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Introduction

The passing of the seasons is one of the most familiar phenomena on
Earth whether we live in urban or rural environment; there are constant reminders of
the changing of the seasons. Phenology is the science that measures the timing of life
cycle events in plants, animals, and microbes, and detects how the environment
influences the timing of those events. The word is derived from the Greek words
‘phaind’, "to show, to bring to light, make to appear" and ‘/ogos’, amongst others
"study, discourse, reasoning" and indicates that phenology has been principally
concerned with the dates of first occurrence of biological events in their annual cycle.
Literally, phenology refers to “the science of appearance.” Phenology in simplest term
is the study of events of nature, in response to seasonal and climatic changes to the

(13

environment. The definition of phenology is “ the study of timing of recurring
biological events the causes of their timing with regards to biotic and abiotic factors

and the inter-relation among phase of same or different species” (Lieth, 1974).

Phenology is one of the oldest branches of environmental science dating back
thousands of years. Observations of phenological events have provided indications of
the progress of the natural calendar since pre-agricultural times. To forecast future
weather and climate, many cultures have traditional phenological proverbs and
sayings: "If oak's before ash, you're in for a splash. If ash before oak, you're in for a
soak". But the indications can be pretty unreliable, as an alternative version of the

rhyme shows: "If the oak is out before the ash, "Twill be a summer of wet and splash;
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If the ash is out before the oak, "Twill be a summer of fire and smoke." or "When the

sloe tree is white as a sheet, sow your barley whether it be dry or wet"

The Chinese are credited with the first written phenological records dating
back to around 974 B.C. For the past 1200 years, the timing of peak cherry blossoms
in Japan have been observed and recorded. In Europe, the Swedish botanist Carolus
Linnaeus systematically recorded flowering times for 18 locations in Sweden over
many years. His meticulous notes also recorded the exact climatic conditions when
flowering occurred. Linnaeus, and a British landowner, Robert Marsham, share the
honor of being considered the ‘fathers' of modern plant phenology. Marsham's work,
Indication of Spring, was the result of keeping systematic records of phenophases on
his estate. His observations in the form of dates recorded the first occurrence of events

such as flowering, bud burst, and the emergence or flight of an insect.

Phenology is a key component of life on Earth. It is also concerned with the
relationships among the phenophases of individuals of the same or different species.
The life cycle of an organism is the period of time involving a single generation
through reproduction and the period of time it takes to reproduce a generation in
which the organism go through different phenophases. The timing of phenological
events can be quite sensitive to environmental conditions. Phenological observations
are therefore integrative measures of the condition of the physical, chemical, and
biological environment (Haggerty & Mazer, 2008). The success of an ecosystem or
food chain depends on the timing of phenological events. Many animals rely on
leaves, buds, flowers and fruit for their food. If the timing of the emergence of leaves,
buds, and flowers is greatly changed, it can result in fewer seeds and insects which

would impact the animals that depend on insects for their food. From the historical
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records and observations, phenological events can vary from year to year. Ecosystems
recover from variation between years, but when these changes happen consistently
over many years, the timing of events such as flowering, leafing, migration, and insect
emergence can impact how plants and animals are able to thrive in their

environments.

One of the important purposes of phenological observations is to improve
understanding of the relationships between meteorological variables and associated
biological responses. Plant growth is the process of a series of phenophases (visible
stages of development) that a plant must pass through if it is to grow (and reproduce)
successfully. Understanding these relationships is crucial, not only for predicting
ecosystem responses to climate change but also in identifying the C-uptake period (of
forest stands) and for examining the seasonal exchanges of water and energy between
the land surface and the atmosphere.(Chen & Xu, 2012). Phenological observation
provide information on the status and development of forest trees over the course of
the year; it determine the course of the annual development stages of forest trees and
their dependence on local (e.g., meteorological and site) conditions including
damaging events; and document and explain possible changes in the timing of these
stages in relation to environmental factors of natural and/or anthropogenic origin such

as air pollution and climate change.

Phenological observations have been used for centuries to maximize crop
production, prepare for seasonal allergies, and anticipate optimal wildflower viewing
conditions. The role of phenology in the structure and function of ecological systems
is often underappreciated, but, its importance is magnified by climate change. Today

this well established science is used to track the effect of global warming and climate
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change on organisms and to make predictions about the future health of the
environment. Shifts in phenology are among the most sensitive biological responses
to climate change (Parmesan, 2007). They occur across trophic levels and are
observable at local to global scales. This environmental sensitivity means that
phenological studies are simple and cost-effective ways to measure environmental
changes, including climate change, over the long-term. Plant phenology is strongly
controlled by climate and has consequently become one of the most reliable bio-
indicators of ongoing climate change. Climate change has affected the phenology of a
wide range of species but it remains difficult to interpret these shifts and to explain
the variation among species and even among populations within species. Changes in
phenological events like flowering and birds’ migrations are among the most sensitive
biological responses to climate change. A Phenological study records the dates on
which seasonal phenomena occur which provides important information on how
climate change affects ecosystems over time. Plant phenology has been proposed as
an indicator of climatic difference and global change by the European Environmental

Agency and the Intergovernmental Panel on Climate Change (IPCC, 2007).

Flowering phenology can affect the ecology of a plant at multiple levels,
including individual plant reproductive success, interactions of the plant with other
organisms, plant population dynamics, and ecosystem functioning (e.g., the plant-
pollinator landscape; Bronstein (1995) ). Flowering phenologies of tree species have
ecological significance, which provides the platform for natural selection by
encouraging genotypic variation in a population (Bronstein, 1995).The particular
phenological pattern that an individual exhibits (e.g., the date of germination; the
onset and duration of flowering; the average number of flowers open per day during

the flowering season; and the time of seed dispersal) is usually due to both genetic
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and environmental influences. The timing of an individual plant’s phenophases can
have a profound effect on its reproductive success, as it is likely to determine
whether: it survives to flower; its flowers are pollinated; its flowers develop
successfully into seed-bearing fruits; its fruits ripen fully and are successfully
dispersed; and whether most of its seeds will germinate and produce seedlings that
survive to adulthood. Therefore in the phenological observation the pattern of
anthesis, anther dehiscence, pollen production, mating system and pollinators needs to
be curiously observed. Plants from different elevations seem to follow different
growth patterns. Anthesis is considered one of the many phenomena under control of
endogenous rhythms (Biinning, 1956, 1973; Hillman, 1962). Differences among
population in the spatial separation of stigmas and anthers during anther dehiscence
(herkogamy) might potentially cause variation. Self-polination is promoted by the
close proximity of anthers and stigmas. (Eckert & Schaefer, 1998). Although
automatic self-pollination is often interpreted as an adaptation for reproductive
assurance (Eckert & Schaefer, 1998), is likely to make the mating system sensitive to
variation in ecological factors like population size that might influence the level of

cross-pollination.

Temporal variation in availability of pollinators, seed dispersers, and
herbivores may be strong selection pressures on flowering phenology (Augspurger,
1981). Also variation in flowering patterns among individuals within populations will
affect their visitation by both pollinators and seed dispersers, and this will affect the
way that natural selection acts to favor particular phenophases. Environmental factors
influencing flowering time may thus contribute to spatial variation in plant—
pollinator, plant-seed disperser, and plant—seed predator interactions. The onset of

flowering was synchronous at each altitude, reflecting a similar response to a uniform
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and unambiguous environmental cue (Rathcke & Lacey, 1985). Rusch (1993) also
reported that at higher elevation leaf budding was delayed and leaf potential
productivity and leaf size decreases as elevation increases. The shortening of the
vegetative growth period with altitude is a well known phenomenon. (Benecke &
Havranek, 1980). Much of the available phenological information on tropical trees is
inadequate, partly because of lack of standardized terminology, and also because most
studies have been for a short term and have focused on community level patterns only
(Newstrom et al., 1994). Flowering phenology has attracted considerable attention in
recent years (Rathcke & Lacey, 1985; Kochmer & Handel, 1986; Rathcke,
1988).Variation in flowering patterns has been observed in populations (Primack,
1980; Bullock & Bawa, 1981) and in species and communities (Opler et al., 1976;
Pleasant, 1983; Primack, 1985). The phenological characteristics of flowering
(intensity, duration, overlap) are important aspects of the reproductive effort of the

plant (Richards, 1986).

The seasonality of photosynthesis in winter dormant/summer active
ecosystems is also phenological in nature, as are the annual cycles of other ecosystem
processes (Noormets et al., 2009). It involves the study of the response of living
organisms to seasonal and climatic changes of the environment in which they live.
Plants are adapted to the annual seasonal cycle and all the life — cycle stages are
regulated by seasonal atmospheric changes. It is important to keep track of cyclical
events such as appearance of buds, buds bursting, leafing, flowering, first bloom,
pollination, fertilization, seed formation, seed development and dispersal of seeds
from year to year, and to determine how they relate to the weather patterns. Flowering
time is for many reasons a suitable trait for studies of distribution of genetic variation

within and between populations. Traditionally flowering time variation has been an
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important component in studies of plant life history evolution. The timing of
flowering is also most essential for species survival, and is shown in many studies to
be highly correlated with plant fecundity (O’Neil, 1997; Kelly & Levin, 2000;
Stinson, 2004). The most important proximal environmental cues determining
flowering time are considered to be temperature and day length (Reeves & Coupland,
2000). Flowering time distribution in plant populations can be shaped by numerous
biotic and abiotic factors, such as pollinator activity (Lack, 1982; Rathcke & Lacey,
1985; Widen, 1991; Freeman et al., 2003), selection for synchrony with members of
same species and/or other species (Rathcke & Lacey, 1985), herbivory (Juenger &
Bergelson, 2000; Pilson, 2000; Freeman et al., 2003), temperature (Totland, 2000)
and drought (Dudley, 1996; Heschel & Riginos, 2005). The final distribution of
flowering time is a result of many factors acting together in a frame set by underlying

genetic architecture (Coupland, 1995; Simpson et al., 1999).

Climate change is a shift in the “average weather” that a given region
experiences. The changes in the climate of the earth as a whole would mean “global
climate change”. The earth’s natural climate has always been and still is constantly
changing. These changes are measured by the change in all the features we associate
with weather, such a temperature, wind patterns, precipitation and storms. The climate
change seeing today different from previous climate change in both its rate and
magnitude (Seth, 1980). With increasing warming, species and ecosystems are likely
to shift from lower to higher altitudes and latitudes. Due to this the species would
need to migrate upwards to survive. However the upward movement of alpine species
occurring near the mountain peaks is likely to be restricted by the lack of space and

soil.
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The many applications for phenology data and models include agriculture,
drought monitoring, wildfire risk assessment and the management of wildlife,
invasive species, agricultural pests and other risks to human health and welfare,
including allergies, asthma and vector-borne diseases. It contributes to many scientific
disciplines from biodiversity, agriculture and forestry to human health. It provides
valuable data for land-use planning and crop zonation, control of agricultural, forestry
and domestic pest species, protection of species of conservation interest, and
information on pollen release and its implications for human health. (Ruml & Vuli¢,
2005). The story of changes in phenology is complex - and it is much more than just a
trend toward earlier springs, the most common change communicated to the public.
The phenologies of each species are changing in unique ways, and such changes
depend on a multitude of factors, making forecasts of future changes difficult. The
diversity of changes will likely alter ecosystems in substantial ways as species change
in phenology, abundance and distribution.

The phenological studies are important from the point of view of the
conservation of genetic resources and forestry management as well as for a better
understanding of the ecological adaptations of plant/animal species and their
community level interactions. The plant-animal interaction in the community is based
on the knowledge of seasonal production of plant parts. Phenological observations on
trees of forest monitoring plots provide information on the status and development of
trees during the year that can be related to other (environmental) assessments made at
the same plots or even the same trees. In order to assess changes in the timing of
phenological events long term observations are needed. It is crucial for assessing

cyclical biological events.
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Rhododendrons are an important, dominant and primitive group of flowering
plants with considerable ecological and economical importance in Mizoram. In
addition to their asthetic and ethnomedicinal values, some species have commercial
and social importance. The species like Rhododendron arboreum and Rhododendron
veitchianum are the preferred species used by local inhabitants for various purposes.
Of course, the anthropogenic disturbance associated with deforestation, unsustainable
extraction, over exploitation have collectively put pressure on these Rhododendron
species. The knowledge about the location of these species in Mizoram is often
constrained by limited field surveys owing to rugged terrain and low population sizes
with widely dispersed individuals. Knowledge in the species distribution,
phenological, phenological pattern , reproductive system of growth pattern of these
species can help in understanding the evolution of life history traits. These may
provide background information on functional rhythms of plants and plants
communities. Besides, various selective pressures in the environment may influence
the living of flowering and fruiting, pollinator activity and diversity of pollinators
resulting into their bearing on seed production and ultimately on maintaining viable
population of these important species.

The existing records indicate about 98% of the Indian Rhododendron are
found in the Himalayan region. The genus rhododendron forms a very important /
dominant combination of forest types in cool climate high altitudes in Mizoram. It
supports a wide range of biodiversity, which if disturbed, can degrade habitats that
threaten associated biodiversity. With the shrinking of green cover almost
everywhere, the rhododendrons are also experiencing the impact of disturbed
ecological system. In order to bring out sustainable rhododendron conservation and

management, the first and foremost requirement is to study in detail about the
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rhododendron population, all ecological processes that maintain their population such
as pollination, seed dispersal, involving complex interaction between several species
of rhododendron and humans, however adequate data on rhododendron population,
location and extent of habit, floral phenology and the changes in all these aspects over
time are not available for the state of Mizoram, although few efforts have been made
alsewhere such as in Sikkim Himalaya (Tiwari & Chauhan, 2006), Kumaun Himalaya

(Singh et al., 2015), Central Himalaya (Gaira et al., 2014).

This study focuses on phenological patterns of two species of Rhododendron
(1.e, Rhododendron arboreum and Rhododendron veitchianum) in varying elevation.

The observation and data collection was done based on following objectives:

(1) To determine intraspecific and interspecific variation in flowering phenology.
(1) To determine variation in anthesis
(111)  To analyse the mating system and pollinator frequency.

of these two important Rhododendron species.
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Review of Literature

Our understanding of phenological changes is very limited relative to
their potential impact on ecology and biophysical systems worldwide (Forrest &
Miller-Rushing, 2010). Phenological dynamics is determined by complex interactions
between genetic and environmental factors. Phenological observations provide
background information on functional rhythms of plants and plants communities
(Cruden et al., 1977). It is advantageous to observe the phenology of a species at
different microclimate to understand its complete phenological behavior in nature as
abiotic factors especially temperature, Relative humidity and precipitation have
specific roles in regulating phenological events (Sharma et al., 2007; Wagner et al.,
2012). Not only abiotic environmental conditions such as temperature and humidity,
but also biotic factors including intraspecific and interspecific competition for various
resources, i.e., interactions with other organisms such as herbivores, pollinators, and
seed dispersers, can be selective agents for plant phenology. Some studies have
showed experimentally that germination, flowering, and leaf production out of season
caused low survivorship of seedlings (Tevis, 1958), low seed production (Augspurger,
1981), and a high predation rate (Aide, 1992), respectively. On the other hand, plant
phenology can greatly affect animals that use young leaves, flowers, and mature and
immature fruits through temporal changes in plant resource availability (van Schaik et
al., 1993).

Among the plant phenological phases, the flowering time is the most often

considered, because it is one of the simplest to record and one of the easiest to
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interpret. Much phenological research has been concerned with the influence of
climatic variables upon plants. Air temperature found to be a dominant factor
controlling the timing of flowering and other phenological phases (Hunter &
Lechowitz, 1992; Galan et al., 2001). But, temperature alone cannot explain all the
variation in plants development related to their environment. Some researchers stress
the importance of photoperiod, as well as rainfall and solar radiation (Friedel et al.,
1993). Although the influence of soil on plant development is usually smaller than the
influence of climate (Weilgolaski, 2001), sometimes the impact of soil temperature,
water content, soil type and nutrient supply could be significant (Wielogalski, 1999).
Phenological patterns may be influenced by the temporal abundance of pollinators,
seed dispersers, seed predators, or herbivores (Frankie ef al., 1974; Rathcke & Lacey,
1985; Aide, 1992; Murali & Sukumar, 1993; Curran & Leighton, 2000); or by
predictable temporal variations in rainfall, temperature, and photoperiod (Opler et al.,
1976; Ashton et al., 1988; Tutin & Fernandez, 1993; Chapman et al., 1999; Borchert
et al., 2002; Williamson, 2002). Most of the studies on plant phenology have been
carried out in tropical forests to describe community-level pattern of leafing,
flowering and fruiting. Global climate is probably the most important determinant of
vegetation pattern and has significant influence on the distribution, structure and
ecology of forest and forest ecosystem. It is therefore logical to assume that changes
in climate would alter the configuration of the forest ecosystem. Climate change has
led to shifts in phenology in many species distributed widely across taxonomic
groups. Most species react differently to climate change; the outstanding question is
how future climate change will affect the phenology of the whole ecosystem under
different climate change scenarios. The wide variety in physical features and climatic

situations has resulted in a diversity of habitats such as deserts, deciduous, evergreen
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and moist forests, mangroves and alpine grasslands. Both climatic models and
observational studies give conflicting views regarding the effect of climate change on
vegetation. There is now ample evidence which shows that over the past decades, the
phenology — the timing of seasonal activities such as timing of flowering or breeding
of many plant and animal species has advanced and that these shifts are related to
climate change. What is, however, less clear is how we should interpret these shifts in
phenology. The observed changes in phenology may be a positive sign because
species are apparently adapting to changing climatic conditions, or they may be a
negative sign because they show that climate change is, indeed, impacting living
systems. Phenology is the study of nature of plant events in response to seasonal and
climatic changes to the environment. If the phenology of a species shifts at a rate
different from that of the species that make-up its ecological conditions, it will lead to
variation in its seasonal activities, or to use an alternative terminology, to a mismatch

in phenology.

Rusch (1993) reported that at higher elevation, leaf budding was delayed and
leaf potential productivity and leaf size decreases as elevation increases. At higher
elevations prevailing strong winds may increase bud damage, resulting in more
profuse branching. Tree form is a result of a complex interaction between the genetic
plan of the species (deterministic architecture) and responses to environmental events
(opportunistic architecture) (Hatta et al., 1999). The timing of leaf-flushing and
flowering in species showing rain-induced bud break will vary greatly according to
the onset of rainy season (earlier or delayed); this will affect the length of their
growing season and the reproductive success. With respect to leaf-exchanging
species, deviations in summer and/or winter rains may affect the timings of leaf

exchange and flowering through drought induced leaf-fall and depletion of sub-soil

15|Page



water reserves. Any marked delay in the onset of rains will expose relatively young
leaves to prolonged severe drought, which in turn, may strongly reduce the leaf
activity period. In extra tropical mountains, the timing of pollination may be
important because the growing season gets shorter with altitude and time for seed
formation may be crucial (Wagner, 1998). The increase in flower longevity and the
constancy of proportional floral display demonstrate that the overall effort to attract
pollinators is larger in high altitude species than in lowland species. (Fabbro &
Korner, 2004). Also, Arroyo et al. (1985) reported that rates of visitation to flowers
decline with elevation.

Phenological studies in seasonal dry forest may affect the pattern of leafing
phenology through differing water use and rooting depths, and explain both inter and
intra specific synchrony in the timing of leaf-flush (Sayer & Newbery, 2003). In
temperate zones leaf development starts only after air and soil temperatures are higher
than a threshold value following winter rest (Larcher & Bauer, 1981). Tropical plant
communities display conspicuous seasonal pattern in vegetative and reproductive
phenologies at both community and species levels (Frankie et al., 1974). Bliss (1956)
reported that there was a slight delay in phenological events with increasing altitude.
The reduction in overall plant size is the most conspicuous structural alteration in
plants observed along elevational gradients (Korner et al., 1989). High altitude
species allocated three times more of above-ground biomass to floral structures than
lowland species (Fabbro & Korner, 2004). Floral size traits do not seem to change
with altitude, several studies show that the longevity of individual flowers increases
with altitude (Primack, 1985; Bingham & Orthner, 1998; Blionis et al., 2001; Blionis
& Vokou, 2002). Human-induced climate change is one of the most influential drivers

of changes in the distribution of biodiversity and the timing of biological events
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(Walther et al., 2002; Parmesan & Yohe, 2003; Root et al., 2003). High elevation
environments are characterized by limited photosynthetic activity and a very short
growing season, which may be associated with snow or ice (Inouye & Wielgolaski,
2003).

Differences in phenological responses of tree species to temperature change
can have long term consequences on their geographic distribution (Kramer, 1997).
Temperature may act directly on flowering and fruiting (Tutin & Fernandez, 1993;
Newbery et al., 1998; Chapman et al. (1999), or as an environmental cue that induces
community-wide phenological events (Ashton et al., 1988). From comparing different
habitats Primack (1985) concluded that flower longevity generally increased with
cooler temperatures. Rizal et al. (2013) reported that the opening of species Setaria
viridis spikkelets was triggered by low temperature and darkness. They also reported
that photoperiod and temperature played key role in flowering; the duration of
flowering depends on species, plant health, mode of pollination, resource allocation
for floral maintenance, environmental factors, and so forth. The work on anthesis was
first reported by De Cugnac and Obaton (1935). The effect of climate factors viz., air
temperature, relative humidity, light intensity and wind on five grass species
Alopecurus, Dactylis, Festuca, Lolium and Phleum were carried out by Emecz (1962)
and reported that anthesis was positively related to temperature and light by which it
was activated. Relative air humidity did not have any significant direct effect, but it
casually inhibited anthesis through reducing light intensity or through precipitation.
Similarly, Liem & Groot (1973) recorded that the climatic factors were related to
anthesis in Holcus and Festuca both the species showed a diurnal periodicity which

were connected to air temperature, relative humidity and light intensity.
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In most ecosystems, variation in the timing of flowering was associated with
the variation in climate (Walker et al., 1995).The differences in leaf fall of different
species may be due to micro-environmental factors as also has been reported by
Boojh & Ramakrishnan (1981). The rate of leaf fall during the dry season was
strongly correlated with the decline in soil moisture and increasing water stress of the
tree (Reich & Borchert, 1982). The timing of leaves fall and bud break were generally
determined by tree water status of the environment and the structural and functional
state of the tree (Reich, 1995). In the absence of transpiration during leaf less — phase,
trees are able to store some amount of water in their conductive tissues for subsequent
use during the early leaf-flushing phase (Singh & Singh, 1992). The synchronization
of flowering with leaf flushing is related to moisture, temperature, and photo period
(Boojh & Ramakrishna, 1981; Murali & Sukumar, 1994). Studies of altitudinal
gradients may, to a degree, substitute for latitudinal gradients, and consequently also
for climatic gradients (Billings, 1987). Le'vesque & Svoboda (1992) make
assumptions that a delay in phenology is associated with altitude; plant performance
(i.e.number of flowers/plant and biomass/plant) also decrease with altitude; fewer
plants flower as they are colder and nutritionally poorer; and plants at the highest and
therefore most stressful sites may not produce flowers or complete flowering in cold
years. In high mountain regions, flowering phenology changes along elevation
gradients, with plants at lower elevations typically flowering earlier than plants of the
same species that grow at higher elevations (Bertiller ez al., 1990; Ziello et al., 2009).

The review of literature reveal that among the various flowering phenology,
the timing of flowering is the most widely investigated event in the plant life cycles
and has been studied on every scale, from the level of community (Murali &

Sukumar, 1994) to that of the individual flower (Herrera, 1995) . In plant
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communities, although at least some species will be in flower throughout the growing
season, there is a tendency for peaks of flowering to occur. Many factors have been
attributed to peak flowering. For example, in wet tropical forest flowering production
may coincide with peaks of radiance (Wright & van Schaik, 1994) while in seasonally
dry tropical forest flowering is often concentrated in the transition from the late dry to
the early wet season (Murali & Sukumar, 1994). The pattern of flowering in
individual species has been reported to vary widely. In some species, it is staggered
over a long period, in others there is a much more pronounced peak with relatively
few individuals occurring in the early and late parts of flowering period (Proenca &
Gibbs, 1994). Various types of flowering (mass flowering, flush flowering, and steady
state flowering) are nevertheless results of response to different set of selective
pressures. A strong peak of flowering suggests a disadvantage to out of season
individuals, possibly due to pollination reduction in an out crossing species. In the
mass flowering, the properties of flowers that set fruit has been positively correlated
with flower abundance in shrub Befaria resinosa (Melampy, 1987). Variation in
weather from year to year or changes in pollinator or seed predator abundance may
also result in selective pressure on flowering times, favouring early, average or late
individuals in different years. Brody (1997) also point out that the net effect of
pollinator and seed predator varies both in time and space. Zimmermann (1988) notes
that late flowering plants of Polemoricum foliosissimum were most likely to out cross
than the general population, the potential benefit of this may be counter balance by
the possible disadvantage of late blooming (less time for seed ripening etc.). Rathcke
& Lacey (1985) point out that at least some degree of asynchronous flowering in
population would have the benefit of promoting out crossing by forcing pollinator to

move between individuals. The highest level of out crossing of mass flowering
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species probably occurs at the beginning and end of blooming season (Carpenter,
1976). In cross-pollinated species, selection is generally expected to favor synchrony
of flowering among individuals, though asynchrony may be favored in populations
with intense within-species competition for pollinators (Bawa, 1983). In closely
related sympatric species, differences in flowering phenology may not only reduce
competition for pollinators (Waser, 1978), but also help to ensure genetic isolation
(Gentry, 1974). Any analysis of the selective pressures acting on flowering patterns
requires a clear understanding of interannual variation in population level flowering
duration (Bawa, 1983); in some habitats, where seasonal changes in climate are
important, abiotic variables are important in determining phenological patterns,
regardless of the effect these patterns have on the reproductive success of each plant
(Inouye and McGuire 1991).

The environmental cues for flowering and competition for pollinator and
interference between the species have been reviewed by Fenner (1988). Sequence
often appears to be non random (Stiles, 1971). Pre-dispersal seed predation could be
yet another important biotic influence on flowering time, which may provide a
selective pressure if it is concentrated at a particular time within the flowering period
(Zimmermann, 1980; Brody, 1997). Similarly, each life history stages of a plant is to
some extent dependent upon or constraint by the preceeding and succeeding stages.
For most species, the time of flowering may be constrained by the living of other
phenophases such as growth, seed dispersal and seed desimination (Johnson, 1993).
An important constrain on the flowering phenology of a species may also be its
taxonomic affinities. Related plants share similar inherent design constraints which
would limit their potential evolutionary response to selection (Kochmer & Handel,

1986).
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Fruiting phenology is also governed by its own set of constraints. Jordano
(1992) in a study on various ecosystems has observed that fruiting peaks generally
occurs during period of low photosynthetic activity or after a period of high rates of
reserved accumulation. French (1992) suggested that fruit production is largely
controlled by the accumulation of enough photosynthetates which can only occur
toward the end of growing season. In individual cases, flowering time may set
restricted due to fruiting calendar slot. The extent to which flowering times of
sympetric species are influenced by competition for pollinators have been much
debated over the years. It is hypothesized that competition could be reduced by
avoiding overlap in growing times. A number of studies indicate that interspecific
exploitative competition for pollinators does occur (Rathcke, 1983). Another form of
competition between plants sharing pollinators is the interference which occurs when
pollen from one species is deposited on the stigma of another. Reduced seed set in the
field as a result of heterospecific pollen transfer by share pollinators is well
established in a number of cases (Galen & Gregous, 1989). Carpenter (1976) in a
study of two tree species viz. Metrosideros collina and Sophora chrysophylla which
share a pollinator (honeycreepers) have found that these two tree species grow
together at some elevation and separately at others. Where they are sympatric their
flowering times are sequential while where they grow separately, their plant period
overlap, clearly showing circumstantial evidence of local character displacement.

Temporal distribution of flowers is a balance between positive and negative
density effects, but it is also determined by seasonal position and tradeoffs with other
plant traits, including other phenophases (Brody, 1997; Bolmgren & Lonnberg, 2005).
Many studies in which flowering times of a species within communities are recorded

show there is often a temporal sequence of flowering with each species peaking in
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turn. When presented graphically with the species placed in order of mean flowering
date, the Rhododendron arboreum in northern Japan was found to fail to set its fruits
because of the onset of autumn frost and snow (Kudo, 1993). The phenology of
fruiting has very important consequences for community diversity because of the
dependence of frugivores on a constant supply of food. Although there is a tendency
for all the plants in a population to produce fruit in the same year, the production of
fruit by an individual plant is often irregular. The most fruiting is linked to formation
of flowering initials in response to environmental cues which occurs only at irregular
interval (Fenner, 1991). Irregular supra-annual fruiting which occurs in many tropical
species such as Dipterocarpaceae, Montane-grasses and perennial herbs (Primack,
1985) may be just a consequence of the need to build up reserves between crops, but
in such cases the cost of fruiting is high and known to have a depressive effect on
growth in subsequent years (Haase, 1986).

The prevalence of phenotypic and genetic correlation between flowering
phenology traits and other life history events (Debussche & Isenmann, 1992;
Bolmgren & Lonnberg, 2005) and other quantitative traits such as plant size or
environmental conditions (Dieringer, 1991; Ollerton & Lack, 1998) makes it difficult
to predict how populations might respond to selection acting on flowering phenology
(O 'Neil, 1997).

From the above review of literature, it is found that although studies pertaining
to phenological pattern in plant community have been largely studied and efforts have
been made on various tree species by several workers (Primack, 1985; Haase, 1986;
Galen & Gregory, 1989; French, 1992; Murali & Sukumar, 1993; Proenca & Gibbs,
1994, Herrera, 1995) the research works on Rhododendron arboreum and

Rhododendron veitchianum are relatively few and far between in Indian states and
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completely lacking in Mizoram. It is expected therefore that the present study shall
plug the lacunae in our understanding to how these two species will behave along
altitudes as far as their floral phenology and to other influences such as pollinators,

predators etc. are concerned.
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Chapter 3
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Description of the Study Site,
Species and distribution Pattern

Mizoram means land of highlanders, and it has undulating topography with
several troughs and peak that ranges from 800m to 2000m asl. It is located in
northeastern part of India, sandwiched between Myanmar and Bangladesh is one of
the biodiversity hotspots in the Eastern Himalaya region with about 94% tribal people
living in the state. About 57.8 percent of the population depends on agricultural
products and practice jhum or shifting cultivation (Anon., 2004). The state is
characterized by hills with sparse to dense forest throughout. It has geographical area
of 21,087 sq.km with population of 1, 09,014 consisting of 552,339 males and
538,675 females, a sex ratio of 975 females to 1000 males with literacy rate 91.58%
as per 2011 census and lies between 21°58” & 24°35° N Latitude, and 92°15° &
93°20° E Longitude, with the tropic of cancer passing through the middle of the state
at 23°30N Latitude. The length of the state from North to South is about 277 kms,
while East to West width extends over 121 km. It has a long interstate boundary with
Assam (123km), Tripura (66km), and Manipur (95km). Besides, Mizoram shares
international boundary of 404 kms with Myanmar and 318 kms with Bangladesh. It is
surrounded in the North by Cachar district of Assam, in the East by state of Manipur,
in the East-South and South-West by Chin and Arakan hills of Myanmar and the
western side by the state of Tripura and Chittagong hill tracts of Bangladesh. The
State has eight districts viz., Aizawl, Champhai, Kolasib, Lawngtlai, Lunglei, Mamit,

Saiha and Serchhip. There are three Autonomous District Council namely Lai
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Autonomous District Council (LADC), Chakma Autonomous District Council
(CADC) and Mara Autonomous District Council (MADC). These autonomous
regions are administered in accordance with the provision of the sixth Schedule of the
Constitution of India.

Mizoram enjoys a moderate and pleasant climate. The temperature varies from
6°C to 24°C during winter and 18°C” to 32°C during summer or spring. Spring starts
from March till May and the temperature is usually 18°C to 25°C and occasional
rainfall sometimes occurs during this season. Summer /monsoon season starts from
Late May/June till September. The onset of monsoon brings down the temperature to
about 18°C to 32°C. The North-westerly thunderstorms, sweeping over the hills in the
entire state brought heavy downpour during monsoon. Late September and October
are the autumn months when rains cease and temperature is usually between 19°C to
25°C. The temperature continues to fall with the break of the winter season from
November to February with temperature ranges normally between 6°C to 24°C. (Table
3.1) The entire Mizoram comes under the direct influence of the south west Monsoon
receiving an average rainfall 2000 mm to 3600mm per annum. The north western
portion of the state receives highest rainfall i.e., more than 3500 mm per annum. The

rainfall also increases southward with increase in humidity (Table 3.2).

Mizoram having sub tropical humid climatic condition with short and dry
winter favours luxuriant growth of vegetation and forests. The forests are divided into
Protected Areas, Reserve Forest and unclassified Forest. According to State Forest
Reports, open forest occupies 61.18%, scrub 0.01%, moderately dense 28.87%, very
dense 0.64% and non-forest 9.3%, to the total geographical area of the state. Area

under recorded Forest is 16,717 sq km (ISFR 2011). The practice of shifting
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cultivation, uncontrolled fire, felling of trees, agricultural expansion and road building
have resulted in deforestation.

According to the Indian Institute of Remote Sensing, Dehradun (2002)
classified the forest of Mizoram as follows:

Tropical wet evergreen forest
Sub-tropical broadleaved forest
Tropical semi-evergreen forest
Temperate evergreen forest

Degraded forest and

A e

Bamboo forest.

Table :3.1 Average monthly Relative Humidity (in Percentage) data of Mizoram
during 2011 - 2014

Month 2011 2012 2013 2014

Min Max Min Max Min Max Min Max

January 38 79 33.11 81.99 | 34.95 80.99 28.80 73.59
February 33 73 27.78 63.08 | 27.82 66.56 33.78 69.58
March 36 72 33.00 | 71.44 | 24.74 60.63 26.48 68.69
April 41 82 51.16 87.94 N.A N.A 27.92 68.36
May 60 95 55.71 89.37 | 56.50 86.33 50.33 89.65
June 63 95 70.92 95.99 N.A N.A 58.68 90.79
July 75 96 68.90 | 95.77 | 61.21 92.42 57.75 91.94
August 69 96 63.28 97.87 | 63.83 89.06 63.06 92.40
September 69 97 67.81 97.75 | 63.48 92.48 60.07 92.27
October 60 96 61.50 | 97.44 | 58.67 90.42 53.93 90.35
November 43 93 59.81 95.69 | 33.28 82.71 52.47 89.43
December 38 80 33.93 82.32 | 33.71 80.83 48.69 85.39
mean 53.00 | 88.00 | 52.65 | 88.05 | 45.82 | 82.24 | 46.82 | 83.53
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Figure :3.1

Average monthly Rainfall data of Mizoram during 2011 - 2014.
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Table :3.2 Average monthly minimum and maximum temperature (in degree Celsius)
in Mizoram during 2011-2014.
Month 2011 2012 2013 2014
Min Max Min Max Min Max Min Max
January 10.9 22.8 12.80 23.24 10.55 22.83 11.19 24.95
February 13.6 25.5 14.15 26.13 14.60 27.70 10.26 26.05
March 16.2 28.3 16.96 28.71 17.37 30.04 13.10 29.41
April 18.1 28.6 17.11 27.35 17.22 29.46 16.28 32.14
May 18.3 27.2 19.57 28.38 17.36 26.40 15.24 28.83
June 20.4 27.3 19.89 26.53 20.12 27.89 17.28 27.47
July 20.4 27.1 20.00 27.35 19.63 27.47 17.41 28.88
August 20.4 27.4 19.98 27.80 19.43 26.14 16.62 26.77
September 20.2 27.8 19.93 27.38 19.19 26.73 16.12 27.22
October 19.3 27.7 18.45 25.34 18.60 25.46 15.59 27.65
November 16.2 27.5 15.16 23.35 15.07 28.32 13.03 26.97
December 13.5 24.6 11.90 24.20 11.71 23.44 10.06 25.46
mean 17.29 | 26.82 17.16 26.31 16.74 26.82 14.35 27.65

(Source: Meteorological data of Mizoram 2014, Directorate of economic & Statistics

Planning & Programme Implementation Department, Govt. of Mizoram.)
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Map No 1 Distribution of Rhododendron in Mizoram

INDIA
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3.1  Description of Study site :

Study sites: Phawngpui (Blue Mountain) National Park is situated in Lawngtlai
District south eastern corner of Mizoram, 330 kms away from Aizawl city. It was
notified as National Park following the provision under Wildlife Protection Act
(1972). Final Gazette notification was issued vide No.B.12011/5/91- FST, the 22™
July (Vol-XXVI Aizawl, 1* August, 1997 Issue no.257). The Park is managed by
Range Officer with headquarter at Sangau village and Beet Officers under the control
of District Forest Officer (DFO) Lawngtlai. The area of Phawngpui National Park lies
between Geographical location of 22° 36' 37" N to 22° 41' 33" N latitude and 93° 00'
41" E to 93° 04' 57" E longitude, with an area of 50 sq.km. It is accessible from
Sangau via Thaltlang village in the North by light vehicle during fair weather but
difficult to go during rainy seasons. The mountain is a high point on one of the many
rugged ridges that run roughly south to north in the state. It lies under the sub-tropical
Hill forest (Lalramnghinglova, 1996) and consist of a series of parallel hills running
from North to South direction and includes the highest peak 2157(m asl) in the state
called “Blue Mountain”. It has a pleasant and equable warm climate throughout the
year. The climate is humid-sub tropical and characterized by long winter. In summer,
the temperature ranges from 18°C to 24°C and in winter 4°C to 15°C. Winter starts in
November and ends in February. The area is under direct influence of Monsoon. The
area receives maximum rainfall between May and September, and the annual rainfall
is about 2300mm. a small extent of grassland plateau known as “Far Pak” is situated
towards top of the hill and the sylvan of temperate oak trees and Rhododendron
abound with Orchids. Commanding a majestic view over the hills and the valleys, this

peak presents the most enchanting scenic beauty in Mizoram. There is a semi-circular
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beautiful cliff in the western side called ‘Thlazuang Kham’ which has a sharp and
deep fall. This is the habitat of the wild mountain goat (Gorals), this cliff was believed
to be haunted by spirits. There is Rest House at “Far Pak™ maintained and owned by
the Department of Environment and Forest, Government of Mizoram. Phawngpui
National Park is surrounded by the villages of Sangau, Sentetfiang, Thaltlang,
Vawmbuk, Bualpui(NG), Pangkhua, Cheural, Tialdawngilung, Rawlbuk, Pangrang,
Archhuang and Lungpher. The highest Peak is accessible by foot from Archhuang and
Vawmbuk villages from the East and is about 4kms. It is also accessible by foot from
Lungpher from West which is about 3.5 kms. From Sangau in the North which is the
Headquarters of Range Officer, and the Forest Rest house which is located at the
grassy ‘Far Pak’ is accessible by light vehicle during fair weather condition via
Sentetfiang and Thaltlang Village and is about 13 kms. From ‘Far Pak’ the highest
peak is accessible only through patrolling path which is about 7 kms. From the South
the highest peak is accessible by foot from Lungpher, Siachangkawn and Vawmbuk
villages which are about 7-8 kms.

Figure :3.2  Average Monthly Rainfall(in millimeter) data of Lawngtlai District during
2011 - 2014.
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Map No 2 Topographical Map of Phawngpui National Park

Location: N
93°00°41°E to 93°04'5T"E +
22°36'37"N to 22°41'33°N

Data Source: Mizoram Remote Sensing Application Centre
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3.2 Study species:

Carl Linnaeus described the genus Rhododendron belongs to Ericaceae family
in his book ‘Genera Plantarum’ in 1737. Between 1848 and 1850 Joseph Hooker’s
gathered and described 34 new species in his monograph entitled ‘Rhododendron of
Sikkim Himalaya’. Since then many researchers and explorers had added to the list,
and currently about 1025 species in the world (Chamberlain et al., 1996) and 121 taxa
have been recorded from India, out of which 117 (98%) taxa are distributed in north-
east India (Mao, 2010).Out of 117 taxa recorded from North East India, Mizoram
contributed 3.42 % i.e 4 taxa (Mao, 2010; Sekar et.al., 2010; Sawmliana, 2003).The
word Rhododendron was derived from two Greek words rhodon (rose) and dendron
(tree) meaning rose tree. Rhododendron arboreum is Nepal’s national flower and is
depicted on its coat of arms (de Milleville, 2002). In India, it is the state flower of
Nagaland and state tree of Uttarakhand (Kant, 2004; Joshi & Sharma, 2005).The
most abundant taxa is Rododendron arboreum Sm. Rhododendron( ‘Chhawkhlei’ in
Mizo) has a huge influence among the Mizo society in the history of its beauty which
was written in many folk and traditional songs. The Rhododendron is a genus
characterized by shrubs and small to (rarely) large trees, the smallest species growing
to 10-100 cm tall, and the largest, R. giganteum, reported to over 30 m tall, widely
distributed genus, occurring throughout most of the Northern Hemisphere except for
dry areas, and extending into the Southern Hemisphere in southeastern Asia and
northern Australasia. The highest species diversity is found in the Himalayan
mountains from Uttarakhand, Nepal and Sikkim to Yunnan and Sichuan, with other
significant areas of diversity in the mountains of Indo-China, Korea, Japan and
Taiwan. In addition, there are a significant number of tropical Rhododendron species

from south East Asia to northern Australia, with 55 known species in Borneo and 164
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in New Guinea. Relatively fewer species occur in North America and Europe. Very
few Rhododendrons have been reported from South America (Bolivia and Ecuador)
and Africa (Algeria) (Argent, 2006). It is a large genus with over 1000 species and
most have showy flower displays. It includes the plants known to gardeners as
azaleas. In Mizoram four species viz. Rhododendron arboreum, Rhododendron
kingianum, Rhododendron parryae and Rhododendron veitchianum has been reported
(Sawmliana, 2003). This study focuses on Rhododendron arboreum and
Rhododendron veitchianum to study their flowering phenological events in relation to

varying elevation.

Rhododendron arboretum Sm is one of the most stately and impressive
rhododendron species (Photo No 1). It is extremely variable in stature, hardiness, and
flower color and leaf characteristics. Reaching heights of more than 20m or more.
Trunk is branched, crooked or gnarled with a reddish brown, soft and rough bark,
exfoliating in thin flakes. The leaf is thick, stiff, leathery dark glossy green covered on
the under surface with a thin layer of indumentum ranging in color from silver to
fawn to deep cinnamon, elegant oblong-lanceolate, 10-17 cm long and 3-5 cm wide.
Crowded towards the ends of branches, petiole covered with white scales when
young. The flowers range in color from a deep scarlet to red. Bearing sometimes more
than twenty blossoms in a single truss, this rhododendron is a spectacular sight when
in full bloom. The bright red forms of this rhododendron are generally found at the
lower elevations. All of the flowers don’t open at once; instead they open in
succession from December to March .If the first blooms get damaged by frost, there
are still flower buds which aren’t damaged. It is insect-pollinated hermaphrodite

flowers. Fruit is capsulate, oblong, curved, longitudinally ribbed, up to 3.8 cm long
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and 1.25 cm wide. Seeds are minute, dark brown, compressed, oblong. Seed capsules

ripen from August through March depending on altitude.

Taxonomical classification of Rhododendron arboreum:

®» Kingdom : Plantae

®» Phylum : Magnolliophyta

®» (lass : Angiopermae

®» (Order : Ericales

» Family : Ericaceae

®» Genus : Rhododendron

®» Sub genus : Hymenanthes

®» Section : Pontica

®  Sub section : Arborea

®» Species : Rhododendron arboreum
Uses

Flowers are sour-sweet and are eaten as pickles, although excess may cause
intoxication. A sub-acidic jelly or preserve is made from the petals. The fresh flowers
are also used as medicine in the treatment of hill diarrhoea, dysentery and dyspepsia.
Sometimes the dried flowers are eaten after frying with ghee to check dysentery
(Bhattacharjee, 1998). In hilly areas, the flowers are used in the preparation of jams,
jellies and local brew.The fresh and dried corolla, are also taken to remove fish bones
that get stuck in the gullet (Pradhan & Lachungpa, 1990). The wood is used as fuel
and for making charcoal. Sapwood and heartwood are used for tool handles, boxes

and posts and is suitable for plywood
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Rhododendron veitchianum:

The large white openly funnel-campanulate spring flowers of R. veitchianum
are usually obovate to elliptic-obovate small broadleaves evergreen shrub over
10.2cm across and wonderfully fragrant. Some forms have a strong yellow blotch but
some form has a very pale blotch and at times appears almost pure white. This species
is in the Subsection Maddennia of the genus, and is therefore a lepidote
Rhododendron and has scales underneath the leaves but are not very winter hardy.
Native to the montane rainforests of Laos, Vietnam and Burma (Myanmar), it grows
in soil and as an epiphyte, clasping its roots onto the moist bark of trees. Its smooth
bark is rusty reddish brown and exfoliates, often seen on this upright, somewhat rangy
plant. The plant is heat and drought tolerant but doesn't take the cold. It is hardy to
only -7 °C. (Photo plate 3.2)

Taxonomical classification of Rhododendron veitchianum

®» Kingdom : Plantae

» Phylum : Magnolliophyta

®» (Class : Angiopermae

®» Order : Ericales

» Lamily : Ericaceae

®»  Genus : Rhododendron

®» Sub genus : Rhododendron

®  Section : Rhododendron

®  Sub section : Maddenia

®» Species : Rhododendron veitchianum
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Photo No.1 Full bloom of Rhododendron arboreum Sm

Photo No.2 Full bloom of Rhododendron veitchianum Hook.
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33 Distribution of Rhododendron in Mizoram

Rhododendron arboreum has been reported between 800-4000m asl in many
Indian State (Table 3.3) and world while Rhododendron veitchianum has been
reported in elevation ranging from 1230 — 2000m asl in Mizoram and
neighbouring South Asian countries such as Loas, Myanmar, Thailand, Bhuntan,
China, Nepal etc.

Rhododendron are mostly restricted to high altitude (1302 masl to 20157masl)
in Mizoram (Table: 3.4) and forest in four of the eight districts in Mizoram. These
two species form important dominant combination of forest types in cool tropical
and temperate region of the state. They were found in the eastern part of the state
in mostly Champhai district. So far fourteen spot have been verified for their
distribution in Mizoram, there are some location that have not been verified yet,
that still need to be verify and discover at the distribution and species level (Table
3.4). They support a wide range of biodiversity, which, if distributed, can degrade
habitat that threaten associated biodiversity.

Table : 3.3  Distribution of Rhododendron arboreum Sm and Rhododendron veitchianum
in India and World.

Altitudes Distribution IUCN
Name of Taxa (m) Status
India World
Arunachal Pradesh,
Himachal Pradesh, Bhutan, China,
R. arboreum 800 - Jammm & Kashr.nir, Myanmar, Nepal, Not
Sm. 4000 Me?ghalaya, Manipur, Sri L_anka, evaluated
Mizoram, Nagaland, Pakistan,
Sikkim, Uttarakhand, Thailand, Tibet.
West Bengal
Loas, Myanmar,
R.veitchianum. 1230 - Mizoram Thailand, Bhutan, Rare
Hook. 2000 China, Nepal,
Tibet
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Table : 3.4

Distribution of Rhododendron in Mizoram

Location Species District | Elevation [ Coordinates
(m) asl
| Prawngpui | ® arboreum Lowngtlai 2157 | N 2237.857
. 0 '
National Park R veitchianum 2016 E093702.316
R.arboreum 1866 0
) N 22717.898'
2 | Mawma tlang — Saiha £093°07 885"
.veitchianum
. . N 23°08.355'
3 Tan tlang R.veitchianum | Champhai 1843 E093°18.651"
. N 23°03.004'
4 Lurh tlang R.arboreum Champhai 1854 £093°16.071"
5| Tualcheng | * arboreum Chamhai 1346 1 N 23%3 645
YMA Park [, - P £093°17.982"
.veitchianum
. N 23%43.165'
6 Hnahlan R.arboreum Champhai 1467 £093%22 708"
. N 23°32.130'
7 Ngur R.arboreum Champhai 1514 £093%22 270
Champhai . N 23°29.411'
8 Bethel R.arboreum Champhai 1302 £093°19 782"
Champhai . N 23°28.638'
9 Karawt R.arboreum Champhai 1562 £093°19 163"
. . N 23°08.985'
10 | Vaphai Thlan R.arboreum Champhai 1629 E093°19 427"
. N 23°04.454'
11 Farkawn R.arboreum Champhai 1391 £093°17.234"
. o : N 23°34.557'
12 Tawizo R.veitchianum Aizawl 1502 E093°57 417
Murlen . N 23°39.279'
13 National Park R.arboreum Champhai 1350 £093°16.425'
Lengteng R.arboreum 1764 0 '
14| wildlife Champhai N 23 48.463'
L E093714.539
Santuary R.veitchianum
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These two rhododendrons prefer acidic and humus rich soil, like other
rhododendron species reported elsewhere. Studies in relation to global warming with
respect to rhododendron indicate that these species may survive global warming in-
situ because of their high tolerance but the long term effect on their regeneration

could be uncertain.
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Photo No 3. Floral Bud of Rhododendron arboreum Sm

Photo No 4. Floral Bud of Rhododendron veitchianum. Hook
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