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3. STUDY AREA

The study on the wintering Phylloscopus warblers was carried out in
Simbalbara Wildlife Sanctuary (SWLS) and adjoining Reserve Forests in the Poanta
Forest Division (Fig. 1). This area is a representative of the lower Shiwalik. The flora,
fauna and physical features show affinities to Western Himalaya, Punjab Plains and
Upper Gangetic plains. It occurs in the biogeographic province 4A (Rodgers &
Panwar 1988). The Sanctuary was notified as a Game Sanctuary for the first time on 8
February, 1958, under the Indian Forest Act 1927, the Punjal? Wild Birds and Wild
Animal Protection Act 1933, and other relevant acts. Prior to its notification,
Simbalbara was a hunting preserve of the former Maharajah of Sirmaur (Singh et al.
1990). A revised notification was issued in 1972, and the Sanctuary was renotified on

27 March, 1974.

3.1  Physical features

SWLS (30°24°21°°-30°28°13°’N and 77°18”-77°31°26”E) is located in the
Poanta Valley and covers an area of 19.03 sq. km. The altitudinal range is from 400 m
to 660 m above msl (Singh et al. 1990). The hills are composed of unconsolidated

sandstone and conglomerate that are extremely prone to erosion.

3.2 Climate

The temperature ranges from 10°C to 46°C with a mean annual rainfall of
1260 mm (Singh et al. 1990). Most of the precipitation in this area occurs during
southwest monsoon. Additionally, occasional winter rains also occur due to the

western disturbance. Frost sometimes occurs during December and January.
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3.3  Vegetation

These forests are considered the western limit of Sal (Shorea robusta) in India.
The forests of SWLS can be described as Moist Sal-bearing forests (3C/C2) according
to Champion & Seth (1968). The common species in the Sal-dominated forest include
Mallotus phillipinensis, Terminalia alata, Ougenia dalbergoides, Cordia dichotoma,
Ehretia laevis, Grewia tilifolia, and Bauhinia vahlii. On the ridges, species such as
Anogeissus latifolia, Buchanania lanzan, Diospyros melanoxylon, and Boswellia
serrata are commonly found. The Sanctuary has some pockets of Acacia catechu and
bamboo. Along the streams, species such a Syzigium cumini, and Ficus spp., are
prevalent. Plantations were undertaken in the past with the objective of improving
wildlife habitat and cover an area of over 4 hectares. The introduced species planted
include poplar (1983-84), bamboo (1966-68) and Eucalyptus. Some plantations of

fodder species have been also carried out from 1983-84.

34  Fauna

The important faunal species inhabiting these forests include Leopard
Panthera pardus, Leopard Cat Prionailurus bengalensis, Goral Nemorhaedus goral,
Sambar Cervus unicolor, Chital Axis axis, Barking Deer Muntiacus muntjak, Jackal
Canis aureus, Wild pig Sus scrofa, Rhesus macaque Macaca mulatta, Common
Langur Semnopithecus entellus, Black-naped Hare Lepus nigricollis nigricollis, and
Indian Pangolin Manis crassicaudata. A breeding programme for Chital, Hog Deer
and Barking Deer was initiated in 1978, with plans of reintroducing Chital. However,
the facility is no longer functional.

Tiger Panthera tigris pugmarks were seen in the Sanctuary and in adjoining

Kalesar National Park in Haryana in the year 2003. Elephants Elephas maximus from
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Rajaji National Park occasionally cross the Yamuna and have been recorded in the
Sanctuary. One twenty six species of birds were recorded in the study area between
December 2006 and March 2007, which included many winter migrants. Many
species of butterflies such as Peacock Pansy Junonia almana, Lemon Pansy Junonia
lemonias, Common Mime Chilasa clytia, Indian Fritillary Argynnis hyperbius,
Common Map Cyrestis thyodamas, Common Lascar Neptis hordonia, Common

Sailor Neptis hylas, and more were encountered during the study period.

3.5 Land use and human disturbance

There are no villages inside the Sanctuary area. However, the surrounding area
has 35 villages, many of which are inhabited by Gujjars \Nlth large cattle holdings
(Singh et al. 1990). Conéequently, the forest faces a constant pressure due to fuelwood
extraction, fodder collection, lopping, grazing by buffaloes and cattle, and also
grazing by sheep and goats owned by nomadic Gaddis in winter. A road passing
through the sanctuary is used by Gujjars, and other r;omadic graziers. Visiting rights
in relation to Kaludeo temple exist (Singh et al. 1990). Pilgrims visit this temple and
also the Dargah near the rest house. Hence, entry into the sanctuary is not regulated.
The part of the Sanctuary adjoining Kalesar forest of Haryana is reported to be prone
to poaching from across the border. In addition, occasional cases of illegal felling and

smuggling of Acacia catechu are also reported.
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4. METHODS
4.1 Birds

Point-count sampling was employed to estimate the occupancy of the three
target species of warblers, P. chloronotus, P. humei, and P. xanthoschistos. A total of
91 point-count stations (sites) were established along existing forest trails maintaining
a minimum of 110 meters intervals between any two stations (Fig. 1). The trails were
stratified among three distinct vegetation cover types: Eucalyptus plantation, Sal-
dominated forest, and Ridge slopes. Point counts were carried out early in the
morning (07: 00 hrs to 10: 30 hrs). During each sample count, which was carried out
for a duration of five minutes after reaching a point, the following data were
collected: species, number of individuals of each species, and distance from observer
to each individual when first detected. In addition, the horizontal position of the bird
in the vegetation (outer, middle, or inner canopy) was recérded. For each bird record,
detection cue (visual or vocal) was also noted down. Each point was sampled five

times between December 2006 and March 2007.

4.2  Arthropods

Since all the three species are essentially foliage gleaning insectivores,
sampling of arthropods was done following the bagging-method of Morse (1976) and
Katti & Price (1996). This method primarily assesses the availability of the foliage-
dwelling arthropods. Nearly 99 % of the arthropods are known to be extracted by this
method when the branches are placed in the sampling bag (Morse 1976). The only
limitation of this technique is that it tends to underestimate the abundance of strongly-

flying insects. But the fact that Phylloscopus warblers are primarily foliage-gleaners
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with negligible intake of these strongly-flying insects makes this method appropriate
for the study (Morse 1973, 1976).

The sampling was done in each of the vegetation types and was stratified with
respect to the dominant plant species in the given habitat type. The vegetation was
classified into trees and shrubs (greater or less than 2m) (Smith et al. 2001) and 45
samples of live branches from each class were collected to assess the availability of
prey from each vegetation cover type. From each class of plants a small branch was
chosen based on feasibility (branches higher than 10 m could not be reached) and
enclosed within a large plastic bag and then broken off. The arthropods were
anaesthetized within the bag using a piece of cotton soaked in chloroform and were
sorted into two size classes (viz., large and small) based on whether the total body
length Qf the insect was greater or less than 4mm (Gross & Price 2000). The foliage
from each branch was collected and weighed, and was also investigated for insects
concealed inside. Since the study was designed to assess the diets based only on
feeding observations of birds and was not supplemented by faecal and regurgitation
samples from the birds, identification of prey beyond these two size classes during
behavioral sampling was not possible (Gross & Price 2000). Hence, the arthropods

were classified into ‘large’ and ‘small’ for the study.

43  Behaviour
4.3.1 Foraging

Sampling for foraging behaviour was done through point observation method
(Wagner 1981, Morrison 1984). Point observations permit accumulation of large
number of independent samples over a short period of time (Gross & Price 2000).

Individuals of the target species were searched opportunistically. An individual bird
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was followed till it performed a prey capture (Gross & Price 2000), and each
individual constituted one independent sample. If the bird was lost from view before
completion of prey capture, the individual was abandoned. Subsequently a new
individual was located after walking for about 100 m to avoid sampling the same
individual and the process was repeated.

The capture method was categorized into standpick (capture of a resting
arthropod without involving flight), flightpick (capture of resting arthropod where the
bird searches for the prey while in flight, includes ‘flypick and ‘hoverpick’ of Price
(1991)), and flycatch (capture of a flying insect by flying). The parameters recorded
during these observations were: type of foraging method (flightpick, standpick,
flycatch) used, foraging substrate (e.g. foliage, twig, branch, and trunk) used, tree
species, foraging height, foliage density around the bird (see below), and the size of
the prey taken. The prey was categorized as large if it was seen in the bill and required
mandibulation or small if the prey was not visible in the bill. This classification is
known to correspond to the size classification (> or < 4 mm) of arthropods used for
arthropod sampling (Gross & Price 2000). Foraging height was measured for each
observation.

To measure the foliage density around the foraging bird, an imaginary 1 m
radius sphere was visualized around the bird and the amount of light passing through
it was visually estimated in percentages to the nearest multiple of five (e.g. 5 %, 10 %,
25 %, etc.). Accordingly, the foliage density was placed in four classes following the
quantitative scale given by Remsen & Robinson (1990): ‘very low’ (95-100% light
passes through), ‘low’ (75-95% of light passes), ‘moderate’ (45-75% Of all light

passes through the sphere), and ‘high’ foliage density (only 0-45% of light passes).
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4.3.2 Movements

Additionally, in a separate series of observations, individuals of all three
species were followed for ten movements and each movement performed was
recorded as a hop, hover, or fly (Price & Gross 2005). If the individual was lost from
view before completion of a series of ten consecutive movements, the observation

was discarded.

44  Morphology-ecology associations

Published morphological measurements of two species, P. chloronotus and P.
humei, were used from Price (1991). For P. xanthoschistos, measurements taken from
ringed birds in the non-breeding season (January 1994) in Naina Devi were used
(Price unpublished data). The data has been summarized in Table 3. To correct for
body-size differences, original linear measurements were divided by cubic root of
body mass (Leisler & Winkler 1985). For further analysis, only the corrected values

were used.

Table 3. Original morphological measurements of the three species.

Species Wing length  Weight Tarsus Beak length Beak width
(mm) (2 length (mm) (mm) (mm)
P. chloronotus » 512 5.1 16.5 4.7 24
P. humei 5529 6 17.5 5.1 22
P. xanthoschistos 54.6 6.8 18.2 6 2.7
17
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4.5  Analysis
4.5.1 Proportion of area occupied (PAO) estimation

Distance analysis based on detection distances to estimate densities (Buckland
et al. 1993, 2001) could not be not performed on the bird dataset due to inadequate
number of detections for all the three species. The site-occupancy model described by
Mackenzie et al. (2002) has been used to obtain occupancy of the three species of
Phylloscopus warblers during the non-breeding season. This model is a likelihood-
based method of estimating the proportion of sites occupied by a species when the
detection probability of the species is less than 1 (p <1). The technique is an extension
of the traditional closed-population capture-recapture theory. It assumes that (1) the
community of species is closed (no emigration, immigration, colonization or
extinctions), during the study, (2) the species are correctly identified, and (3) the
detection probability of a species at any one site is independent of the probability of
detecting the species in all other sites. The parameters estimated by using the
detection/non-detection data obtained by repeated sampling (at least twice) of the sites

include

¥; = probability that a species is present at a site i,

pir = conditional probability that a species is detected at the site i at time t.

Ninety-one sites were visited five times each during the study. Counts were
obtained for each species from each site on every sampling occasion. The best-fit
model for each species based on lowest Akaike Information Criteria (AIC) (Akaike

1973, Burnham and Anderson 1998) was chosen from seven models offered by

PRESENCE 2.0 (Hines 2006), i.e. (1) 1 group, constant p, (2) 1 group, survey-
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specific p, (3) 2 groups, constant p, (4) 2 groups, survey-specific p, (4) 3 groups,
constant p, (6) 3 groups, survey-specific p, and (7) Abundance induced Heterogeneity
(Royle/Nicols Het) model. In these models, groups refer to the number of groups in
the population of sites occupied with different detection probabilities. In the first six
models, estimates of p (conditional detection probability) and y for the three warbler
species were based on single season occupancy models of PRESENCE 2.0 (Hines
2006). The last model also gives an estimate of population density of the species (4)
(Royle & Nichols 2003). In order to test for community closure, estimates of y and p
using single group, survey specific p models were compared, as these species are
known to be migratory. In another set of analyses, the model assuming constant
species occupancy and detection probabilities across surveys and sampling points, ¥
() p (.), was employed using the detections for each species stratified across the
habitat types (Eucalyptus plantation, Sal-dominated forests, and Ridge slope forests).

This model was used with the purpose of examining the association between the

unconditional detection probability ( p, given by ¥ x p; Royle & Nichols (2003)) in
each habitat type with prey abundances in each of these habitat types. However, it
must be noted that the models used in the above two analyses may not be the best

representation of the data obtained for the study species.

4.5.2 Arthropods

| For trees and shrubs, the mean number of small (< 4mm), large (> 4mm) as
well as total number of arthropods per branch ‘were calculated with standard errors for
each vegetation type, i.e. Eucalyptus plantation, Sal-dominated forest, and Ridge
slopes. One-way ANOVA, followed by post-hoc Tukey’s test was performed to test

for differences in means for large and small arthropods per branch across the three
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vegetation cover types. Similar parameters were also calculated, after combining the
samples across vegetation types, for December 2006-January 2007 (early winter) and
February 2007-March 2007 (late winter) separately. This was done with the objective
of comparing the study site, with respect to prey availability, to other sites where
similar sampling techniques were employed (Table 6). To check for differences in
arthropod abundances between these two periods independent sample t-test was
carried out. All the tests were performed by using the statistical software SPSS 14.0

(Norusis 2005).

4.5.3 [Foraging height and horizontal position in vegetation

The mean foraging height for all three species was calculated along with
associated standard errors. To test for differences in the means, one-way ANOVA was
performed using SPSS 14.0 (Norusis 2005) after the data was found to conform to
normality of distribution and hbmogeneity of variances. Since, data for use of
horizontal position in the vegetation was categorical in nature, proportion of
detections in ‘outer’, ‘middle’ and ‘inner’ positions were calculated for each species.
Standard errors were placed on proportions following Zar (2005). Chi-square test for
multiple proportions was performed to test for differences in use of each position

across species.

4.5.4 Foraging behaviour

The proportions of ‘standpick’, ‘flightpick’ and ‘flycatch’ were calculated for
each species with standard errors. To test for differences in use of a particular
foraging method across species, Chi-square test for multiple proportions was

performed. Similar calculations were carried out to test fordifferences in intake of
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5. RESULTS
5.1  Occupancy estimates

A total of 455 (91 points, 5 repeats) point counts were carried out which
yielded 291 detections of the three target species. Seven models were tested for each
of the three species of warblers (Table 4) and based on the model with the lowest AIC
value, estimates of p and y were obtained. The 2 groups, constant p model performed
best for P. chloronotus with estimated y = 0.676 (+0.133). The probability of group
membership (2) for group 1 and 2 were 0.016 (£ 0.016) and 0.984 respectively. The
estimated detection probability (p) for group 1 was 1 (£ 0.00), while the estimated p
was 0.165 (= 0.038) for group 2. For P. humei, Abundance Induced Heterogeneity
(Royle/Nichols Het) model was chosen based on lowest AIC (Table 4). The estimated
detection probability (r) was (0.139 £ 0.047), while the average abundance per site (1)
was estimated to be (3.34 £+ 1.13). Based on these estimated parameters, y was found
to be (0.96 £+ 0.04). Using 4, the population abundance was found to be 304.09
(£103.07). The ‘1 group survey-specific p” model was found to represent the data of
P. xanthoschistos counts better than other competing models. While y was estimated
to be 0.66 (£ 0.107), the estimates of p differed across the sampling occasions (Fig.
3). Based on the best-fit models, the overall estimate of occupancy was found to be
much higher for P. humei as compared to P. chloronotus and P. xanthoschistos, which

showed almost similar occupancy estimates (Fig. 2)
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Figure 2. Estimated occupancy y (+ 1 SE) for the three species based on the best-fit models.

Using the ‘1 group, survey-specific p’. model, it was found that while P.
chloronotus and P. humei did not show much variation in detection probabilities across
the five sampling occasions and thereby did not seem to violate the assumption of
community closure, P. xanthoschistos showed a marked decline in detection probability

in the fifth survey (Fig. 3).
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Figure 3. Survey-specific estimates of probability of detection (p) (+ 1 SE) for the three species,

P. chloronotus, P. humei, and P. xanthoschistos.
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Table 6. Arthropod abundances in winter in study site and other locations from Gross & Price

(2000).
Location Altitude Latitude Longitude  Census Arthropods/
(m) dates branch
Total SE Proportionof SE N
large (>
4mm)
Simbalbara 580 30°25°N  77°29’E 16/12/06- 7.95 1.04 0.13 005 55
shrubs(Dec-Jan) 19/1/07
452 033 0.10 0.03 125
Simbalbara 580 30°25°’N  77°29’E 9/2/07-
shrubs(Feb- 15/3/07 .
March)
845  0.77 0.08 003 74
Simbalbara 580 30°25°N  77°29’E 16/12/06-
trees(Dec-Jan) 19/1/07
4.53 0.54 0.10 0.03 106
Simbalbara 580 3025’ N 77°29’E 9/2/07-
trees(Feb-March)- 15/3/07
Naina Devi (Dec) 680 31°15° N 76°20’E 19/12/98- 7.67  0.71 0.08 0.04 45
30/12/98
Naina Devi (Feb) 680 m 31°15’N  76°20’E 1/2/98- 258 034 0.02 0.02 50
13/2/98
Mahabaleshwar 850 m 17°56° N 73°40’E 19/1/98- 355 6.89 0.06 0.03 50
28/1/98
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For all the three species, there was no clear pattern showing influence of prey

abundances on unconditional detection probabilityp (Fig. 4). Only p for P.

xanthoschistos showed a strong but insignificant correlation (r = 0.995, but p > 0.05)

with small prey abundance in trees.

5.4  Foraging height and horizontal position in vegetation

The present study shows clear segregation of P. humei from P. xanthoschistos
and P. chloronotus by foraging height (F=21.34, df =2, p < 0.01), thereby supporting
previous findings by Gross & Price (2000) in Naina Devi. In general, P. humei
occupies the higher tree canopy, whereas both P. chloronotus and P. xanthoschistos
forage mostly in the lower canopy and shrubs (Tukey’s multiple comparisons, P.
humei > P. xanthoschistos > P. chloronotus, p < 0.05) (Fig. 5). The data from the
present study also demonstrates that while the larger-bodied species, P. humei and P.
xanthoschistos forage in the interiors of the tree and shrub volume, the smaller-bodied
P. chloronotus shows significantly greater use of the outer parts of the vegetation ()*=
31.93, df=2, p < 0.001) (Fig. 6). The use'of middle parts of vegetation is higher
among P. humei and P. xanthoschistos, but varies significantly across the species
(*=20.64, df=2, p <0.001). They did not show any significant difference in the use of

the inner positions in vegetation (y’=5.35, df=2, p > 0.05).
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Figure 5. Scatter plot of foraging heights (= 1 SE) and proportion of detections in the outer
and middle canopy (+ 1 SE) of the three species. The sample sizes for foraging height: P.
chloronotus (81), P. humei (84) and P. xanthoschistos (81). For detections in outer and
middle éanopy sample sizes are P. chloronotus (82), P. humei (47) and P. xanthoschistos
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Figure 6. Scatter plot of proportions of detections in the three horizontal strata of vegetation.

Standard errors on proportions were placed following Zar (2005).
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captures by P. humei and P. chloronotus do not vary significantly from each other

: (x2=3.68, df=1, p > 0.05). However, these proportions are higher than previously

° recorded values for both the species (Table 2).
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Figure 8. Proportions (+ 1 SE) of large prey captures. Sample sizes are shown in parentheses.

5.7 Movements

The three species differ significantly from each other in the number of hops,
hovers, and flights per ten movements (Fig. 9). Among the three species, P.
xanthoschistos shows the most frequent use of hopping for locomotion per ten
movements, followed by P. humei and P. chloronotus (F=45.23, df=2, p < 0.0001).
The mean number of hops per ten movements for P. chloronotus reported here are
much higher than the previously publiéhed value of 3.1 (x0.03) (Table 2). The
frequency of hover (F=23.79, df=2, p <0.0001) and fly also vary significantly across

the three species (F=16.06, df=2, p <0.0001).
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6. DISCUSSION

The study reveals some clear pa&ems regarding the ecological segregation of
the three species of warblers in their winter quarters. The three species differ with
respect to their overall occupancy rates in the sampled area. Prey abundances also
differ across the habitat types, but do not seem to influence the warbler detection
probabilities in these habitat types. The three species segregate by means of foraging
height, substrate used for foraging, relative use of horizontal position in the
vegetation, use of foraging maneuver, percent large prey intake, and locomotory

behaviour. Morphology explains the differences in behaviour to a large extent.

6.1  Patterns of species occupancy rates
6.1.1 Occupancy estimates

The assumption of closure of the community is not violated by P. chloronotus
and P. humei during the sampling duration. However, the detection probability (p) of
P. xanthoschistos shows a sharp decline towards the fifth sampling occasion (mid-
March). This decline is consistent with the expected reduction in detection probability
towards the end of non-breeding season as a result‘of earlier departure of the species
from the wintering grounds towards their breeding areas in this region (George 1957).
Accordingly, the most suitable representation of the detections of the species is
obtained from the ‘1 group, survey-specific p” model which reflects the early return
migration of the species. Sites occupied by P. chloronotus were found to form two
groups; while the first group had very few sites with high estimated detection
probability, the second group comprised of many sites that showed very low detection
probability. This is an indication of differential occupancy of the habitat' and needs

further investigation. The Royle/ Nichols (2003) model of abundance based
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heterogeneity emerged as the best-fit model for P. humei. F inally, the occupancy rates
of P. humei exceeded those of P. chloronotus and P. xanthoschistos, which showed
almost identical occupancy. Based on the best-fit models, it may be concluded that the
three species show high degree of overlap in the estimated proportion of sites

occupied in the sampled area in the non-breeding season.

6.1.2 Prey abundances
Across the habitat types, it was found that all three species of warblers did not

respond to the differences in prey abundances in terms of their unconditional

detection probabilities (p). Only P. xanthoschistos followed the small prey

A

abundance in trees although the correlation was not significant. Notably, p was
found to be much lower in Eucalyptus plantations than in the natural habitats (Sal-
dominated forests and Ridge slope forests) for all three species, thereby indicating
lower use of this habitat dominated by the exotic species although overall prey

abundances in the habitat are higher than ridge slope habitat. The absence of any

A

significant correlation between prey abundances and p across different habitat types

could possibly be attributed to the implication of other habitat factors (e.g. vegetation

composition and structure) which have not been investigated in this case.

6.2  Segregation by foraging behaviour

6.2.1 Microhabitat

The three warbler species show clear segregation by means of their mean
foraging heights and relative use of horizontal positions in the vegetation. P. humei

forages much higher in the canopy as compared to P. chloronotus and P.
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xanthoschistos, which do not differ significantly in their foraging heights. However,
in the lower canopy and shrubs, P. chloronotus segregates from P. xanthoschistos by
restricting its foraging activities mostly to the outer parts of vegetation, whereas the
latter uses the middle parts of the vegetation more frequently. In general smaller
species are seen to forage higher in the vegetation than their larger relatives (Alatola
& Moreno 1987, Forstmeier & KeBler 2001). However, the three species studied here
do not follow the trend. In this case, P. humei occupies tree crowns, while P.
xanthoschistos and P. chloronotus tend to restrict themselves to the subcanopy and
upper shrub layers. This can be explained as follows. Price & Gross (2005) have
shown that high-altitude breeding habitats selected for adaptations similar to those
selected for canopy foraging in the non-breeding season. This resulted in species
breeding in higher elevations (P. humei) foraging higher up in the tree crowns in
winter, while those breeding at lower altitudes (P. chloronotus and P. xanthoschistos)
occupying the subcanopy and bushes in their winter habitats.

Notably, here the smaller-bodied species (P. chloronotus) uses the peripheral parts
of vegetation, while the heavier ones use the interiors. Many previous studies,
focusing mainly on coexisting species of European tits (Parus spp.) and New World
warblers have also shown that heavier species tend to forage in the inner parts of
vegetation whereas the smaller species restrict their foraging activities to the
peripheral foliage (Norberg 1977, Alatola & Moreno 1987, Sodhi & Paszkowski
1995). Two contending hypotheses have been invoked to explain this pattern.
According to the first hypothesis, foraging efficiency may be related to body size in a
manner which makes heavier species more efficient at exploiting inner canopy while
the reverse may be true for the smaller species. The findings of Norberg (1977) and

Moreno et al. (1997) support this hypothesis. In these studies it was found that the

39



~ = &

smaller species (or smaller individuals within the same species) use the more energy-
consuming search methods (such as hanging in case of tits), and occupy the outer
parts of vegetation where such methods are required for searching for prey. In support
of a second hypothesis, Alatola & Moreno (1987) reported that body-size influences
interspecific social dominance relations and affect foraging site selection by tits.
Among the species studied here, the species showing the most frequent use of outer
parts of vegetation (P. chloronotus), also shows the highest proportion of hovering
while foraging which is energetically more expensive than standpicking. The greater
use of hovering by smaller Phylloscopus warblers is well-established (Price 1991,
Marchetti et al. 1995). However, body size adaptations to each microhabitat may be
simultaneously complicated by the influence of social dominance. Hence, it is not
easy to specify the mechanisms det.ermining the foraging site selection among these
warblers.

The three warbler species are essentially foliage-gleaners and forage in similar
densities of vegetation. However, they differ in the relative use of foliage and
branches for foraging. This can be explained, to a great extent, by the tendency of P.
chloronotus to forage greatly in the outer parts of vegetation, which excludes use of

inner parts such as branches and trunk.

6.2.2 Foraging maneuvers

Standpick dominates the foraging maneuvers of all the three study species,
although the extent varies significantly. The species also differ in the use of
flightpick, with P. chloronotus using it almost as often as standpick, while the
frequency is much lower among P. humei and P. xanthoschistos. The results clearly

show that P. xanthoschistos is definitely not a flycatcher-warbler. The greater use of
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inner parts of vegetation by P. xanthoschistos and P. humei makes standpick a more
efficient way of capturing prey for these species as compared to P. chloronotus which
flightpicks towards the periphery. Flycatch is expectedly not very frequently used by
these essentially foliage-gleaning birds. The frequency of standpicking is, however,
much higher for P. humei and P. chloronotus as compared to previously reported
values from Naina Devi (Price & Gross 2005). This may be possibly explained by the
influence of foliage density and vegetation structure on the foraging strategies being
used. The influence of foliage density on the foraging method being used is confirmed
by the findings of Forstmeier and Kepler (2001). They found a positive correlation
between the density of vegetation the warblers forage in and the frequency of
gleaning ( defined as a combination of ‘picking’ and ‘reaching’ which is same as
standpick in this study) for prey capture. In this case, as the foliage density increases
there is a pattern, though not significant, of the relative use of both standpick and

hoverpick to increase for the warblers (Fig. 14).
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Figure 14. Scatter plot of proportion of use of foraging maneuvers against foliage density
classes with increasing foliage density. This analysis was performed by combining the

foraging observations across the three species (section 4.5.4).
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However, to confirm the role of vegetation attributes in influencing the more
frequent use of gleaning among warblers in Simbalbara in comparison to Naina Devi,
the vegetation structure of these two sites needs to be assessed for differences with

comparable data.

6.3  Prey size

The proportion of large prey capture differs significantly across the three
species of warblers. The relative amount of large prey items observed captured by P.
xanthoschistos is the highest, followed by P. humei and P. chloronotus. It is worth
noting that the overwintering of P. xanthoschistos in the northern latitudes contradicts
" the negative correlation of body size with non-breeding latitude as demonstrated
among over-wintering warblers of the genus Phylloscopus (Katti & Price 2003,
Trevor Price pers. commun.). This has been explained in terms of lack of adequate
large “prey in northern latitudes. However, the proportion of large prey capture by P.
xanthoschistos in this study is comparable to the winter large prey intake of P.
trochiloides (32 %) in its winter quarters in southern India (Price & Gross 2005). This
suggests that there is enough prey available to sustain a large-bodied species like P.
xanthoschistos in this northern site through winter. Furthermore, although the total
arthropod abundance (in terms of arthropods per bag) in Simbalbara is much lower
than that recorded in southern sites previously (Table 6), the proportion of large
arthropods does not seem to be significantly different. However, the relative numbers
of large arthropods seem to be higher than the previously reported proportions
obtained in Naina Devi. This may also explain the fact that the large prey intake of the

other two smaller species, P. humei and P. chloronotus, exceeds previously recorded

figures (Table 2).
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6.4  Movements

The species show considerable difference in their locomotory behaviour.
While P. xanthoschistos and P. humei traverse through the vegetation primarily by
hopping, the use of hover and fly match the frequency of hops in the locomotory
behaviour of P. chloronotus. In their review of correlated evolution of ecological
differences among Phylloscopus warblers in breeding and non-breeding seasons, Price
& Gross (2005) hypothesized that the variation in vegetation density on tree crowns
and subcanopy is responsible for this difference. Hopping is assumed to be a more
efficient way of navigating through the relatively more homogeneous foliage matrix
offered by tree crowns. Alternatively, the base species negotiate through the relatively
sparse subcanopy mainly by flying. Even when they land on a high-density
microhabitat, such as a shrub, they mostly use the surface instead of the volume of the
same by means of hovering. This may explain the preponderance of flying and
hovering in the locomotory repertoire of P. chloronotus. On the other hand, P.
xanthoschistos is a hopping specialist although it also forages in the subcanopy and
shrubs like P. chloronotus. However, unlike P. chloronotus, this species explores the
interiors of the vegetation by hopping. These findings seem to support the hypothesis
of Price & Gross (2005). To confirm the same, however, there is need to undertake
further quantitative assessment of the differences in the vegetation profiles of shrub
and canopy microhabitat. Apart from the influence of microhabitat, morphology may
be a crucial determinant of movement pattern of a species. The role of morphology in

influencing the ecology and behaviour of these warblers has been discussed in the

following section.
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of foraging maneuvers involving flights by P. xanthoschistos and P. humei has been
explained in terms of greater use of middle and inner portions of the vegetation
volume where standpick serves as a more efficient method of prey capture (section
6.2.2). However, unlike P. humei, P. xanthoschistos was found to be restricted from
using the peripheral parts of the vegetation and thereby showed reduced use of aerial
foraging maneuvers (more efficient maneuver in outer parts of vegetation) due to the
presence of P. chloronotus in this foraging zone. This may explain the higher
proportion of stmdpicks than is expected from its bill shape.

Therefore, it may be concluded that the interactions between morphological
adaptations and non-breeding microhabitat selection plays a critical role in
determining the foraging behaviour. The adaptive significance of these interactions,
however, requires further investigation aimed at understanding the relative roles of
breeding and non-breeding seasons in limiting the abundance and distribution of these

species.

6.6  P. xanthoschistos: A Phylloscopus (Seicercus) Warbler

P. xanthoschistos has been recently placed in the genus Phylloscopus
following assessment of its phylogeny based on cytochrome b sequence of mt DNA
(Olsson et al. 2004, Alstrom et al. 2006). This study provided the opportunity to
examine the ecology of a species, which though recognized as being very similar to
Phylloscopus warblers, had been previously classified as a flycatcher-warbler
(believed to make greater use of wings for capturing prey) under the genus Seicercus
(Ali & Ripley 1983, Baker 1997). The species was assigned to the genus Seicercus
primarily due to its strikingly colourful plumage as compared to other Phylloscopus

warblers (Sibley & Monroe 1990, Grimmett et al. 1998, Baker 1997). In this context,
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it is interesting to note that the species is nested within a clade of Phylloscopus
species characterized by very high morphological divergence in spite of the fact that
they show relatively low divergence of cytochrome b (6.8 %) within the clade (Olsson
et al. 2005).

With respect to its ecology, the study found conclusive evidence showing that
P. xanthoschistos is certainly not a flycatcher warbler since it used a very high
proportion of standpicks for prey captures. The species was also found to capture a
proportion of large prey comparable to that of P. trochiloides in its winter quarters in
southern India. Comparable data is not available to examine the large prey intake of
the species in relation to other Seicercus warblers. However, based on these
observations, it can be concluded that the ecology of P. xanthoschistos supports its

inclusion into the genus Phylloscopus.

46



Literature cited

Akaike, H. 1973. Information theory and an extension of the maximum likelihood principle.
Pages 267-281 in B. N. Petrov and F. Cazakil, editors. Proceedings of the second

international symposium information theory. Akademiai Kidao, Budapest.

Alatola, R. V., and J. Moreno. 1987. Body size, interspecific interactions, and use of foraging

sites in Tits (Paridae). Ecology, 68, 1773-1777.

Ali, S., and D. Ripley. 1983. Handbook of birds of India and Pakistan. Oxford University Press,
Bombay.

Alstrom, P., and U. Olsson. 1995. A new species of Phylloscopus warbler from Sichuan
province, China. Ibis, 137, 459-468.

Alstrom, P., U. Olsson, and P. Colston. 1992. A new species of Phylloscopus warbler from
central China. Ibis, 134, 329-334.

Alstrom, P., P. G. P. Ericson, U. Olsson, and P. Sundberg. 2006. Phylogeny and classification of
the avian superfamily Sylvioidea. Molecular Phylogenetics & Evolution, 38, 381-397.

Baker, K. 1997. Warblers of Europe, Asia, and North Africa. Princeton University Press,

Princeton, New Jersey.

Bourski, O. V., and W. Forstmeier. 2000. Does interspecific competition affect territorial
distribution of birds? A longterm study on Siberian Phylloscopus warblers. Oikos, 88,
341-350.

Buckland, S. T., D. R. Anderson, K. P. Burnham, J. L. Laake. 1993. Distance sampling
Chapman and Hall, London.

47



Buckland, S. T., D. R. Anderson, K. P. Burnham, J. L. Laake, D. L. Borchers, L. Thomas. 2001.
Introduction to distance sampling: Estimating abundance of biological populations.

Oxford University Press, Oxford.

Burnham, K. P., and D. R. Anderson. 1998. Model selection and inference. Springer-Verlag,
New York, New York.

Champion, H. G., and P. K. Seth. 1968. 4 revised survey of the forest types of India. Manager of
Publication, Delhi.

Cody, M. L. 1974. Competition and the structure of bird communities. Princeton University

Press, New Jersey.

" Cody, M. L. 1978. Habitat selection and interspecific territoriality among the Sylviid warblers of
England and Sweden. Ecological Monographs, 48, 351-396.

Cody, M. L., and H. Walter. 1976. Habitat selection and interspecific interactions among
Mediterranean sylvid warblers. Oikos, 27, 210-238.

Crome, F. H. J. 1978. Foraging ecology of an assemblage of birds in lowland rainforest in

northern Queensland. Austral Ecology, 3, 195-212.

Forstmeier, W. and A. KeBler. 2001. Morphology and foraging behaviour of Siberian
Phylloscopus warblers. Journal of Avian Biology, 32, 127-138.

Forstmeier, W., O. V. Bourski, and B. Leisler. 2001. Habitat choice in Phylloscopus warblers:
the role of morphology, phylogeny and competition. Oecologia, 128, 566-576.

Gaston, A. J. 1974. Adaptation in the genus Phylloscopus. Ibis, 116, 432-450.

George, J. 1957. Birds of New forest. Indian Forester. Vol. 83.

48









Morrison, M. L. 1984. Influence of sample size and sampling design on analysis of avian

foraging behaviour. Condor, 86, 146-150.

Morrison, M. L., C. J. Ralph, J. Verner, and J. R. Jehl, Jr. (eds.). 1990. Avian foraging: Theory,
methodology, and applications. Studies in Avian Biology, Vol. 13.

Morse, D. H. 1973. The foraging of small populations of Yellow Warblers and American
Redstarts. Ecology, 54, 346-355.

Morse, D. H. 1976. Variables affecting the density and territory size of breeding spruce-woods
warblers. Ecology, 57,290-301.

Norberg. R. A. 1977. An ecological theory of foraging time and energetics and choice of optimal
food-searching method. Journal of Animal Ecology 46, 511-529.

Norusis, M. 2005. SPSS 14.0 Advanced statistical procedures companion. Prentice-Hall, Inc.
Upper Saddle River, New Jersey.

Olsson, U., P. Alstrom, and P. R. Colston 1993. A new species of Phylloscopus warbler from
Hainan Island, China. Ibis, 135, 3-7.

Olsson, U., P. Alstrom, and P. Sundberg. 2004. Non-monophyly of the avian genus Seicercus
(Aves: Sylviidae) revealed by mitochondrial DNA. Zoologica Scripta, 33, 501-510.

Olsson, U., P. Alstrom, P. G. P. Ericson, and P. Sundberg. 2005. Non-monophyletic taxa and
cryptic species- Evidence from a molecular phylogeny of leaf warblers (Phylloscopus

Aves). Molecular Phylogenetics and Evolution, 36, 261-271.

Price, T. 1991. Morphology and ecology of breeding warblers along an altitudinal gradient in
Kashmir, India. Journal of Animal Ecology, 60, 643-664.

51



Price, T., and S. Gross. 2005. Correlated evolution of ecological differences among the Old
World leaf warblers in the breeding and nonbreeding season. Pages 359-370 in R.
Greenberg and P. Marra, editors. Birds of two worlds: the ecology and evolution of

migration. The John Hopkins University Press, Baltimore, London

Price, T., A.J. Helbig, and A.D. Richman. 1997. Evolution of breeding distribution in the Old
World leaf warblers (genus Phylloscopus). Evolution, 51, 552-56.

Rees, M. P. J., Grubb, and D. Kelly. 1996. Quantifying the impact of competition and spatial
heterogeneity on the structure and dynamics of a four species guild of winter annuals.

American Naturalist, 147, 1-32.

Remsen J. V., and S. K. Robinson. 1990. A classification scheme for foraging behaviour of birds

in terrestrial habitats. Studies in Avian Biology, 13, 144-160.

Robinson, S. K., and R. T. Holmes. 1982. Foraging behaviour of forest birds: The relationships
among search tactics, diet, and habitat structure. Ecology, 63, 1918—1931.

Rodgers, W. A., and H. S. Panwar. 1988. Planning a Wildlife Protected Area network in India
Vol. I- The Report. Wildlife Institute of India, Dehra Dun.

Royle, J. A., and J. D. Nichols. 2003. Estimating abundance from repeated presence-absence
data or point counts. Ecology, 84, 77 7-790.

Salewski, V., P. Jones, and J. Vickery. 2002. Niche partitioning between immigrant Palearctic
willow warblers Phylloscopus trochilus and resident Afrotropical warblers in three

woodland habitats in Zimbabwe. Avian Science, 2, 1-9.

Schluter, D., and R. R. Repasky. 1991. Worldwide limitation of finch densities by food and other
factors. Ecology, 72, 1763-1774.

52




Sedlagek, O., R. Fuchs, and A. Exnerova. 2004. Redstart Phoenicurus phoenicurus and black
redstart P. ochruros in a mosaic urban environment: neighbors or rivals? Journal of

Avian Biology, 35, 336-343.

Sibley, C. G., and B. L. Monroe. 1990. Distribution and taxonomy of birds of the world. Yale

University Press, New Haven.

Singh, S., A. Kothari, and P. Pande (eds.). 1990. Directory of National Parks and Sanctuaries in
Himachal Pradesh: Management status and profiles. Indian Institue of Public '

Administration.

Smith, A. L., J. S. Ortiz, and R.J. Robertson. 2001. Distribution patterns of migrant and resident

birds in successional forests of Yucatan Peninsula, Mexico. Biotropica, 33, 153-170.

Sodhi N. S., and C. A. Paszkowski. 1995. Habitat use and foraging behaviour of four Parulid
warblers in a second-growth forest. Journal of Field Ornithology, 66, 277-288.

Tilman, D. 1982. Resource competition and community structure. Princeton University Press,

New Jersey.

Wagner, J. L. 1981. Visibility and bias in avian foraging data. Condor, 83, 263-264.

Weins, J. A. 1989. The ecology of bird communities. Volume 1: Foundations and patterns.
Cambridge University Press, New York.

Zar, J. H. 2005. Biostatistical analysis, 3" ed. Prentice Hall. New Jersey.

53




