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Rarity analysis of an endangered tropical tree
species of the Western Ghats, India
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The rarity of Atuna indica, an endemic and endangered
tropical tree species of the Western Ghats, India has
been analysed in this study. The phenology, floral bio-
logy, including pollen—ovule ratio, pollinators, fruit
development and biotic interactions in natural dyna-
mics were studied. Extreme reduction in the number
of flowering individuals, microhabitat conditions, low
fruit set, seed infestation and fruit predation were
identified as the factors leading to rarity of the species
in situ.
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THIS study aims to document the reproductive biology as
well as phenological changes in Atuna indica, an endan-
gered tree species of the Western Ghats, India. Studies on
the reproductive biology of threatened tree species pro-
vide insights into their reduced fitness/population size.
For example, Elaeocarpus blascoi, an endangered species
reported with low seedling recruitment, was found with
fungal attacks on seeds (Fusarium sp., Lasiodiplodia sp.
and Pencilium sp.)'. Studies conducted on the endangered
Elaeocarpus gaussenii and Elaeocarpus recurvatus re-
ported that fruit damage caused by Malabar giant squirrel
and lion-tailed macaque is one of the reproductive con-
straints>. In Talbotiella gentii, a critically endangered tree,
the stigmatic surface was found infected by fungi, thus
reducing its reproductive potential’. Even the Evans et
al.* reported reproductive constraints in endangered per-
ennial herbaceous species such as Eryngium cuneifolium,
Hypericum cumulicola and Liatris ohlingerae.

The present study incorporates climate data (average
precipitation and temperature in Kerala, India) to discuss
the phenological changes of 4. indica. Kerala experiences
different but almost stable climatic seasons such as the
southwest monsoon, northeast monsoon, winter and summer.
So phenological studies, including reproductive biology,
will highlight the influence of climate on the reproductive
performance and survival of species. The variations in
atmospheric temperature, rainfall and difference in day
length, etc. could signal flushing, flower initiation, etc.
These changes may lead to a cascade of positive or nega-
tive influences on the depending fauna and eventually on
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the survival of the plant species, as the plant reproductive
cycle depends on pollinators, parasites and pests, which
are obligatory and species specific in nature.

Reduced reproductive potential is considered one of
the driving forces towards extinction. High reproductive
potential may increase seedling recruitment, subsequently
resulting in flourishing of the population™®. The reasons
for rarity may vary from one species to another. The mode
of pollination and type of dispersal impact the future popu-
lation by influencing the genetic as well as the physical
constitution of a population. Abnormalities in these
events may result in rarity of the species in situ. The factors
leading to species decline include reduced pollinator-
driven low fruit set, self-pollination driven inbreeding
depression’, and loss of genetic variability as a compound
effect. Documenting the reproductive biology of endan-
gered plant species could help unravel their constraints.
The rarity analysis of A. indica with an emphasis on its
reproductive biology will be useful for government and
non-governmental organizations in their conservation ef-
forts of endangered tree species.

A. indica is an endemic and endangered tropical tree spe-
cies of the Western Ghats, India®. It is distributed in the ever-
green forests in the 500-800 m altitude range and grows
up to 15 m height. Flowers are bisexual and cream-coloured.
Slopes adjacent to water courses are the microhabitat pre-
ference of this species. Umbelliferin (an anticancer drug)
has been isolated from 4. indica’.

Materials and methods

The population located adjacent to Kakkayam dam site,
Kozhikode district, Kerala was chosen for this study (Fig-
ure 1). Monitoring and recording of flowering phenology,
viz. flower-bud initiation, development, anthesis, stigma re-
ceptivity, pollen viability, pollen—ovule ratio, pollination,
pollinators, blooming period, pest incidence and fruit set,
was done. The data were represented as the average value
of each trial'®"*,

Reproductive phenology

Data on reproductive phenology with respect to the number
of inflorescences per branch, number of flowers per inflo-
rescence, flower/inflorescence development, blooming
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period, fruit initiation and development were recorded
daily. Five inflorescences per branch were tagged and moni-
tored for flower development from bud to full bloom. The
average number of days taken for each bud to bloom was
calculated and recorded. The monthly mean temperature
and mean precipitation of the respective area were obtai-
ned from WorldClim database using DIVA GIS.

Pollen viability

Pollen grains from fully mature flower buds were dusted
into a cavity slide containing acetocarmine solution and
kept for 1 h. Later observed under a compound microscope.
The pollen grains stained were treated as viable and the
others as non-viable. Viability test was carried out in 2 h
intervals.

Pollen germination

Pollen grains from fully mature flower buds were trans-
ferred to a cavity slide containing a germination medium
(sucrose 10%). Pollen germination was counted after 1 h
using a compound microscope. The pollen grains with
tubes longer than the diameter were considered germinated.
The experiment was repeated in 2 h intervals from anthesis.

Stigma receptivity

Both physical (through hand lens) and chemical (using
hydrogen peroxide) tests were conducted. In the former
method, stigma with wetness, turgidity and oily nature
was considered as receptive and the rest as non-receptive.
In the latter method, a drop of hydrogen peroxide was added
to the stigma of freshly opened flowers and the efferves-
cence resulting from the peroxidase enzyme activity was
observed for the duration of stigma receptivity'”.
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Figure 1. Distribution of Atuna indica in the Western Ghats, India.
Study conducted on the Kakkayam dam site population.
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Pollen—ovule ratio

The number of pollen grains in anthers per flower was
counted using a haemocytometer'®. The number of ovules
per ovary was counted by taking sections of the ovary'’.
The pollen—ovule ratio was calculated as follows

Pollen—ovule ratio =

Pollen count per anther X No. of anthers per flower

No. of ovules per flower

Pollination and insect interaction

Bagging experiments were carried out to understand the
mode of pollination. Physical observations were made
throughout the flowering period and insect interactions
were recording during day and night hours. The taxonomic
identification of insects was made using the available lite-
rature and with the help of experts.

Fruit phenology

Fruit phenology was monitored and recorded, viz. fruiting
primordia, period of development, including premature
abscission and pest incidence.

Results

Flowering was observed along with flushing during Octo-
ber—December. Fruit development started in January and
fruits matured in April. The trees displayed a vegetative
phase from May to September. Only one out of 89 trees
in the population showed flowering. A total of 13 branches
showed flowering, which included 113 inflorescences
bearing 521 flowers.

Reproductive phenology

Pale green-coloured flower buds were recorded during
the first week of October and mass blooming was noted
after two weeks in 2017 (trees showed differential flow-
ering in branches: in 2018, the northeastern, sun-facing
branch flowered first, and 2—3 weeks later, the opposite
branches flowered). Flower opening started from 0600 to
0615h and opened fully by 0915h. Anther dehisced
through vertical slit from 0900 to 0930 h. Stigma was re-
ceptive prior to anther dehiscence (0800—0830 h, protog-
ynous condition).

Pollen viability and stigma receptivity

Fresh pollen grains (on anthesis — 0615 h) showed 98.32%
viability and gradual reduction was noticed to 93.6%,

CURRENT SCIENCE, VOL. 123, NO. 1, 10 JULY 2022



RESEARCH ARTICLES

Figure 2. a, Flower buds; b, flower; ¢, fruits; d, pollen grain; e—g, SEM image of mouth parts of humming bird hawk moth
showing pollen grains; A—j, SEM image of mouth parts of Xylocopa sp.; k, Badamia sp.; I, Apies mellifera; m, Eurema sp.;
n, Graphium sp.; o, unidentified; p, purple throated sunbird; ¢, Indrella ampula; r, pierced flower bud; s, Pyralid larvae in flower;
t, flower bud eaten by snail; u, Pyralid larvae in fruit.
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Figure 3.

91.3%, 88% and 87.5% after 1, 2, 3 and 4 h respectively.
A drastic decline to 20% was noted after 12 h. Hydrogen
peroxide application followed by effervescence confirmed
stigma receptivity up to 14 h, which later turned brown—
black in colour, lost its turgidity and became non-receptive.

Pollen germination

At the time of anthesis, 58% of the pollen grains were
found germinated in a 10% sucrose solution. A gradual
decrease in pollen germination was observed at 47.8%,
23.2% and 9.74% after 1, 2 and 8 h respectively.

Pollen—ovule ratio

A flower contains 12—13 anthers and approximately 288 +
51.3 pollen grains per anther. Hence pollen count per
flower was estimated as 3744 + 667. A flower has two
ovules and hence the pollen—ovule ratio was estimated as
1872 : 1.
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Flower visitors of A. indica from 0500 to 1800 h.

Pollination and insect interaction

The bagging experiment had failed; all the bagged inflo-
rescences had fallen off. Pollinator documentation was
done in 2017 and 2019. Observations were made from
0500 to 1800 h continuously. The peak time of pollina-
tors incidence was recorded between 0800 and 1000 h
and Xylocopa sp. was first visited during 0600-0700 h.
Apies mellifera, Idea malabarica, Eurema sp., Papilio
polymnster, Euploea core, Graphium sp., were the key
pollinators seen multiple times (Figures 2 and 3). No
flower visitors were recorded between 1100 and 1500 h.
Xylocopa sp. was found foraging from 1500 to 1700 h.
Though the Macroglosum stelletarum was not recorded
during 2017, it was a frequent floral visitor in 2019.
Xylocopa sp., M. stelletarum and A. mellifera were
found visiting many flowers, spending 2-3 sec per flower.
Butterflies visited 2-3 flowers each time. Mouth parts of
pollinators collected from the study site were observed
through a compound microscope and photographs taken
with a scanning electron microscope (SEM). The images
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Figure 4.

were compared with the SEM images of A. indica pollen
grains, thus confirming their role as a pollinator (Figure
2 d—j). A troop of monkeys visited during the flowering
season, jumping on the branches and causing flowers to
fall. Inflorescence fall was recorded and the fallen inflo-
rescence found with larvae (unidentified).

Cut-open fruits were found with Pyralidae larvae,
which caused 30-40% fruit loss (Figure 2). The adult
possibly lays eggs in the late flowering stage.

Discussion and conclusion

The major climatic variables that cause phenological
changes are rainfall, temperature, insolation and water
stress'® 2!, The flushing along with flowering in October—
December in 4. indica, reveals that flowering occurs after
the monsoon season (Figure 4), (southwest monsoon, June—
September in the southern Western Ghats). Kerala experi-
ences a cool climate during the early weeks of October
without any rainfall. Then the northeast monsoon sets in
with lightning and thunder in the evening hours. Senes-
cence of ripened fruits is observed during April and May.
The hard seed coat delays seed germination in situ. How-
ever, at the start of the southwest monsoon, the seeds
begin to germinate. The pollen—ovule ratio of the species
supports cross-pollination (according to Cruden'’, the pol-
len—ovule ratio = 31.9-396 for autogamy).

The biotic interactions are influenced by phenology,
population density and inter-population distance (for polli-
nators)*2. Phenological variations mediate available polli-
nators, seed dispersal agents and florivorous insects®2*,
This could also influence adaptation in primary and sec-
ondary consumers®. The most frequent pollinators are
Xylocopa sp. and A. mellifera. Pollinator abundance and
behaviour is the key factor in the seed set for entomophi-
ly-depending flowers®®. Abscission of fruiting primordia
(monkey-induced) was also observed. Honey bees are
common pollinators found in target species, even though
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Phenological changes and climatic conditions of 4. indica at the Kakkayam dam site, Kerala.

they are reported as less efficient because they collect
pollen from various resources, resulting in deposition of
pollen from multiple species on the stigma surface®’. A.
indica possesses coloured petals, nectar, scent and dis-
coid-shaped stigma, which are found favourable for biotic
pollination®, it emphasizes cross-pollination of the flowers.
The common pollinators of the target species are carpenter
bees (Xylocopa sp.) and A. mellifera. Xylocopa sp. prefers
medium-sized, yellow—white-coloured flowers with odour
and nectar®®, which is characteristic of 4. indica flowers.
Carpenter bees are effective pollinators which support
and maintain genetic variability as they travel long dis-
tances™. 4. mellifera showed high efficiency in pollina-
tion?’, as reported in Jatropha mollissima and Jatropha
mutabilis®®. The large number of floral visitors reported
in A. indica may be due to the exposed nature of the repro-
ductive organs, as preferred by 4. mellifera. Heavy loss in
the developing inflorescence by the caterpillar lead to re-
duced number of flowers (adult to be identified).

The reasons for the reduced fruit set are stressful envi-
ronment as well as resource limitation®'*2. Apart from the
minimal fruit set, the species showed restrictions in form-
ing viable seedlings. The Pyralid larvae incidence in A.
indica caused 50-70% loss in fruit set. Pyralid moths
(snout moths) were also reported damaging cereals, dry
fruits, etc.’>. The fruits of 4. indica are hard and therefore
not eaten by birds or mammals. Generally, seeds of 70%
of tropical forest species are dispersed by animals®*, but
A. indica does not have any seed dispersers (the fruits are
found only under the flowering tree).

The major limitation of this study is the extremely low
number of flowering individuals, i.e. only two. One tree
fell in 2017, and thus data collected from a single tree are
presented here. The flowering phenology based on a single
flowering individual may not be adequate to prove the be-
haviour of the species. However, it emphasizes the need
for immediate conservation measures. Based on the micro-
habitat conditions, we conclude that less availability of
sunlight is the reason for the low number of flowering
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individuals. The flowered individuals are in forest edges
facing the eastern side, while the non-flowering individu-
als are under a canopy of other species. In-depth studies
on light and flowering relations are recommended.
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