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Information available on the pollination bioclogy of native plants in India reveals that very few species
have been studied with data provided on only some aspects of pollination biology. Compared to the
exceptional richness of biodiversity coupled with varying meteorological conditions in India, accumula-
ted knowledge is very meagre suggesting the need to investigating this synthetic field of biology which
provides a theoretical framework for plant breeding and pollinator rearing. Plant species under review
have different floral mechanisms, different breeding systems and are adapted to various insect and
sunbird species. Pollination in honeybee-pollinated plant species can be manipulated and seed yields
can also be increased through management of honeybees. Other bee species, like carpenter bees, cannot
be effectively managed as can honeybees. Reproductive success of domesticated or wild plant species is
usually depending on a biotic agent even if they are autogamic. The floral forms of these species can be
taken as adaptive responses evolved through genetic variability brought about by their main pollinators.
Ecological properties of each species in relation to its reproduction and survival rate should be investiga-
ted. This will contribute to improvement in aesthetic quality of our lives and in solving urgent environ-
mental and resource problems, such as pollution and increasing demands for food, fiber and fuel. If the
biodiversity is to survive, conservation of wild plant and animal species is essential and possible only

through regulation of human activity by enforcing stringent laws and educating the public.
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Introduction

Pollination biology provides an excellent oppor-
tunity to explore various aspects of energetics in
terms of resource productivity (Baker & Baker
1973), foraging strategy (Pyke 1979), adaptive
radiation (Grant & Grant 1965), community struc-
ture (Parrish & Bazzaz 1978), competition (Schaffer
et al. 1979), reproductive strategy (Cruden 1977),
coadaptation (Macior 1974), and energetics itself
(Heinrich 1975). The pollination process involves
the study of animal behaviour, ecology, physiology
and of plant ecology, genetics, physiology and re-
production, all of which impinge on zoological and
botanical classification. Thus, even studies dealing
explicitly with pollination ecology (Barber & Estes
1978, Macior 1978, Cruden & Hermann-Parker
1979) relate directly to ecology, systematics, and
evolution. Pollination biology is therefore one of the

basic sciences providing a theoretical framework for
plant breeding and rearing pollinators (Frankel &
Galun 1977). The importance of this synthetic field
of biology has been realised in Europe and later in
North America even before the start of the 19th
century. Consequently, a tremendous amount of
data on wild and domesticated plant species has ap-
peared in the literature. It was not until second quar-
ter of the present century that stimulated the Indian
naturalists and biologists to realise the need to have
fundamental data on the ecological relationships of
native plants and animals. As India is primarily an
agriculture-oriented nation, previous investigations
were confined to the economically and commercially
important plant species to apply data in improving
seed yields through manipulation of pollination and
management of pollinators. As a result, improved
plant varieties have been developed leading to the
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growth of monocultures which ultimately resulted in a
tragic situation — the destruction of forests for exten-
ded areas of agricultural land, large scale indiscri-
minate use of pesticides, insecticides and herbi-
cides, and loss of plant gene pools and reduced
genetic diversity. Further, such operations
showed loss of nesting sites of wild insect species
which have a beneficial role in conservation of wild
plant species, pollination of cultivated crops, and
in maintenance of genetic diversity. Experiencing
this situation, biologists have slowly started to
investigate the pollination systems and breeding
structures of wild plants. The accumulated data on
native plantsin the literature is very limited and is
reviewed in this paper. Since preliminary reports at
scientific meetings appearing as abstracts are tenta-
tive and too limited, they have not been included.
This review provides background information for
those who love native plants and animals and
conduct field investigations about their ecological
relationships.

Data

Review of Pollination Biology (see

Appendix I)

A British naturalist first reported ecological rela-
tionships of pollination in Thunbergia grandiflora.
Its flowers anthese shortly before dawn and drop
off at dusk. The schedule of flower-opening and
dropping changes with temperatures. It has both
floral and extra-floral nectaries. The floral nectar
is used by carpenter bees, namely, Xylocopa latipes
and X. aestuans pollinating nototribically. Honey-
bees, Apis florea and A. dorsata usually collect
pollen. Thrips species feed on both pollen and
nectar. The extra-floral nectary situated in the
bracts outside the calyx attracts ants and flies
(Burkill 1906). Early works by Indian scientists
demonstrate that plant-insect associations were
viewed only to improve seed yields in some econo-
mically important crops such as Sesamun indicum
(Kashiram 1930), Brassica napus var. dichotoma
(Mohammed Ali 1935), B. campesiris var. sarson
(Rahman 1940, 45; later by Bishet et al. 1980),
Sesamum orientale (Sikka & Gupta 1949, Kumar
& Gokhale 1952), Luffa aegyptiaca and some
Cucurbits (Bhambure 1957, 58). Later, because of

the tremendous amount of literature on ecological
interactions of plants and animals in Europe and
North America, investigations were directed tow-

- ards understanding the intricate functioning of

pollination mechanisms and subsequent fruit set
in some economically and commercially import-
ant plant species. Pioneering studies include those
of pollinators and pollinating requirements for
some crops (Suryanarayana et al. 1961, Atwal
1970), honeybees pollinating role and in enhance-
ment of yields of some crops (Kapil 1970), the polli-
nating role of honeybees in seed setting of Allium
cepa (Singh & Dharamwal 1970, Mohan Rao &
Lazar 1980), systems of pollination in Cameisia
sinensis (Bezbaruah 1974), reproductive biology
of Abelmoschus esculentus (Chandra & Bhatnagar
1975), entomophily in Cucumis melo (Grewal &
Sidhu 1980), pollinating role of honeybees in
Gossypium arboreum (Sidhu & Singh 1961, 62),
Elettaria cardomom Chandran et al. 1980), Cajanus
cajan (Williams 1980) and the leaf-cutter megachilid
bees in raising high seed production in Medicago
sativa (Kapil & Jain 1980). A parallel study in 1967
by Batra recognised the importance of wild bees in
the pollination of some kharif, rabi and orchard
crops as well as garden and wild flowers. This study
concludes that bees other than Apis spp. are remar-
kably scarce at Ludhiana in Punjab State compa-
red with populations in similar cultivated areas of
Europe or the United States. The reason for this is
constant human interference, intensive grazing
and harvesting the sparse wild vegetation for
fodder. An additional factor limiting the popula-
tions of wild bees is their competition for food with
numerous, active workers of Apis dorsata and A.
florea in the plants, and with A4. indica in the
Himalayas.

Belanophora abbreviata, an obligate root-para-
site on Acacia suma and Pithecolobium dulce pro-
duces male and female flowers. Male flowers pro-
duce large quantities of sticky pollen, and female
flowers secrete a sugary fluid. Collection of these
two forage resources by Apis florea and species of
Meliphona completes the pollination process
(Govindappa & Shivmurthy 1975). Oldenilandia
umbellata populations have homostylous and



heterostylous flowers. Homostylous flowers are
self-compatible and self-pollinating, while the
heterostylous ones are cross-compatible and cross-
pollinating (Bahadur 1970). A similar situation also
occurs in Nymphoides cristatum (Nair 1975),
Waltheria indica (Bahadur & Reddy 1977, Baha-
dur & Srikanth 1983) and Turnera subulata (Baha-
dur & Ramaswamy 1984). Cleome viscosa flowers
exhibit tristyly as short, medium and long styles.
The first type acts as a pollen source for the other
two types. The second type is self-compatible, and
the third type is both self- and cross-compatible.
Pollen transfer occurs by the foraging activity of
Amegilla sp. and Apis indica (Rama Devi 1985).
The sweet-scented wild Jasmine, Jasminum angus-
tifolium displays partly self-incompatible dimor-
phic heterostyly and entomophily. Heterostyly
here is not associated with other floral features
such as differences in stamen length, pollen size
and shape of the stigma surface. Although both
flower forms are visited for nectar or pollen by
butterflies, thrips, one bee and one fly, only a nectarf-
oraging lepidopteran, Macroglossum gyrans, is the
main pollinator. It forages after anthesis at dusk,
disappears with the nightfall and again appears first
foraging soon after dawn. The floral mechanism has
been treated as psychophilous (Aluri 1988).

Anther dehiscence, pollen liberation and disper-
sal in the anemophilous Xanthium strumarium are
completely governed by weather factors. In the
pollen dispersal process, pollen pollutes the air
causing human allergy (Reddi et al. 1980). In Lantana
camara, flower-opening and anther dehiscence
occur simultaneously. The petal colour changes
from yellow to shades of red, scarlet and mauve.
Pollination occurs only at the yellow colour stage.
when the stigma is receptive and exudes a nutritious
fluid. The pollinators are thrips (Thrips hawaiiensis
and Haplothrips tenuipennis) which enter only the yel-
low flowers looking for food. Pollination is brought
about by the fluttering of their feathery wings and
jerky movements of their abdomen. Changes of petal
colour guide the thrips to the yellow flowers (Mathur
& Mohan Ram 1978). The plant can also be pollinated
by two butterflies, Precis almona and Catopsilia
pyranthe-pyranthe, in their visits to yellow flowers
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for nectar (Dronamraju 1958). The Compositae
members, Tridax procumbens, Wedelia chinensis,
Ageratum conyzoides, Syndrella nodiflora and
Cosmos bipinnatus are thrip-pollinated. The popu-
lation buildup of thrips seems to regulate the syn-
chronization of flowering periodicity and pheno-
logy of the pollinating thrips. Such a continuous
buildup leads to thrip migration ultimately pro-
moting cross-pollination (Ananthakrishnan et al.
1981, Ananthakrishnan 1982, Gopinathan et al.
1981). Pant et al. (1982) report that agents involved
in the pollination of some Asclepiads are bees,
wasps, butterflies, ants and nocturnal moths. All
of these insects forage for nectar. The insects polli-
nating Calotropis procera transfer the pollinia with
their legs, those of Leptadenia reticulata and
Wattakaka volubilis with their mouthparts and
those of Sarcostermma secamone with their legs and
mouth-parts.

Abelmoschus esculentum (Okra) is an important
vegetable crop. It is mainly self-pollinated; cross-
pollination is effective in 4-18% of the flowers
(Purewal & Randhwa 1947). Intensive honeybee
pollination increases pollination to 19% and
imiproves the protein and carbohydrate content of
the pods (Tanda 1984). The flowers that anthese
after sunrise dehisce anthers and close in the after-
noon. The honeybees Apis melliferaand A. indica,
which are active in the morning hours, forage for
nectar and pollen promoting cross-pollination
which might be useful in hybrid seed production
(Tanda 1985). Similarly, in Gossypium arboreum
(Asiatic cotton), honeybee foraging activity may
enhance production of hybrid seed varieties
(Tanda & Goyal 1979a, b, Tanda 1983, 1984).

Wind is not a common pollen vector for tropical
trees. It is a very poor carrier of pollen in
species-rich  tropical communities where
conspecific individuals are usually widely spaced
and have one or more plants of other species
growing between them (Janzen 1975). Indian
research demonstrates wind-pollination
operating in such tropical trees asMadhuca indica
(Subba Redd: 1976), Mimusops elengi (Subba
Reddi & Janaki Bai 1981), Cicca acida and Emblica
officinalis (Subba Reddi & Reddi 1984). Three
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types of plants of Mimusops elengi occur in nature.
The first has flowers having only functional
stamens and bearing no fruits; the second type has
flowers with functional ovaries (bearing fruits),
and the third type has flowers with functional
ovaries and stamens (bearing fruits). The stigma
losses pollen receptivity just before pollen
liberation preventing the possibility of
self-pollination. The honeybees and tiny insects
occasionally forage for pollen on these flowers,
which have lost stigma receptivity and act as mere
visitors. Wind is the sole pollination agent as
confirmed experimentally. Cicca acida and
Emblica officinalis are monoecious,
markedly protogynous and reproduce by
inbreeding (geitonogamy) and outbreeding.
Transfer of pollen is exclusively mediated by wind.
In both, the female flowers open first and stigma
receptivity lasts for a prolonged period so that
wastage of stigmas is minimised. They both show
asynchronous flowering between individuals and
between populations which might have been the
evolutionary force for fixing the timing of pollen
release to achieve maximum pollination (Subba
Reddi & Reddi 1982). Anemophily is also evident
in some shrubs. The monoecious Croron
bonplandianum and the dioecious Phyllanthus
pinnatus are predominantly anemophilous.
Thrips and flies foraging for the secretions of male
and female flowers promote natural fruiting in C.
bonplandianum. Ants and flies foraging for pollen
or secretions of male and female flowers enhance
the rate of cross-pollination with increased
natural fruit set in P. pinnarus (Reddi & Subba
Reddi 1985). Phyllanthus pinnatus exhibits
synchronous flowering utilising the rain as an
environmental trigger through which individual
plants in the entire population coordinate
simultaneous  flower  production.  Such
synchronization brings appropriate genetic
exchange and seed set. Croton bonplandianum,
Euphorbia geniculata and Jatropha gossypiifolia
have long flowering seasons. This kind of
flowering may have been a phenological response
evolved under selective pressure to achieve success
in pollination and subsequent fruit set and
ultimate survival (Subba Rddi & Reddi 1982).

Here, wind pollination in tropical trees and shrubs
poses a question as to how widely this mode of
pollination is distributed and under what selection
pressure(s) it evolved in the tropics. It can only be
answered through detailed studies in a wide range
of plant species. Dichanthium annulatum, Cyperus
rotundus and Scirpus lacustris, which are
traditionally  regarded as anemophilous
elsewhere, have been observed as entomophilous
by Pant et al. (1983).

Jatropha gossypiifolia is monoecious, and its
reproductive success depends on a floral
mechanism adopted to manipulation by a wide
array of insects in a precise manner. Among insect
visitors to the flowers, only some species of bees,
wasps, flies and butterflies pollinate and promote
outcrossing. The plant becurs intermingled with
other weedy taxa, and its co-occurrence is neither
harmful nor beneficial to the coexisting taxa. Such
a condition facilitates neither attraction nor
discouragement of insect visits. Perhaps the
selection to maximise the role of a particular
species in pollination is mitigated by the need for
success in changing environments which are likely
to limit the pool of available insects and alter it
radically from time to time and from place to place
(Reddi & Subba Reddi 1983). Tribulus terrestrisis
acommon weed and capable of breeding through
inbreeding and outbreeding. Autogamy is assured
as an adaptive device in the absence of legitimate
honeybee and ant pollinators. Pollination in either
case sets 100% natural fruiting. Its yellow flowers
encourage insect visits and reward insects with
nectar or pollen, which, in turn, help them to
maintain the ecosystem until required by other
sympatric taxa for pollination service (Subba
Reddi et al. 1981). Sapindus emarginatus is
morphologically a monoecious tree species and
functionally dioecious bearing the staminate
flowers first, then the pistillate and again the
staminate with a temporary blooming gap
between the first two phases. The breeding system
involves inbreeding accomplished by bees and flies
and outbreeding by wasps and butterflies.
Required pollination can be manipulated through
the management of relevant pollinators (Subba
Redd: et al. 1983). Wrightia tinctoria is a



self-pollinating tree -requiring biotic agents for
pollen transfer from the conical androecium to the
viscid stigma lying below in the same flower.
Pollination is not effected by foraging visitors such
as honeybees, carpenterbees, wasps, flies and
butterflies that entering the flower without
contacting either pollen or stigma. These insects
contact neither the style nor stamens while
inserting the probocis and collecting the nectar. It
isonly when leaving that they disturb the stamens
while wriggling in order to set their proboscides
free from the filaments while pollen drops onto the
stigma. Sometimes, this wriggling movement by
insects leads to death (Subba Reddiet al. 1979). A
reinvestigation on the bat-pollinated Kigelia
pinnata (McCann 1931) reveals honeybees as
pollinators (Reddi et al. 1980). Data on floral
biology in relation to pollination and pollinators
for Torilis leptophylla are provided by Koul et al.
(1984). Eriobotrya japonica commonly called
Loquat is an important fruit crop. Its fruit
production depends greatly on honeybees and
bumblebees, the pollinating efficiency of which is
associated with micro eco-physiological factors
(Singh 1955, Rajput & Singh 1964, Singh & Rajput
1964, Abrol 1988).

The flower of Cadaba fruiticosa, having an
elongated gynandrophore with a tubular nectarial
appendage arising from the base, is pollinated by
specific butterflies, viz., Colotis eucharis, C. danae
and Anaphaeis aurota, suggesting a mutualistic
relationship which also exists between Capparis
spinosa and the butterfly, Anaphaeis aurota,
between Clerodendron infortunatum and the
butterflies as Papilo polvmnstor, P. polytes romulus,
Atrophaneura hector and A. aristolochiae (Subba
Reddi & Meera Bai 1984, 86); between Ficus carica
and F. racemosa and a Chalcidoid wasp,
Blastophaga psenes (Joseph & Abdurahiman 1981,
84). A study on the relationships of 67 plant species
and 40 butterfly species of Visakhapatnam
indicates that butterflies, although not so effective
as other groups of insects, they do visit such plants
for nectar. Such relationships assume much
importance when treated in the context of the
community or ecosystem. The capability of the
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butterfly to obtain nourishment from a plant
species which it does not benefit, helps to maintain
the insect until an appropriate plant requiring its
services comes into bloom (Subba Reddi & Meera
Bai 1986).

A preliminary investigation on Zizyphus
mauritiana indicates that the flowers are
cross-compatible and pollinated by insects
(Teaotia & Chauhan 1963). Further investigation
by Rama Devi et al. (1989) shows that Z.
mauritiana produces two types of plants. Inone,
flowers anthese early and later in the other. The
flowers are designed for cross-pollination
through a combintion of self-incompatibility and
dichogamy with strong protandry. The function of
dichogamy might be to prevent ineffective
self-pollination as a measure of economy in order
to avoid wastage of stigma sites. The flowers are
promiscuous and receive foraging visits from bees,
flies, wasps, ants and butterflies rewarding them
with pollen in the male stage and nectar in the
female stage. Bees exploit both nectar and pollen
by making intentional visits to both flower stages
and can be considered as successful pollinators.
Wasps feed on only nectar but visit both sexual
stages inferring that they do not discriminate
between the two flower stages anticipating the
same kind of reward from both male and female.
This way it fits the bonanza and blank hypothesis
(Feinsinger 1978). Flies forage for nectar and
pollen and do not discriminate as do wasps. The
promiscuity of the flower, exposed nectar, and
frequent fly foraging and pollinating indicate a
typical fly flower. Ants are not directly involved in
pollen transfer. They effect pollination by
interacting with other insects threatned by ants.
Butterflies confine foraging visits to female stage
flowers and do not pollinate. Pollination of the
flowers by diverse insects assures reproductive
success in different localities with varying habitats,
insects availability, and insect abundance.

Comprehensive studies on the ecology of
pollination in some species of Lamiaceae appeared
in the literature very recently. They point out the
dearth of data on weedy mints and provide
information on some of them. The flag-shaped
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Ocimum americanum and O. basilicum, whose
floral morphologies resemble each other, also have
identical breeding systems with similar pollinators
and visitors. The breeding structure incorporates
inbreeding with a low amount of outcrossing. The
flowers, in fact, do not require any agent for
pollination. Self-pollination is accomplished by
movements of stamens and style. The sternotribic
foraging activity of insects leads to gene-flow
between individuals and populations of Ocimum
and may help to withstand ever changing micro-
and macro- environments (Aluri & Subba Reddi
1987, Aluri 1989). The taxonomic position of the
genus Anisomeles 1s in controversy, and
descriptions of the morphology of the species of
this genus are inadequate and incomplete. Two
species of this genus, Anisomeles indica and A.
malabarica, were thoroughly investigated by Aluri
and Subba Reddi (1989), who observed that their
floral morphologies are similar and that they share
many of the same kinds of pollinators.
Competition for floral resources is avoided by
their disttibution in different ecological habitats.
The breeding system represents outbreeding with
a low amount of selfing. The success of outcrossing
is related to the extent of daily foraging activity of
animals, which are attracted to the ample nectar
and nutritious pollen. Pollinators include bees,
especially carpenter bees, and sunbirds. Carpenter
bees exhibit territorial foraging behaviour
complementing previous reports of such
behaviour on other plant species elsewhere (Pijl
1954, Janzen 1964, Frankie 1976, Barrows 1980,
Frankie et al. 1983). Flexibility in the mating
system assures survival of the plant when the
availability of pollinators are unreliable. In the
absence of pollinators, self-pollination occurs as
the recurving bifid receptive stigma touches
anthers below. In both species of Anisomeles
rainfall triggers the dormant perennating root
stocks or seeds to grow vegetatively and then to
flower. Floweringin A. indica, however, is limited
by the extent of water-saturated soil. Cloudy and
foggy weather conditions postpone anthesis,
anther dehiscence, and pollinator activity (Aluri &
Subba Reddi 1989a, Aluri 1990a). The genus

Hyptis (subfamily Ocimoideae) is unique for its
explosive pollination mechanism differing slightly
with each species. Descriptions of the mechanisms
of this type of pollination process are available for
some species of the New World, but previous
information on any Hyptis species from the Old
World is totally lacking. Hyptis suaveolens, grows
as an annual herb, in its native American tropics,
but it grows as a perennial shrubby herb in India.
Its mating system involves both autogamy and
allogamy. Both require a vector for the transfer of
pollen. Its flag-shaped flower with a carina formed
by the middle lobe of the corolla lower lip conceals
the stamens and stigma and does not open
following the natural opening of the flower. Upon
anthesis, the carinal lobe is under tension which is
later released by wind or bees. The violent
explosion of the carinal lobe caused by wind results
in self-pollination; caused by bees, it results in
self- and cross-pollination. The foraging activity
of some bees reduces success of pollination (Aluri
& Subba Reddi 1990, Aluri 1990b). The scarlet
flowers of Leonotis nepetaefolia show three
distinctive forms based on differences in floral
features and association with sunbirds. The
facultatively xenogamous, small flowered-form.
pollinated by small bees and hummingbirds, and
the xenogamous large-flowered form pollinated
by large bees occur in the New World. The third
flower form, with predominant autogamy and
resembling floral features of both small and large
flower forms, is adventive in India. Sunbirds
exploit  floral nectar legitimately and
illegitimately.  Their  visits may effect
cross-pollination. Sunbirds and carpenterbees
are equally important as Anisomeles pollinators.
Their constant and effective foraging and
pollinating visits to the purple Anisomeles flowers
and blue Acanthus ilicifolius flowers contrasts with
their general feeding on red flowers. These are the
first reports of evidence for ornithophily with
circumstantial evidence in Indian plant taxa (Aluri
& Subba Reddi 1989b, Aluri 1990c).

Studies on the floral biology of mangroves are
very few and those that have been investigated
even are preliminary and incomplete. No previous



pollination reports on the Indian mangrove plants
exist in the literature. A recent investigation
provides information on some mangroves of
Godavary estuaries. In Aegiceras corniculatus and
Lumnitzera racemosa, autogainy occurs by means
of powdery viable polien dropping on the receptive
stigma under the anthers. Foraging activity of bees
or wasps effectively causes cross-pollination.
Caesalpinia nuga is adapted for cross-pollination
effected by the nototiribic foraging behaviour of
carpenter bees; no fruiting occurs in their absence.
Acanthus ilicifolius flowers have a peculiar
pollination mechanism and are predominantly
outbreeding. Anthers have fertile and sterile
locules with fertile anther lobes locked in the sterile
locule of the facing anther and held together by a
fringe of hairs. Pollination occurs only when these
two firmly held locules are separated by the
nototribically nectar-foraging carpenter bees and
sunbirds. As the pollinator leaves, the separated
stamens return to their original position
preventing the wastage of the powdery and light
pollen by the wind. Avicennia officinalis, which
antheses throughout the daylight hours, is
pollinated by flies. The protogynous condition
with the stigma deflected to one side of the corolla
throat facilitates cross-pollination. In the absence
of fly foraging, the stigma rises and stands erect
beneath the over-arching anthers insuring
self-pollination (Aluri 1990d).

The genus Pedicularis (Scrophulariaceae), with
800-1000 species, is believed to have originated in
the Himalayas, and spread to Europe, China,
Japan and the Arctic. Some Asian species
migrated into North America during glacial
periods when a land bridge connected Asia and
North America. This genus, in its extensive
migrations, diversified into many new species with
various floral forms and colours associated with
pollinating animals, mainly bumblebees and
hummingbirds.  Although the functional
significance of floral structures in many North
American and Japanese species is known, parallel
studies on pollination syndromes in Himalayan
species differing greatly in floral form are totally
absent. There are altogether four basic variations
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identified in the evolution of floral form in
Pedicularis. In the first (edentate) variation, the
tube is moderately long and nectariferous, while
the upper lip is nearly straight. The second
(dentate) form resembles the first but has two teeth
extending downward from the lower edges of the
galea near its tip. The third variation
(rostrate-short tubed) has a short, nectarless tube,
a broad lower lip, and an upper lip with a terminal
beak (rostrum) from the tip of which the stigma
protrudes. The fourth form (rostrate-long tubed)
resembles the third but with a very long corolla
tube. Forms intermediate between these four basic
forms also occur. Pennell (1943) in a monograph
presents taxonomic descriptions for 35 species of
Pedicularis collections made by Dr Stewart, who
served as President of Gordon College at
Rawalpindi in North-western part of India
(before Independence) in the areas from Chitral to
Kumaun from the eastern bounday of
Afghanistan to the western boundary of Nepal.
Observations of herbarium specimens of
Pedicularis available at the Centre of Plant
Taxonomy of the University of Kashmir and field
surveys conducted by Dr L W Macior and Dr Raju
J S Aluri in the summer of 1989 indicated that there
are about 20 Pedicularis species in the Kashmir
part of Himalayas alone. Polunin and Stainton
(1985) describe a few species at lower elevations in
parts of Uttar Pradesh and Himachal Pradesh
along the Himalayan ranges. Itis believed that the
Himalayas contain nearly 300 species of
Pedicularis (Tsoong 1956, 61). Until recently.
information on the function of pollination
mechanisms in Himalayan species was totally
lacking. Sprague, in 1962, speculated on possible
psychophilous pollination syndromes in the
long-tubed species. Macior’s (1990a) recent study
on P. punctata in the Kashmir Himalayas,
however, describes the pollination of a long-tubed
mechanism by  pollen-vibrating  worker
bumblebees (Bombus spp.). Researchers in India
could profitably study the adaptive responses in all
Himalayan Pedicularis species in relation to
Bombus pollination. Such investigations would
certainly yield interesting data and form a basis for
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a scientific understanding of co-adaptive
evolution and speciation. Macior (1990b) laments
after two decades of experience working on
Pedicularis as:

“The value of plant species for man may be
reduced to a pragmatic, material judgement that
does not distinghish man from beast. Man'’s
physical welfare then becomes not only the
primary but the sole measure of human value and
human progress. Some plant or animal species are
not of immediate matenial use and hence difficult to
convince people who are either on the margin of
physical survival or who live in the lap of material
luxury of the intellectual or aesthetic worth of a
wild plant or animal. Material poverty and
material wealth are both potentially blinding
forces for the human mind and heart. Shepherds in
the Himalaya can see the value of meat and wool of
a sheep or goat, but can they appreciate the
aesthetic beauty and the historical and intellectual
significance of the wild plant species being
devoured by their grazing animals ? Can one value
be substituted for another ? The Himalaya is the
birth-place of a tremendous plant genus,
Pedicularis, that has expanded over the entire
northern hemisphere, but no stone monument
attests to that fact. Unfortunately, the alpine
meadows of the Himalaya are rapidly becoming
wastelands. Grazing and timber cutting are
promoting soil erosion and tremendous loss of
plant diversity. Plant species hold out an invitation
to understand more about the world in which we
live and our relationship to it instead of merely
using them for human consumption”.

This tragic situation for wild plant or animal
species is not unique to the Himalayas but all of
India suffers similarly.

Conclusions

Pollination biology studies began only after the
advent of volumes of literature in Europe and
North America. Honeybees and megachilid bees
are more appropriate for management and
manipulation of agricultural crop pollination. In
natural conditions, wild bees require native plants

for sustenance when their primary cultivated
forage crops are out of bloom. Wild plants
reviewed in this paper demonstrate autogamy or
allogamy or both. Their success depends on the
availability of particular wild insect species.
Insects reported as pollinators include flies, bees,
wasps, moths, butterflies, thrips and sunbirds. In
plants like Zizyphus mauritiana and Jatropha
gossypiifolia, for instance, the promiscuous nature
of their flowers are an ecological response and
assures reproductive success in particular
ecological conditions with the availability and
abundance of particular groups of insects. A
noteworthy investigation is the presence of
anemophily in tropical trees and shrubs as well.
Traditionally anemophilous grassy species under
review are adapted to entomophily.
Bat-pollinated Kigelia has a recent adaptation to
honeybees pollination. Mutualistic relationships
do occur between butterflies and some native
plants. Similarities in floral morphologies within
the genera Ocimum and Anisomeles can also have
similar breeding structures and similar kinds of
pollinators. Ornithophily by sunbirds foraging on
the purple flowers of Anisomeles and blue flowers
of Acanthus ilicifoloius indicates birds do forage on
the flowers other than red ones. An annual herb,
Hyptis suaveolens migrated from elsewhere and
established in India as a perennial shrubby herb.
Its reported pollination mechanism would be a
basis for investigation of pollination mechanisms
in other species of Hyptis growing in the Old World
as a whole. The pollination mechanism is
operative only when there is wind at particular
speed and insects forage for the floral resource.
Leonotis nepetaefolia, which occurs in three
distinctive flower forms, only the third form with
predominant autogamy - is adventive in India.
Acanthus ilicifolius flowers represent a peculiar
floral mechanism pollinated by particular species
of carpenter bees and sunbirds. Autogamy
without biotic agent occurs in Aegiceras and
Lumnitzerea. Caesalpinia flowers require
pollination by carpenter bees. avicennia officinalis
shows preference for cross-pollination by style
movements or self-pollination. In the genus



Pedicularis, the only Himalayan species
investigated, by an American biologist, represents
a floral form different from North American and
Japanese forms. Its pollinators are bumblebees,
not lepidopterans; as speculated by Sprague.

The data available on the native plant
pollination systems and pollinators, however, lack
critical analysis from the community ecology
perspective. Batra’s (1967) and Macior’s (1990b)
observations can be answered only when we, as
Indians realise the need to conserve the wild biota
in their natural habitats. We must anticipate the
elimination of many key environments - forests,
wetlands, estuaries and other biotopes with
exceptional species richness. These environments
have served in the past as ‘‘powerhouses” of
evolution, having generated many more species
than other environments. Their loss will result in
enduring damage, to the extent that it will not
permit a compensatory outburst of speciation
until after possibly twice as long a delav as in the
past. As has been graphically stated by Soule and
Wilcox (1980) “death is one thing, an end to birth is
somethipg else”. Although extinction has been a
fact of life since life started almost four billion
years ago, during the last 600 million years the
average background rate of extinction (before the
arrival of humans) has been no more than
approximately one species per year. Those
extinction have always been caused by a
multiplicity of factors in two categories: abiotic
environmental forces (climatic change) and the
competitive pressures. exerted by other species.
Today, extinction is almost entirely due to a single
factor of uniquely concentrated form - the
activities of humans in depleting species’ habitats
and disrupting life-support systems. It does not
matter to a species becoming extinct whether its
demise is due to so called natural factors of long
standing or to the recent arrival of a singularly
competitive species. The character of the
extinction is closely related to human’s
unprecedented capacity to impose large-scale
extinctions. The fossil record, with its steadily
increasing numbers of species, indicates that in
general past elimination of one species has made
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way for the emergence of one or more new species.
This means that in the past there has been a net
increase in species. How different this is from
today’s situation, when the elimination of large
numbers of species is not matched by increase
speciation. Mass extinction leads to mass
evacuation of niches. Recent increases in
population, living standards, and industrial and
agricultural production have led to modern
problems that require a more sophisticated
treatment in applied ecology. Conservation really
means trying to prevent a massive and largely
avoidable fallout of species at the hands of a single
species that is thereby degrading its own long-term
niche in the biosphere. To safeguard wildlife
would certainly not mean that we should all
commit suicide (Slobodkin 1988, Myers 1989).
There is plenty of space in India to provide wildlife
sufficient space without significantly
compromising human welfare. Indeed, survival of
wild species will enhance human welfare.
Conservation activities supporting possiblefuture
investigations of ecological relationships of
wildlife should be effectively started. The field of
synthetic biological science should be promoted
by biologists and encouraged by the general
public. In the absence of such preexisting
ecological information on native plant and
animals and expertise, it would be almost
impossible to make intelligent and timely
environmental decisions. Human activity must be
subjected to regulation if the natural biota is not to
be most severely damaged. The goals or
motivation for these regulations may be practical,
aesthetic, or even philosophical, but the proper
techniques of regulation depend upon empirical
information and scientific theory. Unfortunately,
the regulatory agencies do not perform adequate
scientific analyses, and ecological research
support is generally inadequate.
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Plant species

Breeding system

Principal pollinators

Thunbergia grandiflora
Sesamum orientale

Brassica napus var. dichotoma
Brassica campestris var. sarson
Luffa aegyptiaca

Allium cepa

Cameisia sinensis

Cucumis melo

Gossypium arboresum
Elettaria cardamom

Cajanus cajan

Medicago sativa

Belanophora abbreviata
Oldenlandia umbellata
Nymphoides cristatum
Waltheria indica

Turnera subulata

Cleome viscosa

Jasminum angustifolium

Xanthium strumarium
Lantana camara

Tridax procumbens
Wedelia chinensis
Ageratum conyzoides
Syndrella nodiflora
Cosmos bipinnatus
Calotropis procera
Leptadenia reticulata
Wattakaka volubilis
Sarcostemma secamone
Abelmoschus escuolentum
Madhuca indica
Mimusops elengi

Cicca acida

Embilica officinalis
Croton bonplandianum
Phyllanthus pinnatus
Dichanthium annulatum
Cyperus rotundus

cross (1)
cross (7)
cross (7)

self and cross
cross (?)
cross (7)
cross (7)
cross

cross

cross

cross

Cross

Cross

self and cross

self

Cross

self and cross (?)
self and cross (7)
self and cross (7)
self and cross (?)
self and cross (7)
Cross

cross

Cross

Cross

self and cross
self and cross
cross

self and cross
self and cross
cross

cross

self and cross (?)
self and cross (7)

carpenter bees

honeybees

honeybees

honeybees

honeybees

honeybees

honeybees

honeybees

honeybees

honeybees

honeybees

honeybees

honeybees (7)

honeybees (?)

honeybees (?)

honeybees (7)

honeybees (?)

Lepidopteran
(Macroglossum gyrans)
wind

thrips and butterflies

thrips

thrips

thrips

thrips

thrips

any group of insectus but flies
any group of insects but flies
any group of insects but flies
any group of insects but flies
honeybees

wind

wind

wind

wind

wind, thrips and flies

wind, ants and flies

bees

bees (7)

—, not abailable

(Contd.)
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Plant species

Breeding system

Principal pollinators

Scirpus lacustris
Jatropha gossypiifolia
Tribulus terrestris
Sapindus emarginatus

Wrightia tinctoria

Kigelia pinnata
Eriobotrya japonica
Cadaba fruiticosa

Capparis spinosa
Clerodendron infortunatum

Ficus carica

Ficus racemosa
Zizyphus mauritiana
Ocimum americanum
Ocimum basilicum
Anisomeles indica
Anisomeles malabarica
Hyptis suaveoiens
Leonotis nepetaefolia
Aegiceras cornicuiatus
Lumnitzera racemosa
Caesalpinia nuga
Acanthus ilicifolius
Avicennia officinalis
Pedicularis punctata

self and cross (7)

cross

self (autogamy)
self

cross

self

cross (7)
cross (7)
Cross

cross (?)
cross (7)

cross (7)
cross (7)
cross

self and cross
self and cross
cross and self
cross and self
self and cross
self and cross
self and cross
self and cross
Cross

cross and self
cross and self
Cross

bees (?)

bees, wasps, flies and butterflies
honeybees and ants

bees and flies

wasps and butterflies

honeybees, carpenter bees,
wasps, flies and butterflies

honeybees
honeybees and bumblebees

butterflies
(Colotis eucharis, C. danae,
Anaphaeis aurota)

butterfly (Anaphaeis aurota)

butterflies (Papilio polymnstor,
P. polytes romulus, Atrophaneura
hector, A. aristolochiae)

wasp (Blastophaga psenes)
wasp (Blastophaga psenes)
bees, flies, wasps, ants and butterflies
bees

bees

carpenter bees and sunbirds
carpenter bees and sunbirds
bees

sunbirds

bees and wasps

bees and wasps

carpenter bees

carpenter bees and sunbirds
flies

bumblebees




