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Abstract: Dispersal units, technically seeds, fruits and 
infructescences equipped with wings for their long-
distance dispersal are called winged diaspores. 
The diversity of flowering plants in South India is 
noteworthy, and they create a wide range of diaspore 
morphologies, as evident in their dispersal methods. The 
present study was carried out to prepare a list of woody 
angiosperms (both native and introduced) in South 
India, producing winged diaspores and to analyse their 
morphological variations, wing formation, and their 
significance in dispersal. Information from field studies 
and available literature resulted in a list of 186 species 
(of which 40 are introduced) which produce winged 
diaspores, distributed among 26 families in South 
India. The wings in these diaspores develop from the 
integument, ovary, perianth whorls or bracts. With a 
variety of morphology and flight behaviours, they 
are generally adapted to dispersal by wind, with the 
exception of a few that are adapted to dispersal by 
water. The study shows that wings of the diaspores are 
significant to their survival and distribution. 

Keywords: Anemochory, Hydrochory, Morphogenesis, 
Wind dispersal, Winged fruits, Winged seeds. 

Introduction

South India is rich in its flowering plant diversity, 
and hence diversity in diaspore morphology too, 
resulting in varied types of dispersal mechanisms. 
Diaspore is a broad term for dispersal units, 
which can be fruits, seeds, or other structures 
(Thomson & Neal, 1989) that are transported away 
from the parent plant to establish the progeny 

as an independent seedling (Augspurger, 1988). 
Diaspore dispersal is vital for plants since it is 
the most prevalent, and, aside from pollination, 
probably the only, mobile stage of most terrestrial
sexually reproducing plant species during their 
lives (Harper et al., 1970; Snell et al., 2019). 
This is crucial for spatial distribution, gene flow, 
population expansion, and hence a species’ 
survival, as well as preserving species coexistence 
and variety, and so community structure 
(Nathan & Muller-Landau, 2000; Levine & 
Murrell, 2003; Saatkamp et al., 2019). One of 
the modifications identified in diaspores for 
accomplishing these functions is the formation of 
wings.

As in birds, the key responsibility of wings of 
plants is to allow gliding in the air. According to 
their environmental requirements, diaspore wings 
are built to allow a slow rate of descent to float 
as long as possible in the air current (Minami & 
Azuma, 2003). Winged diaspores can be produced 
in bulk quantities (Burnham & Carranco, 2004) and 
readily dispersed by wind (Anemochory) with the 
help of varying descent patterns, such as gliding, 
straying or rocking and spinning or autorotation 
(Minami & Azuma, 2003). Because of these 
distinct aerodynamic behaviours, winged diaspores 
have attracted much interest among scientists over 
past decades. Studies have been conducted by 
various investigators (Norberg, 1973; Azuma & 
Yasuda, 1989; Green & Johnson, 1990; Rosen & 
Seter, 1991; Yasuda & Azuma, 1997; Varshney 
et al., 2011; Eadkong et al., 2020) in attempts to
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understand the reasons behind these aerodynamic 
behaviours because these natural phenomena 
inspire new ideas and creative thoughts. Such 
investigations are quite rare in South India. In 
1950, Razi presented a list of diverse active and 
passive dispersal mechanisms in plants of Mysore 
(South India), which included 68 genera of plants 
that produce winged diaspores.

The size and shape of diaspores varies depending 
on the species, but a majority of them have the 
same physical structure: a thin, leaf-like wing with 
a thicker leading edge; and a nut (or seed body) 
on one side of the wing (Arranz et al., 2018). 
The wings are developed from structures such as 
ovary (as outgrowths), hypanthium, perianth 
components, and/or bracts (Manchester & O’Leary, 
2010). These structures undergo different ways 
of transformation and results in changes in 
morphology and aerodynamics during dispersal. 
In the case of winged diaspores, morphology is 
the primary determining element of aerodynamic 
behaviour and dispersal. Despite this significance, 
little attention has been paid to investigate the 
morphogenesis of the wings. Characters such as 
aerodynamic behaviour, diaspore configuration, 
number of wings, venation patterns, wing 
ontogeny and nature of diaspore (fruit/seed) 
have been used to classify winged diaspores 
(Augspurger, 1986, 1988; Minami & Azuma, 2003; 
Manchester & O’Leary, 2010). However, these 
categorizations have often ignored the process of 
wing development in diaspores.

It is worth noting that the dissemination of 
winged diaspores can range from tens of metres to 
kilometres (Nathan, 2006), on account of the 
occurrence of secondary dispersal in some 
instances. Primary dispersal is the initial release of 
diaspores from the plant into the air, and secondary 
dispersal occurs when diaspores reach the ground 
and are moved further by wind, gravity, animals, 
or water flow (Kaproth & McGraw, 2008; Gärtner 
et al., 2011; Zhu et al., 2019). This primary and 
secondary dispersal in different media confirmed 
that diaspore wings can perform other modes of 
dispersal in addition to wind dispersal. For example
if the primary dispersal agent is wind, then then 
the diaspore landed in water bodies (secondary 
dispersal agent) it could float due to the wing’s 

buoyancy. Wings are the sole devices for water 
dispersal (hydrochory) in some species; for 
example, the winged diaspore of Dolichandrone 
spathacea (L.f.) K.Schum. has been proposed to 
be solely adapted to dispersal in water (Sprague, 
1919). This different mode of dispersal of winged 
diaspores was also observed by Razi (1950). Thus, 
winged diaspores are a fascinating area to research, 
and such investigations can stimulate creative ideas 
and innovation.

One of the main determinants of the aerodynamic 
behaviour during dispersal is wing morphology 
which also influences the diaspore’s mass, dispersal 
potential, and species regeneration potential.  
Even though, there is no adequate source for 
comparative data on winged diaspore-bearing 
species, nor is there a comprehensive list around 
the world (Manchester & O’Leary, 2010). Mirle 
and Burnham (1999) presented a key for use in 
identifying asymmetrically winged samaras from 
the western hemisphere. They recorded species 
bearing asymmetrically winged fruits in 39 genera  
from 11 families. In central Europe, a database 
named DIASPORUS was created based on 
diaspore dispersal (Bonn et al., 2000), in which 
terminal velocity from a specified release height 
of more than 500 species are provided, based 
on literature surveys and measurements. The 
terminal velocity values of a further 300 species have 
been measured by Thompson et al. (1999). Thus, 
extending this database will help to assess 
the (wind) dispersal potentials of many species 
(Tackenberg et al., 2003). The South Indian 
vegetation is an excellent system for studying 
diaspore dispersal. However, until now, diaspores 
of only a limited number of taxa have been studied 
in detail and their significance in dispersal has not 
been evaluated. The present study was carried 
out to prepare a list of woody angiosperms (both 
native and introduced) in South India that 
produce winged diaspores and to analyse their 
morphological variations, wing ontogeny and 
their significance in dispersal.

Materials and Methods

The list of woody South Indian angiosperms 
with winged diaspores was compiled based 
on an exhaustive survey of works of Hooker 
(1872–1897), Gamble and Fischer (1915-1936),
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Fyson et al. (1932), Bor (1953), Saldanha and 
Nicolson (1976), Matthew (1981-1983), Manilal 
and Sivarajan (1982), Nair and Henry (1983), 
Saldanha (1984, 1996), Henry et al. (1987), 
Chandrabose and Nair (1987), Manilal (1988), 
Ramachandran and Nair (1988), Sharma et 
al. (1993), Sharma and Balakrishnan (1993), 
Sharma and Sanjappa (1993), Mohanan and Henry 
(1994), Hajra et al. (1995, 1997), Sahni (1998), 
Singh et al. (2000), Chacko et al. (2002), Sasidharan 
(2004), Daniel (2005), Balakrishnan et al. (2012) 
and other taxonomic literature (Razi, 1950; Naidu 
& Kumar, 2015; Murthy et al., 2020). Diaspore 
morphology of the taxa included in this list was 
verified by field surveys and by the study of   
images of herbarium specimens available 
at Calicut University Herbarium (CALI) 
(http://caliherbarium.org/) and Kew Herbarium 
(K)(http://apps.kew.org/herbcat/navigator.
do) and with images and information from 
the linked sources named Flowering Plants in 
Kerala (http://keralaplants.in/search-flowering
-plants-of-kerala.aspx); Flora of Peninsular
India (http://flora-peninsula-indica.ces.iisc.ac.in/, 
http://flora-peninsula-indica.ces.iisc.ac.in/karnata-
ka /gallery.php), India Biodiversity Portal (https://
indiabiodiversity.org/) and eFlora of India– 
Database of plants of the Indian subcontinent 
(https://efloraindia.bsi.gov.in/eFlora/eFlora 
HomePage.action). Only those taxa that produce 
diaspores with wings and in which the wings  
play a significant role in their dispersal, are 
included in the list. Plants with microscopic or 
very small wings (such as species of Casuarina L., 
Mitragyna Korth., Uncaria Schreb., Neonauclea 
Merr.), and herbaceous taxa that possess winged 
diaspores are excluded. Few taxa that produce 
winged fruits, but disperse their seeds individually 
through ballistic mechanisms (e.g., species of 
Begonia L.), and some other taxa that produce 
winged dehiscent capsules are excluded as they did 
not fall within the scope of the present investigation 
on the mechanism of dispersal. A few other taxa 
were also omitted due to the lack of sufficient 
information of the morphology of their diaspores. 
The geographic distribution status of the taxa is 
based on Sasidharan (2004) and online databases, 
such as the Plants of the World Online (POWO) 

(https://powo.science.kew.org/) and World  
Checklist of Selected Plant Families (http://apps.
kew.org/wcsp/home.do). The families follow the 
APG system (APG IV, 2016). The names are up-
dated using Plants of the World Online (POWO) 
(https://powo.science.kew.org/).

The plants from which the diaspores were 
collected during field explorations for the present 
study were identified using pertinent literature 
and by comparisons with images of voucher 
specimens available at CALI and K. Detailed 
morphological and micromorphological studies 
of diaspores were done with CSM2 (Labomed, 
India), M80 (Leica, Germany), and MSZ-TR 
(Magnus, India) stereomicroscopes. Photographs 
of the diaspores were taken using EOS M50 Mark 
II and EOS 760D (Canon, Japan) digital cameras
and Magcam-DC5 microscope digital camera 
(Magnus, India). 
The morphogenesis of diaspore wings was 
studied by collecting diaspores of selected species 
(Swietenia macrophylla G.King., Ailanthus triphysus 
(Dennst.) Alston., Dioscorea wallichii Hook.f., 
Hiptage benghalensis (L.) Kurz., Pterocarpus 
marsupium Roxb., Neuropeltis malabarica Ooststr., 
Getonia floribunda Roxb., and Symphorema 
involucratum Roxb.) under different categories at 
various stages of development. The morphological 
significance of wings in diaspores for dispersal was 
studied by observing their flight behaviour during 
dispersal in the field and indoor conditions and by 
comparing it with previous works on the 
aerodynamic classification of winged diaspores. For 
explaining the development of the characteristic 
morphologies in winged diaspores and its 
significance in dispersal, primary categorization 
based on the ontogeny and morphogenesis of the 
wings were carried out. In order to explain the
aerodynamic behaviour of the diaspores during 
wind dispersal, Augspurger’s (1986) terms and 
Minami and Azuma’s (2003) categories were 
followed.

Results
A total of 186 woody flowering plants in 
South India belonging to 26 families were 
recorded as producing winged diaspores 
(Appendix 1), out of which 40 were introduced 
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species. The table shows the type of dispersal 
unit, its category based on the ontogenetic 
development of wings, distribution and 
conservation status of each taxon. Out of the 
186 species, 44.09% are climbers, 52.69%
trees and 3.22% shrubs. Fifty-one species 
(27.42%) are endemic, and three of them are 
critically endangered. The winged dispersal 
units of the recorded plants belong to 3 
categories: fruits, seeds and infructescences. The 
wings are variously developed from the ovary wall, 
integuments, perianth whorls or bracts. Based on 
their ontogeny and wing development pattern, the 
diaspores are categorized as follows:
 1. ovary wall-derived
 2. integument-derived
 3. perianth-derived
 4. bract-derived

1. Wing development from the ovary wall
In these taxa with winged fruits, the ovary wall 
differentiates into clearly defined wings for flight. 
The ovary wall begins to expand in a specific 
direction after fertilisation and takes on distinct 
forms that vary depending on their developmental 
pattern. Based on the direction of the growth of 
the ovary wall and final diaspore morphology, 
there are five basic types of growth patterns that 
are noted:

i) Unidirectional growth: Cells on one side of the 
ovary wall divide continuously in a unidirectional
pattern. In most cases the opposite side of the 
ovary attachment (opposite of stalk) grows 
continually and produces wings. The morphology 
and number of these wings may vary, due to 
the syncarpous condition of the ovary in some 
species (e.g., species of Acer L.). Most of the 
species in Appendix 2 possess one wing with 
(e.g., species of Acer) or without (e.g., species of 
Ventilago Gaertn.) a thick leading edge at one side 
of the wing. The major mass of the fruit (location 
of seed in this case) is ending on one end of the 
wing (Fig. 1a-f). Thus, whatever the number of 
wings, diaspores of all species of this type perform 
autorotation or spinning around their vertical axis 
during dispersal (Fig. 3c). 

ii) Bidirectional growth: Here, opposite sides of 
the ovary wall (in most cases, ovary attachment

region with stalk and its opposite side) grow more 
than the other two sides and result in an elongated, 
flattened structure (wing) with a seed in the 
middle. After fertilisation, taxa with superior 
ovary begin to grow more in the ovary attachment 
to the stalk/pedicel side and its opposite side (Fig. 
5f), consequently the seed-bearing area is shifted to 
the middle region of the diaspore, and the fruit is 
known as samara (Fig. 1i-l); sometimes more than 
one seed develops in samara-like (samaroid) fruits 
(Fig. 1h, Appendix 2) (Manchester & O’Leary, 
2010). In the samara of Ailanthus triphysus (Fig. 1l) 
for example, the fruits develop from the superior 
syncarpous ovary, and two or three mature in 
one flower. During wing development, the style 
disintegrates and the regions above and below 
the style origin begin to grow, resulting in fruit 
elongation in the longitudinal plane with the seed 
in the centre (Fig. 5f). Along with the completion 
of wing growth, the diaspore develops a curvature 
on the ends of the wings and has the maximum 
weight in the central region. This result in rotation 
on two axes simultaneously during dispersal, one 
is rolling around its longitudinal axis and the 
second one around one end of the diaspore in a 
spiral path (Fig. 4f & g). High wind velocities can 
cause the skipping of the spiral rotation, resulting 
in only self-rolling along the direction of wind.

iii) 3-directional growth: Here, three sides of the 
ovary wall grow in three directions in an equal or 
unequal manner, resulting in diaspores with three 
wings with a trigonal configuration. It is similar 
to the diaspores with unidirectional growth in that 
the majority of the fruit mass (location of the seed 
in this case) is located at one end of the wings, 
for example as in diaspores of Hiptage benghalensis 
(Fig. 1g). In this case, the ovary is tricarpellary 
syncarpous, and produces schizocarpic fruits 
where each carpel shows three directional wing 
developments, resulting in a diaspore with one 
large and two small wings (Fig. 6a). As the spatial 
configuration of this diaspore is similar to that of 
unidirectionally developing ones, it has similar 
flying behaviour during dispersal. They spin 
tightly around a vertical axis with the three 
asymmetric wings in a clockwise or counter-
clockwise rotation (Fig. 3g).
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Fig. 1.  Morphology of diaspores based on pattern of wing development: a-f. Wing develops unidirectionally in fruit diaspores: a & b. Ventilago 
denticulata Willd.; c & d. Acer oblongum Wall. ex DC.; e & f. Pterolobium hexapetalum (Roth) Santapau & Wagh.; g. Wings develop by 3-directional 
growth in fruit diaspore of Hiptage benghalensis (L.) Kurz.; h-l. Wing develops by bidirectional growth in fruit diaspore: h & i. Samara and samaroid 
type in Brachypterum scandens (Roxb.) Miq.; j. Dalbergia horrida (Dennst.) Mabb.; k. D. lanceolaria L.f.; l. Ailanthus triphysus (Dennst.) Alston; 
m & n. Wing develops by elliptical surrounding growth in fruits: m. Pterocarpus marsupium Roxb.; n. Holoptelea integrifolia (Roxb.) Planch.; 
o. Wings develop by multi-directional growth in fruits of Terminalia elliptica Willd.; p-s. Wing develops unidirectionally in seed diaspores: 
p. Pterospermum diversifolium Bl.; q & r. Lagerstroemia speciosa (L.) Pers.; s. Swietenia macrophylla G.King (drawn by Drisya V.V.).
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iv) Multidirectional growth: In this type, the ovary 
wall begins to expand in multiple directions at the 
same time, resulting in a central seed-bearing area 
surrounded by three or more wings (Fig. 1o), the 
so-called ̒ ʻfin-winged’’ morphology of Manchester 
and O’Leary (2010). The entire surface of the ovary
takes part in wing formation. Therefore, 
depending upon the species, diaspores possess 
three, four or five separate wings (Appendix 2). 
They tumble in the air due to the diaspore’s 
symmetrical shape, but not on a consistent axis. 
The morphology and tumbling motion of this 
category can be seen in Terminalia elliptica Willd. 
(Fig. 3f).

v) Elliptical surrounding growth: Plants with 
flattened or laterally compressed ovaries show this 
type of wing development. The compressed ovary 
wall begins to expand evenly all around the edge, 
resulting in a flattened diaspore with a core seed
region surrounded by a broad wing almost all 
around the central part (Fig. 1m-n). The diaspore 
has developed a flattened, somewhat circular or 
elliptical shape prior to dispersal. They exhibit 
gliding and undulating motions during dispersal. 
The wing development in Pterocarpus marsupium 
is shown in Fig. 6b, and the flight behaviour in 
Holoptelea integrifolia (Roxb.) Planch. during 
dispersal is shown in Fig. 4e. The wings of fruits 
of the two grow similarly, though the style 
and stalk of the pistil are also involved in wing 
development in the latter (Fig. 1n).

2. Wing development from integuments

After fertilisation, the ovule of an angiosperm 
develops into seeds, and the ovary into a fruit. 
During this process, the integuments of the ovules 
transform into the seed testa, but in winged seed 
diaspores, they are modified into wings. The 
integuments start to enlarge in a particular 
direction and as a result, different morphologies 
are attained. According to the final diaspore wing 
configuration, four types of integument growth 
patterns are observed in South Indian plants.

i) Unidirectional growth: The development in this 
type is similar to the unidirectional growth of the 
ovary, in that only one side of the integument 

tissue participates in wing formation, which may 
be the apical region (ovule attachment region with 
placenta) as in Swietenia Jacq. spp. or the basal 
region (free end of ovule) as in Pterospermum 
Schreb. spp. (Fig. 1p-s). If the apical region 
participates in wing formation, the funicle (a 
component of the ovule which attaches it to the 
placenta) is also involved (e.g., Swietenia spp.). Wing 
expansion in one direction ends in a thin part on 
one side of the wing and a thick leading edge on 
the other. The number of wings is always one, 
and it develops inside the fruits to facilitate wind 
dispersal upon dehiscence. These winged seeds 
are autogyros, autorotating or spinning on their 
vertical axis during dispersal. The aerodynamics
and development of the diaspores of Swietenia
macrophylla are illustrated in Figs. 3c and 5e 
respectively.

ii) Bidirectional growth: Here, two opposite sides of 
the integument take part in wing formation and 
result in an elongated, slightly flattened diaspore, 
with a central seed. Generally, two opposite ends 
of the integument near the funicle of the ovule 
take part in wing formation. These wings might 
be smooth, membranous, and hyaline (as in Tecoma 
Juss. spp.) or thick, rigid and curved (as in species 
of Stereospermum Cham.) (Fig. 2a & b). Elongated 
or flattened dehiscent pods produce these types 
of winged seeds, and the morphology and 
spatial configuration of the wings are dictated by 
the orientation of pods. Among South Indian 
taxa, this type of diaspore is mainly produced by 
members of the family Bignoniaceae (Appendix
2). They execute autorotation (in the vertical
axis) (Fig. 4i, k & l) or a rolling motion (in the 
longitudinal axis) in a semi-spiral or straight path 
(Fig. 4j) during dispersal due to their lightweight, 
elongated shape, and distinct positioning of the 
centre of mass (cotyledonary region) in the middle
of the diaspore. The diaspores of Stereospermum
tetragonum DC. have a trigonal spatial configuration
due to two horizontal wings with a distinct 
curvature and a wedge-shaped cotyledonary 
region (centre of mass) in between these wings 
(Fig. 2b).
iii) Multidirectional growth: : In this type, the whole 
surfaces of the integument participate in wing 
creation and begin to expand evenly in all 
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directions surrounding the globular cotyledons, 
resulting in a diaspore with three or more equal 
wings with a symmetrical shape (Fig. 2g-i). Among 
the South Indian taxa, only species of Moringa 
Adans. produce this type of diaspore, with three 
symmetrical wings. It behaves aerodynamically 
like a tumbling fruit diaspore, performing 
tumbling motions during dispersal. Seed tumblers 
have thin membranous wings and are lighter than 
tumbling fruits; therefore, they disperse farther 
than fruit tumblers.

iv) Elliptical surrounding growth: This type of                   
diaspore development is similar to that of orbicular 
ovary growth in fruit diaspores. Taxa with 
flattened or compressed ovules in the ovary 
undergo this type of development (Fig. 5g-k). The 
circular margins of compressed ovules develop 
more or less evenly in the beginning, forming a 
round or semi-circular flattened diaspore with 
a central cotyledon region encircled by a broad, 
membranous, thin, transparent wing around. In 
South India, these diaspores are produced mainly 
by members of Bignoniaceae and Dioscoreaceae 
(Appendix 2). A complete circular wing around 
the cotyledon is observed in Dioscoreaceae (Fig. 
2d & e), while in Bignoniaceae unequal elliptical 
surrounding growth is observed. Thus, the 
cotyledon can be seen on one side of the wing 
(Fig. 2c & f). These types of seeds are developed 
inside the dehiscent capsule and glide in a straight 
or spiral manner (Fig. 4c & d) during dispersal.

3. Wing development from perianth

In most cases, calyx is the part of the perianth 
whorl that is involved in wing formation of 
diaspores. In wind-dispersed diaspores, persistent 
perianth whorls act as wings or undergo some 
morphological changes and develop into wings 
(Appendix 2).

i) Persistent perianth whorls further develop into large 
wings: Tepals or sepals in some species persist 
and undergo development after fertilisation of 
the ovule and form large wings for fruit dispersal.
These modifications enable adequate rotation 
of the diaspores during dispersal. Two or three 
accrescent sepals or tepals of a flower (e.g., species 
of Hopea Roxb.) or entire calyx (e.g., species of 

Shorea Roxb. ex C.F.Gaertn., Ancistrocladus 
heyneanus Wall. ex J.Graham) of a flower take 
part in wing formation. Hence, the number of 
wings may vary between species, but their spatial 
configurations are similar (Fig. 2 k-m). This type 
of wing development can be seen in both unisexual 
(Gyrocarpus americanus Jacq.) and bisexual 
(Dipterocarpaceae members) flowers.

ii) Persistent perianth whorls as such act as wings: 
In this type, no further development in the 
perianth segments occurs, and the fully grown 
sepal at the time of fertilization as such acts as a 
wing during diaspore dissemination. Among South 
Indian species, this type of diaspore is seen only in 
Getonia floribunda (Fig. 2j). This flower has only 
one non-essential whorl (tepal), which is greenish 
and fleshy during flowering, but brownish, 
dry and attains a specific spatial configuration for a 
distinct direction of rotation during fruit dispersal 
(Fig. 6g & h). 
Both types of wing development from perianth 
whorls result in a similar autogyration of the 
diaspore, i.e., the major mass (fruit in this case) is 
located at one end of the wings, so they perform 
autorotation tightly around the fruit end of the 
diaspore in the vertical axis (Fig. 3h-k). 

4. Wing development from bracts
In some flowering plants, persistent bracts develop 
as wings for diaspore dispersal. Two types of bracts 
that develop into wings in South Indian plants are 
observed: floral bracts and involucral bracts. They 
show different flight behaviours.

i) Wing developed from floral bract: The woody 
climber Neuropeltis malabarica is the only species in 
this category recorded in South India. In this plant, 
the floral bracts developed into a broadly elliptical, 
flat, membranous wing attached to the fruit (Fig. 
2n). These bracts are small, c. 5 mm long, densely  
tomentose and minutely mucronate in flower. 
After anthesis, these immediately start to grow 
in an orbicular manner into a 3–3.5 cm long flat, 
membranous, reticulately veined, enlarged wing 
(Fig. 6c-e). After the complete development of the 
wing, fruits are seen on one side of the bract. At 
the time of dispersal, it becomes greyish in colour 
and its fleshy texture changes into a thin papery, 
light-weight structure for easy movement in the
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Fig. 2.  Morphology of diaspores based on pattern of wing development: a & b. Wing develops by bidirectional growth in seed diaspores: 
a. Tecoma castanifolia (D.Don) Melch.; b. Stereospermum tetragonum  DC.; c-f.  Wing develops by elliptical surrounding growth in seeds: 
c. Spathodea campanulate P.Beauv.; d & e. Dioscorea wallichii Hook.f.; f. Oroxylum  indicum ((L.) Kurz.; g-i. Wings develop by multi-directional 
growth in seed diaspores of Moringa oleifera Lam.; j. Persistent perianth whorls as such act as wings in Getonia floribunda Roxb. fruit; k-m. 
Perianth whorls develop into wings: k. Ancistrocladus heyneanus Wall. ex J.Graham; l. Hopea ponga (Dennst.) Mabb.; m. Gyrocarpus americanus 
Jacq.; n. Floral bract develops into wings in Neuropeltis malabarica Ooststr.; o & p. Involucral bracts act as wings: o. Symphorema involucratum 
Roxb.; p. Congea tomentosa Roxb. (drawn by Drisya V.V.).
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Fig. 3.  Flight behaviour of winged diaspores: a & b. Wing develops by unidirectional growth in seed and fruit diaspores; c. Pattern of 
autorotation in a & b in vertical axis; d & e. Wings develop by multi-directional growth in fruit and seed diaspores; f. Pattern of tumbling
motion of d & e; g. Autorotation in diaspores with wings developed by 3-directional growth in Hiptage benghalensis (L.) Kurz.; 
h & i. Vertical autorotation in Hopea ponga (Dennst.) Mabb.; j & k. Vertical autorotation in Getonia floribunda Roxb.; l & m. Pattern of vertical 
autorotation in infructescences: l. Symphorema involucratum Roxb.; m. Congea tomentosa Roxb. (Va-Vertical axis) (drawn by Drisya V.V.).
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air. During dispersal, they perform gliding 
movements in a straight or spiral path in the air 
(Fig. 4a & b).

ii) Wing development from involucral bracts: The 
persistent involucral bracts, coupled with 3–7 
fruits, act as dispersal units for wind dissemination 
in some species. Typically, 3–6 bracts are arranged 
symmetrically around the peduncled capitate 
cyme inflorescence. It gives the diaspore a trigonal 
structure and a discrete axis for rotation (Fig. 
2o & p). These involucral bracts are fully developed 
before anthesis (Fig. 6f). South Indian taxa that 
produce this type of dispersal unit are listed in 
Appendix 2. The number of involucral bracts 
varies in different genera: six bracts around the 
peduncled capitate cymes in Symphorema Roxb. 
and Sphenodesme Jack, and 3 or 4 bracts in 
Congea Roxb. When the diaspores are ready for 
dispersal, the involucre becomes rigid, thin, and 
membranous, with the major mass (fruits in this 
case) located at one end of the wings, giving the 
diaspores a trigonal shape. They autorotate or spin 
around its vertical axis passing through the middle
of the inflorescence in a particular direction. 
The rotating positions of diaspores may change 
depending on wing configuration and fruit 
location, as shown in Fig. 3l & m.

Discussion

Significance of wings in dispersal

In comparison with plumed diaspores (those 
having hairs for parachute mechanism, e.g., 
cypsela fruit) winged diaspores are usually 
heavier in their mass, and store reserve 
food for the early stages of plant growth, 
therefore their long-distance dispersal is not 
possible without any adaptations for flight 
(Tennakone, 2017). The wings change their 
aerodynamic behaviours that help to reduce 
the rate of descent and increase the distance 
of dispersal. The flight behaviour of dispersal 
units varies with their morphology. Minami 
and Azuma (2003) found that various flight 
modes of winged seeds and fruits are strongly 
dependent on their plan form and the location 
of their centre of gravity. Different growth 
patterns of wings lead to a change in the

centre of gravity in diaspores. Unidirectional 
growth of the ovary wall or integument 
produces a single-winged diaspore with a 
significant mass or centre of gravity at one 
end of the wing; these diaspores autorotate 
around the heavier end during dispersal with 
a distinct sense of direction (Fig. 3c). Wings 
developed by three-directional growth, and 
modification of sepals and involucral bracts in 
to wings, also result in diaspores with the main 
mass at one end of the wing, but the number 
of wings varies. Thus, they also autorotate or 
spin (Figs. 3g-m). Bidirectional expansion of 
wings results in an elongated diaspore with 
a significant mass in the centres of wings, 
causing a rolling along their longitudinal axis 
and autorotation around one end in a spiral 
path (Fig. 4f & g). Seed diaspores with wings 
developed by bidirectional growth exhibit 
variation in flight behaviours such as rolling 
in the longitudinal axis and spiral path (Fig. 
4j), or autorotation in the vertical axis (Fig. 4i, 
k & l). The multi-directional expansion of the 
wings results in a symmetrical diaspore with an 
even distribution of weight across the wings, 
hence they only tumble in the wind (Fig. 
3f). Elliptical surrounding growth leads to a 
flattened diaspore with a major mass near the 
middle of the circular wing; it creates gliding 
motion with undulation in some during 
descent (Fig. 4c-e). Wings modified from 
floral bracts also have a similar configuration of 
gliding diaspores and perform gliding motion 
in a spiral or straight path (Fig. 4a & b). Thus, 
the structure from which the development 
of wings happens has a significant impact 
on the final diaspore configuration and their 
aerodynamic performance.

Considering the significance of wings in 
dispersal, water dispersal is a possibility that 
cannot be ruled out. For example, the short, 
opaque, spongy wings of Dolichandrone 
spathacea are worse adapted for transport over 
long distances by wind, but better adapted for 
dispersal by means of water (Sprague, 1919). 
Derris trifoliata Lour., Heritiera littoralis Aiton 
and Terminalia paniculata B.Heyne ex Roth
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Fig. 4.  Flight behaviour in winged diaspores: a & b. Flight of diaspore with wings developed from floral bracts of Neuropeltis malabarica Ooststr.: 
a. Spiral gliding; b. Straight gliding; c & d. Flight of seeds with wings developed by elliptical surrounding growth: c. Straight gliding with undulation 
in Spathodea campanulata P.Beauv.; d. Spiral gliding in Dioscorea wallichii Hook.f; e. Gliding with undulation motion in fruit diaspore with wings 
developed by elliptical surrounding growth in Holoptelea integrifolia (Roxb.) Planch.; f & g. Flight of fruit with wing developed by bidirectional growth 
in Ailanthus triphysus (Dennst.) Alston: f. Self-rotation in longitudinal axis (rolling); g. Self-rotation with spiral motion; h-l. Various flight behaviours 
of seeds with wings developed by bidirectional growth: h. Rotation around longitudinal and vertical axes in Tecoma castanifolia (D.Don) Melch.; 
i. Vertical axis of rotation of seeds of T. castanifolia (D.Don) Melch.; j. Rotation around longitudinal axis with spiral motion of seeds of T. castanifolia (D.Don) 
Melch.; k & l. Clockwise vertical axis autorotation in Stereospermum tetragonum DC. (La-Longitudinal axis; Va-Vertical axis) (drawn by Drisya V.V.).
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are some examples of South Indian plants 
that produce winged diaspores for water 
dispersal. Most of the species use their wings 
for secondary dispersal in water, which also 
helps to increase the dispersal distance. Hence, 
wings of diaspore play an important role in 
their distribution and survival. 

Dispersal-affecting characteristics of 
diaspores

The main purpose of winged diaspores is 
to reduce the rate of descent and therefore 
increase the distance of dissemination from 
the parent plant without the assistance of 
other creatures. Wings have undergone 
a number of structural modifications for 
this purpose. The nature of diaspore (fruit/
seed), wing ontogeny, number of wings 
and their configuration, venation types 
and aerodynamic behaviour are important 
characteristics of diaspores that influence the 
process of dispersal. Among the diaspores 
studied, fruit diaspores are more numerous 
than seed diaspores. Out of the 186 taxa in 
South India that produce winged diaspores, 
93 have fruit diaspores, 88 seeds, and 5 are 
infructescence diaspores. In terms of fulfilling 
their function, seed diaspores travel faster 
and easier than fruit diaspores. Because of the 
extra ovary tissues and/or use of tissues with 
a higher density rather than having higher 
moisture content, fruit diaspores have slightly 
higher mass compared to seed diaspores 
(Augspurger, 1988). Thus, winged seeds are 
usually lighter than winged fruits and are 
more efficient in wind dispersal (Augspurger, 
1988). Similarly, wing venation and texture 
are other factors that affect the wing mass 
and dispersal potential of a diaspore. Wing 
venation is more prominent in fruit diaspores 
than in seeds. Seed wings can instead have 
striation patterns of fibres. According to 
Manchester and O’Leary (2010), the venation 
pattern varies depending on the derivation of 
the tissues which form the wings. They found 
that wings developed from the ovary and/or 
fruit wall tend to have a simpler vein pattern 
than wings developed from perianth or bracts. 
This is equally applicable for the species 

studied here, where wings formed from bracts 
and perianth whorls exhibit notable elaborated 
venation patterns. During dispersal, the veins 
help maintain rigidity and a specific spatial 
configuration of the wings during dispersal. 
Most of the autorotating diaspores in 
Appendix 2 have wings developed from the 
ovary wall, bracts and perianth whorls possess 
hair-like vestitures or rough textures of the 
wings that help to create pressure difference 
for assisting the flight. This also helps to 
reduce the retention of water on the wings. 
These act as lift-reducing spoilers, just like 
those on aeroplane wings. 

The most significant factor influencing 
diaspore dispersal over long distances is 
their aerodynamic behaviour. Augspurger 
(1986) classified winged diaspores into seven 
categories based on their morphology and 
aerodynamic behaviour. Based on the analysis 
of aerodynamic behaviour of the winged 
diaspores in South Indian plants, six types 
were identified; namely, autogyros, rolling 
autogyros, helicopters, tumblers, undulators/
gliders, and non-classified. On the basis of this 
classification, all fruit and seed diaspores with 
wings developed by unidirectional growth are 
autogyros. Diaspores with wings developed 
by tri-directional growth, and from perianth 
whorls and involucral bracts are helicopter 
types, because they are similar to autogyro 
fruits with added wings. Diaspores with 
wings developed by multidirectional growth 
are tumblers, and those with wings developed 
by elliptical surrounding growth and by 
floral bract modifications are undulators/
gliders. Diaspores with wings developed by 
bidirectional growth are rolling autogyros, 
except for some seeds with wings developed by 
bidirectional growth that show diverse flight 
behaviours of the same and between diaspores 
during dissemination, and are hence placed 
in the non-classified category. The geometry 
of wings and the spatial configuration of 
diaspores determines this aerodynamic 
behaviour. Most of the autogyros and rolling 
autogyros diaspores of South Indian species 
rotate in a particular direction. However, 
in the diaspores of some species, there is
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Fig. 5.  Development of wings in diaspores: a-e. Swietenia macrophylla King: a. L.S. of ovary showing ovule arrangement; b. Young fruit; c. L.S. 
of developing fruit showing development of seeds in locules; d. Mature fruit showing arrangement of completely developed winged seeds; e. 
Stages of wing development in seeds by unidirectional growth; f. Stages of wing development of fruits of Ailanthus triphysus (Dennst.) Alston by 
bidirectional growth; g-k. Dioscorea wallichii Hook.f.: g. Winged fruit; h-j. Attachment of seed in ovary at different stages of development; k. 
Stages of wing development in seed by elliptical surrounding growth (images by Drisya V.V.).
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Fig. 6.  Development of wings in diaspores: a. Different stages of wing development in Hiptage benghalensis (L.) Kurz by 3-directional growth; 
b. Different stages of wing development by elliptical surrounding growth in Pterocarpus marsupium Roxb.; c-e. Development of floral bracts to 
wings in Neuropeltis malabarica Ooststr.; f. Transformation of involucral bracts into wings in Symphorema involucratum Roxb.; g & h. Getonia 
floribunda Roxb.: g. flowering twig; h. Different stages of transformation of perianth whorl to wings (a & b drawn by Drisya V.V.; images c-e by 
Pramod C.; f-h by Drisya V.V.).
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no distinct sense for rotation. According to 
Tennakone (2017), the sense of rotation is achieved 
either spontaneously or intrinsically based on the 
geometrical right-left asymmetry of the wings. 
The dispersal potential of winged diaspores also 
depends upon the height of their release into the 
air. Increase in the release height also increases 
the horizontal displacement of diaspores that 
further depend upon the canopy density and 
nature of surrounding vegetation. In addition to 
this, the parent plants exhibit some adaptations 
such as shedding of leaves for easy release of their 
diaspores to the wind (for e.g., Dioscorea wallichii, 
Symphorema involucratum), and increase in the 
wing size of diaspore for elongation of the flight 
time and thus potential distance of dispersal
in a closed canopy (e.g., Ailanthus triphysus).

Conclusion

Woody angiosperms of South India exhibit a 
wide range of winged diaspores. They are either 
fruits, seeds or infructescences with distinct wings 
developed from the ovary, integument, perianth 
whorls or bracts. They are primarily adapted to 
the wind dispersal and perform diverse flight 
behaviours such as autorotation, gliding, straying, 
or tumbling movements in the air, except for a 
few winged diaspores, which are mainly adapted 
to water dispersal instead of flight. It is intriguing 
and thought-provoking to see plants that stand 
immobile in nature show such motions of their 
propagules. These natural phenomena still need 
to be studied carefully by integrating botany, 
physics and mathematics, as they are important for 
maintaining the plant biodiversity of the earth. 
Critical analysis of the underlying principles of 
autorotation may also lead to innovative ideas in 
engineering.
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