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Abstract

The community composition of bird differ in various regions as the distribution of the bird across the globe is not uniform. The variation in the composition
is shown to be impacted by various factors including both biotic and abiotic factors as well as their complex interactions. In order to understand the various
factors that influence the community composition of bird, the published literature comprising research papers, popular articles, review papers and short
communications is reviewed from 1961-2023 using Google scholar, Web of science, PubMed etc. The detailed review of the literature show that the primary
abiotic elements that have a substantial impact on the makeup of avian communities are: floristics and vegetation structure, climatic variables (such as
temperature, precipitation pattern, seasonality), elevation, latitude and longitude, sunlight intensity and soil quality. In addition to these factors, climate
change also affects how communities are made up by rearranging their distribution pattern. The reported biotic factors are mainly: biotic interactions and
anthropogenic disturbances. Various factors influence community composition that is the reason composition varies in different regions. Making informed
decisions to create management strategies for birds requires a full grasp of the elements that influence an avian composition. Hence, this review will be useful

for scientific community as handy information in creating management strategies and for future researchers.
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1. Introduction

An avian community is an assemblage of diverse bird species that
inhibit various ecosystems around the world. Avian communities
are not evenly distributed around the world. For most taxa,
richness is often greatest in the tropics and decreases with
increasing latitude. Birds also follow this general trend (Blackburn
and Gaston, 1996). They inhabit variety of habitats ranging from
natural (e.g., grassland, stream, river, coastland and forestland) to
man-made environment (e.g., farmland, park, building area and
pond) (Tu et al., 2020).

Birds contribute a large number of ecosystem services as a result of
their ecological roles (Whelan et al., 2015) including as pollinators,
predators, seed dispersals, scavengers and ecosystem engineers
(Sekercioglu, 2006). Birds are the umbrella species for
conservation of biodiversity (Branton and Richardson, 2011).
Owing to avian community’s crucial function in the ecosystem, a
deeper understanding of factors determining their assemblage is
important. Numerous factors and their complex interactions are
responsible for shaping avian community composition. These
include both biotic and abiotic factors. It is crucial to unravel their
importance in order to predict how avian communities will react to
changing environment and it is fundamental to explain why species
diversity varies by location and why they change over time. While
facing swift global biodiversity loss, the understanding of
underlying factors or processes that govern species distributions is
essential for their conservation.

In order to provide conclusive answers about the causes and
outcomes, further study needs to be done to determine how various
factors interact and work together to shape the composition of the
avian community. As a single factor does not entirely dictate
community assembly, understanding the extent to which each
factor affects the assembly is also crucial. The purpose of this paper
is to summarize major findings from the studies conducted in a
range of habitats around the world and to assess how much of an
impact they have on determining the makeup of avian
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communities. The findings will help in improving current
conservation and management strategies and open new avenues
for research.

2. Materials and methods

The published literature on factors determining avian community
composition comprising popular articles, research papers, review
papers and short communications was reviewed up to January
2023 from 1961. To get precise findings and broaden coverage,
search engines like Google Scholar and other electronic databases
like Web of Science, Scopus, and PubMed were used. The search
was conducted using a combination of the keywords “avian
community composition”, “determining factors of avian
community assembly” and “role of floristics and physiognomy in
avian community”. A total of 9o research papers were collected
initially and 60 research articles were selected for the study, and
the findings were examined to identify all the factors affecting
avian community composition.

3. Results and discussion
3.1. Vegetation structure and floristics

Avian community composition is impacted by the species
composition (floristics) as well as the physiognomy of the
vegetation. The earliest attempt to quantitatively analyse the link
between bird assemblages and vegetation was done by MacArthur
and MacArthur (1961). Many subsequent studies have been done
in order to find out the relative significance of physiognomy versus
species composition of the vegetation in avian community
assemblage.

In earlier studies, some found physiognomy of vegetation to be
more important determinant of avian assemblage than the
floristics of the vegetation (Hilden, 1965; Weins, 1969; Anderson
and Shugart, 1974) while in another studies floristics appears more
significant (Weins and Rottenberry, 1981). These early studies had
produced conflicting findings. Methodological challenges in
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assessing the physiognomy of the vegetation (Weins and
Rottenberry, 1981) and statistical challenges in predicting the
makeup of avian groups based on floristics and physiognomy of
vegetation (Muller et al,, 2010) had hampered studies. These
limitations have been lifted thanks to the recent development of
many high-resolution remote sensing technologies. Muller et al
(2010) used lidar (Airborne laser scanning) to measure vegetation
structure and canonical correspondence and co-correspondence
analysis to predict the composition of avian communities from
species composition and structure of vegetation. In this study they
found physiognomy to be more powerful determinant of avian
community composition than floristics of vegetation.

The vegetation structure such as canopy openness, number of trees
and even the depth of litter on the forest ground can affect avian
community (Terborgh, 1985; Cintra et al., 2006). For foraging
many species of birds require shady understory and areas having
more trees provide more structural complexity sustaining many
more species (MacArthur et al., 1996). Abundance of snags and tree
logs may also offer more area for nesting and foraging, while
providing specialist species a specific substrate (Adis, 1988).
Abundance of plant litter is directly related to the abundance of
large invertebrates and small vertebrates which is the prime food
resource of birds (Adis, 1988). The diverse niches created by
complex floristic composition also increases avian diversity (Diaz,
2006). The diverse tree species provide varied opportunities for
nesting, shelter and foraging (Lee and Rotenberry, 2005). Any
species of bird may appear or disappear and may increase or
decrease with varying vegetation along different geographical
gradients (Lee and Rotenberry, 2005).

3.2. Climate factors

Climate is an important driver of diversity patterns. The influence
of climate can be either direct or indirectly via vegetation and
resource availability (Ferger et al., 2014). The most studied climate
variables are precipitation patterns, temperature and productivity.

(i) Temperature: Species diversity decreases with decreasing
temperature (Gaston, 2000). Temperature is therefore vital for
species diversity (Currie, 1991; Hessen, 2007). Many biological
activities including growth rate to enzyme kinetics is dependent on
temperature (Hessen et al., 2007). Temperature can affect animal’s
metabolic rate producing varying degrees of physiological response
(Porter and Gates, 1969) such as birds lay earlier in the warm
temperature (Visser et al., 2009). Temperature also affects
community composition indirectly via changing vegetation (Delire
etal., 2008).

(ii) Precipitation pattern: Precipitation influences food availability
which ultimately determine avian assemblage and their
distribution (Poulin et al.,, 1992; Hawkins et al., 2003).
Precipitation patterns influence insect abundance and vegetation
productivity (flower, fruit and seed production etc.), all of which
are important food sources for many birds (Albright et al., 2010).
Precipitation can directly affect avian populations through the
offspring’s survival as well as indirectly through blooming and
fruiting of plant, availability or number of invertebrates and lastly
through their effect on vegetation structure (Goncalves et al.,
2017).

(i) Seasonality: A season is a time of year that can be identified
by unique climatic features. Spring, summer, autumn, and winter
all occur in regular succession. Each season has recurring yearly
cycles of light, temperature, and weather which affects vegetation
structure. Through seasonal migration, seasonal resource
availability, and seasonal habitat preferences, seasons affect the
makeup of bird communities. In order to avoid harsh seasonal
climate, migratory birds track their preferred seasonal climatic
conditions (Joseph and Stockwell, 2000), resulting in seasonal
changes in the composition of avian community in a particular
habitat. Nearly 20% of all bird species migrate (Kirby et al., 2008).
Thus, seasonality also has a significant impact on avian community
composition.

(iv) Climate change: Climate change can cause changes in
precipitation patterns and temperature causing rearrangement of
different climatic zones resulting in the change of species
geographical distribution as they track their optimal climatic area
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(Thomas et al., 2004; Peterson et al., 2002; Loarie et al., 2008).
Species failing to keep up with the new ecological conditions may
decline in population or even become extinct (Thomas et al., 2004).
For example, warming of climate may push bird species to higher
elevations and eventually shrink their habitats (Seimon et al.,
2007; Peh, 2007). Rising sea levels will affect the bird diversity of
coastal regions (Sekercioglu et al., 2012). Sea level rise can also
transform wetlands areas into salt flats greatly degrading their
ability to host many bird populations (Traill et al., 2009).

3.3. Elevation

Different biological communities are assembled at particular
elevations as a result of complex biotic and abiotic forces working
along elevation gradients. Mountains are very good natural system
to study different biodiversity patterns along elevation gradients
(Martin et al., 2021). Gradients of abiotic and biotic factors
dispersed over mountain elevation determine community
composition (Sanders and Rahbek, 2012; Laiolo et al., 2018;
Martin et al., 2021).

Earlier, species richness is predicted to be inversely related with
elevation as land area in higher mountains is generally smaller,
isolated with simpler vegetation structure (MacArthur, 1972).
However, later studies revealed four typical patterns: mid-
elevation peak (humped-shape pattern), decreasing, low plateau
with a peak at mid-elevation and low plateau (McCain, 2009).
Birds displayed all four patterns (McCain, 2009) with 45% showing
peak at mid-elevation, 25% decreasing, 15% low plateaus and lastly
14% low plateaus with middle elevation peaks (McCain and
Grytnes, 2010). Although significant number of studies has been
done on examining the patterns of biodiversity along different
elevation gradients, understanding of the mechanism underlying
these patterns has received less attention (Ding et al., 2021).
Mountains with more precipitation tended to show monotonic
decline in diversity, while mountains with less precipitation
showed the mid-elevation peak (MacCain, 2009; Martin et al.,
2021). Generally, at low elevation competition is considered to
shape communities where densities and growth rate of population
are higher (Machac et al., 2011).

3.4. Latitude and longitude

Majority of taxonomic groups exhibit a pattern of increasing
species richness from high latitudes to the equator (Cardillo
,2002). This pattern is called latitudinal diversity gradient. This
trend has been documented through empirical studies across
different geographical locations and in variety of animals (Kinlock
et al., 2017). Numerous hypotheses such as geographical area
hypothesis, climate stability hypothesis, historical perturbation
hypothesis, biotic hypothesis and species energy hypothesis have
been put out to explain this pattern (Behera and Roy, 2019) but a
universally acceptable answer has not been found yet (Cardillo,
2002).

Although, climatic gradients such as temperature and precipitation
linked to coastal to interior lands may also result in a longitudinal
pattern of biodiversity (Morse et al., 1993; Behera and Roy, 2019),
longitude is rarely taken into account in studies of global
biodiversity patterns (Proches et al., 2023).

3.5. Sunlight intensity

Rate of photosynthesis is determined by light intensity
(Wimalasekera, 2019) and the rate of photosynthesis determines
plants productivity. Due to the rotation of earth on its axis, solar
insolation is not evenly distributed on it. Many animals are
dependent on the productivity of primary producers for their
sustenance. This is the reason for greater diversity in equatorial
regions with light as compared to polar areas with reduced solar
insolation (Hillbrand, 2004).

3.6. Soil quality

Avian community composition varies with soil pH and soil calcium
(Pabian and Brittingham, 2012). The availability of soil calcium
and pH are correlated with vegetation traits and invertebrate
abundances (Bigelow and Canham, 2002; Hottop, 2002). Birds
need a lot of dietary calcium to raise young and produce eggs
successfully (Graveland and Van Gijzen, 1994). In calcium depleted
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and acidic soils, calcium rich foods such as snails are less common.
This reduces the amount of calcium available for birds (Hotopp,
2002). As a result, their eggs become thin or laid without eggshells
(Graveland et al., 1994).

3.7. Biological interactions

Contrary to popular believe that biological interactions have a little
impact on large scale distribution, biotic interactions have a
significant impact on species distribution at global scales (Wisz et
al., 2013). Biotic interactions such as competition, host-parasite
interactions,  resource-consumer interactions, predation,
facilitation and mutualism affect spatial pattern of species (Van
Dam, 2009; Bascompte, 2009). The geographical distribution
patterns of species and their range can be determined by
competition as in case of competitive exclusion (Wisz et al., 2013).
Further, species richness and distribution pattern are also
geographically correlated with the diversity of food plants (Kissling
et al, 2007). So, biotic interactions could influence how a
community is made up.

3.8. Anthropogenic activities and disturbances

Pollution, urbanisation and other disturbances brought about by
humans can have a big impact on the makeup of bird communities.
Due to increased human activity over the past few decades, the
conversion of natural forests into semi-natural and artificial
landscapes has accelerated (Xianwen and Hailong, 2002).

(1) Urbanization: Urbanization is mainly responsible for species
decline (Mckinney, 2002). Natural habitats are fragmented,
altered, or lost as a result of human activity (such as agricultural
expansion, deforestation, and road construction) which alter
species communities (DeClerk et al., 2010; Allen et al., 2019).
Depending on how drastic the changes are to the landscape,
different bird groups are affected.

The intermediate disturbance hypothesis states that where
disturbance intensity is moderate, species diversity would be
higher (Connell, 1978). As habitat changes at intermediate levels
could increase environment heterogeneity, they provide more
diverse habitats for more diverse species (Chapman and Reich,
2007). The way certain species respond to disturbance depends on
the functional traits of that species (Neuchulz et al., 2011). For
example, forest specialist appears more vulnerable to human
impact and consequently generalist species might replace them in
disturbed habitats (Peh et al., 2005; Farwig et al., 2008). Habitat
generalists are common in human-dominated settings and may live
in a variety of situations (Bonier et al., 2007; Aronson et al., 2016).
Some specialists such as some large-bodied raptors and seed-
eating birds are drawn to human-made landscapes and frequently
found in agricultural lands with an abundance of cereals and open
views (Benton et al., 2003; Bain et al., 2020).

But species vulnerable to human disturbances are also vulnerable
to changes in the landscape brought on by humans (Bonier et al.,
2007). The first bird taxa to vanish from human-modified habitats
are often insectivorous birds (Stratford and Stouffer, 2015; Jarrett
et al., 2021). Few species can persist in a certain level of
disturbances created by humans (Peh et al., 2005) or may even
benefit from it (Ranganathan et al., 2008). However, in many cases
human disturbances decrease the species richness (Turner, 1996;
Philpott et al., 2008).

(ii) Hunting: Hunting is another important anthropogenic factor
as well affecting avian population dynamics. Hunting has been a
source of sustenance from the very beginning of human history,
and many traditional rural communities still engage in this practice
(Jepson and Ladle, 2005; Shepherd, 2006; Bonta, 2008). Millions
of birds die from illegal shooting each year in Europe, including
species that are under strict protection or reintroduction
programmes (Hernandez and Margalida, 2009; Smart et al., 2010)
such as seabirds (Raine et al., 2013) and grouse (Rojas et al., 2011).

(iii) Other activities: Birds are also employed by human societies
all throughout the world for a variety of different purposes,
including adornment, folk medicine, and magic-religious practices
(Kizungu et al., 1998; Constantino et al., 2008; Purnama and
Indrawan, 2012). Wild birds are also caught and kept as pets due
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to their aesthetics or singing, contributing to the decline in their
population size (IUCN, 2010). According to Brazil's Federal Police,
the illegal trade of wild birds generates up to $3 million in revenue
for those involved each year, and these birds are worth about $100
million in Europe (Interpol, 2010).

4. Conclusion

The composition of an avian community is determined by a large
number of interconnected biotic and abiotic factors. Abiotic factors
such as soil quality, height, latitude, longitude, sunlight intensity,
and vegetation structure and floristics have a considerable impact
on avian assembly. Biological interactions and anthropogenic
disturbances are the biotic factors.

Avian communities are significantly shaped by both floristics and
vegetation structure. However, vegetation structure is a stronger
determinant than floristics. Climatic factors can have direct or
indirect effect on avian community. The most important climatic
variables are temperature, precipitation patterns and seasonality.
The changes in climate also influence avian community resulting in
rearrangement of their distribution patterns. Elevation has an
impact on an avian community's composition as well. Biodiversity
studies have recorded four patterns of biodiversity along elevation
gradients. Community composition is also influenced by the
latitude and longitude of the earth. However, longitudinal
biodiversity pattern has not been studied as much as latitudinal
biodiversity pattern. Generally, biodiversity is observed to increase
from poles to the equator (latitudinal diversity gradient). As
primary productivity is associated with sunlight availability,
sunlight is also another critical factor. The composition of the avian
community depends on the soil's condition, including its pH and
calcium content. Predation, competition, mutualism etc. are
important biotic interactions that influence avian community.
Human activities such as urbanization, hunting and poaching etc.
can also determine community assembly.

In order to ensure the continued sustenance of avian communities
and the ecosystems they inhabit, a deeper knowledge of the drivers
of avian community composition is vital. Such information is also
vital for developing conservation strategies in a rapidly changing
environment. Based on the results from previous studies, it can be
concluded that the prevailing biotic and abiotic conditions of a
particular area may be used to predict the composition of bird
community which are likely to be found in that area. Therefore,
assessment of degree of influence of each, these factors are also
essential. However, aside from comparative research between
floristics and physiognomy, the degree of influence exerted by each
of these factors has not yet been investigated. More details about
these factors and their degree of influence in shaping community
composition may be obtained from a thorough examination of the
trends in biodiversity over longitude.
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