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Pollination and breeding system in Illicium griffithii Hook. f. & Thomson, 
an endangered tree species of Arunachal Pradesh, India
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I. griffithii is one of the 42 species of the genus Illicium found worldwide, with only three species found in India. 'Illicium' is 
derived from the Latin word 'Illicere', meaning to attract or entice, referring to the pleasant fragrance of the fruits of Illicium and 
is commonly known as 'star anise'. Illicium griffithii was collected from Bomdilla, West Kameng District of Arunachal Pradesh, 

o oIndia at 27 05'19.7'' N and 92 35'29.1'' E and at an altitude of about 2598m amsl. The flowers are creamy white to white in 
colour, aromatic, axile, solitary, erect to drooping and hermaphrodite. An individual flower has 23-25 tepals. The androecium 
consists of 27-29 stamens and 13 carpels each with a single ovule. The flowers of I. griffithii are pollinated by a number of 
insects belonging to three orders: Diptera (gall midge), Coleoptera (beetles, weevil, and lady bird) and Thysanoptera (thrips). In 
I. griffithii the P/O indicate that the breeding system is obligate xenogamy.

griffithii, star anise, Bomdila, pollination mechanism, breeding system, obligate xenogamy
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INTRODUCTION plants whether they are xenogamous or autogamous, as well as 
obligate or only facultative outcrossing.  

Reproductive biology includes several processes that 
Illicium commonly known as 'star anise' belong to the 

range from gametogenesis to germination of seeds. The 
family Schisandraceae previously under Illiciacea with only 

parameters studied under reproductive biology of angiosperm 
two species reported in India i.e. I. simonsii Maxim. and I. 

taxa include structural details of reproductive unit(s), i.e. 
arunachalensis N. Venugopal & Ester Jones Marbaniang 

flower or inflorescence, generation of viable gametes, 
(Sass 1958, Saunders 1997, Marbaniang and Venugopal pollination mechanism, pollen–pistil interactions as 
2015). I. griffithii an evergreen, medium-sized tree consisted determined by compatibility, breeding and mating systems, 
of creamy-white to white aromatic flowers, which are axilary, fertilization and embryogeny, and seed development, 
solitary, erect to drooping and are hermaphrodite. This plant dispersal and germination (Marbaniang et al. 2018). 
species has been categorized as endangered in 2018 in having Reproductive systems of angiosperm differ greatly among 
poor seed production due to the absence of stigmatic species but pollination and fertilization are the two processes 
receptivity in many carpels and absence of an extragynoecial necessary for sexual reproduction in all angiosperms.
compita (a condition commonly occurring in basal Plant mating systems and pollinator behavior are 
angiosperms supposed to have the potential to increase the influenced by a variety of plant traits, including floral 
number of offspring in apocarpous species through the morphology, phenology, self-incompatibility and 
intercarpellary growth of pollen tubes). In addition to the inflorescence architecture (Richards 1996, Wyatt 1982, 
above mentioned reproductive bottlenecks, the species is also Harder and Barrett 1996).  In view of the fact that pollinator-
being over-harvested to be used as a spice (Marbaniang et al. plant interactions encompass almost 400,000 species, the 
2018).precise nature of the relationship between plant and pollinator 

Angiosperm tree species have a low reproductive varies enormously. Effective pollinators often have behavioral 
efficiency and to study the pollination mechanism, breeding and anatomical traits that greatly increase the efficiency and 
system and the overall reproductive trait is essential for accuracy of pollen delivery (Faegri and van der Pijl, 1979, 
developing strategies that are useful to preserve their genetic Proctor et al. 1996).
potential, especially of the rare, endangered and threatened Breeding systems influence the pattern of pollen dispersal 
species (Holsinger 1991, Bernardello et al. 1999). It is also and hence control the genetic diversity and population 
firmly believed that any successful conservation program for dynamics (Richard 1997). Controlled pollination experiments 
threatened taxa must incorporate the basic information on are a conventional approach to assess plant breeding systems 
their reproductive biology (Moza and Bhatnagar 2007). But (Dafni 1992).  Cruden (1977) suggested that the proportion 

between the number of pollen grains and the number of ovules despite the significant role of studies on the reproductive 

in a flower could act as a proxy of the breeding systems of biology of threatened species, this area has been largely 



neglected and it was from this point of view that the present But in the month of April leaf fall is seen but only for a short 
investigation was undertaken. Therefore, conserving I. period of time (10-15 days), hence the tree can also be called as 
griffithii by investigating the pollination and breeding brevidecidous tree (Fig. 1). Flower buds begin to initiate in the 
system was the main aim of the study month of October and full bloomed is seen in the month of 

February which extended till the month of April. Dropping of 
MATERIALS AND METHODS tepals from the flower indicates the development of fruits 

which lasted till October.  Matured fruits can be collected in Study Site— Illicium griffithii was collected from Bomdilla, 
the month of September till end of October (Phenological data West Kameng District of Arunachal Pradesh, India at 

o o shown below).27 05'19.7'' N and 92 35'29.1'' E and at an altitude of about 
2598m amsl. Table 1- Phenological Events of I. griffithii
Phenology—Phenological events of and Illicium griffithii 
such as bud break, flowering, fruiting, shedding of leaves, 
fresh leaf emergence etc. were recorded over a period of four 
flowering seasons. Subsequent events, such as fruit 
maturation and fruit dispersal were noted and recorded.
Morphological Characters—Flower morphology was 
described using 50 randomly selected flowers from 10 
individuals.  The number of tepals, carpels and androecium Floral morphology—The flowers are creamy white to white 
were also assessed. The structure of the flowers, their in colour, aromatic, axile, solitary, erect to drooping and 
position in the inflorescence, the morphology of the separate hermaphrodite (Fig.1B). An individual flower has 23-25 
floral parts, and the possible effects they have on pollination tepals (3mm-1.6cm x 3-5mm) which are arranged in three 
and breeding strategies were assessed. Floral parts were also whorls, the outer whorl is strap -tongue like, middle is tongue 
observed with the help of a Magnus MSZ-TR stereo like to subulate and the inner whorl is subulate to lanceolate. 
microscope The androecium consists of 27-29 stamens with flat filaments; 
Pollination— Temporal activities of pollinators, the time anther lobes are yellowish green, dorsifixed and pollen grains 
spent on each flower and its mode of foraging were carefully are dehisced laterally. The pollen grains are tricolpate with 
observed in the field during the peak period of flowering of I. reticulate exine. Stamens are 3-3.5mm long and arranged in 
griffithii. The visitation frequency of different pollinators to two whorls encircling the carpels.
flowers per flower per hour and the time of foraging in the Gynoecium consists of 13 (rarely 7 & 20) carpels 
flowers were observed and recorded during the day. The arranged in a single whorl around the thalamus.  The carpels 
observations were made for four consecutive years of 

are conduplicate, open and apocarpous. The appressed 
flowering season. The captured insects were brought to the 

surfaces of carpel valves form horizontal stigmatic surface 
laboratory for identification. The insects that pollinate the 

and each carpel has a single ovule.  The stigmatic surfaces 
plant species were examined for the presence of I. griffithii 

covered to about ¾ of the carpel and are pappilate (wet stigma) 
pollen grains on their body parts both by stereomicroscopy 

and recurved.  Anthesis takes place in the morning and 
and scanning electron microscopy (SEM) at the 

dichogamy is protogynous.  The flower usually remains open 
Sophisticated Analytical Instrument Facility (SAIF), NEHU, 

only for 3-5 days, after which the anthers and the tepals 
Shillong (Dashek 2000, Dey et al. 1989). 

dropped from the flower leaving the carpels alone to develop Breeding System (through pollen to ovule ratio)— For 
into fruits.  The carpels become massive after fertilization and estimating the average number of pollen grain produced in a 
the vasculature is greatly augmented.  Expansion of carpels flower, 20 matured but undehisced anthers from 10 randomly 
during fruit development and the post genital fusion of lateral selected flowers of 10 plants were squashed in two or three 
carpel's walls occurred.  The receptacle also expand vertically drops of 25% glycerol (v/v) + 1 drop of 1% acetocarmine 
and radially to accommodate the maturation of the carpels.  (Tandon et al. 2003) The number of pollen grains per anther 
 Pollinating agents—The flowers and leaves of I. griffithii was counted and this number was multiplied by the number 
emit fragrance which attracts insects to visit the plant. Flowers of anthers per flower. The value obtained was then divided by 
are pollinated by a number of insects belonging to three the number of ovules per flower. The final value thus 
orders: Diptera (gall midge), Coleoptera (beetles, weevils and obtained was taken as pollen to ovule ratio (P/O) 
lady bird), and Thysanoptera (thrips). The percentage of visit (Suvarnaraju et al. 2012, Cruden 1977).
from each species was recorded as: gall midges - 33, beetles – 

RESULTS 9, weevils – 12.5, lady birds – 3.0 and thrips – 42.5 (see Table 
1). Few flies and spiders were also recorded but their 

Phenology—Illicium griffithii is an evergreen medium sized 
frequency of visitation and absence of I. griffithii pollen grains 

tree and therefore no marked leaf fall stage was recorded.  
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on their body parts hence they are not regarded as pollinators 
but as flower visitors and predators.  Two peak of pollinator 
visitation to the tree was recorded; the first peak is between 
8:00h and11:00h and the second peak is between 14:00h 
and16:00h.

As soon as the tepals of I. griffithii had spread sufficiently 

gall midges approached and they would land on a tepal and 

after a few seconds would climb into the anthers. The time that 

a single midge spent on visiting a flower varied from 10-15 

minutes.  Each carried numerous pollen grains on their bodies 

as observed under a stereo microscope and when viewed with 

SEM, we found that all the pollen grains belonged to the 

studied tree species (Figs.1 C & D).  Midges feed on the  

pollen grains and exudates secreted by the carpels and oviposit 

within the flowers as well. Hence the flowers are a brooding 

site for the midges and the developing larvae are seen to 

pupate inside the flower.

Fig. 2-A. Detail of a single flower with a weevil  moving around the 
anthers. Bar = 0.5cm. B.Detail of a single flower with a beetle on the 
tepals of I. griffithii. Bar = 0.5cm.C.SEM photograph of a weevil with 
pollen grains adhered to the thorax and leg part; D.SEM photograph of 
a beetle with pollen grains on the antenna near the compound eye 
(arrow).

Fig. 1-A. Flowering tree of I. griffithii in its natural habitat.  Bar = 1.2m.; B. 
Flowering branch showing the solitary, erect to drooping and 

Fig. 3- A & B- Thrips of the order Thysanoptera on the flower of I. hermaphrodite creamy-white to white-coloured flowers with flower 
griffithii.  Bar = 0.4cm.C. SEM photograph of thrips with pollen grains buds (bar = 1.4 cm); C. SEM photograph of a midge with pollen grains 
adhered to its body parts: in its leg joint foreleg as seen in (D) and in one on the thorax and abdomen; D.Detail of I. griffithii pollen 
of the abdominal segment as seen in (E).   grainsadehered to a midge as observed in (C).  

Table 1—Illicium griffithii – Percentage and foraging time of insect visitation per flower per hour

Pollinators Percentage of insect visitation per hour per flower (%) Foraging time per hour
(values are mean ± standard deviation)

Diptera(Gall midges) 33.00 ±0.8 10-15 (min.)

Thysanoptera(Thrips) 42.50 ±2.5 20-30 (sec.)

Coleoptera (Beetles) 09.00 ±0.9 8-10 (min.)

Coleoptera (Weevils) 12.50 ±2.5 10-12 (min.)

Coleoptera (lady birds ) 03.00±1.5 7-10 (min.)
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Insects belonging to Coleoptera were also recorded ensuring reproductive success, as a pollinator limitation in 
during the study such as weevils, beetles and lady birds small populations is an impinging factor for low seed set 
(Fig.2 A&B). Beetles spent 8-10 minutes, weevils spent (Rajkumar et al. 2015).  

In I. griffithii the breeding system is obligate xenogamy 10-12 minutes and lady birds spent 7-10 minutes per visit.   
and the mode of pollination is entomophilous and the Pollen grains were adhered to the abdomen as well as to the 
inter-plant movement of the insects facilitates cross legs of a weevil as shown by SEM (Fig.2 C).  Pollen grains 
pollination. The flowers of I. griffithii emit floral scent and are were also found on the antenna of a beetle besides from the 
pollinated by a number of insects belonging to the order lower abdomen and legs (Fig.2 D). Among the three 
Diptera, Thysanoptera and Coleoptera. Thus, the chances of Coleoptera species, the weevil presented the higher 
pollination can be improved by pollinators and could be an percentage of visitation per flower per hour, while the lady 
alternative way to increase fruit production. The percentage of birds presented the lowest. Even though lady birds are 
flower visitation by midges contributes to about 33% and it known to feed on pollens but a keen observation revealed 
has been reported that in I. dunnianum the midges are reliable that the bug moved in and around the flowers landing on one 
pollinators (Luo et al. 2010).  The time spent by insects in a anther to another and from carpel to carpel and after which 
single flower of I. griffithii per hour varies from 30 seconds to they are seen to fly to a nearby flower not far away from the 
15 minutes, which had already been reported for I. floridanum.  first visited flower. 

Thrips (Thysanoptera) spent 20-30 seconds foraging after But Thein et al. (1983) stated that activity of the small insects 
landing on a flower (Figs.3 A & B) and has the shortest is great enough to pollinate in excess of 80% of the flowers. 
foraging time recorded during the study. Thrips are found to Schisandraceae (Yuan et al. 2007, Liu et al. 2006), 
move around the flower and, by doing so, numerous pollen Trimeniaceae (Bernhardt et al. 2003), and Austrobaileyaceae 
grains adhere to their body parts (Figs.3 C, D & E) whereby we (Endress 1980) members of basal angiosperms are pollinated 
can infer that pollination could also be carried out by these primarily by Diptera. The pollination modes usually involve 
insects. Most of the pollen grains were found on the legs of the small bisexual or unisexual flowers, deceit mechanisms, floral 
insects. The percentage of visitation per hour per plant odours, floral thermogenesis, and self-incompatibility 
contributed by thrips was found to be higher when compared mechanisms (Endress 2001, Labandeira 1998).  

In I. griffithii, beetle pollination constitute of about 9% of to other insects.  Although it spent less time on the flowers, its 
visitation was more frequent. flower visitation and the earliest angiosperms were reported to 
Breeding behavior—In I. griffithii the average pollen be pollinated by beetles and this has been made increasingly 
production is of 2,368.8 ± 81.70 pollen grains per anther. plausible by more recent observations on beetle pollination of 
There are 27 anthers per flower and, thus, a total of 63957.6 ± various primitive genera, such as Calycanthus (Grant 1950), 
2205 pollen grains per flower. Carpels are 13 and hence the Magnolia (Heiser 1962), and the Annonaceae (Van der Pijl 
pollen to ovule ratio is 4919..8 ± 169.68) and according to 1960). Silberbauer-Gottsberger et al. (2001) stated that 
Cruden, (1977), the P/O ratios range from 2.7 to 6.7 in thermogenesis, large flowers, and other characters associated 
cleistogamous flowers, from 18.1 to 39.0 in obligate 

with beetle pollination in Annonaceae, Araceae, Arecaceae, 
autogamous flowers, from 31.9 to 396.9 in facultative 

and Cyclanthaceae, are the results of convergent evolution.  
autogamous flowers, from 244.7 to 2558.6 in facultative 

Indeed, many scientists associate thermogenic plants with xenogamous flowers and from 2108 to 19523 in xenogamous 
large flowers, strong odours, and beetle pollination which is flowers. The present data showed that P/O in I. griffithii 
also found in the present study.  Beetle pollination is also indicates that the breeding system is obligate xenogamy. 
recorded in Illicium floridanum, I. parviflorum, and 

DISCUSSION AND CONCLUSION Schisandra glabra (Liu et al. 2006, Dieringer et al. 1999; 

White and Thien 1985, Thien et al. 1983). Successful pollination is a pre-condition for fertilization 
Beetle pollination (cantharophily) is characteristic of and sexual seed set in angiosperms. This step in sexual 

cycads and basal angiosperms which are characterized by reproduction of angiosperms involves active mutualistic 
flowers with numerous primitive features such as the interactions between plants and animals, mostly insects. 
indefinite free floral parts, spiral arrangement of parts etc. Plant–pollinator interactions can be specific when a given 
(also seen in I. griffithii) which is indicative that beetle plants pecies is pollinated only by specific animal species or 
pollination may be a primitive trait (Saunders In Press). vice versa, or diffuse where there is a wide spectrum of 
Although the most primitive flowers may as well have pollinators for a plant species and vice versa (Jennersten, 198, 
been pollinated by beetles, one cannot conclude from Vikas et al. 2009, Sarma et al. 2007, Tandon et al. 2001). In the 
this fact that beetle-pollinated plants in the modern flora are context of reproductive biology of threatened plant species, 
primitive.the role of successful pollination is of utmost importance in 
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Beetle-pollinated flowers are generally actinomorphic, behaviour and visiting range also determines the genetic 

bisexual and protogynous (Gottsberger 1999).  Petal color is structure of populations and has been an important factor in 

commonly considered to play a minor role in beetle attraction devising mating patterns of species (Landry 2010). Vaughan 

for pollination purpose.  Petals of beetle-pollinated species are (2008) stated that restoration of habitat to protect native 

generally pale-colored, often greenish or whitish (Saunders pollinator fauna has been suggested as a measure to not only 

2010) which is also observed in the present plant species ensures plant reproduction, but also for restoring and 

where the flowers are protogynous and the colour of the tepals maintaining natural patterns of gene flow between 

in I. griffithii are pale to creamy white. populations. Therefore, studies on pollination and breeding 
Thrips are also major pollination agents in I. griffithii. system are vital to understand the low reproductive rates in 

They are tiny phytophagous insects that consume pollen, several rare, endangered and threatened plant species as also 
nectar and flower tissues (Mound and Palmer 1992).  seen in I. griffithii (Marbaniang et al. 2018).
Although they often cause serious damage to various plants Acknowledgement—We would like to acknowledge the 

but they do contribute to plant reproduction as pollinators in Ministry of Environment, Forests (Project No. 22/3/2010-

many different angiosperm lineages as in the case of the RE), Govt. of India for financial support. The authors also 

present study.  Thrip pollination occurs in nine families of thank the Dept. of Botany and SAIF, NEHU Shillong, for the 

basal angiosperms, viz. Annonaceae, Canellaceae, facilities provided during the study. We would extend or 

Chloranthaceae, Lauraceae, Magnoliaceae, Monimiaceae, sincere gratitude to the Principal Chief Conservator of Forests, 

Myristaceae, Saururaceae and Winteraceae (Thien et al. Arunachal Pradesh, and other Forest Officers, Bomdila, 
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Kirk (1997) distinguished “thripophily” (thrip during the field studies.

pollination) as happening in plants with small- to medium-
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