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Together with Western Ghats, Sri Lanka is a biodiversity hotspot amongst the 35 regions known worldwide. Considering
the Sri Lankan orchids, 70.6% of the orchid species, including 84% of the endemics, are categorised as threatened.
The distribution of the family Orchidaceae is mostly correlated with the distribution pattern of the main bioclimatic
zones which is governed by the amount and intensity of rainfall and altitude. Habitat deterioration and degradation,
clearing of vegetation, intentional forest fires and spread of invasive alien species are significant threats to native species.
Illegally collection and exporting of indigenous species has been another alarming issue in the past decades. Protection
of native species, increased public awareness, enforcement of legislation and introduction of new propagation techniques
would certainly bring a beneficial effect to the native orchid flora. Conduct awareness programs, strengthen existing
laws, and reviewing the legal framework related to the native orchid flora could be vital for future conservation. Apart
from the identification of new species and their distribution, future research on understanding soil chemical and physical
parameters of terrestrial habitats, plant association of terrestrial orchids, phenology patterns and interactions of pollinators,
associations with mycorrhiza, effect of invasive alien species and impact of climate change are highlighted.
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Introduction

The family Orchidaceae is one of the largest flow-
ering plant families in the world, comprising about
25 000-30 000 species, and they account for approxi-
mately 8% of angiosperm species diversity (Chase et
al., 2015). The distribution and abundance of orchids
vary between continents and within regions, follow-
ing hotspot of species richness, except in the Polar
Regions (Myers et al., 2000). However, their distribu-
tion is not uniform, but skewed markedly towards the
tropics (Cribb et al., 2003). The highest epiphytic and
terrestrial species diversity is recorded in the tropical
areas, particularly in rainforests and associated eco-
systems in the Andes of South America, on Madagas-
car, Sumatra and Borneo and in Indo-China.

An enormous literature has emphasised that the
future of orchid population is threatened and many
species will face the extinction from wild habitats due
to anthropogenic activities. Fragmentation of habi-
tats, indiscriminate collection, habitat destruction,
intentional wild fires, pollinator decline will result in
the drastic loss of orchid populations (Fay, 2018). In
Asia, due to a compound pressure on natural resourc-
es and the environment pollution associated with
rapid urbanisation, industrialisation and economic
development, a significant loss will be predicted for
several wild species.

South Asia, including the Indian sub-continent,
is considered as one of the mega biodiversity hotspot
(Myers et al., 2000). These zones consist of tropical,
sub-tropical and temperate climate with lush green
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and divers forest types. The Western Ghats comprises
the major portion of the Western Ghats and Sri Lan-
ka, one of 34 global biodiversity hotspots for conser-
vation and one of the two on the Indian subcontinent
(Gunawardene et al., 2007; Myers et al., 2000).

The aims of the present review are to summarise
the literature on studies of wild orchids including
publication information, location study, distribution
pattern, ecosystem/habitat characteristics, anthropo-
genic effects and identifying the research gaps for
promoting intense studies in future.

Material and Methods

Sri Lanka, with a total land area of 65 610 km?, is
a tropical island situated in the Indian Ocean. Sri Lan-
ka’s rich and unique biodiversity forms the basis for
the country’s natural heritage, and is a core feature of
its cultural heritage and economic advancement. This
high biodiversity seen in Sri Lanka can be attributed
due to a wide variety of climatic, topographic and soil
conditions on the island, resulted in a diverse array of
aquatic and terrestrial habitats. Sri Lanka’s biodiver-
sity is significantly important both on a regional and
global scale as it has the highest species density for
flowering plants, amphibians, reptiles, and mammals
in the Asian region (MOE, 2012). The majority of the
endemic and threatened species are confined to the wet
zone and especially to the montane ecosystem. The
central highland complex of Sri Lanka is situated in
the south central part of the island and is considered as
a super biodiversity hotspot (UNESCO, 2010). More
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than 50% of the endemic vertebrates, 50% of the en-
demic flowering plants and more than 34% of the en-
demic trees, shrubs, and herbs are reported from these
diverse montane rainforests and associated grassland
areas (Gunawardene et al., 2007; MOE, 2012).

A thorough literature survey was conducted to
extract available information regarding distribution,
taxonomic status, threats, conservation and legal pro-
tection of wild orchids in Sri Lanka. The following
information was extracted from available sources,
both printed and digital platforms including printed
books, local and international journal articles, con-
ference proceedings, case studies and reports. The
journals were selected for this review on the basis of
their publications devoted to orchid related research.
Among the selected journals, Lankesteriana is fo-
cusing exclusively on orchid systematics, ecology,
evolution, and physiology. Phytotaxa is a scientific
journal for publication on any aspect of systematic
botany, new species, monographs, floras and revi-
sions. Recently discovered Sri Lankan orchids have
been published in Phytotaxa. Besides, research pa-
pers and reviews published in leading international
journals such as Nature, Botanical Journal of the Lin-
nean Society, Systematics and Biodiversity, Russian
Journal of Ecology were referred to for the global
scenario in orchid conservation. Resently, Khapugin
(2020) used a similar method for a systematic global
literature review on Orchidaceae taxa in Protected
Areas. Further, abstracts and proceedings of local and
international conferenses have been used to include
distribution and conservation data of Sri Lankan or-
chids in this review.

In addition to the personal experience of the sec-
ond author as Customs Officer, government acts were
referred to extract the legal coverage of native spe-
cies. Personal communication with orchid specialists
and data gathered during several field visits to various
part of the country by the authors are also included
in this review to explain distribution patterns and an-
thropogenic effects.

The National Red List 2012 of Sri Lanka was
referred to for emphasising the threatened status of
native species. Recently published local and interna-
tional research articles have been referred to for iden-
tifying reseach gaps and the future direction of orchid
reseach in Sri Lanka.

Results and Discussion
Historical contributions to the Orchidaceae
of Sri Lanka
Several pioneers of relevant works have cited
numerous records from Sri Lanka. Among these
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species, orchids form an interesting group. Fernando
& Ormerod (2008) have reviewed the contributions
to the discoveries of new species in the national or-
chid flora by the past botanists and taxonomists. The
botanist Paul Hermann (1646—-1695) was the first
botanist who made a collection of plants from Sri
Lanka and made an impressive collection of dried
plants and drawings. His collection included two or-
chids, Zeuxine strateumatica (L.) Schltr. and Peri-
stylus cubitalis (L.) Kraenzl., the very first Sri Lank-
an orchids made known to the world (Fernando &
Ormerod, 2008). In addition, Konig (1728-1785)
made collections of Sri Lankan native orchids and
cited several specimens with their local names.

During the English colonial period, botanical
gardens were established in Sri Lanka and a large
number of herbarium collections were made by
various botanists. Alexander Moon, James Macrae,
Colonel Walker and his wife collected many or-
chid specimens from different parts of the country.
The botanist George Gardener (1812—1849) and
the naturalist George H.K. Thwaites (1812—-1882)
contributed to the botanical studies including na-
tive orchids immensely. The Handbook to the Flo-
ra of Ceylon which is recognised as a model for a
tropical flora has been produced by Henry Trimen
(1843—-1896) and the volume containing Orchida-
ceae was completed by Joseph D. Hooker (1817—
1911). A revision of the entire flora was initiated in
1968 and Martin A. Jayaweera (1912—-1982) con-
tributed to the revision of Orchidaceae. Fernando
& Ormerod (2008) published an updated checklist
using recent information of the orchids of Sri Lan-
ka. They attempted to solve some nomenclatural
problems, species ambiguity, recent distribution
records and find out current endemic species. Ari-
yarathne et al. (2017) recorded 78 wild orchids in-
cluding 23 endemic species from 49 genera. They
are dispersed within and outside the conservation
areas including few unexplored/undocumented re-
gions in the country.

Present status of wild orchids

The family Orchidaceae is among the larg-
est flowering plant family in Sri Lanka (Fernan-
do, 2012). According to the Red Data List of Sri
Lanka (MOE, 2012), the wild orchid diversity is
represented by 189 known species, belonging to
78 genera, including 55 endemic species. Further-
more, these numbers are continuously changing,
as a result of taxonomic studies and recent dis-
coveries of new species. Recent information indi-
cates that 194 orchid species have been recorded
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in Sri Lanka till to date, but this number is still
growing due to new findings.

Orchidaceae is currently facing exceptional risks
of extinction, and despite conservation efforts, numer-
ous orchid populations continue to decline (Barman
& Devadas, 2013). More than any other plant family,
Orchidaceae has a high proportion of threatened gen-
era with mostly containing threatened species (Swarts
& Dixon, 2009). Considering the Sri Lankan orchids,
70.6% of the orchid species including 84% of the en-
demics are categorised as threatened, of which 9% of
the species are Critically Endangered (CR), 29% are
Endangered (EN) and 31% of species are Vulnerable
(VU) (Fig. 1). Further, 2% of the species are Criti-
cally Endangered Possibly Extinct (CR(PE)), 12%
are Near Threatened (NT) (MOE, 2012).

Factors determining distribution and abundance

The distribution and abundance of orchid popu-
lations depends on a suite of biological and ecologi-
cal factors, including pollinator specialisation, seed
production and dispersal, limited germination rates,
viability of mycorrhizal fungi (Otero & Flanagan,
2006) and appropriate environmental conditions
(McCormick & Jacquemyn, 2014). The symbiotic
relationship between orchid and mycorrhizal fungi is
considered as one of the vital biotic factor for seed
germination, seedling growth and surviving in the
natural habitats (Rasmussen & Rasmussen, 2009).

The rising of global temperature due to climate
change effect is invariably correlated with the abi-
otic factors which determine the orchid popula-
tions in the tropical region (Barman & Devadas,
2013). Besides, temperature, altitude, and soil pH
are the main factors affecting the distribution and
abundance of terrestrial orchid species in grass-
lands and wetlands (Djordjevi¢ et al., 2016).

10% 2% 99,
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31%
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Fig. 1. Summary of the Red List status of the family
Orchidaceae in Sri Lanka. Designations: CR(PE) — Critically
Endangered (Probably Extinct), CR — Critically Endangered,
EN — Endangered, VU — Vulnerable, NT — Near Threatened,
DD — Data Deficient, LC — Least Concern.

Numerous studies have indicated the importance
of certain vegetation types in determining the
distribution and abundance of orchids (Landi et al.,
2009; Djordjevi¢ et al., 2016; Khapugin et al., 2017).
Grasslands, wet meadows, bogs, marshes and montane
forests represent important ecosystems that host many
orchid species. Furthermore, several studies have
suggested that orchid enrichment is regulated by
habitat size, altitude, climate, population size and sex
structure (Acharya et al., 2011; Valuiskikh & Teteryuk,
2013; Zhang et al., 2015; Khapugin et al., 2016).

The land profile of Sri Lanka varies from coastal
areas through lowland hills to the central montane
region. The distribution of Sri Lanka’s different types
of ecosystems depends largely on the spatial variation
of rainfall and temperature on the island, as well as on
its topographic variation and the spatial distribution
and diversity of soils (MOE, 2010). Climatologically
Sri Lanka is characterised by two seasons as wet
and dry mainly based on the two monsoons. Areas
with transitional weather condition is called the
intermediate zone. The distribution of Orchidaceae is
mostly correlated with the distribution pattern of the
major bioclimatic zones (Table), which is governed by
the amount and intensity of rainfall and altitude.

Arid and Dry zones. Dry mixed evergreen
forest is the main vegetation type of this zone. These
forests have a number of deciduous tree species. The
lowest number of orchid species (about 15 species)
has been recorded in this zone. Vanda tessellata
(Roxb.) Hook. ex G.Don, Vanilla walkeriae Wight,
Cymbidium aloifolium (L.) Sw. and Habenaria
plantaginea Lindl., are the most dominant species.

Intermediate zone, dry grasslands (Patanas).
This zone lies between the dry and wet zones. The
recorded orchid diversity is much higher (about 28
species) than in the dry zone. A significant portion
of this area is occupied by grasslands with sparsely
distributed trees or «Savanna» type vegetation.
Species like Rhynchostylis retusa (L.) Blume (Fig.
2K), Aerides ringens (Lindl.) C.E.C.Fisch. and
Habenaria roxburghii Nicolson have been mainly
recorded in the eastern part of the intermediate
zone in grasslands. Due to a lack of tall trees, more
terrestrial orchid species are found in the region of
the Savana type vegetation. Ritigala, Monaragala,
Kokagala and Doluwakanda are examples of
isolated hills (inselbergs). These relatively small
hills contain a rich variety of orchid diversity, a
combination of dry zone/intermediate zone species
and wet zone species. Several species which are
commonly found in the lower montane zone like
Disperis  neilgherrensis  Wight, Papilionanthe
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subulata (Willd.) Garay (Papilionanthe cylindrica
(Lindl.) Seidenf.) are also recorded on the hilltop
and the upper slopes of these isolated hills.

Lowland wet zone. This zone is dominated by
tropical wet evergreen forests as high as 3545 m at
the canopy level with several dense strata. With the
seasonally wet conditions, there is a rich diversity
(about 80 species) of both epiphytes and ground orchids
found in this zone. The diversity of mycohetrotrophic
orchids is also high in this zone. New species like
Dendrobium taprobanium Priyad., Atthan., Wijew.,
Aberathna, Peabotuwage & Kumar (Priyadarshana et
al., 2020), Pteroceras dalaputtuwa Atthan., Priyad.,
Wijew., Aberathna & Kumar (Priyadarshana et al.,
2019) and Gastrodia gunatillekeorum Bandara,
Priyankara & Kumar (Bandara et al., 2020) have been
discovered in this zone.

Sub-montane zone. This zone represents an
altitudinal belt of 1000-1500 m a.s.l. between
the low wet zone and wet highlands. Tropical
submontane evergreen forest is the most dominant
natural vegetation in this area. This zone contains
the highest orchid diversity (about 110 species)
with numerous endemics in Sri Lanka. The newly
identified Podochilus warnagalensis Wijew., Priyad.,
Arang., Atthan., Samar. & Kumar (Wijewardana et
al., 2016) and Oberonia meegaskumburae Priyad.,
Wijew. & Kumar (Priyadarshana et al., 2017) are
restricted to this zone.

Wet highlands. The area above 1500 m a.s.l. has
been recognised as this zone. Relatively strong winds,
elevated solar radiation and the influence of lower
temperatures (15-16°C) are other factors prevalent
in this zone. Beside highland forests, the highland
marshes are seen in the valleys and lower slopes of
mountains associated with grasslands. In Sri Lanka,
these unique wetland ecosystems are found only at a
higher altitude. In this zone, orchids are very common
(about 55 species) but have a lower diversity than in
the lower montane zone (Fernando, 2012).

Table. Key bioclimatic zones of Sri Lanka

The distribution and abundance of terrestrial
species depend on their habitat characteristics such as
soil physical and chemical parameters, and associated
plant species (Bowles et al., 2005; Tsiftsis et al.,
2008; Djordjevi¢ et al., 2016; Kottawa-Arachchi et
al., 2020). The epiphytic orchids have complex and
critical relationships with some other species in their
habitat, such as host plants, mycorrhizal association
and flower adaptations for the attraction of specific
pollinators. Although, Sri Lankan orchids show a
vast diversity in distribution and dispersing in all the
possible habitats, the majority of the threatened and
endemic species are confined to the sub-montane
zone with a limited distribution. The possible reasons
for the high orchid diversity in the lower montane
zone are the frequent mist, no dry period and cooler
conditions in the forest (Ashton, 2003).

Frequently cloudy and misty conditions with
reduced light in the montane zone is required for the
growing of shade loving species such as Gastrodia
zeylanica Schltr. and Bulbophyllum petiolare Thwaites
(Fernando etal.,2003). Some terrestrial species, such as
Ipsea speciosa Lindl. (Fig. 2B) and Satyrium nepalense
D.Don, are recorded in wet grasslands in the central
highland (Kottawa-Arachchi et al., 2020) whereas
Rhynchostylis retusa and Habenaria roxburghii are
restricted to savannah type dry grasslands in the Eastern
Intermediate zone (Fernando, 2013). Several Sri
Lankan orchid species have an unusually fragmented
distribution pattern restricted to a few isolated hill
tops.  Thrixspermum  pugionifolium  (Hook.f.)
Schltr., Taprobanea spathulata (L.) Christenson
and Phalaenopsis mysorensis C.J.Saldanha are
examples of species usually found on isolated
hills in dry and two intermediate zones (Fernando
et al., 2008; Fernando, 2013). Vanda tessellata, an
epiphytic species, has a very interesting feature
in a wide range of floral variations (Fig. 2A, Fig.
2J), which is distributed through the dry zone and
intermediate zone margins (Gunasekara, 2016).

Bioclimatic zone

Key climatic and biological features

Arid zone

Tropical thorn scrub with isolated trees. Altitude 0—100 m a.s.l. Annual rainfall less than 1250 mm
(mainly from October — January). More than five dry months.

Dry zone January), 4-5 dry months.

Dry mixed evergreen forest. Altitude 0-500 m a.s.l. Annual rainfall 1250-1900 mm (mainly October —

Intermediate zone

Moist evergreen forest. Altitude 500-1000 m a.s.l. Annual rainfall 1900-2500 mm. Less than three dry months.

Lowland wet zone No dry months.

Tropical (lowland) wet evergreen forest. Altitude 0-1000 m a.s.l. Annual rainfall 2500-5000 mm.

Sub-montane zone

Sub-montane evergreen forest. Altitude 1000—-1500 m a.s.l. Annual rainfall 2500-5000 mm. No dry months.

Wet highlands

Montane evergreen forest. Altitude 1500-2500 m a.s.l. Annual rainfall 2500-5000 mm. No dry months.

Note: a.s.l. — above sea level; source: MOFE (1999).
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Fig. 2. A — Vanda tessellata, a rare white colour variant found in intermediate to dry zone; B — Ipsea speciosa found
in wet grasslands, central highlands; C — Dendrobium taprobanium found in lowland-wet zone; D — Dendrobium
maccarthiae found in lowland wet zone; E — Cleisostoma tenuifolium found in lowland wet zone; F — Cottonia
peduncularis found in lowland wet to intermediate zone; G — Corymborkis veratrifolia found in lowland wet to
submontane zone; H — Zeuxine reginasilvae found in lowland wet zone; I — Zeuxine regia found in submontane zone;
J — Vanda tessellata, a rare reddish-brown colour variant with pink labellum found in intermediate to dry zone; K —
Rhynchostylis retusa, a rare reddish purple colour variant found in intermediate zone; L — Anoectochilus regalis found

in lowland wet to submontane zone.
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Threats and conservation

Habitat deterioration and degradation, clearing
of vegetation, intentional forest fires and the spread
of invasive alien species are significant threats to
highland grasslands and wetlands in Sri Lanka (Ko-
tagama & Bambaradeniya, 2006; MOE, 2010). In the
montane and sub-montane areas, forests and grass-
lands are cleared for vegetable cultivation, this being
the main agriculture-based threat. The excessive use
of agro chemicals is believed to have a considerable
impact on the survival of the orchid species. Besides,
forest felling for firewood, encroachments and illegal
settlements, intentional forest fire and garbage dump-
ing are the main habitat related threats to native or-
chid survival (Fernando, 2012).

Habitat deterioration

Orchids are susceptible to habitat fragmentation
due to their unique reproductive strategies, specific
interactions with symbionts, host plant specificity
and often specific habitat requirements (Kolanows-
ka et al., 2017). With the increasing demand for
agricultural products, abandoned lands, especially
grasslands, are vulnerable to encroachment. Unfor-
tunately, these encroachments are established per-
manently, leading to a significant loss of the natural
vegetation (Wijesundara, 2012; Kottawa-Arachchi,
2017). Furthermore, fragmentation of habitats also
has a detrimental effect on small populations, espe-
cially of rare and threatened species.

Fire disturbance is serious when soil is overheated
and most of the grasslands on the Western and Eastern
slopes of the Central Highland set fire, during the dry
periods, especially January — April and July — August,
respectively. Repeated incidents of intentional fires
might be deleterious and could also negatively impact
existing protocorms, seedlings, and non-flowering
mature plants, reproductive parts including flowers,
capsules, seeds and possibly even alter the mycorrhi-
zal community, hence lead to the loss of terrestrial or-
chids such as Arundina graminifolia (D.Don) Hochr.,
Ipsea speciosa and Satyrium nepalense (Fernando,
2012; Kottawa-Arachchi et al., 2020).

Pollution

Environmental pollution including air, water and
soil has a detrimental effect on the species (MOE,
2012; Mohotti & Amarasena, 2013). There are many
publications on excessive use and the human, envi-
ronmental effect of agrochemicals in Sri Lanka (Peth-
iyagoda, 1994; Jayasumana et al., 2014). Several ter-
restrial species, such as Arundina graminifolia, Ipsea
speciosa and Satyrium nepalense, have been record-
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ed in highland grasslands adjacent to tea plantations
and agricultural fields (Teoh, 2005, 2016; Kottawa-
Arachchi et al., 2020). Therefore, the agro-chemicals
and other pollutants will be a potential threat for the
survival of terrestrial orchids in the central highlands
of Sri Lanka (Fernando et al., 2003).

Bio-indicators can include natural biological
processes, animals, plants, or communities of or-
ganisms that can be used to determine the quality
of the environment and how it changes over time.
Orchid species are usually considered as a bio indi-
cator of health and biodiversity of the natural for-
est due to their high sensitivity to shifts of the mi-
croclimate (Shashidhar & Kumar, 2009; Youssef
et al., 2019). Orchids depend on specific fungi for
nourishment during seed germination, and it is vi-
tal that those fungi are not destroyed by fungicides
and other biocides polluting the environment. An-
other important factor controlling orchid popula-
tions is the availability of pollinators. Akhalkatsi et
al. (2014) have reported that anthropogenic activi-
ties displayed negative impacts on both the diver-
sity of orchid species and their pollinator bees.

Spreading of invasive alien species

Invasive alien plants have been widely recog-
nised to exert a significant negative impact including
superior competitors for limited resources in compar-
ison with their native counterparts, novel chemical
compounds, novel biotic interactions on native spe-
cies, communities and ecosystems (Vila et al., 2011).
Numerous studies have shown that invasive plant
species impose greater effects than dominant native
species on the growth and reproduction of native resi-
dents (Vila et al., 2011; Kuebbing & Nunez, 2016).

The spread of invasive species has created a con-
siderable impact for many orchid-rich habitats in Sri
Lanka. The invasive evergreen tree species Clusia
rosea Jacq. has been proven to be a highly effective
invader, threatening the lower montane ecosystem
(Fernando, 2012). This species is rapidly spreading
in wet grasslands and natural forests in Kandy and
Nuwara Eliya districts. Among invasive species,
the Neotropical shrub Austroeupatorium inulifolium
(Kunth) R.M.King & H.Rob. and Megathyrsus maxi-
mus (Jacq.) B.K.Simon & S.W.L.Jacobs have been
recorded in both wet and dry grasslands on the West-
ern and Eastern slope of the central highland. Besides,
populations of the rapidly growing invasive species
Ageratina riparia (Regel) RM.King & H.Rob. and
Mimosa invisa Mart. ex Colla have been recorded
from several sub-montane grasslands as accompa-
nying flora (Kottawa-Arachchi, 2017). The presence
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of invasive species has a negative effect on native
plants, indicating that invasive species may displace
native species like the terrestrial orchids Ipsea specio-
sa and Satyrium nepalense. The present growth of the
above mentioned invasive species has indicated the
future shrinkage of populations of terrestrial orchids
(Kottawa-Arachchi et al., 2020).

Direct exploitation / illegal collection

Indigenous orchid species are subjected to local
and international trade (Gunasekara & Wijesundara,
2008; Gunasekara et al., 2019a). Illegal exporting
of indigenous species, such as Acampe praemorsa
(Roxb.) Blatt. & McCann, Bulbophyllum elegans
Gardner ex Thwaites, Cymbidium aloifolium, Den-
drobium spp., Eria spp., Malaxis spp., Polystachya
concreta (Jacq.) Garay & H.R.Sweet, Sirhookera
spp., Taprobanea spathulata, Thrixspermum pulchel-
lum (Thwaites) Schltr., Vanda tessellata, and V. tes-
tacea (Lindl.) Rchb.f., have been detected in the past
two decades (Gunasekara & Wijesundara, 2008; Gu-
nasekara et al., 2019a,b). There were detections when
attempts to smuggle out specimens of native spe-
cies like Acampe praemorsa var. longepedunculata
(Trimen) Govaerts (Acampe rigida (Buch.-Ham. ex
Sm.) P.F.Hunt), Adrorhizon purpurascens (Thwaites)
Hook.f., Angraecum zeylanicum Lindl., Aeran-
gis hologlottis (Schltr.) Schitr., Bulbophyllum el-
liae Rchb.f., B. thwaitesii Rchb.f., B. wightii Rchb.f.,
Cleisostoma tenuifolium (L.) Garay (Fig. 2E), Coelo-
gyne odoratissima Lindl., C. zeylanica (Hook.f.)
Aver., Cymbidium bicolor Lindl., Diploprora cham-
pionii (Lindl.) Hook.f., Eria bicolor (Lindl.) Kuntze,
E. lindleyi Thwaites, E. tricolor (Thwaites) Kuntze,
Luisia tenuifolia Blume, Oberonia wightiana Lindl.,
Papilionanthe subulata (Willd.) Garay, Pholidota
imbricata Hook., Podochilus saxatilis Lindl., Polys-
tachya concreta (Jacq.) Garay & H.R.Sweet, Ro-
biquetia brevifolia (Lindl.) Garay, R. rosea (Lindl.)
Garay, Seidenfadeniella filiformis (Rchb.f.) Christen-
son & Ormerod, Thrixspermum walkeri Seidenf. &
Ormerod, and Vanda tessellata, which had been col-
lected from wild habitats (Gunasekara et al., 2019a).

The taxa of Anoectochilus regalis Blume, Acampe
praemorsa, A. praemorsa var. longepedunculata, Cym-
bidium aloifolium, Eulophia epidendraea (J. Koenig ex
Retz.) C.E.C.Fisch., Eulophia graminea Lindl., Phai-
us wallichii Lindl., Rhynchostylis retusa, Taprobanea
spathulata, and Vanda tessellata are in the illegal lo-
cal trade. It has been observed that Acampe praemorsa
(incl. A. praemorsa var. longepedunculata) were used
to sell to the common public under the guise of Vanda
tessellata (Gunasekara et al., 2019b). Vanda tessellata
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1s the most heavily traded indigenous orchid species
within and from Sri Lanka (Gunasekara et al., 2019a).

According to the available literature, certain rare
colour forms, such as white Dendrobium maccar-
thiae Thwaites, white Ipsea speciosa, white Rhyn-
chostylis retusa, Vanda tessellata with white tepals
and labellum, V. tessellata with canary yellow tepals
with canary yellow labellum, have been extinct from
Sri Lanka as a result of local and international trade
(Gunasekara, 2016; Gunasekara et al., 2019a).

Besides, nature-based tourism is a popular form
of tourism and is one of the few human activities per-
mitted in many Protected Areas. For an important and
charismatic group of plants such as orchids, nature-
based tourism could contribute to species loss. Direct
threats from tourism include collecting plants from
the wild by tourists and by those providing tourism
attractions, habitat clearance for tourism facilities and
making foot paths (Cribb et al., 2003; Kelly et al.,
2003). Furthermore, eco-tourism contributes to the
spread of weeds and invasive species.

Research gaps and research needs
Taxonomic contra-version and new species
Sri Lanka is considered as a biodiversity hotspot,
harbouring a high number of endemic plant species,
and new species are being added continuously. The
taxonomic identification of Sri Lankan orchids is
mostly conducted by the researchers with the help of
drawings and the specimen deposited in the Royal Bo-
tanic Garden, Peradeniya, Sri Lanka. The most recent
systematic treatment of Sri Lankan Orchids was con-
ducted by Arthur Jayaweera, who published a book
with taxonomic details of all Sri Lankan orchids (Jay-
aweera, 1981). According to Fernando & Ormerod
(2008) some deviations from Jayaweera’s treatment
were identified. They pointed out such deviation as
1) many name changes with reference to some global
and regional generic treatments, ii) marked reduction
of a number of Sri Lankan endemic species due to
many regional findings and iii) increased number of
total species by addition to many new species.
Descriptions of new orchid taxa should prefer-
ably include genetic as well as morphological studies.
Many descriptions of new species now include mo-
lecular (DNA) analyses to demonstrate their necessity
is an accepted basis for the description of new taxa
(Chase et al., 2015). Recently described orchid spe-
cies are also being published in studies in which DNA
evidence for their distinctiveness is included (Su et al.,
2014; Xu et al., 2014). Molecular taxonomy has gen-
erated more information, leading to dramatic changes
in orchid taxonomy and classification. Some of the Sri
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Lankan taxa have been recently revised based on the
specimens deposited in herbaria but molecular taxo-
nomic studies are vital to discriminate new species
and confirmation of possibly extinct species. Recent-
ly, several new species such as Podochilus warnaga-
lensis, Oberonia meegaskumburae, Pteroceras dala-
puttuwa, Dendrobium taprobanium, and Gastrodia
gunatillekeorum have been identified based on mor-
phological descriptions. Furthermore, molecular taxo-
nomic and phylogenetic studies would be much help-
ful to resolve current taxonomic discrepancies.

Habitat and ecological studies

Most of the endangered orchid species show a
limited distribution and some of them have not been
recorded from the type localities recently. According to
the Red Data List, published in 2012, four species have
not been recorded for a considerable time from their
possible habitat and categorised as possible extinct
species. However, Pteroceras viridiflorum (Thwaites)
Holttum, considered a «Critically Endangered Possi-
bly Extinct» (CR(PE)) orchid, was also re-collected by
Priyadarshana et al. (2019) after a gap of nearly 150
years, and with a record of a new colour form.

Besides, recently discovered new species are
very much restricted to their type localities in a few
square kilometres. Especially, the newly discovered
Dendrobium taprobanium is only known from a single
location whereas Pteroceras dalaputtuwa has been re-
corded in a small population comprising only 20 plants
with an area occupancy of 2 % 2 km (Priyadarshana et
al., 2019). These species grow as an epiphyte or litho-
phyte on lichen- and moss-covered tree trunks or wet
rocks and boulders, under 80-90% shade. Mostly, host
trees belong to the family Dipterocarpaceae and Dille-
niaceae. On the other hand, Podochilus warnagalensis
grows on lichen and moss covered granite rocks and
boulders in streams. The plants, loosely attached to the
substrate, are exposed to almost 100% sunlight (Wi-
jewardana et al., 2016). These findings are highlighted
to conduct proper ecological studies to find out the fac-
tors effecting the restricted distribution of threatened
species. Furthermore, research on understanding soil
chemical and physical parameters of terrestrial habi-
tats, plant association of terrestrial orchids, phenology
patterns and interactions of pollinators and associa-
tions with mycorrhizal species are needed.

Effect of climate change

The current and expected changes in the global
climate are the major threat for biological diversity
(Walther et al., 2002). Climate change impacts on en-
vironment lead to a reduction in the distribution and
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abundance of species, especially endemics, which may
even result in their global extinction (Kottawa-Arach-
chi & Wijeratne, 2017). Orchids are well adapted to
their epiphytic habitats and share light, temperature,
air, moisture and nutrients with other epiphytes in the
forest canopy. The recent studies have confirmed that
Orchidaceae is among the largest flowering plant fam-
ily which is currently facing exceptional risks of ex-
tinction and numerous populations continue to decline.
Because of the dependence on their host for C-supply,
orchid mycorrhiza and all heterotrophic mycorrhizal
groups will be immediately impacted through a loss
of habitat and plant-hosts (Kolanowska et al., 2017).
Although grasslands are considered as vulnerable to
the climate change, the long term monitoring of adapt-
ability of plant communities and reproductive biology
which respond to extreme weather events is essential
for understanding the future impact of climate change
(Kottawa-Arachchi & Wijeratne, 2017).

Legal protection for native orchids

Only six species of orchids were protected un-
der the Fauna & Flora Protection Ordinance (FFPO)
(Anonymous, 1937), when an Amended Act ex-
panded the protection for 39 species included in the
schedule V (Anonymous, 1993) and the entire family
Orchidaceae is protected under schedule VIII of the
existing law (Anonymous, 2009). The FFPO pro-
vide further protection of orchids by protecting the
host trees which bear orchid plants. As per the pro-
visions of section 42 of the principal enactment no
person can remove, uproot or destroy, or cause any
damage or injury to any tree which bears epiphytic
orchids. Section 45 of FFPO states the punishments
for the violations as a fine not less than ten thousand
rupees and not more than twenty thousand rupees or
to imprisonment of either description for a term not
less than two years and not exceeding five years or
to both such a fine and imprisonment (Anonymous,
1937, 1993, 2009). The Convention on International
Trade in Endangered Species of Wild Fauna and Flo-
ra (CITES) permit is required to import/export those
listed species (Hinsley et al., 2018). According to the
National Red Data Book (MOE, 2012) for threatened
species, 160 of those species are threatened.

Furthermore, GIS mapping has high potential to
categorise the grasslands especially away from the
Protected Area with their present status. It also helps
to take administrative decisions for future protection
(Kottawa-Arachchi, 2017). Main institutes such as
the Ministry of Environment (MOE), Department of
Wildlife Conservation (DWLC), Forest Conservation
Department (FCD), and Central Environmental Au-
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thority (CEA) should examine government policies,
identify gaps, strengthen existing laws, and review
the legal framework relating to the conservation of
habitats and threatened species.

Awareness

At present, public awareness on wild orchids is
not much adequate. Although legislative measures
play an important role the most effective measure to
conserve orchids, public awareness on native orchids
would be much important for future conservation.
Species with showy flowers and medicinal proper-
ties have been vulnerable to over-collection from
the wild. Among them, Dendrobium maccarthiae,
Phaius wallichii, Rhynchostylis retusa, and Vanda
tessellata are threatened by plant breeders and flower
enthusiasts. Flowers of certain species, such as Den-
drobium maccarthiae (Fig. 2D), are used as special
temple offerings in Sri Lanka (Hinsley et al., 2018).

Besides, certain species, such as Ipsea speciosa,
Anoectochilus regalis (Fig. 2L), Cymbidium aloi-
folium, Eulophia epidendraea, E. graminea, Luisia
tenuifolia, L. zeylanica Lindl., Podochilus saxatilis, P
malabaricus Wight, Rhynchostylis retusa, Habenaria
crinifera Lindl., Vanda tessellata, Vanilla walkeriae,
Zeuxine regia (Lindl.) Trimen (Fig. 2I), and Z. regi-
nasilvae Ormerod (Fig. 2H) are used in indigenous
medicine. Taxa, including Anoectochilus regalis,
Acampe praemorsa, A. praemorsa var. longepedun-
culata, Cymbidium aloifolium, Eulophia epidendraea,
E. graminea, Phaius wallichii, Rhynchostylis retusa,
Taprobanea spathulata, and Vanda tessellata, are in
the illegal local trade. Acampe praemorsa (incl. A.
praemorsa var. longepedunculata) is being sold to the
common public under the guise of Vanda tessellata.

Very little has been published on the biology/
life cycle and artificial propagation of native species.
Kumari et al. (2006) reported the successful artificial
propagation of Ipsea speciosa seeds under in vitro
conditions suggesting that the seeds were germinable.
Studies on mass propagation of medicinally valuable
species would be an added advantage to reduce the
illegal collection of native species from wild habitats.

Conclusions

Although Sri Lanka is rich in orchid diversity,
the survival of native species is becoming alarmingly
threatened, due to various anthropogenic activities.
These activities are habitat deterioration and degra-
dation, clearing of vegetation, intentional forest fires
and illegal collection from the wild habitats. Studies
on ecology and habitat complexity, phenology pat-
terns, interactions of pollinators and effects of cli-
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mate change are the suggested future research areas.
Conduct awareness programs, enforce existing laws
that relates to the native orchid flora could be vital for
future conservation. Furthermore, the national and
international collaboration and co-operation between
scientific researchers is important for future research.
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MNPUOPUTETHI UCCIAEJOBAHUM U IEPCOEKTUBBI COXPAHEHUSI
JIUKOPACTYIIMUX OPXUJEN B IIPU-JIAHKE: OB30P
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Bwmecrte ¢ 3amagasivu [atamu lllpu-Jlanka sBhseTcs «ropsyel ToOUkod OmMopaszHOOOpasms» cpenu 35
pErnoHOB, U3BECTHBIX BO BceM Mupe. [IpunnmMas Bo BHuManue opxuaeu lpu-Jlanku, 70.6% Bugos op-
xuneH, Brurodas 84% SHIEMUKOB, KJIACCH(PUIMPYIOTCS KaK yrpoxaemble. PacrpocTpaHeHue mpencra-
Butenel cemeiictBa Orchidaceae, B OCHOBHOM, KOPpEIHPYET C XapaKTEpOM pacIpe/ieseHns O0CHOBHBIX
OMOKJIIMMAaTHYECKUX 30H, KOTOPBIH OMpeneNnsieTcss KOMNIECTBOM U HHTCHCUBHOCTBIO OCAJKOB M BBICOTOM
HaJl ypOBHEM MOps. YXYALICHUE U IeTPaJalns Cpeabl OOUTAHNUS, YHHUTOKEHNE PACTUTEIBHOTO TIOKPOBA,
IIpeIHAMEPEHHBIE JIECHBIE TOXKaphl M PaCIPOCTPAHEHNE HHBA3WOHHBIX TYXXE3EMHBIX BHUIOB MPE/ICTABIISA-
10T c000H cephe3HyI0 yrpo3y st a0OpUreHHBIX BHIOB. He3akoHHBIN cOOp M 3KCHOPT MECTHBIX BHJIOB
— eIlle OlHa TPEBOXKHAsS MpobieMa mocneHux aAecatuiaeTnii. Oxpana aOOpUTCHHBIX BHJIOB, TIOBBIIICHHE
OCBEJIOMJICHHOCTH MECTHOTO HACEJICHHS, COOIIOIEHNE 3aKOHOIaTeIbCTBA M BHEIPEHNE HOBBIX METO/IOB
Pa3MHOXKEHHMsI, HECOMHEHHO, OKaXXyT OJaroTBopHoe BIUsHHE Ha (iaopy abopureHHbIx opxuzaeil. [Ipose-
JeHue WHGOPMAIIMOHHO-IIPOCBETUTEIBCKUX MTPOTPaMM, YKPEIJICHUE CYIIECTBYIONUX 3aKOHOB M aHATHU3
MIPaBOBBIX PaMOK, KAacaloMMXCsl MECTHOH (DIopbI OpXHel, MOKET UMETh JKH3HEHHO Ba)KHOE 3HAUCHHE
JUTSL UX coXpaHeHUs B OynymeM. [IoMnMo BBISIBICHUS HOBBIX BHJIOB M UX PACTIPOCTPAHEHUS, TOAUYEPKH-
BaeTCs 3HAUMMOCTh JaIbHEHININX HCCIEOBAaHII XUMUYIECKUX U (PU3NUECKUX MapaMeTpOB MTOYB B MecTax
oOWTaHMs, U3yUEHNS acCOMAINi pACTEeHNH HAa3eMHBIX OpXuJeH, (EHOIOTHUECKUX 0COOEHHOCTEH U B3a-
UMOJICHCTBUN ONBUIUTEINEH, accoMaluil ¢ MUKOPU30M, BO3JEHCTBUSI MHBA3UOHHBIX UY>KE€3€MHBIX BUJOB
1 BO3JICHCTBHS M3MEHEHHUS KIMMaTa.

KuarodeBble cjioBa: U3MEHEHHE KJIMMaTa, MCUE3alOIINe BH/IbI, HE3AaKOHHAS DKCILTyaTalus, 0CBEIOMIICH-
HOCTB, COXpaHEHHE OMOpa3HO0Opa3us
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