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Summary
This study was aimed at discerning the responses shown by bird communities to teak
plantations of various age classes in Sagar Forest Division, Karnataka within Latitude
13° 36° and 14° 38” North 74° Longitude 38’ and 75° 32’East Latitude. Birds were
sampled using line transects in three habitat strata, natural plantations, mature teak
plantations and young teak plantations. Density, diversity and community similarity
were the chief ecological responses that were quantified to bring out differences in the
usage of forest plantations by native bird fauna. Habitat (vegetation) correlates, both
structural and floristic were quantified to establish the reasons for differences. The
sampling period was from December 2008 to April 2009. This period was divided
into two seasons, winter and summer. A total of 9 transects were laid, marked and

sampled at least 4 times per season.

Birds were divided into three feeding guilds and three habitat guilds for analysis. The
overall density of birds across the three strata was found to be higher in summer than
in winter. However a guild level analysis showed that in winter while insectivorous
birds were most abundant in natural forest with decreasing density towards young
plantations (F (6241) , p< 0.05). There was no difference in their density in summer.
Phytophagous birds showed the exact reverse trend. Density of this guild was higher
in young plantations than natural forests and mature plantations in winter and summer
(Fs.689) P< 0.05), (F (14.302)» p< 0.01) respectively. Overall diversity of birds showed a
trend of decreasing species richness from natural forests to young plantations in both
seasons. However this difference was almost non existent in summer at the guild
level. The abundance of birds belonging to evergreen and moist deciduous forests
shows a consistent rise in abundance from winter to summer in all the three strata.

There is also evidence that there is ingression of individuals of species that were
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common to both seasons possibly for nesting. The overall community similarity is
quite high between the three strata and it increases from winter to summer. Bird
diversity was found to be affected by the vertical spread of vegetation and tree height
heterogeneity (R=0.871, p<0.01). It was also correlated to canopy cover (R=0.807
p<0.05) and continuity (R= 0.737 p< 0.01). Insectivorous guild was affected by
correlates of forest maturity (R= 0.805 p< 0.01). The high density of phytophagous
birds was found to be correlated to the abundance of parasitic epiphytes which were
most numerous in young plantations (R= 0.766, p< 0.05 in winter and R= 0.796, p <
0.01 in summer). Although resident bird composition showed association with tree
species ’composition in winter (R= 0.49, p< 0.001), no such association was observed

in summer.
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1. Introduction

As rates of deforestation continue to rise in many parts of the world, the international
conservation community is faced with the challenge of finding approaches which can
reduce deforestation and provide rural livelihoods in addition to conserving
biodiversity. However, much of modern day conservation is motivated by a desire to
conserve ‘pristine nature’ in protected areas (Bhagwat et al 2008). The burgeoning
human population has already removed somewhere between 8 and 12 million square
kilometres (between 35% and 50%) of the original closed canopy tropical forests
around the world (Wright and Miller-Landau 2006). The loss of natural forest is most
profound in the tropics where annually 0.8% of the remaining forests are cleared and
converted into cultivated land. Growing human populations and accelerating demand
for forest resources such as wood resulted in increasing areas of degraded forests and
forest plantations. New forests are regenerating on former agricultural land, and forest
plantations are being established for commercial and restoration purposes (Nagendra
2007, Chazdon 2008). During the past thirty years an evident decline in natural forest
resources in a number of countries and the difficulties in accessing increasingly
remote areas of natural forest available for wood supply, has resulted in
intensification in the focus on plantation forests. Plantations provide a potential means
for alleviating potential future wood shortages and providing continuity of supply for
existing industrial enterprises or household fuel wood needs (FAO 2002). Apart from
fuel and timber biomass, plantation forests are also known to provide services like

carbon sequestration and soil conservation.

Role in biodiversity conservation: Although networks of protected areas in the
tropics provide habitat for many rare and endemic species that prefer old-growth
forest, these networks alone fail to protect all tropical biodiversity due to their small
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land area (Montagnini et al 2005). Plantation systems can buffer existing reserves and
provide corridors for persistence and movement of species across landscapes (Daily et

al 2001). Such systems are useful with pristine forests for combating species loss as a

result of tropical forest fragmentation.

1.1  Review of Literature

Birds in plantations: Birds are one of the most well studied groups of organisms.
With their varying levels habitat specificity, birds make excellent indicators of
ecosystem health and habitat quality. Hence, birds can be used to assess the quality of
habitats the growing plantations offer and use them as a surrogate for biodiversity.
Biodiversity conservation is thought to be an inherent service provided by the
plantations of the world. But it is important to understand what aspect of biodiversity
is being conserved. An increasing number of studies suggest that the differences in
bird communities in the plantations versus natural forests are quite stark. Generally
not more than 50-60% of the original bird fauna is supported (Bhagwat et al 2008).
Petit et al (1999) reported a mere 43%-54% forest bird species present in rustic coffee
plantations. Similar results have been shown from Costa Rica (Daily et al 2001), India
(Raman 2001), Kenya (Sekercioglu 2002) and many other studies. Research indicates
that in the plantations forest specialist birds are most commonly replaced by more
generalist, open habitat species that may not be of significant conservation importance
(Kwok and Corlett 2000, Daily et al 2001, Rotenburg 2007).

1.1.1 Choice of species for plantations: In a study from Kenya Farwig et al (2008)
illustrated that plantations of indigenous trees support more bird diversity than those
of exotic ones. Plantations of a mixture of native species more closely resembled
natural forests with respect to bird species composition than monocultures of a single

species. The bird conservation significance of using native tree species has also been
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reported from studies on rustic (native) shade tree coffee plantations in the Americas
(Greenberg et al 1998, Moguel and Toledo 1999, Jende et al 2005, Tezeda-cruz and
Sutherland 2006,) and India (Anand et al 2008). The choice of species for plantation
is known to be extremely important for certain guilds of birds like frugivores and

cavity nesting birds (Clout and Gaze 1984).

1.1.2 Age of stand/plantation: The age of the plantation is also important in
determining the usage by local bird communities. This trend has been seen with
Tectona grandis plantations in India, in which the older plantations always seem to
have a greater diversity of birds and a more stable community structure than the
younger monocultures (Daniels 1989, Mehta 1998, Trivedi 2006). Because
plantations are generally man-made habitats, it takes many years for a stable bird
community to establish. Hence it is recognized that plantations of tree species with
long rotation cycles provide time for the system to stabilize and provide the habitat

complexity needed for higher bird diversity.

1.1.3 Landscape matrix: There is an increasing body of litgrature on the
importance of the landscape matrix in determining bird diversity of plantations. A
landscape has been defined as an area with an interaction of its elements (e.g.
ecosystems) relevant to some phenomenon under consideration (Mazerolle and
Villard 1999). Many bird species react to small scale (patch level) and landscape level
changes in habitats including the ones which extend beyond their home ranges
(Taylor and Krawchuk 2005). Plantations alone might not support a large diversity
but where they are located in close proximity to natural forest, they can give good
cover for many species and hence can act as good buffers for these habitats especially

for dispersing individuals.
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1.1.4 Proximity or connectivity to natural forest: Raman (2006) reports that the
species diversity and richness .of some native tree plantations located adjacent to
forest fragments were comparable to wet evergreen forest habitats. But as the distance
of the plantation increased away from the natural forest vegetation, the number of true
forest species declined. Lawes and Wethered (2005) in their study of the plantation
forest matrix in Afromontane ecosystem describe the importance of canopy
connectivity. The importance of canopy connectivity has also been realized in forest
fragments- agro-ecosystem network in Panama (Petit et al 1999), and the Israeli scrub
desert (Shochat et al 2001) also. Hence it is evident that not only the existence but
also the pattern of juxtaposition of forest plantations and natural forest areas is

important in conserving forest bird communities.

1.1.5 Plantations as bird habitats: The composition of avian assemblages and how
they are influenced by habitat features has been one of the most pervasive themes of
investigation in community ecology (Jayapal et al 2009). Habitat structure
(physiognomy) and floristics (composition) have been recognized as the key
components affecting land bird assemblages in general. It ié important to assess

plantations using these two attributes for their value as bird habitats.

Physiognomy: Birds are known to respond to two broad aspects of habitat structure,
vertical heterogeneity and horizontal or spatial heterogeneity. While Foliage Height
Diversity and Tree Height Diversity are important attributes of vertical heterogeneity,
canopy cover and spread, tree density, number of snags, basal area, shrub density and
volume are determinants of spatial heterogeneity (MacArthur and MacArthur 1961).

Plantations because they are planted in a uniform fashion and very seldom
regenerated naturally offer very little structural heterogeneity. Tree density is
generally known to be higher in plantations than in natural forests (Saha 2003,

15



Daniels 1992). Sekercioglu (2002) reported that there was definite distinctness
between the bird communities found in unlogged or little logged forests and heavily
logged forests. This pattern, he explained due to the loss of horizontal heterogeneity.
Hansen et al (1995) and Wilson (1974) reported the relationship between the density
of snags and dead poles and their effect on the abundance of cavity nesting birds. The
loss of these nesting sites seriously affected this guild and there was a marked
recovery when snags were retained. Marsden et al (2001) reported that Eucalyptus
plantations lacked substantial bird fauna as there was little or no under storey

vegetation in these plantations.

Floristics (composition): This aspect of habitat heterogeneity is known to play a
significant role when comparing sites in the same overall habitat type (Lee and
Rottenburry 2005). Bell (1979) reported very little native plant and bird diversity
from teak plantations in Papua New Guinea. Arnold (2003) showed that‘Australian
agro-forestry areas showed that the difference in under storey diversity translated into

a difference in both diversity and abundance of bird species.
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1.1.6 "Teak plantations- Brief history and studies on their role in biodiversity
conservation.

Teak (Tectona grandis) is a hardwood species is indigenous to India. Teak has been
grown in other countries including Costa Rica and Papua New Guinea, Central and
South America and Africa where it is an exotic making it the most widely planted
high quality timber species covering about 2.3 million ha (Enters 2000,F.A.O., 2002).
Teak plantations exist in many parts of India and often replace natural evergreen
forests and also moist and dry deciduous forests. Today it has the second biggest
share in the national growing stock contributing 6.31% of the stems and 4.33% of the
volume of trees in forests (SFR 2005).

Bell (2000) reported that in Papua New Guinea, Teak had little lateral branching, few
epiphytes or climbers and little undergrowth. There were far fewer species of birds
and mammals than in the rain forest, owing mainly to the loss of small insectivorous
passerines, nectarivores and ground feeders. Teak plantations of different age classes
especially young plantations if intermixed with natural forest provide good habitat to
large mammals in the Western Ghats of India.(Nair and Jayson 1989, Harikrishnan et

al 2007).

Few studies have been done on birds found in teak plantations in India. Prachi Mehta
(1998) in her study of birds in different age classes and silvicultural systems of teak in
Bori Wildlife Sanctuary, found that the diversity differed little after a teak plantation
had reached 20 years. The density of birds however showed considerable variation in
clear felled areas and teak plantations. Daniels (1989) worked on birds of Uttara
Kannada and demonstrated that the teak plantations were very homogenous habitats
and supported a considerable proportion of the local avian species fauna. Trivedi

(2006) reported that species richness of birds increased from young monocultures of
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teak to moist deciduous forests in the Dangs. Hence teak plantations usually follow

the same trends in diversity as most other plantation crops.

The present study compares density and diversity of birds in teak plantations of two

age classes with the bird community in the surrounding natural forests. It examines

bird abundance and diversity at a guild level across the three strata. A vegetation

profile of the three strata is carried out to highlight differences in structural and

floristic attributes and describing the vegetation of the study area. Finally the study

investigated habitat attributes that explain bird community responses to teak

plantations.
1.2 Objectives
1) To estimate density and diversity of birds in teak plantations in Sagar Forest

2)

3)

Division, Karnataka and the surrounding natural forests.

To evaluate the extent of similarity in bird community structure and
composition of teak plantations and surrounding natural forests.

To find habitat correlates which explain the differences in density and

diversity of birds in these strata.

These objectives are used to answer the following research questions-

1)

2)

3)

What are differences in overall density of birds in natural forests, mature teak

plantations and young teak plantations in winter and summer?

What are differences in density of birds at the guild level across the three
strata in winter and summer?

What are the differences in species richness as a measure of diversity among

the three strata across two seasons?
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2. Study Area

The study was carried out in the Sagar Forest Division situated in the Shimoga district
in the state of Karnataka. The division is named after the Sagar town that houses the
headquarters of the division. The division is divided further into ten ranges (Murthy,

S.F.D. Working plan 2001).The current study was carried out in the ranges of Sagar,

Anandpuram and Soraba.

2.1  Location

Sagar Forest Division is situated within 13° 36 aﬁd 14° 38’ North 74° 38’ and 75°
32°East .The total area of the division is 14,782 km”. The area is very hilly and
undulating. The highest point in the division is Kodchadri with an elevation of 1341m
with the average elevation is 670 m M.S.L. The significant rivers flowing through the
division are the Sharavathy, Kumudwathi, Varada, Varahi and Chakra. Water
availability generally does not fluctuate seasonally (Murthy, S.F.D. Working plan

2001).

2.2  Climate and Rainfall

The climate of the area is moderate with temperatures varying between 13°C and
37°C. The Southwest monsoon brings most of the rain, commencing usually in the
early part of June with very short interruptions. Heavy and continuous rainfall is
received until September with an average annual rainfall of 2400m. Pre- monsoon
showers arrive in May. November, December and January are the coolest months.

Summers are severe with March-May being the hottest months of the year.

The world famous Jog Falls on the course of the Sharavathy River are present in the
division. Two Protected Areas, Gudavi and Sharavathy Wildlife Sanctuaries also fall

within the limits of the division (Murthy, S.F.D. Working plan 2001).
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fertilizer in the areca nut (4reca catechu) plantations that occupy most of the low-
lying areas in the region. Hunting is not a significant problem in the area, although

the sparse density of mammals hints at a probable past of hunting in the area.

2.8 History of Teak Plantation Forestry in the Division:
Sagar division has 7815.6 ha of teak plantations. A teak conversion working circle
manages the teak plantations within the division. The main objective of the circle is to
exploit the marketable timber and conversion of existing growing stock into valuable
teak plantations. Ten felling series were formed, with a rotation period of eighty years
and an exploitable girth of 4.5 feet. Though some thinnings were carried out in the
past they depended mainly on the availability of funds. Due to irregular and
unsystematic workings in the past, Laurey’s thinning formula for teak plantations has
been adopted. The main objectives of management are-
1) To convert existing teak plantations into valuable growing stock by following
proper thinning schedule.
2) To enrich plantations with concentrated artificial regeneration of teak if they
are damaged due to biotic pressures.
3) To meet the teak pole requirement of the local and distant stakeholder.
4) To convert plantations into mixed nature if teak has failed on account of some
locality factors.

5) To remove Eucalyptus coppice and convert areas into pure teak stands.

According to the existing silvicultural practices there are six thinnings in one rotation
cycle and the number of stems retained per hectare changes from 1250 per hectare to

198 per hectare after the sixth thinning in the 48™ year. (Murthy, Working Plan S.F.D.

2001).






2.10 Pl i
antations chosen for the study: The plantations for the study were selected

a
after a weeklong survey of the area. They were chosen based on whether transects

could be laid in the plantations while maintaining a buffer of atleast 150 m from each

side and that fell in the desired age class category. Care was also taken that the

plantations were primarily surrounded by moist deciduous forests to control for

“effects of surrounding habitats on the bird community within the plantations.

Table 1.1- List of mature plantations selected for bird sampling

Name of Plantation Year of establishment Area (ha)
Ullur 1965 41
Konehosur 1962 - 140
Malali 1962 50
Table 1.2- List of Young plantations selected for bird sampling
Name of Plantation Year of establishment Area (ha)
Teliganmane 1989 40
Bilisiri 1987 50
Konehosur 1987 65

Hence the average age of mature plantations is 47 years and that of young plantations

is 23 years.

Natural Forest:

Three natural forest patches were also selected for sampling. These patches were

chosen on the basis of their quality as bird h

plantations (< 3 km). The qu

reconnaissanc

of teak plantation to clos

est natural forest.

26

abitats and distance to the selected teak
ality of these patches was assessed by carrying out
e surveys in the early mornings and making multiple bird species

richness lists. The patches were also chosen in a fashion so as to control for distance

e ,



3 Methodology
3.1 Bird Sampling-

Distance sampling (line transects)

Birds were sampled using variable width line transects (Rosenstock et al 2002,
Thomas et al 2002). Line transects were chosen as they give maximum detections/
unit time in field and hence effectively cover more area in the same time as compared
to point counts (Verner 1985). The basic assumption of line transects is that all
objects on the line are detected and the probability of detection goes on decreasing as
distance from the line increases. Hence a detection function is fitted on the

observations so as to arrive at the required abundance estimates.

Three transects each were laid out in three strata mature plantations, young
plantations, and natural forests. All transects were between 500m-700m in length. The
transects were laid in a way so that there was a buffer of at least 150m from all sides
to negate ‘edge effects’. All plantations that were chosen for sampling all had semi

evergreen and moist deciduous forest on at least three sides so as 10 control for

‘neighbourhood effect’ Wethered and Laws 2005)

All transects were walked at a steady pace (approximately 1.25 km/hour) between
6:30 a.m. and 9:30 am. At each detection of a bird species the following variables
were recorded- 1) Species 2) Group size 3) Angle between the observer and the bird

using a standard hand held compass 4) Distance between the observer and the bird

using a laser rangefinder 5) The height class at which the bird was seen. The birds

were recorded as being in one of 4 height classes. If they occurred in the first 0-5 m

above ground then they were recorded in height class “a’. If between 5m-10m then in

height class ‘b’. If between 10m-15m then in height class ‘¢’ and if between 15m and

above then in height class‘d’. These height categories were selected after
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reconnaissance walks in the plantations and developing a visual perception of the
heights at which vegetation was stratified. Similarly rough height classes were chosen
at heights where the birds were observed. Only birds actually perching in the habitat
were recorded. Birds were also detected and recorded using aural cues. On detection

by the call of the bird, the angle and distance to the tree or bush the call originated

from, was recorded.

Sampling was divided into two seasons- winter and summer. Each transect was
walked a minimum of 4 times (pseudo-replicates) in winter and a minimum of 5 times
in summer, with a total of 49 walks in winter and 57 walks in summer combined in all

strata.

3.2  Vegetation Sampling
The following habitat attributes were quantified as covariates to explain bird
community responses to teak plantations. The variables were classified into two main .
categories-

1) Structural Covariates: These quantify the structural attributes of the habitat.

2) Floristic Covariate: These quantify the floristic attributes.

Structural Attributes

1. Tree density: Number of live trees was counted. A tree is defined as any
woody plant > 2m in height (Jayapal 2007).

2. Girth at breast height (G.B.H.): G.B.H of all trees in the plot was recorded.

3. Tree height diversity: The lowest and the apical height of branches of the
trees was recorded and the Shannon Weiner Index was derived -X [Pi* In(Pi)]

where Pi= proportion of trees in the i height class (Jayapal et al 2007, Mohan

2007)
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Canopy cover and spread: Percentage canopy cover as measured by a
spherical densiometer. Mean of four directional readings were taken from the
centre of the plot.

Shrub abundance: Number of shrubs was counted in each plot. For the
purpose of this study, a shrub is defined as any woody plant < 2m in height.

Shrub volume: Mean shrub volume as the product of height X breadth X

width was recorded for each shrub wherever possible.

Ground cover: Ocular estimation of % grass cover, % litter cover and % bare

soil in each plot was recorded.

Parasites: Number of plant parasites present on trees in the 10m circular plots
was recorded.

Bamboo clumps: A total count of bamboo clumps was done in a belt of 60m

on both sides of the transect.

Floristic attributes

1)

2)

3)

4)

Tree species richness: Number of tree species encountered in each plot was

recorded.

Tree species diversity: This was calculated by using the Shannon’s Index as
-X [Pi* In(Pi)] where Pi= proportion of trees belonging to species ‘i’.

Shrub species richness: Number of species of shrubs encountered in each
plot was recorded.

Shrub species diversity: This was calculated by using the Shannon’s Index as

-X [Pi* In(Pi)] where Pi= proportion of shrubs belonging to species ‘i’.









When no size based bj
bias was observed then all the bird detections were used to carry

out density estimations,

Density of birds was estimated using the programme DISTANCE 5 (Thomas et al.
2006). The programme allows for global estimates (of the entire data set) of density
and also allows stratification according to sampling design and also ‘post
stratification’ for known subsets of data. In DISTANCE models datasets for clustered
observations are modelled separately than those for single object observations

(Rosenstock et al. 2002). Transect datasets were analyzed in the following manner-

Season
Winter Summer
Habitat Strata
| Natural [  Mature |  Young |
Bird Feeding Guild
Insectivorous | Phytophagous Others
Guild Guild Guild

Figure 3.3  Hierarchical classification of data used in analysis.

Birds were assigned to three basic feeding guilds- 1) Insectivorous 2) Phytophagous
and 3) Others, based on the species’ feeding habits (Ali and Ripley 1973, Jayapal et al
2009). Density estimates were calculated separately for whole strata and the feeding
guilds separately. Birds were also classified into ‘habitat guilds’. Each species was
classified into three categories 1) Evergreen and Moist Deciduous forest 2) Woodland

and 3) Generalist (Ali and Ripley, 1973). Densities were compared using t- tests and

one way Analysis of Variance (Zar 1999).






7 Vertical spread :
) pread of canopy which wag calculated as the standard deviation of

the di .
¢ difference between the top height and first branch heights of trees.

Floristic attributes

The Shannon Weiner Index was calculated for tree and shrub species for each

transect.

Bird- Habitat Interactions

Principal Component Analysis (P.C.A.) (Zar 1999) was carried out for the structural
and floristic attributes measured for the three strata along the transect.

Pearson correlations (Zar 1999) were calculated between bird density and diversity
measures and habitat variables. Bird species diversity matrices were regressed against
vegetation structural variables matrix and a tree species diversity matrix (Mantel test).
The repeated randomization model was used with 1000 runs in all the pairs of
matrices used (M~cCune and Grace 2002). All statistical analyses were done using

Statistical Package for Social Sciences (SPSS) version 11.5 (SPSS Inc).
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4.1.1 Overall densities

Overall densities at the stratum Jeve] were higher in summer than in winter
Natural forest summer > Natural forest winter (t 0.05,42=2.4517)
Mature plantation summer > Mature plantation winter (t (005.42= 2.8313)

Young plantation summer > Young plantation winter (t0054273.5427)

4.1.2  Guild level densities amongst strata in the same season-

Insectivorous guild

Winter: Tukey’s Post hoc test revealed that natural forests had higher density of birds
than young plantations in winter (F (241, p< 0.05). Densities of birds in the plantation

strata in winter were not significantly different.

Summer- There was no significant difference in insectivorous bird density across the

three strata in summer.

Phytophagous guild
Winter- Tukey’s Post Hoc test revealed that in winter, Phytophagous guild density in

young plantations was higher than mature plantation but not significantly higher than

natural forest (Fs.6s89), p< 0.05).

Summer- Density of phytophagous birds was higher in young plantations than in

natural forests and mature plantations (F (14302 P< 0.01).

Others guild
Winter-Tukey’s Post Hoc test showed that the densities of this guild in winter were
r-

not significantly different in the three strata.
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0.01). Hence bird diversity increases with increasing heterogeneity in vertical spread
of foliage. The insectivorous guild density also responded to tree height heterogeneity
(R=0.793 p < 0.01). Phytophagous birds showed a positive correlation to mean
number of epiphytic parasites/ plot (R= 0.766, p< 0.05). These parasites were
flowering in winter and might have attracted a large number of nectarivores. They
also showed a negative correlation to tree height heterogeneity (R= 0.815, p < 0.01)

which could be an artefact of them being most abundant in young plantations.

Overall resident bird composition and tree species composition showed a strong
relationship (R¥ 0.49, p< 0.001). Resident insectivorous and phytophagous guilds
also showéd significant relationships (R= 0.36 p< 0.001, R= 0.49, p < 0.001
respectively) (Mantel tests). This shows that tree composition plays a significant role

in determining the resident bird community.

Summer-

In summer overall bird diversity was highly positively correlated to Principal
Component 1 which represented forest maturity (R= 0.852, p < 0.01). Overall
diversity also shows a strong correlation to the tree height heterogeneity (R= 0.820, p
< 0.01). Insectivorous guild density was negatively correlated to tree density (R=
-0.824, p< 0.01) and positively correlated to G.B.H (R= 0.864, p < 0.05) suggesting
that this guild responded well to forest maturity. Phytophagous bird density was
positively correlated to number of epiphytic parasites (R= 0.796, p < 0.01) and
negatively to tree density and diversity (R=-0.885, p< 0.01) due to highest densities
of this guild occurring in young plantations. This guild is negatively correlated to the

tree height heterogeneity (R=-0.815, p < 0.01). This is because young plantations had

the least vertical heterogeneity in habitat and had highest densities of this guild.
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(Muscicapa tickellii) (Ali and Ripley 1973). There is a strong possibility that the birds

use plantations as nesting habitats, also possibly due to these habitats have minimal

disturbance due to enforced protection.

Overall density of birds was highest in natural forests. Prachi Mehta (1998) in her
study in the Bori Wildlife Sanctaury reports that the density of birds increases from
young teak plantations to mature teak plantations with maximum density in natural
forests, a trend published for other plantations as well (Trivedi, 2006 Rumble and
Gobeille,1998). A similar trend is also reflected in the current study also and this is
attributed generally to the stabilization of habitat structure a more stable microclimate
regime and plant communities. Guild level densities of birds however showed some

peculiar results. The plantation strata show a high variability in bird abundance.

While the density of insectivorous birds did not change in natural forests across
seasons, plantations showed a marked increase in insectivore density in summer. This
might be a response to the increased arthropod abundance that occurs in most forest
environments in summer (Karr 1976) and also an apparent tracking of arthropod

abundance after the teak starts getting new leaves.

Phytophagous birds show a reverse trend in density. In both seasons young
plantations supported the highest densities of phytophagous birds. This appears to be
primarily explained by the the high abundance of Common rosefinch (Carpodacus

erythrinus). These birds were found in large flocks in the young plantations. Bamboo

(Dendrocalamus strictus) was flowering and holding seed in most of the study area.

As open forest granivorous birds, Common rosefinches probably preferred young

plantations to the closed moist-deciduous and semi-evergreen natural forests even

though they did not have the highest bamboo density. Common rosefinches make up a
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primarily the obligate frugivores and birds of primary closed canopy forest (Petit et al
1999, Raman 2001, Daily et al 2001). Hence plantations of native species, even
though they support comparable species richness, generally do not contain species of
conservation importance (Kwok and Corlett 2000, Rotenburg 2007). The present

study looks at seasonal variation in diversity and variation in the community.

The increased bird diversity in all three strata in summer can be attributed to the
influx of species for nesting (pers. observ.) or for feeding opportunities. Interestingly
the species richness of even young plantations increases considerably and is as high as
the mature plantations. The greatest rise in estimated species richness which is
amongst phytophagous birds is the effect of many species like Oriental turtle doves
(Streptopelia orientalis), Vernal hanging parrots (Loriculus vernalis), White rumped
munias (Lonchura striata) and Chestnut shouldered petronia (Petronia xanthocollis)
using the plantations to feed on the fruits of Calycopteris floribunda a common

climber which has a large fruit crop.

In part, a common influence on the increase in density and diversity is the apparent
seasonal use of the plantation habitats by evergreen and moist deciduous forest
(EvMD) birds. The birds belonging to this habitat guild show a consistent rise across
all strata, with the highest gain in young plantations. These birds include species like
Yellow browed bulbul (lole indica), White bellied woodpecker (Dryocopus javensis),
Brown-cheeked fulvetta (dlcippe poioicephala), Large woodshrike (Zephrodornis

gularis), Malabar Trogon (Harpactes fasciatus), Dark fronted babbler (Rhopocichla

atriceps) and Pompadour green pigeons (Treron pompadora). The reason for this

seasonal influx might be for nesting (pers. observation) or to exploit feeding

opportunities. In their study of birds of Uttara Kannada Daniels et al (1992) said that

birds in teak plantations have species in common with dry deciduous forests. The
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present study also supports this hypothesis due to the high proportion of woodland
and generalist species, but also reports a possibility of interplay of seasonality and use

of these plantations by evergreen forest elements in summer.

54  Community Structure

The bird community of the region shows a high degree of overlap. The similarity
increases in summer likely due to the influx of closed forest birds into the plantation
strata. This is supported by both the Morisita Horn Index and the Sorenson Index

indicating that the high degree of similarity is not an artefact of individual species

abundances.

Overall trends in bird abundance and diversity

Winter
Density
Overall Natural forests > Mature plantations = Young plantations
Insectivore guild Natural forests > Mature plantations = Young plantations

Phytophagous guild Natural forests < Mature plantations < Young plantations

Diversity
Overall Natural forests > Mature plantations > Young plantations

Insectivore guild Natural forests > Mature plantations > Young plantations

Phytophagous guild Natural forests > Mature plantations > Young plantations

Summer

Density

Overall Natural forests > Young plantations > Mature plantations

Insectivore guild Natural forests > Young plantations > Mature plantations

Phytophagous guild Natural forests < Mature plantations < Young plantations

Diversity

Overall Natural forests > Mature plantations ~ Young plantations

Natural forests = Mature plantations = Young plantations

Insectivore guild . |
Mature plantations = Young plantations

Phytophagous guild Natural forests =
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across three main habitats, vegetation structure proved to be the most important factor
explaining differences in bird density and diversit};.

5.5.1 Patterns in bird responses common to both seasons

An important factor determining bird density and diversity was the vertical structural
heterogeneity (tree height heterogeneity). This attribute renders vertical structural
complexity which provides for more niches to develop and hence results in higher
bird densities (MacArthur and MacArthur 1961, Holmes et al 1986, Mitra and
Sheldon 1993, Hansen et al 1995). Insectivores in both seasons responded to high
basal area which formed a structural gradient separating the three strata (F (5140
p<0.05), that was greatest in natural forests. This resulted in a high density and
diversity of this guild in these habitats. Phytophagous guild densities were primarily
governed by epiphytic parasite abundance and all the other correlations, like the
relationship with high tree density and low GBH and low canopy cover are an artefact

of the same.
5.5.2 Seasonal Patterns

Winter

Contrary to Daniels et al (1992) who reported that bird species diversity increased
with increased patchiness of canopy, the current study shows a strong correlation of
overall winter bird diversity and canopy intactness and continuity. In fact canopy
cover also explains the density of insectivorous guild in winter. Hence canopy cover

and intactness are the most important governing factors of bird diversity in the winter.

Canopy cover has been recognized as an important factor for bird diversity in many

studies (Mazerrole and Villard 1999, Rotenburg 2007. Raman 1998, Wilson 1974,

Mal et al 2006). Most of these studies also show that bird diversity of evergreen
alcom 2000).
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APPENDIX A -Bird species used in the analysis

Grey headed Flycatcher

78

Common Name Scientific Name giti)llc:at gﬁlddmg Seen in
Ashy Drongo Dicrurus leucophaeus G I WS
Ashy Prinia Prinia socialis G I S
Asian Brown Flycatcher Muscicapa dauurica G [ S
Banded bay Cuckoo Cacomantis sonneratii G 0 S
Black crested Bulbul Pycnonotus melanicterus EvMD 0 S
Black headed Cuckooshrike Coracina melanoptera Y I S
Black hooded Oriole Oriolus xanthornus G ) WS
Black naped Monarch Hypothymis azurea G I WS
Black naped Oriole Oriolus chinensis Ev MD 0) S
Black rumped Flameback Dinopium benghalense G I WS
Blue capped Rock thrush Monticola cinclorhynchus Ev mD 0 S
Blue faced Malkoha Phaenicophaeus viridirostris | Ev MD 0 S
Blue tailed Beeater Merops philippinus G I S
Blyth's Reed Wabler Acrocephalus dumetorum G I S
Booted Warbler Hippolais caligata G I )\
Bronzed Dongo Dicrurus aeneus Ev MD | WS
Brown capped pygmy
Woodpecker Dendrocopos moluccensis W 1 W S
Brown headed Barbet Megalaima zeylanica G P WS
Brown Shrike Lanius cristatus ' I Y
Chestnut shouldered Petronia Petronia xanthocollis G P S
Chestnut tailed Starling Sturnia malabarica \'% O S
Commmon Rosefinch Carpodacus erythrinus G P WS
Common Drongo Dicrurus macrocercus G 1 WS
Common Hawk Cuckoo Cuculus varius W 1 S
Common Myna Acridotheres tristis G 0 S
Common Woodshrike Tephrodornis pondicerianus G 1 S
Coppersmith Barbet Megalaima haemacephala G P WS
Coucal Centropus sinensis G 0 WS
Crimson backed Sunbird Leptocoma minima Ev MD P WS
Crimson Fronted Barbet Megalaima rubricapillus EvMD P S
Crimson Sunbird Aethopyga vigorsii G P S
Dark fonted Babbler Rhopocichla atriceps Ev MD 1 WS
Emerald Dove Chalcophaps indica EvMD |P WS
Eurasian Blackbird Turdus merula EvMD | O W
Fairy Bluebird Irena puella EvMD | O S
Forest Wagtail Dendronanthus indicus G I WS
Gold fronted Chrolopsis Chloropsis aurifrons W ) WS
Golden Oriole Oriolus oriolus G O x S
Great Tit Parus major G o Vs
Greater Flameback Chrysocolaptes lucidu.s EvMD |1 e
Greenish Warbler Phylloscopus trochiloides G I -
Culicicapa ceylonensis G L_I__’——L——————






Spotted Dove

NN

Stregtogelia chinensis

Streak throated woodpecker : W P WS
Picus x
. ——— 2dtnopy
Sulphur bellied Warbler Phy“o:;ntho gaeus Ev MD I S
- 0
Tailor bird Orthotompus gtrlsfaolus g I S
o us
Thick billed Flowepecker Dicaeum .Tu o L : S
Tickell's Flycatch — = EvMD | P WS
ycatcher Cyornis tickelli
Tree Pippit - W : Ll
Anthus trivialis G I S
Velvet fronted Nuthatch Sitta frontalis G I WS
Y/erdltrrHFly c.atcher Eumyias thalassinus EvMD |1 WS
ernal Hanging Parot Loriculus vernalis EvMD |P WS
Weﬁtem C.rown leaf Warbler Phylloscopus occipitalis Ev MD I WS
thte bellfed blue Flycatcher Cyornis pallipes Ev S I WS
White bellied Drongo Dicrurus caerulescens G I W S
White bellied Woodpecker Dryocopus javensis EvMD |1 WS
White browed Bulbul Pycnonotus luteolus W ) W
White browed Fantail Rhipidura aureola G I 4
White cheecked Barbet Megalaima viridis G P WS
White rumped Munia Lonchura striata EvMD |P S
White throated Kingfisher Halcyon smyrnensis G 0] S
Yelllow Browed Bulbul Iole indica Ev MD 0] W S
Yellow Footed Green Pigeon Treron phoenicopterus G P WS

Habitat Guild

EvMD- Evergreen and Moist Deciduous Forest, W-

Feeding Guild

I- Insectivore, P- Phytophagous, O- Other

Season
W- Winter, S- Summer
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Black-rumped Flameback

Dinopium benghalense

Greater Flameback

Chrysocolaptes lucidus

Heart-spotted Woodpecker

Hemicircus canente

PASSERIFORMES: Pittidae

Indian Pitta

Pitta brachyura

PASSERIFORMES: Alaudidae

Black-crowned Sparrow-Lark

Eremopterix nigriceps

C
Mr:ls:s;irL]jl;:(k Galerida cristata

. Galeri i
Oriental Skylark A?azggagmglalgama

PASSERIFORMES: Hirundinidae

Dusky Crag-Martin

Ptyonoprogne concolor

PASSERIFORMES: Motacillidae

Olive-backed Pipit

Anthus hodgsoni

Tree Pipit Anthus trivialis

Forest Wagtail Dendronanthus indicus
White-browed Wagtail Motacilla madaraspatensis
Gray Wagtail Motacilla cinerea

PASSERIFORMES: Campephagidae

Large Cuckoo-shrike

Coracina macei

Black-headed Cuckoo-shrike

Coracina melanoptera

Pericrocotus cinnamomeus

Small Minivet

Scarlet Minivet

Pericrocotus flammeus

Bar-winged Flycatcher-shrike

Hemipus picatus

PASSERIFORMES: Pycnonotidae
Black-crested Bulbul
Red-whiskered Bulbul
Red-vented Bulbul

White-browed Bulbul
Yellow-browed Bulbul

Blue-winged Leafbird

PASSERIFORMES: Aegithinidae

PASSERIFORMES: Turdidae
Blue-capped Rock-Thrush
Blue Rock-Thrush

Orange-headed Thrush
Eurasian Blackbird
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Black Bulbul
//

PASSERIFORMES: Chlorogseidae
Chlorogsis cochinchinensis
Golden-fronted Leafbird

Commonlora —— |

Malabar Whistlin _Thrush S
Zoothera citrina

White-bellied Shortwing ———

Pycnonotus melanicterus
Pycnonotus jocosus
Pycnonotus cafer
Pycnonotus luteolus
Jole indica

Hypsipetes leucocephalus

Chloropsis aurifrons

Aegithina tiphia

Monticola cinclorhynchus
Monticola solitarius
Myophonus horsfieldii

Turdus merula

Brachypteryx major







PASSERIFORMES: Nectariniidae

Purple-rumped Sunbird

Leptocoma zeylonica

Crimson-backed Sunbird

Leptocoma minima

Purple Sunbird

Cinnyris asiaticus

Western Crimson Sunbird

Aethopyga vigorsii

Little Spiderhunter

Arachnothera longirostra

Loten’s Sunbird

Cinnyris lotenius

PASSERIFORMES: Dicaeidae

Thick-billed Flowerpecker

Dicaeum agile

Pale-billed Flowerpecker

Dicaeum erythrorhynchos

Plain Flowerpecker

Dicaeum concolor

PASSERIFORMES: Zosteropidae

Oriental White-eye

Zosterops palpebrosus

PASSERIFORMES: Oriolidae

Eurasian Golden Oriole

Oriolus oriolus

Black-naped Oriole

Oriolus chinensis

Black-hooded Oriole

Oriolus xanthornus

PASSERIFORMES: Irenidae

Asian Fairy-bluebird

Irena puella

PASSERIFORMES: Laniidae

Brown Shrike

Lanius cristatus

Long-tailed Shrike

Lanius schach

PASSERIFORMES: Prionopidae

Large Woodshrike

Tephrodornis gularis

Common Woodshrike

Tephrodornis pondicerianus

PASSERIFORMES: Dicruridae

Black Drongo

Dicrurus macrocercus

Ashy Drongo

Dicrurus leucophaeus

White-bellied Drongo

Dicrurus caerulescens

Bronzed Drongo

Dicrurus aeneus

Dicrurus hottentottus

Hair-crested Drongo

Greater Racket-tailed Drongo

Dicrurus paradiseus

PASSERIFORMES: Artamidae

Artamus fuscus

Ashy Woodswallow

PASSERIFORMES: Corvidae

Dendrocitta vagabunda

Rufous Treepie

Dendrocitta leucogastra

White-bellied Treepie
House Crow

Corvus splendens

Large-billed Crow

Corvus macrorhynchos

PASSERIFORMES: Sturnidae

Gracula religiosa

Common Hill Myna

Acridotheres fuscus

| Jungle Myna
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