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SUMMARY

There has been a number of studies on bird communities and their relationships with habitat
features of floristics and physiognomy. In particular, the spatial distribution of bird communities along the axis
of structural variables of a habitat has received a wider attention in the light of recent findings on landscape
behaviour.

Most of these works relate to either temperate or neotropical forests and our knowledge of
community dynamics of tropical deciduous forests is very limited, for there has been hardly any comprehensive
- study in the tropics. The present study was done in the deciduous forests of the Pench National Park, Central
India (M.P) between ‘November, 1996 and April, 1997 covering winter (November,1996-January,1997) and
summer (March,1 997-Aprii, 1997).

Seven distinct habitat types were identified for the study based on floristic and structural
diversity. Seasonal data on 27 habitat structural variables were collected from bird-centred sampling plots. Point-
count census technique was employed to study the bird population.

Principal Components Analysis (PCA) was used to determine the patterns of inter-relationships
among the habitat structural variables. Canonical Correspondence Analysis (CCA) was done to understand the
relationships of habitat components to the distribution of bird communities.

For guild analysis, two different sets of criteria were used to identify the guilds among the bird
populations viz., food type and foraging behaviour. Twelve guilds were recognized based on the food type and,
six among the insectivores with respect to foraging behaviour.

The results of the PCA showed that habitat structural variables of tropical deciduous forests have
a mar-ked pattern of inter-relationships on two axes of landscape behaviour, viz., heterogeneity and complexity.
But they failed to reveal any such segregation vis-g-vis bird community structure, as the scale of measurement
did not address all the members of the community. The spatial distribution pattern of bird communities in relation
to habitat architecture was shown by CCA to be not very tenacious; the interactions of other extraneous factors
like floristics, habitat dynamics, phenophases of vegetation, disturbance, or interactions within the community may
influence the habitat selection process.

There was no linear correlation observed between Foliage Height Diversity and Bird Species
Diversity; possible explanations and alternative views have been discussed briefly.

The response of bird communities to floristics was found to be inconsistent across habitat types
as positive linear relationship was detected only for Teak-dominant forests in winter, and for Anogeissus-
Boswellia forests and Cleistanthus collinus woodland in summer.

Guild compositions of various habitat types were not found to be significantly different from

each other though the scasonal change was consistent across all the habitats.




1. INTRODUCTION

1.1 BIRD COMMUNITIES : PATTERN & PROCESS

The term ‘community’ has been defined in ccology by various authors in several ways with
same fundamental connotations. MacArthur (1971), viewed community as any sct of organisms currently
living near each other and about which it is interesting to talk. Fauth et al. (1996), have recently proposed
functional definitions for all the key terms like communities, guilds, assemblages, ensembles, etc.'in an effort
to simplify the jargon of community ecology.

Studies of bird comrﬁunities have been a major area of research in community ecology, from
both theoretical and empirical perspectives. A study on bird community, broadly speaking, works at two levels
: pattern and process (MacArthur, 1971; Cody, 1974; Rice et al., 1983.; Emlen, 1986; Wiens, 1989). The
recognition of pattern involves studies that search for and describe the structure and organization of
communities, patterns in species diversity, distribution along environmental gradients (in terms of climatic
parameters, topographic features, or disturbance.), correlation to habitat (vegetation) structure and dynamics,
and their adaptive disposition vis-a-vis the cycling and availability of food resources. Community processes
refer essentially to the functional component that includes interactions within communities such as
competition, resource division, or niche-shift and, factors operating in habitat selection by particular taxa. In
brief, process stands for the cause while pattern is the effect.

The fécus of most of the bird community studies in the past has been on pattern, for a study
on process, on the one hand calls for a great deal of knowledge of pattern, and hypotheses about processes
on the other hand, are considerably more difficult to frame and test (Wiens, 1989). Further, the distinction

between a pattern and a process is not always clear-cut (/bid.).

1.2 HABITAT STRUCTURE & BIRD COMMUNITIES

The role of habitat architecture in structuring the community organization of birds has
repeatedly been shown to be important (Erdclen, 1984). Habitat structure with respect to avian communities
refcr; essentially to the configuration of vegctation; the structure can thus act in habitat selection as an

ultimate factor by its association with critical resources like food, nesting sites, or cover from predators







Interestingly, similar studics in sub-tropical forcsts of India indicate the opposite trend (Katti, 1989; Rai,
1991).

A majority of these ecological works look into the habitat association of bird communities
in the light of their spatial distribution and very few studies have actually considered the implications of
temoporal variations for the community structure (Morris, 1990; Vila et al., 1996).

Though the Indian subcontinent is gifted with a rich diversity of birdlife and an equally
diverse set of habitat types, our knowledge of general avian ecology (not to mention community ecology of
birds), is still elementary (Ali & Ripley, 1983). But there is an imperative need for uncovering the compleiity
of community patterns of tropical avifauna (MacArthur, 1972), as what we know today of bird community

structure and dynamics are largely based on works in temperate areas and a comparative study may be needed
for a better understanding.

Given the current scenario of Indian ornithology in which even the fundamental information
like geographical distribution, breeding biology, seasonal movements, foraging ecology, etc. of a majority of
species are still poorly-understood (Ali & Ripley, 1983), it is not surprising to note that thcrc are very few
studies with an emphasis on community relationships.

Daniels et al. (1992), studied the bird communities of humid tropical evergreen forests in
the Western Ghats, probably the only extensive study of this kind in India. It was found that bird species
richness (BSR), was inversely related to woody plant species diversity and (plant species richness along)
vertical stratification of vegetation, a pattern a;ttributed to the impoverished understorey bird fauna like
?imaliids in the Western Ghats. They also pointed out that avian communities of drier vegetation (represented
in plantations), showed the commoner trend of a positive correlation between BSR and vertical stratification
of vegetation.

Katti (1989), studied the bird communities of Lower Dachigam valley in Kashmir. He
concluded that unlike the majority of temperate examples where the pattern of avian communities is greatly
influenced by structural complexity of vegetation, the Lower Dachigam avifauna secem to respond to a number
of factors like food resource diversity and distribution, apart from structural diversity.

Rai (1991) found in his study on non-breeding bird communities of Rajaji NP, an inverse

linear correlation between FHD and BSD. He observes that the vastly diverse habitats of tropical arcas have



a significant assortment of floristic as well as structural altributcs that tend to reveal gradients but no well-
defined patterns.

In a study on bird communities of riparian forests in Bori Wild Lifc Sanctuary, Pai (1993)
infers that the bird species richness (BSR) is correlated to canopy cover in winter but is very highly correlated

to FHD in summer.

1.4 OBJECTIVES OF THE STUDY

With this background, the present study was conceived, drawing ideas and methods freely
from a host of past studies. But in view of short duration of study and other associated limitations, this study
attempted, on a simple bqt operative scale, to look into the pattern of avian communities of dry- and moist-
deciduous forests of the Pench National Park, with two broad approaches :
1. Within-Habitat Pattern :

- How is bird species diversity correlated to structural
complexity of vegetation, both vertically and horizontally?

2. Between-Habitats Pattern :

- How do bird communities differ across various habitat types?

The main objectives of the study are :

1. To understand the inter-relationships of habitat structural components.

2. To investigate the spatial distribution and organization of bird communities in response to structural
diversity of vegetation.

3. To study bird communities in relation to floristic diversity and richness.

4, To look into seasonal changes in guild structure both within and across various habitat types.










































that a number of habitat variables rather than a single parameter plays a role in structuring bird communities
(Karr and Roth, 1971; Holmes et al., 1979; Rotenberry and Wiens, 1980; Anderson, 1981; James and Warner,
1982; Rice et al., 1983b; Morrison et al., 1992; Moskat and Waliczky, 1992; Brown and Stillman, 1993).

Principal Components Analysis (PCA), (Norusis, 1990), was employed to extract axes (sets

of linear combinations of the observed structural variables), where the first principal component is the.
combination that accounts for the largest amount of variance in the sample. (In other words, PCs are sefs of
correlated variables transformed to uncorrelated,_ independent variables). These 'Factors’ were then put to
Factor Analysis, to obtain unrotated factor matrix and rotated factor matrix of axes (sets of variables), that

brings forth maximum variation in the observed distribution.

Canonical- Correspondence Analysis (CCA) ordination was done using CANOCO package

(Ter Braak, 1986), to relate bird species composition to the structural variables of the habitat. This
programme identifies an environmental basis for community ordination by detecting the patterns of variation
in community composition that can be explained best by the environmental variables (Ter Braak, 1986). In
the resultant ordination plot (Fig.4 & 7), species and sites were represented along the correlation arrows of
structural components. In other words, CCA is the technique that selects the linear combination of

cnvironmental variables that maximizes the dispersion of the specics scores (Ter Braak, 1987).

| Standard, multivariate statistical techniques assume linear relationships among variables, but

have found only limited application in ecology because of the generally non-linear, non-monotone response
of species to environmental variables, and many of these techniques are essentially heuristic and have a less
secure theoretical basis (Ter Braak and Prentice, 1988). CCA on the other hand, is based on a theory of
statistics, viz. regression, calibration, ordination and constrained ordination are treated as distinct, well-defined
_ statistical problems. Moskat and Waliczky (1992), have shown that CCA demonstrated the dynamical aspects

of changes in bird community structure with respect to structural changes of vegetation along ecological

gradients.

3.4.6 Other Statistical Tests

The following tests were also employed using SPSS.WIN95 package for the purposes

mentioned below:
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Upon the thi i
ird axis
» canopy cover and shrub abundance arc llkcly to influence the

distribution of Tickell’s Blue F :
lue Flycatcher (M uscicapa tickelliac), Shama (Copsychus malabaricus), Crimson-

ted Barbet 1
breas et (Megalaima haemacephala), and Large Green Barbet (Megalaima zeylanica).
No signi i ; S
significant bird species was identified on Axis 4 which is governed by tree dispersion
ratio, ground termitaries, and leaf litter percentage (see Fig.4)

The overall results of Monte Carlo test for winter (no. of random permutations : 99), showed

a trace value of 4.51 with significant F-statistic (F=1.32, p < 0.02).

4.2.2 Ordination for Summer Data

CCA done for summer data yielded some interesting correlations between structural variables
and bird species though the ordination plot (Fig.7) contained a good amount of noise. The eigenvalues for
all four axes were relatively low despite the consistency of high correlation coefficients across all axes

(Table ).

Regression coefficient tests (expressed as t-value) spotted five structural variables viz., tree

species diversity, snag height, sapling height, ground termitaries, and tree dispersion ratio operating along the -

first axis. Jungle Babbler (Turtoides striatus) and Large Cuckoo-shrike (Coracina novaehollandiae) were
correlated to ground termitaries, while snag height plays a role in the distribution of Little Green Bee-eater
(Merops orientalis) and Jungle Crow (Corvus macrorhynchus).

On Axis 2, a combination of three structural components viz., overstorey canopy density,
tree species richness, and block geometry diversity influence the abﬁndance of Malabar Pied Hornbill
(Anthracoceros coronatus), Grey-headed Myna (Sturnus malabaricus), White-eye (Zosterops palpebrosa),
Yellow-fronted Pied Woodpccker (Picoides mahrattensis), Red Turtle-Dove (Streptopelia tranquebarica), and

Blossom-headed Parakeet (Psittacula cyanocephala).

Though Axis 3 has five variables, namely tree termitaries, sapling height, screening
efficiency diversity, and height of canopy bottom, Black-naped Monarch Flycatcher (Hypothymis azurea)

which is the sole species detected, has closer eigenvector values to the the distribution arrows of only the last

two components (see Fig.7).
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rotated factor matrix, see Sec. 4.1.) can be looked into

It is interesting to note from Table 15, that habitat structural variables combine themselves
omponents based on heterogencity and complexity. Though there is an overlap in factor 3,
for TTD, the sole component of habitat het :
from others, This js not to say th

the factor score .
erogeneity in the factor is appreciably different

at both sets of components influence the dependent bird communities

independent of each other, but to emphasise the presumption that both heterogeneity and complexity variables

are likely to have a higher scale of self-regulatory, functional intra-relationships among themselves. Now if

Wwe extend this postulate to habitat selection process in bird communities, a couple of questions arise :

I. To what degree both the axes of structural variables interact with each other in time and space in

their functional role as a habitat ?

11, Do the bird communities show any trade-off between heterogeneity and complexity in their habitat
selection ?

Even a speculative if not definitive answer is highly improbable, as almost all the habitat-

selection studies have over-emphasised the importance of either competition or of predation/disturbance (Paine

1977, Gilbert 1980, McCoy and Bell 1991, Peters, 1991).

Interestingly, attempts made to plot these segregated structural components (expressed in
PCA as eigenvalue factors), against the distribution of birds (expressed as diversity and richness indices),
showed no definite pattern of such landscape behaviour. It was likely due to the third axis along which the
habitat components function viz., the scale of measurement. This axis can pose a severe problem especially
for the study of avian communities where a particular structural component of the habitat operates on different
scales for a host of species each having a diverse range of ecological requirements that are often in
accordance with body-size gradients; but habitat variables are usually measured in the field at the same scale
of dimensions for practical reasons. For example, twig type for perch quality was determined for all individual
trees using same criteria (Sec.3.3.1), and the quantification did not take into account the scale of difference

between, say White-eye and Large Cuckoo-shrike in their use of twigs as perches.

5.1.2 CANONICAL CORRELATION IN WINTER
It is already scen in Sce 4.2.1, that canopy volume, tree abundance and tree termitarics form

a major axis along which Jerdon’s Chloropsis has a significant level of distribution. The species being
éxclusivcly arborcal and a foliage gleancr, the correlation is quite understandable. The occurrence of other
factors of the axis like sapling height, grass percentage, and leaf litter may not be conslru.cd as immediate
ecological correlates of the chloropsis but as an outcome of inter-relationships of the structural variables
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