe-
cially on food and feeding (Recher and Date, 1988).
In India, no such studies have been conducted for
columbids. Food is often considered to be the most
important factor affecting the production of off-
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spring (Lack, 1968; Martin, 1987). The relationship
between bird and food abundance has been relatively
well studied in the tropics, particularly in frugivores
(Levey, 1988; Loiselle and Blake, 1991). Most
tropical rain forest trees produce fruits that are con-
sumed by animals and rely on frugivores for their
seed dispersal (Frankie et al., 1974; Howe, 1986).
Concomitantly, a large proportion of the vertebrates
in tropical forests are frugivorous (Terborgh, 1986a,
1986b). Food is the major factor determining habitat
use (Kwit et al., 2004). However, food shortages can
act globally by limiting population levels and the
reproductive success of a number of tropical birds (e.g.
Martin, 1987; Thiollay, 1989; Robinet et al., 2003).

Phenological patterns can be described as periodic
variations in the flowering and fruiting patterns of a
species. It can be defined as variations in a) the
number of species in flower or fruit, b) the propor-
tion of plants bearing flowers or fruits and c) the
abundance of flowers or fruits over time (Blake et al.,
1990). Monitoring plant phenology is imperative for
the description of temporal variation in resource
availability for frugivores. Since the Nilgiri Wood
Pigeon is a frugivorous bird, information on the pat-
tern of availability of fruit resources would give a
better insight into the response of this species to
phenological changes and the vagaries of food
abundance.

In the case of the Nilgiri Wood Pigeon an endemic,
globally endangered species of the Western Ghats
(BirdLife International, 2008), no detailed informa-
tion about the food and feeding habits is available
for evolving a long-term conservation program.
However, stomach contents of the Nilgiri Wood Pi-
geon showed fruits, mainly from Randia dumetorum,
and snails (Ali and Ripley, 1987). Hence the present
study deals with the foraging ecology of the Nilgiri
Wood Pigeon in relation to food availability, which
should assist in better management for this globally
threatened species.

Study area

The study was conducted in a 20-ha plot, from April
2002 to May 2004, in the wet montane temperate
(Shola) forests at Kukkal in the Palni hills (10°1'—
10°26'N; 77°14'-77°52'E), a range of hills in the
Western Ghats, Tamil Nadu (Fig. 1). The Palni hills
consist of two well marked topographic divisions,
i.e., the Upper and Lower Palnis. The Upper Palnis,
with elevations ranging between 1500 and 2450 m,
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Fig. 1 Map of the Palni Hills with the location of Kukkal
shola (scale 1:250000)

have a moderate climate with mean temperatures of
12 to 23°C in summer and 8.3 to 17.3°C in winter.
This area is subject to high winds (Rawat et al.,
2003). The annual rainfall averages 1650 mm. The
vegetation is predominantly of the wet montane
temperate forest type or Shola (Champion and Seth,
1968). The profile of the forest is stunted forests
with a canopy height of approximately 15m
(Ramesh and Pascal, 1998). Common plants include
species of Syzygium, Ternstroemia, Sideroxylon,
Meliosma, Elaeocarpus, Symplocos, Eurya, Litsea
and Rhododendron. The forest has adjacent agricul-
tural fields and exotic plantations of Acacia, Euca-
lyptus and Pinus species (Mathew, 1996). A total of
83 species of birds was recorded from the Kodai-
kanal area, which has a variety of habitats (Soma-
sundaram and Vijayan, 2004) of which seven are
endemic (Inskipp et al., 1996; Grimmett et al., 1998;
Somasundaram and Vijayan, 2008).

M ethods

Foraging ecology of the Nilgiri Wood Pigeon was
studied by both direct and faecal sampling methods.
In the direct method, birds were observed by using a
focal animal sampling or scan sampling method
(Altmann, 1974), where the availability of food was
assessed by direct observation (Blake et al., 1990).
To confirm the direct observation, faecal sampling
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method was adopted as suggested by Ralph et al.
(1985) and Oliveira et al. (2002). In the faecal sam-
pling method, faecal pellets were collected in the
resting, roosting and nesting places and were exam-
ined.

Direct method

Foraging activity was recorded throughout the day
every five minutes with one minute interval to cover
four full days in a month for an average of 50 hours
of observations per month. Whenever a foraging bird
was observed, only one foraging record (initial re-
cord) was made for any individual encountered
(MacNally, 1994) and maximum effort was taken to
avoid repeated sampling of the same individual. This
was continued till the bird was visible. During each
foraging observation, the following details were re-
corded: 1) foraging method, 2) foraging substrate, 3)
foraging height and 4) other behavior, if any.

We recognized two major foraging methods: 1)
gleaning and 2) leaping. Gleaning consists of pick-
ing food items from nearby substrates, including the
ground, which can be reached without full extension
of legs or neck; no acrobatic movements are in-
volved. Leaping means launching into the air to
reach a food item too far for a “reach, “but too close
for a “sally”. This differs from “sally” in that the
upward thrust seems to come mostly from leg move-
ments rather than wing movements. Other methods
include less frequently used manoeuvres such as
“sally” and “hang down”.

The location of the food items taken by the birds
was considered as a foraging substrate and was fur-
ther classified into: 1) trunk/main branches, with
trunk and main branches of the tree supporting the
canopy; this area consists largely of many epiphytes;
2) twigs, i.e., small branches < 3 cm in diameter to
which leaves were attached and 3) ground, which
includes the forest floor. The foraging location of the
birds was divided into eight height classes based on
vegetation strata, i.e., 0 m (ground), 0-2 m, 2.1-4 m
(shrubs), 4.1-6 m, 6.1-8 m (sub-canopy), 8.1-10 m,
10.1-12 m (canopy) and > 12 m (above canopy).
Markings indicating the height classes were made on
trees for reference.

Feeding behavior recorded included species of
tree where feeding occurred, features and size of the
fruits, number of fruits ingested, duration of visit,
number of birds feeding at the time and percentage
of fruit cover on the particular tree.

Availability of food

In order to investigate the availability of food
sources in the study area, phenology of the food
plants and fruiting rates of the trees were studied in a
6-ha plot. Trees used by the Nilgiri Wood Pigeon
were recorded from the first six months of
observations. They accounted for 23 species, of
which 10 individuals from each were selected and
phenological events recorded every fortnight, fol-
lowing Frankie et al. (1974), Guy et al. (1979),
Wheelwright (1988) and Maheswaran (2002). The
phenological events were divided into vegetative and
reproductive phases. Assigning values ranging from
0-100% for each phase, an approximate proportion of
flowers, fruits and young leaves were recorded (Prasad
and Hegde, 1986). Fruits were classified as ripe or
unripe (Guy et al., 1979).

Faecal sampling

Faecal samples of the Nilgiri Wood Pigeon were col-
lected mainly from nesting and feeding sites. Plant
food items were often unidentifiable macroscopi-
cally, so microhistological methods were used based
on plant epidermal resistance to herbivore digestion
(Chapus, 1979). Prior to analysis, every faecal sam-
ple was mixed in water and cleaned by the addition
of two drops of sodium hydrochloride. From this
mixture a few drops were placed on a glass slide and
viewed under the microscope. Epidermal tissues
were identified by comparison with a reference col-
lection of leaves, flowers, fruits and seeds of domi-
nant trees and shrubs of the Kukkal shola.

Statistical analysis

Analysis of variance (ANOVA) was used to com-
pare foraging methods of the Nilgiri Wood Pigeon in
different seasons and Student’s t tests were per-
formed to discover the significance in the differences
of foraging heights of the Nilgiri Wood Pigeon. Re-
gression analysis was employed to determine the
relationship between fruiting phenology and envi-
ronmental factors. Niche breadth of Nilgiri Wood
Pigeon on each foraging dimension such as height,
method and substrate was calculated using the
Shannon-Wiener index (Shannon and Wiener, 1949).
H' = - pinp; (where H' = diversity and p; = the pro-
portion of observation in subset i) as carried out by
Recher (1985). These values were then converted to
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a standardized range using the formula: J =H'"/
Hiax (Where J = niche breadth or specialization and
Hmax = the H' value obtained when the observations
were distributed equally across all subsets of the
foraging dimension). J' values range between one
and zero, with foraging specialization increasing as
J falls. It was used as an index of foraging speciali-
zation by Crome (1978) and Gokula and Vijayan
(2000).

Results
Food

In all, 1520 foraging observations were made during
the two-year study. The Nilgiri Wood Pigeon is pri-
marily a frugivore, even though it feeds on leaf buds,
flowers, ground invertebrates such as snails and co-
leopteran grubs and soil. The food of the Nilgiri
Wood Pigeon include 39 species (Fig. 2; Appendix 1)
belonging to 19 families of plants with fruits and
flowers, leaf buds (four species) and three taxa of
ground invertebrates. More than 47% of the food di-
gested came from only nine species during all of the
seasons and a few were common both in pre-breeding
and breeding seasons. Lauraceae contributed the
maximum number of species, i.e., 13. Myrsinaceae,
Myrtaceae, Rosaceae and Rubiaceae contributed
equally, three species each, while 14 species from
other families were also used occasionally.

Direct method

Based on direct feeding observations, more than
70% of food intake of the Nilgiri Wood Pigeon con-
sisted of fruits, followed by soil, invertebrates and
buds (Fig. 3). Fruit was the major food in all the
seasons. Apart from the fruits, they were found feed-
ing on soil during summer and on soil and flower
buds during winter. Invertebrates were also con-
sumed in sizable quantities during the monsoons
(Table 1). Food composition was checked between
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seasons within a year and between the same seasons
in the following year. It shows that there was no
significant difference (F = 0.5, 0.8; p=0.50).

Foraging pattern of the Nilgiri Wood Pigeon

The Nilgiri Wood Pigeon started foraging from
05:00 hour and continued up to 18:00 hour with a
major peak during the forenoon and sub-peak in the
afternoon (Fig. 4). The major peak was between
08:00 and 08:59 hours in all seasons, except in the
winter and the sub-peak occurred during the evening
between 17:00-17:59 hours. In all the seasons,
feeding was low or absent in the afternoon. In the
north-east monsoon and winter, the peak was ob-
served a little later based on environmental condi-
tions. In summer, active feeding was observed after
even 18:30 hour.
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Fig. 2 Food species and frequency of feeding of the
Nilgiri Wood Pigeon
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Fig. 3 Food composition of the Nilgiri Wood Pigeon

Table1l Seasonal variation (%) in the diet of the Nilgiri Wood Pigeon

Food item Summer South-west monsoon North-east monsoon Winter Total/means
Fruit 71.5 72.5 70.0 70.0 71.0
Flower buds 4.5 1.5 7.0 12.5 6.4
Invertebrates 9.0 18.5 14.5 3.5 114
Soil 15.0 7.5 8.5 14.0 11.3
Total No. of observations 350 430 361 379 1520
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Fig. 4 Foraging patterns of the Nilgiri Wood Pigeon in
various seasons

Foraging height or vertical strata

Vertical foraging locations of the Nilgiri Wood Pi-
geon were categorized into 12 levels (Fig. 5). Pre-
dominantly the middle and upper canopy height
classes were used, with shrubs and sub-canopy the
least. Maximum foraging took place in the upper
canopy from 6 to 10 m and above (Fig. 5). The over-
all mean height utilized by the Nilgiri Wood Pigeon
was 4.0842.71 m. The ANOVA showed that forag-
ing height of the Nilgiri Wood Pigeon varied sig-
nificantly between the seasons (F=15.85 p<
0.001).

Foraging substrate

The Nilgiri Wood Pigeon is basically a canopy
frugivore. However, occasionally, flocks of birds
came, settled on the ground and started feeding on
the fallen fruits, snails and soil. The major feeding
site was twigs (64.95%) followed by the ground
(27.85%) (Fig. 6). Foraging on the ground was maxi-
mum during the winter followed by the south-west
monsoon. However, the level of use was not signifi-
cantly different among the seasons (ANOVA; F =
2.95, p > 0.05). There was no record of feeding at
the main branches and trunks, since most of the
feeding occurred at the twigs where a large number
of fruits were available.

Foraging method

The Nilgiri Wood Pigeon used largely two foraging
methods, i.e., gleaning and leaping. The former was
more common, with frequencies varying from 68%
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Fig. 5 Foraging height classes of the Nilgiri Wood Pigeon
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Fig. 6 Substrate utilization by the Nilgiri Wood Pigeon

in the winter to 84% during the south-west monsoon
(Fig. 7). No significant difference was observed be-
tween the seasons within the year and between the
years.

Niche breadth

Niche breadth of the Nilgiri Wood Pigeon was cal-
culated based on three dimensions, i.e., foraging
substrate, method and height. The Nilgiri Wood Pi-
geon is more specialized in foraging method (0.19),
followed by substrate (0.30). The mean value of J' in
the three dimensions was 0.42. J' values range be-
tween one and zero, with foraging specialization
increasing as the J' value falls.

Faecal sampling

One hundred and thirty four faecal samples of the
Nilgiri Wood Pigeon were collected and analyzed
during the two-year study. Of these, 30 samples con-
tained only soil particles, 95 contained only seeds and
the remaining plant matter such as tender shoots and
flower buds and, as well, snail shells, while 11 spe-
cies of seeds were identified from the faecal samples.
The largest number of samples (17) contained seeds
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Fig. 7 Frequency of foraging methods of the Nilgiri Wood Pigeon in various seasons

of Viburnum cylindricum, followed by Illex wightiana
(12), Casearia zeylanica, Olea paniculata, Beil-
schmiedia wightii and Daphniphyllum neilgherrense
(Table 2). Seeds found intact in the faecal pellets
were considered to be fit for dispersal (Table 2).
Fruits were identified by seeds as well as by epicarp
or skin, present in faecal matter. Seeds up to 35 mm
in size were intact and hence dispersible, whereas
those of 50 to 125 mm were slightly damaged and
hence, considered non-dispersible.

Fruiting phenology of food plants

The phenology of 39 tree species was observed dur-
ing the two-year field study from April 2002 to May
2004. Fruiting was at a peak in July 2003 and least

Table2 Food species of the Nilgiri Wood Pigeon identified
from faecal samples

Species Occurrence  Dispersible
(%) (%)
Viburnum cylindricum 17.89 25
llex wightiana 12.63 100
Casearia zeylanica 9.47 0
Olea paniculata 11.58 0
Daphniphyllum neilgherrense 9.47 0
Ficus drupacea 8.42 100
Beilschmiedia wightii 6.32 25
Syzygium densiflorum 5.26 0
Syzygium lanceolatum 9.47 0
Syzygium tamilnadensis 5.26 0
Maesa indica 4.21 75

in June 2002 (Fig. 8). During the peak period, fruits
of 85 individual trees of six species were consumed
by the Nilgiri Wood Pigeon. Syzygium tamilnadensis,
[lex wightiana and Beilschmiedia wightii fruited
only once during the two years of study. In August,
only Trichillia connoroides were in fruit, whereas in
December only Olea paniculata and Maesa indica
had fruits, and Maesa indica contributed only 10%
of the total fruit production. The number of fruiting
species appeared to have no correlation with rainfall
(r =0.26, p =0.2) while fruit abundance did show a
correlation (r = 0.40, p < 0.05). Out of the 23 species,
fruits of only eight species were mostly consumed in
different seasons.

Factor s affecting fruiting phenology

The peak fruit abundance had a significant correla-
tion with rainfall (r =0.40, p<0.05), while there
was no correlation between fruit abundance and the
number of species in fruit (r =0.22, p=0.2), fruit
abundance and the number of rainy days (r = 0.16, p
=0.44). The maximum number of species was in
fruit only when the number of rainy days was less
than six. Total fruit production did not correlate with
the monthly mean maximum temperature, while the
number of species in fruit was significantly corre-
lated (r = 0.39, p < 0.05). Minimum temperature and
number of species fruiting also showed a similar
trend (r =0.58, p<0.01). Total fruit production and
relative humidity were not correlated, whereas the
number of species in fruit was significantly corre-
lated with humidity (r = 0.32, p=0.05).
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Fig. 8 Fruiting patterns of tree species in the Upper Palni Hills from April 2002 to May 2004

Discussion
Foraging ecology of the Nilgiri Wood Pigeon

The Nilgiri Wood Pigeon is largely a frugivorous
bird, with its animal component (invertebrates) in

the diet small enough to be neglected in our analyses.

It used 34 species of plants for fruits, buds and
flowers and three taxa of invertebrates. Such diverse
diet has been reported in various species of pigeons
(Neff, 1947; Crome, 1975a; McEwen, 1978; Zino
and Zino, 1986; Snow and Snow, 1988; Pearson and
Climo, 1993; Bancroft and Bowman, 1994; Brooke
and Jones, 1995; Oliveira and Jones, 1995; Powlesland
et al.,, 1997, Hernandez et al., 1999; Martin et al.,
2000; Oliveira et al., 2002).

Direct observation of feeding, widely used to as-
sess pigeon diets elsewhere (Snow and Snow, 1988;
Rosenberg and Cooper, 1990; Oliveira et al., 2002),
showed that the diet of the Nilgiri Wood Pigeon
contained principally fruits while other items were
less frequent as secondary diet, observed in several
tropical frugivores (Kannan and James, 1999). Re-
cent studies on the nutritional value of fruits and
frugivoros birds indicate that most of the birds are
unable to subsist on an exclusive diet of fruits

(Herrera, 1984), since fruits have low protein content.

Hence, the frugivores were moving on to mixed diet
with invertebrates (Levey and Karasov, 1992). The
proportion of invertebrate diet may vary depending
upon the energy requirements of a species, such as
breeding and moulting (Kannan and James, 1999).
In summer, most of the rain forest birds start breed-
ing and once the breeding is over they undergo

moulting and hence, during this period they need
protein-rich food such as invertebrates. The behavior
of the Nilgiri Wood Pigeon is the same. Pigeon diets
contain soil and grit (Griminger, 1983; Ali and
Ripely, 1987; Jarvis and Passmore, 1992; Sanders
and Jarvis, 2000; Dhondt and Hochachka, 2001).
Frequency of feeding on soil was high in the breed-
ing season, when they require more calcium for
eggshell and crop milk production (March and
Sadleir, 1975; Griminger, 1983; Sanders and Jarvis,
2000). The present observations on the diet of the
Nilgiri Wood Pigeon confirm earlier findings on the
pigeons. Nutrient intake would be better balanced if
the birds were to feed on several fruit species, rather
than on a single species, since a mixed diet increases
the possibility of extracting specific nutrients (Jor-
dano, 1992).

The vertical feeding strata varied according to the
abundance of fruit. However, the Nilgiri Wood Pi-
geon prefers the upper canopy as do the rain forest
pigeons of Australia (Crome, 1975a, 1975b). The
Nilgiri Wood Pigeon fed mostly on the edges of the
tree canopy mainly because of the availability of
fruits and foliage cover to avoid predators. It should
be mentioned that tropical forest trees contain fruits
along their small axes (twigs). During food scarcity,
flocks of birds feed on wind fallen fruits and snails
as noted by Ali and Ripely (1987). Apart from this,
the ground stratum was used to feed on invertebrates
or soil to compensate nutritional and calcium re-
quirements during the breeding season. This is espe-
cially true for the development of the gonad, the egg
shell (Kannan and James, 1999) and the production
of crop milk in pigeons (March and Sadleir, 1975;
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Griminger, 1983; Sanders and Jarvis 2000).

The foraging method used is important in deter-
mining the size of the food consumed (Remsen and
Robinson, 1990). As in many other tropical bird
species, the Nilgiri Wood Pigeon prefers the glean-
ing method for foraging (Innis, 1989; Recher et al.,
1995). Ford et al. (1986) found that more than 50%
of bird species in Australia used gleaning as the
predominant method, since it involves the least en-
ergy expenditure (Moermond and Denslow, 1983;
Remsen and Parkerii, 1984).

Faecal analysis, a more reliable evidence of food
consumption (McEwen, 1978), shows that the
Nilgiri Wood Pigeon feeds on fruits of different
sizes, leaf buds, flowers, snails, coleopteran grubs
and soil. Eighty five samples showed that the Nilgiri
Wood Pigeon acted as a seed predator for many
plants, since the seeds were crushed. A sizeable
number of intact seeds were also obtained, suggest-
ing that they also act as a disperser for a large num-
ber of plant species. The pigeon has a muscular giz-
zard adapted for grinding food and a long narrow gut,
unlike some genera (example; Ptilinopus, and Du-
cula; Goodwin, 1983). However, in the pellets of the
Nilgiri Wood Pigeon, intact seeds were noticed as in
the pellets of the Maderia Laurel Pigeon (Columba
trocaz) (Oliveira et al., 2002).

Plant phenology

Plant phenological studies are fundamental to under-
stand the forest as a resource base for dependent
species, populations and communities. Tropical
plant communities display conspicuous seasonal pat-
terns in vegetative and reproductive phenophases at
both community and species levels (Williams-Linera,
2003). Hence, we emphasized phenological studies at
Kukkal. Ripe fruits were present the year round with
a peak in July in both years, after the onset of the
south-west monsoon. Similar patterns were reported
in many tropical forests (Sun et al., 1997; Kannan
and James, 1999; Griz and Machado, 2001; Kimura
et al., 2001; Bleher et al., 2003; Sundarapandian et
al., 2005). After the heavy rains, the number of spe-
cies fruiting decreased, hence also total fruit produc-
tion. In the drier months, fruit abundance was mainly
due to Olea paniculata and Daphniphyllum neil-
gherrense, which served as keystone species for the
Nilgiri Wood Pigeon. Rainfall had a significantly
positive correlation with fruiting at Kukkal, as also
reported for several other tropical forests (Murali
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and Sukumar, 1993; Kannan and James, 1999; Sunda-
rapandian et al., 2005). The total monthly rainfall
and the number of rainy days, when considered to-
gether, was only weakly correlated with the number
of species fruiting, whereas total fruit production
was significantly correlated. In the case of dry for-
ests, total rainfall and number of rainy days stimu-
lated fruiting (Murali and Sukumar, 1993; Sundara-
pandian et al., 2005), whereas in the case of wet,
montane temperate forests, as in Kukkal, fruiting
was close to the onset of rainfall or at the onset of an
early rainy season (Sun et al., 1997, Griz and
Machado, 2001; Kimura et al., 2001). These phe-
nomena serve to enhance dispersal, escape predation
and avoid pathogen infection (Prasad and Hegde,
1986; Sundarapandian et al., 2005).

The total number of species in fruit at Kukkal was
significantly correlated with both maximum and
minimum temperatures. However, in the wet ever-
green forests of the southern Western Ghats, this
number was only correlated with minimum tempera-
ture (Ganesh et al., 1996). The number of species in
fruit was significantly correlated with relative hu-
midity. But total fruit production had only a weak
correlation with relative humidity as in the evergreen
forests in the southern Western Ghats (Ganesh et al.,
1996).

A universal tendency for tropical forests to fluctu-
ate seasonally in fruit production with abundance
peaks and periods of scarcity has been established in
South-east Asia (Leighton and Leighton, 1983; Kan-
nan and James, 1999; Maheswaran, 2002). Fruiting
plants that provide a critical resource for frugivores
during periods of scarcity are called keystone plant
resources (Leighton and Leighton, 1983; Terborgh,
1986a, 1986b). They are of great ecological impor-
tance, because they appear to establish the carrying
capacity of the frugivores (Terborgh, 1986a, 1986b).
In most tropical forests, the Moraceae family, Ficus
spp., act as keystone species (Kannan and James,
1999; Maheswaran, 2002), whereas in the montane
forest only a single species of Ficus (Ficus dru-
pacea), was present and its fruiting did not coincide
with the lean season. In the montane shola forest, its
place is taken by Olea paniculata (Oleaceae) and
Trichillia connoroides (Meliaceae), which act as
keystone species. Meliaceae was identified as a key-
stone resource for hornbills in the lowland rainfor-
ests of Borneo (Leighton and Leighton, 1983; White,
1994). Lauraceac and Daphniphyllaceae are plant
families with lipid-rich fruits. These species act as an
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important source of food during the breeding season
for various frugivores in India (Kannan and James,
1999; Maheswaran, 2002). In most of the Lauraceae
family, fruiting was observed from April to June,
which coincided with the breeding of birds
(Powlesland et al., 1997). Frugivores that rely on
these keystone resources may be vulnerable to
changes in fruit supply resulting from the effects of
climatic change on plant phenology (Corlett and
LaFrankie, 1999), increased deforestation and frag-
mentation (Bleher et al., 2003).

Frugivorous birds move and migrate, tracking fruit
sources (Leighton and Leighton, 1983; van Schaik et
al., 1993). In temperate regions, migratory frugivo-
rous birds which have finished breeding in the north
arrive when fruits are abundant (Herrera, 1984). In
subtropical and tropical regions, where most of the
temperate migrants overwinter, fruiting occurs dur-
ing this period. However, these migrants also move
locally, tracking food sources (Loiselle and Blake,
1991). Local movement of resident frugivorous birds
within their habitats has already been mentioned
(Leighton and Leighton, 1983; Loiselle and Blake,
1991; van Schaik et al., 1993), although the destina-
tions, seasonality and periodicity have not been
clarified for the most part. In South-east Asia, tropi-
cal montane areas have been observed as destina-
tions for migratory frugivorous birds (Corlett, 1998).
Leighton and Leighton (1983) reported that the
number of inhabiting hornbills and pigeons de-
creased with decreasing numbers of fruiting species
in a lowland forest of Borneo. They suggested mon-
tane regions as one of the destinations of the disap-
pearing birds. During the prolonged periods of dry-
ness and food scarcity, Columbiforms might easily
disperse to neighboring forests in the ecotone of the
dry and moist zones (Rivera-Milan, 1992). Wells
(1985) noted that in the Greater Sunda region,
frugivorous birds including temperate migrants, of-
ten flocked to montane regions and suggested that
fruit resource conditions might be more favorable in
montane regions. However, we know of no reliable
study associating seasonal changes in fruiting condi-
tions with seasonal dynamics of frugivorous birds in
montane regions of South-east Asia (Corlett, 1998).

The resource use pattern suggests that the Nilgiri
Wood Pigeon, which lives in a limited area and
habitat, are flexible and exploit each food resource
as available. This flexibility in diet is demonstrated
by the strong seasonal changes in niche breadth. The
optimal foraging theory predicts “less energy spent

with maximum gain” (Goldstein, 1990). Hence, se-
lection of foraging method is important for long-term
survival of any species. Niche breadth of the Nilgiri
Wood Pigeon narrows with their diets in response to
high availability of fruits and they broaden their diet
to include other plant parts when fruits are scarce.
These observations suggests that the diet of the
Nilgiri Wood Pigeon is quite flexible, adapted to
exploit the available resources as in the Maderia
Laurel Pigeon (Oliveira et al., 2002). Such evolu-
tionary adaptations make the species more success-
ful, although it is a habitat specialist. This flexibility
is shown within their given restricted habitat.

During low fruit abundance in the study area, the
Nilgiri Wood Pigeon moved to other areas where
fruits were abundant (personal observation). Fre-
quency of their sightings was significantly correlated
with fruit abundance. Fruit eating birds generally
have to deal with strong spatio-temporal patterns that
will affect the way they use their habitat (Herrera,
1984), while suitable changes in resources such as
berry density may promote changes in habitat use
(Cody, 1985). Seasonal patterns were observed in
the diet of Maderia Laurel Pigeon; when total abun-
dance of fruits in the forest decreased, birds shifted
from trees to the ground and shrub layers (Oliveira et
al., 2002). Innis (1989) showed that foraging habits
of pigeons in subtropical forests in Australia were
largely opportunistic; the birds used whatever fruits
were available. Crome (1975b) identified the same
pattern for several Australian columbid species.
Usually, the Nilgiri Wood Pigeon forages in flocks,
varying from 6 to 24 individuals and sometimes as
many as 45. Such flocking for feeding has also been
reported in other tropical pigeons (Recher and Date,
1988), since flocking may reduce predators.

The findings of the present study on the Nilgiri
Wood Pigeon provide an understanding of the rela-
tionship between this endemic, threatened species
and its relict forest habitat. Conservation of the spe-
cies depends on preserving all habitat types, required
to meet their resource needs throughout the year.
Habitat loss and degradation are the major threats to
this species. Moreover, the knowledge emanated
from the study that pigeons use many flowering
plants which occur more abundantly on the edges of
the forest can be used to redefine the conservation
value of these areas. Illegal hunting and lack of
awareness of this species are other threats to the spe-
cies as in other pigeons (Crome, 1975b; Oliveira et
al., 2002).
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Appendix 1 Food plants of the Nilgiri Wood Pigeon in the
Western Ghats

Species Family

Psychotria nilgiriensis var. astephana (Hook. Rubiaceae
f.) Deb & Gang.

Maesa indica (Roxb.) DC. Myrsinaceae

Phoebe paniculata Nees. Lauraceae

Neolitsea cassia (L.) Kosterm. Lauraceae

Lasianthus acuminatus Wight. Rubiaceae

Beilschmiedia wightii (Nees) Benth. ex Hook. f. Lauraceae

Turpinia nepalensis Wall. & Wight & Arn.

Symplocos cochinchinensis (Lour.) Moore
subsp. laurina (Retz.)

Viburnum cylindricum Buch.-Ham. ex D. Don

Staphyleaceae

Symplocaceae

Caprifoliaceae

Daphniphyllum neilgherrense Thw. Euphor-
biaceae
Vaccinium neilgherrense Wight. Vacciniaceae
Casearia zeylanica Thwaites Flacourtiaceae
Ardisia rhomboidea Wight. Myrsinaceae
Olea paniculata R. Br. Oleaceae
Syzygium densiflorum Wall. ex Wight & Arn. Myrtaceae
Myrsine wightiana (Wall. ex DC) Myrsinaceae

Syzygium tamilnadensis Rathakr. & Chithra nom. Myrtaceae

Litsea glabrata (Wall. ex Nees) Hook. f. Lauraceae
Eurya nitida Korth. Theaceae
Neolitsea scrobiculata (Meisner) Gamble. Lauraceae
Cassine paniculata (Wight & Armn.) Lobr.-Callen Celastraceae
Mahonia leschenaultii (Wall. ex Wight & Arn) Berberidaceae
Cinnamomum perrottetii Meisner Lauraceae
Litsea wightiana (Nees) Hook. f. Lauraceae
Trichilia connaroides (Wight & Arn.) Bent =~ Meliaceae
var. connaroides
Neolitsea fischeri Gamble. Lauraceae
Rubus ellipticus Smith. Rosaceae
Cinnamomum malabatrum (Burm. F.) Blume Lauraceae
Cinnamomum wightii Meisner Lauraceae
Coffea arabicaL. Rubiaceae
continued
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Appendix 1 (continued)

Cryptocarya bourdillonii Gamble Lauraceae
Cryptocarya neilgherrensis Meisner Lauraceae
Litsea floribunda (Blume) Gamble Lauraceae
Photinia integrifolia Lindl. var. Rosaceae
sub-lanceolata Migq.
Syzygium lanceolatum (Lam.) Wight & Arn.  Myrtaceae
Elaeocarpus glandul osus Wall. Elaeocar-
paceae
Ficus drupacea Thunb. Moraceae
Rubus racemosus Roxb. Rosaceae
Ilex wightiana Aquifoliaceae
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