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Abstract

The rarity causes ofA. indica an endemic and endangeradpical tree species of
Western Ghatdndiawasanalyzed.The phenology, floral biology including pollerovule ratio,
pollinators, fruit developmerand biotic interactions) natural dynamicsverestudied.Extreme
reduction innumber of flowering individualsmicrohabitat conditions low fruit set seed
infestationand fruit predation were found #se factorsleading tountimely endangermet the

speciesn situ.
Keywords: Atuna indica endemicEndangeredsarity analysisWestern Ghats
Introduction

This work is intended to document the reproductive biology as well as the
phenological changes iAtuna indica an endangered tree species of Western Ghats India.
Studies on reproductive biology afireatenedtree species shosinsights intoits reduced
fitnesspopulation size. For exampleaeocarpus blascpan endangered species reported with
low seedling recraiment found with fungal attack on seeé&sigariumsp, Lasiodiploda sp. and

Penciliumsp)!. Similar study conducted endangereélaeocarpus gaussarandElaeocarpus
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recurvatusfound thatthe fruit damageausedoy Malabar giant squirrel, Lion tailellacaque
etc., are the reproductive constraintdn Talbotiella gentij a critically endangered tree, the
stigmatic surface were found infected by fungi thus reducing reproductive pdteitiah the
endangeregerennial herbaceous species latl repraluctive constraints as reported Byans

et al.(2003 in Eryngium cmeifolium, Hypericum cumulicolandLiatris ohlingerae

The study incorporates climate data (Average precipitation and temperature availed in
state of Kerala) to discuss the phenological change. afdica this approach of including
climate data in reproductive biology is rather new. The state of Keralaexgag differentbut
almost stable climatic seasons such as South West Monsoon. North East Monsoon, Winter and
summer. So the phenological studies including reproductive biology will give an idea on the
influence climate seasons on reproductive perfageaa and survival of specieBhe variations
in atmospherictemperature, appearance of rain, difference in day length aeteld signal
flushing, flower initiation etc These changesay lead to cascade of positive or negative
influences on depending fauna or eventually plant speciesurvival, as the lant reproductive
cycle is depended by pollinators, parasites and pests which are obligatory and species specific in

nature.

Reduced reproductive potential considered as one of the g@lriforces towards
extinction high reproductive potentiahay increasseedling recruitmergubsequentlyesults in
flourishing of the populatiotf. The reasons for rarity may be vary from species to spddiese
of pollination, types of dispersal etc., frames out the future population by influencing the genetic
as well as physical constitution of a populatiabnormalities in the events may ernmsintimely
endangerment of speci@s situ. The factorsleadirg to speciesendangerment includes reduced

pollinator driven low fruit set, self pollination driven inbreeding depredsamd altogetheloss
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of genetic variability as a compound effeddocumenting the reproductive biology of
endangered plant speciesuld lead to unravel the constraints faced by the plant species, the
reasons may be vary species to specie rahty analysisis modeledwith emphasis on
reproductive biology in Atuna indica. This work will be useful governmental and
nongovernmental ganizations planning for conservation of endangered tree species to make

better management plans.

Atuna indicais an endemic andendangerettropical tree species of Western Ghats,
India. Tree distributed in evergreen forests with-BO0 m altitude range. It grows upto 15 m
height Flowers are bisexual and cream colored. Slopes adjacent to water courde are
microhabitat prefemece of the specie®mbelliferin (an anticancer drug) were isolated frém

indica®.
Materials and Methods

The populationlocated adjacerfakkayamdamwere taken for studgfig. 1). Monitoring
and recording of flowering phenology viz. flower bud initiation, development, anthesis, stigma
receptivity, pollen viability, PolletDvule ratio, pollination, pollinators, blooming period, pest

incidence, fruit set, etc. The data representdti@average values of each tifaf12134
Reproductive phenology

Data on reproductive phenology with respect to number of inflorescence per branch,
number of flowers per inflorescence, flower/ inflorescence development, blooming period, fruit
initiation and development was recorded on day to day basis. Five infloresgearanch

were tagge@nd monitored for the flower development froodto full bloom.The average days
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taken for each bud to bloom were calculated and recofidexiMonthly mean temperature and

mean precipitation of respective area were obtained YktamdClim data base using DIVA GIS.

Pollen viability Pollengrains from fully matured flower buds were dusted into a cavity slide
containing solution of acetocarmine and kept for one hour, later observed under a compound
microscope. The pollengrains staineere treated as viable and others as\nable. Viability

test was carried out in two hour intervals.

Pollen germination:Pollengrains from fully matured flower buds were transferred to a cavity
slide containing germination medium (Sucrose 10%). ddiken germination was counted after
one hour using a compound microscope. The pollen tubes with longer length than pollen
diameter were treated as germinated. The experiment was repeated in two hour froenvihis

anthesis.

Stigma receptivityBoth physical through hand lens and chemical by hydrogen peroxiglé>YH

tests were conducted. In hand lens method, the stigma with wetness, turgidity and oily nature
was considered as receptive and rest as non receptive. Whereas, a drop of hydrogen peroxide was
added to the stigma of freshly opened flower and the effervescence resulting out of Peroxidase
enzyme activity was identified and calculated for the duration of stigma receptifpjlen -

Ovule ratia Number of pollengrains in anthers per floweascounted using Haemocytomefer

The number of ovules per ovary was codnby the cross section of ovafyThe Pollen ovule

ratio was calculatedy thefollowing formula:

. Ié).l.'l' I AROB A0 OEAE A1 OBPRA@D T xAO

0T 11T ADOIA @ EGODAD T xAD




85 Pollination and insect interactiorBagging experiments were carried ouutalerstand mode of
86  pollination. Physical observatisnwere made throughout the flowering peri@hd recorded
87 insect interactins during day and night houfBhe taxonomic identification of insects was made

88  with the available literaturend expert help

89  Fruit phenology Fruit phenology was monitored and recorded viz. fruiting primordia, period of

90 development including prematuresaissionand pest incidence.

91 Results

92 Flowering observed along with flushing inetimonths of October December.Fruit
93 development staetl from January andruits maturedin April. The trees displayedegetative
94 phasdrom May to SeptembelOnly one tree out of 8®ees in the population showédwering.

95 A total of 13 brancheshown floweringwhich includedL13 inflorescencbeearing521 flowers

96 Reproductive phenologyPae green colored flower buds were recorded during first week of
97  October and mass blooming noted after twoksaa 2017 Tree shown differential flowering in

98 branchesin 2018 the Northeastern sun facing branch flowered first, and after two to three
99  week later opposite branches flowered). Flower opening started f6@® to0615 and fully

100 opened by 0915Anther dehisced througkertical slit from 09000930. Stigma found receptive

101 prior to the anther dehiscence (OSI®BO, protogynous condition).

102  Pollen viability and stigma receptivitfrresh pollen grains (on antlies0615) showed 98.32%

103  viability and gradual reduction was noticed to 93.6, 91.3, 88, 87.5% aftgr3and 4 hour

104  respectively. A drastic decline to 20% was noted after 12 hours. The hydrogen peroxide
105  application followed by effervescence formation fooned the stigma receptivity upttd hours

106 later turned browablack color, loses turgidity and become non receptive.
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Pollen germinationAt the time of anthesis, 58% of pollen grains were found germinated in 10%
sucrose solution. A gradual decrease in pollen germination was observed 47.8, 23.2, 9.74 % after

1, 2, 8 hours respectively.

Pollen- Ovule ratio: A flower contains 1213 anthersrad approximately 288+ 51.3 pollen grains
per anther. Hence, pollen count per flower was calculated as 3744A 86Wer hastwo ovules

andhence theollen ovule ratio estimateds1872:1.

Pollination and insect interactiarBagging experiment wdsailure; all the baggedhflorescences
werefallen off. Pollinator documentatiowasdonein 2017 and 20190bservations wersmade
from 0500 to 1800 continuoushpburing night hoursobservations havenadein one hour
intervals todocumentthe nocturnal \sitors. Xylocopasp. was the first visitor at 06d0700 (2
times). 08060900 is the peak time of pollinato’spies mellifera, Idea malabarica, Eurema,sp.
Papilio polymnster, Euploea car&raphiumsp,, are the key visitorand they seen in multiple
times (fig.2 &3). No flower visitors were recorded betwedi00 to 1500Xylocopasp., were
found foragingfrom 1500 to 1700in 2019Macroglossum stelletarunvere found as &equent

visitor during floweing whichw a s recortded backn 2017.

Xylocopasp., Macroglossum stelletarurand Apies melliferawerefound visitingmanyflowers
one by onespending two to three seconds per flonkutterflies are come and sit random
flowers and covetwo to three flowers per visiMouth parts of pollinators collected from the
study site were observed through compound microscope and photos taken anthin§c
Electron Microscopethe image compared with SEM images &. indica pollengrains and

corfirmed the role agollinator (Fig.1 DBJ). Herds of monkey were visited during flowering
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season and their jumping and movements in flowering branches caused flovefldadiscence

fall recorded and the fallen inflorescensavith larvae(unidentified.

Cut opened fruits were found with Pyralidae larvae which causintP30fruit loss(fig. 2). The

adult possiblyayseggsin the late flowerig stage
Discussion

The major tmatic variables that alterphenological phenomenon are rainfall,
temperatureinsolation and water stré€d%2%21 The flushing along with flowering in October
December month@s A. indicaindicating that the flowering happens after heavy rainy season
(fig. 4) (South West monsoon, Jun8eptember irSouthern Western Ghat&erala). Kerala
experiencing a period of cool climate during October early weeks without ragmsthiié North
East monsoon comedong with lightning and thunder in evening hou&enescence of ripened
fruits observedduring April- May. The hard seed cofbund delag the seed germination situ.
However at the beginning &outh West monsoon (Jur8eptember) seedgll germinae. The
pollen -ovule ratio of the species supports cross pollination (according to Cruden (1977) P:O

ratio=31.9 396 for autogamy).

The biotic interactions are influenced by phenology, population density and inter
population distance (for pollinatofd) Pheological variations mediates available pollinators,
seed dispersal agents and florivorous ing&étthis could also influence adaptation in primary
and secondary consum&tsThe most frequent pollinators axglocopasp. andApies mellifera.
Pollinator abundance and behavior is the key influential factor in seed settfmnophily
dependingflowers’®. Apart from this abscission of fruiting primordigmonkey induced were

also found Honey bees are common poé#ior found intargetspecies even thoughthey are



150 reported as less efficient pollinators because they collect pollen from various pollen resources
151 and resulting in deposition of multiple species pollen in stigma sdffa@elored petals, nectar,

152  scent and discoid shaped stigma arap#ation of biotic pollinatioff as seen im. indicg it

153  emphasis the adaptation of flower for crpsflination The common pollinators of target species

154  are carpenter beXylocopasp.) andApies melliferaXylocopasp. prefemedium sized, yellow

155  white colored flower with odoand necta&?, which found inA. indicaflowers Carpenter bees

156 are effective pollinators which supports and mamtgenetic variabilityas it travek long

157  distance®. Apies melliferareported to have high efficiency in poktion®*® as reportedn

158  Jatropha mollissimandJatropha mutabili&. The largenumber of floral visitors reported iA.

159 indicais may be due to the exposed nature of reproductive orgadgreferred byA. mellifera

160 Heavylosses in developinigflorescence weralso found by caterliar (adult to be identified).

161 The general reaserfor reduced fruit set are stressful environment as well as resource
162 limitation®233 Apart from the minimal fruit set both the species has restrictions in forming viable
163  seedlings. The Pyralid larvae incidencéinndicacause loss of®70% loss in fruit setPyralid

164 moths (Snout moths) weraso reporteddamaging cereals, dry fruitdce®®. The fruits of A.

165 indica is hard andhot found eaten by any bird or mammatenerally seeds of 70% tropical
166 forest species are dispersed by anifiabsit A. indicahaven * any seed dispersers (the fruits

167  were foundonly under the flowering tree).

168 The major limitation as well as highlight of this study is the extremly low number of

169 flowering individuals, only two. One tree fell down in 2017, thus data collected from a single
170 tree is represented here. The flowering phenology based on a singlerftpueividual may not

171  be adequate to prove the behavior of the species. But the same time it emphasis the requirement

172  for immediate conservation measures. Based on the microhabitat conditions, authors assume that
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lower sunlight availability is the reasoarflow number of flowering individuals. The flowered
individuals are in forest edges facing east side, while the non flowering individuals are under

canopy of other species depthstudieson light and flowering relations are suggested.
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Figure 1: Distribution ofA. indicain Western Ghats. Study conducted in Kakkayam dam
site population
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277 Figure 3: Plant visitors ofA. indicafrom 0500 tal800
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Phenology and Climatic conditions of 4zuna indica at Kakkayam
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289 Figure 4: Phenological changes and Climatic conditioné oihdicaat Kakkayam dam site.
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