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ABSTRACT

Two widespread bird species in Sri Lanka’s dry zone, Pycnonotus cafer (Red-vented Bulbul, RVBB) and Pycnonotus
luteolus (White-browed Bulbul, WBBB), were studied to understand their foraging dynamics and ecology. The research
was conducted from October 2022 to February 2023 in Mihintale Sanctuary (80.30'11.24" E, 8.21'04.63" N) and the Faculty
of Applied Sciences, Rajarata University of Sri Lanka (80.502206" E, 8.353090” N). Data were obtained through focal
sampling, opportunistic observations, and mist netting. Both species predominantly foraged on twigs, using gleaning as
the dominant food-handling technique. RVBB foraged mostly at the canopy level, while WBBB foraged primarily at the
sub-canopy level. Fruits constituted the major food type for both species. RVBB and WBBB utilized 10 and 7 plant species,
respectively, with Grewia helicterifolia being the primary foraging plant. Minimal foraging was observed on Crofon sp.
(RVBB) and Hugonia mistax (WBBB). The correlation between nutritional components and the consumption of both
species revealed a preference for foods with lower protein, higher fat, and ash content. There was no linear correlation
between gape width and fruit size (r = —0.21, P = 0.69) for both species. The standardized dietary niche breadth indicated
both species are specialists, with a high pairwise dietary niche overlap (0.9854). These findings highlight the niche-specific
foraging adaptations of RVBB and WBBB within Mihintale, emphasizing their distinct strategies in utilizing plant species,
fruit sizes, and foraging heights. Understanding such ecological dynamics is essential for habitat conservation efforts and
ensuring the availability of key foraging resources for these species in the dry zone.
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1. Introduction

Sri Lanka has the highest biodiversity per unit area of
land among South Asian countries!!!. Recently, it has been
acknowledged as a home to significant bird species?]. Sri
Lanka is a bird diversity hotspot, with 244 breeding species,
87 vagrant species, and 179 species that purely migrate there.
Among the other resident species, 34 and 68 subspecies are
currently recognized as endemic to Sri Lankal3].

Dry mixed evergreen forests dominate more than 70%
of Sri Lanka’s dense forest area, yet they remain understud-
ied, despite their ecological significance. These forests sup-
port a wide array of species and exhibit complex ecological
interactions that contribute to their resilience and functional-
ity[. Plants within these ecosystems rely heavily on seed
dispersers to maintain population dynamics and community
structure. The presence of diverse dispersal agents, particu-
larly frugivorous vertebrates, highlights the importance of
fruit production and associated nutritional traits that have
evolved to attract a broad spectrum of dispersal agents!> ¢,
In tropical forests, seed dispersal is primarily facilitated by
birds, mammals, and other vertebrates!”). Birds are among
the most effective seed dispersers due to their diversity, abun-
dance, and ability to consume and excrete or regurgitate
seeds without damaging them[® ). Several factors influence
avian fruit preferences, including species morphology, di-
etary specialization, behavioral patterns, and the availability
of alternative food sources. Concurrently, plants exhibit a
range of traits—such as fruiting phenology, taste, color, and
spatial distribution—that can influence avian selectivity 1%,

Fruit colors function as prominent long-distance sig-
nals, advertising the availability of fruit crops and signifi-
cantly influencing avian preferences for specific colors!’l.
However, factors beyond external coloration, such as the
chemical composition and nutritional properties of fruits,
also play a critical role in determining their suitability and
appeal to birds[!!]. Birds use a combination of sensory cues,
including taste and smell, to evaluate fruit edibility and nutri-
tional quality. The presence of certain chemical compounds,
such as sugars, acids, and secondary metabolites, can indicate

ripeness and nutritional value. For a fruit to be considered

edible, it must meet the nutritional demands of its consumers.
Additionally, some birds have evolved to prefer specific fruit
types based on their own dietary needs, ensuring they se-
lect fruits that provide the necessary energy, vitamins, and
minerals[!?),

Moreover, the dietary requirements of birds and other
vertebrates are influenced by various life cycle stages. Sea-
sonal shifts in nutritional needs drive these animals to diver-
sify their diet by consuming fruits with varying chemical

131 For instance,

compositions to meet specific demands
species like bulbuls and thrushes tend to consume protein-
rich fruits during the breeding season to support egg produc-
tion and chick development, as observed in hornbill species
in Central Africa, which prioritize calcium- and protein-rich
diets during early breeding stages!!'*. The seasonal gradient
in plant-bird evolutionary adjustments has been concurrently
brought about by seasonally changing demands of dispersers
and the differential coevolutionary potentials open to the
plant-bird system through changing spatiotemporal asym-
metry in relationships between vegetation and avifauna '3,
Birds that are seasonally specialized on particular resources
are the most flexible in switching to alternative fruit sources
across seasons!!%). The seasonal shifts in fruit selection not
only reflect birds’ physiological needs but also play a crucial
role in shaping interspecific interactions. As multiple species
may rely on similar fruiting plants, competition arises, influ-
encing dietary strategies and niche partitioning. Birds that
can adapt their foraging behavior or exploit alternative fruit
resources may gain a competitive advantage, reducing direct
resource overlap with other species!!® 7],

Therefore, birds are widely recognized as a key group
for investigating competition and niche partitioning, pro-
viding critical insights into species coexistence. Analyzing
their dietary niches helps identify the factors that enable
coexistence among species. Ecological niche segregation
reduces competition among species with similar ecological
demands and is essential for the coexistence of phylogenet-
ically related species!'®]. Species do not exist in isolation,
as interactions with others are fundamental to ecological
communities. The concept of differential niche selection
suggests that closely related species can coexist by minimiz-
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ing competition for shared resources!'”l. Both individual
and species-level interactions shape resource allocation. Ac-
cording to Svardson!?®! and Root[?! the balance between
interspecific and intraspecific competition plays a pivotal
role in avian niche partitioning. Interspecific competition
promotes specialization, whereas intraspecific competition
often drives generalization, influencing resource use and
coexistence dynamics.

Foraging behavior encompasses food-searching tech-
niques, foraging locations, dietary choices, and food-
handling methods. Food-handling techniques, in particular,
are essential for understanding the cost-benefit dynamics
of various food types, exploring adaptive morphology, and
examining plant-frugivore interactions!??). Birds are not
rigidly specialized in their diets; seasonal and locational vari-
ations often influence their dietary preferences. Additionally,
long-term changes in diet may correlate with shifts in sta-
tus or distribution 3. Consequently, studying the foraging
behavior of bird species is crucial for their conservation.

Bulbuls (Aves: Pycnonotidae) belong to the Order
Passeriformes, which contains over half of all extant bird
species and represents one of the most diverse groups of
terrestrial vertebrates[>*. Sri Lanka hosts six bulbul species:
Black-capped Bulbul (Rubigula melanicterus), Red-vented
Bulbul (Pycnonotus cafer), Yellow-eared Bulbul (Pycnono-
tus penicillatus), White-browed Bulbul (Pycnonotus lute-
olus), Yellow-browed Bulbul (lole indica), and Square-
tailed Bulbul (Hypsipetes ganeesa humii). Among these,
the Yellow-eared Bulbul and Black-capped Bulbul are en-
demic to Sri Lanka[?*). The Yellow-eared Bulbul inhabits
the wet zone highlands, while the Black-capped Bulbul is
frequently observed in wet lowland forests, nearby gardens,
and the dry zone forests of the North-central Province!**!.
The Red-vented Bulbul, highly adaptable, thrives in gar-
dens across urban areas and all climatic zones of Sri Lanka.
The White-browed Bulbul is primarily associated with dry
lowlands but can be found ascending to mid-hills. In con-
trast, the Yellow-browed Bulbul is more prevalent in wet
zone forests extending into mid-hills. The Square-tailed Bul-
bul predominantly inhabits the wet zone and hill forests %],
While the Red-vented Bulbul and White-browed Bulbul are
more widespread in the dry zone, the Black-capped Bulbul is
rarely seen in this region. The Red-vented Bulbul (Pycnono-
tus cafer) typically measures approximately 20 cm in length.

It is characterized by a black head with a tufted crest, brown
upperparts adorned with white scaly fringes, a white rump
and tail tip, and a brown breast with pale margins that tran-
sition into a striking scarlet vent and under tail coverts?>].
The White-browed Bulbul (Pycnonotus luteolus), also about
20 cm in length, is easily identifiable by its prominent white
eyebrow, a feature unique among local bulbuls. It possesses
a brown crown, olive-green upperparts, brown wings, and
a brown tail. Its underparts are off-white, with a brownish
tinge on the breast that fades into yellow at the vent and
under tail coverts?],

The study focused on the RVBB and the WBBB due to
their widespread distribution and ecological significance in
Sri Lanka. These species are key frugivores, playing a cru-
cial role in seed dispersal and influencing plant regeneration.
Their ability to thrive in diverse habitats, including urban
areas, makes them ideal for studying avian adaptation to
environmental changes. Additionally, examining their fruit
selection behavior helps assess potential competition with
endemic species and the impact of anthropogenic changes on
avian frugivory. While endemic birds are valuable for con-
servation, these non-endemic bulbuls provide insights into
broader ecological interactions within Sri Lanka’s ecosys-
tems [27- 28],

Limited research has been conducted on the RVBB and
WBBB in Sri Lanka, particularly in the dry zone. While
some studies have examined the Yellow-eared Bulbul in
the wet zone, such as the research on its foraging behavior
and parental care in the montane cloud forests of Horton
Plains National Park >3 these findings do not extend to
the RVBB and WBBB or the dry zone. Additionally, studies

(28] primarily address

focusing on the vocalizations of RVBBs
urban development impacts rather than foraging behavior or
ecological interactions. Furthermore, no research has specif-
ically investigated the foraging ecology of the WBBB in Sri
Lanka, highlighting a critical knowledge gap that this study
aims to address by exploring the status, distribution, and
ecological roles of these species in the dry zone.

So, this research aims to explore diverse foraging strate-
gies and the ecological contributions of these bulbuls. It
hypothesizes that the RVBB and WBBB occupy distinct eco-
logical niches that facilitate coexistence through resource
partitioning and habitat differentiation. By filling critical
gaps in our understanding of these species, this study seeks
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to contribute valuable insights into their conservation and
ecological significance.

2. Methodology

2.1. Study Area

The research was carried out within the Mihintale
Sanctuary, located at approximately 8°21'04.63” N and
80°30'11.24" E, as well as on the grounds of the Faculty
of Applied Sciences at the Rajarata University of Sri Lanka,

Mihintale GN Division
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located at approximately 80.502206” E and 8.353090" N.
Both sites are situated in the Anuradhapura District in Sri
Lanka’s North Central Province.

The Mihintale Sanctuary (Figure 1) predominantly
comprises dry mixed evergreen forest types, along with scrub-
lands, water-edge habitats, highly degraded tertiary forests,
and vegetation associated with archacological sites. This
sanctuary hosts a rich biodiversity, including several endemic
floral and faunal species3!!. Volk, and Vidanage *?] reported

that these woodlands harbor approximately 40 tree species.

h

Figure 1. Map of Study Area 1 (Mihintale Sanctuary).

Located approximately 1.5 km from the sanctuary, the
Faculty of Applied Sciences (Figure 2) at Rajarata Univer-
sity of Sri Lanka features a landscape that includes wooded
areas, gardens with diverse plantings, and urbanized spaces,

forming a mosaic of habitats. These environments support
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diverse wildlife, such as birds, insects, and small mammals,
offering valuable opportunities for ecological research. How-
ever, the level of disturbance within the faculty premises is
significantly higher compared to the relatively undisturbed
Mihintale Sanctuary.

s

Figure 2. Map of study area 2 (Faculty of Applied Sciences, RUSL).
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The study sites were selected to examine bird behavior
in both urban, human-disturbed environments, and forested
environments, allowing for a comparative analysis of their
behavioral adaptations. This approach provides a broader
understanding of how RVBB and WBBB respond to varying
levels of human activity, offering insights into their behav-
ioral flexibility and ecological adaptations across different
habitats.

2.2. Population Data

The population count for both bulbul species was con-
ducted daily from October 10, 2022, to January 3, 2023.
Observations were made at 12 locations within the Mihintale
Sanctuary and 3 locations on the Faculty of Applied Sciences
premises. The counts were performed manually using Pentax
8 x 40 binoculars. The point count method was employed
to collect abundance data, with observers stationed at prede-
fined points. During fixed time intervals, all sightings of the
two bulbul species were recorded, allowing for an estimation

of their relative abundance across the study sites.

2.3. Behavioral Data Collection

1331 was used to observe indi-

The focal sampling method
vidual bird behaviors. A preliminary survey was conducted
in both urbanized and forested areas to identify locations
where birds were frequently sighted. Observations were car-
ried out daily from 0700 h to 1800 h, excluding rainy days,
using Pentax 8 x 40 binoculars to minimize disturbance to the
birds during feeding activities. The duration and type of each
observed activity were recorded. Microhabitat details for
foraging attempts were also documented, including height
above ground (measured with a clinometer), substrate type,
and food-handling techniques. Field tools such as a stop-
watch, digital camera, notebook, and relevant field guides,

[10

e.g., Ashton plant guide!'%! and Harrison bird guide®*! were

utilized.

e General activities during the day: scanning, flying, feed-
ing, preening, and resting.

e Foraging height: ground (0 m), shrubs (0—4 m), sub-
canopy (4.1-8 m), canopy (8.1-12 m), and top canopy
(>12 m).

e Foraging substrates: trunk or main branches, twigs (small
branches), foliage (leaves, including leaf blades and peti-
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oles), and flowers.
e Food handling techniques: gleaning, reaching, hanging,
pecking, and sally.

In the urbanized setting, foraging height was deter-
mined by categorizing observed feeding locations into prede-
fined height classes using a clinometer. Since the urban land-
scape lacked a continuous canopy, birds were often observed
foraging in alternative vertical structures such as shrubs,
small trees, artificial perches (e.g., building edges, fences,
utility wires), and garden vegetation. The same height classi-
fication system used for forested areas was applied, ensuring
comparability.

The study was conducted over the entire day, divided
into five time intervals. Food types were classified into fruits,

flowers, insects, and worms.

2.4. Fruit Morphological Characters

The characteristics of fruits consumed by bulbuls over
time were identified using focal observations and measured
into the groups of characteristic parameters shown below.
Fruits were collected from frequently cited locations of bul-
buls. Mature fruits were collected from the lower branches

of trees where both species consumed. Parameters included:

e The color of the fruit - the color of the outer court of the
fruit was recorded, e.g., red, yellow, black, and green.

e Seed number - the seed number per fruit was counted and
measured.

e Life form of the plant (structural and functional character-
istics of the plant) - e.g., tree, shrub, climber

e Physical characters - e.g., weight of fruit, diameter of

fruit.

2.5. Nutrient Analysis of Frequently Consumed
Fruits

This study analyzed the nutrient content of fruits fre-
quently consumed by the two bulbul species, examining
components such as protein, lipids, fat, ash, moisture, and
carbohydrates*#l. The nutrient analysis followed the stan-
dard methods established by the Association of Official An-
alytical Chemists (AOAC)[*3 to ensure the accuracy and
reliability of the results.
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2.5.1. Determination of Moisture Content

The moisture content of the fruit samples was deter-
mined using the oven-drying method. Empty dishes and
lids were thoroughly washed and dried in an oven at 105
°C for 3 hours before being transferred to a desiccator to
cool. The weight of the empty dish and lid was recorded. Ap-
proximately 3.0 g of each sample was weighed into the dish,
spread uniformly, and dried in the oven at 105 °C for 3 hours.
After drying, the dishes were transferred to a desiccator to

cool before being reweighed 3> 361,
2.5.2. Determination of Protein Content

The protein content was analyzed using the Kjeldahl
method. Approximately 1.0 g of each sample was weighed
into a digestion flask, followed by the addition of 5 g Kjel-
dahl catalyst (a mixture of 9 parts potassium sulfate and 1
part copper sulfate) and 200 ml concentrated sulfuric acid
(H2S0O4). Ablank sample containing the reagents without the
sample was also prepared. The flask was gently heated until
frothing ceased and then boiled until the solution cleared.
The mixture was cooled, and 60 ml of distilled water was
cautiously added. The flask was connected to a condenser,
with the tip immersed in 0.2 N HCI containing 5—7 drops of
a mixed indicator (methyl red and bromocresol green). Am-
monia was distilled and absorbed into the acid. The excess
acid was titrated with 0.2 N NaOH solution 3> 371,

2.5.3. Determination of Ash Content

The ash content was determined by incinerating the
samples in a muffle furnace. Crucibles and lids were heated
at 550 °C overnight to remove impurities, cooled in a des-
iccator for 30 minutes, and weighed. Approximately 5.0
g of each sample was placed into the crucible, which was
heated over a low Bunsen flame until the fumes ceased. The
crucibles were then placed in the furnace at 550 °C overnight.
After ashing, the crucibles were cooled in a desiccator and

reweighed 33361,

2.5.4. Determination of Crude Fat Content

The crude fat content was analyzed using the Soxhlet
extraction method. Extraction bottles and lids were dried in
an oven at 105 °C overnight to stabilize their weight. Ap-
proximately 3.0 g of each sample was wrapped in filter paper,

placed in an extraction thimble, and transferred to the Soxh-
let apparatus. The extraction bottle was filled with 250 ml
of petroleum ether and connected to the apparatus. The ex-
traction was carried out at a rate of 150 drops per minute for
14 hours. After extraction, the solvent was evaporated using
a vacuum condenser, and the extraction bottles were dried
at 80-90 °C until the solvent was completely removed. The

bottles were cooled in a desiccator and reweighed 3> 371,

2.5.5. Determination of Carbohydrate Content

Carbohydrate content was calculated by difference, us-
ing the proximate analysis values for moisture, protein, ash,

and fat. The formula used is as follows:

Total Carbohydrates (%) = 100 — (Moisture (%)

1
+ Protein (%) + Ash (%) + Fat (%) M

This calculation provides the total carbohydrate con-
tent, encompassing both soluble carbohydrates (e.g., sugars
and starches) and insoluble carbohydrates (e.g., dietary fiber).
It assumes that the sample’s composition is limited to mois-
ture, protein, ash, fat, and carbohydrates, with negligible

contributions from other components 3!,

2.6. Niche Overlapping

The study investigated niche overlap between RVBB
and WBBB using mist netting and morphological measure-
ments. Mist netting was conducted over five days at four
sites within the Mihintale Sanctuary and three sites on the
Faculty of Applied Sciences premises, utilizing 12-meter
nets with a 20 mm mesh size (Figure 3). This research was
conducted under the authority of wildlife permit number
WL/3/2/16/22. Captured birds were tagged and marked with
colored rings for identification, and morphological data, in-
cluding body weight and beak dimensions (length and width),

were recorded for niche breadth analysis.

2.7. Correlation between Morphometric Mea-
surements and Fruit Size

The gape width and head-to-beak length of both species
were calculated. The size of each fruit consumed by both

bulbul species was also recorded.
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Figure 3. Mist netting and bird ringing.

2.8. Data Analysis

The study employed Levins’ niche breadth estima-

[38 39-411 for calculat-

tion[3® and the Simplified Morisita index[
ing dietary niche overlap.

That was, )

B=—"
Y. P2

2
Where,

B = Levins’ measure of niche breadth

P;? Fraction of items in the diet that are of food cate-
gory j

The range of B is from 1 to n, where #n is the total

number of resource states

pa-B-1 (3)
n—1
Where,
B- Levins’ measure of niche breadth
BA- Levins’ standardized niche breadth
n = Number of possible resource states
25" Py Py,
On= iR @

Where,

Cq - Simplified Morisita index of niche overlap be-
tween species j and species 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£

n - Total number of resource states (I=1,2,3 ... n)

Data analysis was conducted using Microsoft Excel™

for data storage and visualization, while statistical analyses

were performed with R 4.2.2. The Shapiro-Wilk normality
test was employed to assess the normal distribution of the
data. Chi-square tests were employed to assess relationships
between time intervals and bird food preferences, and a two-
sample t-test was used to compare population differences
between the RVBB and WBBB across different locations.
Pearson correlation tests examined the relationship between
gape width and average fruit size, while cluster analysis was
used to identify patterns in foraging height across habitats.
Spearman’s correlation test was used as a non-parametric

analysis.

3. Results
3.1. Abundance of Bulbul Species

The observed abundance of bulbul species varied be-
tween the two study locations. In the Mihintale Sanctuary,
95 individuals of RVBBs and 29 individuals of WBBBs
were recorded within their foraging areas. In contrast, the
faculty premises recorded 16 RVBBs and 6 WBBBs. The
results indicate a higher abundance of both bulbul species in
the Mihintale Sanctuary compared to the faculty premises
(Figure 4).

3.2. Foraging Behavior

The categories of foraging behavior were determined
based on established methodologies from previous avian for-
aging studies such as Remsen and Robinson[#?. The focal
bird’s behavior was categorized into preening, beak cleaning,

flying, scanning, calling, and foraging. RVBB and WBBB
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allocated similar amounts of time to foraging activities across
the two study sites. However, behavioral differences were
noted in other activities. Within the sanctuary, RVBB ex-

hibited higher resting and preening frequencies than WBBB.
Conversely, at the faculty premises, WBBB demonstrated
higher levels of resting and preening than RVBB (Figure 5).
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Figure 4. Monthly bulbul abundance within the study area: (a) FAS RUSL, and (b) Mihintale Sanctuary.
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Figure 5. The percentage of total observation time spent on foraging activities for common RVBB and WBBB in the (a) Mihintale

Sanctuary, and (b) Faculty of Applied Sciences.

Within the Mihintale Sanctuary, scanning constituted
the majority of observed behaviors for both RVBB and
WBBB, with more time dedicated to scanning than foraging
or other activities. Both species exhibited similar propor-
tions of time spent scanning and engaging in other behav-
iors. The presence of conspecifics reduced scanning behavior
while increasing foraging activity. Observations revealed
that both species were more frequently seen alone than with
conspecifics and significantly less often with heterospecifics.

Foraging was most active during the middle of the day (1000
h—1600 h), contrary to the typical foraging pattern of many
passerines, which peaks in the early morning and late evening.
WBBB displayed notably higher foraging activity between
1400 h and 1600 h within the sanctuary. However, no signif-
icant behavioral differences were observed between the two
species at the faculty premises. Both species utilized vari-
ous substrate types, spending minimal time on bare ground
and favoring tree branches. Additionally, both RVBB and
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WBBB preferred slightly elevated substrates in both loca-
tions. Both RVBB and WBBB exhibited a strong preference
for twigs as their primary foraging substrate. Among other
substrates, RVBB showed the least preference for leaves,

Contributed Value
Contributed Value

2

H E =

Ground Main branch Leaves

Twig
Category

(a)

500

00

whereas WBBB demonstrated the least preference for the
main branches. A chi-squared test confirmed a statistically
significant difference in substrate preferences between the
two species (p < 0.05) (Figure 6).

00
00

00

B N =

Ground Leaves Main branch

Twig
Category

(b)

Figure 6. Substrate types preferred by (a) RVBB and (b) WBBB.

The categories of food handling techniques such as
gleaning, pecking, sallying, reaching, and hanging were de-
termined based on established methodologies from previous
avian foraging studies to provide a standardized framework
for observing avian foraging strategies. The term “gleaning”
refers to the act of gathering food from a surrounding sub-
strate, such as the ground, that may be reached without fully
extending the legs or neck. Reaching involves fully stretch-
ing the legs or the neck upward, outward, or downward.
Hanging means suspending the body below the feet using

the legs and toes to access food that could not be obtained
from any other sitting posture. Pecking was the process of
pressing the bill against the substrate to scrape off some
of its surfaces. Sallying involved taking off from a perch

to attack some food 42431,

Gleaning emerged as the pre-
dominant food-handling technique employed by both RVBB
and WBBB. This was followed by reaching and hanging
behaviors, with occasional instances of pecking and sallying

observed during the study (Table 1).

Table 1. Food handling techniques of RVBB and WBBB.

Behavior Number of Observations % Number of Observations %
RVBB WBBB

Gleaning 761 70.00 324 73.63

Reaching 164 15.08 53 12.04

Hanging 71 6.53 30 6.81

Pecking 69 6.34 9 2.04

Sallying 22 2.02 24 5.45

The majority of RVBBs foraged in the canopy position
(8.1-12 m) (70.8%), while the ground level (0 m) (2.8%) was
the least utilized. In contrast, most WBBBs foraged in the sub-
canopy (4.1-8 m) (75.9%), with the canopy position (8.1-12
m) being the least preferred (9.1%) across both study sites
(Figure 7). The RVBB and WBBB demonstrated distinct

70

foraging heights during feeding, with partial overlaps but no
complete overlap in their foraging ranges. WBBB foraging
heights deviated from those of RVBBs. Additionally, a sig-
nificant association was observed between time intervals and
food preferences (p < 0.05), with both species foraging more

frequently in the morning compared to the late afternoon.
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Figure 7. Percentages of vertical foraging positions in the foraging tree of (A) RVBB and (B) WBBB at both study sites.

3.3. Food Preferences of Bulbul Species

The diet composition of both bulbul species was catego-
rized by the types of food items consumed. It was categorized

into Fruit, Insect, Flowers and Worms. Both species exhib-

A

Value

Flower Flawer buds
Category

L.

Insect

ited a strong preference for fruits over other food types. A
chi-squared test revealed a significant difference in food type
preferences between the two species (p < 0.05). Though both
species are considered frugivores, a certain portion of insects

was included in their diet (Figure 8).

Value

100~

Worm

Category

Insect

Fruit

Figure 8. Food types preferred by (A) RVBB and (B) WBBB.

RVBB utilized ten species of plants for foraging.
Grewia helicterifolia was the major foraging plant of RVBB.
Minimum foraging observations were recorded on Croton
sp. They frequently utilized Tarenna asiatica, Flueggea
leucopyrus, and Lantana camara. Trees such as Vitex pin-
nata and Benkara malabarica are occasionally preferred
(Table 2). WBBB utilized seven species of plants for forag-

ing. Grewia helicterifolia was the major foraging plant of
WBBB. Minimum foraging observations were recorded on
Hugonia mistax. They frequently utilized Hamelia patens,
Benkara malabarica, and Tarenna asiatica. Trees such as

Vitex pinnata and Lantana camara are occasionally preferred

(Table 3) (Figure 9).
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Table 2. Description of foraging plant species of RVBB.

Plant Species Family Frequency %
Grewia helicterifolia Malvaceae 49.85
Tarenna asiatica Rubiaceae 13.88
Flueggea leucopyrus Phyllanthaceae 13.03
Lantana camara Verbenaceae 4.72
Vitex pinnata Lamiaceae 4.43
Carmona retusa Boraginaceae 3.87
Ficus microcarpa Moraceae 3.30
Benkara malabarica Rubiaceae 1.22
Hamelia patens Rubiaceae 0.94
Azadirachta indica Meliaceae 0.37
Croton sp Euphorbiaceae 0.37

Table 3. Description of foraging plant species of WBBB.

Plant Species Family Frequency %
Grewia helicterifolia Malvaceae 48.96
Hamelia patens Rubiaceae 18.93
Benkara malabarica Rubiaceae 13.39

Tarenna asiatica Rubiaceae 8.31

Lantana camara Verbenaceae 5.54

Vitex pinnata Lamiaceae 3.69

Hugonia mistax Linaceae 0.92

Figure 9. Some of the dominant fruits during the study period: (A) Grewia helicterifolia, (B) Benkara malabarica, (C) Tarenna asiatica,
and (D) Lantana camara.
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Also, bulbul species change their diet periodically. fruit (Figure 10). WBBB also mainly consumed Grewia he-
RVBB mainly consumed Grewia helicterifolia in all three licterifolia in all three months. In November and December,
months. In November they also preferred Flueggea leucopy- ‘
rus as the second most consumed fruit. Tn December they they preferred Hamelia patens as the second most favorable

preferred Carmona retusa as the second most favourable fruit (Figure 11).

600
T o N 'k}:--_ P
T 200 L
=
= 100
E 0
E OCTOBER NOVEMBER DECEMBER
< Month
B ant B Azadirachta indica # Benkara malabarica
Carmona retusa & Croton sp £ Ficus sp
8 Flueggea leucopyrus B Grewia helicterifolia @ Hamelia patans
# Insect B Lantana camara B Tarenna asiatica
Vitex pinnata White four ring larva
Figure 10. Monthly fruit selection of RVBB in both study sites.
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g 400
2 300
g
w200
& 100
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g Month
& Grewia helicterifolia 8 Hamelia patens & Benkara malabarica
Tarenna asiatica ® Lantana camara B Vitex pinnata
Figure 11. Monthly fruit selection of WBBB in both study sites
3.4. Fruit Morphological Characters 3.5. Nutrient Analysis of Common Fruit Items
Morphological characteristics of the fruits chosen by The nutrient analysis revealed significant variation in

RVBB and WBBB are crucial for understanding their forag- the composition of fruits consumed by Red-vented Bulbuls
ing behavior and dietary preferences (Table 4). (RVBBs) and White-browed Bulbuls (WBBBs) (Table 5).
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Table 4. Morphological characters of fruits selected by both bulbul species.

Plant Species Color Seed Life Form of The Mean Weight of Mean Diameter of
Number Plant Fruit (g) (£0.001) Fruit (cm) (£0.005)

Grewia helicterifolia Green 1 Tree 0.115 0.55
Tarenna asiatica Green 2 Tree 0.193 0.65
Flueggea leucopyrus White 1 Shrub 0.071 0.45
Lantana camara Black 1 Shrub 0.078 0.53
Vitex pinnata Purple 1 Tree 0.252 0.72
Carmona retusa Orange 1 Shrub 0.13 0.68
Benkara malabarica Yellow 4 Tree 0.554 0.94
Hamelia patens Red 1 Shrub 0.179 0.58
Hugonia mistax Orange 5 Shrub 0.288 0.74

Table 5. Nutrient composition of fruits consumed by RVBBs and WBBBs.
Fruit Species Protein (%) Moisture (%) Ash (%) Fat (%) Carbohydrates (%)
Tarenna asiatica 0.08 53.13 5.74 1.02 40.03
Vitex pinnata 4.50 60.43 0.13 0.89 34.04
Flueggea leucopyrus 5.34 74.43 0.97 3.55 15.71
Grewia helicterifolia 0.03 68.97 1.95 2.15 26.89
Lantana camara 4.12 80.46 1.13 1.78 12.51
Benkara malabarica 0.10 58.82 1.68 0.60 38.84
Hamelia patens 3.44 87.40 0.49 0.96 7.71

The Shapiro-Wilk normality test was employed to as-
sess the distribution of the data. Since the data were not
normally distributed, a non-parametric test, Spearman’s cor-
relation test was used to analyze the relationship between
nutrient content and the consumption patterns of these bulbul
species. RVBBs showed a strong positive correlation with
fat content (r = 0.7143) and a moderate positive correlation
with ash content (r = 0.5429). In contrast, protein content
exhibited a moderate negative correlation (r = —0.4857),
while moisture and carbohydrates displayed very weak corre-
lations (r = 0.0857 and —0.0857, respectively). For WBBBs,
a very strong negative correlation was observed with protein
content (r = —0.9429) and a strong positive correlation with
ash content (r = 0.7714). Moisture (r = —0.3714) and fat
(r=—0.2571) showed weak negative correlations, whereas
carbohydrates had a weak positive correlation (r = 0.3714).

These results indicate that RVBBs preferred fruits with
higher fat content, whereas WBBBs favored fruits with
higher ash content. Both species avoided fruits with elevated

protein levels, reflecting dietary selectivity. Carbohydrate

and moisture contents appeared to have minimal influence
on their consumption preferences, underscoring the impor-
tance of fat and ash as key nutritional factors in their food

preferences.

3.6. Niche Breadth and Niche Overlap

To find the patterns of resource use of both bulbul
species, dietary niche breadth was used. The mean stan-
dardized dietary niche breadth value for both bulbul species
was 0.0334. RVBB has the highest niche breadth (0.0484),
while WBBB has the lowest niche breadth (0.01855). Niche
breadth values of both species indicate that they are special-
ists in both locations (Table 6).

Both species required almost the same environmental
conditions and the same resources. So, dietary niche over-
lap value was used to check whether both species partition
resources in the environment. The pairwise dietary niche over-
lap value between RVBB and WBBB is 0.9854. This shows
that dietary niches between both species strongly overlap.

Table 6. Dietary niche breadth - Levin’s niche breadth (B) and Levin’s standardized niche breadth (Ba).

Species B Ba
Red-vented bulbul 1.145245 0.048415
White-browed bulbul 1.037102 0.018551
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3.7. Correlation between Morphometric Mea-
surements and Fruit Size

Gape size plays a crucial role in birds’ reproductive and
feeding behaviours, as it directly influences their ability to
capture and consume prey or forage for food**!. To examine
the relationship between gape size and fruit size, a Pearson’s
correlation test was conducted. The results indicated no sig-
nificant linear correlation between gape width and average
fruit size (r = —0.21, p = 0.6922). Additionally, no linear
correlation was found between the ratio of gape width to
head-to-beak length and fruit size for both species (r = 0.35,
p =0.4972). These findings suggest that gape size may not
directly influence the selection of fruit size in the two bulbul

species.

4. Discussion

The study of foraging habits is an essential aspect of
bird species conservation, as it provides insights into their
ecological roles and adaptive strategies. Foraging behaviour
encompasses various elements, including searching tech-
niques, foraging sites, dietary preferences, and food-handling
methods. Understanding these behaviours is vital, as vari-
ations in food intake can offer valuable information about
ecological niches, bill morphology, and energy dynamics[#?!.
Foraging strategies are often influenced by environmental
conditions, species interactions, and food availability, shap-
ing a bird’s overall ecological niche[*>4°]. In this study,
RVBB displayed a more tolerant and easily noticeable be-
haviour, making it easier to observe and document its forag-
ing activities. In contrast, WBBB was more secretive and
difficult to detect, making observation significantly more
challenging. This difference in behaviour may be attributed
to differences in predation risk perception or habitat use, as
has been observed in other bird species*7].

This study revealed that RVBBs and WBBBs allocate
their time equally between foraging, scanning, and other be-
haviours. This study revealed that both RVBB and WBBB
were observed more frequently in solitary contexts than in
the company of conspecifics, and significantly less often in
association with heterospecifics. This solitary behaviour is
consistent with findings from previous research, which indi-
cate that many bird species exhibit social foraging patterns
shaped by factors such as predation risk and food availabil-

ity. Under certain conditions, these pressures can lead to
increased solitary foraging as a strategy to optimize resource
acquisition and minimize competition 8],

The distinct vertical positions and partitioning of for-
aging sites within the same habitat by the two species may
reflect the influence of past competition on their current dis-
tribution. RVBBs predominantly foraged at the canopy level,
while WBBBs were more frequently observed at the sub-
canopy level. These vertical stratifications in foraging height
have been documented in multiple bird species, including
bulbuls and tanagers, suggesting that niche differentiation re-

49,301 Also, previous studies

duces interspecific competition|
have shown that bird foraging height selection is significantly
shaped by factors such as vegetation structure, plant species
composition, food availability and distribution, and interspe-

(42,511 This study identified four primary

cific competition
foraging substrates: twigs, leaves, flowers, and ground. Both
RVBBs and WBBBs strongly preferred twigs as their main
foraging substrate. These findings are consistent with pre-
vious research, which identified plants, particularly twigs,
as the primary foraging substrate for forest-dwelling bird
species 52331,

In this study, gleaning emerged as the primary food-
handling technique for both RVBBs and WBBBs, followed
by reaching and hanging behaviours. Previous research has
highlighted that leaf morphology and arrangement such as
the size, shape, petiole length, and position of leaves along
branches play a crucial role in shaping the foraging behaviour
of birds that capture prey from surrounding substrates>*).
Birds that forage on vegetation and the ground typically em-
ploy “gleaning” as their predominant foraging technique, as
it is considered the most energy-efficient method“?l. The
preference for gleaning may be explained by its low energy
expenditure, making it the most cost-effective foraging strat-
egy for many bird species!>]. For some bird species, specific
morphological traits are closely associated with their ecolog-
ical behaviours[®. For example, studies on passerines have
shown that species with shorter bills and compact body struc-
tures rely heavily on gleaning, whereas those with longer
bills may employ probing or sallying techniques*®). Also,
species with long bills, such as the small Bee-eater, are bet-
ter adapted to capturing fast-moving insects, while species
with shorter bills, like the RVBB and WBBB, are predom-

inantly gleaners*”). Additionally, foraging behaviours are
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influenced by the abundance of food items available 8],
This study identified fourteen plant species consumed
by RVBBs and eight species consumed by WBBBs, including
some insect species. Grewia helicterifolia was the primary
fruit foraged by both bulbul species and was the most com-
mon tree species in the Mihintale Sanctuary. Hamelia patens,
another frequently consumed fruit, was the most common
shrub on the faculty premises. Other notable species in their
diet included Tarenna asiatica, Vitex pinnata, and Benkara
malabarica. Additionally, Flueggea leucopyrus and Car-
mona retusa were consumed exclusively by RVBBs, while
Hugonia mistax was only consumed by WBBBs. Overall,
both bulbul species showed a preference for fruits over other
food types such as flowers and insects, confirming their fru-
givorous diet[*). This preference for fruits over other food
sources is well-documented in many frugivorous birds, as
fruit consumption plays a key role in energy acquisition and

160611 ' The morphological charac-

seed dispersal dynamics
teristics of the fruits chosen by RVBB and WBBB are crucial
for understanding their foraging behaviour and dietary pref-
erences. Morphological traits, such as fruit size, shape, and
colour, can influence a bird’s ability to access and consume
these resources!®?l. For instance, larger fruits may be easier
for birds with specific bill sizes to manipulate, while colour
can impact fruit visibility and palatability [ 4. Fruit colour
has been identified as a significant factor influencing avian
dietary preferences, as it serves as an advertisement for ripe
fruits, aiding in long-distance recognition(”!. The most com-
mon colours in mature fruits are red, black, and blue, with

101 In

white, orange, and green appearing less frequently!
this study, both bulbul species consumed fruits of all the
aforementioned colours, except blue. However, no signifi-
cant relationship was observed between fruit colour and diet
selection for either bulbul species.

The study also found that both RVBBs and WBBBs
adjusted their diet seasonally, with foraging activity and food
intake increasing in December compared to the other two
months. Seasonal changes in food intake have been linked
to energy demands, reproductive cycles, and environmental

651 Birds often increase

conditions in many bird species!
food consumption during periods of higher metabolic de-
mand, such as winter months or breeding seasons, to maintain
body condition and survival ). This seasonal fluctuation in

diet is consistent with findings from previous studies, such

as Grouse!®”], which suggested that seasonal variations in
body weight, particularly in small birds, play a critical role in
survival strategies. The increased food intake observed in De-
cember may reflect an adaptive strategy to store fat reserves,
ensuring survival during periods of lower food availability
or increased thermoregulatory demands 8],

This study underscores the critical influence of both
the abundance and nutritional quality of fruits in shaping
the foraging behaviour of fruit-eating birds. Foraging de-
cisions in these birds are influenced by a complex set of
factors, where the availability of food resources plays a dom-
inant role in determining their foraging patterns[®® 7% Both
RVBBs and WBBBs displayed seasonal changes in their
foraging activity, with higher food intake and foraging ac-
tivity in December. This suggests that the birds’ ability to
adjust their foraging strategies based on seasonal availability
is likely driven by the overall quantity of fruits available
in the environment, reflecting the importance of food abun-
dance in their foraging ecology !’ 721, While the abundance
of food resources appears to govern the general foraging
strategies of these species, the nutritional content of fruits
plays a crucial role in more specific, short-term decisions
regarding fruit selection. This study supports this idea, as
both bulbul species demonstrated a preference for fruits with
higher fat and ash content, indicating that nutrient quality
is a key factor influencing their foraging choices. Similar
findings have been reported in previous studies, where nutri-
ent content in fruits was found to affect feeding preferences
in birds, with species selecting fruits that provide optimal

nutritional rewards[73- 74,

In line with these observations,
this study suggests that the interplay between the availability
of food resources and the nutritional value of those resources
influences the feeding habits of RVBBs and WBBBs. While
the abundance of fruits is the primary driver of broad forag-
ing strategies, the quality of fruits, especially in terms of fat
and ash content, plays a significant role in the birds’ specific
fruit selection behaviours. This highlights the hierarchical
nature of food selection in fruit-eating birds, where resource
quantity dictates general foraging patterns and nutritional
rewards shape more immediate dietary choices!7%l.
Understanding the dietary niche breadth of birds is
essential for formulating effective conservation strategies.
Species with a narrow dietary niche rely heavily on specific
food resources, making them vulnerable to habitat alterations
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or resource depletion!’). Conversely, species with a broad
dietary niche can exploit a diverse array of food resources, al-
lowing them to adapt to varying environmental conditions. In
Central Europe, studies have shown that passerine birds with
wider dietary niches tend to have larger distributional ranges
and higher local abundances. This generalist feeding be-
haviour enables them to thrive in diverse habitats, suggesting
that conservation strategies should aim to preserve a variety
of food sources to support these species’ ecological flexibil-
ity[73]. When a bird species relies heavily on a specific food
source, conservation efforts should focus on safeguarding
that resource or creating new habitats where it remains ac-
cessible!”®]. In our study, both RVBB and WBBB exhibited
characteristics of dietary specialists within the study sites.
The pairwise dietary niche overlap values were close to 1, in-
dicating a high degree of overlap in the food sources utilized
by both species. This high degree of niche overlap suggests
that these two species have similar dietary requirements, fa-
cilitating their coexistence without competitive exclusion[’”).
Research on frugivorous bird communities in the tropical An-
des supports this finding, showing that closely related species
often exhibit substantial dietary niche overlap, which can
promote species coexistence through shared resource use!’8].
These findings highlight the importance of understanding
niche overlap in the development of conservation measures,

ensuring that both species can thrive in their shared habitats.

5. Conclusions

This study explored the foraging behaviour, dietary
preferences, and ecological interactions of RVBB and
WBBB, shedding light on their dietary niche overlap and for-
aging strategies. Both species exhibited high niche overlap,
with a preference for fruits, particularly those rich in fat and
ash. Seasonal fluctuations in foraging activity highlighted
the influence of food availability on feeding behaviours. De-
spite their dietary similarities, the coexistence of both species
within the same habitat indicates that niche partitioning al-
lows for minimal competition. The findings emphasize the
importance of considering both food quality and availability
in conservation strategies for frugivorous birds, particularly
in maintaining habitat diversity and resource accessibility.
Long-term studies on the seasonal variations in dietary com-
position and their relationship with breeding success and

survival rates would provide deeper insights into the ecolog-

ical adaptability of these species.
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