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Abstract
Humans have benefited from alien plant species since moving from a hunter-gatherer
lifestyle to one based on farming and agricultural production. Most, if not all, staple food crops
have been moved, bartered and traded around the globe. This trade and transport of plant material
has increased the risk that potential invasive alien plant species could be imported for a variety of
uses (food, fodder, ornamentals, landscaping, energy, timber and soil conservation) or be
accidentally introduced with less invasive crops.
Biological invasions are a serious threat globally, but particularly to developing countries.
The rapid growth of horticulture and livestock industries in developing countries coupled with
insufficient or non-existent management of plant introductions are among the major contributing
factors to biological invasions in these countries.
Bhutan is unique among South Asian countries. It has a low biological invasion research
quantum, but is a part of the Eastern Himalayan biological hot-spot and is highly vulnerable to
invasive alien species. Bhutan is a strong advocate of biological conservation, giving individual
citizens the ‘sacred’ responsibility of protecting the environment and conserving native
biodiversity (Article 5 of The Constitution of the Kingdom of Bhutan). However, there is a
mismatch between government policy on environmental conservation (i.e. strong emphasis on
native biodiversity protection) and implementation (e.g. overlooking potential threats from
deliberate introductions of alien plant species for agriculture, pasture and horticulture). There is
no concise, comprehensive or current list of alien plant species introduced into Bhutan. The initial
component of this research was to create the first comprehensive inventory of alien plant species
across all sectors in Bhutan and to identify the major introduction pathways.
This baseline inventory was created using diverse sources including publications, reports,
global online resources, and personal contact and/or correspondences with international/national
experts and individuals associated with or who worked on alien plants in Bhutan. Much of the
data were held in private, personal archives as there is no central repository for this information
in Bhutan and as such much of this information eventually is lost. Importantly, the baseline
inventory provides the date of introduction or the first reported date of the alien plant species in
Bhutan and their presence or absence in 20 districts of the country, which is now available for
future research studies to build on.
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The amount of alien flora in Bhutan is under reported. Prior to this research it was believed
that only 6% (n = 336 species) of the total flora (N = 5600) were introduced. A total of 964 alien
plant species however were identified here in the baseline survey as having been introduced into
Bhutan since rice, Oryza sativa, the first alien plant species, was recorded in 747 AD. Prior to
1960, Bhutan was a closed country and isolated from the rest of the world. From 1961 onwards,
the borders were opened and Bhutan embarked on a period of economic development. Only 94
species of alien plants were identified as being introduced before 1961.
Field survey was undertaken across Bhutan to test the representativeness of the inventory
and to validate the baseline. The field survey was conducted using the convenience sampling
method and revealed an additional 159 alien plant species for which there were no records of
them being introduced into Bhutan; given a revised total of 1123 alien plant species that have
been introduced into Bhutan.
This research was able to identify the introduction pathway for more than 99.7% (n =
1120) of alien plants in Bhutan. Among these deliberate introduction pathways, ornamental (50%,
n = 501) and pasture (20%, n = 228) species were the dominant alien plants introduced, followed
by forestry species (2.8%, n = 32). The agricultural sector was responsible for the least alien plant
introductions (2%, n = 18).
Horticulture was identified as one of the pillars of economic development in the 1999
‘Vision 2020’ document of Bhutan. This led to the growth of the ornamental industry from one
single nursery in 1990 to 79 registered private nurseries and many unregistered, family run
nurseries today. Since 1999, more than 375 alien ornamental species have been introduced by this
sector.
The livestock sector introduced over 96% of the total pasture species recorded in Bhutan
(n = 228) in three decades from 1970 to 2000. These were dominated by species in the Fabaceae
(n = 144) and Poaceace (n = 69); families that dominate the weedy flora of the world. Similar to
global trends, fodder species selection in Bhutan were based on biomass and production under
minimal external inputs and marginal management practices (i.e. mostly weedy characteristics).
This means there is a high potential for those species to become invasive.
Given the majority of alien plant species in Bhutan were deliberately introduced and
traditional pre-border screening is problematic in a land-locked country like Bhutan, I developed
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a decision tree framework that incorporates a hybrid pre-border screening and post-border weed
risk management approach to help manage the problem. This approach can minimise the risks
posed by the introduction and establishment of alien plant species in countries with open and
porous borders. The first component of this hybrid model (pre-border) is based on the premise
that even limited pre-emptive pre-border screening can reduce the potential of introducing high
risk alien plants. The outcome of ‘off-the-shelf’ models, like the Australian Weed Risk
Assessment (AWRA) system screens alien plant species proposed for introduction pre-border
and/or those new alien species intercepted at the border, for regulatory action, i.e., to accept or
deny entry of that species. Thereby this weed screening process can be used to create new lists of
permitted/prohibited plant imports for the country; albeit such lists can be produced through other
processes. The creation and the use of such lists forms the basis of the first (pre-border)
component of the decision tree.
The second (post-border) component of the hybrid model applies management action for
alien plants already in the country or those introduced or dispersed accidentally (e.g. by vehicles,
contaminants, animals, birds, water and wind). My research found that many existing alien plant
species that were not previously recorded in the country could be readily detected post-border
through a rapid survey or early detection method at or near the borders and through targeting
sectors identified as the main importation pathways. The status (accept or evaluate further or
reject) of the alien plant species detected post-border could then be retrospectively assessed and
outcome updated on the permitted/prohibited lists and/or plant regulatory action imposed.
Concurrently, the permitted/prohibited list from the pre-border screening process could be used
post-border to regulate internal movement of invasive plants from one district to another, or for
use in early detection or incursion management processes. Management of invasive alien plant
species detected post-border is dependent on capability. This decision tree framework, using the
hybrid system, may be the first of its kind, incorporating both the principles of proactive
(preventive) and reactive (early incursions) management of invasive alien plant species under one
approach, which has significant benefits for countries constrained by resources or with open and
porous borders.
There are some arguments that an ‘off-the-shelf’ model designed by a developed country
is not suitable for developing countries and, additionally, that pre-border screening of potential
alien plants cannot be effective for countries that are open and porous. To test these assumptions,
I used the AWRA system that has been tested predominantly in developed countries. I also created
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a new model appropriate for Bhutan in which I modified the AWRA to meet the local conditions
and constraints of Bhutan (Bhutan WRA). I used AWRA results of the Tasmanian Government,
Australia, as a training dataset (n = 499 species) to compare the applicability of the AWRA to
Bhutan (n = 400 species) following similar global testing procedures. I used the risk rating from
the ‘Global Compendium of Weeds’ as a proxy for a Bhutan experts’ rating or a-priori lists, to
compare and validate the Bhutan weed risk assessment outcomes (Bhutan WRA). The results
from the Bhutan WRA were comparable to those obtained from using the training dataset where
all high-risk alien plants were rejected.
I used the full AWRA model as the training dataset to test two simplified models. The
first model used the full 49 AWRA questions divided into four group variables (independent
variables). These were biogeography (BG), biology and ecology (BE), dispersal mechanisms
(DM) and undesirable traits (UT). The model based on these four group variables did not
converge in SPSS multinomial logistic regression analysis due to quasi-complete separation. The
two suggested solutions were to obtain more data or to simplify the model. I opted for the second
solution by using the combination of three group variables that yielded the best result in the
training dataset and Bhutan WRA. Among the different combinations of group variables, the
combination of BG, BE and DM gave the best overall predictive power in both the training dataset
and the Bhutan WRA. Alternatively, the scores from the group variable, with the exception of the
UT group variable, could be used for rapid assessment and decision making based on the
minimum (accept) and maximum (reject) scores of the group variable. The individual group
variable with the greatest predictive power was BG, indicating that a plant being weedy elsewhere
is an important parameter to discriminate the status of an alien plant species.
The second model trimmed nine selected questions from the full Bhutan WRA model.
These questions were less able to be answered in developing countries due to lack of information,
or were likely to be scored positively (e.g. herbicide control), despite land managers in developing
countries not being able to afford or obtain the appropriate management tools. Ony 9% (n = 37
species) of the total (n = 400) plant species examined changed their category of which 12 species
(3%) in the ‘evaluate further’ category were accepted. This is not recommended for developing
countries where post-border management is generally poor because of lack or resources.
This research has shown that alien plant species management pre-, at- and post- border is
possible in developing countries like Bhutan. However a thorough baseline inventory is also
needed to underpin such a system, by documenting the current post-border status of alien plants
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for the country. Implementation of a decision tree framework that incorporates a hybrid preborder screening and post-border weed risk management approach allows this, even with the
capacity and resourcing constraints, and open and porous borders that many countries have.
Further, it is applicable to developed countries as, globally, we all seek to manage the impacts of
invasive alien plant species on the environment, primary production and society.
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Chapter 1 - Thesis overview and introduction
1.1 Introduction
Alien plants play an important role in human civilisation. They provide food and
medicines for humans, feed and fodder for animals, and aesthetic and ecological services (e.g.
soil conservation and reclamation). Introduced crops and domesticated animals constitute more
that 99% of global food sources (Pimentel, 2005).
Some introduced plant species have the potential to become invasive in their new
environment and can cause significant economic losses to primary industries, have adverse
impacts on human and animal health, impact on societal and cultural assets, and reduce
environmental processes and biodiversity (Pimentel et al., 2002; MEA, 2005; IUCN, 2009).
For example, yield loss in jowar crop, Sorghum bicolor (L.) Moench from invasive plants such
as parthenium weed, Parthenium hysterophorus L., can be as high as 90% in developing
countries (Boy & Witt, 2013). Invasive species, including alien plants, are considered the
second greatest threat to loss of biodiversity after habitat destruction (Wilson, 1992; Wilcove
et al., 1998; Coutts-Smith & Downey, 2006; Bellard et al., 2016). Invasive plants are a threat
that not only disrupts ecosystem services but also affects the livelihood of over a billion rural
famers in developing countries who depend on native biological resources for employment,
food, fuel, timber, fodder and manure (Billé et al., 2012; Vira & Kontoleon, 2010).
Globalisation has connected all countries and considerably increased trade and travel
between them. This has led to alien plant species being introduced and redistributed around the
globe at an increasing rate (McCullough et al., 2006; Hulme, 2009; Perrings et al., 2010). The
current trend of ‘trade and consumerism’ (Hulme, 2007) has either directly or inadvertently
produced economic gains in many countries from having new (alien) and improved plant species
that are either more productive (e.g. crops (Edgerton (2009); Godfray et al. (2010)) or different
than native species (e.g. ornamentals (Faeth et al., (2011); Kendal et al., (2012)). Unfortunately,
many desirable traits in alien plant species such as good germination, rapid growth, prolific seed
production or rapid regeneration from vegetative parts, and tolerances to a wide range of climates
and soils (Baker, 1965) are the same attributes that make them potentially invasive in new
environments (Raghu et al., 2006; Driscoll et al., 2014). Even though only about 1% (i.e. one in
ten species introduced become naturalised and one in ten of these become invasive) of introduced
plant species become invasive (Williamson & Fitter, 1996), identifying those few potential
1

invasive species requires huge human and financial resources at local, national and regional levels
supporting research on species biology, ecology and distribution. Developing countries,
particularly in Asia and Africa have poorly studied invasive species (Pyšek et al., 2008) as they
lack the infrastructure and resources necessary to undertake extensive surveys and research.
A recent review paper on transboundary landscape research on biodiversity shared by
Bhutan, Nepal and India, indicates that invasive alien plant species have received little research
attention (Kandel et al., 2016). This is despite the region encompassed by these three countries
being identified as highly vulnerable to the threat of terrestrial biological invasions (Early et
al., 2016). Examining these countries individually, Bhutan had the least research on biological
invasion threats with only 3% of total publications against 91%, and 5% for India and Nepal,
respectively (Kandel et al., 2016). Alien plants per se are not necessarily a problem, but they
are a serious concern for Bhutan, since it forms part of a highly vulnerable hotspot for biological
invasions (Early et al., 2016) and shares long porous borders, particularly with the Indian States
of Assam and West Bengal, which are ‘climatically suitable for diverse invasive alien species’
establishment and expansion (Adhikari et al., 2015). Coincidentally, Bhutan’s biological
hotspot that borders India contains the main routes for trade and transport by land. This research
project is focussed on Bhutan, one of the least studied areas in this region, with respect to alien
plant species and their potential threats to livelihood and biodiversity.
In this thesis, I have adopted the definition of an alien plant proposed by Richardson et
al. (2011) as a non-native plant species introduced outside its native range either intentionally
or unintentionally by human actions at any time in the past. The alien plants of concern are
those that are not native to the case study country, Bhutan.
1.2 Literature review
1.2.1 Agriculture and the introduction of invasive alien plants to developing countries
Agriculture is the leading land use pattern in developing countries. It exerts the greatest
influence over the loss of biodiversity and depletion of natural resources via cropland
expansion, crop intensification (e.g. monocultures of improved cultivars) and unsustainable
uses (e.g. over harvesting of non-wood forest products from the wild) (Scherr, 2000). For
agriculture to be resilient, genetic and species biodiversity of both cultivated and wild relatives
are important for both present use and to allow for adaptation to future adverse biophysical
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conditions. Moreover, biodiversity provides genetic resources for breeding new improved crops
for feeding the increasing world population (FAO, 2010a).
Many studies indicate that the productivity of agricultural crops in developing countries
is declining due to a variety of biotic (weeds, insects, pathogens (Pimentel, 2002; Delmer, 2005;
Oliveira et al., 2014)) and abiotic factors (land degradation, soil nutrient depletion, saline soils,
drought, and lack of irrigation and water sources (Funk & Brown, 2009; Lal, 2010; OECD,
2013a). Among these factors, weeds (i.e. a subset of invasive alien plants growing in places
where they are not wanted by humans) cause huge economic losses to agriculture from reduced
yields and increased control measure costs, as well as the loss of native genetic resources
(Pimentel et al., 2001; Mooney et al., 2005; Maynard & Nowell, 2009; Butchart et al., 2010).
Studies have established that invasive alien plant species cause greater impacts on crops
than native weeds (Pimentel, 2009). Unlike in developed countries, developing countries are
impacted more by invasive alien species due to limited capacities to manage these invasions
(Early et al., 2016). Crop yield loss from weeds in the developed world is estimated at 10%
compared with 25% in developing countries (Boy & Witt, 2013). In India, weeds cause up to
65% crop yield reductions (Varshney & Babu, 2008). The loss from alien plant species in India
has been estimated to be over US $37 billion per year (Pimentel et al., 2007). Many of the
agricultural weeds reported in South Asia are known to have been introduced via contamination
in imported cereal seeds (e.g. spiny amanathus, Amaranthus spinosus L., giant ragweed,
Ambrosia trifida L., dune sandbur, Cenchrus tribuloides L., hound’s tongue, Cynoglossum
officinale L., parthenium weed, Parthenium hysterophorus L. and field pansy, Viola arvensis
Murray), in animal feed (e.g. Mexican poppy, Argemone mexicana L.) (Tiwari et al., 2005;
Varshney & Babu, 2008) and in fodder seeds (e.g. Cuscuta spp.) (Gbèhounou, 2013).
Crop losses caused by invasive alien plants are a serious concern for world food
production and security (Nellemann, 2009). Every 1% decrease in crop yield results in an
average 4.5% increase in the price of the crop at the farm gate (Pimentel, 2009). Shortages of
food and sharp increases in food prices make the majority of poor people in developing
countries vulnerable to food insecurity and increase their dependence on natural resources
(Molotoks et al., 2017). This additional harvesting of natural resources can then favour easier
establishment of invasive alien plants in disturbed habitats (Didham et al., 2007); a very
undesirable feedback loop.
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Livestock forms an integral part of mixed small farming systems (i.e. the integration of
crops and livestock) in developing countries. Livestock provides a source of nutrition, manure,
transport and draft power for cultivation (Steinfeld et al., 2006). Inadequate and low-quality
feed and fodder for animal nutrition has been identified as one of the main constraints faced by
poor small farmers to enhance livestock productivity (Roder et al., 2001; Ayantunde et al.,
2005; Ayele et al., 2012). Projects supported by the international donor agencies (e.g.
Consultative Group for International Agricultural Research (CGIAR), Food and Agriculture
Organisation (FAO)) have introduced and trialled many potential non-native grasses, legumes,
forage crops, shrubs and trees in developing countries to address these livestock productivity
issues (Thornton, 2010). Donor agencies and governments in developing countries have been,
in part, responsible for the deliberate introduction of some particularly invasive weeds such as
buffel grass, Cenchrus ciliaris L., para grass, Brachiaria mutica (Forssk.) Stapf and prickly
acacia, Vachellia nilotica (L.) P. J. H. Hurter & Mabb. (Low, 1997; Murphy & Cheesman,
2006).
Planting materials from many potential fodder plant species (grasses and legumes) are
known to introduce mixtures of seeds (contaminants) that cross-pollinate with surrounding
species in natural vegetation or with roadside plant species and escape or grow as volunteer
plants from previous cropping trials (OECD, 2013b). However, current seed and plant
propagation standards and certification schemes do not include risk assessments of the
likelihood of introduced species or contaminants becoming invasive in their new environment,
nor assess the potential for genetic ingress into the new environments.
Unlike crops where yields can be often increased by crop intensification (i.e. an increase
in productivity per unit input), future pasture development gains for livestock often require a
per unit input expansion of area under introduced forage or fodder species (Thornton, 2010).
This is also true for predominantly ruminant livestock grazing in mountain ecosystems like the
Himalayas (Mir et al., 2016). Grasses are widely introduced as one of the most favoured species
for pasture development, despite some of them becoming highly invasive in many new
environments where they have been previously introduced (Visser et al., 2017). While
Driscoll et al. (2014) proposed policy and legislative tools for screening and managing introduced
invasive species in a country to minimise negative impacts to agriculture and the
environment, some of these have not been adopted, or remain impractical for introduction. The
reasons for this include the inherent conflict of interests between beneficial pasture species and
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their escape into the environment, as well as the difficulties in evaluating and applying proposed
economic and environmental tools/policies such as cost: benefit analyses and a 'pollution tax' (see
Johnson, 2012; 2016).
1.2.2 The horticulture industry as the major pathway of alien plant introductions
Horticultural industries have been identified as one of the most promising sectors to
reduce poverty and generate alternative livelihood in developing countries (Weinberger &
Lumpkin, 2007), mainly due to the high returns per unit area yield and export value that can be
expected (Hewett, 2012). Many horticultural industries are suited to small farmers limited by
land and provide opportunities to supplement income through diversification from other crops
whether fruits, vegetables, spices, medicinal, ornamental or landscape plants (Ravichandra,
2014). Globally, horticultural industries largely depend on introduced or imported non-native
(alien) plant species (Heywood & Brunel, 2011; Dixon & Aldous, 2014). However, a reliable
and consistent supply system, required to meet the increasing demand for new and improved
horticultural plants has also helped trigger the establishment of many small and large scale plant
nurseries (Wiggins & Cromwell, 1995; Lillesø et al., 2011). As a result, horticultural industries
have become a significant pathway for the introduction and distribution of invasive alien plant
species around the world (Reichard & White, 2001; Dehnen-Schmutz, 2011; Hulme et al.,
2017).
Since horticultural industries in Bhutan comprise of fruits, vegetables, medicinal,
ornamental and landscape plants, many new plant families and species of unknown invasion
risk can be introduced and can become naturalised or invasive over time (Lockwood et al.,
2009; Pemberton & Liu, 2009). For example, examining the listings of some of the world’s 100
worst invasive plants demonstrates how deliberate introductions of alien species for fruit (e.g.
strawberry guava, Psidium cattleyanum Sabine), medicinal (e.g. quinine tree, Cinchona
pubescens Vahl), and ornamental (e.g. water hyacinth, Eichhornia crassipes (Mart.) Solms)
purposes have resulted in devastation of economic, environmental and societal sectors in many
areas of the developing and developed world (Lowe et al., 2000). Like so many other former
colonial countries, and often via large trading companies such as the British East India
Company, the deliberate introduction of alien plants of economic importance occurred through
the botanic gardens of countries on the Indian sub-continent. The first of these was the Calcutta
Botanic Garden established by Colonel Robert Kyd in 1787 (Roxburgh, 1814; Royle, 1840).
These botanic gardens were also used as nurseries to acclimatise, propagate and distribute plants
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of alien origins, mostly from Europe and tropical America (Axelby, 2008). The most noxious
invasive alien plant species recorded on the Indian sub-continent, such as lantana, Lantana
camara L., Siam weed, Chromolaena odorata (L.) R. King & H. Rob. and bitter vine, Mikania
micrantha Kunth, were part of these introductions for ornamental purposes (Tiwari et al., 2005;
Kannan et al., 2013a).
South Asia, particularly India, has experienced the highest growth in the ornamental
plant sector with over 50,000 plant nurseries engaged in introduction, propagation and
distribution for domestic and international markets (Sindhu et al., 2017). All hilly Indian States
bordering Bhutan (e.g. Assam, Arunachal Pradesh and Sikkim) and Nepal (Uttarakhand and
Sikkim) have identified ornamental plant production as having high potential to accelerate
economic growth and development (De & Singh, 2016). However, inadequate and unorganised
market infrastructure and support (e.g. credit facilities for improving nursery infrastructure,
grading/sorting facilities and marketing outlets), and weak enforcement of plant quarantine
regulations for ornamental plants (e.g. good horticultural practices, quality certification, and
regulated input sources and marketing outlets) (Dasgupta & Dadlani, 2011; Malhotra & Ram,
2017) create a high risk for the introduction and distribution of potential invasive alien plant
species in neighbouring countries. India is the main source of alien plant imports that arrive in
Bhutan. The majority of other imports also transit through India.
1.2.3 Planted forestry and biological conservation conflicts
Natural forests are undeniably recognised as the main repository of floral biodiversity.
However, human action through deforestation, encroachment, unsustainable use and mixing of
floras of one region (native) with another (non-native) have been implicated in the loss of this
biodiversity (Vitousek et al. 1997; CBD, 2014). Empirical studies have shown that biodiversity
loss disrupts ecosystem functions (e.g. photosynthesis and nutrient cycling or decomposition)
and ecosystem services (e.g. the provision of food, wood, fuel and water; the regulation of
climate, pests/diseases and flooding; and cultural wellbeing) (Cardinale et al., 2012). One of
the earliest human interventions to restore, contain and complement or compensate biodiversity
loss was to plant trees that provided similar products (e.g. food, fodder, timber, fuel and
medicines) and services (e.g. soil conservation, landscape beautification and shade) (Evans,
2009).
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Here, I adopt the definition of planted forest to refer to non-native (alien) trees
deliberately established through planting or seeding by humans (FAO, 2006a). While planted
forests are fundamentally focussed on larger-scale commercial wood production (e.g. for timber
and pulp), community forestry forms a subset of planted forests targeted towards poor rural
communities providing multiple uses (e.g. food, timber, fuel, fodder and income) (Evans,
2009). The community forest model is widely promoted in developing countries because of the
increased participatory role of local people in governing and managing forest resources (FAO,
2016a). Though these different types of planted forests have increased the supply of forest
products and improved environmental conditions at local and national levels (Pandit &
Bevilacqua, 2011; Raghavan & Shrimali, 2015), there are concerns about biodiversity loss as a
result of changes to forest cover (Foley et al., 2005; Butchart et al., 2010; Newbold et al., 2015).
Forest cover in the Himalayan region has increased, particularly in India, due to both
afforestation (deliberately planting/seeding in non-forest areas) and reforestation (reestablishing forest in areas previously under forest cover or other wooded land) initiatives of
the government and individual communities (FAO, 2010b; FAO, 2012; Raghavan & Shrimali,
2015). However, some fast-growing genera known to be invasive in globally introduced ranges,
dominate planted forests in the world (e.g. Acacia, Eucalyptus, Populus and Pinus) (Haysom
& Murphy, 2003; Richardson & Rejmanek, 2011).
While planting any tree may be good for the environment, concerns have been raised as
the number of plantings has increased (Paquette & Messier, 2010), particularly as species in the
genera above become invasive in natural and semi-natural ecosystems (Richardson, 1998). For
example, the positive impacts arising from increases in forested area from planted forest (e.g.
Eucalyptus spp. (Raintree, 1996; Lawbuary, 2000; Bernhard-Reversat, 2001)) may, however,
lead to negative ecological impacts should some of the planted species become invasive in the
long term (e.g. invasive Eucalyptus camaldulensis Dehnh. and Eucalyptus grandis W. Hill ex
Maiden in South Africa (Forsyth et al., 2004)). Mesquite, Prosopis juliflora (Sw.) DC,
introduced into India and Pakistan in the late nineteenth century to rehabilitate dry and arid
land, has over run native species (Kaur et al., 2012) as it has in many areas globally (van
Klinken & Campbell, 2001). It is unfortunate that many species are still being trialled and
promoted in the Indian sub-continent as useful, multipurpose trees (e.g. Leucaena leucocephala
(Lam.) de Wit and Robinia pseudoacacia L. are aggressive invaders of native ecosystems in
other regions such as Africa and Europe (Jha et al., 2016; Vijay et al., 2017)).
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Given the past experiences of some deliberately introduced species becoming invasive,
the choice of alien species is questionable, such as species currently recommended for planted
forestry (e.g. Acacia spp., Eucalyptus spp., Pinus radiata D. Don and Robinia pseudoacacia
L.). Many of these choices are value driven in that they are seen to be promoting economic
benefit over negative environmental impacts and are prone to varying interpretations of risk
management strategies resulting in conflict (Dickie et al., 2014; Humair et al., 2014; Vitkova
et al., 2017). Choosing the right species for planted forestry, or any other deliberately
introduced species, entails extensive research of the proposed species, including its distribution,
factors facilitating its spread, the potential for invasiveness and its impacts if it does become
invasive (Ferdinands et al., 2011; Johnson, 2012; 2016).
1.3 Case study: A country profile of Bhutan
Bhutan is a relatively poor land-locked country situated in the foothills of Himalaya in
South Asia. It is located between India and China (Figure 1.1). It has an area of 38,394 km 2 and
a population of approximately 768, 000 (NSB, 2016). Bhutan has the most rugged mountain
terrain in the world with elevations ranging from 150 to 7314 metres above sea level (masl).
Bhutan is administratively divided into 20 districts.

Figure 1.1 Postion of Bhutan relative to its neighbouring countries (Source: Kinley Wangdi).
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The country is broadly classified into three climatic zones: alpine, temperate and
subtropical. It can be further subdivided into six distinct agro-ecological zones corresponding
to altitude and climate. These are: alpine (3600-4600 masl), cool temperate (2600-3600 masl),
warm temperate (1800-2600 masl), dry sub-tropical (1200-1800 masl), humid sub-tropical
(600-1200 masl) and wet sub-tropical (150-600 masl) (Figure 1.2). The rugged mountain
ecosystems are separated by an extensive network of river systems that support rich biodiversity
and livelihoods, and provide a range of ecosystem services (NBC, 2009).

Figure 1.2 Map of Bhutan showing the six-agroclimatic zones (Source: ISNAR, 1992).
Bhutan still maintains over 70% of its total area under forest cover, supporting a rich
diversity of native flora and fauna. Conversely, only 2.93% of the area is cultivated (NSSC,
2010). Bhutan has a unique integrated agricultural system with the vast majority of cultivated
lands situated along the valleys and hilltops interspersed with natural forest.
1.3.1 Alien plant introductions in Bhutan
Agriculture is the main source of livelihood in Bhutan. It employs about 58% of the
total population and forms an integral part of food production for rural households (NSB, 2016).
Agriculture is of a subsistence nature comprised of an integrated farming system of crops, fruits,
livestock and trees (Samdup et al., 2013). Bhutan is only 60% self-sufficient for food
requirements with the balance being met through imports (GNHC, 2013). The expansion of
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agricultural land is limited by rugged terrain so increases in demand for food and other products
has relied on introduced crops and plants (Young, 1991; Pradhan, 1996; Roder et al., 2001).
Bhutan remained effectively isolated from the rest of the world until the early 1960s
(Galay, 2004). It was only after Bhutan first launched the first five-year plan cycle in 1961 that
it started officially introducing non-native varieties and plants to boost agricultural production
(ISNAR, 1992). During the initial phase of agricultural development, new crops were
introduced by the government through a system of demonstrations and seed multiplication
farms. The focus on agricultural research and development activities for the formal testing and
release of new introduced crops, vegetables and fruit plants started from the early 1980s
(Tobgay, 2005). By 2010, research centres in Bhutan had released improved rice (24 varieties),
soybean (6 varieties), mustard (4 varieties), maize and wheat (3 varieties each), millet (2
varieties) and mung bean (2 varieties) for agricultural cropping systems (DoA, 2011a). The
horticultural sector has also introduced about 35 fruit species consisting of 375 cultivars (DoA,
2011b) and an unaccounted number of vegetables crops (DoA, 2011c). There is no formal
agency in Bhutan that releases or recommends ornamental plants, though the Agriculture
Ministry is responsible for regulating imports.
Formal research on the introduction of alien plant species for animal feed and fodder
was started in the early 1970s. Research on fodder grasses and tree species was wholly focussed
on species biomass and nutritional value (Roder et al., 2001; Roder & Gyeltshen, 2003) and
did not examine the potential agricultural and environmental impacts if those species become
invasive. By 1998, 75 grasses and 157 legume species had been evaluated, with 50% of all
species evaluated being introduced before 1983 (Roder et al., 2001). While some introduced
species such as meadow fescue, Festuca pratensis Huds., perennial rye grass, Lolium perenne
L. and timothy, Phleum pratense L., had completely disappeared from Bhutan by 1997 (Roder
et al., 2001), as many as 20 other introduced grass species have naturalised (Roder, 1998;
Noltie, 2000). Records in the government seed catalogues confirm that some alien fodder
species that are considered highly invasive elsewhere, such as tall fescue, Festuca arundinacea
Schreb., Italian rye grass, Lolium multiflorum Lam., white clover, Trifolium repens L.
and molasses, Melinis minutiflora P. Beauv., are still allowed to be legally imported into
Bhutan.
The forestry sector in Bhutan has introduced the least number of alien plants with only
about 20 species for timber, fuel and for other multi-purpose uses (e.g. fodder, soil conservation
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and landscaping). However, the area under planted forest cultivation is far greater than the areas
used by the other sectors (agriculture and livestock). Unpublished records maintained by the
forestry sector from 1947 to 2013 indicate that planted forest in Bhutan was about 18211
hectares (45, 000 acres). All 20 alien forestry species imported were recommended and widely
used in planted forests including community forestry projects (SFD, 2004; 2008). Species of
concern promoted for cultivation by the government in Bhutan are leucanena, L. leucocephala,
northern black wattle, Acacia auriculiformis A.Cunn. ex Benth., silky oak, Grevillea robusta
A. Cunn. ex R. Br. and black locust, R. pseudoacacia. Recently, the import and planting of
Eucalyptus spp. were banned in Bhutan (http://www.bafra.gov.bt/plant-faq/) and Cryptomeria
japonica (Thunb. ex L. f.) D. Don plantations were felled (personal observations in 2016) due
to concerns raised about this species contributing to a loss of native biodiversity (Norbu et al.,
2008).
1.3.2 Bhutan’s native biodiversity and its contribution to the national economy and global
biodiversity
Bhutan spans the three global biodiversity hotspots in the eastern Himalayan region
(Eastern Himalayas, Indo-Burma and Sundaland) and is of regional and global conservation
significance (NBC, 2009). The value of ecosystem services in Bhutan is estimated at $15.5
billion per year, of which forests contributed 93.8% of the total value (about 4.5 times the
country’s GDP of $3.5 billion per year) (Kubiszewski et al., 2013). Even though Bhutan is very
small, there are a little over 5600 species of vascular plants including 126 endemic species, 423
orchids and 400 lichens (NBC, 2011; 2015b).
The high area of forest cover and numerous biological corridors connected both within
Bhutan and outside the country with India also provide safe havens for rich faunal diversity.
Bhutan has about 200 mammal species including 27 globally threatened animals, such as, the
Bengal tiger, Panthera tigris ssp. tigris L., red panda, Ailurus fulgens F. G. Cuvier, Bhutan
takin Budorcas taxicolor ssp. whitei Lydekkar and golden langur, Trachypithecus geei
Khajuria. There are approximately 700 birds including 18 critically endangered and vulnerable
species, such as, the white-bellied heron, Ardea insignis Hume, white-rumped vulture, Gyps
bengalensis Gmelin and black-necked crane, Grus nigricollis Przevalski, present in Bhutan
(NBC, 2009; 2011).
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The diverse flora of Bhutan includes plants of great economic value such as non-wood
forestry products (NWFP). There are more than 1300 NWFPs used by the people for food and
to generate cash income (Table 1.1) (SFD, 2008). Some of the important species used as NWFP
are, Chirata, Swertia chirayta (Roxb.) G. Don, Illicium griffithii Hook. F. & Thomson, lemon
grass Cymbopogon spp., Yula, Neomicrocalamus andropogonifolius (Griff.) Stapleton and the
endemic bamboo species, Fargesia grossa T. P. Yi (NBC, 2009). Many of these are traded by
farmers and provide a significant off-farm income (Tshering, 2009).
Table 1.1 Different types of non-timber forestry products collected or harvested from forests in
Bhutan (Adapted from SFD, 2008).
Type of non-timber
forestry product

No. of species

Use

Medicinal plants

600

Medicine

Mushroom

97

Culinary/medicine

Food/fruits/vegetables

186

Food

Bamboos/canes

48

Handicrafts/baskets/construction/erosion
control

Oil/resins

25

Industrial use/medicine/perfume/cosmetics

Spices

20

Culinary/medicine

Fibre/dyes

74

Cordage/ropes/ handicrafts/colourant

Fodder

70

Animal feed/fodder

Ornamental plants

181

Aesthetic/landscape

Bhutan has an impressive agricultural crop diversity of more than 100 native species
(NBC, 2014). The adaptation of crops to micro-ecosystems created by altitudinal and climatic
variations has favoured the evolution of numerous landraces (NBC, 2009; NEC, 2009). For
example, there are 380 landraces of rice, 105 of maize, 36 of wheat, 36 of millets, 32 of barley,
22 of amaranth, 11 of bitter buckwheat and ten of sweet buckwheat (NBC, 2014). Along with
the landraces, indigenous wild relatives of crops (rice, buckwheat, foxtail millet and oats),
pulses (lentil and pigeon pea) and fruits (apple, pear and citrus) are prevalent in Bhutan (NBC,
2009). Even though indigenous crop species are less productive in terms of yield than the
improved cultivars, they are better adapted to climatic variations, pests and diseases, and
provide some insurance to the poor, low resourced farmers against unpredictable environmental
changes (NBC, 2008a).
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The direct threat posed by invasive alien plants to native plants can result in a reduction
in their genetic biodiversity though displacement and elimination, or biotic homogenisation
(Wilcove et al., 1998; Pyšek et al., 2017). The country’s loss of native biodiversity has also
many unseen impacts, such as the irreplaceable loss of species which have the potential to be
used in future by breeders, researchers and communities for developing improved varieties (e.g.
drought, and pest and disease resistant crops), and medicines (Mittermeier et al., 2011).
1.3.3 Research gaps and aims
Bhutan opened up to the rest of the world only in the early 1960s (Galay, 2004). Prior
to then, only a few botanists and horticulturists, mostly British, were able to travel extensively
within the country and collected information on the flora between 1914 and 1950 (Grierson &
Long, 1983). It was not until 1975, following a request from Bhutan to the Overseas
Development Administration London, that the Royal Botanic Garden, Edinburgh, asked
botanists to document the Flora of Bhutan (Grierson & Long, 1983).
Work on the ‘Flora of Bhutan’ was undertaken by different authors and continued until
2002. It consists of three volumes and nine parts. It is currently the main reference guide used
for identification and records of both native and alien plant species found in Bhutan, but it does
not provide adequate detailed information on introduced alien flora. The seminal work on
‘Weeds of Bhutan’ (Parker, 1992) mentions only 14 weeds as being introduced into Bhutan.
The recent official record has identified 30 invasive plant species out of which eight species
(croftonweed, Ageratina adenophora (Spreng.) R. King & H. Rob., Siam weed, Chromolaena
odorata (L.) R. King & H. Rob., water hyacinth, Eichhornia crassipes (Mart.) Solms, lantana,
Lantana camara L., bitter vine, Mikania micrantha Kunth, common prickly pear, Opuntia
monacantha (Willd.) Haw., parthenium weed, Parthenium hysterophorus L. and black locust,
Robinia pseudoacacia L.) are categorised as the major invasive alien plants (NBC, 2014). The
status of many cultivated plants introduced into Bhutan for food (vegetables and fruits), and
animal feed and fodder is not known. There is literally no formal documentation on ornamental
plants in Bhutan except for limited records in the volumes of ‘Flora of Bhutan’ and the outdated
‘Weeds of Bhutan’.
Biological invasions from introduced alien plants are considered a rising global threat
to society, the economy and the environment (Pyšek et al., 2008; Hulme, 2009). Given this
growing problem, research on biological invasions arising from alien plant introductions are
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critical to developing countries as they are more vulnerable to their impacts than developed
countries (Early et al., 2016). Bhutan is surrounded by Indian states that are biological invasion
hotspots (Adhikari et al., 2015) yet Bhutan has the lowest level of biodiversity research amongst
the South Asian countries (Kandel et al., 2016).
The present study has identified the following research gaps on alien plants in Bhutan:
(i) the lack of a comprehensive database on alien plants introduced into Bhutan. At
present, there is no comprehensive database on alien plant species introduced or present
in the country. Previous attempts to compile lists are incomplete and have only been
done at sectoral level not the whole country;
(ii) the high risk of losing vital information on alien plants in Bhutan. The risk of losing
vital information generated from past research and project activities on alien plants is
high. There is no formal process or accountability to properly archiving past research
and project documents for future reference. There is neither electronic storage nor
converted older written documents electronically available. Libraries are maintained by
individual sectors without proper catalogues and trained librarians (personal
observations, 2014 & 2016). For example, had it not been for a few past project
employees that I was able to contact, my current dataset would not have included details
of many historical alien plant introductions;
(iii) there is insufficient knowledge and awareness about invasive alien plants in
Bhutan. The past alien plant introductions were not focussed on the risk of these plants
becoming invasive, but rather characteristics such as higher productivity or nutritional
values or biomass of introduced plant species over native plants. People were only aware
of agricultural weeds that reduced the yield of their crops; and
(iv) there is a lack of appropriate risk screening and weed management frameworks.
Bhutan lacks an appropriate legislative and organisational framework to screen the
introduction of alien plants pre-border, to prevent introductions of invasive species at
the border, or for post-border incursion management. The current means of screening
alien plant introductions through import permits based on an existing ‘permitted list’ is
inefficient because the list contains species that are known to be invasive elsewhere in
the world. In addition, there is no post-border detection and incursion management of
potential invasive alien plants present in the country.
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The overarching aim of this research project is to assess the risk of alien plant invasions
in developing countries using Bhutan as a case study. To achieve this aim, I will:
(i)

compile a baseline of alien plants which have been introduced into Bhutan and their
relative invasion status (e.g. introduced but recorded as casual or naturalised or
invasive) including their origins and alien status elsewhere in the world;

(ii) identify alien plant introduction pathways into Bhutan to partially fulfil Bhutan’s
obligation to Aichi Target 9 in identifying invasive alien species pathways by 2020;
(iii) test the representativeness of data compiled from secondary sources though field
survey;
(iv) develop a pre-/post-border risk assessment and management framework for countries
with open and porous borders; and
(v) evaluate if the Australian Weed Risk Assessment system can be modified for plant
quarantine in developing countries with limited databases and information on alien
plants.
1.4 Intended outcome
This research will generate comprehensive baseline information on invasive alien plants
in Bhutan. This information will help develop a decision-tree framework to minimise the risk
of introducing invasive alien plants through a new model screening process into countries like
Bhutan with porous borders, and help identify those species already in the country for postborder management. The system developed could be adopted by other countries in the regions
(India and Nepal) which share similar geographical and cultural characteristics. Having said
this, it has broader global applicability as most countries have somewhat porous borders
(excluding Australia and New Zealand) and all countries have internal porous legislative
borders which sometimes prevent adequate weed management.
1.5 Structure of the thesis
This thesis is composed of six chapters. Chapter one introduces the importance of alien
plants in human civilisation and the environment. This is followed by a brief literature review,
the case study country’s profile (i.e. Bhutan), and identification of the gaps in knowledge and
research that will guide the research aims and objectives.
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Chapter two consists of a baseline of alien plants present in Bhutan from the first known
recorded evidence until 2016. This chapter directs the current and future research objectives in
understanding biological invasions in developing countries constrained by geophysical location
(open borders) and other resources (human and financial capital).
Chapter three uses results from field survey conducted in Bhutan in 2016 to test the
representativeness of alien plants in the baseline (Chapter two), pathways of introduction, the
status of the plants, and their distribution in Bhutan. This chapter also identifies the proportion
of alien species that were not captured in the baseline analysis, as well as indicating the change
in status of some plants from that presented in the baseline analysis.
Chapter four investigates how a country with open and porous external borders (or even
internal legislative borders) could mitigate the growing threats from invasive alien plants by
using the hybrid pre-border AWRA system and post-border weed risk management (WRM)
system. A decision tree framework developed, allows policy makers and plant regulatory
authorities to determine which system is likely to provide the most effective means of ensuring
minimal impacts from the introduction of alien invasive species.
In Chapter five, a random sample of alien species from the baseline (Chapter two) were
retrospectively assessed using the Australian Weed Risk Assessment system to determine
which species should have been rejected. The AWRA system generates three outcomes for alien
species based on the scores as accept, evaluate further and reject. Such outcomes are typically
used by plant quarantine authorities to allow, reject or seek further evaluation of alien plant
species that are sought to be introduced into the country. I also tested the parameters of the
Australian WRA to determine if the process can be simplified for developing countries that
have limited access to the information needed on alien plant species without compromising the
ability of the WRA to reject potential invasive species.
Chapter six is a synthesis of earlier chapters’ key research findings. It discusses the key
points that are relevant to Bhutan and how these findings could be globally applied. The chapter
also identifies critical research findings from this work and gaps for future research, presented
in the form of future directions.
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Chapter 2 - An inventory of the alien flora of Bhutan
Abstract
Very few alien plants were recorded in the ancient historical texts and publications on
Bhutan prior to the end of the country’s self-imposed isolation until the early 1960s. Those species
that were recorded were for sustenance (cereals and pulses) and nutrition (fruits and vegetables).
The Bhutanese Government introduced many alien plants with the launch of modern economic
development in 1961, however a baseline inventory on which many alien plant species have been
introduced and what their status is (i.e. cultivated, casual, naturalised or invasive) has not been
created. A preliminary assessment, after reviewing the literature and consultation with
government officials, revealed that the available data and information on alien plants introduced
into the country were scattered across different sectors. It was also apparent that many old records
would be lost if an effort was not made to collate the alien plant species data into one repository.
The baseline inventory of alien flora of Bhutan was collated from many sources including
herbarium records, published and unpublished documents, as well as global online botanical
databases. I verified the data from non-scientific and unpublished reports (e.g. annual or project
reports) with other published scientific papers and global online databases to minimise epistemic
and linguistic ambiguities in the listing of alien plant species in Bhutan. My aim was to provide
a reliable and comprehensive list of alien plant species for research, to support policy decisions
and to prioritise management of potentially invasive alien plant species. I found that there was an
unprecedented increase in alien plant species introduced into Bhutan from 94 species before 1961
to 964 in 2016 (more than a ten-fold increase in alien flora). Importantly, it was noted that 88%
of the alien plants in the database were intentionally introduced, indicating the potential for
implementing pre-border screening and post-border management activities to minimise socioeconomic and environmental impact from invasive alien species in Bhutan.
2.1 Introduction
Alien plants have been a part of human civilisation since wild plants were first cultivated
for food. Much of the evidence for historic cultivation and the introduction of other alien plants
into the Indian sub-continent comes from either archaeological findings (Mittre, 1970; Fuller,
2006), or from botanical texts and plant inventories written by predominantly British and,
occasionally, other European plant explorers and botanists in the 19th and 20th centuries (e.g.
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Stewart & Brandis, 1874; Hooker, 1875; Strachey, 1906). In contrast to the rich botanical legacy
left behind by the British on introduction of alien plants through the establishment of botanic
gardens and plantations across India (Baber, 2016), other countries in the Indian sub-continent
have not undertaken comprehensive assessment of their alien flora; except for preliminary lists
of invasive alien plant species which are not comprehensive (Table 2.1). This, in part, disregards
the critical role that cultivated and other non-invasive alien plant species have in understanding
the biological invasion processes as well as influence on future research, policy-making and
development of management plans (e.g. Pyšek et al., 2003; Rejmánek et al., 2005; Phillips et al.,
2010a; Groom et al., 2017; Randall, 2017). Bhutan has the least studied flora in the region
(Grierson & Long, 1983; NBC, 2014).
Table 2.1 Inventory of alien flora in select Indian sub-continent countries sharing similar agroecological zones with Bhutan.
Country
India

Alien flora
Cultivated

Causal

Naturalised

Invasive

Total

Reference

812

171

391

225

1599

Khuroo et al.
(2012)

Nepal

NA

NA

198

25

223

Tiwari et al.
(2005);
Shrestha
(2016)

Bangladesh

NA

NA

NA

21

300*

Hossain &
Pasha (2001)

Pakistan

NA

NA

NA

73

700*

Qureshi et al.
(2014)

NA: Data on status (cultivated, casual or naturalised) not available
*Total alien plant species reported to have been introduced, but no details were available to determine the number
of cultivated or casual or naturalised alien species. Invasive alien plant species are included in this total.

Bhutan’s limited interactions with the outside world from centuries of self-imposed
isolation has largely helped to conserve the country’s rich native biodiversity (NEC, 1998; NBC,
2009; 2014). On the other hand, Bhutan’s restrictions on access by foreigners was responsible for
limiting the number of floristic studies in the country by botanists and plant explorers (Grierson
& Long, 1983).
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The most comprehensive record of plants in Bhutan is the ‘Flora of Bhutan’ series
consisting of three volumes and nine parts, which was published by the Royal Botanic Garden,
Edinburgh and Bhutan between 1982 and 2002. These publications focus predominantly on the
native flora of Bhutan rather than alien plants. These publications were based mainly on
herbarium specimens collected by other botanists and some records from field surveys prior to
1980 which had explored the native flora of Bhutan (personal communication with one of the
authors of the Flora of Bhutan, David Long, 2017).
The transition from a traditional to a modern economy, starting in 1961, has led to the
gradual introduction of alien crops, fruit plants, vegetables, fodder plants and tree species, to
improve the local subsistence economy and to stimulate the commercialisation of agricultural
production systems (Tobgay, 2005). I hypothesise here that following the opening up of Bhutan’s
borders and the development of the modern economy since 1961, many alien plants have been
introduced/exchanged, transported and dispersed by humans, vehicles and animals into Bhutan.
Yet, after more than five decades of formal alien plant introductions, there is no consolidated or
published baseline database of species introduced into the country by different economic sectors
(i.e. agriculture, horticulture, forestry and livestock) or by private individuals. One likely reason
for this is that Bhutan still has poor organisational linkages between different government
institutions and other key stakeholders (UNDP, 2012; Gawel & Ahsan, 2014). This results in
missing data and unreliable collation and exchange of information. Moreover there is no
governmental focal point for the coordination, collation and generation of such information,
despite it being fundamental to and underpinning numerous Bhutanese Government policies (e.g.
impact of the introduced alien plant species on food security, biodiversity and the environment).
This situation has arisen due to a lack of awareness of the problem, which in part is due to a lack
of data (i.e. no baseline inventory).
The main aim of this study (Chapter two) is to create the first baseline inventory of alien
plants in Bhutan (i.e. including both non-invasive and invasive species) to be used for future
research and reference. By making it publically available it can be constantly updated. The
inventory will provide data for biosecurity measures that support policy and management
decision-making, as well as create awareness of invasive alien species management, control and
impacts. This alien plant inventory for Bhutan is the first of its kind, consolidating and collating
data from all available internal and external literature (i.e. documents, journals, personal and
historic texts, including herbarium records) and involving communication with the living
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authors/experts of floristic studies and publications for Bhutan, spanning the earliest introductions
through to the current day.
The objectives of this study are to:
(i)

collate an inventory of alien plant species in Bhutan and to place these species into
the following categories - casual, naturalised or invasive;

(ii)

evaluate how different sectors in Bhutan have contributed to alien plant
introductions, distribution and establishment; and

(iii) provide information on plant taxonomy, origin, habitats and introduction
pathways (where possible), as well as document the first introduction/recorded
date in Bhutan.
The outputs of this study will help to better determine biological invasion processes in
Bhutan. For example, determining the lag phase that some alien plants have before becoming
naturalised or invasive, and gaining insights on the success and/or failures of some alien plants
that have been introduced, trialled and promoted/distributed for cultivation in the country. Equally
as important will be that in the further this baseline can be evaluated to determine the patterns of
change over time; something until has been unavailable.
2.2 Methods
2.2.1 Data/information sources examined
An inventory of the alien flora of Bhutan was created by examining an extensive array of
information and data sources containing details relating to the non-native (alien) plant species
occurring in Bhutan. I grouped these information sources into ten distinct categories based on the
quality/reliability of information they contained with respect to the identity of the non-native plant
species and their status in Bhutan (Table 2.2). The complete list of data sources examined is
presented in Appendix 2.1.
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Table 2.2 Source of information used during the development of the inventory of the alien flora
of Bhutan. A detailed description of the exact information sources examined for all ten sources is
presented in Appendix 2.1.
Sl. No.

Information source

Details of the information source

1

Herbarium records

National Biodiversity Centre of Bhutan’s collection,
Thimphu; Royal Botanic Gardens collections at
Edinburgh and Kew, United Kingdom

2

Published volumes on the Flora

of

Bhutan

(three

volumes,

nine

parts),

Flora of Bhutan, and/or monographs, etc.
field guides
3

Peer-reviewed journals

4

Research

reports

National and international journals

and Annual reports, official reports, manuals, technical

related publications
5

Papers

published

publications, project documents
in National and international conferences, seminars, and/or

proceedings
6
7

Historical

workshops
publications Ancient history on Bhutan, journals/memoirs of political

and memoirs

emissaries, missionaries and travelers to Bhutan

Unpublished documents

Reports, data, archives and surveys of botanists, experts
and consultants, some of which were in private custody
and collections

8

Reports

submitted

to Reports submitted to Convention of Biological Diversity

international conventions (CBD) and International Bureau of Plant Genetic
9

and organizations

Resources (IBPGR)

Online portals

Internationally maintained databases (e.g. Bhutan
Biodiversity Portal, Centre for Agriculture and
Bioscience International (CABI), Global Invasive
Species Programme (GISP), Catalogue of Life (CoL),
and the Plant List

10

Others

Personal communication/mail correspondences with
authors/experts (e.g. Dr. Walter Roder and Dr. T. Gibson
on fodder species), and email correspondence with
government officials in Bhutan)
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2.2.2 Information extracted: Database fields in the inventory of the alien flora of Bhutan
Only vascular plants introduced into Bhutan subsequent to the first evidence of alien plant
introductions were recorded in the database, because lower non-vascular plants such as lichens
or mosses were rarely deliberately introduced into the country or poorly documented (see
Appendix 2.2 for details). Key plant taxonomic descriptors such as family, genus and species
names including subspecies, varieties and forms were used for plant identification. The
Angiosperm Phylogeny Group (APG) system formed the basis for the taxonomy of the alien plant
database for Bhutan. Many scientific names of plants in the floral publications on Bhutan have
changed over time. I used both synonyms and their respective common names to identify and
update the taxonomic status of all alien plants, validating these with global floral databases (e.g.
US National Plant Germplasm System, CABI, the Plant List and Catalogue of Life). General
plant traits specific to the habit (growth form) and life cycle of the alien plants were included in
the database for each species. For example, in describing plant habit I used the descriptors or
terms ‘aquatic’, ‘fern/cycad’, ‘grass’, ‘herb/forb’, ‘shrub’, ‘vine/climber’ or ‘tree’ (Nelson et al.,
2015). Similarly, I broadly described life cycle as either annual, perennial or both, which was
sufficient to understand the basic plant’s life cycles in this study.
Global online and taxonomic publications were used to determine the origin of plants in
the database. The terms ‘origin’ and ‘native range’ refer to those plants, which were native or
endemic to that particular region and/or country. The ‘native range’ of a plant was grouped into
seven regions, adapting the regional classifications of plants used by Weber (2003) and Randall
(2017) as:
(i) Africa;
(ii) Asia (excluding Bhutan to ensure native species were not included);
(iii) Central America (including the Caribbean);
(iv) Europe;
(v) North America (including Mexico);
(vi) South America; and
(vii) Oceania (including Australia and New Zealand).
The distribution of alien plants within the twenty districts in Bhutan was based on
published records and observations validated by members of the Bhutanese scientific community.
The Bhutanese Agriculture Ministry’s four regional district groupings (Western, West-central,
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Eastern and East-central) were also used for classifying alien plant distribution (Appendix 2.3).
The presence of alien plant species reported in Bhutan is more akin to occurrence data in that
their alien plant status using the following categories, ‘casual’, ‘naturalised’ or ‘invasive’ was
rarely documented. Because of this, I had to use the descriptions/definitions in Table 2.3
(Richardson et al., 2000; 2011; Pyšek, 2004) to assign the alien plants to a category. For example,
rosewood, Dalbergia cultrata Benth, and bellorita, Erigeron bellioides DC, were assigned the
status ‘casual’ and ‘naturalised’, respectively, based on the number of individuals found in the
vegetation survey in Bhutan (Ohsawa, 1987a). In the former case, only three individuals of the
species were found in one location (Ohsawa, 1987b), while in the latter, there were a large number
of occurrences in some grassland areas (Numata, 1987), but they have never been reported as
invasive.
Table 2.3 Terms and definition used in describing the status of alien plants in Bhutan.
Term

Definition/Description

Reference

Alien

Any non-native plant (i.e. introduced deliberately or See Appendix

plants

accidentally) recorded or observed in Bhutan

Cultivated

Those alien plants intentionally introduced by humans for Adapted from

plants

selection or cultivation for agricultural (including livestock Brickell et al.
feed and fodder species), horticultural and forestry purposes

Casual

Those alien plants that do not form self-replacing populations

alien plants

and whose persistence depends on repeated introductions or

2.1

(2009)

cultivation
Naturalised

Those alien plants that reproduce consistently and are capable

alien plants

of self-sustaining populations over many life cycles without Richardson et
direct intervention by humans

al. (2000;

Invasive

Those alien plants (a subset of naturalised plants) that sustain 2011); Pyšek

alien plants

self-replacing populations, at least over several life cycles, et al. (2004)
reproducing large number of offspring at considerable
distances from the parent and/or site of introduction, and have
the potential to spread over long distances causing negative
impacts to the economy, environment and/or community

Unknown

Alien plants whose status could not be verified from any of
the sources
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The introduction date of many alien plants into Bhutan is not recorded or could not be
reliably determined, the main exception being those that were cultivated as crops or introduced
as pasture species. As a result, I used the first record or observation of an alien plant in a
publication as a proxy for the initial introduction date. In the case of some tropical crops that are
known to have been cultivated much earlier than the documented records (e.g. sweet potato,
Ipomoea batatas (L.) Lam.), or when these introductions predate the first record, I used the year
range (i.e. 1900-1960). This range was used because many of these plants were introduced by
Nepali immigrants arriving and settling during this period, and cultivating crops in parts of
southern Bhutan bordering India (White, 1909; Phuntsho, 2013). This date range may change as
additional data are found in archives, via archaeological discoveries and as a result of
evolutionary/genetic studies on various plants.
Despite there being multiple introduction pathways for alien plants into Bhutan, the initial
pathway and source known to be responsible for the introduction of the plant, or the sector that
used these species first in Bhutan, is recorded as the primary pathway of introduction. For
example, the livestock sector (via pasture species introduction) was assigned as the pathway of
entry of pigeon pea, Cajanus cajan (L.) Millsp. into Bhutan because it was first introduced for
fodder use, although it is now widely grown as a food crop. An alien plant species with no known
introduction pathway was assigned as having an ‘unintentional’ or ‘accidental’ introduction.
Again, this may change as additional data are found.
2.2.3 The database and verifying/validating the data
The alien plant database created for Bhutan was compiled from multiple diverse sources
(Table 2.2; Appendix 2.4). McGeoch et al. (2012) stated that many lists created in this manner
have at least ten types of errors resulting from epistemic (‘measurement error or lack of
knowledge’) and linguistic (‘context dependence or vagueness’) ambiguities. I reduced at least
three of the most critical error types (i.e. epistemic errors) described by McGeoch et al. (2012) in
my inventory listing process. The three epistemic errors rectified were: (i) human error; (ii)
species misidentification; and (iii) incomplete information searches.
Epistemic errors relating to human error (error type i) and species identification (error
type iii) that may lead to misidentification of alien plants in regional and global plant databases
were minimised by collating scientific names and synonyms from the globally recognised plant
databases (see Appendix 2.1). I searched these databases for officially recorded scientific names
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and synonyms to confirm species identity. In cases where source publications had incorrect or
outdated scientific names for a species, the most recent scientific name was used in the inventory
list. The use of taxonomic identification keys of the species in question helped ensure that the
species names in the database were correct.
I developed an elimination process to reduce misidentification of alien plants published
in some documents by either their common names or by genera (i.e. when species names were
not specified). For example, of the 284 ornamental plants in the ‘permitted list’ (the list of
permitted imports) of Bhutan, only 15% of the plant species were properly identified by their
scientific names, with the rest listed by their common names (62%), genus (13%), and as “others”
(10%). The given common names, and/or genus, and their corresponding scientific names were
compared with those in regional resources (e.g. nursery plant catalogues, published papers, and
online sources from the Himalayan region and neighbouring countries) and global databases
(Quattrochhi, 2000; Nowick, 2015). Any species with scientific names that could not be verified
with regional databases, were not included in the list. For example, the identity of African daisy
in the ‘permitted list’ of Bhutan was not ascertained at regional level and was removed from the
list because it is known by two different scientific names, Senecio pterophorus DC. and Arctotis
stoechadifolia Berg. (CABI; US National Plant Germplasm System; Nowick, 2015).
Species were listed in the inventory if their identity was confirmed from regional
databases, but there were conflicting scientific names for the same common name in other global
databases. As an example, the common name, ‘Bird of paradise’, can refer to both Strelitzia
reginae Banks and Caesalpinia gilliesii (Hook.) D. Dietr. In this case, I retained the former as
that species is commonly known in South Asia and a widely traded ornamental plant in those
countries. Few alien plants reported at the genus level were included in the inventory, based on
their implied identity in the region or the country. Of those that were ornamental, Camellia sp.
and Dahlia sp. in Bhutan, generally refer to Camellia japonica L. and Dahlia pinnata Cav.,
respectively.
The alien plant inventory of a country can be incomplete (error type iii) if some data
sources are missed due to incomplete searches both online and in archives. This error is prevalent
in Bhutan where previous documentation and storage is poor, and when available published
reports are scattered across different sectors (UNDP, 2012), as well as being held in private
custody, for example, by retired researchers. I ensured that the list of alien plant species was the
most comprehensive to date by undertaking extensive searches and including all possible sources
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of publications on the flora of Bhutan, including personal or unpublished reports held by
individuals or experts who had previously worked on alien-plant related projects in the country
(e.g. Dr. Walter Roder, Ngawang, Tshering).
Many alien plants (about 60%) in Bhutan do not have their origin and geographical
distribution described in the original sources consulted. Other sources such as the Bhutan
Agriculture and Food Regulatory Authority’s online import-permit system and the Bhutan
Biodiversity Portal do not contain information on the native origin at all. Consequently, I screened
and validated the origins of all plants listed in this inventory using published and online databases
(Appendix 2.1).
I could not completely address the other errors highlighted by McGeogh et al. (2012) due
to the inadequate nature of the information and research published on alien plants in Bhutan.
Having said this, many of these errors were indirectly addressed while rectifying the epistemic
errors outlined above. For example, linguistic error caused by the use of different statuses for
alien plants from a number of sources were standardised in this inventory by using the terms
‘native’, ‘casual’, ‘naturalised’, and ‘invasive’, which were based on the definitions described in
Table 2.3.
To help understand the introduction pattern in Bhutan’s baseline alien plant inventory I
fitted a simple linear regression which was in the top fitting group based on Akaike information
criterion (AIC). The base year is fixed at 1961 as there was not adequate data to run a regression
starting prior to this date. I also did this because 1961 was the same timing as the opening of
Bhutan's border to the outside world and thus a much greater invasion risk.
I fitted a simple linear regression in the form:
𝑦 = 𝛽 + 𝛽 (𝑥 ) + 𝜖
Where: yi is number of new introductions; xi is the year of introduction; β0 is the constant
(y intercept) that represents the average number of yearly introductions in 1961; β1 is the slope
coefficient that explains the trend in the number of new introductions each year from 1961 to
2016 and εi is the error around the average observation i. The above equation is substituted to
form equation 1 to estimate the number of new introductions if the trend in introductions
continues and simulate the number of new introductions in future.
Equation 1

𝑁 = 𝛽 + 𝛽 (𝑦𝑒𝑎𝑟 ) + 𝜖
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𝑁 is the dependent variable (the average number of new introductions per year).
Here, there are two options for the parameterisation of the model. One is to model each year as
integers for each year (e.g. 𝑥 = 1). The second option is to fit the year as the actual numberical
value of year (e.g 𝑥 = 1961). For ease of interperation I have used the second variation using
the actual year.
2.3 Results
The full inventory of the alien flora introduced into Bhutan is presented in Appendix 2.5.
The introduced alien flora in Bhutan comprises of 139 families, 545 genera and 964 species.
Herbaceous plants form almost half the total alien flora of Bhutan (45%), followed by trees
(17%), shrubs (15%), vines (11%), grasses (10%) and aquatic species (1%) (Figure 2.1a). The
high composition of the herbaceous life form (45%) is in sharp contrast to the high percentage of
perennial alien plant species (74%) in the database. Annuals and biennials constitute only 24 and
2%, respectively, of alien plant species.
a)

b)

Figure 2.1 The alien plant species in Bhutan categorised by the (a) different plant habit (growth
forms) and (b) plant families with the most numerous number of species present. Only families
with ten or more alien species present in Bhutan are shown compromising a total of 697 species
or 72% of the total alien flora.
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The most prevalent alien plant species families in Bhutan are: Fabaceae (n = 206 species
or 21.4% of all alien plants); Poaceae (n = 102 species: 10.5%); Asteraceae (n = 72 species: 8%);
Solanaceae (n = 35 species: 3.6%) and, Rosaceae (n = 30species: 3.2%) (Figure 2.1b). These alien
species have been introduced from all continents and regions of the world. Asia (29%, n = 460
species) continues to be the major contributor of alien flora in Bhutan followed by Africa (17%,
n = 270 species), Europe (16%, n = 244 species), South America, Central America and the
Caribbean (11%, n = 179 species), North America (8%, n = 129 species) and Oceania (4%, n =
66 species) (Figure 2.2). With the except of Africa this relationship, albeit substantially greater in
all instances, did not change post 1961 (Figure 2.2).

Figure 2.2 The number of alien plant species relative to their native range/origin recorded in
Bhutan, and introduction date presented as pre- and post-opening up of the country’s borders
(i.e. 1961). Values are not cumulative as some species are native to more than one region (i.e.
origin).
Intentional introduction accounted for over 88.5 % (n = 853 species) of the current alien
flora of Bhutan while the remaining 11.5% (n = 111 species) were classified as unintentional
introductions (Table 2.4). There were only three alien plants (Koster’s curse, Clidemia hirta (L.)
D. Don; giant sensitive plant, Mimosa diplotricha Sauvalle; and Arabian schimus, Schismus
arabicus Nees) present in Bhutan for which I could find no putative source of introduction. As
these alien plant species are known to spread as seed contaminants (CABI, 2017), their
introduction is likely to be unintentional, however as this cannot be confirmed, their introduction
status has been classified as unknown for the purposes of this thesis.
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Table 2.4 Current status of alien plants in Bhutan categorised by nature of the introduction.
Nature of introduction

No. of species

Percentage (%)

Intentional

853

88.5

Unintentional

111*

11.5

Total

964

100

*Three unknown species grouped under unintentional introduction.
Only 94 (10%) alien plant species were recorded in Bhutan prior to the start of modern
economic development in 1961, of which 55 (59%) were plants supplying basic human needs
(food, nutrition and health) and 18 (19%) were ornamental species. The remaining species were
used in agriculture and forestry. A further 870 new alien plant species have been introduced into
Bhutan between 1961 and 2016 (Figure 2.3, Table 2.5). These species classified as ornamental
(40%), pastural (26%), horticultural (14%) and medicinal (6%) based on their initial pathway of
introduction (Table 2.5).
a)

b)

Figure 2.3 The pattern of alien plant introductions into Bhutan over time, with (a) representing
all new introductions relative to the start of modern economic development in 1961 (red dotted
line) and, (b) the post 1961 cumulative introductions grouped into ten year intervals. The
cumulative total pre-1961 is presented as the starting point.
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Whilst examination of the timing or year of introduction (i.e. introduction date) over time
showed a significant increase in the alien flora of Bhutan post 1961 (Figure 2.3), this data can
also be used to make predictions on the potential alien plant problem expected to occur in Bhutan.
Using the year of introduction data post 1961 we used the following equation to make predictions
on the likely future number of alien plant.
The fitted regression equation is used to indicate the future number of alien plant species
in Bhutan. Equation 2 is the fit of the linear regression line of introductions after 1961 (𝑁 ). There
is a significant increase in the number of new introductions each year (p-value < 0.05; (𝛽 (slope
of the line) = 0.3225; p = 0.0301). This regression model has a large estimate of variation around
the average as shown in graph below (Figure 2.4).
Equation 2: 𝑦 = 6.98 + 0.32(𝑥 − 1961) = 𝑁 = 6.98 + 0.32(𝑌𝑒𝑎𝑟 − 1961)
Thus, future predictions may be more variable than suggested by the average continued
growth (i.e. red line in Figure 2.4). This variability is reflected in a very low r-squared value (R2
= 0.09).

Figure 2.4 The numbers of new alien plant introductions per year from 1961 to 2016. Linear
regression line is shown in red.
Based on the average annual increase in new alien plant species introductions recorded
in Bhutan over the past 55 years (1961-2016), estimates of the future number of alien plant
species suggest that as many as 42 new alien plant species could be observed in the year 2066
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(i.e. in 50 years) if the current trend continues without intervention. If this trend is observed in
the short term (i.e. for the next five years), the expected average increase would be 28 new alien
plant species per year; increasing to 29 in ten years and 31 in 15 years time. However, caution
should be made with these predictions as the r-squared (R2) value is very low indicating a poor
prediction power. Other diagnostics indicated a poor fit but little evidence of large violations
of the underlying assumptions needed for linear regression (independent and identically
distributed residuals (Appendix 2.6). Irrespective this is a strong underlying trend showing a
significant increase in new alien plant introductions over the past 55 years.
Table 2.5 Total alien plant species recorded in Bhutan by pathway of introduction before 1961
and between 1961-2016.
Period
(Year)

Ornamen
tal

Pasture

Horticul
ture

Medici
nal

Forestry

Agricul
ture

Uninten
tional

Total

Pre 1961

18

1

35

7

2

13

18

94

1961-2016

351

227

120

50

24

5

93

870

Total

369

228

155

57

26

18

111

964

Of the plant species now present in Bhutan, 626 species (65%) are classified as cultivated,
131 species as casual (14%), 104 species as naturalised (11%), 100 species as invasive (10%) and
only three species (0.3%) of an unknown status (Table 2.6). By family, the Fabaceae has the
highest number and percentage of cultivated (10%) and casual (10%) alien plant species, followed
by Poaceae with 5% cultivated and 2% casual alien plant species. The Poaceae family dominates
the naturalised plant category (3%) followed by the Fabaceae, Asteraceae and Solanaceae at 1%
each. The families that have the greatest number of alien species present in Bhutan also have the
greatest number of invasive species. The family Asteraceae has the highest number of invasive
alien plant species at 27 (3% of the total alien species) followed by Solanaceae (10 species),
Poaceae (9 species) and Fabaceae (5 species). Interestingly no alien species in the family Rutaceae
and Rosaceae are considered to be naturalised or invasive.
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Table 2.6 The introduction status (see text for details) of the alien plant species in each of the ten
main alien plant families in Bhutan. The number of species is shown with the percentage (%) of
the total alien plant species shown in parentheses.
Family

Species in

Cultivated

Casual

Naturalised

Invasive

Unknown

Fabaceae

96 (10)

93 (10)

11 (1)

5 (1)

1 (0.1)

206 (21)

Poaceae

44 (5)

15 (2)

32 (3)

9 (1)

1 (0.1)

101 (10)

Asteraceae

39 (4)

4 (0.4)

7 (1)

27 (3)

77 (8)

Solanaceae

16 (2)

2 (0.2)

7 (1)

10 (1)

35 (4)

Rosaceae

27 (3)

4 (0.4)

Brassicaceae

17 (2)

1 (0.1)

Onagraceae

the family

31 (3)
2 (0.2)

5 (1)

25 (3)

21 (2)

1 (0.1)

1 (0.1)

23 (2)

Euphorbiaceae

11 (1)

3 (0.3)

6 (1)

20 (2)

Rutaceae

19 (2)

Convolvulaceae

6 (1)

Remaining
families*
Total

19 (2)
4 (0.4)

6 (1)

16 (2)

330 (34)

12 (1)

37 (4)

31 (3)

1 (0.1)

441 (43)

626 (65)

131(14)

104 (11)

100 (10)

3 (0.3)

964 (100)

* The remaining families encompasses 129 families all of which have fewer that 16 species per family.

Individual alien plant species classified as being unintentional or accidental introductions
on the whole were not widespread in Bhutan (i.e. the vast majority were reported from only one
or a few districts. Only three such invasive species (C. hirta, M. diplotricha and S. arabicus) were
found in all districts. Approximately 69 % of species (77 out of 111) classified as unintentional
or accidental introductions are invasive species. Only seven alien species that have become
naturalised but not invasive (carpet grass, Axonopus fissifolius (Raddi) Kuhlm.; kidney weed,
Dichondra repens J. R. Forster & G. Forster; tropical speedwell, Evolvulus alsinoides (L.) L.;
duckweed, Lemna perpusilla Torr.; wild mint, Mentha longifolia (L.) Hudson; and betel vine,
Piper betle L.) and two casual species (wild indigo, Baptisia tinctoria (L.) R. Br. and fishbone
cassia, Chamaecrista mimosoides (L.) Greene) were introduced accidentally or unintentionally.
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Figure 2.5 The spatial composition of alien plants relative to their introduction pathways (in minipie chart, and listed in the legend) for each of the 20 districts in Bhutan.
The distribution of alien plants in the 20 districts of Bhutan (see Figure 2.5) is reported
based on four regional distribution groupings (see Figure 2.5, Table 2.5, Appendices 2.3 and 2.7).
The Agriculture Ministry created four regional research centres, each given the national mandate
of coordinating specific sectoral activities (i.e. agriculture, horticulture, livestock and forestry) in
the country (see Appendix 2.3). The number of alien plant species is distributed evenly across the
three regions (West-central, East-central, and Eastern - 22% each), all of which are generally
lower than the numbers found in the Western region (34%). The dominant type of alien plant
species observed in region is associated with the National mandate of the research centre present
in that region. For example, the research centre at Jakar, Bumthang, located in the East-central
region, oversees all feed and fodder research and development programmes for Bhutan and thus
the maximum alien pasture species are observed in this region (see Table 2.7). The Monggar
district in the east has a research centre for horticulture and medicinal plant programmes and has
a higher number of introduced horticulture plants and the highest number of medicinal plant
species (103 and 34, respectively) when compared to the other regions in Bhutan. Ornamental
plants have not been given a national research priority, but records show that they are more
concentrated in the Western and West-central (77% of all ornamentals) than the Eastern and Eastcentral (23% of all ornamentals) regions.
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Table 2.7 Number of alien plant species occuring within each of the four regions of Bhutan
relative to the introduction sector or pathway. The values are not cumulative (i.e. along the rows)
as some species occur in more than one region.
Introduction
pathway

Number of alien plants in each of the four regions of Bhutan
Western

West-central

East-central

Eastern

Total No.

Agriculture

16

14

15

16

61

Horticulture

131

107

91

103

432

Medicinal

13

9

10

34

66

Pasture

102

123

171

118

514

Ornamental

293

98

55

62

508

Forestry

14

13

5

12

44

Unintentional

82

63

72

71

288

Total

651

427

419

416

1913

Percentage (%)

34

22

22

22

100

2.4 Discussion
Bhutan’s rich native floral diversity has attracted many plant collectors, predominantly
British, since the first known plant collections were made by William Griffith in 1838 (Grierson
& Long, 1983). These plant explorers not only collected native plants of horticultural interest,
depositing specimens in herbaria around the world (e.g. Royal Botanic Gardens at Edinburgh and
Kew, the British Museum, and the Royal Botanic Garden in Bhutan), but they also described
other plants they encountered on their journeys across settlements, valleys, mountains and forests.
The journals of these explorers, when combined with recent publications such as the ‘Flora of
Bhutan’ (see Appendix 2.1 for the complete list of sources examined here), provide a reliable
working baseline of alien flora in Bhutan prior to 1961 when Bhutan’s self-imposed isolation
ended and modernisation of agriculture began; a point after which alien plant introductions
increased with trade and tourism.
Compilation of an alien plant inventory from a wide variety of sources of information (see
Appendix 2.1), especially from historical texts and non-scientific publications (i.e. the personal
journals of explorers, project reports, import/export data and nursery catalogues) can introduce a
range of problems into any inventory. The early approach of using common names and genera
for alien plants, without using the species names (e.g. in permitted lists and reports) added to the
confusion I encountered and poses an increased risk of misidentifying a species (see Nairn et al.,
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1996; Spafford-Jacob et al., 2004). While these sources provide important data such as
introduction times and pathways for research studies investigating biological invasion processes,
they need to be treated with some caution because of the reasons outlined above (Pyšek &
Mandák, 2002). The quality of data from these sources can be improved following a set of
approaches expounded by various researchers (Regan et al., 2002; McGeoch et al., 2012). This
requires the rigorous verification of data to remove typographic errors and inaccurate records,
extensive verification of common names to ascertain their corresponding scientific names,
updating the taxonomy of alien plants even in cases where scientific names are used, and
identifying and separating native species from alien flora recorded in these sources. Here I went
to great lengths to address these issues (see Apendix 2.2) which substaintially improved the
quality of the final data.
Information relating to alien plant introductions of economic importance (i.e. for crops,
fruit, vegetables, fodder or timber purposes) by different sectors (e.g. agriculture, livestock and
forestry) in Bhutan, following planned economic development from 1961, is poorly documented
and scattered across these different sectors (UNDP, 2012). Historically, many government offices
have had poor record keeping and many of the official publications referenced or cited in earlier
documents are missing or in the custody of individual officials (as ascertained by personal
experience during field visits to collect data in 2014 and 2016; also see Chapter three). For
example, a former expatriate researcher who had worked extensively on fodder research and
development projects in Bhutan from the early 1970s had copies of all the published documents
in his personal archives, yet these were not available in public libraries or government offices. In
one instance, neither the hard copy nor electronic publication of the first publication on invasive
alien plants in Bhutan by the South-South Cooperation pilot project 2008-2009 (Benin, Bhutan
and Costa Rica) could be found in Bhutan, yet this publication is often referenced and cited in
official documents (e.g. Chettri & Tenzin, 2013).
In contrast, I was able to get many of the unpublished documents from key officials and
authors who had worked on alien plant-related projects in the past. Many of these officers have
now either retired or moved to different organisations. These documents have all been scanned
and will be made available through an electronic depository of the Bhutan Government once this
study is completed.
I believe that this study is the most comprehensive to date and sets the initial pre- and
post-modern economic development baseline of alien plants in the country at 94 and 964 species,
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respectively (Figure 2.3). The result of the baseline inventory and some of the implications from
it are discussed in the ensuing chapters of this thesis.
Alien plants introduced into Bhutan from eight to the first half of the 20th century were
mostly plants widely cultivated for food and human use in India, such as, rice (Oryza sativa L.),
maize (Zea mays L.), cassava (Manihot esculenta Crantz), potato (Solanum tuberosum L.), chilli
(Capsicum annuum L.), pomegranate (Punica granatum L.), eggplant (Solanum melongena L.),
tobacco (Nicotiana tabacum L.) and papaya (Carica papaya L.). Few ornamental plants and
invasive plants were recorded (e.g. Turner, 1800; Griffith, 1847; Markham, 1876; White, 1909).
Rice, originating from Asia, is the first alien plant that I could find a documented record for in
Bhutan. This record was from the historical chronicle of the prominent Indian saint, Guru
Rinpoche, who visited the country in 747 AD (NBC, 2015a). The next set of alien plant records
of ancient origin (e.g. wheat, barley, pulses and pomegranate), which appear in old texts and the
biographies of religious figures in Bhutan (Penjore, 2005; Phuntsho, 2013; NBC, 2015a)
originated from the Fertile Crescent (the Middle East and Mediterranean basin) and Africa. Plants
of the New World (maize, chilli and potato) were part of the early crops that were successfully
growing in Bhutan at the time British explorers visited in the early 18th and 19th centuries (Turner,
1800; Markham, 1876).
After Bhutan ended its self-imposed isolation in the early 1960s and embarked on
conventional economic development in 1961, the number and composition of alien plants had
increased by about ten times by 2016 (i.e. from 94 before 1961 to 954 species in 2016; an increase
of 870 species). If future introductions of alien plant species continue at the increasing rate post
1961, there will be an estimated 2695 alien species in the country by 2066, which is equivalent
to about 48% of the total vascular plants in Bhutan (N = 5600 species). If the Tens Rule
(Williamson & Fitter, 1996) on introduced alien plants becoming invasive is applied to the Bhutan
alien flora, about 270 will naturalise and 27 of them will become invasive in 50 years time, which
is less than one alien plant becoming invasive per year. Given the growing problem associated
with alien plant introductions globally (Early et al., 2016), this is major problem for Bhutan both
at present and in the immediate future. Only through studies like that undertaken here can the
completed status of the problem be revealed. Whilst the relatively small numbers derived from
the Tens Rule implies no real threat from introduced alien species and provides false assurances
of introduced species being safe, this is not the case. A recent study indicates that the tens rule
underestimates the actual number based on larger datasets spanning longer timeframe, and the
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revised invasion rate for plant species is closer to 25% (Jeschke & Pyšek, 2018). Based on the
revised invasion rate the likely number to naturalise is 670 and become invasive a 170. Unless
such potential threats from alien plant species are studied and made known to policy makers and
the public, there is no justification to garner support in preventing or mitigating incursions from
invasive alien plants in developing countries. Globally, introduced alien plants have caused far
more devastating socio-economic and environmental problems than reported due to lack of
understanding or knowledge (GISP, 2007; Jarić & Cvijanović, 2012) or inappropriate data to
demonstrate the problem (Downey & Richardson, 2016). Recent research studies have found that
developing countries are increasingly becoming vulnerable to invasive alien plants, particularly
in the Indian sub-continent, from increased trade and travel (Adhikari et al., 2015; Early et al.,
2016).
Globally, the horticulture industry has been the major pathway for invasive alien plant
introductions (Reichard & White, 2001) that cause irreparable damage to biodiversity. The data
from the Bhutan baseline inventory indicated a similar trend with that of other developing
countries where after the government’s primary focus on food grain production at the early stages
of agricultural development, it then changed to horticulture, as well as non-food
ornamental/landscape plants in response to an increase in income and urbanisation (McGregor &
Stice et al., 2008; Reardon et al., 2009). Increased numbers of alien plants are being recorded,
especially from towns that border with India or districts with easy access to international trade
routes, both by land and air. For example, the following towns/districts all have a large number
of alien plant species: Chhukha with 308 species; Sarpang with 270 species; Samdrup Jongkhar
with 215 species, Thimphu with 380 species and Paro with 223 species. In contrast, districts
bordering China in the north have comparatively fewer alien plants, for example Gasa with 56
species and Haa with 119 species, when compared to those districts in the south bordering India
(e.g. Chhukha, Sarpang, Samdrup Jongkhar). This is because: i) Bhutan does not have formal
trade relations with China resulting in a closed border, and ii) the Bhutan / China border is the
Himalayan mountain range with few access and formal crossing points.
Unlike in the past, there are now four official designated entry/exit points for regulating
the import and export of commodities at the Bhutan-India border. There is only one entry/exit
point by air (Paro International Airport) which is connected to only five countries (Bangladesh,
India, Nepal, Thailand and Singapore) and is comparatively easier to regulate. However, at the
Bhutan-India border more than 85% of the total imports into the country are handled by one entry
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point, at the border town of Phuntsholing in the southwest (Mirza & Bacani, 2013). Given the
resource constraints, strengthening this major import entry point can help screen out a large
proportion of the potential invasive alien plants entering the country. This study found that 88%
of the alien plants found in Bhutan were deliberately introduced and as such implememntation of
both the pre-border weed risk assessment and post-border weed risk management approaches
could have significant benefits for Bhutan despite its open and porous borders (see Chapters four
and five for further details). Another key finding from this study is the dominance of a particular
type of alien plant based on the regional mandates of the research centre present in the district.
For example, the largest number of alien pasture species (58%) and horticultural species (60%)
were recorded from Bumthang (focal research centre for pasture development present in the
district) and Monggar (focal centre for horticulture and medicinal plants), respectively. These
particular trends demonstrate that government supported alien plant introductions into Bhutan
were the predominant introduction pathways for some of the deliberate introductions and as such
they can be managed using pre-border risk screening process targeted to the specific institutions
(see Chapter five).
Of the 111 species classified as unintentionally introduced in the baseline inventory of the
alien flora in Bhutan, more than 69% (n = 77 species) have become invasive and, of those, about
65% (n = 50 species) species are known to have spread accidentally as seed contaminants (e.g.
billygoat weed, Ageratum conyzoides (L.) L.; Siam weed, Chromolaena odorata (L.) R.M. King
& H. Rob; gallant soldier, Galinsoga parviflora Cav.; cleavers, Galium aparine L. and
parthenium weed, Parthenium hysterophorus L.). This reinforces the idea that unintentional
pathways are difficult to manage (Parker, 1992), despite being important pathways of introduction
(Lehan et al. 2013) and need to be incorporated into alien plant management purposes (Pyšek et
al., 2011).
It should be noted this study does have some limitations. The status of some of the species
is only indicative and it is not known if many species from early research/experimental trials have
become extinct following the trial period, or have become casual, naturalised or even invasive as
reported elsewhere (see Lonsdale, 1994; Groves et al., 2005; Lehan et al., 2013). Another
limitation arises from the lack of accurate introduction dates (as well as trial locations off research
stations) along with limited information on floristic studies (Gierson & Long, 1983; NBC, 2014)
to establish a completely accurate alien plant status (i.e. casual, naturalised or invasive) and
distribution in Bhutan. Lastly the information collated is not based on dedicated/targeted surveys
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of alien plant species in Bhutan, but rather compilations of unrelated information sources which
may result in information gaps and undercoverage. Thus there is a real need to test the validity of
the baseline inventory with targeted surveys. For example when Downey (2004) tested an
inventory of mistletoe host species using a dedicated regional survey, he found the inventory
unrepresented the actual on-ground condition.
2.5 Conclusion
Bhutan forms part of the Eastern Himalayan biological hotspot and ‘crisis ecoregion’ (i.e.
there are high threats to terrestrial biodiversity from anthropogenic activities requiring
conservation efforts (Hoekstra et al., 2005; Banerjee & Bandopadhyay, 2016)). The inventory of
alien flora in Bhutan created by this work provides a critical first step or baseline, documenting
the alien plant status in Bhutan based on the best available information compiled from a
composite of different sources. This database is foundational and many important aspects of alien
plant distribution, pathways and management activities can be built on it. Further, it will set a
benchmark for biodiversity management plans, strategies, and conservation goals, particularly
those affected by alien plants.
The results also indicate that Bhutan can reduce the risk from potentially invasive alien
plant species by instituting biosecurity measures such as a pre-border screening process and postborder management of new incursions. However, the lack of alien plant specialists to undertake
botanical field surveys and taxonomic research at the herbarium in Thimphu is a critical gap in
preparing and maintaining an accurate and timely record of alien flora in Bhutan and this may
impact on the ability of Bhutan to respond to alien plant invasions in a timely and cost-effective
manner.
Based on the results of this research, it is apparent that research on the fate of alien plants,
particularly belonging to Fabaceae and Poaceae families is necessary. More than 800 cultivars
from these families have been deliberately introduced into Bhutan from the mid-1970s. These
have been experimentally tested, demonstrated in farmers’ fields and promoted for cultivation.
The fate of these plants is largely unknown and may ultimately impact on the native flora and
result in a variety of unwanted impacts in the country.
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Chapter 3 - Testing the representativeness of the alien plant inventory for Bhutan through
field survey
Abstract
Globally, intentional alien plant introduction is the dominant pathway for beneficial and
harmful alien plant species to be introduced and subsequently distributed. To test the
representativeness of the baseline inventory of alien plants in Bhutan (i.e. as established in
Chapter two), I conducted convenience sampling (i.e. along roadside) in 56 locations across a
wide range of primary production sectors and landscapes in eight districts in the Western and
West-central parts of Bhutan. The field survey included more than 25% (n = 242 species) of the
alien plant species present in the baseline inventory, as well as 159 new alien species that had not
previously been documented in Bhutan. With the new alien plant species added from this survey,
the total number of alien species recorded in Bhutan is revised to 1123, an increase of over 16%
on the previous baseline inventory (Chapter two). I subsequently added these 159 new alien plant
species to the inventory (i.e. data was compiled for all fields in the database). Analysis of these
new alien plant records revealed that the majority were deliberately introduced. Furthermore the
field survey indicated that by the time accidentally introduced alien plants were observed, most
had become invasive (e.g. 16 out of 18 species that had likely been introduced accidentally had
become invasive). These field survey results suggest that targeted pre-border screening and postborder management can be critically important in identifying and managing potential invasive
alien plants from deliberate introduction into developing countries like Bhutan, but only if
dedicated monitoring surveys are undertaken on a regular basis.
3.1 Introduction
Bhutan forms a part of a biological hotspot in the Himalayan ecosystems vulnerable to
high human pressures on native biodiversity (NBC, 2014; Sandhu & Sandhu, 2015). Bhutan’s
strong nature conservation policies have helped to maintain over 70% forest cover (NSSC, 2010)
and have preserved rich native biodiversity (Banerjee & Bandopadhyay, 2016). Bhutan’s strong
conservation achievements contrast with a concern for sustaining the growing population from a
meager 2.93% of cultivated land (NSSC, 2010). Bhutan has been self-sufficient in agricultural
food production in the past, but food deficiencies started to emerge when the country embarked
on modern economic development in 1961, whereby it had to depend on expatriate workers from
India for infrastructure development like building roads (Dhakal, 1987; Tobgay, 2005). The
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government had to introduce and diversify crops, fodder and plants of economic importance to
meet growing demand for food, nutrition, fuel, timber and other amenities (Young, 1991; Roder
et al., 1998; Dhital, 2009).
The government’s formal attempt to introduce new alien plants into the country started
from the first five-year plan period (1961-1966) (see www.gnhc.gov.bt for first through eleventh
five-year plan documents). Agriculture was one of the first sectors to introduce new crops, fruits
and vegetables through model farms and research stations using methods such as seed
multiplication. While reports indicate an aggregated total of 61,000 different fruit plants and
vegetable seeds being distributed to farmers, they do not provide details on the type or specific
details distributed to them. The five-year plan documents showed that the area under improved
crop cultivation increased substantially in subsequent plan-periods, but the identity of alien crops
introduced were not outlined except for silkworm mulberry, Morus alba L.; saffron, Corcus
sativus L. and potato, Solanum tuberosum L., which were mentioned in the second five year plan
document (1966-1971). Saffron was recorded as cultivated for medicinal purpose only in 2011
(DoA 2011c) however, only a few alien plant species of alien origins (e.g. areca (betel) nut, Areca
catechu L.; litchi (lychee), Litchi chinensis Sonn. and pineapple, Ananas comosus (L.) Merr.)
were reported in the subsequent plan documents.
Records on ornamental plants were almost entirely absent except for 280 species
mentioned in the ‘permitted list’, appearing after the establishment of a plant quarantine office
with the Bhutan Agriculture and Food Regulatory Authority (BAFRA) in 2000. The ‘permitted
list’ listings do not follow a standard scientific approach (e.g. including matched scientific and
common names, rather, species are listed randomly by common names and/or genus, but rarely
by proper scientific names.). Moreover, the list has not been updated since 2009.
For the livestock sector, three cattle farms along with fodder cultivation techniques were
established between 1961 and 1966 in the Samtse, Trashigang and Monggar districts, but no
information on the type of fodder species grown in these farms was recorded in five-year plan
documents. Having said this, the livestock sector has one of the best-documented records of alien
plants introduced into Bhutan, starting in the early 1970s, mainly by projects assisted by the
government of Switzerland (Roder, 1983; Roder et al., 1998).
In contrast, there is no conclusive account of alien forestry tree species introduced for the
forestry sector and the area under their cultivation since the introduction of planted forests, when
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the Department of Forest was first established in 1952 (Penjore, 2008; FAO, 2015). For example,
the second five-year plan document (1966-1971) stated that 2250 acres of degraded forest would
be afforested with native and alien species such as Eucalyptus spp., but Eucalyptus robusta Sm.
was the first recorded as cultivated in gardens only in 1979 (Grierson & Long, 1983).
The baseline inventory of alien plants in Bhutan collected from numerous secondary
sources (see Chapter two), including those from individual private collections, indicated gaps
between the first recorded evidence and actual introduction of alien plants in Bhutan. Data from
the baseline inventory could not be used to investigate the change in status of cultivated plants
since introduction, i.e. whether introduced plants had become casual, naturalised or invasive. This
was mainly due to a lack of studies and missing documentation. Similarly, many official
documents did not provide details of the individual alien plants introduced, but reported them in
general categories (e.g. as ‘fruits’, ‘vegetables’, ‘fodder’, ‘spices’ or ‘forest trees’).
To date, records on most alien plants imported, introduced and distributed by individuals
and private nurseries have either not been documented or have been under reported in Bhutan. In
addition to this, I was intrigued by how Bhutan’s current nursery practices would have
unintentionally (arising out of lack of knowledge on invasive species) contributed to the
distribution of potential invasive alien plants across the country and that many would have
escaped from private, public and research trial cultivation sites. These factors led me to investigate
nurseries whilst conducting field survey as one of the best options to test the representativeness
of the alien plant baseline inventory/database of Bhutan and validate other information contained
within it.
The research undertaken in this Chapter has three main objectives:
(i)

to assess the current status of alien plants in the baseline inventory, based on field
observations;

(ii) to investigate and validate major pathways of alien plant introductions into Bhutan;
and
(iii) to update the inventory of alien plants for policy or legislative action.
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3.2 Methods
I employed a convenience sampling procedure (Etikan et al., 2016) in selecting the field
survey sites based on data from the baseline inventory of Bhutan (Chapter two) and literature
reviews on pathways critically relevant to Bhutan (e.g. Groves et al., 2005; von der Lippe &
Kowarik, 2008). This survey technique is used in ecological studies where the researcher is
constrained by resources and time (Etikan et al., 2016), as well as travel distance. For example,
the travel time from the central government offices in Thimphu in the west of Bhutan to field sites
in the east and back, is far longer than the time required to actually do field work; this being due
to mountainous terrain, traffic and roads, and road improvement work.
The field survey that I conducted included roadsides along deliberate introduction
pathways. I included roadsides in the survey because these areas were found to be most vulnerable
to accidental or unintentional alien plant invasions (e.g. Lembrechts et al., 2016) and the positive
correlation of alien plant presence and/or distribution, and capacity for early detection of alien
plants in these poorly studied areas (Brundu et al., 2011). Moreover, more alien plant species can
be observed along road verges than further away from them (Gelbard & Belnap, 2003; Dar et al.,
2015). I was assisted in the field by two alien plant researchers, each with over 20 years of alien
plant identification skills (Dr Paul Downey, University of Canberra and Dr Stephen Johnson,
Department of Primary Industries, New South Wales). Using this non-random survey technique
allowed the optimal use of these experts in the field, as they were only available to visit Bhutan
for a limited time.
The following criteria were considered while selecting the sites:
(i) main border entry points for imports into the country. That is commercial hubs
and/or centres of high socio-economic activities in the regions where these border
entry points were;
(ii) location of research and project sites involved in major alien plant related activities
(particularly introductions) in the past and present;
(iii) a mix of agricultural, non-agricultural, natural and urban areas (spanning both high
and low human population areas);
(iv) government sponsored alien plant plantations (including forestry), botanic gardens
and parks, and roads; and
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(v) a range of plant nurseries (private and government) in different locations across
Bhutan.
A summary of the survey types or sites, their locations, the number of sites surveyed and
observations is presented in Table 3.1. Although I summarise these as area “sets” in the following
text (e.g. as border areas, research centres, government-sponsored plantations and gardens, and
disturbed areas - modification of natural habitat by human activity or areas under human
pressure), I separate these into survey types, such as, nurseries, hotels, research centres, institutes
and temples (Table 3.1).
Table 3.1 A description of the alien plant field survey undertaken in Bhutan designed to test the
representativeness of the alien plant baseline inventory (from Chapter two).
Survey type (No.
surveyed in
parenthesis)
Nurseries (8)

Description of survey

Location of survey sites

types/sites

(Districts)

Fruits,

Sarpang, Tsirang,

Three nurseries (one each

ornamental/landscape

Thimphu

in Gelephu, Phuntsholing

and forestry nurseries

Remarks

and Tsirang) had a higher
risk of alien plants as
garden escapes due to lack
of good horticultural
practices

National highways (i) Phuntsholing-

Bumthang, Chhukha,

Surveys on road sides

(3)

Punakha, Thimphu,

conducted close to towns

Thimphu
(ii) ThimphuBumthang

Tsirang, Sarpang,
Wangdue

(iii) Thimphu-Gelephu
Rural/urban

Bajo, Gedu, Gelephu,

Chhukha, Thimphu,

settlements and

Mendrelgang, Sarpang,

Wangdue

towns (8*)

Tang, Thimphu,

Border towns included

Tsirang
Hotel grounds (3)

Punakha, Phuntsholing,

Chhukha, Punakha,

Wangdue

Thimphu, Wangdue
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Local and tourist lodges

Survey type (No.
surveyed in
parenthesis)
Research Centre

Description of survey

Location of survey sites

types/sites

(Districts)

National Centre for

Bumthang

Animal Nutrition

Remarks
Alien trial sites on animal
feed and fodder

(Jakar)
Institutes and

Samthang Vocational

Bumthang, Punakha,

Alien species plantings

temples (6)

Institute, Mendrelgang

Thimphu, Tsirang

have traditionally been

Central School,

used to improve aesthetics

Punakha Higher

and for religious reasons

Secondary School,
Kuje monastery,
Punakha dzong,
Tashichhodzong
Botanic park and

Serbithang, Thimphu

Thimphu, Punakha

Public gardens and

gardens (4)

town, Lampelri

Forest plantations

Tsimalakha, Gedu,

(3)

Thinleygang

River banks and

Jakar, Kuje,

Bumthang, Chhukha,

Highly frequented by

trails (6*)

Khuruthang,

Punakha, Thimphu,

humans and domestic

Phuntsholing,

Wangdue

animals

national parks
Chhukha, Punakha

Cryptomeria japonica
plantations

Thimphu, DochulaLungchutse trail,
Rubisa, Tang
*Data derived from multiple smaller locations in the same areas.

The first set of areas examined were within and around two border towns with India,
Phuntsholing and Gelephu. Phuntsholing is the primary commercial centre for Bhutan and more
than 85% of imports into the country come through this town (Mirza & Bacani, 2013). Gelephu,
in Sarpang district, is a booming commercial town catering to more than seven districts (35% of
the total 20 districts) in the West-central part of Bhutan (Figure 3.1). Five private nurseries and
inhabited areas were surveyed around Gelephu.
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Figure 3.1 Map of Bhutan showing the field survey districts (shaded blue) relative to the alien
plant baseline inventory data (the pie charts depict the proportion of alien plants in each of the
districts by pathway categories, after Chapter two).
The second set of survey areas were located in districts that have research centres and/or
are areas of high socio-economic activity. The Bumthang district is in West-central Bhutan where
researchers are actively involved in projects relating to alien pasture species introductions,
including trials and promotion that are the extension for suitable and promising pasture species
to other districts. The Thimphu and Wangdue Phodrang districts have some of the earliest
research centres on temperate and subtropical agricultural, horticultural and forestry tree species.
The final district, Tsirang, is one of most prosperous in Bhutan with an ethno-culturally diverse
population (Figure 3.1).
The third set of survey areas included the government-sponsored Cryptomeria japonica
plantations in three locations in the Punakha and Chhukha districts, and gardens including the
Royal Botanic Garden, Ludrong Memorial Garden and City Centennial Park, all in Thimphu
(Figure 3.1). Cryptomeria japonica plantations were chosen because of earlier reports that
indicated negative impacts of this species on native biodiversity and subsequent government
orders to remove them (RNR-RC, Yusipang, 2009).
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The fourth set of survey areas was a diverse set of disturbed areas, such as, sites along
national highways that linked the capital Thimphu, in village community tracts and in disturbed
areas, such as, peri-urban edges, riverbanks and inhabited areas frequented by both people and
animals.
The identification of plants in the field survey was based on the personal experience of
the author and two experts, nursery catalogues, and on-site consultation with nursery personnel.
Plant samples (branches, leaves, flowers and/or seeds) were collected along with photos of all
unknown species, or uncertain plant species observed from the field survey, which were identified
later based on key identification characteristics in plant manuals or field guides (e.g. Weber, 2003;
Parsons & Cuthbertson, 2001; Richardson et al., 2006), and through regional (e.g.
http://www.flowersofindia.net/)

and

global

(e.g.

http://identify.plantnet-project.org/;

https://garden.org/plants/) online resources. Some alien plant photos that could not be identified
were posted on Facebook plant enthusiast groups (e.g. Flora of Bhutan, Plant Ident 101, Plant
identification and discussion, Plant identification UK), or were referred to other experts known
to either the author or the experts who assisted with the survey to determine the identity of the
species. All native plants were excluded.
I compared all the alien plant species observed in the field surveys with those listed in the
inventory of alien plants in Bhutan (Chapter two). All alien plants not listed in the baseline
inventory were considered to be new additions. For all new additions I collated the same data as
for the species on the baseline inventory (see methods section in Chapter two) so they could be
subsequently added to the inventory.
3.3 Results
3.3.1 Overview of alien plants recorded from the field survey in Bhutan
The summary of field survey was compared against the alien plant baseline inventory (see
Chapter two, Table 3.2). The field survey revealed 159 new alien plant species (Appendix 3.1)
and 242 alien plant species (25% of the total) that were already recorded in the baseline inventory,
bringing the revised total to 1123 (Table 3.2).
Of the newly recorded alien species (n = 159), more than 98% (n = 156) were intentionally
introduced. Among these newly recorded alien species more than 82% (n = 131) were under
cultivation, 7% (n = 11) were casual, 8% (n = 3) naturalised and 2.5% (n = 4) invasive. With the
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addition of the 159 new alien plant species found during the field survey, the total number of alien
plants in Bhutan now totals 1123 species; an increase of about 16% from the baseline inventory
(n = 964).
Table 3.2 Summary of the number of alien plant species in the baseline inventory relative to
those recorded during the field survey in Bhutan.
Introduction categories

Species in the:
Baseline inventory (A)
Both inventory and field
surveys (B)
Inventory but not recorded in
field surveys (A-B)
Field surveys, but not
inventory (C: new additions)
Revised inventory (A+C)

Cultivated

Casual

Naturalised

Invasive

Unknown

Total

626

131

104

100

3

964

173

3

31

35

0

242

453

128

73

65

3

722

131

11

13

4

0

159

757

142

117

104

3

1123

New alien plants originating from Asia (25%) were observed more than from other
continent/region (Figure 3.2). There was an almost equal number of new alien plants originating
from North America, South America, and Africa (18-20%). Less than 10% of new alien plants

Alien species (No.)

originated from Europe, Oceania, and Central America and the Caribbean.
60
50
40
30
20
10
0

50
40

37

37
17

Asia

N. America

Africa

11

S. America C. America Oceania
& Caribbean

Origin of alien plants by region

Figure 3.2 New alien plants from the field survey undertaken across Bhutan relative to their
origin. Numbers above bars are the percentages of the total new alien species (n = 159) (note:
some alien plants occur in more than one continent/region of origin and thus the percentage values
cannot be summed).
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3.3.2 Pathways of introduction
Both baseline inventory and field survey results show a similar trend in alien plant
introduction pathways (Figure 3.3), except in the livestock sector where new alien plants were
not detected during the field survey (Figure 3.4).

No. of alien species

400
350

369

300
250
200
150
100
50
0

253

Baseline inventory

Field survey

228
155
111
74
29

11

Ornamental

Pasture

Horticulture Accidental

57
12

Medicinal

26 14

Forestry

18

8

Agriculture

Pathways of alien plant introduction

Figure 3.3 Comparison of alien plant introduction pathways in the baseline inventory (Chapter
two; blue bars) and from the field survey (this Chapter; red bars). Numbers above bars are the
actual number.
The horticultural sector in Bhutan comprises species of fruits, vegetables, ornamental
and/or landscape plants, spices, and medicinal and aromatic plants. When introduction pathway
is analysed by sector, more than 94% of new alien plants (n = 150) recorded in the field surveys
were deliberately introduced by the horticultural sector. Examination of the horticultural sector
data revealed that 83% of the total new additions in the field were ornamental plants (n = 132).
Of the 18 new horticulture crops (i.e. fruits and vegetables), 17 were tropical fruit plants (e.g.
durian, Durio zibethinus L.; mangosteen, Garcinia mangostana L.; rambutan, Nephelium
lappaceum L.) and one was a vegetable crop (Mexican coriander, Eryngium foetidum L.).
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Baseline inventory
Number of alien plant species

New records from field survey
Total species found in field survey that were in the baseline inventory
400
350

369

300
250
200
150

228
155

132 121

111

100
50

57

56

0

0
Ornamental

11

Pasture

18

3

Horticulture
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0

12

Medicinal

26

6

8

Forestry

18

0

8

Agriculture

Alien plants grouped by their common introduction pathways

Figure 3.4 The number of alien plant species present in Bhutan, grouped by pathway of
introduction in both the baseline inventory and field survey. Number of alien species in the
baseline inventory (blue bars) and the number new additions from the field survey (red bars and
bold numbers) and the number common to both the field survey and the baseline inventory (green
bars). Note: these plant groups are treated as equivalent to pathways of alien plan introduction.
In the past, the livestock sector has introduced the largest number of alien fodder species
(n = 228), after horticulture. Despite this, only 7% (n = 11 species) belonging to the families
Fabaceae (n = 6) and Poaceae (n = 5) were encountered in the field survey. Four fodder grass
species promoted by the government have naturalised (cocksfoot, Dactylis glomerata L.; tall
fescue, Festuca arundinacea Schreb.; Italian ryegrass, Lolium multiflorum Lam. and kikuyu,
Pennisetum clandestinum Hochst. ex Chiov.), and white clover, Trifolium repens L., was invasive
and found growing in all the survey sites.
For the forestry sector, five of the six new multi-purpose forestry species encountered in
the field survey were under propagation in nurseries in southern Bhutan. These and another two
alien forestry tree species were observed in the field survey. The agricultural sector had the least
introduced species in the baseline inventory (Chapter two) and no new alien species were found
in the field survey. The eight species observed in the field that were already recorded in the
baseline inventory were the most commonly cultivated food crops in the country (e.g. rice, maize,
wheat, barley and buckwheat).
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The field survey identified three new alien plants that had been introduced
unintentionally. These were all weedy species, being common reed, Phragmites australis (Cav.)
Trin. ex Steud.; tobacco bush, Solanum mauritianum Scop. and spotted spurge, Euphorbia
maculata L. They were found outside of cultivation.
3.3.3 Alien plants and their status
A total of 242 alien plant species found in both the baseline inventory and field survey
(row B, Table 3.2) were assessed to determine if their invasion status changed following the
additional information gathered during the field survey. That is, if a species had moved from one
categories (i.e. cultivated, casual, naturalised or invasive) to another. Many alien plants (n = 137,
or 79%, Table 3.3) introduced for food, fruits, vegetables, fodder or medicinal plants continued
to be recognised as cultivated (i.e. they had the same status as they had in the baseline survey),
and they had not become casual, naturalised or invasive.
Table 3.3 The status of alien plant species observed in the field survey across Bhutan relative to
their status in the inventory of alien plants.
Status from
Baseline
Inventory
Cultivated

173

Casual

3

Naturalised

31

Invasive

35

Total

242

Status from field survey
Cultivated

Casual

Naturalised

Invasive

137

19

17

0

2

1

0

27

4
35

137

21

45

39

Red numbers illustrate species that had changed status from the baseline inventory data outlined in Chapter two.

A total of 41 alien plant species in the baseline inventory changed status following the
field survey from cultivated to casual or naturalised, or casual to naturalised, or from naturalised
to invasive species (see red numbers in Table 3.3). Of the 173 cultivated species observed in the
field survey, 19 species had become casual and 17 species had become naturalised. No cultivated
species had become invasive. The field survey also indicated that four alien species that had
previously been reported as naturalised in the baseline inventory had now become invasive (Table
3.4). These were: periwinkle, Catharanthus roseus (L.) G. Don; Jatropha, Jatropha curcas L.;
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four-o’clock, Mirabilis jalapa L. and dandelion, the Taraxacum officinale complex Weber ex
Wigg.
Table 3.4 A list of alien plant species found in the field survey that have changed status as reported
in the baseline inventory (Chapter two). Prior/current status being: C = cultivated; CA = casual;
N = naturalised; and I = Invasive as outlined in the inventory. The pathways are: A = agricultural;
F = forestry; H = horticulture; O = ornamental; P = pasture and U = unknown. *indicates species
that have been widely promoted by the government.
Sl.
No.
1
2
3

Species name
Abelmoschus esculentus (L.)
Moench
Acalypha hispida Burm. f.
Acalypha wilkesiana Müll.
Arg.

Prior

Current

status

status

Malvaceae

C

N

H*

Euphorbiaceae

C

CA

O

Euphorbiaceae

C

CA

O

Family

Pathway

4

Alcea rosea L.

Malvaceae

C

CA

O

5

Allium cepa L.

Amaryllidaceae

C

N

H*

6

Buddleja davidii Franchet

Scrophulariaceae

C

N

O

7

Capsicum annuum L.

Solanaceae

CA

N

H*

8

Carica papaya L.

Caricaceae

C

CA

H*

Apocynaceae

C

N

O

Apocynaceae

N

I

O

Euphorbiaceae

C

CA

O

9
10
11

Cascabela thevetia (L.) H.
Lippold
Catharanthus roseus (L.) G.
Don
Codiaeum variegatum (L.)
Rumph. ex A. Juss

12

Crassula ovata (Mill.) Druce Crassulaceae

C

CA

O

13

Cucurbita pepo L.

Cucurbitaceae

C

CA

H*

14

Dianthus barbatus L.

Caryophyllaceae

C

CA

O

15

Digitalis purpurea L.

Plantaginaceae

C

CA

O

16

Duranta erecta L.

Verbenaceae

C

N

O
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Sl.
No.
17
18
19
20

Prior

Current

status

status

Asteraceae

C

N

O

Papaveraceae

C

CA

O

Polygonaceae

C

N

A*

Proteaceae

C

CA

F*

Species name

Family

Erigeron karvinskianus DC.
Eschscholzia californica
Cham.
Fagopyrum esculentum
Moench
Grevillea robusta A. Cunn.
ex R. Br.

Pathway

21

Hedera helix L.

Araliaceae

C

CA

O

22

Ipomoea aquatica Forssk.

Convolvulaceae

C

N

O

23

Ipomoea carnea Jacq.

Convolvulaceae

C

N

O

24

Jatropha curcas L.

Euphorbiaceae

N

I

O

Fabaceae

C

N

P*

Asteraceae

C

N

O

25
26

Leucaena leucocephala
(Lam.) de Wit
Leucanthemum vulgare
Lam.

27

Manihot esculenta Crantz

Euphorbiaceae

C

N

A*

28

Mirabilis jalapa L.

Nyctaginaceae

N

I

O

29

Musa x paradisiaca L.

Musaceae

C

N

H*

30

Papaver somniferum L.

Papaveraceae

C

CA

O

Solanaceae

C

CA

O

31

Petunia x atkinsiana D. Don
ex Loud.

32

Prunus armeniaca L.

Rosaceae

C

CA

H*

33

Psidium guajava L.

Myrtaceae

C

N

H*

34

Saccharum officinarum L.

Poaceae

C

CA

H*

35

Sansevieria trifasciata Prain

Asparagaceae

C

CA

O

36

Solanum pseudocapsicum L.

Solanaceae

C

CA

O

37

Tagetes patula L.

Asteraceae

C

N

O
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Sl.
No.

Species name

Prior

Current

status

status

Asteraceae

N

I

U

Commelinaceae

C

N

O

Family

Pathway

Taraxacum officinale
38

complex (L.) Weber ex F. H.
Wigg.

39

Tradescantia pallida (Rose)
D. R. Hunt

40

Tropaeolum majus L.

Tropaeolaceae

C

N

O

41

Vinca major L.

Apocynaceae

C

CA

O

3.3.4 Alien plants observed along roadsides and disturbed areas
A total of 71 alien plant species were recorded along roads and disturbed areas, of which
43% (n = 31 species) were ornamentals, 25% (n = 18 species) were accidental introductions
and 14% (n = 10 species) were horticultural crops. Of which 14% (n = 10 species) were new
observations, comprising six ornamental plants, three accidental introductions and one new
vegetable species under horticulture.
Ornamental plants are the largest group of alien plants to be observed on roadsides. The
25 alien ornamental plants found along roads and disturbed areas (Figure 3.5) during the field
survey were also documented in the baseline inventory. Of these 25 species, 56% (n = 14) had
naturalised, 28% (n = 7) had become invasive and 16% (n = 4) remained as casual. An additional
six ornamental plants that escaped cultivation and spread into roadsides and disturbed areas were
either naturalised (n = 4) or invasive (n = 2) (see Figure 3.5).
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Figure 3.5 Alien plants in the baseline inventory (blue bar) and new records (red bar), which were
observed along roadsides and disturbed areas during the field survey relative to the invasion
pathway.
Of the ten new alien plant species observed in the field survey along roadsides and
disturbed areas, only one was casual while six species had naturalised and another three species
were invasive. The presence of these invasive species, and to some extent the naturalised species,
indicates that the species have remained unreported from the locality for some time (Figure 3.5)
due to an absence of surveys for potentially invasive alien species. The field survey also found
that all alien species with accidental introduction pathways (n = 15) were invasive.
3.4 Discussion
The total number of alien species recorded in Bhutan is now 1123 species. The field
survey outlined in this Chapter added 159 new species to the baseline inventory of 964 species.
The field survey further validated the presence of 242 species (which were recorded in both the
baseline inventory and the field survey) (Table 3.2). Of particular interest were the 41 species that
had changed status with four previously naturalised species now recognised as invasive and 36
species previously recognised as cultivated now either casual or naturalised. The invasive species,
together with those identified as invasive in Chapter two, need to be assessed as to the risk they
pose and the feasibility of their control in Bhutan, using a post-border weed risk management
system (e.g. Anon., 2006; Johnson, 2009; Chapters four and five). This is critical given a large
proportion of these species arise from the ornamental introduction pathway (see Chapter two, and
below).
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Food security is one of the most basic concerns of governments. To secure this,
historically, governments in developing countries have focused their research and development
on agricultural crops rather than horticultural production (Weinberger & Lumpkin, 2007). The
increase in disposable incomes in these countries has accelerated the growth of horticultural
industries including non-food industries like ornamental and landscape nurseries (Briercliffe,
2017). Data from the baseline inventory (Chapter two) and the field survey (this Chapter) confirm
the global trend towards higher number of alien ornamental plants and the importance of this
pathway for alien plant introduction (e.g. Mack & Erneberg, 2002; Cook & Dias, 2006),
especially in recent times (Zieritz et al., 2017), but also more historically (e.g. Mulvaney, 1991;
Virtue et al., 2004; Groves et al., 2005; Johnson, 2013). The results from the field survey coincide
with the growth in the number of private plant nurseries from a single nursery in early 1990 to 79
registered nurseries in 2015 (unpublished data from BAFRA, 2016). This is besides the many
sprawling informal backyard nurseries encountered during the field survey. Both registered and
informal backyard nurseries increase the risk of more alien plants being introduced and
distributed, both legally and illegally, across the country.
More than 67% (n = 88) of new alien cultivated plants were recorded from nurseries and
none of these species were on the current permitted list for Bhutan. The concern for the
government and people of Bhutan is how these ‘high’ risk alien species have legally been allowed
to be imported and propagated by nurseries for distribution across the country. For example,
Japanese rose, Rosa multiflora Thunb., which is in the ‘extreme’ risk species category in
Randall’s Global Compendium of Weeds (2017), is being propagated in one of the governmentrun nurseries. It is a highly invasive species that easily escapes cultivation, and spreads rapidly
through seed dispersal and clonal reproduction into pasture and forested areas (Jesse et al., 2010)
after exhibiting a nine-year time lag prior to becoming invasive (Banasiak & Meiners, 2009).
Some new alien plants of ‘high’ risk in Randall (2017) and reported to be highly invasive in the
CABI invasive species database (https://www.cabi.org/isc/), such as, the artichoke thistle, Cynara
cardunculus L.; Himalayan balsam, Impatiens glandulifera Royle (native to western Himalayas);
prickly pear, Opuntia stricta (Haw.) Haw. and canoe-cedar, Thuja plicata Donn ex D. Don, are
currently being legally propagated by private nurseries for sale and distribution across the
country. There are also new alien ornamental plants in the ‘medium’ and ‘low’ risk categories
known to be invasive in the global database (https://www.cabi.org/isc/). Many of the potential
invasive alien plant species that were deliberately introduced and propagated by nurseries could
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have been prevented from importation, sale and distribution in the country if the government of
Bhutan had implemented appropriate plant risk-screening tools such as weed risk assessment.
Once alien plants are introduced into the country, many factors that contribute to their
invasion success such as propagule pressure (Colautti et al., 2006; Lockwood et al., 2009) and
habitat suitability or “weedy elsewhere” (Williamson, 1996) were not ascertained in the baseline
survey. Unfortunately, only the year of introduction or residence time (Rejmanek et al. 2000;
Wilson et al., 2007), as detailed in Chapter two, was able to be ascertained. The field survey data
were unable to contribute further data to run statistic or model development on invasion success
due to small population size, actual year of introduction, and spatial distribution. However, risk
assessment models, such as those outlined in Chapters four and five, will help assess the risk of
invasion. Similarly, the data generated in Chapters two and three could not help further with
impact analysis. For example, the 11 cultivated species observed in the field survey (those with a
pathway of H or A only, Table 3.4) and recognised as either casual or naturalised, have not been
reported in Bhutan to cause negative impacts to people’s livelihood and the environment. Having
said this, I believe some currently cultivated species observed in the field survey to be
naturalizing, like leucaena, Leucaena leucocephala (Lam.) de Wit (fodder) and guava, Psidium
guajava L. (horticulture), have the potential to become invasive. These two cultivated species are
known invasive species elsewhere (Lowe et al., 2000; Sherley, 2000; Yoshida & Oka, 2004) and
displace native species (Vilà & Hulme, 2017; Witt, 2017). A weed risk assessment and
management system/s are needed to more accurately determine the negative impacts as well as
positive impacts posed by these ‘conflict’ species (Chapter four, Anon. 2006; Downey et al.,
2010; Johnson, 2007; 2012; 2016). An examination of a system to better evaluate the negative
impacts of alien plant species is discussed in Chapter four.
Ornamental plant species dominate the composition of alien flora in Bhutan in both the
baseline inventory (Chapter two) and field survey (this Chapter) at 38% and 63%, respectively.
Evidence from the field survey indicates that of the 27 ornamental plant species observed (Table
3.4), 24 have escaped cultivation and established as casual amongst the native flora. In general,
naturalisation is the penultimate stage of alien plants prior to becoming invasive (Williamson,
1996). The other three species from Table 3.4, periwinkle, Catharanthus roseus (L.) G. Don;
jatropha, Jatropha curcas L. and four-o’clock, Mirabilis jalapa L., which were thought to be
naturalised in the baseline inventory, have now been confirmed as invasive by the field survey.
Frequent monitoring and early detection of potential high-risk ornamental plants escaping,
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especially from garden margins, (Groves et al., 2005; Marco et al., 2010) can be designed for
early management interventions before they become more widely invasive and difficult to
manage.
Areas along roads, and habitats in and around human settlements, are more vulnerable to
biological invasions (Lowry et al., 2013). The pathway threat posed by roads will assume greater
importance if Bhutan ratifies the Bangladesh-Bhutan-India-Nepal Motor Vehicle Agreement
(BBIN-MVA), which will allow unrestricted movement of vehicles within or transit
through/between member countries. The BBIN-MVA is more than likely to be ratified by Bhutan
because of the geo-political interdependence Bhutan has with its near neighbours for trade and
transport. This means that the government and people of Bhutan will have to prepare for far more
long-distance alien plant dispersal from Bangladesh and Nepal, similar to that which has occurred
in the past from India, particularly as illustrated by parthenium, Parthenium hysterophorus L.
(Navie et al., 1998, Blackmore & Johnson 2010). In addition, the border towns and highways
feeding into Bhutan, particularly those in subtropical eco-zones and/or at lower elevations, will
be more vulnerable to invasions by alien plants from similar eco-zones in Bangladesh, India and
Nepal (Pauchard et al., 2009; Tshering, 2012).
Prior to the current field survey, urban (commercial border towns) or peri-urban (e.g.
district headquarters) areas had not been assessed for the role these disturbed landscapes could
have as the launching pad for biological invasions of alien species. The ten naturalised and three
invasive ornamental plant species observed in the field surveys from these areas (Table 3.4) are
probably the first of a number of ornamental plants capable of escaping cultivation and becoming
invasive over time. A focus on this pathway, and implementing weed risk assessment and
management systems to help prevent and manage this, and other alien plant species pathways is
needed. This will be discussed in Chapters four and five.
3.5 Conclusion
A baseline inventory of alien plant species in a country is indispensable in developing any
kind of policy, legislation, regulation and/or management strategy. Developing countries are often
constrained by physical (e.g. well-quipped research centres), financial and human resources to
conduct basic research on alien plants and their impacts on society, the economy and the
environment, like that outlined in Chapters two and three. The research in both of these chapters
has shown that what information on alien plant species there is available from a variety of sources,
59

such as, professional publications, personal memoirs, non-scientific publications (e.g. project
documents and annual reports) and online global databases, can be collated. Even with limited
resources and time (e.g. research duration), a baseline inventory from these sources can be
partially validated by convenient sampling procedures at select field survey sites to test the
representativeness of the baseline inventory. I found that both the baseline inventory and field
survey yielded similar results, and more importantly captured alien species, which were either not
recorded earlier, or were new alien species introduced legally or illegally into the country. Further,
the field survey was useful in determining the status of alien plants in the country so that
management and regulatory measures could be designed for those species that were invasive and
of those species that represented a high potential risk to Bhutan. Despite limited surveys, a
significant number of new alien plant introductions into Bhutan were recorded, suggesting that
more routine surveys must be conducted in order for early detection and rapid response processes
for new invaders to occur.
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Chapter 4 - Applying weed risk assessment systems in countries with open and porous
borders: Could a hybrid pre-/ post- border approach be the best option? A case study
from Bhutan
Abstract
Intentional introduction of alien plant species through increased global trade and
movement of people worldwide has contributed to the current problem of invasion by non-native
or alien plant species. This is causing significant impacts to primary production, the environment,
and human health and society. Weed risk assessment (WRA) systems have been developed to
help screen out those alien plant species prior to their introductions that have the potential to
become invasive (i.e. pre-border). Although some developed countries (e.g. Australia and New
Zealand) have successfully developed, tested and implemented WRA systems, broad scale
application in developing countries, especially those that have open and porous borders, is yet to
occur. This is, in part, because the WRA approach developed is predicated on the assumption that
effective management of the movement of goods and people across borders is both practical and
achievable. Here, I examine whether pre-existing WRA and post-border weed risk management
systems can be implemented in developing countries with open and porous borders using the
landlocked country of Bhutan as a case study. Firstly, I examine the limitations and challenges
associated with adopting and implementing a WRA approach in countries with open and porous
borders. Secondly, I explore how these limitations could be best utilized for developing a hybrid
risk management system that incorporates both components of pre-border risk assessment and
post-border risk management systems. Lastly, I construct a decision tree to help managers and
policy makers determine how best to manage alien plant species introductions in countries with
open and porous borders. The adoption of such systems will help prevent and manage potential
invasive alien plant species in the country.
4.1 Introduction
The global expansion of trade, transport and increased movement of people worldwide
has significantly contributed to the increase in the number of alien plant species that have been
introduced into novel locations (Ferdinands et al., 2011). Despite the introduction of many of
these plants being beneficial, some have become invasive, and subsequently contributed to a wide
range of socio-economic and environmental problems (Levine & D’Antonio, 2003; Hulme, 2009;
Perrings et al., 2010). To address these problems, a range of management strategies and
61

approaches have been developed and implemented. One of these involves screening potential
new plant introductions using risk assessment processes to prevent the importation of species that
are likely to become invasive if introduced. Similar risk assessment systems have been used to
assess alien plants once they arrive (Downey et al., 2010) as part of an overall risk management
continuum to mitigate new incursions and manage them once they establish (Anon., 2006;
Johnson, 2009). A brief review of these systems in the context of their importance and
applicability to open and porous border countries like Bhutan is presented in the ensuing sections.
4.1.1 Weed risk assessment systems (pre-border)
The basis for WRA as an approach for screening plant introductions started in the 1980s
(Forcella & Wood, 1984; Hazard, 1988). By the late 1990s, the widely accepted Australian Weed
Risk Assessment system (AWRA) developed by Pheloung et al. (1999) was implemented in
Australia and New Zealand. The AWRA has subsequently been tested, revised and implemented
by many countries. A comprehensive review of the development of risk assessment approaches
is presented by Downey et al. (2010).
Spafford-Jacob et al. (2004) found that more than 3% of the new plant species imported
into Australia without being subjected to the WRA process were invasive agricultural and
environmental species in Australia. The implementation of the pre-border AWRA system has
prevented the introduction of more than 50% of the 3000 alien plant species proposed for
importation between 1997 and 2012 (Cuthbert, 2013). The AWRA screening is based on a set of
49 questions relating to a plant’s biogeography, ecology, undesirable traits, reproduction and
persistence, which collectively assess the potential risk posed by the species. The outcome of the
assessment is a score that determines whether the plant species should be ‘accepted’, ‘rejected’,
or subjected to ‘further evaluation’ before it can be imported (Pheloung et al., 1999).
Many developed countries have tested modified versions of the AWRA system including
Canada, the Czech Republic, Italy, Japan, the Netherlands, Spain and the United States of
America, as well as some developing countries, as summarized by Auld et al. (2012). It has been
shown that, on average, more than 90% of the major invasive plants (Daehler et al., 2004;
Křivánek & Pyšek, 2006; Gordon et al., 2008; Nishida et al., 2009; Crosti et al., 2010; Gassó et
al., 2010; McClay et al., 2010; Speek et al., 2013) and about 70% of the non-invasive plants
(Gordon et al., 2008) are identified by the screening process. Testing of the WRA process shows
that major invasive alien plant species have a low chance of being identified as a false negative
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(a Type II error) and accepted for import (Gassó et al., 2010; Speek et al., 2013). The lower
accuracy of the WRA for non-invaders is because of the proportion of non-invaders that require
further evaluation. If this group is not included in the analysis, accuracy is roughly 90%, which
influences the risk of the type II error for non-invader. The probability of non-invasive plants
species being excluded (as a false positve or Type I error) ranges from 3.5% to 42% (Křivánek &
Pyšek, 2006; McClay et al., 2010). However, the net economic benefits of having such risk
screening tools far outweigh the opportunity lost from rejecting non-invasive plant species (Keller
et al., 2007; Springborn et al., 2015). Invasive species once introduced are rarely eradicated
(Keller et al., 2007) and poor countries do not have resources to manage them (Perrings et al.,
2002). Thus, the risk assessment tools will particularly benefit developing countries to prevent
entry of potential invasive alien plants into the country.
4.1.2 Weed risk management systems (post-border)
Post-border WRA systems are implemented to prioritise invasive plants already present
in a country for eradication and containment measures (Anon. 2006; Downey et al., 2010). For
countries with open and porous borders, the likelihood of alien plant species being introduced and
established is much higher than for closed border countries. This is due to multiple introduction
pathways (anthropogenic and natural agents such as animals, wind and water) (Johnson, 2009;
2015; Panetta, 2015). Existing invasive alien plant management strategies in many countries have
largely relied on either a pre-border WRA system (prevention) regulated by plant quarantine
authorites, or a post-border weeds risk management (WRM) system implimented by landowners
or the public service sectors (for example, Agriculture, Forestry, or Environment ministries). To
my knowledge, the WRA outcomes and WRM measures are not implemented to complement
each other in preventing and mitigating the impacts from invasive alien plant species in
developing countries or many developed countries with open and porous borders. Developing
countries are also limited by resources (see section 4.2) and those that have contiguous land
borders often cannot secure the whole length of the border to effectively implement plant
quarantine regulations (Chandran & Rajamohan, 2007). Implementing hybrid WRA and WRM
systems may provide the best option for effective prevention and mitigation of potential invasive
alien plant species in such countries.
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4.1.3 Implementing WRA systems in the Indian sub-continent
Countries in the Indian sub-continent, which have open land borders with India such as
Bhutan, Bangladesh, Nepal and Pakistan present a unique set of challenges in implementing
WRA systems. The porous borders provide for easy movement of people and goods because of
the difficulty in monitoring the often long open borders and weak governance arrangements at
the borders (Chandran & Rajamohan, 2007). Border posts are not adequately staffed and equipped
to inspect and intercept invasive alien plant species.
Implementation of WRA systems requires a strong legislative framework across all
countries sharing common borders and enforcement of regulations to tackle problems associated
with invasive alien plant species. A lack of a harmonized legislative framework and inadequate
implementation of plant regulatory rules and regulations among neighbouring countries
addressing cross border invasive alien species provide disincentives to implement biosecurity
measures for invasive alien plant species (Shine et al., 2000; Shine, 2007). The challenges are
more daunting when legislation and institutional arrangements to manage invasive alien plant
species are inconsistent between states within a country like India (Priyanka & Joshi, 2013). As
an example, Bhutan authorities need to liaise with four different neighbouring Indian states to
implement biosecurity measures on invasive alien plant species due to differing legislative
requirements in each of these neighbouring states.
Developing an effective pre-border screening system (i.e. a WRA) is only part of an
overall biosecurity strategy to prevent new incursions. Processes are required to implement the
outcomes of the WRA at the border, as well as identify those species that cannot be prevented
from dispersing across borders. The implementation of post-border WRM approaches becomes
a second line of defence for countries where borders are not a barrier to all alien plant species
introductions. The implementation of a hybrid WRA-WRM system has not been explored to
overcome the above challenges in managing potential invasive alien plant incursions in countries
with these types of borders.
4.1.4 Creation of lists of species of concern
Some countries use ‘black lists’ (or prohibited lists), ‘white lists’ (or permitted lists), and
‘grey lists’ (or status ‘not conclusive’) as a plant quarantine measure to regulate alien plant
importations (Simberloff, 2006; Pergl et al., 2016). These lists are typically based on assessments
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of the risk associated with the plants’ ability to become invasive if introduced or blacklisted after
they have been introduced (Genovesi & Scalera, 2007). These list-based approaches are not 100%
effective in preventing the introduction of potential invasive alien plant species (Csurhes et al.,
2006; Simberloff, 2006). This is because the assessment criteria used to create them are unable
to accurately assess plant species that have no known introduction history (Dawson et al., 2009;
Phillips et al., 2010b). In developing countries, resources are often not adequate to support the
institutional, scientific and regulatory capacity required to review and update such lists regularly
(Burgiel & Perrault, 2011).
4.1.5 Case Study: Bhutan
Bhutan is a small landlocked developing country located at the southern foothills of the
eastern Himalayas between China and India. It is one of the three global biodiversity hotspots of
the eastern Himalayan region (NBC, 2014) and is known for its strong conservation policies that
help maintain its rich flora and fauna diversity (Reddy et al., 2016). Bhutan’s self-imposed
isolation until the early 1960s has largely been responsible for its biodiversity conservation
success (Brown & Bird, 2011). Other than cereals (wheat, Triticum aestivum L.; maize, Zea mays
L.; rice, Oryza sativa L. and millets, Eleusine coracana L., Setaria italica (L.), P. Beauv and
Panicum miliaceum L.), pulses (soybean, Glycine max (L). Merr.), oilseeds (mustard, Brassica
juncea (L.) Czern.) and some vegetable crops (e.g. chilli, Capsicum annuum L.; eggplant,
Solanum melongena L.; radish, Raphanus raphanistrum L.;. turnip, Brassica rapa L. and potato,
Solanum tuberosum L.) alien plants such as timber, fodder and ornamental plant species were not
introduced until the launch of modern agriculture farming systems in 1961 (NBC, 2015a).
Prior to 1984, there was no evidence of the scientific communities within Bhutan being
aware of the potential threats of intentional alien plant introductions becoming invasive, such as
black locust (Robinia pseudoacacia L.) and white clover (Trifolium repens L.), both introduced
for fodder (Roder, 1984; 1996). By 2000, of the total 236 grass and legumes species deliberately
introduced and evaluated for fodder since the early 1970s (Roder et al., 1998), 21 introduced
grass species had naturalised outside cultivation (Noltie, 2000). Although India is the major
source of plant products including planting materials (e.g. seeds, bulbs and seedlings) for Bhutan
(MoF, 2016), many fodder species in the past were introduced directly from other countries such
as Australia, Canada, Denmark, Italy, New Zealand, Russia, Switzerland and the United States
of America (Roder, 1983). In the past, government was solely responsible for import,
propagation, sale, and distribution of seeds and planting materials in Bhutan (Tobgay, 2005). Now
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private firms (e.g. nurseries) and individuals are increasingly involved in importing alien plants
(Christensen et al., 2012).
Bhutan, therefore, presents a unique case for preventing and managing invasive alien plant
species as the result of:
(i) having a porous border with different states of a neighboring country that do not
have uniform plant quarantine regulations and implementation modalities;
(ii) multiple pathways (e.g. humans, animals, natural agents) for entry and spread;
(iii) having a rich biodiversity, but being vulnerable to a wide-range of invasive alien
plant species due to diverse agro-ecology within a short distance from the borders;
and
(iv) a lack of technical (skills and knowledge), financial and physical (border customs
and security infrastructures) resources.
As such, a different but holistic approach to pre-, at- and post- border risk management
systems is required to address the above problems.
4.1.6 Aim of this chapter
In this chapter, I aim to investigate risk-based options as to how developing countries with
open and porous borders might best mitigate the threat from invasive alien plant species using
Bhutan as a case study. In order to explore these options, I identify and examine a range of
limitations and challenges associated with potentially adopting and implementing these riskbased approaches for managing invasive alien plant species. I then use this information to create
a decision tree to help managers and policy makers determine how best to manage the invasive
plant risk.
The current pre-border AWRA system addresses the risk of importating a new weed
species, however there are additional pre-border risks, which need to be addressed in countries
with open and porous borders, specifically the risk of new plant species being unintentionally or
accidentally dispersed from neighbouring countries. This additional risk also has significant
implications with respect to how effectively any pre-border WRA system can be implemented,
because it may not be able to prevent the risk. I examine how the post-border risk management
in conjunction with the WRA system could present viable options to mitigating weed risk
problems. Finally, I propose a decision tree approach to help decision/policy makers and plant
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regulatory authorities navigate through the challenges outlined to determine the most appropriate
approach for minimising the introduction (prevention) and establishment (management) of
potential invasive alien plant species in developing countries with open and porous borders, in a
manner that meets international biosecuity obligations. I also distinguish between the outputs of
such approaches and their implementation.
4.2 Major challenges of using and implementing a risk-based screening systems in countries
with open and porous borders
Here, I examine a wide range of limitations and challenges faced by countries with open
and porous borders associated with implementing systems to screen alien plant introductions
(Table 4.1) and then group these into three broad areas as follows: (1) multiple dispersal or
introduction pathways, (2) legislative differences between neighbouring countries, and (3)
resourcing (capacity/capability constraints) required to implement a screening system, based on
examples from Bhutan.
4.2.1 Multiple dispersal or introduction pathways
The effectiveness of the WRA system adopted in Australia and New Zealand is
underpinned by both countries being surrounded by ocean, which acts as a physical barrier to
dispersal (Lougheed, 2007; Roberts et al., 2011). However, open and porous borders exist
between states and regions within many countries (including Australia) that provide pathways for
dispersal and introduction of alien plant speies. Thus, the ability to regulate or control the
movement [dispersal] of alien or non-native plant species across the international and national
borders is a critical component in the implementation of their risk-based screening systems. For
landlocked countries like Bhutan, open and porous borders provide no barrier to dispersal and
thus any screening process must contain additional mechanisms or be modified to account for the
porous nature of borders in terms of uncontrolled dispersal of species. In order to find a
biosecurity solution, I identified and examined the main pathways by which alien plants could be
dispersed across the porous border between Bhutan and India (Table 4.1).
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Table 4.1 Pathways for alien plant introductions into Bhutan from India and their consequences.
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NSB (2016); 2Westphal et al. (2008); 3Taneja, (1999); 4Unpublished data from BAFRA; 5NCAH (2012); 6Mount & Pickering (2009); 7Bakker et al. (1996); 8Lonsdale & Lane

(1994); 9Hodkinson & Thompson (1997); 10Richardson et al. (2000); 11Pakeman (2001), and; 12Säumel & Kowarik (2010).
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4.2.1.1 Formal and informal trade
Increase in the number of invasive alien species in a country have correlated to increased
volumes of global trade (Lonsdale, 1999; Cook & Fraser, 2008; Westphal et al., 2008; Hulme,
2009; Seebens et al., 2017). Although, formal trade (officially documented and regulated at
Bhutan’s borders) within the Indian sub-continent is regulated, Bhutan does not have the capacity
to manage increasing volumes of trade. There are many reasons why this is the case including:
inadequate infrastructure (e.g. warehouses, parking spaces, post entry quarantine facilities), and
a lack of technical knowledge. This includes skills required for monitoring and surveillance of
imports of potential invasive alien species and stopping subsequent spread from border facilities
(CUTS International, 2014; personal communication, BAFRA officials at border checkposts,
2014; 2016).
Additionally, rising levels of red-tape and cumbersome procedures (e.g. undue
documentation prerequisites, clearance procedures prior to the approval of import permits,
inspections at the port of entry, import release orders after post-entry quarantine, detention of
seeds ranging from 8 to 35 days to examine fungal, bacterial or virus infections) have encouraged
informal trade (i.e. undocumented, unofficial/illegal trade that circumvent customs or plant
quarantine and regulatory authority) across porous borders in the Indian sub-continent (Singh,
2007; Dayal et al., 2008; Das & Bordoloi, 2015). This is especially the case for commodities such
as food grains, seeds, ornamental plants like orchids, and medicinal and aromatic plants (Olsen,
1998; Subedi et al., 2013; USAID, 2014). Some studies have found that the proportion of informal
trade between India and Bhutan, India and Nepal, India and Pakistan, and India and Bangladesh
was greater than formal trade (Taneja, 1999, 2005; Singh, 2007; Taneja et al., 2013).
These physical and technical limitations to screening and inspecting commodities at
borders, including vectors like transport vehicles that carry goods into the country, are yet to be
recognised as increasing the threat of introduction and dispersal of invasive alien plants. The
negative impact of alien plant species to the socio-economy and the environment is also poorly
recognised because no research studies have been conducted in Bhutan to address these issues.
4.2.1.2 Deliberate and informal alien plant introductions
Alien plants introduced through the formal pathway are generally included on the
permitted list and allowed to be imported without risk asssessment. It is still uncertain how safe
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the species on the list are in the absence of a robust risk assessment tool. These species can be
legally popagated and distributed by nurseries throughout the country. Once these seeds and
planting materials are in the hands of farmers/growers, it is a common practice in developing
countries like Bhutan that these propagative materials are gifted, exchanged or traded in the
community and beyond. This is outside the purview of the formal seed sector and plant quarantine
regulations (NBC, 2008a; Coomes et al., 2015). The potential for these plants to escape and
become established outside of cultivation can be high, and because there is no agency that
monitors their status once they are distributed by nurseries or released for cultivation by research
centres the risk is elevated (observations from field survey, 2016; see Chapter three).
Alien plants which are not on the permitted list are subsequently proposed for importation.
Bhutan does not have a standard risk assessment tool to deal with increasing number of new alien
species that are not on the permitted list but which are proposed for importation. The present
system of approving imports is based on available reference material or online reviews of such
species including consideration of ‘invasiveness elsewhere’ (personal communication, BAFRA
Official, 2016). Because ‘invasiveness elsewhere’ has been demonstrated to be a reliable
predictor of potential weed risk (Rejmánek, 2000; Reichard, 2001; Caley & Kuhnert, 2006;
Randall, 2017). A major shortcoming of using ‘invasiveness elsewhere’ occurs when the species
being assessed has no or only a very recent history of introduction and spread. Irrespective,
Gordon and Gantz (2008) have demonstrated that there is generally sufficient data for such new
species to conduct an assessment.
The present system of appoving imports is based on available reference material or online
reviews of these species being harmful elsewhere (personal communication, BAFRA Official,
2016). This system of review does not provide a robust analysis of each species and may pose a
high risk of importing potential invasive alien plant species into the country.
There are two types of deliberate alien plant introduction pathways in Bhutan. Firstly,
there are formal introductions by the agriculture (crops), livestock (pastures), forestry (agroforestry plantations and timber), and horticultural sectors (fruits, vegetables, and medicinal,
ornamental and landscape plants). Secondly, there are informal introductions across the porous
borders by people travelling across the border from India into Bhutan (i.e., without import
permits). Deliberate informal introduction of alien plants across borders in the Indian subcontinent is an established fact (Tiwari et al., 2005). Introductions via this pathway are illegal as
no alien plant can be imported without government approval. Doing so bypasses customs and
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plant quarantine requirements and the risk of introducing unknown invasive alien plants is high.
Little can be done to prevent introduction due to the porous nature of the border and the lack of
required resources and capacity for complete border monitoring and surveilliance.
4.2.1.3 Daily movement of people across the border
Bhutan’s open and porous border with India has resulted in unregulated movement of
people between the two countries (Das, 2010). The 699 km shared border between the two
countries predominantly follows the Himalayan foothills and there are few natural or artificial
barriers (including border fences and/or security posts). The border towns are major economic
hubs not only for the surrounding people, but also for almost the entire population of Bhutan
(Phuntsho, 2013). Hundreds of people cross the border every day for commercial and noncommercial purposes (Yangzom et al., 2012; WHO, 2015). Additionally, some one thousand
casual Indian labourers commute daily to work in Bhutan through the designated entry-exit posts,
while an unknown number of people cross unregulated sections of the border (WHO, 2015). Such
movements of people across borders pose a high risk of inadvertent dispersal of potential invasive
alien plant species into Bhutan (Clifford, 1959; Timmins et al., 2006; Mount & Pickering, 2009;
Auffret & Cousins, 2013). A similar open border does not exist with China due predominantly to
the high altitude of the Himalayan topography along the Bhutan/China border to the north (see
Chapter one, Figure 1.1) and the low population density on both sides of the border.
4.2.1.4 Tourist vehicles and vehicular movements
The number of tourists visiting Bhutan has increased almost six-fold from 27,636 in 2008
to 155,121 in 2014 (TCB, 2016). This large increase is mainly a result of regional tourism from
India and Bangladesh (97,584 individuals). Regional tourists are not subjected to the same level
of scrutiny as tourists from other countries. Approximately 73% of regional tourists enter Bhutan
by land through the Bhutan-India border checkposts (TCB, 2016).
Regional tourists commuting by land are given free access to use their own vehicles to
travel internally in Bhutan. The Bhutan-Bangladesh-India-Nepal (BBIN) motor vehicle
agreement to allow vehicles from member countries to transport passengers and goods is awaiting
rectification by the Bhutanese government (Subha, 2017). The economic gains from tourism and
the BBIN agreement will also bring about negative impacts to the environment, particularly from
unintentional or accidental distribution of invasive alien plants by vehicles (Schmidt, 1989).
Many such plants are known to ‘hitchhike’ on vehicles (Ansong & Pickering, 2013), often being
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transported long distances from their source (von der Lippe & Kowarik, 2007). Alien plant
dispersal by vehicles is yet to be ‘recognized’ as a potential pathway into Bhutan and plant
quarantine inspection posts only operate at four strategic border crossings. These have limited
staff and resources to undertake appropriate levels of screening relative to the high numbers of
daily border movements of people and vehicles.
4.2.1.5 Movement of domestic and wild animals
The border region between Bhutan and India has extensive stretches of forest interspersed
with villages and agricultural fields. This creates pathways for both domestic and wild animals,
including birds, to freely migrate and forage on either side of the border (NCAH, 2012). Cross
border dispersal of invasive alien plant species by animals has not received any management
attention, except for maintaining biological corridors for endangered animals such as elephants
and tigers (Seeland, 2000; Sharma & Chettri, 2005). Animals transport propagules to distant areas
in their faeces or attached to their skin, fur or feathers (Stansbury, 2001; Tackenberg et al., 2006;
Vignolio & Fernándes, 2010). It is logistically difficult to institute cross border regulatory
measures for domestic animal movements and impractical for wild animals. The cross-border
dispersal of alien plants by such animal movements has not received enough attention relative to
the threat/risk they pose, including the current study due to time and resource constraints.
4.2.1.6 Water and wind dispersal
The role of water in the dispersal of alien plant species between Bhutan and India has not
been examined. Given the geophysical context of the river systems in Bhutan, water is unlikely
to pose a serious problem for the dispersal of alien plant species into Bhutan. This is because the
four major rivers (Amo Chu, Drangme Chu, Puna Tsang Chu, and Wang Chu) predominantly
originate from glaciers in the north of Bhutan and drain out from the south into India. These fastflowing rivers do not pose significant risk of natural dispersal of alien plants within Bhutan due
to the short but extreme climatic gradient they flow through from artic to subtropical lowlands
within 100 km (Baillie & Norbu, 2004).
Wind driven dispersal of alien plant species from India is far more likely due to the
prevailing storm fronts. These storms build over India and move northwards towards Bhutan
(Shahnawaz & Strobl, 2015). Bitter vine (Mikania micrantha Kunth), which is one of the world’s
worst alien plants, was introduced in Assam, near the Bhutan-India border, to camouflage
airfields during World War II (Cock et al., 2000). It has now spread along the Bhutan-Assam
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border and it is highly probable that wind dispersal played a major role in its dispersal (Holm et
al., 1977). Wind dispersed species like crofton weed (Ageratina adenophora (Spreng.) R. M.
King & H. Rob.) and Siam weed (Chromolaena odorata (L.) R. M. King & H. Rob.), which were
initially reported only from the border regions of Bhutan (Parker, 1992) have now become major
problems in other parts of the country (NBC, 2014). This invasion pathway is difficult to manage.
4.2.1.7 Creation of artificial corridors
Bhutan has recently expanded its hydroelectricity power generation for domestic use and
export to India. Artificial corridors have been created to install power transmission lines across
villages and forests inside Bhutan, as well as between Bhutan and India (NEC, 2016a). These
power transmission corridors provide new dispersal opportunities through the disturbance
associated with creating and maintaining of these corridors, as well as through the use of these
corridors by humans and animals. The potential impact of these corridors on the dispersal of
invasive species is unknown, however it is likely to be a major dispersal pathway based on
evidence from such corridors in other countries (Dubé et al., 2011; Lampinen et al., 2015).
4.2.2 Differing legislation and policies for managing alien plants between countries with a
common border
Environmental legislation in many developing countries does not have specific clauses to
address issues posed by invasive alien plant species. Some legislation/plant quarantine regulations
use the implicit term “weeds” (and refer to unwanted plants in agricultural settings) or “pests” to
interpret and regulate invasive alien plant species across different sectors (forestry, agriculture,
livestock, and the environment) (FAO, 1997; 2016b; CBD, 2002). The Convention on Biological
Diversity (1992) was instrumental in spurring the enactment of legislation and regulations on
invasive alien species around the world, but it was only after the agreement on Aichi Biodiversity
Target 9 (COP 10 Decision X/2, 2010) that Bhutan and India developed national strategies and
action plans specifically targeting invasive alien plant species (NBC, 2014; Pande & Arora,
2014). Even so, there are gaps in implementing various environmental laws relating to invasive
alien plant management at national and regional levels (Table 4.2).
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Table 4.2 Similarities and differences between the legislation of Bhutan and India relating to invasive alien plant species with respect to biodiversity.
Legislation/policy (biodiversity)

Objective of the
legislation with
respect to managing

Similarities

Differences

Implications/issues for managing alien
plant species

Bhutan

India

The

The Biological

Conservation and

Legal instruments to

A multi-tiered biodiversity

Overlapping regulatory functions and

Biodiversity

Diversity Act

sustainable use of

conserve biodiversity

institutional arrangement

weak coordination in implementing the

Act of Bhutan

2002

biodiversity and

and promote the

(Central, State and Local

legislation at local level in both

genetic resources

sustainable use of plant

bodies) to implement the

countries1,2,4

genetic resources, but

Biological Diversity Act in

both Acts do not have

India, while only the

any specific provisions

National Biodiversity

on invasive alien plant

Centre implements the Act

species

in Bhutan

2003

alien plant species

The Plant

Plant Quarantine

Regulate import and

Targeted towards

No domestic regulation of

High risk of invasive alien plant species

Quarantine

(Regulation of

spread of pests (e.g.

preventing harmful alien

plant movement in India1

from other Indian states getting

Act of Bhutan

Import into

weeds and diseases)

pests from entering the

(e.g. no inter-state border

introduced into Bhutan through

2003 & The

India) Order

country through imports

plant quarantine check

neighbouring Indian states

Plant

2003

and mitigating problems

points along road and rail

Quarantine

that are inside the

links3). Internal movement

Rules of

country

of planting materials is not

Bhutan 2003

allowed without a permit
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Legislation/policy (biodiversity)
Bhutan

India

Objective of the
legislation with
respect to managing

Similarities

Differences

Implications/issues for managing alien
plant species

alien plant species
from BAFRA (regulatory
authority) in Bhutan
Import permits based on

Plants proposed for import

PRA is biased towards agricultural

permitted or prohibited

not listed in Schedule V, VI

pests (insects, crop weeds) and disease-

list approach

and VII have to undergo

causing pathogens, but there is no

mandatory pest risk analysis rigorous approach to screen out other
(PRA) in India. Bhutan

invasive plants (environmental weeds)

does not have a standard
regulatory procedure to
assess the risk
Regulate the import of

Plant quarantine is under

Invasive alien plant species of forestry

plants for all end-use

the Department of

are under the mandate of Ministry of

types (agriculture,

Agriculture and

Environment and Forests and have not

forestry and

Cooperation in India while

received sufficient attention in India1

ornamentals)

it is an autonomous body

thus endangering Bhutan’s biodiversity

under the Agriculture

from cross-border trade/movement of

Ministry in Bhutan

these species through open borders and
biological corridors
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Legislation/policy (biodiversity)
Bhutan

India

Objective of the
legislation with
respect to managing

Implications/issues for managing alien

Similarities

Differences

No specific legal

The plant quarantine

No legal basis to intercept

provision in the Plant

regulation in India provides

contaminated seeds/planting at the

Quarantine Act on

a legal basis to prevent the

entry points in Bhutan

invasive alien plant

import of planting materials

species other than the

contaminated with

term “pest” which is

quarantine or noxious weed

interpreted to imply

seeds at entry points.

“weeds” or “invasive

Contamination in the act

plants” (ISPM 5)

does not include those of

plant species

alien plant species

plant or animal origins in
Bhutan
Forest and

Forest

Conservation and

Conflict of interests and

Strong centralised forest

Lack of ownership and participation of

Nature

(Conservation)

protection of the

weak enforcement (gaps

conservation and protection

local communities in conservation

Conservation

Act, 1980

environment

between policies and

policies/legislation in

efforts

Act of Bhutan

6, 7, 8

implementation)

1995

6

Bhutan, while India has
many stakeholders (Central,

Transboundary coordination and

State and Local

management of invasive alien plant

governments)

species across the international border
between Bhutan and India, and within
States in India is difficult
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Legislation/policy (biodiversity)

Objective of the
legislation with
respect to managing

Similarities

Differences

Implications/issues for managing alien
plant species

Bhutan

India

Environmenta

The

Conservation and

Conduct mandatory

Proponents of a project hire

Screening of project is not based on the

l Assessment

Environment

protection of the

ecological/biodiversity

accredited consultancy

impact the project could have on

Act 2000

(Protection) Act

environment (land,

impact assessment (EIA)

firms to conduct EIA in

biodiversity; there is also weak

1986

alien plant species

9

water and air):

for the projects listed in

India , while EIA in Bhutan

implementation and compliance9,10.

umbrella legislation

the Act/Regulation10

is conducted by the

For example, environmental clearance

competent authority within

is not required for setting up plant

the government functionary

nurseries and bioengineering in

11

(sectoral approach)
1

Bhutan5

Manzella & Vapnek (2007); 2Pande & Arora (2014); 3Laxmi et al. (2014); 4Ghosh (2017); 5; 11NEC (2007; 2016b); 6Norbu et al. (2008); 7Agarwal (2005); 8Wangdi et al. (2013),

9

Paliwal (2006), and; 10Saheb et al. (2012).
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Bhutan has more than 20 environmental laws and regulations (Gawel & Ahsan, 2014;
NBC, 2014). Many of these laws contradict or conflict with each other and often have overlapping
regulatory functions across different agencies (Rose, 2011; Wangdi et al., 2013). The first
obstacle to cross-border collaborative management of invasive alien plant is the multi-tier
institutional structure of biodiversity governance in India (Pande & Arora, 2014). The local
Biodiversity Management Committees (BMCs) in villages in India implement biodiversity
activities (Medaglia et al., 2014), while in Bhutan there is only one agency (NBC) charged with
similar activities. This means that collaborative agreements on cross-border collaboration in
combating invasive alien plant species are difficult to implement as they require the agreement
of multiple BMCs in India.
The second legislative issue pertains to the difference in application of domestic plant
quarantine regulations among developing countries. In Bhutan, planting materials (material that
is being used for propagation and planting) cannot be moved from one district to another, unless
approved by BAFRA. However, India has no inter-state plant quarantine check points along road
and rail links (Laxmi et al., 2014) to prevent movement of potential alien plants from one state to
another (Balani, 2014).
A larger issue is India’s lack of specific legislation or regulatory frameworks to deal with
invasive alien species (Manzella & Vapnek, 2007; Khuroo et al., 2011; Hiremath & Sundaram,
2013) and their management (Kathuria & Singh, 2012). There are numerous instances in India
where major invasive alien plant species, and the need to manage them, were recognised but have
remained unmanaged and have continued to spread. Parthenium weed (Parthenium
hysterophorus) was recognised as a serious weed in the Indian State of Karnataka in 1969,
however it has spread to other previously uninfested states due to the lack of enforcement of
legislation associated with eradicating and containing this alien plant species (Adkins & Shabbir,
2014). In Bhutan, Parthenium hysterophorus has now spread across the border areas with India
in the south and into other parts as well (Parker, 1992). The lack of effective invasive alien plant
legislation (Manzella & Vapnek, 2007), action plans to limit the spread of such plants and a failure
to enact effective management (Kannan et al., 2013b) poses a serious problem for both India and
its neighbouring countries.
Thirdly, forest policies and legislation in Bhutan and India have encouraged the use of
local over alien tree species in forest plantations (i.e. for afforestation, reforestation, and
industrial, community and private plantations). However, compliance with such policies and
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regulations is poor (Saheb et al., 2012; Wangdi et al., 2013). In many cases government
organisations in Bhutan depend on private forest nurseries for the supply of alien plant species
(e.g. Callistemon lanceolatus (Sm.) Sweet, Jacaranda mimosifolia D. Don, Grevillea robusta A.
Cunn. ex R. Br.) for their tree plantation programmes. In India, fast growing alien and potentially
invasive plant species (e.g. Acacia spp., Eucalyptus spp., Casuarina equisetifolia L., Leucaena
leucocephala (Lam.) de Wit, Jatropha curcas L.) are recommended and grown widely across the
country through agroforestry schemes, social forestry and commercial tree plantations
(Puyravaud et al., 2010; Gattoo, 2013; Singh & Dhyani, 2014). These plantings are a direct
contravention to forestry policy in both the countries.
4.2.3 Resources and capacity/capability constraints
There are a range of resource and capacity related issues, which affect the development
and implementation of a risk assessment system in Bhutan. These can be separated based on
human, financial and physical resources.
4.2.3.1 Human resources
Bhutan has developed action plans to identify and risk assess potentially invasive alien
plant species, to meet the Aichi Biodiversity Target 9 by 2020. These plans require invasive alien
species and pathways to be identified and prioritised, priority species controlled or eradicated,
and measures put in place to manage pathways to prevent their introduction and establishment
(UNEP, 2011). The lack of human and technical capacity is cited as one of the critical
impediments to achieving this target in Bhutan (NBC, 2014).
There have been some international agencies, particularly, the United Nations Reducing
Emission from Deforestation and Forest Degradation (UN-REDD) Programme, that supported
Bhutan in building and strengthening the capacity of institutions linked to natural resource
development sectors. But, their capacity development focused on mainstreaming environment,
climate change and poverty concerns when formulating and implementing policies, plans and
programmes (NEC, 2011). Invasive alien plant species issues are given low priority by both the
public and government (Weiss et al., 2003).
People, including researchers, seem to be unaware of the large areas of forest and
agricultural land bordering India in Bhutan that are being colonised by invasive alien plant species
like Lantana camara L., Mikania micrantha Kunth (Figure 4.1), Parthenium hysterophorus L,
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and Chromolaena odorata (L.) R. M. King & H. Rob (personal observations). Bhutan currently
lacks researchers including field officers, botanists and taxonomists to undertake a complete
inventory of alien species and to conduct impact assessments for alien plant species on
biodiversity and ecosystem services (NBC, 2014). Further, there is also a lack of capacity to
respond to invasive alien plant incursions. Specific knowledge, skills, training and technical
competencies are needed to address issues as complex as invasive alien plant species.
a)

b)

Figure 4.1 Invasive alien plant species invasions in southern Bhutan bordering the Indian State
of Assam: (a) Lantana camara along Sarpang-Gelephu highway (Photo credit Dorjee) and (b)
invaded citrus orchard in Gelephu by Mikania micrantha (Photo credit Phuntsho Wangdi).
A range of risk assessment systems are available for managing invasive alien plant species
(Downey et al., 2010). However, undertaking WRA analyses require sound scientific knowledge
and skills to run these models, as well as technical resources such as satellite images, weather,
and soils data. There has been no assessment or evaluation of the timeliness or accuracy of such
assessments when performed in situations where the knowledge and capacity of risk assessment
processes is generally low, as may be the case in developing countries. Though Chong et al.
(2011) suggested that the WRA results may be generalised among similar environments,
Bhutan’s case is unique among developing countries in that few international botanists have
historically been allowed to explore and document the native and alien flora and fauna (Grierson
& Long, 1983). Currently, there are relatively few records on alien plant species distribution and
their impacts on agriculture available in Bhutan (Parker, 1992). Moreover, the skills required for
initiating any form of risk assessment of alien plants; especially in non-agricultural sectors are
almost non-existent (Weiss et al., 2003).
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The current list of permitted plants for Bhutan has not been subjected to any kind of formal
or rigorous assessment. Instead, species are rejected or accepted based on their invasive status
elsewhere (personal communication, BAFRA Official, 2016). While a permitted plant list
approach can be effective in preventing the introduction of known alien plant species, it does not
account for the risk posed by plant species with no, or a poorly known invasion history (Gordon
et al., 2008).
4.2.3.2 Financial and physical resources
There is a lack of financial resources available to employ staff and build facilities to
effectively implement biosecurity measures in most developing countries (Shine, 2005). In
Bhutan, this has resulted in a limited ability to inspect and intercept high risk alien plant species
at the borders (personal communication with BAFRA official, 2016). Additionally, resources are
not available to undertake surveillance activities to detect new alien plant species once they arrive
in Bhutan. Only four border towns have biosecurity check points to regulate the flow of people
and goods between Bhutan and India (BAFRA, 2014). While this is a subset of border crossings,
these points account for a significant proportion of deliberate alien plant introduction. Complete
and consistent coverage across all border entry points would be needed to ensure any measures
implemented are as effective as possible. However, there will always be illegal importation and
informal cross-border movement (Csurhes et al., 2006). In order to fully implement an effective
WRA system, all border crossings would need to be regulated. This would require significant
financial investment to build adequate infrastructure (e.g. fencing and checkposts) and to train
and employ plant quarantine personnel to inspect and intercept alien species.
4.3 An approach for assessing and managing the risk of alien plant introductions
Given the limitations and challenges outlined above (see Section 4.2) with respect to
implementing a risk based screening system for alien plants at the border in countries with open
and porous borders, one option might be to take a solely reactive rather than pre-emptive
approach by focusing efforts on post-border management of alien plants. Whilst this option
might initially seem the most practical given the limitations and challenges outlined, adopting
such an approach does not take account of the fact that even limited pre-emptive pre-border
screening can reduce the potential of introducing high risk alien plants (Keller et al., 2007;
Epanchin-Niell & Liebhold, 2015), especially given most of the world’s worst alien plants have
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been deliberately introduced (Groves & Hosking, 1998; Mack & Erneberg, 2002; Cook & Dias,
2006).
Relying solely on a post-border risk management approach, poses many challenges
associated with ensuring that: (i) an effective monitoring system is used to detect new incursions
in a timely manner; (ii) a rapid response programme is implemented to eradicate new
incursions; and (iii) resources are readily available to undertake (i) and (ii). Moreover, the cost
of post-border management once species have arrived, far outweighs the cost of pre-emptive
management (Leung et al., 2002; Keller et al., 2007). For example, the returns on investment
for pre-border prevention of alien species are about 1:100 as against 1:5 for post-border asset
protection

(www.agriculture.vic.gov.au/agriculture/pests-diseases-and-weeds/protecting-

victoria-from-pest-animals-and-weeds).
In order to make the decision about which management option is most desirable, it is
important to examine the sources of plant introductions, which can be broken down into
deliberate and accidental (Panetta & Timmins, 2004; Panetta, 2015). Whilst there is a risk of
new alien plants being introduced via each source, the proportion of species deliberately
introduced is very high (e.g. 99% deliberate plant introductions versus 1% accidental in
Australia (Virtue et al., 2004)). As a result, risk management is more likely to be effective for
deliberate introductions (Table 4.3), even with limited management. Just because a complete
pre-border approach cannot be adopted does not mean that elements could not be adopted to
form a hybrid pre/post-border management system. Many countries appear to have adopted
some kind of hybrid system informally, with no known guidance available (Brenton-Rule et al.,
2016).
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Table 4.3 Comparisons of the risk from deliberate and accidental plant introductions, relative
to the likelihood of management reducing the risk.
Likelihood of management reducing the

Risk event

Risk outcome

Deliberate or

(a) High risk of alien plant

High - even limited screening can prevent

intentional plant

species being introduced

potential alien plants and screening can be

risk

introductions

targeted (i.e. through importation permits
and risk assessments). When the species
identity is known and importation is
deliberate it can be regulated
(b) High source of plant

High - given this pathway accounts for

introduction (i.e. deliberate

most of the plant species introduced

introductions account for a
very high proportion of the
non-native plants introduced
in most countries)
Accidental or

(a) High risk of alien plant

Low - screening requires active

uncontrollable

species being introduced

surveillance across the entire border for

plant

unknown species

introductions
(b) Low source of plant

Low - large investment for a

introductions (i.e. accidental

proportionally small return and most

introductions make up a

accidental introductions are first managed

small proportion of non-

with post-border systems (i.e. after they

native plants introduced in

arrive) rather than detected at the border

most countries)
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Here I provide guidance to help managers in countries with open and porous borders
determine the most appropriate hybrid system for their circumstances through a series of
decision trees. The first decision is which of three options to adopt being (1) pre-border only,
or (2) post-border only, or (3) a hybrid system with elements of both pre- and post-border
systems (Figure 4.2).

Figure 4.2 Decision tree for determining the type of risk assessment system to be adopted.
Implementing a pre-border weed risk assessment system (WRA) to prevent both
deliberate and accidental alien plant introductions is effective for countries that are geophysically
isolated (i.e. island nations like Australia and New Zealand) coupled with strong border plant
biosecurity (e.g. inspection or regulation of movement of high-risk contaminated goods) at entry
points (Figure 4.3, Option 1) (Anderson et al., 2017). Few countries have the benefits of complete
geographic isolation while most are exposed to some form of alien plant invasion risk from
common international borders with one or more neighbouring countries. Implementing a preborder weed risk assessment system for open border countries, especially in developing countries
is difficult and can be a waste of resources if a border plant quarantine and surveillance system is
absent or weak. Having said this, these countries have already been implementing some sort of
screening process under international conventions (e.g. Convention on Biological Diversity 1992;
International Plant Protection Convention 1997). How they make the decisions for that
implementation, however, has been ad hoc and informal (Moïsé et al., 2013).
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I propose the decision-tree framework for countries with open and porous borders to either
adopt a post-border risk management strategy (Figure 4.4, Option 3), or some form of a hybrid
model incorporating components of pre-border screening of specific sectors and post-border
management (Figure 4.2, Option 2) in dealing with potential invasive alien plant species, as
adopting both pre- and post- border systems is impractical (see above - Figure 4.2, Option 1).

Figure 4.3 Expanded decision tree for determining the type of risk assessment to be
adopted with three possible options (expanded from Figure 4.2)
The first step in the decision tree framework is to find out if the country can effectively
secure its international borders from deliberate introductions pre-border; or intercept
intentional/accidental introductions at borders based on lists of alien plants (i.e.
prohibited/permitted lists: see Figure 4.3). If Option 1 is not feasible to implement due to a variety
of constraints outlined above, the conventional approach is to adopt post-border only management
(Figure 4.4, Option 3). Yet, relying solely on either of the options alone has not prevented
burgeoning invasive alien plant introductions and their distributions in countries that have
contiguous international borders (Genovesi & Shine, 2004). However, I have found that a hybrid
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approach (see Figure 4.2, Option 2) can yield the best compromise of both the options (see Table
4.4). Once the decision has been made to adopt a hybrid system, decision makers need to
determine which elements they can adopt given their circumstances, which include the limitations
and challenges outlined above (see Figure 4.4).
Table 4.4 Alien plant introduction pathways and options for management relative to the risk and
likelihood of introduction for the pathways.
Alien plant Border

Type of risk

introduction

entry

assessment

pathways

point

system

Intentional

Closed

Pre-border

or

prevention

isolated

Likelihood of

Ability to manage

References

High invasion risk

Highly feasible and

Pheloung et

pathway, and high

effective (e.g.

al. (1999);

proportion of alien

Australia & New

Champion et

species entering

Zealand)

al. (2014);

introduction/spread

BrentonRule et al.
(2016)
Open

1. Pre-border

High invasion risk

Not feasible if plant

Bacon et al.

and

prevention

pathway, and high

quarantine is weak

(2012)

proportion of alien

and lack border

species entering

cooperation

2. Pre-border

High invasion risk

Partial management

*Outcome of

prevention

pathway, and high

feasible for specific

present study

proportion of alien

sectors (part of

species entering

hybrid model)

3. Post

High invasion risk

Feasible by

Downey et

border

pathway, and high

regulating internal

al. (2010);

prevention

proportion of alien

movement and

Koop et al.

species being

management of high

(2012)

dispersed internally

risk species (part of

porous

hybrid model)
Both

Closed

Pre-border

Low invasion risk

Highly feasible and

Ricciardi et

intentional

or

prevention

pathway for closed

effective (e.g.

al. (2011)

and

isolated

borders if human-

Australia and New

assisted pathway is

Zealand)

accidental

removed
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Alien plant Border

Type of risk

introduction

entry

assessment

pathways

point

system

Accidental

Open

1. Pre-border

High invasion risk,

or

prevention

but low proportion of

porous

Likelihood of
introduction/spread

Ability to manage

References

Difficult to manage

Shine (2008)

species entering
though this pathway
2. Post-

High invasion risk

Partial regulation and

Hulme

border

with some level to

management feasible

(2009);

management

contain establishment

depending on

Pyšek et al.

and spread

availability of

(2011)

resources (part of
hybrid model)

In the decision tree framework showing the pre-border/at the border component (Figure
4.3), the decision maker must assess the first question (Q1), “Can you use lists of alien plant
species to regulate deliberate introductions for invasive potential at the borders?” A negative
response (‘No’) to Q1 leads to an exploration of the feasibility of implementing post-border
management (Q2, see Figure 4.4 and Option 3). If the response to Q1 is positive (‘Yes’), then the
next step is to assess whether the pre-border weed risk assessment process can create a country
specific permitted/prohibited list through an ‘off-the-shelf’ risk assessment system (Q3) or
modify an ‘off-the-shelf’ risk assessment system (Q4) such as the AWRA system for effective
regulation of alien plant introductions/importations at the border taking into account the types of
borders (i.e. open, regulated or closed) and available resources (Figure 4.3, Option 1). Here, there
may arise two situations for countries, even with porous borders, being able to completely
regulate: (i) permitted/prohibited lists created by above risk assessment systems (Q5); and (ii)
pre-existing permitted/prohibited lists of neighbouring countries or regions, for the proposed
importation of alien plant species due to strong plant quarantine and border security (Q6). ‘No’
responses (Q6 and Q7) at these stages lead to post-border management (Figure 4.4, Option 3),
but there is an option (‘Yes’ response to Q7) whereby the outcomes of a weed risk assessment
system or permitted/prohibited lists can still be partially implemented for some sectors (e.g.
agriculture, horticulture, forestry) that deliberately introduce/import alien plants into the country.
The screening of alien plants and partial regulation targeting these specific sectors
(agriculture, horticulture, forestry or livestock) form part of the hybrid system (i.e. the use of a
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pre-border weed risk assessment system for sector specific screening of deliberate alien plant
introductions at the border in conjunction with post-border weed risk management). If one cannot
use a permitted/prohibited list to partially screen deliberate introductions at the borders (i.e. ‘No’
response to Q7), the proposed lists can be used for post-border management (Figure 4.4, Option
3).

Figure 4.4 Expanded decision tree for determining the elements of the post-border risk
assessment systems (Option 3) to be adopted (i.e. expanded from Figures 4.2 & 4.3).
In post-border situations, the decision maker assesses first the post-border weed risk
management question (see Figure 4.4, Q1). The feasibility of using permitted/prohibited lists
from Option 1 (Figure 4.3) to implement screening and regulation of internal movement and/or
sale of these alien species post-border (‘Yes’ responses to Q2, Q3 and Q4) form the part of a
hybrid model. If internal regulation is not feasible (‘No’ response’ to Q1); the next possible option
is to explore if question Q5 (see Figure 4.4 for question) can be used in creating
permitted/prohibited lists from existing alien plant censuses though retrospective weed risk
assessment or using post-border lists of invasive plant species from neighbouring countries to
conduct early detection surveys on these species in a timely manner. If the response to Q5 is
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feasible (‘Yes’ to Q5), the decision maker moves to Q3 for further assessment. In a similar way,
a ‘No’ response to Q2 also directs to Q3. The type of management action to be taken (i.e. Aim 1:
Eradication or Aim 2: Containment or Aim 3: Asset protection or Aim 4: No action or conduct
further research) on the outcomes of these detection surveys should be guided by the standard
post-border weed risk management protocols (see Anon., 2006; Wilson et al., 2016).
Concurrently, lists created by the above processes can be used for updating and regulating
a country’s permitted/prohibited lists. If detection surveys cannot be implemented (Q3) on these
permitted/prohibited lists due to lack of resources (‘No’ response), then the next post-border
management option is to implement either Aim 2 or Aim 3 or Aim 4. Positive responses from Q2
through to Q7 lead to the post-border weed risk management that forms part of the hybrid system.
I label these as part of the hybrid system because the creation of permitted/prohibited lists is a
part of the pre-border risk assessment process (Option 1, Figure 4.3) while the post-border
activities form part of post-border weed risk management activities (Option 3, Figure 4.4).
However, if a country cannot implement Q1 (‘No’ response) due to some constraints and
limitations (Figure 4.4; see section 4.2), we still need to consider conducting further research into
the feasibility of taking post-border risk management activities in the future when resources
become available (e.g. the effective use of Cactoblastis cactorum as biological agent to control
Opuntia stricta may be an appropriate asset protection option - Aim 3, Figure 4.4; Hoffmann et
al., 1998).
In essence, the hybrid model consists of (i) partial regulation of deliberate alien plant
introductions pre-border or at the border through undertaking WRA assessments and creating
permitted and prohibited lists; (ii) using the same lists post-border to regulate internal movement
and/or sale and management of these species (i.e. early detection, eradication, containment, asset
protection or no action depending on the feasibility, capacity and capability of the country (see
Section 4.2.3)). Similarly, the lists can be used for early detections of incursion of invasive alien
plants that have been introduced and distributed accidentally or unintentionally.
4.4 Discussion
Past evidence has shown that even a single intentional introduction of an invasive alien
plant can cause economic, social and environmental problems, threaten the livelihood of entire
communities and cause irreversible environmental damages (OTA, 1993; Bacon 1999; Sheppard
et al., 2014). There are few, if any, strategic and robust pre-border screening systems being
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implemented in developing countries to prevent the introduction or dispersal of invasive alien
plant species. Developing countries with open and porous borders face multiple challenges in
preventing the entry and dispersal of invasive alien plant species (GISP, 2007; McNeely et al.,
2009; Khuroo et al., 2011) from increased trade and transport (Early et al., 2016).
The success of managing potential new invasive alien plant species depends on the level
of resources that the country can invest in pathway research and management. For example, the
European Union invested 132 million EUR between 1992 and 2006 on invasive alien species
related-projects (Scalera, 2010), while Australia invests heavily in plant quarantine measures
along

the

biosecurity

continuum

(i.e.

pre-border

risk

screening,

border

surveillance/screening/testing and post-border management) (Maynard & Nowell, 2009;
Anderson et al., 2017). In contrast, the current investment in research and human capacity to
conduct such research on invasive alien species is very low in developing countries (Pyšek et al.,
2008; Nuñez & Pauchard, 2010). This is particularly the case in South Asia where, traditionally,
Bhutan’s research output share is one of the lowest in the region (Ahmad et al., 2016). Without
information on the current status, distribution and potential threats posed by alien plant species,
it is difficult to garner support from policy makers, communities, the public and donor countries
for research and management programmes and projects (see Nghiem et al., 2013).
The vast majority of alien plant introductions worldwide have occurred as a result of
deliberate importation through a few specific sectors, such as, horticulture (e.g. ornamental
species), agriculture, livestock (e.g. pasture species), and as medicinal plants (Table 4.5) (Wester,
1992; Lonsdale, 1994; Groves & Hosking, 1998; Pyšek et al., 2002; Khuroo et al., 2007). A
similar trend is observed in Bhutan. Studies by Chong et al. (2011) and Gordon et al. (2010)
suggest that some of the existing WRA results can be adopted for a new geography with either
no or minor changes to address local environmental conditions. Therefore, targetting these sectors
using pre-border WRA systems (either ‘off-the-shelf’ or modified) does not require a large
investment, except for developing human capacity to run risk assessment models. Member
countries committed to international conventions such as the International Plant Protection
Convention (IPPC) and Conventions on Biological Diversity (CDB) are required to institute
measures to manage invasive alien species. Therefore, the hybrid WRA process could be adopted
to restrict or prevent deliberate importation of potentially new invasive alien species pre-border.
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Table 4.5 The proportion of alien plants that were deliberately introduced relative to the
introduction sector for different countries (these plants may be cultivated, casual, naturalised or
invasive).
Introduction
Sector

Percentage of alien plant species

Number of species

deliberately introduced (%)

examined

65

233

Australia

1

34

319

Bhutan

2

53

511

Czech Republic

3

36

121

Hawaii, USA

4

36

119

Kashmir

Horticulture
(ornamental
plants)

Region/country

Himalaya, India

Agriculture

(feed and
fodder)

plants

5

149

Zimbabwe

6

7

25

Australia

1

2

18

Bhutan

2

22

199

Hawaii, USA

4

22

72

Kashmir

5

13

51

Zimbabwe

6

25

230

Bhutan

2

8

74

Czech Republic

3

15

50

Kashmir
Himalaya, India

Medicinal

ces

38

Himalaya, India

Livestock

Referen

5

8

31

Zimbabwe

6

6

56

Bhutan

2

10

99

Czech Republic

3

6

20

Kashmir
Himalaya, India

1

3

Zimbabwe

5
6

References: 1Groves & Hosking (1998); 2Dorjee (unpublished data); 3Pyšek et al. (2002); 4Wester (1992); 5Khuroo
et al. (2007), and; 6Maroyi (2012).
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A pre-border assessment and screening system alone is not sufficient to prevent alien plant
introduction and distribution in a country with open and porous borders. Biosecurity measures at
the border and post-border are critically important to intercept and detect both deliberate and
accidental invasive alien plant introductions and incursions. Two of the neighbouring states of
India to Bhutan, Assam and West Bengal, have been identified as biological invasion hotspots
for alien plant species (Adhikari et al., 2015). All major land based transport and trade routes to
Bhutan run through these two states. Another emerging issue for Bhutan is its connectivity with
the Indian national highway system. India is implementing a policy of planting a variety of species
along its national highways called ‘Green Highways’. Some of the plants recommended for
planting along highways are invasive alien species (e.g. Senna siamea (Lam.) H. S. Irwin &
Barneby and Prosopis pallida (Willd.) Kunth) (MRTH, 2015), which have not yet been recorded
in Bhutan. These invasive species could possibly be introduced intentionally or dispersed
unintentionally by people and vehicular movements across the border into Bhutan.The multiple
pathways by which alien plant species, including those spread by animals and wind, could
disperse across the porous land border between Bhutan and India pose a formidable challenge for
Bhutan. Even though cross border cooperation to manage biodiversity issues in the Himalayan
region was initiated in 2003 (Sharma & Chettri, 2005), it is highly unlikely this cooperation will
address cross-border movement of invasive alien plants between Bhutan and India in the near
future. There are many stakeholders involved with biodiversity management in India and they
often have conflicting regulatory powers with local Indian institutions such as Biodiversity
Management Committees (BMCs) (Kalpavriksh & GRAIN, 2009). Local BMCs formed at the
village level in India are legal custodians responsible for the implementation of any actions
relating to biodiversity (Medaglia et al., 2014). The presence of many BMCs in the neighbouring
States of India means that it is unlikely that bilateral agreements to manage invasive alien plant
species across common borders could be implemented. It is most likely that, at least in the shortto mid- term, Bhutan will have to manage alien plant species incursions across its borders without
broad-scale assistance from India.
A pre-border screening process would generally be precluded if a country’s geographic
location means that its borders cannot be managed, i.e. they are porous and open (see Figure 4.2,
Section 4.3). Post-border management of established invasive alien species is difficult and more
expensive to manage than investment in pre-border interventions (Wittenberg & Cock, 2001;
Leung et al., 2002; Keller et al., 2007). The negative aspects of not managing invasive alien
species in poor developing countries are the potential detrimental impacts on socio-economic
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conditions and the environment (Early et al., 2016). Developing countries generally have highly
disturbed native habitats which allow for easier alien plant invasions, particularly in areas where
many poor and/or vulnerable people are dependent on native biodiversity for their livelihood
(McGarry et al., 2005; GISP, 2007).
Regardless of the limitations and challenges faced, no country can be indifferent to the
cost to the livelihood of its poorer citizens and to the loss of native biodiversity caused by invasive
alien plant species. The hybrid system I have developed not only synergises and amalgamates the
components of existing pre-border risk assessment (Pheloung et al., 1999) and post-border risk
management systems (Anon., 2006) (Figures 4.2, 4.3 & 4.4), but also will require less resources
than the implementation of a pre-border only system, and will minimise the potential risks of
post-border only management of invasive alien species. The pre-emptive WRA component of the
system can be used to create a list of potential invasive alien plant species present in India, but
not reported to occur across the border in Bhutan. This list can be used at the border entry points,
as well as to regulate internal movement between districts in Bhutan (or within India if adopted
bilaterally). The list can also be used to take a proactive approach to early detection surveys along
national highways to mitigate and prevent future problems for post border management.
4.5 Conclusion
The implementation of a pre-border only WRA system in Bhutan is not practical due to the
open and porous border Bhutan has with India, where there are multiple unregulated invasion
pathways. The approach of a pre-border only WRA system could only work if the system of preborder is 100% effective, but this is never the case as even the most isolated places like Antartcica
that has strict pre-border screening system have records of the arrival of invasive alien plant
species (Hughes & Convey, 2010). If management of alien plant species relies on post border
management only, then the likelihood of successful management will depend on how much a
poor country can consistently invest over a broad spectrum of post border management from
eradication to containment or asset protection. However, it is possible to implement a hybrid preand post- border risk assessment and management model which:
i)

targets the sectors responsible for the majority of intentional alien plant imports
into Bhutan;

ii) directs resources towards post-border management systems to detect and manage
new and existing incursions;
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iii) ensures that high risk species are managed at the border; and
iv) identifies those species that currently cannot be managed effectively and prioritises
them for action if resources become available in future.
I believe that this hybrid approach using the decision tree process described to manage
current and future invasive plant species in developing countries with open and porous borders
will provide a standard for a pre-border weed risk screening procedure, and a means of prioritising
post-border management actions.
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Chapter 5 - Retrospective weed risk assessment and the legacy of alien plant introductions
in Bhutan
Abstract
Preventing the introduction of potentially invasive alien plant species as the first line of
defence accrues greater benefits than having to manage the invasive plants once established.
The Australian Weed Risk Assessment (AWRA) system is one of the most commonly tested
risk assessment tools globally and has been effectively implemented without any legal
controversies by Australia and New Zealand biosecurity agencies. There are diverse opinions
on the applicability of the AWRA as the pre-border screening tool for developing countries
with open and porous borders. Some authorities state that the AWRA is an effective pre-border
screening tool for islands and countries with ‘closed-borders’, while others argue that such ‘offthe-shelf’ models constructed in developed countries, are not appropriate for resource-limited
developing countries. The general consensus is that preventive action taken pre-border is the
most cost effective measure for any country and that invasive alien species, once established
are difficult to manage or eradicate. Considering such diverse and conflicting views, I used the
AWRA and a training dataset to test a representative sample of alien species from the baseline
inventory of alien flora in Bhutan (from Chapter two). The first stage of this assessment process
followed the similar procedure used by other countries operating a full AWRA system, but four
questions were modified to conditions experienced in Bhutan. The second stage involved using
outcomes of a modified Bhutan WRA system to test which of four different models (i.e. using
four group variables which were developed from the 49 AWRA questions as parameters to run
the model) would best fit the purpose (a retrospective analysis). These four group variables used
were: biogeography (BG), undesirable traits (UT), dispersal mechanisms (DM) and
biology/ecology (BE). The results showed that the new models did not improve on the Bhutan
WRA model, but could be used to identify the major invasive alien species where rapid
assessment was required under extreme or urgent conditions. For example, a species would be
accepted if the biogeography score was ≤6, or rejected if the biogeography score was >6).
Finally, the outcomes of the modified Bhutan WRA model showed that it could be used to
update the permitted/prohibited lists currently used by the Government of Bhutan, and to build
a case for the adoption of a screening process or WRA across all sectors in developing countries
(government and private) prior to importation of alien plants or trials by research institutes.

97

5.1 Introduction
Biological invasion by introduced invasive alien plant species from growing global
trade and transport linkages (Hulme, 2009, Seebens et al., 2017) is a major economic and
ecological challenge for humanity, one we are increasingly finding more difficult to manage
(Vitousek et al., 1996; Lodge et al., 2006; Simberloff et al., 2013). Three broadly defined
pathways of alien species introduction into countries are recognised. These are: (i) deliberate
importation of the commodity (i.e. the plant or planting material like seeds), (ii) unintentional
arrival through a conveyance vector (e.g. ship, train, aircraft or vehicle), and (iii) natural spread
from a neighbouring region (e.g. dispersal by birds, animals, wind or water) (Hulme et al.,
2008). The first two pathways fall under the domain of human management regimes where
prevention and mitigation measures can be applied pre-border and/or at the point of entry. The
third pathway, which is of an accidental or unintentional nature, is managed post-border. In
general, these pathways are effectively managed by countries though legislative and plant
regulatory measures within and across international borders (Campbell, 2001; Branquart et al.,
2016).
The concept of ‘quarantine’ evolved in 1377 at the seaport of Ragusa (modern
Dubrovnik, Croatia), then part of the Venetian Republic, where people arriving in ships from
‘plague-endemic areas’ were isolated for 30 days (Mackowiak & Sehdev, 2002). This was later
increased to 40 days for those who travelled by land (Gensini et al., 2004). Principles that
govern the laws of ‘quarantine’ that are applied to human disease, and animal and plant heath,
are similar in that they fundamentally aim to protect the country from the entry of harmful pests,
diseases and invasive plants, and prevent their spread if they become established within the
country. This scope has broadened in recent times to include the new emerging risks posed by
alien plants becoming invasive in new environments (Tanner, 1997; Devorshak, 2012; Auld &
Johnson, 2014). This led to the enactment of an international treaty on Sanitary and
Phytosanitary Measures (SPS agreement) in 1995 by the World Trade Organisation. The
objective of the SPS agreement is to protect domestic production from pests (pests here include
weeds or invasive alien plants that cause negative impact to socio-economy and the
environment) and diseases, based on scientific information and justification (WTO, 1994;
Wilson & Antón, 2006). Risk assessment, which is defined as an ‘evaluation of probability of
the introduction and spread of a pest and the magnitude of the associated potential economic
consequences’ (ISPM 5 - FAO, 2016b), is recommended as part of a SPS measure that provides
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scientific evidence of potential risk associated with a commodity and to affect regulatory action.
For example, to regulate import of harmful invasive alien plants (FAO, 2005; Wilson, 2017).
The key challenge to enact the SPS agreement for developing countries is the lack of a
simple risk assessment system that at least identifies the major invasive alien plants proposed
for importation pre-border (Faulkner et al., 2014). Post-entry management is compounded by a
lack of resources and expertise to manage established invasive alien species (GISP, 2007;
Nentwig, 2007; Fernandez et al., 2015). An ‘inconvenient truth’ of post-border management is
the legacy posed by some alien plant species, deliberately introduced for fodder, fuel and
timber, or as ornamentals or for soil conservation purposes, by international aid programmes
and governments in developing countries, which have become invasive (e.g. Pinus, Acacia,
Eucalyptus) (Wittenberg & Cock, 2001; Murphy & Cheesman, 2006). It is difficult to argue
that these agencies should have prevented highly invasive alien species from introduction in the
first place, because often they introduced these with the noble intention to improve food
security, to meet growing demand for fuel or timber, and to improve soil fertility or biodiversity
based on the context and scientific information accessible to them at that point in time
(Wittenberg & Cock, 2001). This is not just a problem for developing countries. In more
developed countries such as the United States of America (OTA, 1993) and Australia
(Lonsdale, 1994), a number of alien plants introduced by the government to stimulate economic
development in the agricultural, horticultural (food) and forestry sectors, or for private purposes
(e.g. ornamental horticulture, Csurhes et al., (2006)) have become invasive (e.g. Johnson, 2007;
2012; 2016).
Scientific research has allowed the development of models to predict biological
invasions to the extent of identifying potential invasive alien plants in different geographies and
climatic scenarios (Estrada et al., 2016; Petitpierre et al., 2017; Vanderhoeven et al., 2017),
although predominantly in developed countries (Pyšek et al., 2008). The benefits of
implementing an SPS agreement in a developing country are desirable, despite the many
challenges that may be faced (e.g. Chapters one and four; Fernandez et al., 2015). To do so may
mean drawing on research and development from developed countries to develop new or adopt
existing risk assessment models suitable for a developing country’s situation.
There are numerous models developed for predicting or evaluating the risks posed by
invasive alien plants both pre-introduction (Scott & Panetta, 1993; Pheloung, 1995; Reichard
& Hamilton, 1997) and post-introduction (Dark, 2004; Anon., 2006; Rouget et al., 2004). More
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recently, Roy et al. (2014) reviewed more than 16 alien plant risk assessment approaches (e.g.
Australian Weed Risk Assessment, Invasive Species Environmental Impact Assessment, EPPO
prioritization process for invasive alien plants, and German-Austrian Black List Information
System) that were developed and tested in developed countries. Among these approaches, the
Australian Weed Risk Assessment (AWRA) system has been widely tested and recommended
for identifying potential invasive alien plans in countries like the United States of America
(Daehler et al., 2004; Gordon & Gantz, 2008), Japan (Nishida et al., 2009), Canada (McClay
et al., 2010), Italy (Crosti et al., 2010) and the Netherlands (Speek et al., 2013).
Since developing countries often lack the research capability to develop predictive
models that entail sound science, lack technical resources (e.g. satellite images, and weather
and soils data) and often lack human capital (ecologists, botanists and taxonomists), Dahlstrom
et al. (2011) suggested the transfer of knowledge of developed countries’ existing framework
to developing countries. Evidence from many studies from developed countries indicates that
the Weed Risk Assessment (WRA) system developed for Australia and New Zealand (Pheloung
et al., 1999) is versatile and adaptive across different geographies (Gordon et al., 2008; Downey
et al., 2010; Auld, 2012). In the absence of any risk assessment system particularly suitable for
developing countries, the AWRA system provides better options than other existing approaches
on the following grounds:
(i) responses to questions are simple, that is the responses ‘yes’ or ‘no’ or ‘don’t know’
are based on the available information or literature searches, unlike some other
approaches that require more complex response variables such as a rank or a score;
(ii) the system does not have an uncertainty score, which could be biased if the assessor is
not an expert or fails to find existing information on the subject in question; and
(iii) the default scores, used for when there is a lack of climate and distribution data for a
species, provide a conservative risk averse approach; the best option for developing
countries which are more likely to be vulnerable to climate change effects (Early et
al., 2016) and when future climatic scenarios remain uncertain (Battaglia & Bruce,
2017).
Researchers that used the AWRA to assess alien plant risks in Africa (e.g. Dawson et
al., 2008; Boy & Witt, 2013) and South America (Fuentes et al., 2010) do not provide
conclusive evidence of rigorous testing and modification of the AWRA system for developing
countries. It may be that these researchers relied on the 90% accuracy of the system to identify
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major invasive alien plants (Gordon et al., 2008) and the relative lack of controversy from use
of the system over more than a decade in Australia and New Zealand (Keller & Kumschick,
2017). Having said this, Nuñez and Pauchard (2010) questioned the applicability of such
predictive models from developed countries for developing countries due to resource gaps (e.g.
scientific knowledge, information and public awareness). As a consequence, the overarching
aim of this chapter is to test the suitability of the AWRA system and if needs be, modify it, so
that it might be used as the standard risk assessment tool for developing countries like Bhutan,
particularly those that depend on international and publicly funded programmes that rely on the
import of alien plant germplasm (PPD, 2015).
As a starting point, the outcomes of the AWRA system are validated by using experts’
opinion or ranking (e.g. Nishida et al., 2009). Since Bhutan does not have an a- priori list, nor
experts capable of discriminating the status of new alien plants (NBC, 2014), I followed a twopronged approach. First, the outcomes of AWRA scoresheets for alien plants of the Tasmanian
(an Australian State) Government were used as the training dataset to develop a modified weed
risk assessment (WRA) model for Bhutan simulating the effects of four group variable
questions (biogeography, biology/ecology, dispersal mechanisms and undesirable traits, see
Methods) and removing questions for which adequate information could not be found. The
Tasmanian dataset was the most complete and comprehensive available to use which enabled
testing against the Bhutan dataset. Second, the AWRA system was retrospectively assessed on
400 randomly selected alien species from the baseline inventory of alien flora in Bhutan dataset
(Chapter two). The data from the field survey were not used (Chapter three) because I had
already selected the random sample prior to completing data inputting for Chapter three.
Moreover, I was less likely to get information on new alien plants to answer the minimum
number of questions required for the AWRA to generate valid outcomes (accept, evaluate
further or reject). The objectives of these assessments were:
(i) to develop a modified weed risk assessment system from the training dataset that is
simple and easy to use by people in developing countries as a pre-border invasive alien
plant species screening process, where research and information on alien plants is
limited;
(ii) to compare the effects of simplifying the AWRA on a Bhutan dataset; and
(iii) to use a randomly selected sample of alien plant species from the baseline inventory
of alien flora in Bhutan to run a modified WRA system (i.e. a retrospective
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assessment). This will help to identify the risk posed by existing alien plant species
found in Bhutan (i.e. categorise the alien plant species as accept or evaluate or reject)
and to create new lists/updates of the permitted and prohibited plants) to be used by
the government of Bhutan for regulatory action and future management.
5.2 Methods
The development of the modified weed risk assessment for Bhutan was based on the
Australian Weed Risk Assessment (AWRA) system established by Pheloung et al. (1999). I
followed two stages to verify the full WRA and the reduced model (i.e. involving the removal
of group variables or select-questions from the AWRA). In the first stage, I used AWRA
outputs, in terms of a list species and their respective scores, from an assessment undertaken by
the

Tasmanian

Government,

Australia

(http://dpipwe.tas.gov.au/invasive-

species/weeds/environmental-weeds/weed-risk-assessment-scoresheets-reports) as the training
dataset. I then used the training dataset to create key groupings of questions (referred hereafter
as group variables) for subsequent examination of the suitability of risk assessment models
developed for Bhutan (i.e. biogeography, biology and ecology). In the second stage, I removed
questions from the Bhutan WRA system that were not feasible to answer from a Bhutanese
perspective. Both these processes allowed a more detailed assessment of how the removal of
variable groups or select-questions change the outcomes between accept, evalute and reject.
5.2.1 Model parameterisation from the training dataset
I utilised the Tasmanian Government’s AWRA assessment results consisting, initially,
of 714 alien plant species and their respective WRA scores for all 49 questions as well as the
final WRA outputs which were publically available as the training dataset for developing a
modified WRA for Bhutan. The number of species used was subsequently reduced to 499, as
upon examination some species had incomplete information (36 species), there were duplicate
entries (118 species) and others missing responses to all dispersal mechanism questions (61
species).
A multinomial logistic regression was run on the training dataset to evaluate the
relationships among different groups of variables and the final outcome (accept or evaluate
further or reject). The original AWRA assessment process separates the 49 questions into three
groups: (i) Biogeography (Q1.01 -Q1.03; Q2.01-Q2.05; Q3.01-Q3.05), (ii) Undesirable traits
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(Q4.01-Q4.12) and (iii) Biology/Ecology (5.01-Q5.04; Q6.01-Q6.07; Q8.01-Q8.05). These
three groupings were used to assess the minimum number of questions that had to be answered
in their respective groups to generate valid outcomes as well as to display scores for the question
group (Pheloung et al., 1999).
Other studies have found that dispersal pathways significantly contributed to predicting
potential invasiveness of alien plants in the AWRA and are critically important pathways of
alien plant introductions in countries with open and porous borders (Weber et al., 2009; Gassó
et al., 2010; McClay et al., 2010). I therefore separated the dispersal mechanism questions
(Q7.01-Q7.08) from the Biology/Ecology question group to create a new group or fourth group.
The four groups used to develop the modified WRA model for Bhutan were of Biogeography
(BG), Undesirable traits (UT), Dispersal mechanisms (DM) and Biology/ecology (BE).
In the attempt to simplify the existing AWRA assessment process for Bhutan’s national
situation, I assessed the difference in model fit between modifications of the orginal Bhutanese
list of invasive plants. To achieve this I fitted a multinomial logistic regression to the three
possible outcomes of the full AWRA assessment (accept, evaluate further or reject) using a
logit link function (logit(𝑝) = log

𝑤ℎ𝑒𝑟𝑒 p = probability of success). The overall

multinomial logistic regression can be decomposed into the following two fitted logistic
equations (Equations 1 and 2).
Equation 1

𝑃(𝐴𝑐𝑐𝑒𝑝𝑡)
= exp[β + β (𝐵𝐺 ) + β (𝑈𝑇) + β (𝐵𝐸) + β (𝐷𝑀)]
𝑃(𝑅𝑒𝑗𝑒𝑐𝑡)

Equation 2

𝑃(𝐸𝑣𝑎𝑙𝑢𝑡𝑒)
= exp[β + β (𝐵𝐺 ) + β (𝑈𝑇) + β (𝐵𝐸 ) + β (𝐷𝑀 )]
𝑃(𝑅𝑒𝑗𝑒𝑐𝑡)

I included each of the four question groupings (BG = Biogeographical, UT = Undisirable
traits, BE = Biology and Ecology, and, DM = Disperal mechanisms) as continuous predictors
of the overall status of the AWRA assessment. This is because I was interested in the following:
(i) Is there a group of questions that are less important in the hope to reduce the difficultly of
the AWRA assessment? and (ii) How did the predictions change between the training dataset
(Tasmania) and Bhutan as well as when reducing the questions for the Bhutan sample. I used
the baseline model (Equation 1 and 2) to evaluate the proposed question groupings (BG, UT,
BE, and, DM) for Bhutan’s dataset (n = 400) and the Tasmanian training dataset (n = 499).
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I compared the differences in the outcomes in relation to other key groups (plant type
and invasion pathway). I then used the Bhutan dataset (n = 400) and the full question assessment
as the baseline to assess the effects of changing different AWRA assessment questions and
comparing the changes in model outputs by:
(i) Reducing the parameters in the model and comparing the percentage that are correctly
identified as accept, evalute further or reject.
(ii) Removing particualar questions that are not defined well or are not applicable to Bhutan
and comparing the correctly grouped species.
In this chapter I was interested in testing the differences between the predicted
groupings of invasive plants after different modification of the underlying AWRA questions.
To address this I used the number of correctly identified cases from the model output (SPSS
printout) and also assessed the model fit using pseudo r-squared values.
5.2.2 Retrospective assessment of the baseline inventory of alien plants in Bhutan using the
full and modified AWRA
I restrospectively assessed a subset of the alien plants already in Bhutan to determine
how effective a WRA process could be at preventing invasions as well as to evaluate possible
future WRA systems developed for Bhutan. To retrospectively assess the risk of invasive alien
plants, a total of 400 alien species (42%) were randomly sampled from the 964 alien species
already present in Bhutan (i.e. as listed in the baseline inventory presented in Chapter two). I
initially ran the full AWRA system that consisted of 49 questions on each of the 400 sampled
plant species. I followed the guidelines provided by Gordon et al. (2010) to ensure the correct
interpretation of the questions while providing responses to questions. Four questions had to be
modified to suit Bhutan’s biophysical attributes, being climate (Q2.01 and Q2.04), soils
(Q4.10) and the presence of natural enemies (Q8.05). These four questions (Table 5.1) are the
most commonly modified questions to suit the country for which the test is being conducted
(Speek et al., 2013), as they are specific to Australia in the AWRA.

104

Table 5.1 A list of AWRA questions modified for use in a Bhutan WRA.
Original AWRA question
2.01 Species suited to

Modified questions for Bhutan WRA
Australian 2.01 Species suited to Bhutanese climates (0-

climates (0-low; 1-intermediate; 2-high) low; 1-intermediate; 2-high)
2.04 Native or naturalised in regions 2.04 Native or naturalised in regions with
with extended dry periods

subtropical and temperate climates

4.10 Grows on infertile soils

4.10 Grows on wide range of soils

8.05 Effective natural enemies present in 8.05 Effective natural enemies present in
Australia

Bhutan

I used the same total score limits set in the original AWRA to determine the final
outcome of the species being assessed, i.e. accept: score <0; evaluate further: a score between
0 and 6; and reject: score >6. I did not use scores to develop a new threshhold categorisation
for alien plants in Bhutan because no ‘a-priori list’ or experts capable of categorising the
outcomes from the WRA assessments existed. However, I used the risk rating (extreme, high,
medium or low) of the alien plant species in the Compendium of Weeds (Randall, 2017) to
compare with the Bhutan WRA outcome for the same species (e.g. whether the species rated
extreme or high-risk by Randall corresponds to ‘reject’ outcome of the same species by Bhutan
WRA).
I did two additonal comparisons of the AWRA questions to assess the possibility of
simplifying the model for Bhutan. First, based on the group variables identified in the training
dataset, I investigated the effect of removing the full group variable questions that caused the
least modification of the training dataset (i.e. biogeography (BG), undesirable traits (UT),
dispersal mechanisms (DM) or biology/ecology (BE)). Second, I followed the approach of
Onderdonk et al. (2010) by removing rarely answered questions from the Bhtan WRA system.
These questions selected for removal were either very difficult to answer (due to lack of
information) or were the least answered questions in the sample of retrospectively assessed
species from Bhutan. Nine questions were removed from the full Bhutan WRA when running
the model.
I tested if removing select questions could produce a comparable outcome to the full
Bhutan WRA system. The nine questions removed from the models were Q4.02 (Allelopathic),
Q4.03 (Parasitic), Q4.06 (Host for recognised pests and pathogens), Q6.03 (Hybridises
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naturally), Q6.04 (Self-compatible or apomictic), Q8.02 (Evidence that a persistent propagule
bank is formed), Q8.03 (Well controlled by herbicide), Q8.04 (Tolerates, benefits from
mutilation, cultivation, or fire) and Q8.05 (Presence of natural enemies). However, of the nine
questions removed from the full Bhutan WRA, only two questions (Q6.03 and Q8.05) were
common to the test ran by Onderdonk et al. (2010). The reason for the removal of these
questions from the Bhutan WRA model was based on the following two assumptions: first, the
information required to answer these questions was less likely to be published (including online
sources), and there is limited research and information on alleopathy or hybridisation. Second,
the questions were most likely to be scored positively, but this was context dependent. For
example, even if the species is well controlled by herbicide, there was the issue as to the
availability or affordability of such herbicides in developing countries.
Multinomial logistic regression models were analysed using SPSS (IBM 23).
Descriptive statistics and for the Bhutan dataset R was used to analyse and plot graphs (R
version 3.3.1 (2016-06-21)).
5.3 Results
The training dataset (n = 499) and Bhutan dataset (n = 400) from the baseline inventory
of alien plant in Bhutan were comparable in terms of alien species by life form, plant type and
invasion pathways (Figure 5.1). Therefore, the results and conclusion drawn from the sample are
likely to be applicable across the full Bhutan alien plant species inventory.

Figure 5.1 The relative proportion (%) of alien plants in the training dataset (blue bars: n =
499 species) and Bhutan dataset from baseline inventory (red bars: n = 400 species) relative
to plant functional type.
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The outcomes of the risk assessment using the AWRA system on both the training
dataset and the Bhutan dataset yielded similar results (Table 5.2). Most plant species assessed
were assigned the ‘reject’ category in Australia (~62%) and Bhutan (56%). Representation of
species in the other two categories under ‘evaluate further’ and ‘accept’ were very similar, albeit
the Bhutan dataset lead to a higher acceptance rate (Table 5.2).
Table 5.2 Summary of the results of the AWRA training dataset and Bhutan dataset.
WRA outcome

Training dataset

Bhutan dataset

No.

%

No.

%

Accept

89

17.8

86

21.5

Evaluate

103

20.6

90

22.5

Reject

307

61.5

224

56.0

Total

499

100

400

100

5.3.1 The effect of variables on model parametrization using group variables
Models based on the four group variables in unison (BG, UT, BE and DM) did not
converge in SPSS due to quasi-complete separation (Albert & Anderson, 1984). The two
recommended solutions were to get more data or to simplify the model. The best strategy was
to adopt the second option because I had already completed collecting all available data on
Bhutan for this research.
By excluding any one of the group variables (question groups) in the model, I could
then predict the overall percentage of correct cases in each model (Tables 5.3 & 5.4) and
compare model fit using r-squared values. In the training dataset (Table 5.3), among the
individual group variables tested, Model 1a (DM) had the highest overall predictive value
(77%) and coefficient of determination value (R2 = 0.680). On the other hand, Model 2a (UT)
yielded the lowest predictability value (63%) and coefficient of determination (R2 = 0.232),
including an inability to correctly predict any of the species under the ‘accept’ category. Model
3a yielded a similar result, but was not able to predict any species that were under the ‘evaluate
further’ category in the training dataset.
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Table 5.3 Results from the training dataset tested on the individual group variable and the
combinations of three group variables (see text for specific details). The best predictive models
are in red text for the single group variable and the three group variables. Percent correct is
based on a comparison with the full AWRA outcomes.

1a

DM

93.2

35

68.5

Overall
percentage
correct (%)
76.8

2a

UT

94.5

23.3

0

62.9

0.232

3a

BE

96.7

0

61.8

70.5

0.475

4a

BG

89.3

20.4

67.4

71.1

0.552

5a

DM, BG, BE

98.4

92.2

96.6

96.8

0.976

6a

DM, UT, BG

96.7

67

88.8

89.2

0.888

7a

BG, UT, BE

93.8

64.1

88.8

86.8

0.848

8a

DM, UT, BE

95.1

64.1

80.9

86.2

0.856

Model#

#

Variable(s)*

Percentage correct (%)
Reject

Evaluate

Accept

R2
0.680

Model “a” represents Australia data, and “b” represents Bhutan data and are presented in Table 5.4.

*DM = dispersal mechanisms, UT = undersirable traits, BE = biology and ecology, and BG =
biogeography.

When different combinations of three group variables were used to run the regression,
Model 5a (DM, BG, BE) produced the best overall predicitve value (97%) and coefficient of
determination (R2 = 0.976). This meant that Model 5a correctly predicted 98.4% ‘reject’, 92%
‘evaluate further’ and 96.6% ‘accept’ of the alien plant species in the training dataset when
compared with the full AWRA analysis. Model 8a (DM, UT, BE) had the lowest overall
predictive value with only 86.2% of the training dataset results being achieved.
The similar analysis using all group variables did not work on the Bhutan dataset did
not work either, i.e. having the same quasi-complete separation issue as the training dataset
(Table 5.4). However, at the individual group variable level, Model 4b (BG) produced the
highest overall predictive value of 77.5% correct cases with coefficient of determination (R2 =
0.765). Model 2b (UT) had the lowest overall correct prediction (only 52.8%) and coefficient
of determination (R2 = 0.137). In the Bhutan dataset, UT had the lowest value of 83.1% in
correctly rejecting alien species compared to the other three individual group variables, which
all had above 90%. Model 3b could not correctly identify any of the species under the ‘evaluate’
category. When combinations of three group variables were considered, Model 5b (DM, BG,
BE) had the highest predictive capacity (94.3 % correct; R2 = 0.966) and Model 8b (DM, UT,
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BE) the lowest (79.8% correct; R2 = 0.775), to correctly categorise alien plants into their
respective categories.
Table 5.4 Results from the Bhutan WRA dataset tested on the individual group variable and the
combinations of three group variables (see text for specific details). The best predictive models
are in red text for the single group variable and the three group variables. Percent correct is
based on a comparison with the full Bhutan WRA outcomes.
Percentage correct (%)
Model

#

#

Variable(s)*

Reject

Evaluate

Accept

Overall percentage

R2

correct (%)

1b

DM

94.7

13.0

63.4

68.0

0.576

2b

UT

83.1

35.9

5.9

52.8

0.137

3b

BE

93.7

0.0

62.4

64.3

0.408

4b

BG

91.3

60.9

64.4

77.5

0.765

5b

DM, BG, BE

96.1

88.0

96.0

94.3

0.966

6b

DM, UT, BG

97.7

81.5

84.2

90.3

0.929

7b

BG, UT, BE

94.2

67.4

85.1

85.8

0.889

8b

DM, UT, BE

91.3

50.0

83.2

79.8

0.775

Model

“a”

represents

Australia

data

(Table

5.3),

and

“b”

represents

Bhutan

data.

* DM = dispersal mechanisms, UT = undersirable traits, BE = biology and ecology, and BG =
biogeography.

Alternatively, the individual ‘group variable’ scores can be used to make the decision
to accept or reject the species by varying the cut-off scores for the categorisation (Figure 5.2,
Table 5.12). The species is always accepted if its biogeography (BG) score is ≤-6 and always
rejected if the score is >12. A score between -6 and 12 for BG may place the species into the
‘evaluate further’ category and hence still rejected for importation. ‘Evaluate further’ species
should not be permited entry unless further research conducted either in the field or glasshouse
prove them to be non-invasive. A species would always be rejected if it scores ≥6 for BG
(Figure 5.2a). There is no clear minimum threshold score where every species is accepted for a
UT score, but a maximum score of 6 results in rejection of all species (Figure 5.2b). However,
the species would always be accepted if the dispersal mechanisms (DM) variable score is <-6
and always rejected if the score is >5. A species can also be temporarily rejected if the score >0
in DM group variable (Figure 5.2c). A similar interpretation could be made on biogeography
and ecology (BE) (Figure 5.2d).
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a)

b)

c)

d)

Figure 5.2 Retrospective assessment of the alien plant sample set from Bhutan WRA (n = 400
species) for all four variable groups (a) BG (biogeography), (b) UT (undesirable traits), (c) DM
(dispersal mechanisms), and (d) BE (biology and ecology) illustrating the affect (in terms of
number of species) of the group scores on the final outcome (accept or evaluate further or
reject).
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5.3.2 Effects of removing select variables and questions from the alien plant dataset from
Bhutan
Utilising the full Bhutan WRA model (i.e. using the full 49 question AWRA system
with the modification of four questions relevant to Bhutan) resulted in 21.5% (n = 86 species)
of alien plants tested being categorised as accepted, 22.5% (n = 90 species) categorised as
evaluate further and 56% (n = 224 species) as rejected (Figure 5.3a and Table 5.2).
a)

b)

c)

Figure 5.3 The final outcomes of the different models tested on the Bhutan WRA dataset (n
= 400): (a) a full WRA assessment, (b) undesirable traits (UT) removed from the full Bhutan
WRA and (c) nine select questions removed from the full Bhutan WRA in terms of the
number of species and their final scores.
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Removing the UT questions from Model 5b changed the outcome of 40 species (Table
5.5). None of the species previously categorised as ‘accept’ were affected by removing the UT
questions from the model, but 20 species from the ‘evaluate further’ category moved to ‘accept’
category, meaning those species which were temporarily suspended for importation would have
been allowed import. Another 20 species previously categorised in the ‘reject’ category were
now scored in the ‘evaluate further’ category, but they would still have been suspended from
import.
Table 5.5 The number of alien species that changed their final outcome category in Model 5b
after UT was removed from the Bhutan WRA.
Original outcome from

No. of species that changed their outcome after

sample Bhutan WRA

removal of UT

outcome (No.)

Accept

Evaluate

Reject

Accept

86

0

0

0

Evaluate

90

20

0

0

Reject

224

0

20

0

Total

400

20

20

0

Use of model with the nine select questions removed, changed the status of 37 species
(9%) in the Bhutan baseline dataset (n = 400) (Table 5.6). Five species previously under
‘accept’ category moved to ‘evaluate further’ category. None of the species previously
categorised as ‘reject’ were accepted. A total of 12 species previously categorised in the
‘evaluate’ category were accepted by this nine select questions removed model. Another four
species previously categorised in the ‘evaluate further’ category were now categorised in the
‘reject’ category. Sixteen species previously rejected by the full WRA system moved to the
‘evaluate further’ category.
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Table 5.6 The number of alien species that changed their category after nine select questions
were removed from the Bhutan WRA.
Original outcome from

No. of species that changed their outcome after

sample Bhutan WRA

removing nine select questions

(No.)

Accept

Evaluate

Reject

Accept

86

0

5

0

Evaluate

90

12

0

4

Reject

224

0

16

0

Total

400

12

21

4

5.3.3 Retrospective assessment of existing alien species using the full Bhutan Weed Risk
Assessment system: Digging up the past
A total of 400 randomly selected plants from the baseline inventory of alien plants in
Bhutan were retrospectively assessed using the full Bhutan WRA system (Appendix 5.1). These
species consisted of 180 herb species, 65 shrubs species, 59 trees species, 44 grass species, 42
vines/climber species, seven aquatic species and two ferns/cycad species. Of those assessed,
303 were perennial species, 88 annual species and nine biennial plant species (Table 5. 7).
Table 5.7 The number of alien plants categorised by sector (initial pathway of introduction),
and life cycle from the Bhutan WRA retrospective assessment of the baseline inventory of alien
plants in Bhutan (Chapter two).
Pathways

Annual

Biennial

Perennial

Total

Agriculture

7

0

0

7

Horticulture

13

0

38

51

Medicinal

5

0

24

29

Pasture

22

3

72

97

Ornamental

14

5

132

151

Forestry

0

0

14

14

Accidental

27

1

23

51

Total

88

9

303

400

As mentioned in Section 5.3.2, the outcomes from the WRA were that 56% (n = 224)
of species were accepted, 21% (n = 86) were rejected and 22.5% (n = 90) were categorised as
evaluate further (Table 5.8). In general, if Bhutan had the similar weed risk assessment system
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in place, 78% (n = 224 ‘reject’ and n = 90 ‘Evaluate further’) of the 400 alien species
retrospectively screened by the Bhutan WRA system would have been rejected for import into
the country due to the risk posed. In terms of individual pathways of introduction, pasture
species have the highest proportion of species rejected with 64.9% (n = 63). The next highest
was the ornamental/landscape plant group with 45.7% (n = 69) of species rejected. The
ornamental/landscape pathway had the highest number of species in the analyses. All of the
plant species that were introduced accidentally or unintentionally into Bhutan in the past were
classified as rejected.
Table 5.8 A summary of the outcomes of the Bhutan WRA for 400 species in the inventory of
alien plant species in Bhutan categorised by sector (initial pathway of introduction).
Percentages presented in parentheses.
Bhutan WRA outcomes (No.)

Total

Pathways

Accept

Evaluate

Reject

Species (No.)

Agriculture

3 (42.9)

1 (14.3)

3 (42.9)

7

Horticulture

10 (19.6)

26 (51.0)

15 (29.4)

51

Medicinal

6 (20.7)

9 (31.0)

14 (48.3)

29

Pasture

26 (26.8)

8 (8.2)

63 (64.9)

97

Ornamental/landscaping

38 (25.2)

44 (29.1)

69 (45.7)

151

Forestry

3 (21.4)

2 (14.3)

9 (64.3)

14

0 (0)

0 (0)

51 (100)

51

86

90

224

400

Accidental
Total species (No.)

The five most dominant retrospectively assessed families from the sample species
chosen were similar to the baseline inventory, that is the list was dominated by Fabaceae,
Poaceae, Asteraceae, Solanaceae and Rosaceae (Figure 5.4). A high proportion of these species
were categorised as ‘reject’ (55%) and ‘evaluate further’ (30%). Only 15% (n = 13 species)
were categorised as ‘accept’. All alien plants retrospectively assessed by the Bhutan WRA were
deliberately introduced, except two species in the Mimosa genera (giant sensitive plant, Mimosa
diplotricha Sauvalle and sensitive plant, Mimosa pudica L.). More than 83% (n = 38 species)
of the retrospectively assessed Poaceae (grass) species were categorised as ‘reject’ and only 7%
(n = 3 species) categorised as ‘accept’. Overall, the vast majority of alien flora in Bhutan was
in the reject category.
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Figure 5.4 Alien plant families with five or more species in Bhutan relative to their Bhutan
WRA outcomes.
Unlike other countries using the AWRA system (e.g. Japan, Nishida et al., (2009)), no
experts were available to validate the WRA outcomes. To overcome this limitation, I used the
weed risk rating by Randall (2017) to compare the Bhutan WRA results (Table 5.9). Nearly,
78% (n = 310) of the retrospectively assessed alien plants from Bhutan had Randall’s risk rating
while 15% (n = 61 species) were listed without a risk rating. A little over 7% (n = 29 species)
were not included in Randall’s list. Randall (2017) rated risks as extreme, high, medium and
low. Of the 310 species with risk ratings, 13% (n = 41) were rated as ‘extreme’, 23% (n = 71)
‘high’, 24% (n = 73) ‘medium’ and 40% (125) ‘low’.
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Table 5.9 A summary of the Bhutan WRA outcomes and their corresponding weed risk ranking
from Randall (2017) (E = Extreme, H = High, M = Medium and L= Low).
Randall’s weed risk rating
Alien plants with weed risk rating

E

H

M

L

41

71

73

125

Total
310

When these results were examined on a species basis, only one species, beetroot, Beta
vulgaris L., which was rated as extreme by Randall (2017), was accepted by the Bhutan WRA
(Table 5.10). Another nine species in the high and medium risk categories in Randall (2017)
that were accepted were cultivated crops that have not been reported as casual or naturalised or
invasive in Bhutan (Chapters two and three), while okra, Abelmoschus esculentus (L.) Moench
had been reported as cultivated and naturalised (Chapter two). Only kale, Brassica oleracea
var. acephala DC., had been reported as being both cultivated and casual (see Chapter two).
Conversely, about 44% (n = 55) of the 125 species that were assessed by Randall (2017) to
have a ‘low’ risk rating have been categorised as “reject’ by the Bhutan WRA when
retrospectively assessed.
Table 5.10 List of alien species categorized as ‘accept’ by the Bhutan WRA system that had an
‘extreme’ or ‘high’ or ‘medium’ risk rating in Randall (2017).
Scientific name

Family

Risk rating

Remarks

Beta vulgaris L.

Amaranthaceae

Extreme

Cultivated

Brassica oleracea L.

Brassicaceae

High

Cultivated/casual

Capsicum annuum L.

Solanaceae

High

Cultivated

Cucumis melo L.

Cucurbitaceae

High

Cultivated

Hordeum vulgare L.

Poaceae

High

Cultivated

Mangifera indica L.

Anacardiaceae

High

Cultivated

Abelmoschus esculentus (L.)

Malvaceae

Medium

Cultivated

Rosaceae

Medium

Cultivated

Cichorium endivia L.

Asteraceae

Medium

Cultivated

Delonix regia (Bojer) Raf.

Fabaceae

Medium

Cultivated

Spinacia oleracea L.

Amaranthaceae

Medium

Cultivated

Moench
Chaenomeles speciosa (Sweet)
Nakai
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5.4 Discussion
5.4.1 An ‘off-the-shelf’ AWRA (modified questions) compared to a simplified AWRA
(trimmed questions) system
5.4.1.1 An ‘Off-the-shelf’ AWRA (modified questions)
The Australian Weed Risk Assessment (AWRA) system has been successfully
implemented as an effective pre-border invasive species screening tool for over two decades
(e.g. Keller & Kumschick, 2017; Vanderhoeven et al., 2017). It is the most widely tested and
used plant risk assessment tool globally, predominantly in developed countries aside from
Australia and New Zealand (Daehler et al., 2004; Křivánek & Pyšek, 2006; Gordon & Gantz,
2008; Nishida et al., 2009; McClay et al., 2010; Gassó et al., 2010; Crosti et al., 2010; Chong
et al., 2011; Koop et al., 2012; Speek et al., 2013). A few developing countries, Tanzania
(Dawson et al., 2009) and Chile-Argentina (Fuentes et al., 2010), have tested the AWRA
system using a similar process to that of the developed countries and modified the same four
questions (Q2.01, Q2.04, Q4.10 and Q8.05). To my knowledge, no attempt has made to simplify
the AWRA model to suit the data-deficient developing countries.
Some researchers argue that neither ‘off-the-shelf’ models, nor one single model could
be used for both developed and developing countries (e.g. using technology transfer) due to
operational (skill sets available and/or biological knowledge to operate models), institutional
(research facilities), infrastructure (access to global information system/s, and/or climatic
models) and financial gaps (Nuñez & Pauchard, 2010; Pueyo & Linares, 2012). Despite these
scientific, technical, and financial limitations, it is the requirement that all nations abide by
Article 2.2 of the World Trade Organization’s SPS agreement (Cooney & Lang, 2007). This
requires member nations to ensure that any Sanitary and Phytosanitary measures taken are those
necessary to protect human, animal and plant health, and are based on scientific principles and
are not maintained without sufficient scientific evidence (www.wto.org).
In spite of having significantly more capacity and resources to potentially manage
biological invasions than developing countries, the European Union, however, does not have
an established robust risk assessment tool (Tollington et al., 2015; Roy et al., 2017). If
challenges to implementing such systems have not yet been overcome in developed countries,
it is hard to envisage developing countries developing their own weed risk assessment models
soon. Developing countries that do not have the capacity to develop a WRA tailored to their
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own specific needs must use the best available ‘off-the-shelf’ model for pre-border prevention
of potential invasive alien plant species, because the majority of alien plants are introduced
deliberately (Reichard & White, 2001; Mack & Ernberg, 2002; Groves et al., 1998; Lehan et
al., 2013; Hulme et al., 2017). Given the limitations of porous borders including accidental
introductions across neighbouring countries, which largely remain unsecured in developing
countries due to lack of border security and infrastructure, the most cost effective first line of
defence for invasive alien plant management is prevention (IUCN, 2000; Maynard & Nowell,
2009; Shine et al., 2009). For example, Keller et al. (2007) estimated that Australia would save
approximately AU$ 1.4 billion per annum over a 50-year period through having implemented
the AWRA. This system has prevented the introduction of more than half of the 3000 alien
plants propoposed for importation into Australia (Cuthbert, 2013).
The outcomes from both the AWRA training dataset and the Bhutan WRA
(retrospective assessment) using the full 49-questions in the AWRA system yielded similar and
comparable outcomes (Table 5.2). More than half of the alien species tested fell into the ‘reject’
category (Australian data 62%, Bhutanese data 56%). This indicates that had pre-border
screening been implemented in Bhutan, many of the high-risk alien species already imported
would have been rejected. For example, ornamental plants that were deliberately introduced
and have now naturalised in Bhutan, such as common evening primrose, Oenothera biennis L.,
frogfruit, Phyla nodiflora (L.) Greene and African marigold, Tagetes erecta L., would have
been excluded. Mexican marigold, Tagetes minuta L., which has now become invasive in the
country would have been excluded if a WRA based pre-border screening was previously
implemented. Similarly, the retrospective assessment included 42% (n = 18) of the previously
known total number of invasive alien plants (n = 43) in Bhutan (NBC, 2014) of which only one
invasive species (Chinese thuja, Platycladus orientalis (L.) Franco) were rejected by the Bhutan
WRA.
Smith et al. (2015) cautioned the use of weed risk assessment systems in regulating
crops introduced for agronomic purposes (e.g. alfalfa, Medicago sativa L. and canola, Brassica
napus L.) as many useful cultivated crops would be excluded. Conversely, Gordon et al. (2016)
have argued that the conclusion drawn by Smith et al. (2015) was not robust and, more
importantly, failed to acknowledge the contribution that weed risk assessment tools have made
on preventing invasive alien plant species. My analysis showed that some species rejected by
the proposed Bhutan WRA system are those of high socio-economic value for food (e.g. maize,
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Zea mays L.), horticulture (e.g. guava, Psidium guajava L), and livestock (e.g. white clover,
Trifolium repens L. and leucaena, Leucaena leucocephala (Lam.) de Wit) purposes. This
outcome can result in conflict when decisions need to be made to satisfy competing interests
(Virtue et al., 2004). However, the implementation of the AWRA has stopped the entry of 338
potentially invasive alien plants into Western Australia since its inception in 1998 (Csurhes et
al., 2006). This shows there is a clear benefit of using an ‘off-the-shelf’ weed risk assessment
system as a pre-border screening tool for deliberate alien plant introductions into Bhutan and
in similar countries that do not have the needed resources to manage post-border weed
incursions.
5.4.1.2 A simplified AWRA (trimmed group variables and select questions) system
When questions from the AWRA system were combined to form four group variables
(see methods section), it was apparent that the UT (undesirable traits) group variable had the
least predictive value when tested using both the training dataset and the Bhutan WRA (Tables
5.2 and 5.4). The training dataset showed that DM (dispersal mechanisms) had the best
predictive value (76.8% correct in overall prediction of accepting, evaluating and rejecting
species (R2 = 0.680)) followed by BG (Biogeography). In the Bhutan WRA this was reversed
with BG followed by DM having the highest predictive value. Removing DM from the Bhutan
WRA model reduced the predictability of the model to about 86% (R2 = 0.889, Table 5.4) and
confirms the important role that introduction or dispersal pathways had on determining the
status of species being assessed by a WRA.
The Biogeography (BG) group variable had the highest correct predictive power in the
Bhutan WRA system. This is consistent with other findings showing that weediness elsewhere
is one the strongest predictors of alien species being labelled as weedy or rejected for
importation (Rejmánek, 2000; Reichard, 2001; Caley & Kuhnert, 2006; Roberts et al., 2010;
Speek et al., 2013; Randall, 2017). Where a developing country lacks quality data to undertake
an effective climate match or broad climate suitability analyses as part of a WRA, the high
predictive power of the biogeography variable justifies assigning the maximum default score
to those questions (Q1 - Q3). Given Bhutan’s lack of climatic data and the diverse ecological
zones that can support plants from any regions (i.e. tropical, subtropical, temperate, or alpine)
from around the world (NBC, 2011; 2014), the maximum default score should be assigned
when undertaking a WRA.
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The inability to discriminate the effect size of variables on the outcome when the four
group variables were used, indicated a quasi-complete separation issue with the dataset (Albert
& Anderson, 1984) that reqires either more data or to simpfify the model. This led to testing
the group variable individually, and in combinations of three group variables (Table 5.3 and
5.4). Removing UT group variable from the training dataset and from the Bhutan WRA allowed
an overall correct prediction of more than 94% of the full Bhutan WRA outcome. While all
three models (full Bhutan WRA, UT question removed, and nine select question removed
models) illustrated good predictive power in being able to discriminate potential invasive alien
plant species. Closer examination of the outcomes however, revealed subtle changes in the final
score outcome categories which alien plant species were allocated, especially when UT group
variable and nine select questions were removed (Tables 5.5 & 5.6). For example, removing UT
from the model leads to accepting 20 alien species which were in the ‘evaluate further’ category
in the full Bhutan WRA. The removal of nine select questions decreased the scores of 76% alien
species (28 out of 38 species). This outcome is comparable to that of Onderdonk et al. (2010)
where by the removal of nine rarely answered questions decreased the scores by 86% (70 out
of 86 species). These outcomes indicate that the reduced model is not superior to the full Bhutan
WRA but it is less conservative in rejecting alien species, accepting potentially invasive alien
species is not desirable (e.g. Lablab purpureus and Lathyrus sylvestris rated as high risk by
Randall are accepted in the UT removed model). However, none of the officially listed invasive
alien plant species in Bhutan (i.e. prior to this study; n = 43 species) were accepted by the reduced
models (i.e. UT removed and select nine questions removed models). In fact, these reduced
models have not accepted any other invasive alien species rejected by the full Bhutan WRA.
Therefore, reduced models can be effective to screen out those alien species of known
invasiveness. In general, both these models could probably only be best applied for a rapid
screen of alien species to identify major invasive alien species, when all 49 questions in the
AWRA system were difficult to answer. It is suggested that either of these reduced assessment
models only be utilised when all the questions in the AWRA system are difficult to answer due
to low availability of resources or data in a developing county.
If a specific country is unable to run the WRA, they should 1) adopt the results of the
AWRA run for their alien plant species undertaken by another country/geography regardless of
all but the most dissimilar environments (and all should be encouraged to put their full WRA
results online), or 2) use the one question of invasiveness elsewhere. If the species has not been
assessed, the country might be able to collaborate with other efforts (e.g. PIER or the University
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of Florida IFAS Assessment) to run the species, or 3) run the modified models I have developed.
These modified models are based on scores of one of three of the four group variables used to
categorise alien plants (Table 5.11; Figure 5.2). The outcomes from these models show that the
undesirable traits (UT) variable cannot be used as there is no score below which a plant can be
accepted. This will result in all plants being rejected if this variable alone is used. Of the three
remaining variables, biogeography (BG) and dispersal mechanisms (DM) provided the most
accurate results. It is noted, however, that the cut-off scores for categorisation of species is
different for each group variable. For example, if utilising the biogeography (BG) variable
alone, scores ≤-6 will categorise a species as accepted for import while a score of >6 categorises
the species as rejected. In general, all species scoring >6 can be rejected. The results from this
approach are similar to that of the AWRA system where major weeds were identified correctly
by the system.
Table 5.11 A rapid decision to accept or reject species based on select variables in the Bhutan
WRA system. Species that score between the minimum and maximum scores are classified as
‘evaluate further’.
Variable
BG

Bhutan WRA scores

Decision

Minimum

Decision

Maximum

-6

Accept

6

Reject

6

Reject

UT
BE

-5

Accept

6

Reject

DM

-7

Accept

1

Reject

BG = biogeography, UT = undesirable traits, BE = biology/ecology and DM = dispersal mechanisms.

5.4.2 Creating a permitted and prohibited list from a retrospective assessment using a full
AWRA system
Countries around the world use different plant quarantine measures. All have the
objective to prevent the introduction of potentially invasive alien plant species. Both Bhutan and
India, which share a common border, follow a ‘permitted list’ (equivalent to a ‘white list’) and
‘prohibited list’ (a ‘black list’) approach when regulating the importation of alien plant species.
These lists are generally prepared based on secondary sources of information regarding the
species being invasive elsewhere and without a proper screening process (personal
communication, S. Latha, National Institute of Plant Health and Management India, May 2014
and K. Pelden, Chief Plant Quarantine Officer, BAFRA Bhutan, June 2014). These lists are
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used as the main legal reference documents when issuing import permits to allow or deny entry
of alien plants at each country’s external and shared border.
Bhutan’s current permitted list is shrouded in ambiguity. The listing of plant species is
non-scientific, inconsistent and without a standard format. For example, of the 284 ornamental
plant species listed on the permitted list for Bhutan, only 15% (n = 42 species) were
appropriately listed with proper scientific names. The remainder of the species are listed by
common names (62%) or genus (13%). There is a repetition of species (5%) and some of the
species named in the list (5%) could not be located in any publications or global online plant
databases. At least 25% (n = 71) of the ornamental plant species in the ‘permitted list’ are listed
as a weed or as invasive in either Randall (2017) or the CABI invasive species database
(https://www.cabi.org/isc/). The status of many more could not be ascertained due to inadequate
information. Given this, the ability of the current permitted list to safeguard against the
importation of potentially invasive species into Bhutan is questionable.
In Bhutan, proposed new species not in the permitted list are referred to the competent
authority to assess invasiveness prior to approval by the plant quarantine office (e.g. pasture
crops are examined by the Livestock Department and ornamental plants or trees by either the
Forestry Department or the National Biodiversity Centre (personal communication through
email by Prashanti Pradhan, former Plant Quarantine Officer, August 2014)). The disadvantage
of this process is that these departments focus only on the risks and benefits to their respective
sectors and decisions are generally made without considering the impact of these new alien
plants outside their intended domain, such as a pasture species (e.g. Trifolium repens) becoming
invasive in the natural environment (Roder et al., 2007).
Six species (beetroot, Beta vulgaris L., turnip, Brassica oleracea L., Capsicum,
Capsicum annuum L., melon, Cucumis melo L., barley, Hordeum vulgare L. and mango,
Mangifera indica L.) which should have been rejected if based solely on the Randall (2017)
risk ratings are well-established cultivated crops that are not known to have become invasive
in Bhutan. Conversely, five species accepted by the Bhutan WRA and are in medium risk
categories in Randall (2017) are all cultivated alien species (okra, Abelmoschus esculentus (L.)
Moench, Chinese quince, Chaenomeles speciosa (Sweet) Nakai, endive, Cichorium endivia L.,
gulmohar, Delonix regia (Hook.) Raf.) and spinach, Spinacia oleracea L.). Only okra was
found naturalised in a 2016 field survey in Bhutan (Chapter three). The Bhutan WRA rejected
95% of the extreme and high risk rated species in Randall (2017). Those species that were
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rejected could become possible candidates to be put in the ’prohibited list’. The ‘Prohibited list’
is rarely used for plant regulation in Bhutan. The comparable outcome of the Bhutan WRA on
a representative sample with the risk rating by Randall (2017) demonstrates that the system can
be used to create a permitted list and that the current ‘permitted list’ in Bhutan needs to be
reviewed.
The retrospective assessment of the sample of species from the baseline inventory of
alien plant species in Bhutan indicated that about 75% (n = 173 ‘reject’ and n = 90 ‘Evaluate
further’) of the deliberately introduced alien plants could have been prevented from entry if a
prior screening process had been conducted. In the livestock sector alone, all 20 species rejected
by the Bhutan WRA have either naturalised (n = 18) or became invasive (n = 2). These species
were introduced since the 1970s to boost livestock production (Roder et al., 1998). The
approving authorities lacked information and awareness on how some of the deliberate
introductions could impact other sectors such as agriculture (e.g. winter vetch, Vicia villosa
Roth (Parker, 1992) and elephant grass, Pennisetum purpureum Schumach (Randall, 2017)) or
the environment (e.g. white clover, T. repens (Roder et al., 2007)). One of the most invasive
alien plant species introduced deliberately by the forestry and livestock sectors was black locust,
Robinia pseudoacacia L. and it has since taken over the entire patches of native vegetation in
some areas in Bhutan (Field survey, 2016; Figure 5.5).

Figure 5.5. Robinia pseudoacacia invading the natural vegetation (right image) in and around
the National Biodiversity Centre, Bhutan (left image) (Field survey, 2016).
The ornamental plant trade is globally recognised as a major pathway of alien plant
introductions (Reichard & White, 2001; Foxcroft et al., 2008; Patoka et al., 2016) including
into Bhutan (Chapters two and three). Demand for ornamental plants in developing countries
is increasing as a result of the growth of urban centres and increased disposable household
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income (Briercliffe, 2017). In addition to increased domestic consumption, growth in
ornamental plant export markets has led governments in developing countries to prioritise their
ornamental plant industry as a key component of the horticulture sector to alleviate poverty
(McGregor & Stice, 2008; De & Singh, 2016). A result of an increase in ornamental plant
industries is the increased risk of introducing more invasive alien plant species into countries
like Bhutan and India, given the current low level of the screening process for alien plants
(Waage & Mumford, 2008; Outhwaite, 2010; Heckert et al., 2011).
There has been a rapid growth in the number of ornamental plant nurseries in Bhutan
over the past few decades. Donovan (1992) indicated there was only one officially reported
plant nursery in Bhutan in 1992. In 2014 there were over 79 nurseries registered with the Bhutan
Agriculture and Food Regulatory Authority (unpublished record from BAFRA, 2014). There
are also many informal, unregistered backyard nurseries maintained by individual households
for non-commercial purposes. These informal nurseries constitute an important pathway of
alien plant introductions and dispersal among family, neighbours and acquaintances (Field
survey, 2016; Figure 5.6).

Figure 5.6. Informal backyard plant nursery in Gelephu, a border town with India (Field survey,
2016).
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Of the 151 alien ornamental plant species retrospectively assessed, none of the high risk
species (n = 20) were accepted under the Bhutan WRA, while only 27% (n = 17) of the low risk
species were rejected (see Randall (2017) for risk categorization rating). Although the risk
assessment is more restrictive in rejecting some low risk species, it may be preferable to take
this approach for developing countries that are constrained by resources under the precautionary
principle and also because many of these species are listed as invasive in the global weed
database (Randall, 2017). Alien plant species already in Bhutan, that fall under ‘evaluate
further’ or ‘reject’ categories could then be brought under plant regulatory or policy directives
for post border management. These could include such actions as:
(i)

ban internal movement or further import,

(ii)

initiate post-border management action based on decision tree framework
developed in (chapter four), and

(iii)

education and awareness of policy makers, nursery growers and the general
public.

Finally, retrospective assessment of existing alien plant species in Bhutan using the full
WRA system has shown that it can be effective for pre-border screening of new alien plants
proposed for importation, as well as a valuable way to update existing permitted or prohibited
lists of alien species across the sectors in Bhutan (Appendix 5.1).
5.5 Conclusion
Developing countries constrained by resources and unable to create their own weed risk
screening tools will benefit by adopting an ‘off-the-shelf’ screening tool like the AWRA system
that has wider applicability across different geographies. It may take time before developing
countries are capable of creating their own weed risk screening models. The results from the
three models tested demonstrated the difficulty of improving the efficiency of the models,
mainly due to a lack of data availability in developing countries. However, to determine alien
plant status, depending on the availability of data, developing countries could:
(i)

use the modified WRA system (i.e. involving the modification of only four key
questions in the AWRA) as a pre-border screening tool for new alien plants
proposed for importation or use the outcomes of retrospectively assessed alien
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plant species to update the existing permitted list and to undertake post-border
management activities (Chapter four);
(ii)

use simplified WRA versions utilising combinations of three of the four question
variables (see Table 5.5) or

(iii)

use the most limited but less robust method of utilising one single variable group
(Figure 5.2).

The outcome from the Bhutan WRA system, which is based on the ‘off-the-shelf’
AWRA system, is found suitable to screen new alien plant import proposals and update or
create ‘permitted’ or ‘prohibited’ lists for plant regulatory action. Taking such pre-emptive
initiatives and creating awareness of the potentially serious consequences that arise from invasive
alien plant species should precede the perceived or intended socio-economic benefits of
introducing alien plants into data-deficient and resource poor developing countries given the
rapidly changing climate and the uncertainties of biological invasions.
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Chapter 6 – General discussion and future directions6.1 Discussion
World civilization has thrived and benefitted from alien plants, which have been moved,
shared, bartered and traded since the advent of agricultural systems (Zohary, 1986; Diamond,
2002), and increased with botanical explorations around the world (Aitken, 2006; Stoner &
Hummer, 2007). Many studies have established that the growing number of invasive alien plant
species are either intentionally or unintentionally introduced though increased trade and transport
(Wittenberg & Cock, 2001; Perrings et al., 2005; Meyerson & Mooney, 2007; Hulme, 2009).
Only one previous attempt has been made by the government of Bhutan to compile a
complete list of invasive alien plants. This was undertaken through a pilot project in 2008-2009
(NBC, 2008b), however the project report may not have been formally published (personal
communication from one of the initial project team members from CABI, Nobert Maczey,
October 2016) and I was unable to locate it despite extensive searches during my research. This
document is neither with the project implementing agency (National Biodiversity Centre) nor
with the Bhutan project team members (I personally visited the centre and contacted all project
team members in 2014 & 2016). Despite this, it is often cited in many official documents (e.g.
Chhetri & Kinley, 2013). Most of the data sources referenced or used in this research were not in
the government libraries and many have been scanned from personal files (hard copies) held by
retired individuals or those who once worked on projects related to the alien flora of Bhutan.
These valuable data sources would have been lost if I had not collated them and carried out this
study.
Jerven (2013) demonstrated how developing countries with poor data management can
make poor judgements and assumptions while designing plans and, as a result, fail to achieve the
intended goals and objectives. He suggested creating a new baseline based on local conditions to
make appropriate and informed policy decisions as many baseline surveys are either out-of-date
or non-existent (Babones, 2013). Accordingly, my research is the first comprehensive baseline
inventory of alien plant species in Bhutan. The results from my field survey, conducted in 2016
(Chapter three), were comparable to the information generated in the baseline inventory in
Chapter two, despite having inadequate data to run more complex statistical models, such as
temporal and spatial distributions, and impacts on livelihood and native biodiversity. Having said
that, descriptive statistics and information generated from this research will provide a solid
foundation on which future research on biological invasions can be based and be used to develop
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appropriate strategies on regulating and managing invasive alien plants species in Bhutan
(Chapters four and five).
The current official record of alien vascular plant species in Bhutan shows that 6% (n =
336) of the total species (N = 5600) are alien, however this is under-reported. The baseline
inventory (Chapter two), created from various secondary sources and herbarium records, found
964 alien plant species. An additional 159 species were detected in the field survey (Appendix
3.1). This is about a 14% increase from the baseline inventory and the new alien plant record for
Bhutan stands at 1123 species; almost 3.5 times the official number. Prior to 1961 when Bhutan
opened its borders and began a programme of modern economic development, there were only
94 recorded alien plant species. This increase in little over five decades of modern economic
development is a significant cause of concern. The risks associated with alien plant introductions
to Bhutan’s novel environments are high and are a direct consequence of opening up the border
and integrating with the global economy.
If the current trend of alien plant introductions continues, by the next fifty years (2066),
Bhutan will have about 2700 alien plant species or about 51% of present native flora (N = 5264)
present (Chapter two). If Bhutan takes a conservative path in relation to managing alien plant
species by using Williamson and Fitter’s (1996) ‘Tens Rule’ (that is, of every 100 plant species
introduced, ten will naturalise and of those, one will become invasive) it will give a false sense
of security and imply that there is no urgency in restricting imports of new alien plants as 27
species of the alien flora out of the total of 2695 will become invasive by 2066, which is roughly
about one alien species becoming invasive every year. Numerous studies have demonstrated that
relatively few invasive alien species cause devastating societal, economic and environmental
problems in developed countries (Schmitz & Simberloff, 1997; Simberloff et al., 2005; Hulme,
2007). For example, Florida, USA, took more than 100 years to control water hyacinth,
Eichhornia crassipes (Mart.) even though they directed sufficient funds and a well-trained labour
force to the task of managing the species (Schardt, 1997). This suggests that the introduction of
even a relatively few invasive plant species is unwise given the already limited capacity and
resources found in developing countries (Wittenberg & Cock, 2001; Touza et al., 2007).
Preventing the introduction of potentially invasive species and/or controlling such species when
the infestation size is small, is the best available option for developing countries (Moody & Mack,
1998; Rejmánek, 2000; Wittenberg & Cock, 2001). The research I have undertaken provides a
decision-making framework that incorporates a hybrid model of both pre-border screening and
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post-border management of invasive alien species. This hybrid model allows developing
countries to implement appropriate responses to the introduction and management of alien plant
species that match the level of resources that are available within that country (Chapter four).
Urbanisation, technological improvement (e.g. plant propagation techniques and
greenhouse technology), economic benefits (i.e. higher remuneration and cash generation), and
easy access to roads and global markets have shifted the traditional grain-centered agriculture of
South Asia to high value horticultural crops (fruits, vegetables, and ornamental/medicinal plants)
(Joshi et al., 2004; Singh & Mathur, 2008). In Bhutan, 90% (n = 1009) of the alien plant species
documented during this research were deliberately introduced for cultivation. Horticulture was
the predominant pathway into Bhutan and accounted for more than 65% of the deliberately
introduced alien flora. My findings are similar to the global trends where horticulture is the
dominant entry pathway for deliberate alien plant introductions (Reichard & White, 2001; Mack
& Ernberg, 2002; Groves & Hosking, 1998; Lehan et al., 2013; Hulme et al., 2017). Ornamental
plants accounted for 50% (n = 501) of the horticultural species deliberately introduced into
Bhutan. This rate is lower than that reported in developed countries (e.g. 94% in Australia (Groves
et al., (2005) and 64% in the United States of America (Lehan et al., (2013)), but is likely to
increase due to increasing household disposable incomes in Bhutan.
Horticultural industries will continue to grow in developing countries where they have a
comparative advantage over agricultural crop production as small and marginal lands can be
intensely cultivated with different varieties of cash generating crops such as fruits, vegetables and
ornamental plants. This provides a wider scope for generating cash income to reduce poverty
(Hewett 2012; van dan Broeck & Maertens, 2016). Ornamental horticulture is the fastest growing
industry in developing countries, particularly in India, due to increased demand from global and
local markets (van Uffelen & de Groot, 2005; Ninama et al., 2016). In recent years, state
governments in the northeast Indian States bordering Bhutan have made extensive investments
in promoting ornamental plant industries (Roy et al., 2015; De & Singh, 2016). In contrast, the
growth of the ornamental industry in Bhutan has been driven by private individuals (this opinion
was shared by nursery growers during field survey in Bhutan in 2016) and has resulted in the
increase from a single officially recorded private nursery in 1990 to 79 private nurseries in 2015
(unpublished data from BAFRA, 2016). These nurseries mostly import seeds and planting
material from the Indian States bordering Bhutan (Field survey, 2016).
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It is established that ornamental horticulture is the leading pathway of invasive alien
plant species introductions in the world (Mack & Erneberg, 2002; Hulme et al., 2008; DehnenSchmutz, 2011). In Australia, the largest pool of alien plant species that escaped from cultivation
and became invasive are garden plants (Groves et al., 2005). Similarly, ornamental plants are the
largest group of alien plants in Bhutan, however, in contrast to Australia, no research has been
undertaken to determine how many of these have escaped cultivation and pose potential risks to
society, the economy and the environment.
The baseline inventory compiled as part of my research found that, after ornamental
plants, fodder species were the next most common alien species deliberately introduced into
Bhutan (n = 228 species). More than 96% (n = 219) of these species were trialled and introduced
by the livestock sector through internationally funded projects between 1970 and 1999 (Roder et
al., 2001). Ninety six percent of the fodder species belonged to Fabaceae (n = 148) and Poaceae
(n = 70). Globally, these plant families, along with Brassicaceae (6 species introduced for fodder
in Bhutan), are among the top ten invasive families, both in terms of number of weed reported
(Randall 2017) and the number of alien plant species studied for management in natural
ecosystems (Willis, 2017).
Despite an extensive amount of scientific research and advances in understanding of
biological invasions by introduced alien plants (Simberloff et al., 2013), there can be a conflict
of interest between societal/economic benefits, negative impacts on biodiversity and political
agendas (Pauly, 1996; Dold & Cocks, 2000; de Wit et al., 2001; Grice et al., 2008; Friedel et al.,
2010; Johnson 2012). These can influence decision making processes and can impact the
implementation of effective invasive alien species management (Novoa et al., 2018). This
research was not conducted to alienate groups of people nor to resolve potential conflicts of
interest regarding alien plant species, but out of necessity to create the first comprehensive
baseline data on introduced alien plant species in Bhutan, and potentially identify those of risk to
agricultural production and the environment. However, it became apparent from the baseline
inventory compiled for this study, that individual sectors in Bhutan were introducing alien plants
for their benefit of that sector alone without consideration of the potential that this could
negatively impact other sectors and the environment (Roder, 1984; Roder., 2007). For example,
Robinia pseudoacacia and Trifolium repens, and many other fodder grass and legume species,
which were deliberately introduced by the livestock sector since the 1970s, have either naturalised
or became invasive (Noltie, 2000; NBC, 2014).
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The assumption that pre-border screening will not be as effective in open-border countries
compared to those with comparatively closed borders or island nations (FAO, 2005) may deter
countries from adopting a proactive pre-border screening process to prevent invasive alien plant
importation. Contrary to this view, preventing even one highly invasive species before or at the
border will potentially save developing countries from irreparable damage to the economy,
society and native biodiversity, because many of these countries have both limited capacities and
resources to manage invasive alien species once they become established (Early et al., 2016). For
example, lantana, Lantana camara, which was deliberately introduced into India as an ornamental
plant has caused an estimated loss of US$ 924 million per year to pasture land (Pimentel et al.,
2001).
Deliberate introduction was the dominant entry pathway for alien plant species in both
the baseline inventory and the field survey. This is despite the open and porous borders between
Bhutan and India potentially allowing large amounts of unintentional or accidental introductions.
Deliberate plant introductions are amenable to management (Panetta & Scanlon, 1995). This
allows countries like Bhutan to adopt the hybrid WRA and WRM procedures I developed, which
are guided by three decision tree framework processes (see Chapter four, Figures 4.2, 4.3 & 4.4).
This is perhaps the first invasive alien plant species management tool that uses both the pre(proactive) and post- (reactive) border management aspects for countries with open and porous
borders. The pre- border part of risk management, through a screening process for those countries
that have open and porous borders, has been implicitly discouraged from adoption with
statements that it is effective only in countries with secured borders and a strong national
legislation on plant movement within the country (FAO, 2005). While studies have consistently
found an increased number of invasive alien plants resulting from trade or deliberate introduction
(see Hulme, 2009; Banks et al., 2015), not much thought has been given to the best way to
minimise or reduce the problem.
The focus has been on risk screening models that can completely prevent the deliberate
introduction of invasive alien species in an ideal situation, i.e. secured borders and strong
quarantine legislations and infrastructure. It is not practical to secure and regulate vast stretches
of contiguous borders between many developing countries in Asia and Africa, together with
different or often weak plant quarantine legislations (Manzella & Vapnek, 2007). The problems
that confront these vulnerable countries with increasing numbers of alien species from increased
trade (Early et al., 2016) are a lack of appropriate screening tools that help prevent or minimise
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deliberate introduction efforts, and a lack of risk management tool for the existing alien species
post–border (Wittenberg & Cock, 2001; GISP, 2007).
Thus, the hybrid model was developed on the premise that for the majority of countries
that have contiguous land borders, pre-border screening alone is not adequate to prevent alien
plants being introduced. Only very few countries (e.g. Australia and New Zealand) that have
secured international borders can effectively implement a full pre-border model, while many
countries have to manage the problem post-border. This does not impair countries with open and
unsecured borders from the benefit of implementing the outcomes of the pre-border screening
process (Figure 4.3). For example, the full WRA model can be used to create a
permitted/prohibited list for target sectors such as plant nurseries and also use such assessment
retrospectively to assess the existing alien species that have bypassed plant quarantine or been
introduced illegally or accidentally across an open and porous border. Lists thus created can be
used for rapid or early detection of new incursions post-border, and for implementing a range of
weed risk management actions depending on feasibility, capability and available resources
(Figure 4.4). However, early detection, and timely incursion management plans and actions,
cannot happen unless the country has a list of species of concern to look for. Thus, the use of the
WRA to retrospectively assess the status of existing species contributes to post-border weed
management decision making for the type of actions to be taken (Figure 4.4). This kind of list can
be very useful for a country like Bhutan that has an existing plant quarantine system regulating
the internal movement of planting material. This approach will be particularly applicable to
countries like India that have diverse and distinctive geophysiography and climates within and
among different territories and states. Therefore, the hybrid model has a global applicability for
preventing the introduction of invasive alien species and mitigating risks from the existing ones.
The convenience sampling procedure (Etikan et al., 2016) used in the field survey was
found to be appropriate for countries with limited resources, and is capable of capturing both
deliberately and unintentionally introduced alien plant species. Although the field survey was
rapid and focussed on certain key areas (e.g. roadsides and urban centres) and locations like parks,
gardens and nurseries, I encountered 25% (n = 242) of the alien species recorded in the baseline
inventory, as well as 159 new species for which there was no prior record of their presence in
Bhutan. The results of the field survey showed that 36 species recorded as cultivated in the
baseline inventory had either become casual (n = 19) or naturalised (n = 17). Of the species that
changed status, 67% (n = 24) were alien ornamental plants. The survey also revealed that three
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naturalised alien ornamental plants (Catharanthus roseus, Jatropha curcas and Mirabilis jalapa)
have become invasive in Bhutan. I could not establish the lag time of invasion (i.e. the time gap
between the first introduction date of a species and date it became invasive) or predict distribution
or assess impacts of existing invasive alien plants as this requires introduction dates (Daehler,
2009) and information on propagule pressure (Thomas & Moloney, 2015), which were not
examined as part of this research.
More than 83% of the new observations (n = 132 species) in the field survey were
ornamental plants. It is very likely that this was due to the growth of private commercial nurseries
registered with BAFRA since 2005 in addition to the many small backyard ornamental nurseries
maintained by individual households. Despite none of these new ornamental plants being
included in Bhutan’s ‘permitted list’, 67% (n = 89 species) of them were being propagated by the
commercial nurseries I examined for sale and distribution to other parts of the country. If the
Bhutanese government plant import officials had used Randall’s (2017) risk rating range between
‘Medium’ and ‘Extreme’ to screen alien plants, 17 of these species would have been refused
import permits. Of these 17 species, one was rated as ‘Extreme’ (Japanese rose, Rosa multiflora
Thunb.), five were rated as ‘High’ (Artichoke thistle, Cynara cardunculus L., erect prickly pear,
Opuntia stricta (Haw.) Haw., cockscomb, Celosia argentea L., canoe-cedar, Thuja plicata Donn
ex D. Don and Himalayan balsam, Impatiens glandulifera Royle) and 11 were rated as ‘Medium’.
As plants not included on the permitted list were allowed to be imported, it indicates that the
current system has some inherent flaws which need to be resolved or Bhutan may face the social,
economic and/or environmental consequences of extensive alien species invasions in the future.
Developing countries without effective pre-and post-border plant management systems
will encounter increasing plant invasions from growing global trade and travel (Hulme et al.,
2009; Seebens et al. 2015) as many lack a national response capacity (Early et al., 2016).
Although Bhutan and its neighbour, India, use a ‘permitted list’ approach to regulate alien plant
imports (Khetarpal & Gupta, 2007; Khetarpal & Dashora, 2014), this could well be the weakest
link in the plant biosecurity continuum. In Bhutan’s case where the list has not been developed
or tested with a robust screening process or plants are inconsistently listed (e.g. in common names
or genus without species name), it allows for unintentional misidentification of species and
increases the risk of allowing highly invasive species into the country.
The other plant quarantine issue for Bhutan is when alien plants not already in either the
permitted or prohibited lists are proposed for importation. Generally these species are referred to
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the relevant government departments for determination (personal communication by the plant
quarantine officials, 2014 & 2016). In the absence of a standard screening system and/or a weed
risk assessment system and/or experts in Bhutan, this results in a lack of ownership of the process
(a ‘passing of the buck’ from one agency to another). To resolve this problem, I trialled the welltested AWRA system to retrospectively assess existing alien plants in the baseline inventory
(Chapter two) and to explore how to simplify this model to suit Bhutan.
The use of ‘off-the-shelf’ protocols for managing biological invasions in developing
countries that were initially designed for developed countries has been cautioned against (Nuñez
& Paucard, 2010; Pueyo & Linares, 2012). I tested the utility of the AWRA system for Bhutan
and other developing countries by:
(i)

using the full AWRA model with modification of four questions relevant to
Bhutan (i.e. the standard practice recommended by Gordon et al., 2010), and

(ii)

applying a simplified AWRA system that used two approaches:
a. grouping the questions into four variables (biogeography, biology and
ecology, dispersal mechanisms, and undesirable traits) based on common
question themes and testing which, or which combination, of these gave the
best predictive outcome (i.e. simulation using the combinations of different
variable groups), and
b. trimming nine selected questions from the AWRA which are difficult to
answer or get information for in developing countries with limited resources
(see Chapter five on Methods).

I used the AWRA training dataset to test and validate these alternative assessment
methods as well as a random selection of alien plant species from the baseline database for Bhutan
(Bhutan WRA).
Bhutan, unlike other countries that tested AWRA, does not have weed experts to develop
an a-priori list of the status of alien plants. To overcome this, the risk ratings assigned by Randall
(2017) were used as a comparison with the scores generated by the Bhutan WRA system. Using
the full AWRA on the alien plant dataset from Bhutan, gained comparable results in identifying
the major weeds as the training dataset. For example, the Bhutan WRA (i.e. the full AWRA
system with four modified questions for Bhutan (Chapter five)) did not accept any of the highrisk ornamental plants, but rejected about 27% of the low risk alien ornamental plants. This
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indicated that while the system can effectively discriminate against high risk alien plants, the
trade-off is a more conservative assessment of lower risk ornamental plants.
Analysis using all four group variables of the modified WRA to determine how the group
variables affect the final outcome was unable to be effectively undertaken. This indicated some
issue of quasi-complete separation (Albert & Anderson, 1984) which will not run unless the
model is simplified or more data are obtained. Therefore, analysis of a reduced combination of
variables for both the training dataset (AWRA) and the Bhutan WRA showed that the best model
for using a modified AWRA, in terms of overall correct categorisation of alien plants, was the
combination of three group variables (biogeography, biology/ecology and dispersal
mechanisms). Though these models (5a, Table 5.3 and 5b, Table 5.4) had the overall percent
correct prediction over 90%, a robust statistical analysis could not be performed to validate the
outcomes.
Where a rapid assessment is needed for the importation of plants, my research indicated
that using just the biogeography or biology/ecology or dispersal mechanism group variable can
be used to categorise the plant. Using this technique requires that the overall scores used to
allocate the plant to the ‘accept’ or ‘evaluate’ or ‘reject’ category need to be adjusted depending
on the variable used (Figure 5.2; Table 5.11). The other model using nine selected questions did
not provide the desired outcome.
The new models tested using the baseline inventory of alien plants in Bhutan showed the
efficiency of the “off the shelf” AWRA model for assessing alien plant species (Nishida et al.,
2009). It is possible to establish threshold scores different from the AWRA and develop a model
that is close in efficiency to the AWRA but which is less reliant on access to reliable data and
resources. It is unknown how long it might take developing countries to gain the resources
necessary to develop and implement their own weed risk assessment systems to prevent alien
species of potential threat. Rather than take no action until those resources are available, I have
shown that an ‘off-the-shelf’ WRA is the best defence against invasive alien species (Mack et al.,
2000; Jenkins, 2005). More importantly, it can be used by developing countries constrained by
resources to update the permitted or prohibited lists of the existing alien species through
retrospective assessments and for screening new alien plants proposed for introduction into the
country.
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The new models (i.e. removing group variable and nine select questions) tested in this
research were not recommended for screening alien plants in developing countries as there were
certain elements of doubt arising from a lack of adequate data used in running the models. There
were some species under the ‘evaluate further’ category being ‘accepted’. However, I have shown
in part that it may be difficult for developing countries to develop their own model unless there
is dedicated research and data collection to run such models.
The most important outcomes from this research were:
(i)

The development of a novel approach of dealing with invasion risks from alien plants
though a hybrid model that incorporates both pre- and post- border risk management of
alien plants. Decision-tree frameworks guide this hybrid model for policy makers or
regulatory authorities (Figures 4.2. 4.3 & 4.4). I did not find publications that had
specifically developed a hybrid model for developing countries with open and porous
borders. This may be the first model suitable for developing countries. It also has a wider
applicability given the general principles on risks are the same, i.e. preventing
introduction as the most cost effective measure against biological invasions and
managing the incursion of alien plants post-border when the problem is small.

(ii)

The creation of the first comprehensive alien plant species baseline inventory of alien
plant species for Bhutan. The data and information from the baseline can be used for
future research on biological invasions and impact studies. The alien flora in Bhutan has
increased from the official record of 336 to 1123 species.

(iii)

Introduction pathways were identified for all but three alien plant species present in
Bhutan. This research finding contributes in part to Bhutan’s obligation to meet the
Aichi Biodiversity Target 9 of identifying invasive alien plants and their pathways by
2020.

(iv)

The results of different test models based on a sample of species from the baseline
inventory of alien plant species in Bhutan show that a full AWRA is the most
appropriate risk screening tool until developing countries are able to develop a better
model than the AWRA for their country. Until such a model is developed, the AWRA
can be used as the standard risk screening tool for pre-border, at-border and post-border
management as part of the hybrid model described above (i).
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6.2 Future directions
My research provides the most comprehensive baseline inventory to date of the alien plant
species introduced into Bhutan. This will be a crucial resource for future researchers to build on
as they study biological invasions. My research sets an example of how data-deficient developing
countries can collate and generate information based on the available resources and capacity, and
minimise the potential for previously collected data to be lost.
The baseline inventory for Bhutan was created from secondary data sources, including
non-scientific historical texts and reports, and I made every endeavour to locate the earliest
published works and reports in the country. As a result, this is the most accurate and
comprehensive record of alien plant introductions for Bhutan. However, academic publications
on plants in Bhutan are almost negligible and thus, some of the information on invasive alien
plants reported in this research has been based on anecdotal evidence. As I conclude my research,
it is apparent that more research is required to determine the distribution and impacts of
introduced alien species within Bhutan, to determine more fully which of these species have
become invasive, and to determine which other species have been introduced, but for which there
is no record of that introduction.
In Australia, of the 463 alien species introduced for pasture purposes about 17% (n = 77)
became invasive (Lonsdale, 1994). Therefore, future research to determine the status of
previously introduced alien plants in Bhutan is important, especially for those species introduced
since the 1970s for feed and fodder purposes. This research could not determine how many of
these species were trialled, but never promoted for cultivation and are thought to be extinct or
extant. It is important to know the exact existing alien flora and their status (e.g. cultivated, casual,
naturalised or invasive) in the country, as some of the species identified in this research may now
be extinct within Bhutan while others may be causing severe environmental problems like
contributing to further native biodiversity losses.
Many seed companies and nurseries, including government institutions (for example,
research and government pasture farms) in Bhutan and neighbouring countries in South Asia
(especially India) are now being regulated by government (Gadwal, 2003). They are required to
apply for import permits prior to the importation of any alien plants into the country. A modified
WRA system can be used for these sectors that are the major suppliers and distributers of alien
plants.
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In the absence of having their own risk assessment system, developing countries can use
the most common and internationally accepted ‘off-the-shelf’ AWRA system to screen new alien
plant import proposals. They can also use it to update or create both ‘permitted’ or ‘prohibited’
lists for plant regulatory action until they develop capacity of their own. Taking such pre-emptive
initiatives should be strongly supported by public education and awareness campaigns on the
potential consequences of invasive alien plant species to their country.
The pre-border only WRA system is not 100% effective even in the most isolated places
like Antarctica which has strict pre-border screening process governed by an international treaty.
Therefore, invasive alien species in developing countries with open and porous borders can only
be effectively managed by adopting the hybrid risk management framework of pre-border weed
risk assessment and post-border weed risk management that has been proposed (Chapter four).
Operating the modified WRA system both prospectively and retrospectively will minimise the
possible entry of invasive alien plants, and enable their management to prevent further expansion
of potential invasive species into the country.
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List of Appendices (Numbering of appendices is based on the Chapter they appear)
Appendix 2.1. A description of the nine categories of information sources used to compile
the alien flora inventory of Bhutan
To compile the alien flora inventory of Bhutan, I examined an extensive array of
information/data sources relating to non-native plant species occurring in Bhutan. These
information/data sources were grouped into nine distinct categories based on the type of data as
well as the quality/reliability of the information they contained. I then ranked them according to
quality, from 1 to 9. Below is a short description of each data/information source category and
the actual sources used within each category.
(1) Herbarium records
This data source encompassed collections of plant species made within Bhutan, which
were then housed within the National collections/herbaria. I examined information contained on
the collection labels relating to the species name, location and collection date, as well as any other
relevant information, which might have been noted (i.e. naturalisation status). Here I examined
three data sets, being from the:
1. National Biodiversity Centre;
2. Royal Botanic Garden Edinburgh (http://www.rbge.org.uk/databases, accessed on
28/11/2016); and
3. Herbarium Catalogue, Royal Botanic Gardens, Kew. Published on the Internet
(http://www.kew.org/herbcat accessed on 28 November 2016).
Consultation with National Biodiversity Centre staff, and examination of published flora
indicated that out-of-country herbarium records were most likely to have been found in either
Edinburgh and/or Kew databases.
(2) Published volumes on the flora and biodiversity of Bhutan
Here I examined the published Flora of Bhutan and extracted information on species
name/s, location/s and dates, as well as any other relevant information, which might have been,
noted (i.e. naturalisation status). The List of publications examined for the compilation of this
inventory were:
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(3) Peer-reviewed journal publications and articles that have related information on alien
plant species about Bhutan
I gleaned information on alien plant species in Bhutan from national and international
journals. The Bhutan Journal of Animal Husbandry, which was one of the first journals that
documented livestock-related research activites in the country provided records on pasture
species, while the Bhutan Journal of Renewable Natural Resources contained cross-sectoral
records. However, neither of these journals are still active and are not readily accessible outside
Bhutan.
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(4) Research reports and publications such as annual reports, manuals and guides
I used scientific reports published by research centres and government departments as
one of the main sources of information on alien plants introduced into the country. For example,
information is gleaned from research activities and outputs on the alien plant introduced, trialled,
discontinued (e.g. after poor evaluation trial), or promoted for cultivation in the country. Manuals
and guides provided reliable information on plant identify and their status in Bhutan, but not on
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Thimphu: Bhutan: Ministry of Agriculture, Royal Government of Bhutan.
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RNRRC-Bajo, Renewable Natural Resources Research Centre-Bajo (1996). Annual
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(5) Papers published in the proceedings of national and international conferences, seminars,
and/or workshops
Officials representing the agriculture ministry in the past, have presented few papers on
alien plants in Bhutan at both national and international conferences. These papers contained lists
of some alien plants and their status in Bhutan.
1.

AHD, Animal Husbandry Department. (1982). Proceedings on the Seminar on
Pasture/Fodder Development. Thimphu Bhutan, Ministry of Development, Royal
Government of Bhutan.
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Weeds Conference (pp. 488-491). Wagga Wagga, Australia: Weeds Society of New South
Wales.
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(6) Historical publications including those accounts by political emissaries, missionaries and
travellers to Bhutan
I used historical documents to ascertain some of the earliest crops and plants that were
cultivated or used by people in ancient Bhutan, and documentation of the flora by European
explorers and travellers in 18th and 19th century. The problem with such records is often the
inability to decipher the year of introduction.
1.

Eden, A. (1865). Political missions to Bootan, comprising the reports of the Hon'ble A.
Eden - 1864; Capt. R. B. Pemberton, 1837, 1838, with Dr. W. Griffith's journal' and the
account by Baboo Kishen Kant Bose. Calcutta, India: The Bengal Secretariat Office.
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year 1670: Giving an account of the State of those Countries. London, UK: R. L. and M.
P.
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Turner, S. (1800). An account of an embassy to the court of the Teshoo Lama in Tibet;
containing a narrative of the journey through Bootan, and part of Tibet by Captain Samuel
Turner, to which are added, views taken on the spot by Lieutenant Samuel Davis; and
observations of botanical, mineralogical, and medical by Mr Robert Saunders. London,
UK: W. Bulmer and Company.

7.

Wangchuk, K. (1993). Horticulture development in Bhutan. In S. S. Teaotia (Ed.),
Proceedings of the International Expert Meeting on Horticultural Development in HinduKush Himalayan Region, 1989 (pp. 167-185). Kathmandu, Nepal: International Centre for
Integrated Mountain Development (ICIMOD).

8.

Wessels, C. (1924). Early Jesuit travellers in Central Asia, 1603-1721. Dordrecht,
Netherlands: Springer.
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(7) Unpublished reports, archives, and surveys of botanists, experts, and consultants
I found that many of the official records collected and compiled by government
departments were not officially documented nor published. These reports contain valuable
information, but the decision to publish, share, shelve or destroy them often remains at the
discretion of officials who have custody over them. A complete collection is thus, not possible.
1.

Anon. (1989). Fodder cultivation under chir pine (Unpublished report from Dr. Walter
Roder).

2.

CoRRB, Council of Renewable Natural Resources Research of Bhutan. (2015). List of
crops, fruits, vegetables, feed and fodder released and denotified varieties (Unpublished).

3.

Dema, S. (2016). List of plant species displayed during Royal Bhutan Flower Exhibition in
Paro including native, exotic, raised and wild plants of Royal Botanic Garden, Serbithang
(Unpublished record of NBC).

4.

DoFPS, Department of Forest and Park Services. (2016). Forestry plantations 1947-2013
(Unpublished). DoFPS, Department of Forest and Park Services. (2016). Forestry
plantations 2002-13 (Unpublished).

5.

FALC, Floriculture and Amenity Landscaping Centre. (2014). Inventory of flowers at
FALC, Dechencholing (Unpublished).

6.

FALC, Floriculture and Amenity Landscaping Centre. (2015). Inventory of flowers at
FALC, Dechencholing (Unpublished).

7.

Ghimiray, M. (2005). Plant genetic resources in SAARC countries: Their conservation and
management, Bhutan chapter. Wangduephodrang, Bhutan: RNRRDC-Bajo.

8.

Gibson, T. (2016). Field trip report (Unpublished).

9.

NSC, National Seed Centre. (2015). Catalogue of seed, plants, and planting materials.
Retrieved from: http://www.nsc.gov.bt/index.php/notifications (accessed 23 February
2017).
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(8) Project documents and government reports submitted to international conventions and
organisations
Not many alien plants are described in the following reports, but some contain lists of few
alien plants of economic values (e.g. crops, soil conservation trees and fodder), which the project
supported, or lists on some invasive alien species in the case of reports submitted to international
conventions such as CBD, IPPC.
1.

Croston, R. P., & Dorji, T. (1982). Cucurbuta pepo 481618-481627. Received through
International Board for Plant Genetic Resources (IBPGR). Rome, Italy: IBPGR.

2.

NBC, National Biodiversity Centre. (2012). Implementation status of the global plan of
action for the conservation and sustainable utilization of plant genetic resources for food
and agriculture in Bhutan. Thimphu, Bhutan: Ministry of Agriculture and Forests, Royal
Government of Bhutan.

3.

Rumball, J. (1990). Temperate pasture experimental programme, Monggar. Final Report.
Thimphu, Bhutan: Highland Livestock Development Project, Department of Animal
Husbandry, Ministry of Agriculture and Forests, Royal Government of Bhutan.

4.

WB, World Bank. (1984). Bhutan forestry development project: Staff appraisal report
(Report No. 4831-BHU). Washington, D.C.: South Asia Projects Department, World Bank.

(9) Online portals, which are intentionally maintained and validated by experts
The listed online sources below were a good source to get information on alien plant
taxonomy for identification, origin, pathways of introduction, status of these species in the
country and elsewhere, and geographical distribution. They were also a good source for verifying
and updating common names, synonyms and scientific names. All sites were accessed throughout
the period 2015-2017.
1.

Annotated Checklist of the Flowering Plants of Nepal (www.eflora.org/).

2.

Bhutan Biodiversity Portal (http://biodiversity.bt/).

3.

CABI: Centre for Agriculture and Biosciences International (http://www.cabi.org/).

4.

CoL: Catalogue of Life (http://www.catalogueoflife.org/).

5.

Digital Flora of Bhutan (http://cms.cnr.edu.bt/).

6.

Facebook group (Bhutan agriculture research, extension and community group):
Agriculture Movers.
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7.

Feedipedia: Animal Feed Resources Information System (http://www.feedipedia.org/).

8.

Flora of Bhutan (Facebook group maintained by a group of foresters with members
predominantly plant enthusiasts) (@bhutanfloraand fauna). Founded on August 17, 2011.

9.

Flora of China (www.eflora.org/).

10.

Forests, Environment and Wildlife Management Department, Government of Sikkim:
Orchids of Sikkim (http://www.sikenvis.nic.in/).

11.

GBIF: Global Biodiversity Information Facility (http://www.gbif.org/).

12.

GISD: Global Invasive Species Database (http://www.issg.org/database/).

13.

GRIN: Germplasm Resources Information Network (http://www.ars-grin.gov/).

14.

ILDIS: International Legume Database and Information Service (http://www.ildis.org/).

15.

India Biodiversity Portal (http://indiabiodiversity.org/).

16.

NHMUK. Natural History Museum (2014). Dataset: Collection specimens. Resource:
Specimens. http://dx.doi.org/10.5519/0002965, accessed on 27/11/2016).

17.

NPGS: National Plant Germplasm System (http://www.ars-grin.gov/npgs/).

18.

Orchids (http://www.orchidspecies.com/).

19.

Royal Botanic Garden Kew: World Checklist of selected plant families
(http://www.kew.org/).

20.

Tropical Forages: An interactive selection tool
(http://www.tropicalforages.info/index.htm).

21.

TRY: Plant Trait Database (http://www.try-db.org/).

22.

USDA Natural Resources Conservation Service (http://plants.usda.gov/).

(10) Other sources
I also compiled data provided by individuals based on their personal experiences with
non-native plant species in Bhutan, to help fill critical information gaps (e.g. introduction dates
and distribution). These included:
1.

Personal communications with experts and authors of many of the publications examined
(in Appendix 1), including those who worked directly on non-native plant species in
Bhutan;

2.

An email request sent to Bhutanese officials, academics, and botanists aimed at providing
further detailed information on the status and locations of non-native alien plant species
in Bhutan.
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Appendix 2.2 List of fields in the database of the alien plant inventory of Bhutan.
Database

Database

field

sub-field

name

name

Plant

Current name

identity

Description of the database field

Data range

Notes

A list of scientific names (with

List of names of vascular plant species All names were checked to ensure the current

authors).

(taxonomic data), broken into several groups, accepted taxonomy was used, comparing with
being:

global floral databases (see Appendix 1).

(1) scientific name (genus and species, Plant species without scientific names were
including subspecies, varieties and forms, if identified based on their common names,
applicable);

family and/or genus, relative to the country if
necessary (e.g., the use of the term Marigold in

(2) common name/s;
(3) partial scientific name (e.g. if only the

Bhutan refers specifically to African Marigold,
Tagetes erecta).

family or genus was known);
(4) horticultural variety or hybrid name or
commercial name, again, if relevant.
Previous

Synonyms – a list of any prior A list of scientific names, which were no longer Any species identified that had a synonym/s

name

scientific name/s, which were no considered to be current names (taxonomic was updated to the current name.
longer considered to be current.

data).
All synonym names were coded as synonyms
and retained for later use.
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Database

Database

field

sub-field

name

name

Description of the database field

Family name

Data range

Notes

The plant family to which the A list of plant family names (taxonomic data).

The family name for species in the inventory

species belonged.

was sourced from, and/or checked against
global floral databases (Appendix 1).

Plant

Plant

habit Plant

traits

and life cycle

habit

fern/cycad,

includes aquatic, Only these generalised categories were used. Multiple published and online data sources
grass,

herb/forb, For example, the subset of aquatic alien plants were used to help obtain missing information.

shrub, vine/climber and tree.

did not use the sub-categories floating,
submerged or emerged.

The life cycles of alien plants were
broadly categorised as annual,
perennial, or both.
Origin

Native range

The region to which the plant A list of the standard native range regions of the Native plants of Asia and the Hindu Kushspecies was considered to be world based on regional groupings of the Himalayan
native and/or endemic.

regions

(countries

including

continents (see Weber 2003, Randall 2017) Afghanistan, Bangladesh, Bhutan, China,
(e.g. Asia, Africa, North America, Europe, etc.) India, Myanmar, Nepal and Pakistan), but alien
to Bhutan were included in the inventory.

Distributi

Distribution

The distribution of each alien Distributional data – derived from written All data was manually allocated to one or more

on

within

plant

Bhutan

separated into 20 districts.

species

within

Bhutan localities,

herbarium

records

and/or of the 20 districts of Bhutan.

observations.
The initial data sourced was either: (a) a written
description of the locality (i.e. place name); or
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Database

Database

field

sub-field

name

name

Description of the database field

Data range

Notes

(b) point data (i.e. GPS location in latitude and The 20 districts are grouped into four regions
longitude.

based on the standard used by Bhutan
agriculture ministry*.

List of plants within each of the 20 districts.
Distribution
within

Information on the distribution of Distributional data derived from written The four Indian States (Arunachal Pradesh,

the the species within India, with localities, herbarium records or observations Assam, Sikkim, and West Bengal that border

region

emphasis given to species that based on the Indian States.

Bhutan were given additional priority.

occur within neighbouring Indian
States.
Alien

Casual,

The status of alien plant species in All species are allocated to one of four Alien plants which were once trialed or

plant

naturalised

Bhutan based on the standard categories, i.e. (i) no record of escape; (ii) cultivated, but no further evidence of them

status

and invasive

categories defined in Table 2.

casual alien; (iii) naturalised; and (iv) invasive, being in cultivation or present in the wild are
based on the definitions in Table 2.3.

designated as ‘casual’ in this study.

Introducti

Earliest

First year of introduction or initial Year only format.

Some crops are known to have been cultivated

on date

recorded date

year

much earlier than documented records have

of

record/

documented

evidence within Bhutan

existed (e.g., Ipomoea batatas), while other
introductions may predate first records. To
address these issues, I use the year range 19001960, because, it was assumed, that British
explorers/ missionaries, until the late 1800s,
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Database

Database

field

sub-field

name

name

Description of the database field

Data range

Notes
provided

full

accounts

of

plants they

encountered. Beginning in 1900, immigrants
from Nepal began to settle in areas of southern
Bhutan

bordering

India.

From

1961

government departments maintained some
form of formal records.
Introducti

The major introduction sources Defined categories were used based on the Alien plants introduced by the Botanic Garden

on source

were

determined

pathway

based

analysis.

on nature of the pathway, being agriculture, were allocated the pathway that the specific

These forestry, etc. Any species for which the plant species was associated with (e.g. crops

categories were then used to introduction source could not be determined for agriculture).
classify each non-native species.

were classified as resulting from an unknown
pathway.

Alien plant species introduced Data based on evidence of active introduction.

Only invasive alien plant species with only

on

into the country through human

documented

pathways

endeavour

pathways.

Introducti

Deliberate

to

serve

specific

evidence

of

introduction

purpose/s.
Only known initial/ recorded pathway of alien
species was recorded even though there may be
multiple pathways of introduction separately
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Database

Database

field

sub-field

name

name
Unknown

Description of the database field

Data range

Notes

Alien plant species that have no All alien plant species in the country other than Includes all other alien plant species that may
known documented introduction the deliberately introduced ones (see above).

or may not have been introduced through

pathways into the country.

human endeavor (e.g., wind, water, birds,
animals).

*1. Western region: Thimphu, Paro, Haa, Chhukha, Samtse; 2. West-central: Wangdi, Punakha, Gasa, Dagana, Tsirang; 3. East-central: Bumthang, Trongsa, Zhemgang, Sarpang;
4. Eastern: Monggar, Trashigang, Lhuntse, Trashi Yangtse, Pemagathsel, Samdrup Jongkhar
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Appendix 2.3 Research centres and regional grouping of 20 districts in Bhutan following
Pradhan et al. (2010).
National

Research Centre,

mandate

Location

Forestry

Thimphu

Region

Districts in the region

Western

Thimphu, Paro, Haa, Chhukha,
Samtse

Field

crops Wangdue

West-central

(agriculture)
Livestock

Tsirang
Bumthang

East-central

(Pasture)
Horticulture

Wangdi, Punakha, Gasa, Dagana,
Bumthang, Trongsa, Zhemgang,
Sarpang

Monggar

East

Monggar, Trashigang,
Trashi

Yangtse,

Samdrup jongkhar

207

Lhuntse,

Pemagathsel,
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Appendix 2.4 Reducing the data uncertainty and errors arising from various data sources,
including published and unpublished documents.
Database field

Verification/validation process

name

undertaken

Species name
(scientific)

References or sources used

Outcome

The exact scientific name of all

The list of plant names

More than 99% of all

species identified was checked to

available

species listed now have a

ensure the latest valid name was

records, publications and

applied.

online global databases (see

in

herbarium

valid scientific name.

Appendix 2.1) were used to
check

for

spelling,

synonyms, etc.
Species name

I searched for a scientific name

Google searches were used

70% of species with a

(common)

for

to determine a scientific

common

name.

given a scientific name.

Many records of non-native

I used the Randall (2017)

All non-native species in

species

contain

compendium, and online

the

species

global databases, but these

allocated a centre of

origin, so I had to search

did not necessarily provide

origin. Here I have not

additional

exact centre/s of

used the exact centre of

all

species

that

only

contained a common name in the

name

were

data sources.
Species origin

did

information

not
on

data

the

sources

to

determine the origin.

plant

origins.

database

are

plant origin as in some
publications (e.g. India)
because

detailed

taxonomic
and

knowledge
geographical

distribution
region

within

was

(Vavilove

&

a

needed
Love

1992).
Introduction date

Many records of non-native

I used a wide range of

Only 19% of species

species

additional data sources (see

have

Appendix 1).

date. A further 61% of

did

not

contain

information on the introduction

an

introduction

date, so I had to search additional

species have a first

data sources to determine the

recorded date, which is

date.

the first time they were
recorded as present in
Bhutan, and 20% of
species have no accurate
date – these are coded in
the database as such.
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Database field

Verification/validation process

name

undertaken

Introduction year

References or sources used

Outcome

If there were no definitive plant

BAFRA,

Introduction year was

introduction dates, the initial or

Biodiversity

first

publications were used.

recorded/observed

dates

Bhutan
Portal

and

used.

were used as a proxy for the
introduction dates of alien plants.
Origin

of

alien

plants

Origins of plants are based on

GRIN, GBIF, The Plant

Origin of alien plants

their country of origin, regional

List,

determined

distribution across the continents

eFloras.org,

and then narrowed down to

India and Flora of Bhutan

‘whether native to Bhutan or not’

were used.

CoL,

CABI,

Flowers

of

for

all

species.

based on the global and regional
databases and publications.
Pathways of alien

Pathways here refer to the means

Hulme

plant introduction

by which alien plants are

Richardson et al. (2011).

introduced into the county. They
are categorised into:
(i)

Deliberate

plants

are

-

alien

purposefully

introduced into the country for a
specific or multiple number of
purposes (e.g. food, fodder,
medicine,

ornament,

landscaping,

or

soil

conservation).
(ii)

Unintentional

accidental
though

or

introduction
natural

-

pathways

(wind or water), or animals, or
other dispersal mechanisms
(e.g. vehicular movements, as
seed

contaminants)

across

international borders.
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et

al.

(2008),

Pathways of alien plant
introduction.

Appendix 2.5 Baseline inventory of alien plants introduced or recorded in Bhutan.

Sl.
No.
1

First
Scientific name

Common name

Family

introduced/
reported

Abelmoschus esculentus (L.)

okra, lady's finger

Malvaceae

1991

musk mallow, musk okra

Malvaceae

2011

Acacia auriculiformis A.

northern black wattle,

Fabaceae

1984

Cunn. ex Benth.

earleaf acacia

4

Acacia dealbata Link

mimosa, silver wattle

Fabaceae

2004

5

Acacia decurrens Willd.

black/ green wattle

Fabaceae

2006

6

Acacia koa A. Gray

koa acacia

Fabaceae

2012

7

Acacia mangium Willd.

black wattle, brown

Fabaceae

2006

Moench
2

Abelmoschus moschatus
Medik.

3

salwood
8

Acacia mearnsii De Wild.

black wattle

Fabaceae

1988

9

Acaciella angustissima (Mill.)

prairie acacia

Fabaceae

1988

yellow tamarind

Fabaceae

1998

Britton & Rose
10

Acaciella villosa (Sw.)
Britton & Rose

11

Acalypha hispida Burm. f.

red-cattail, chenille plant

Euphorbiaceae

1987

12

Acalypha wilkesiana Müll.

beef steak plant, copper

Euphorbiaceae

1979

Arg.

leaf, Jacob's coat, fire
bristly starburr, goats head

Asteraceae

1984

dragon
13

Acanthospermum hispidum
DC.

14

Acer japonicum Thunb.

Japanese maple

Sapindaceae

2012

15

Acer macrophyllum Pursh

bigleaf maple

Sapindaceae

2012

16

Acer rubrum L.

red maple, ratohorn

Aceraceae

2015

17

Acer saccharum Marshall

Sugar maple

Sapindaceae

2006

18

Achillea millefolium L.

yarrow

Asteraceae

2014

19

Acmella uliginosa (Sw.) Cass.

marsh para cress

Asteraceae

1987

20

Actinidia chinensis Planch.

gold kiwifruit

Actinidiaceae

2004

21

Actinidia deliciosa (A. Chev.)

kiwi

Actinidiaceae

1985

C. F. Liang & A. R. Ferguson
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Sl.
No.

First
Scientific name

Common name

Family

introduced/
reported

22

Adenanthera pavonina L.

red bead tree

Fabaceae

2011

23

Aegle marmelos (L.) Corrêa

Bael, golden apple

Rutaceae

1996

24

Aeschynomene americana L.

American jointvetch,

Fabaceae

1988

Fabaceae

1996

Fabaceae

1988

Glenn joint vetch
25

Aeschynomene brasiliana

Brazilian jointvetch

(Poir.) DC.
26

Aeschynomene elegans Cham.
& Schltdl.

27

Aeschynomene histrix Poir.

porcupine jointvetch

Fabaceae

1996

28

Aeschynomene villosa Poir.

hairy jointvetch, sensitive

Fabaceae

1988

Amaryllidaceae

2006

Asparagaceae

2011

jointvetch
29
30

Agapanthus africanus (L.)

African lily, lily-of-the-

Hoffmanns.

Nile

Agave americana L.

century plant, American
aloe

31

Agave vera-cruz Mill.

blue elephant aloe

Asparagaceae

1979

32

Agave vivipara L.

mescal agave

Asparagaceae

1994

33

Ageratina adenophora

croftonweed, sticky snake

Asteraceae

1979

(Spreng.) R. M. King & H.

root

Rob.
34

Ageratum conyzoides (L.) L.

billygoat weed

Asteraceae

1963

35

Ageratum houstonianum Mill.

blue billygoat weed, blue

Asteraceae

1979

Araceae

1984

Poaceae

1980

mink
36

Aglaonema

Chinese evergreen

commutatum Schott
37

Agropyron desertorum (Fisch. desert crested wheatgrass
ex Link) Schult.

38

Agrostis capillaris L.

bent grass, common bent

Poaceae

1980

39

Ailanthus excelsa Roxb.

tree of heaven

Simaroubaceae

1998

40

Albizia saman (Jacq.) Merr.

rain tree, cow tamarind

Fabaceae

1987

41

Alcea biennis subsp. biennis

pale hollyhock

Malvaceae

2014

42

Alcea rosea L.

Hollyhock

Malvaceae

1909

43

Allamanda cathartica L.

yellow allamanda, golden

Apocynaceae

1979
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Sl.
No.

First
Scientific name

Common name

Family

introduced/
reported

trumpet
44

Allium ampeloprasum L.

elephant garlic, wild leek,

Amaryllidaceae

1774

Amaryllidaceae

1774

Amaryllidaceae

1990

levant garlic, leek
45

Allium cepa L.

onion, shallot, garden
onion

46

Allium fistulosum L.

bunching onion, Welsh
onion

47

Allium sativum L.

garlic

Alliaceae

1990

48

Allium tuberosum Rottler ex

garlic chives, Chinese leek

Amaryllidaceae

2012

giant taro, ape

Araceae

1994

Spreng.
49

Alocasia macrorrhizos (L.) G.
Don

50

Aloe vera (L.) Burm. f.

Barbados aloe, babosa

Xanthorrhoeaceae

2011

51

Alopecurus arundinaceus

creeping meadow foxtail

Poaceae

1988

meadow foxtail, foxtail

Poaceae

1990

Zingiberaceae

2011

Poir.
52

Alopecurus pratensis L.

meadow
53

Alpinia galanga (L.) Willd.

Siamese galanga, greater
galanga, Thai ginger

54

Alstroemeria aurea Graham

Peruvian lily, lily of Incas

Alstroemeriaceae

2014

55

Alternanthera

Calico plant

Amaranthaceae

1982

Brazilian joyweed

Amaranthaceae

1984

Khaki weed, creeping

Amaranthaceae

1979

bracted alyce clover

Fabaceae

1988

necklace pod alyce clover

Fabaceae

1988

Fabaceae

1988

bettzickiana (Regel) G.
Nicholson
56

Alternanthera brasiliana (L.)
Kuntze

57

Alternanthera pungens Kunth

chaffweed
58

Alysicarpus glumaceus (Vahl)
DC.

59

Alysicarpus monilifer (L.)
DC.

60

Alysicarpus ovalifolius
(Schum.) Leonard
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Sl.
No.
61

First
Scientific name

Common name

Family

introduced/
reported

Alysicarpus rugosus (Willd.)

red moneywort

Fabaceae

1988

Alpine alyssum, madwort

Brassicaceae

2014

DC.
62

Alyssum wulfenianum Bernh.
ex Willd.

63

Amaranthus blitum L.

livid amaranth

Amaranthaceae

1991

64

Amaranthus hybridus L.

smooth pigweed,

Amaranthaceae

1984

green/slim/hybrid/
amaranth, wild cabbage
65

Amaranthus spinosus L.

spiny amaranth

Amaranthaceae

1964

66

Amaranthus viridis L.

slender amaranth, pigweed

Amaranthaceae

1963

67

Amaryllis belladonna L.

easter lily, balladonna lily

Amaryllidaceae

2006

68

Amberboa amberboi (L.)

yellow sweet sultan

Asteraceae

2009

white sweet sultan

Asteraceae

2009

Tzvelev
69

Amberboa moschata (L.)
DC.

70

Ambrosia artemisiifolia L.

annual/common ragweed

Asteraceae

2012

71

Ananas comosus (L.) Merr.

pineapple

Bromeliaceae

1972

72

Andropogon gayanus Kunth

gamba grass

Poaceae

1996

73

Andropogon gerardii Vitman

turkey foot, big bluestem

Poaceae

1996

74

Anemone coronaria L.

poppy anemone

Ranunculaceae

2015

75

Anethum graveolens L.

dill

Apiaceae

1998

76

Annona muricata L.

soursop

Annonaceae

2012

77

Annona reticulata L.

custard apple, Bullock’s

Annonaceae

1979

jewel orchid

Orchidaceae

2013

Anthurium andraeanum

flamingo flower, tail

Araceae

2006

Linden ex André

flower, flamingo lily

80

Anthurium hookeri Kunth

bird's nest anthurium

Araceae

2014

81

Anthurium scherzerianum

pig-tail anthurium,

Araceae

2006

Schott

flamingo flower

82

Antirrhinum majus L.

snapdragon

Plantaginaceae

1979

83

Apium graveolens L.

celery

Apiaceae

1987

heart
78

Anoectochilus brevilabris
Lindl.

79
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Sl.
No.
84

First
Scientific name

Common name

Family

introduced/
reported

Aponogeton

Madagascar lace, lace

madagascariensis (Mirb.) H.

plant

Aponogetonaceae

2012

Aizoaceae

2014

Bruggens
85

Aptenia cordifolia (L. f.)

baby sun rose, heart leaf

Schwantes

iceplant

86

Aquilegia coerulea James

rocky mountain columbine

Ranunculaceae

2014

87

Arachis hypogaea L.

ground nut, peanut,

Fabaceae

1984

Fabaceae

1989

Araucariaceae

2013

Araucariaceae

2014

monkey nut
88
89
90
91

Arachis pintoi Krapov. & W.

fodder peanut, pinto

C. Greg.

peanut

Araucaria araucana (Molina)

monkey puzzle, Chilean

K. Koch

pine

Araucaria columnaris (J. R.

Cook-pine, New

Forst.) Hook.

Caledonia-pine

Araucaria heterophylla

Norfolk Island pine

Araucariaceae

2015

bearberry

Ericaceae

1783

(Salisb.) Franco
92

Arctostaphylos uva-ursi (L.)
Spreng.

93

Areca catechu L.

arecanut, areca palm

Arecaceae

1971

94

Argemone mexicana L.

Mexican poppy, prickly

Papaveraceae

1987

poppy
95

Aristolochia indica L.

Indian birthwort

Aristolochiaceae

2011

96

Arrhenatherum elatius (L.)

false oat grass, tall oat

Poaceae

1975

P.Beauv. ex J. Presl & C.

grass
Annonaceae

1984

Presl.
97

Artabotrys hexapetalus (L. f.)

climbing ylang-ylang,

Bhandari

Katar champa

98

Artemisia absinthium L.

wormwood, absinthium

Asteraceae

1783

99

Artemisia annua L.

sweet sagewort, annual

Asteraceae

2011

jackfruit

Moraceae

1838

blood flower, scarlet

Apocynaceae

1979

wormwood
100

Artocarpus heterophyllus
Lam.

101

Asclepias curassavica L.
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Sl.
No.

First
Scientific name

Common name

Family

introduced/
reported

milkweed
102

Asparagus densiflorus

asparagus fern, foxtail

Asparagaceae

2009

(Kunth) Jessop

asparagus

103

Asparagus officinalis L.

asparagus

Asparagaceae

1989

104

Asparagus setaceus (Kunth)

Asparagus fern, lacy

Asparagaceae

1994

Jessop.

asparagus fern, climbing
asparagus

105

Asplenium nidus L.

bird's fern nest, nest fern

Aspleniaceae

2016

106

Aster alpinus L.

alpine aster, blue alpine

Asteraceae

2015

aster
107

Astragalus cicer L.

chickpea milk-vetch

Fabaceae

1979

108

Astragalus echinatus Murray

clover milk vetch

Fabaceae

1978

109

Astragalus falcatus Lam.

Russian sickle milk vetch

Fabaceae

1979

110

Astragalus sinicus L.

Chinese milk vetch

Fabaceae

1989

111

Atriplex hortensis L.

garden orache, mountain

Amaranthaceae

1838

Solanaceae

2013

spinach
112

Atropa belladonna L.

belladonna, deadly
nightshade

113

Aucklandia costus Falc.

costus, kuth

Asteraceae

1996

114

Aucuba japonica Thunb.

golden dust

Garryaceae

2014

115

Avena sativa L.

oat

Poaceae

1838

116

Averrhoa carambola L.

starfruit, carambola

Oxalidaceae

1987

117

Axonopus compressus

carpet grass

Poaceae

1987

carpet grass, mat grass

Poaceae

1998

(Swartz) P. Beauv.
118

Axonopus fissifolius (Raddi)
Kuhlm.

119

Azadirachta indica A. Juss.

neem tree

Meliaceae

1965

120

Bambusa tuldoides Munro

Buddha belly bamboo

Poaceae

2013

121

Bambusa vulgaris Schrad.

common bamboo

Poaceae

1989

122

Baptisia tinctoria (L.) R. Br.

wild indigo

Fabaceae

1838

123

Begonia cucullata Willd.

fibrous begonia, wax

Begoniaceae

2015

Begoniaceae

2015

begonia, bedding begonia
124

Begonia tuberhybrida Voss

tuberous begonia, hybrid
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Sl.
No.

First
Scientific name

Common name

Family

introduced/
reported

tuberous begonia
125

Begonia venusta King

126

Bellis perennis L.

common daisy, English

Bignoniaceae

2009

Asteraceae

2009

daisy, perennial daisy
127

Beta vulgaris L.

common beet, beetroot

Amaranthaceae

1975

128

Beta vulgaris subsp. vulgaris

Swiss chard

Amaranthaceae

2002

129

Bidens pilosa L.

blackjack, beggar's ticks

Asteraceae

1991

130

Bifora testiculata (L.) Spreng.

European bishop

Apiaceae

1783

131

Bixa orellana L.

anatto, Lipsticktree, sindur

Bixaceae

1982

132

Bothriochloa insculpta (A.

pinhole grass, creeping

Poaceae

1991

Rich.) A. Camus

bluegrass

Bothriochloa pertusa (L.) A.

pitted beard grass, Indian

Poaceae

1996

Camus

bluegrasss

Bouea macrophylla Griff.

Mayongchit, marian plum,

Anacardiaceae

2013

133
134

gandaria, maprang
135

Bougainvillea glabra Choisy

Paper flower

Nyctaginaceae

1984

136

Bougainvillea

bougainvillea

Nyctaginaceae

1984

Brachiaria brizantha (A.

palisade grass,

Poaceae

1996

Rich.) Stapf

bread/signal grass

138

Brachiaria decumbens Stapf

signal grass

Poaceae

1982

139

Brachiaria dictyoneura (Fig.

Dictyoneura

Poaceae

1998

Brachiaria humidicola

koronivia grass, creeping

Poaceae

1996

(Rendle) Schweick.

signal grass

Brachiaria ruziziensis Germ.

Congo grass, ruzi grass

Poaceae

1988

Swan river daisy

Asteraceae

2009

Indian mustard, oriental

Brassicaceae

1455

spectabilis Willd.
137

& De Not.) Stapf
140
141

& C. M. Evrard
142

Brachyscome iberidifolia
Benth.

143

Brassica juncea (L.) Czern.

mustard, brown mustard
144

Brassica napus L.

rapeseeds, oilseed rape

Brassicaceae

1964

145

Brassica napus var. rapifera

Swede, rutabaga

Brassicaceae

1979
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Sl.
No.

First
Scientific name

Common name

Family

introduced/
reported

Metzg.
146

Brassica oleracea var.

wild cabbage, kale

Brassicaceae

1978

cauliflower

Brassicaceae

1979

cabbage

Brassicaceae

1783

Brussels sprouts

Brassicaceae

2013

kohlrabi

Brassicaceae

2013

broccoli

Brassicaceae

1990

kale

Brassicaceae

1979

acephala DC.
147

Brassica oleracea var.
botrytis L.

148

Brassica oleracea var.
capitata L.

149

Brassica oleracea var.
gemmifera DC.

150

Brassica oleracea var.
gongyloides L.

151

Brassica oleracea var. italica
Plenck

152

Brassica oleracea var. viridis
L.

153

Brassica rapa L.

turnip

Brassicaceae

1627

154

Brassica rapa subsp.

bok-choy, celery cabbage

Brassicaceae

1990

Brassica rapa subsp.

toria, Indian rape, brown

Brassicaceae

1989

dichotoma (Roxb.) Hanelt

sarson

Brassica rapa subsp.

Japanese green, mizuna

Brassicaceae

1990

Chinese cabbage, pe-tsai

Brassicaceae

1979

chinensis (L.) Hanelt
155
156

nipposinica (L. H. Bailey)
Hanelt
157

Brassica rapa subsp.
pekinensis (Lour.) Hanelt

158

Brassica rapa subsp. rapa

white turnip, field mustard

Brassicaceae

1990

159

Breynia disticha J. R. Forst.

snowbush, foliage flower

Phyllanthaceae

2014

prairie grass, brome,

Poaceae

1978

Poaceae

2013

Poaceae

1988

& G. Forst.
160

Bromus catharticus Vahl

rescue
161

Bromus cebadilla Steud.

grazing brome, roadside
brome

162

Bromus erectus Huds.

erect brome, meadow
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Sl.
No.

First
Scientific name

Common name

Family

introduced/
reported

brome
163

Bromus hordeaceus L.

soft brome

Poaceae

2001

164

Bromus inermis Leyss.

awnless brome, smooth

Poaceae

1978

angel trumpet

Solanaceae

1974

Brunfelsia pauciflora (Cham.

brunfelsia, Brazilian

Solanaceae

2001

& Schltdl.) Benth.

raintree

167

Buddleja davidii Franchet

butterfly bush

Scrophulariaceae

1979

168

Bulbophyllum depressum

downward pushed

Orchidaceae

2013

King & Pantl.

bulbophyllum

Bulbophyllum longiflorum

pale uMbrella orchid,

Orchidaceae

2013

Thouars

long-flowered
rigid bulbophyllum

Orchidaceae

2013

Bulbophyllum sterile (Lam.)

Nilgiri bulbophyllum,

Orchidaceae

2013

Suresh

sterile bulbophyllum

Bursera linanoe (La Llave)

lavender, linaloe berry

Burseraceae

2011

bromegrass
165

Brugmansia suaveolens
(Willdenow) Berchtold &
Presl

166

169

bulbophyllum
170

Bulbophyllum rigidum King
& Pantl.

171
172

Rzed., Calderón & Medina
173

Butomus umbellatus L.

flowering rush

Butomaceae

2013

174

Buxus sempervirens L.

boxwood, box

Buxaceae

2014

175

Cabomba caroliniana A.

fanwort, fish grass

Cabombaceae

2012

fever plant, yellow nicker

Fabaceae

2011

Gray
176

Caesalpinia bonduc (L.)
Roxb.

177

Caesalpinia crista L.

crested fever plant, mato

Fabaceae

2011

178

Caesalpinia pulcherrima (L.)

peacock flower , paradise

Fabaceae

1987

Sw.

flower

179

Cajanus cajan (L.) Millsp.

pigeon pea, red gram

Fabaceae

1964

180

Caladium bicolor (Aiton)

angel wings, fancy leaf

Araceae

1994

Vent.

caladium, elephant's ear
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Calanthe yuksomnensis

Yoksam calanthe

Orchidaceae

2013

Lucksom
182

Calathea lancifolia Boom

rattlesnake plant

Marantaceae

2009

183

Calathea zebrina (Sims)

Zebra plant, striped-leaved

Marantaceae

2009

Lindl.

maranta

Calceolaria mexicana Benth.

slipper flower,

Calceolariaceae

2016

Calceolariaceae

2014

184

slipperwort, gold purse
185

Calceolaria x herbeohybrida

florist's slipperwort, ladies

Voss

purses

186

Calendula officinalis L.

pot marigold, calendula

Asteraceae

1979

187

Calliandra calothyrsus

calliandra, spiked powder

Fabaceae

1989

Meisn.

puff

Calliandra haematocephala

powder puff tree, red

Fabaceae

1982

Hasskarl

powder puff (also white )

Calliandra tergemina var.

dwarf powder puff, pink

Fabaceae

2015

emarginata (Willd.) Barneby

powder puff

Callistemon citrinus (Curtis)

crimson bottlebrush

Myrtaceae

1991

Myrtaceae

2003

China aster, annual aster

Asteraceae

2001

188
189
190

Skeels
191

Callistemon lanceolatus
(Sm.) Sweet

192

Callistephus chinensis (L.)
Nees

193

Camellia japonica L.

camellia

Theaceae

2012

194

Camellia sinensis (L.) Kuntze

tea plant

Theaceae

1776

195

Camellia

Assam tea

Theaceae

2012

clustered bellflower,

Campanulaceae

2016

Campanulaceae

2006

Fabaceae

1998

sinensis var. assamica (Maste
rs) Kitamura
196

Campanula glomerata L.

Dane's blood
197

Campanula medium L.

Canterbury flower
Canterbury bells, cup and
saucer

198

Canavalia brasiliensis Benth.

Barbicou bean, Brazillian
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Jackbean
199

Canavalia ensiformis (L.)

horse bean, jack bean

Fabaceae

1998

Indian shot, African

Cannaceae

1979

DC.
200

Canna indica L.

arrowroot, canna lily
201

Cannabis sativa L.

hemp

Cannabaceae

1838

202

Capsella bursa-pastoris (L.)

shepherd's purse

Brassicaceae

1964

sweet pepper, red

Solanaceae

1964

Medik
203

Capsicum annuum L.

capsicum
204

Capsicum baccatum L.

locoto

Solanaceae

1979

205

Capsicum chinense Jacq.

bonnet pepper, squash

Solanaceae

2012

Solanaceae

1666

rocoto, apple chili

Solanaceae

2015

pepper, Dallae khorsani
(local)
206

Capsicum frutescens L.

wild pepper, hot pepper,
red chilli

207

Capsicum pubescens Ruiz &
Pav.

208

Caragana arborescens Lam.

Siberian peatree

Fabaceae

1981

209

Cardiospermum halicacabum

balloon vine, love-in-a-

Sapindaceae

2009

L.

puff, heart pea

210

Carica papaya L.

papaya, pawpaw

Caricaceae

1838

211

Carthamus tinctorius L.

safflower

Asteraceae

2008

212

Carya illinoinensis

pecan

Juglandaceae

2002

yellow oleander, lucky nut

Apocynaceae

1979

golden shower tree ,

Fabaceae

1838

(Wangenh.) K. Koch
213

Cascabela thevetia (L.) H.
Lippold

214

Cassia fistula L.

Indian laburnum
215

Cassia grandis L. f.

pink shower, coral shower

Fabaceae

1964

216

Cassia javanica L.

pink cassia, rainbow

Fabaceae

1987

shower, pink lady, pink
and white shower
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No.
217

First
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Common name
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Castanea crenata Siebold &

Japanese chestnut

Fabaceae

2004

American chestnut

Fabaceae

2004

Zucc.
218

Castanea dentata (Marshall)
Borkh.

219

Castanea sativa Mill.

European chestnut

Fabaceae

2004

220

Catharanthus roseus (L.) G.

Madagascar periwinkle

Apocynaceae

1963

Don
221

Ceanothus prostratus Benth.

squaw carpet, mahala mat

Rhamnaceae

2014

222

Cedrus deodara (Roxb. ex D.

deodar, Himalayan cedar

Pinaceae

2004

Don) G. Don
223

Cenchrus ciliaris L.

buffel grass

Poaceae

1982

224

Centaurea benedicta (L.) L.

blessed thistle

Asteraceae

1783

225

Centaurea calcitrapa L.

star thistle

Asteraceae

1783

226

Centaurea cineraria L.

dusty miller, silver dust

Asteraceae

2014

227

Centaurea cyanus L.

bachelor's-button,

Asteraceae

2001

Caprifoliaceae

2006

Fabaceae

1996

Fabaceae

1998

Fabaceae

1998

Fabaceae

1996

centurion

Fabaceae

1998

cornflower
228

Centranthus ruber (L.) DC.

red valerian, Juniper's kiss,
fox's brush

229

Centrosema acutifolium

acutifolium

Benth.
230

Centrosema arenarium
Benth.

231

Centrosema brasilianum (L.)
Benth.

232

Centrosema macrocarpum
Benth.

233

Centrosema pascuorum Mart.
ex Benth.

234

Centrosema pubescens Benth.

centro, butterfly pea

Fabaceae

1982

235

Ceratonia siliqua L.

carob, locust bean, St.

Fabaceae

1982

Cactaceae

1984

John's bread
236

Cereus repandus (L.) Mill.

Peruvian apple, hedge
cactus
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First
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Chaenomeles japonica

flowering/Japanese quince

Rosaceae

2013

Chinese quince

Rosaceae

1989

Chamaecrista mimosoides

feather leaved cassia,

Fabaceae

1963

(L.) Greene

fishbone cassia, five-leaf
roundleaf sensitive pea

Fabaceae

1988

cat palm, cascade palm

Arecaceae

2006

parlour palm, good-luck

Arecaceae

2006

hardy bamboo palm

Arecaceae

2006

(Thunb.) Lindl. ex Spach
238

Chaenomeles speciosa
(Sweet) Nakai

239

cassia
240

Chamaecrista rotundifolia
(Pers.) Greene

241

Chamaedorea cataractarum
Mart.

242

Chamaedorea elegans Mart.

palm
243

Chamaedorea microspadix
Burret

244

Chenopodium album L.

fat hen, lamb's quarter

Amaranthaceae

1963

245

Chiloschista yunnanensis

Yunnan chiloschista

Orchidaceae

2013

Schltr.
246

Chloris gayana Kunth

Rhodes grass

Poaceae

1982

247

Chlorophytum comosum

spider plant, ribbon plant

Asparagaceae

1994

butterfly wing

Fabaceae

1987

Siam weed, bitter bush

Asteraceae

1966

(Thunb.) Jacques
248

Christia vespertilionis (L. f.)
Bakh. f.

249

Chromolaena odorata (L.) R.
M. King & H. Rob.

250

Chrysanthemum indicum L.

Chrysanthemum

Asteraceae

1783

251

Cicer arietinum L.

chickpea, Bengal gram

Fabaceae

1979

252

Cichorium endivia L.

endive, escarole

Asteraceae

2013

253

Cichorium intybus L.

chicory, witloof, blueweed

Asteraceae

1987

254

Cinnamomum camphora (L.)

camphor laurel

Lauraceae

2011

J. Presl
255

Cinnamomum verum J. Presl

cinnamon

Lauraceae

2009

256

Cirsium japonicum (Thunb.)

Japanese thistle, tiger

Asteraceae

2009
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First
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Fisch. ex DC.

thistle, sea thistle

Cistanthe tweedyi (A. Gray)

tweedy's pussypaws

Montiaceae

2009

Citrullus lanatus (Thunb.)

water melon, bastard

Cucurbitaceae

1774

Matsum. & Nakai

melon

Citrus aurantiifolia

lime

Rutaceae

1783

M. A. Hershkovitz
258
259

(Christm.) Swingle
260

Citrus hystrix DC.

Kaffir lime, ghost lime

Rutaceae

2012

261

Citrus insitorum Mabberley

Citrange

Rutaceae

2001

262

Citrus japonica Thunb.

kumquat

Rutaceae

1998

263

Citrus limon (L.) Burm. f.

lemon including Rangpur

Rutaceae

1994

lime
264

Citrus maxima (Burm.) Merr.

pumelo, shaddock

Rutaceae

1838

265

Citrus medica L.

citron

Rutaceae

1873

266

Citrus paradisi Macfad.

grapefruit

Rutaceae

2001

267

Citrus paradisi x Poncirus

Swingle citrumelo

Rutaceae

1994

trifoliata
268

Citrus reshni Hort ex Tan.

Cleopatra mandarin

Rutaceae

1995

269

Citrus reticulata Blanco

mandarin, tangerine

Rutaceae

1783

270

Citrus sinensis (L.) Osbeck.

sour and sweet oranges

Rutaceae

1991

271

Citrus unshiu Marcow.

Satsuma mandarin

Rutaceae

1994

272

Citrus unshui x Citrus

mandarin hybrid

Rutaceae

2001

Rutaceae

2008

Onagraceae

2006

Ranunculaceae

2015

flaming glorybower

Lamiaceae

1999

Clerodendrum thomsoniae

bleeding heart vine,

Lamiaceae

1979

Balf. f.

bleeding glory bower, bag

reticulata
273

Citrus volkameriana Pasq.

274

Clarkia pulchella Pursh

pink fairies, garland
flower, mountain flower,
clarkia

275

Clematis vitalba L.

old man's beard, traveler's
joy

276

Clerodendrum splendens G.
Don

277
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flower
278

Clidemia hirta (L.) D. Don

Koster's curse

Melastomataceae

2013

279

Clitoria ternatea L.

blue pea vine, butterfly

Fabaceae

1982

pea
280

Cocos nucifera L.

coconut

Arecaceae

1994

281

Codiaeum variegatum (L.)

croton

Euphorbiaceae

1979

Rangoon creeper

Combretaceae

1991

larkspur, rocket larkspur,

Ranunculaceae

1783

Rumph. ex A. Juss
282

Combretum indicum (L.) C.
C. H. Jongkind

283

Consolida ajacis (L.) Schur

staggerweed
284

Convallaria majalis L.

lily of the valley

Asparagaceae

2015

285

Convolvulus arvensis L.

bindweed

Convolvulaceae

1991

286

Corchorus olitorius L.

Indian jute

Malvaceae

1933

287

Cordia africana Lam.

large leaf cordia, Sudan

Boraginaceae

2015

teak
288

Coreopsis tinctoria Nutt.

golden tickseed

Asteraceae

2001

289

Coriandrum sativum L.

coriander

Apiaceae

1982

290

Corylus avellana L.

hazel

Betulaceae

1985

291

Corymbia citriodora (Hook.)

lemon scented gum,

Myrtaceae

2011

K. D. Hill & L. A. S. Johnson

spotted gum

292

Cosmos bipinnatus Cav.

cosmos, Mexican aster

Asteraceae

1984

293

Cosmos sulphureus Cav.

yellow/orange cosmos

Asteraceae

2001

294

Crassocephalum crepidioides

redflower ragleaf,

Asteraceae

1963

(Benth.) S. Moore

fireweed

295

Crassula ovata (Mill.) Druce

jade plant

Crassulaceae

2014

296

Crepidium josephianum

Joseph's malaxis

Orchidaceae

2013

purple malaxis

Orchidaceae

2013

montbretia, autumn gold

Iridaceae

2000

saffron

Iridaceae

2011

(Rchb. f.) Marg.
297

Crepidium purpureum
(Lindl.) Szlach.

298

Crocosmia x crocosmiiflora
(Lemoine) N. E. Br.

299

Crocus sativus L.
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300

Crotalaria micans Link

301

Croton bonplandianus Baill.

302

Cryptomeria japonica (L. f.)

Fabaceae

1998

croton, ban tulsi

Euphorbiaceae

1987

Japanese cedar

Cupressaceae

1983

melon, musk melon,

Cucurbitaceae

1774

D. Don
303

Cucumis melo L.

honey dew, cantaloupe
304

Cucumis sativus L.

cucumber

Cucurbitaceae

1774

305

Cucurbita ficifolia Bouché

fig-leaf gourd, blackseed

Cucurbitaceae

2014

Cucurbitaceae

1990

buttercup pumpkin

Cucurbitaceae

1991

squash
306

Cucurbita maxima Duchesne

winter squash, great
pumpkin, red gourd

307

Cucurbita moschata
(Lamarck) Poiret

308

Cucurbita pepo L.

field pumpkin, Zucchini

Cucurbitaceae

1990

309

Cupressus funebris Endl.

mourning cypress,

Cupressaceae

2006

Cupressaceae

2004

Cupressaceae

2006

Chinese weeping cypress
310

Cupressus
macrocarpa Hartw. ex
Gordon

311

Cupressus sempervirens L.

Italian cypress,
Mediterranean cypress

312

Curcuma longa L.

Indian saffron, turmeric

Zingiberaceae

1989

313

Curcuma zedoaria (Christm.)

white turmeric

Zingiberaceae

1964

Roscoe
314

Cuscuta pentagona Engelm.

field dodder

Convolvulaceae

1991

315

Cycas circinalis L.

false/queen sago, fern

Cycadaceae

2011

palm
316

Cycas revoluta Thunb.

sago cycad

Cycadaceae

2009

317

Cyclamen persicum Mill.

florist's cyclamen

Primulaceae

2013

318

Cyclanthera pedata (L.)

slipper gourd/lady's-

Cucurbitaceae

1959

Schrad

slipper

Cylindropuntia leptocaulis

Christmas cactus, pencil

Cactaceae

2015

(DC.) F. M. Knuth

cactus

319
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Cymbopogon distans (Nees)

Poaceae

2011

rosha grass

Poaceae

2011

Burma/Java citronella

Poaceae

2011

Will. Watson
321

Cymbopogon martini (Roxb.)
J. F. Watson

322

Cymbopogon winterianus
Jowitt ex Bor

323

Cynodon dactylon (L.) Pers.

Bermuda grass

Poaceae

1979

324

Cynosurus cristatus L.

crested dog's-tail

Poaceae

1980

325

Cytisus proliferus L. f.

tree lucerne

Fabaceae

1981

326

Cytisus scoparius (L.) Link

broom

Fabaceae

1974

327

Dactylis glomerata L.

cocksfoot, orchard grass

Poaceae

1974

328

Dahlia pinnata Cav.

dahlia

Asteraceae

1979

329

Dalbergia cultrata Benth.

rosewood, Burma

Fabaceae

1987

Solanaceae

1783

Solanaceae

1973

Solanaceae

1963

blackwood
330

Datura ferox L.

fierce thornapple, angel's
trumpet

331

Datura metel L.

Devil's trumpet, metel,
downy thorn-apple, hindu
daura

332

Datura stramonium L.

jimsonweed, common
thron-apple

333

Daucus carota L.

carrot

Apiaceae

1990

334

Delonix regia (Hook.) Raf.

flamboyant, Gulmohar

Fabaceae

1964

335

Delosperma cooperi (Hook.

hardy iceplant

Aizoaceae

2015

wild tantan

Fabaceae

1996

f.) L. Bolus
336

Desmanthus virgatus (L.)
Willd.

337

Desmodium discolor Vogel

horse marmalade

Fabaceae

1988

338

Desmodium intortum (Mill.)

greenleaf desmodium

Fabaceae

1970

tick trefoil

Fabaceae

1996

Fabaceae

1988

Urb.
339

Desmodium nicaraguense
Oerst.

340

Desmodium prostratum
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Brandegee
341

Desmodium salicifolium

Fabaceae

1996

Fabaceae

1988

silverleaf desmodium

Fabaceae

1982

(Poir.) DC.
342

Desmodium subsericeum
Malme

343

Desmodium
uncinatum (Jacq.) DC.

344

Dianthus barbatus L.

sweet Williams

Cryophyllaceae

1914

345

Dianthus caryophyllus L.

carnation

Cryophyllaceae

2009

346

Dianthus chinensis L.

China pink

Caryophyllaceae

1979

347

Diascia barberae Hook. f.

twinspur

Scrophulariaceae

2009

348

Dichondra repens J. R.

kidney weed

Convolvulaceae

1999

Forster & G. Forster
349

Digitalis purpurea L.

foxglove

Plantaginaceae

2006

350

Digitaria eriantha Steud.

Pangola grass, digit grass

Poaceae

1988

351

Digitaria milanjiana (Rendle)

digit grass, wooly finger

Poaceae

1988

Stapf

grass

Digitaria natalensis Stent

natal crabgrass, coast

Poaceae

1996

Asiatic yam, lesser yam

Dioscoraceae

2013

352

finger grass
353

Dioscorea esculenta (Lour.)
Burkill

354

Diospyros kaki L. f.

Chinese persimmon

Ebenaceae

1980

355

Diospyros lotus L.

date plum, lotus tree

Ebenaceae

1963

356

Diospyros virginiana L.

persimom

Ebenaceae

2013

357

Dombeya burgessiae Gerrard

pink wild pear,

Malvaceae

1991

ex Harv.
358

Dorycnium hirsutum (L.) Ser.

canary clover

Fabaceae

1981

359

Dracaena fragrans (L.) Ker

corn plant, fragrant

Asparagaceae

2015

Gawl.

dracaena

Dracocephalum tanguticum

dragon head

Lamiaceae

2011

Drymaria cordata (L.) Willd.

tropical chickweed, West

Caryophyllaceae

1963

ex Roem. & Schult.

Indian chickweed,

360

Maxim.
361
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drymaria
362

Duranta erecta L.

golden dewdrop

Verbenaceae

1999

363

Dypsis lutescens (H. Wendl.)

areca palm, butterfly palm

Amaranthaceae

2006

Beentje & J. Dransf.

(BAFRA)

Dysphania ambrosioides (L.)

Mexican tea; wormseed

Amaranthaceae

1783

364

Mosyakin & Clemants
365

Echinochloa colona (L.) Link

junglerice

Poaceae

1963

366

Echinochloa crus-galli (L.) P.

barnyard grass

Poaceae

1914

Echinochloa esculenta (A.

Japanese millet, barnyard

Poaceae

1988

Braun) H. Scholz

millet

Echinodorus

Amazon Sword Plant

Alismataceae

2012

blue globe thistle

Asteraceae

2013

Beauv.
367
368

grisebachii Small
369

Echinops bannaticus Rochel
ex Schrad.

370

Eclipta prostrata (L.) L.

eclipta, false daisy

Asteraceae

1963

371

Eichhornia crassipes (Mart.)

water hyacinth

Pontedriaceae

1979

small or true cardamom

Zingiberaceae

1996

finger millet, raggy

Poaceae

1838

tears of the virgin

Iridaceae

1982

Solms
372

Elettaria cardamomum (L.)
Maton

373

Eleusine coracana (L.)
Gaertn.

374

Eleutherine bulbosa (Mill.)
Urb.

375

Elymus smithii (Rydb.) Gould

western wheatgrass

Poaceae

1980

376

Elymus spicatus (Pursh)

beadless wheatgrass

Poaceae

1980

Arctic wheatgrass

Poaceae

1980

golden pothos, devil’s ivy

Araceae

2008

Epipremnum pinnatum (L.)

Tongavine, varigated

Araceae

2006

Engl.

philodendron, devil's ivy

Gould
377

Elymus violaceus (Hornem.)
J. Feilberg

378

Epipremnum aureum (Linden
& Andre) Bunting

379
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Eragrostis cilianensis (All.)

stink grass, black grass,

Poaceae

1988

Janch.

love grass

381

Erigeron bellioides DC.

bellorita

Asteraceae

1987

382

Erigeron bonariensis L.

hariy fleabane,

Asteraceae

1979

Asthmaweed
383

Erigeron canadensis L.

Canadian fleabane

Asteraceae

1987

384

Erigeron floribundus (Kunth)

tall fleabane, asthma weed

Asteraceae

1992

Sch. Bip.
385

Erigeron karvinskianus DC.

Karwinsky's fleabane

Asteraceae

2001

386

Erigeron sumatrensis Retz.

broadleaf fleabane, tall

Asteraceae

1975

loquat, Japanese medlar

Rosaceae

2003

false coriander, stinkweed,

Apiaceae

1979

Calfornia poppy

Papaveraceae

2006

poplar gum, khaki gum

Myrtaceae

1982

fleabane
387

Eriobotrya japonica (Thunb.)
Lindl.

388

Eryngium foetidum L.

fitweed
389

Eschscholzia californica
Cham.

390

Eucalyptus alba Reinw. ex
Blume

391

Eucalyptus globulus Labill.

Tasmanian blue gum

Myrtaceae

2004

392

Eucalyptus robusta Sm.

swamp mahogany

Myrtaceae

1979

393

Eucalyptus tereticornis Sm.

red forest gum

Myrtaceae

1982

394

Euonymus americanus L.

strawberry bush, bursting-

Celastraceae

2014

Celastraceae

2014

Celastraceae

2014

Euphorbiaceae

2009

Euphorbiaceae

2011

heart
395
396

Euonymus atropurpureus

burningbush, bitter-ash,

Jacq.

eastern wahoo

Euonymus europaeus L.

Spindle tree, common
spindle, European spindle

397

Euphorbia cotinifolia L.

Caribbean copperplant,
red spurge, Mexican
shrubby spurge, tropical
smokebush

398

Euphorbia fischeriana Steud.

lang du
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Euphorbia heterophylla L.

wild poinsettia, summer

Euphorbiaceae

1992

Euphorbiaceae

1979

poinsettia, Mexican
fireplant
400

Euphorbia hirta L.

garden spurge, asthma
weed, hairy spurge

401

Euphorbia hypericifolia L.

graceful spurge

Euphorbiaceae

1987

402

Euphorbia leucocephala

snow flake, snows of

Euphorbiaceae

1987

Lotsy

Kilimanjaro, pascuita

Euphorbia marginata Pursh

snow on the mountain,

Euphorbiaceae

2009

403

ghost weed, variegated
spurge
404

Euphorbia milii Des Moul.

crown of thorns

Euphorbiaceae

1987

405

Euphorbia pulcherrima

Chrismas flower,

Euphorbiaceae

1984

Willd. ex Klotzsch

poinsettia

Euphorbia tithymaloides L.

devil's backbone, slipper

Euphorbiaceae

1987

tulip gentian, lisianthus

Gentianaceae

2009

tropical speedwell, dwarf

Convolvulaceae

1999

common/sweet buckwheat

Polygonaceae

1350

tartary/bitter buckwheat

Polygonaceae

1350

406

flower, Japanese poinsetta
407

Eustoma grandiflorum (Raf.)
Shinners

408

Evolvulus alsinoides (L.) L.

morining glory
409

Fagopyrum esculentum
Moench

410

Fagopyrum tataricum (L.)
Gaertn.

411

Ferula assa-foetida L.

asafoetida, devil's dung

Apiaceae

2012

412

Ferula communis L.

giant fennel

Apiaceae

1783

413

Festuca arundinacea Schreb.

tall fescue, reed fescue

Poaceae

1974

414

Festuca ovina L.

sheep fescue

Poaceae

1987

415

Festuca pratensis Huds.

meadow fescue, English

Poaceae

1974

bluegrass
416

Festuca rubra L.

red fescue

Poaceae

1975

417

Ficus carica L.

fig

Moraceae

2003

418

Filipendula vulgaris Moench

dropwort, meadowsweet

Rosaceae

1783
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419

Foeniculum vulgare Mill.

Fennel

Apiaceae

1999

420

Fragaria x ananassa

garden strawberry

Rosaceae

1994

antique white freesia

Iridaceae

2009

(Duchesne ex Weston)
Duchesne ex Rozier
421

Freesia
leichtlinii subsp. alba (G. L.
Mey.) J. C. Manning &
Goldblatt

422

Gaillardia pulchella Foug.

blanket fllower, firewheel

Asteraceae

1979

423

Galactia striata (Jacq.) Urb.

Florida hemlock milkpea

Fabaceae

1996

424

Galinsoga parviflora Cav.

gallant soldier

Asteraceae

1963

425

Galinsoga quadriradiata

hairy galinsoga, shaggy

Asteraceae

2001

Ruiz & Pav.

soldier

426

Galium aparine L.

cleavers, goose grass

Rubiaceae

1783

427

Gamochaeta

Pennsylvania cudweed

Asteraceae

1979

pensylvanica (Willd.)
428

Gardenia jasminoides J. Ellis

jasmine, Cape jasmine

Rubiaceae

1999

429

Genista stenopetala Webb &

leafy broom, Madeira

Fabaceae

1989

Berthel.

broom

Genista tinctoria L.

dyer's greenweed, dyer's

Fabaceae

1982

430

broom, wood waxen
431

Ginkgo biloba L.

ginkgo, maiden hair tree

Ginkgonaceae

2011

432

Gladiolus murielae Kelway

peacock orchid,

Iridaceae

2014

Verbena hybrids

Verbenaceae

2013

Peruvian mock vervain

Verbenaceae

2016

Abyssinian gladiolus,
sword lily
433

Glandularia hybrida (hort. ex
Groenl. & Rumpler) G. L.
Nesom & Pruski

434

Glandularia peruviana (L.)
Small

435

Gleditsia triacanthos L.

honey locust

Fabaceae

1981

436

Gliricidia sepium (Jacquin)

gliricidia, mother of cocoa

Fabaceae

1981

Walpers
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Glyceria declinata Bréb.

small sweet grass, waxy

Poaceae

1998

manna grass
438

Glycine max (L.) Merr.

soybean

Fabaceae

1838

439

Gomphocarpus physocarpus

balloon cotton bush,

Apocynaceae

2016

E. Mey.

balloon plant

Gomphrena celosioides Mart.

prostrate globe-

Amaranthaceae

1979

Amaranthaceae

1984

two flowered goodyera

Orchidaceae

2013

cotton

Malvaceae

1838

Proteaceae

2004

Niger

Asteraceae

2012

440

amaranth/gomphrena
441

Gomphrena globosa L.

globe amranthus,
bachelor's button

442

Goodyera biflora (Lindl.)
Hook. f.

443

Gossypium hirsutum L.

444

Grevillea robusta A. Cunn. ex silky oak, silver oak
R. Br.

445

Guizotia abyssinica (L. f.)
Cass.

446

Gypsophila elegans M. Bieb.

annual baby's breath

Caryophyllaceae

2006

447

Hedera helix L.

common ivy, English ivy

Araliaceae

2009

448

Hedysarum boreale Nutt.

northern sweet vetch,

Fabaceae

1980

chain pod
449

Hedysarum coronarium L.

cock's head, honey plant

Fabaceae

1980

450

Helianthus annuus L.

sunflower

Asteraceae

1909

451

Helianthus tuberosus L.

Jerusalem artichoke

Asteraceae

1978

452

Hemerocallis fulva L.

orange day-lily

Xanthorrhoeaceae

1994

453

Heteropogon contortus (L.)

black speargrass

Poaceae

1914

rubber tree, Para rubber

Euphorbiaceae

1933

cotton rose, changeable

Malvaceae

2014

P.Beauv. ex Roem. & Schult.
454

Hevea brasiliensis (Willd. ex
A. Juss.) Müll. Arg.

455

Hibiscus mutabilis L.

rose
456

Hibiscus sabdariffa L.

sorrel, roselle

Malvaceae

2011

457

Hibiscus syriacus L.

rose of Sharon

Malvaceae

1979

458

Hippeastrum

Barbados lily,easter lily

Amaryllidaceae

1982
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puniceum (Lam.) Voss
459

Holcus lanatus L.

common velvet grass

Poaceae

1981

460

Hordeum vulgare L.

barley

Poaceae

1783

461

Hyacinthus orientalis L.

Hyacinth

Asparagaceae

2013

462

Hydrangea macrophylla

hydrangea, hortensia

Hydrangeaceae

1974

Hygrophila corymbosa

starhorn, temple plant,

Acanthaceae

2012

(Blume) Lindau

giant hydro

Hylotelephium

iceplant

Crassulaceae

1987

spider lily

Amaryllidaceae

2015

(Thunb.) Ser.
463
464

spectabile (Boreau) H. Ohba
465

Hymenocallis littoralis (Jacq.)
Salisb.

466

Hyophorbe indica Gaerth.

champagne palm

Arecaceae

2009

467

Hyophorbe lagenicaulis (L.

Bottle palm

Arecaceae

2009

H. Bailey) H. E. Moore
468

Iberis sempervirens L.

perennial candytuft

Brassicaceae

2012

469

Ilex aquifolium L.

holly, English holly

Aquifoliaceae

2014

470

Impatiens balsamina L.

garden balsam

Balsaminaceae

1979

471

Inula racemosa Hook. f.

Indian elecampane

Asteraceae

2004

472

Inula royleana DC.

Himalayan elecampane

Asteraceae

2016

473

Ipomoea alba L.

moonflower

Convolvulaceae

1963

474

Ipomoea aquatica Forssk.

swamp morning glory,

Convolvulaceae

2015

475

Ipomoea batatas Lam.

sweet potato

Convolvulaceae

1959

476

Ipomoea cairica (L.) Sweet

mile a minute vine, five-

Convolvulaceae

2016

leaf morning glory
477

Ipomoea carnea Jacq.

bush morning glory

Convolvulaceae

1982

478

Ipomoea hederacea (L.) Jacq.

ivy-leaf morning glory

Convolvulaceae

2013

479

Ipomoea hederifolia L.

scarlet-creeper, scarlet

Convolvulaceae

1974

Convolvulaceae

1999

morning glory
480

Ipomoea indica (Burm.)

blue morning-glory, blue

Merr.

dawn flower

481

Ipomoea jalapa (L.) Pursh

moon vine, jalap

Convolvulaceae

2011

482

Ipomoea muricata (L.) Jacq.

lilac-bell, purple

Convolvulaceae

1938
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moonflower
483

Ipomoea purpurea (L.) Roth

tall morning glory

Convolvulaceae

1965

484

Ipomoea quamoclit L.

cupid's flower, cypress

Convolvulaceae

1999

vine
485

Iresine herbstii Hook.

blood leaf

Amaranthaceae

2015

486

Iris domestica (L.) Goldblatt

leopard lily,blackberry lily

Iridaceae

1994

& Mabb.
487

Iris germanica L.

German iris, flags

Iridaceae

1994

488

Iris latifolia (Mill.) Voss

English iris

Iridaceae

2015

489

Iris pseudacorus L.

flag iris, yellow flag, pale

Iridaceae

2014

yellow iris
490

Iris tectorum Maxim.

roof iris, wall iris

Iridaceae

1994

491

Ixora coccinea L.

scarlet jungle flame, flame

Rubiaceae

1999

of woods, rugmini
492

Ixora javanica (Blume) DC.

red ixora, jungle flame

Rubiaceae

1999

493

Jacaranda mimosifolia D.

blue Jacaranda

Bignoniaceae

1982

Don
494

Jatropha curcas L.

jatropha

Euphorbiaceae

1963

495

Jatropha podagrica Hook.

Buddha belly plant, bottle-

Euphorbiaceae

1987

euphorbia
496

Juniperus chinensis L.

Chinese juniper

Cupressaceae

2009

497

Juniperus deppeana Steud.

alligator juniper

Cupressaceae

2013

498

Juniperus horizontalis

American savin, creeping

Cupressaceae

2009

Moench

juniper

Juniperus rigida var. conferta

shore jumiper

Cupressaceae

2013

incense juniper, Spanish

Cupressaceae

2009

Acanthaceae

2014

Zingiberaceae

2015

Crassulaceae

1987

499

(Parl.) Patschke
500

Juniperus thurifera L.

juniper
501

Justicia carnea Lindl.

Brazilian plume, pink
jacobinia

502

Kaempferia rotunda L.

peacock ginger, tropical
crocus, resurrection-lily

503

Kalanchoe pinnata (Lam.)

cathedral bells, airplant
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Pers.
504

Kerria japonica (L.) DC.

Kerria, Japanese rose,

Rosaceae

2014

bachelor's button, Jew's
mallow
505

Kniphofia ensifolia Baker

torch lily

Asphodelaceae

1994

506

Kniphofia uvaria (L.) Hooker

redhot poker

Asphodelaceae

1979

507

Lablab purpureus (L.) Sweet

hyacinth bean, Egyptian

Fabaceae

1980

bean
508

Lactuca sativa L.

Lettuce

Asteraceae

1783

509

Lagenaria siceraria (Molina)

bottlegourd, calabash

Cucurbitaceae

1783

Standl.
510

Lagerstroemia indica L.

crape myrtle, crepe apple

Lythraceae

1991

511

Lagerstroemia speciosa (L.)

pride of India, queen's

Lythraceae

1991

Pers.

flower,Jarul

Lamprocapnos

bleeding heart

Papaveraceae

2006

512

spectabilis (L.) Fukuhara
513

Lantana camara L.

lantana, shrub verbena

Verbenaceae

1999

514

Lantana montevidensis

trailing lantana, creeping

Verbenaceae

2009

(Spreng.) Briq

lantana, weeping lantana

Larix laricina (Du Roi) K.

American larch, eastern

Pinaceae

1838

Koch

larch

516

Lathyrus cicera L.

red vetchling, red pea

Fabaceae

1992

517

Lathyrus latifolius L.

broadleaf everlasting pea,

Fabaceae

1980

515

perennial pea
518

Lathyrus odoratus L.

Sweet pea

Fabaceae

1987

519

Lathyrus sylvestris L.

narrow-leaf everlasting

Fabaceae

1980

pea, flat pea
520

Lawsonia inermis L.

henna

Lythraceae

2011

521

Lemna perpusilla Torr.

duckweed

Araceae

1979

522

Lens culinaris Medik.

lentil

Fabaceae

2011

523

Lepidium didymum L.

lesser swinecress

Brassicaceae

1991

524

Lepidium virginicum L.

Virginia pepper weed,

Brassicaceae

1987

pepper grass, pepper cress
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525

Lespedeza cyrtobotrya Miq.

526

Lespedeza maximowiczii R.

leafy lespedeza

Fabaceae

1989

Fabaceae

1989

wild tamarind

Fabaceae

1989

leucaena

Fabaceae

1978

Guajal

Fabaceae

1989

shasta daisy

Asteraceae

2001

C. Schneid.
527

Leucaena diversifolia
(Schltdl.) Benth.

528

Leucaena leucocephala
(Lam.) de Wit

529

Leucaena pallida Britton &
Rose

530

Leucanthemum x superbum
(Bergmans ex J. W. Ingram)
D. H. Kent

531

Leucanthemum vulgare Lam.

oxeye daisy

Asteraceae

2008

532

Lilium lancifolium Thunb.

tiger lily

Liliaceae

2013

533

Limonium

Marsh rosemary,

Plumbaginaceae

2014

californicum (Boiss.) Heller

California sealavender

Limonium gerberi A.

statice, sea lavender

Plumbaginaceae

2013

Linaria incarnata (Vent.)

crimson toadflax, cloven-

Plantaginaceae

2009

Spreng.

lip toadflax

Linaria vulgaris Mill.

butter and egg, common

Plantaginaceae

2009

534

Soldano
535
536

toadflax, wild snapdragon
537

Litchi chinensis Sonn.

litchi

Sapindaceae

1972

538

Lobelia erinus L.

edging lobelia, garden

Campanulaceae

2014

lobelia or trailing lobelia
539

Lolium multiflorum Lam.

Italian ryegrass

Poaceae

1974

540

Lolium perenne L.

perrenial ryegrass

Poaceae

1974

541

Lolium x hybridum Hausskn.

hydrid ryegrass

Poaceae

2000

542

Lonicera japonica Thunb.

Japanese honeysuckle

Caprifoliaceae

2015

543

Lotononis bainesii Baker

lotononis

Fabaceae

1989

544

Lotus angustissimus L.

narrow leaf trefoil

Fabaceae

1988

545

Lotus corniculatus L.

common birdsfoot trefoil

Fabaceae

1975

546

Lotus pedunculatus Cav.

big trefoil, greater bird's

Fabaceae

1978
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foot trefoil, lotus major
547

Ludisia discolor (Ker Gawl.)

jewel orchids

Orchidaceae

2006

angled loofah, ridged

Cucurbitaceae

1991

A. Rich.
548

Luffa acutangula (L.) Roxb.

gourd
549

Lupinus albus L.

white lupine

Fabaceae

1980

550

Lupinus angustifolius L.

bluen lupin

Fabaceae

1980

551

Lupinus arboreus Sims

tree lupin, yellow bush

Fabaceae

1989

Fabaceae

1996

lupin
552

Lupinus cosentinii Guss.

hairy lupin, sandplain
lupin

553

Lupinus hartwegii Lindl.

Hartweg's lupine

Fabaceae

1989

554

Lupinus luteus L.

yellow lupin

Fabaceae

1980

555

Lupinus mutabilis Sweet

pearl lupin

Fabaceae

1977

556

Lupinus nootkatensis Sims

Nookta lupin

Fabaceae

1989

557

Lupinus polyphyllus Lindl.

Washington lupine, garden

Fabaceae

1989

purple bush bean, siratro

Fabaceae

1982

wild bush bean

Fabaceae

1996

llanos macro

Fabaceae

1996

Macrotyloma axillare (E.

perennial horse gram,

Fabaceae

1982

Mey.) Verdc.

archer dolichos
Fabaceae

1996

mahwa, moatree

Sapotaceae

2012

southern magnolia, bull

Magnoliaceae

2016

Magnoliaceae

2013

lupin, big leaf lupin
558

Macroptilium atropurpureum
(DC.) Urb.

559

Macroptilium gibbosifolium
(Ortega) A. Delgado

560

Macroptilium gracile (Poepp.
ex Benth.) Urb.

561
562

Macrotyloma daltonii (Webb)
Verdc.

563

Madhuca longifolia (L.) J. F.
Macbr.

564

Magnolia grandiflora L.

bay
565

Magnolia liliiflora Desr.

purple magnolia, lily
magnolia
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566

Malpighia glabra L.

acerola, barbados cherry

Malpighiaceae

2015

567

Malus pumila Mill.

orchard apple

Rosaceae

1980

568

Malva neglecta Wallr.

common mallow

Malvaceae

1991

569

Malva pusilla Sm.

small mallow

Malvaceae

1838

570

Mangifera indica L.

mango

Anacardiaceae

1873

571

Manihot esculenta Crantz

cassava, tapoica

Euphorbiaceae

1959

572

Maranta cristata Nees &

Maranta bicolor

Marantaceae

2013

dwarf water clover,

Marsileaceae

1992

Mart.
573

Marsilea minuta L.

pepperwort
574

Martynia annua L.

devil's claw, iceplant

Martyniaceae

2016

575

Matricaria chamomilla L.

chamomile, scented

Asteraceae

2009

mayweed
576

Matthiola incana (L.) R. Br.

stock

Brassicaceae

2016

577

Mecardonia procumbens

baby jump up, gold flakes

Plantaginaceae

1979

(Miller) Small
578

Medicago arborea L.

moon trefoil, tree medick

Fabaceae

1981

579

Medicago falcata L.

sickle alfaalfa, sickle

Fabaceae

1980

medic, yellow lucerne
580

Medicago glomerata Balb.

glandular alfalfa

Fabaceae

1979

581

Medicago marina L.

sea medic

Fabaceae

1996

582

Medicago polychroa Grossh.

Fabaceae

1981

583

Medicago polymorpha L.

bur clover

Fabaceae

1989

584

Medicago sativa L.

lucerne, alfaalfa

Fabaceae

1974

585

Medicago sativa subsp.

Lyutzerna Trautfettera

Fabaceae

1981

blue alfaalfa

Fabaceae

1981

Medicago sativa subsp. varia

sand lucerne, variegated

Fabaceae

1981

(Martyn) Arcang.

alfaalfa

588

Medicago scutellata (L.) Mill.

snail medic, snail trefoil

Fabaceae

1978

589

Medicago truncatula Gaertn.

caltrop medic, barrel

Fabaceae

1978

ambigua (Trautv.) Tutin
586

Medicago sativa subsp.
microcarpa Urb.

587

clover
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590

Melianthus major L.

honey flower

Melianthaceae

1991

591

Melilotus elegans Ser.

elegant melilot, elegant

Fabaceae

1996

sweet clover
592

Melilotus neapolitanus Ten.

sweet European clover

Fabaceae

1996

593

Melilotus officinalis (L.) Pall.

field melilot, yellow sweet

Fabaceae

1980

Fabaceae

1980

clover
594

Melilotus officinalis subsp.

white sweet clover, white

alba (Medik.) H. Ohashi &

melilot, Bokhara clover

Tateishi
595

Melilotus wolgicus Poir.

volga sweet clover

Fabaceae

1981

596

Melinis minutiflora P. Beauv.

molasses grass

Poaceae

1982

597

Mentha longifolia (L.)

wild mint, horse mint

Lamiaceae

1999

Hudson
598

Mentha spicata L.

spear mint

Lamiaceae

1999

599

Mesosphaerum suaveolens

mintbush, mintweed,

Lamiaceae

1979

(L.) Kuntze

horehound, pignut,
American mintweed

600

Mikania micrantha Kunth

mile-a-minute, bitter vine

Asteraceae

1982

601

Mimosa diplotricha Sauvalle

giant sensitive plant

Fabaceae

2013

602

Mimosa pudica L.

sensitive plant

Fabaceae

1963

603

Mirabilis jalapa L.

four-o'clock, marvel of

Nyctaginaceae

1984

Peru
604

Mitracarpus hirtus (L.) DC.

small squareweed

Rubiaceae

1982

605

Mollugo pentaphylla L.

five leaved carpetweed

Molluginaceae

1984

606

Momordica charantia L.

bitter gourd, bitter melon,

Cucurbitaceae

1783

Moringaceae

1963

Moraceae

1965

balsam pear
607

Moringa oleifera Lam.

drumstick tree, horse
radish-tree

608

Morus alba L.

silkworm mulberry, white
mulberry

609

Musa x paradisiaca L.

banana, plantain

Musaceae

1972

610

Mussaenda erythrophylla

ashanti blood, tropical

Rubiaceae

2009

Schumach. & Thonn.

dogwood, red flag bush
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Myosotis sparsiflora Pohl

forget-me-not, Myosotis

Boraginaceae

2009

(BAFRA)
612

Myristica fragrans Houtt.

nutmeg

Myristicaceae

1815

613

Nandina domestica Thunb.

Chinese bamboo, nandina,

Berberidaceae

2006

Amaryllidaceae

2013

heavenly bamboo, sacred
bamboo
614

Narcissus pseudonarcissus L.

daffodil, lent lily,
buttercup

615

Nasturtium officinale R. Br.

watercress

Brassicaceae

1987

616

Neonotonia wightii (Wight &

perennial soybean

Fabaceae

1980

oleander, rose-laurel, rose

Apocynaceae

2009

Mackinnon's neervilia

Orchidaceae

2013

Nicandra physalodes (L.)

apple of Peru, shoofly

Solanaceae

1963

Gaertn.

plant

Nicotiana rustica L.

Indian tobacco, aztec

Solanaceae

1982

Arn.) J. A. Lackey
617

Nerium oleander L.

bay
618

Nervilia mackinnonii (Duthie)
Schltr.

619
620

tobacco, wild tobacco
621

Nicotiana tabacum L.

tobacco

Solanaceae

1838

622

Nopalea cochenillifera (L.)

cochineal cactus

Cactaceae

1984

Nothoscordum borbonicum

fragrant false garlic,onion

Amaryllidaceae

1994

Kunth

weed, honey-bells

Oberonia maxima C. S. P.

grand oberonia

Orchidaceae

2013

Salm-Dyck
623
624

Parish ex Hook. f.
625

Ocimum basilicum L.

basil

Lamiaceae

1964

626

Oenothera biennis L.

common evening

Onagraceae

1991

Onagraceae

1979

primerose
627

Oenothera rosea Aiton

pink evening primrose,
rose primrose

628

Olea europaea L.

olive

Oleaceae

1994

629

Olneya tesota A. Gray

desert ironwood, tesota

Fabaceae

2014
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Onobrychis arenaria (Kit.)

sand esparcette

Fabaceae

1981

cockshead sainfoin

Fabaceae

1996

cockscomb sainfoin

Fabaceae

1996

Fabaceae

1981

Fabaceae

1974

Asparagaceae

2009

DC.
631

Onobrychis caput-galli (L.)
Lam.

632

Onobrychis crista-galli (L.)
Lam.

633

Onobrychis transcaucasica
Grossh.

634

Onobrychis viciifolia Scop.

common sainfoin, holy
clover

635
636

Ophiopogon

mondo grass, dwarf

japonicus (Thunb.) Ker Gawl.

lilytufy

Opuntia monacantha (Willd.)

dropping prickly pear

Cactaceae

1938

Haw.
637

Origanum majorana L.

marjoram

Lamiaceae

2013

638

Oryza sativa L.

rice

Poaceae

747

639

Oxalis corniculata L.

creeping woodsorrel

Oxalidaceae

1838

640

Oxalis debilis Kunth var.

pink woodsorrel

Oxalidaceae

1982

corymbosa Lourteig
641

Oxalis latifolia Kunth

sorrel

Oxalidaceae

1991

642

Pachyrhizus erosus (L.) Urb.

yam bean, potato bean

Fabaceae

1987

643

Paeonia officinalis L.

Common peony, European

Paeoniaceae

2006

peony
644

Panicum antidotale Retz.

blue panic

Poaceae

1982

645

Panicum coloratum L.

Klein grass, small buffalo

Poaceae

1996

grass
646

Panicum maximum Jacq.

Guinea grass

Poaceae

1970

647

Panicum virgatum L.

old switch panic grass

Poaceae

1988

648

Papaver somniferum L.

opium poppy

Papaveraceae

1984

649

Papilionanthe Miss Joaquim

Vanda Miss Joaquim,

Orchidaceae

2009

(teres x hookeriana)

Singapore orchid

650

Parthenium hysterophorus L.

parthenium weed

Asteraceae

1991

651

Parthenocissus

Boston ivy, Japanese ivy,

Vitaceae

2014
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tricuspidata (Siebold &

Japanese creeper

Zucc.) Planchon
652

Paspalum atratum Swallen

atratum, paspalum

Poaceae

1996

Poaceae

1987

Poaceae

1979

wintergreen paspalum

Poaceae

1996

(Bhutan)
653
654

Paspalum conjugatum P. J.

sour paspalum, buffalo

Bergius

grass

Paspalum dilatatum Poir.

paspalum, dallis grass,
water grass

655

Paspalum guenoarum
Arechav.

656

Paspalum notatum Flüggé

bahiagrass

Poaceae

1981

657

Paspalum plicatulum Michx.

top paspalum, brown-seed

Poaceae

1991

paspalum
658

Passiflora edulis Sims

passionfruit

Passifloraceae

2009

659

Paulownia tomentosa

paulownia, foxglovetree,

Paulowniaceae

2014

(Thunb.) Steud.

Empress tree

Pelargonium grandiflorum

pelargonium

Geraniaceae

2015

rose-scent geranium

Geraniaceae

2012

horseshoe pelargonium

Geraniaceae

1979

Peltophorum

copperpod, yellow

Fabaceae

1979

pterocarpum (DC.) K. Heyne

flametree

Pennisetum clandestinum

kikuyu grass

Poaceae

1975

deenanath grass

Poaceae

2001

Pennisetum purpureum

napier grass, elephant

Poaceae

1970

Schumach.

grass

Pentas lanceolata (Forssk.)

Egyptian star-cluster

Rubiaceae

2009

watermelon pepper,

Piperaceae

2013

660

(Andrews) Willd.
661

Pelargonium graveolens
L'Her.

662

Pelargonium zonale (L.)
L'Hér. ex Aiton

663
664

Hochst. ex Chiov.
665

Pennisetum pedicellatum
Trin.

666
667

Deflers
668

Peperomia argyreia (Miq.) E.
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Morren

watermelon begonia

669

Peperomia caperata Yunck.

emerald-ripple peper

Piperaceae

2014

670

Peperomia pellucida (L.)

pepper elder, man to man

Piperaceae

1965

Pericallis cruenta (L'Hér.)

cineraria, Florist’s

Asteraceae

2009

Webb & Berth.

Cineraria

672

Persea americana Mill.

avocado

Lauraceae

1999

673

Persicaria maculosa Gray

redshank

Polygonaceae

1983

674

Petrea volubilis L.

queen's wreath, purple

Verbenaceae

1999

parsley

Apiaceae

1990

garden petunia

Solanaceae

1979

Kunth
671

wreath, snapdraper
675

Petroselinum crispum (Mill.)
Fuss

676

Petunia atkinsiana D. Don ex
Loud.

677

Phacelia tanacetifolia Benth.

allheal, fiddleneck

Boraginaceae

1979

678

Phalaenopsis amabilis (L.)

lovely phalaenopsis, moon

Orchidaceae

2006

Blume

orchid

679

Phalaris aquatica L.

bulbous Canary grass

Poaceae

1979

680

Phalaris arundinacea L.

reed canary grass

Poaceae

1978

681

Phalaris minor Retz.

littleseed Canary grass

Poaceae

1991

682

Phaseolus coccineus L.

runner bean, scarlet runner

Fabaceae

2009

bean
683

Phaseolus lunatus L.

lima bean

Fabaceae

1987

684

Phaseolus vulgaris L.

kidney bean, Rajma bean,

Fabaceae

1987

Araceae

2013

Araceae

2015

Araceae

2013

Poaceae

1998

common bean
685
686

Philodendron bipinnatifidum

tree philodendron,

Schott ex Endl.

horsehead philodendron

Philodendron elegans K.

skeleton key philodendron

Krause
687

Philodendron pedatum
(Hook.) Kunth

688

Phleum bertolonii DC.

diploid timothy, smaller
cat's tail
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First
Scientific name
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Family

introduced/
reported

Phleum pratense L.

timothy grass, meadow

Poaceae

1974

cat's tail
690

Phlox paniculata L.

garden plox

Polemoniaceae

2006

691

Phoenix canariensis Chabaud

Canary Island date palm

Arecaceae

2013

692

Phoenix reclinata Jacq.

wild date palm

Arecaceae

2014

693

Phoenix roebelenii O'Brien

pygmy date palm

Arecaceae

2006

694

Phyla nodiflora (L.) Greene

Capeweed, fogfruit,

Verbenaceae

1992

Poaceae

2009

Poaceae

2009

frogfruit
695

Phyllostachys aurea (André)

golden bamboo

Rivière & C. Rivière

(Golden:BAFRA)

Phyllostachys nigra (Lodd.

black bamboo (Black-

Ex. Lindl.) Munro

BAFRA)

697

Physalis peruviana L.

Cape gooseberry

Solanaceae

2014

698

Physalis pubescens L.

ground cherry, husk

Solanaceae

1992

Pinaceae

2013

fetterbush, mountain pieris

Ericaceae

2014

Pieris japonica (Thunb.) D.

Japanese piersis, Japanese

Ericaceae

2014

Don ex G. Don

-andromeda,lily of the

696

tomato
699

Picea abies (L.) H. Karst.

Norway spruce, white
spruce

700

Pieris floribunda (Pursh)
Benth. ex Hook.

701

valley bush
702

Pimenta dioica (L.) Merr.

allspice, clover pepper

Myrtaceae

2016

703

Pinus contorta var. latifolia

lodgepole pine

Pinaceae

2014

Pinus parviflora Siebold &

Japanese white pine, five

Pinaceae

2014

Zucc.

needle pine

705

Pinus serotina Michx.

pond pine, marsh pine

Pinaceae

2013

706

Piper betle L.

betel vine, pan,

Piperaceae

1979

Engelm.
704

betelpfeffer
707

Pisum sativum L.

pea

Fabaceae

1350

708

Pithecellobium dulce (Roxb.)

Manila tamarind

Fabaceae

1987

Bentham
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709

Platanus orientalis L.

oriental plane, chinar

Platanaceae

2004

710

Platycladus orientalis (L.)

Chinese thuja, oriental

Cupressaceae

1979

Franco

arbor-vitae

Platycodon grandiflorus

ballon flower

Campanulaceae

2001

Coleus

Lamiaceae

2014

711

(Jacq.) A. DC.
712

Plectranthus
scutellarioides (L.) R. Br.

713

Plumeria rubra L.

red/white/pink fagipani

Apocynaceae

1979

714

Poa compressa L.

Canada bluegrass

Poaceae

1989

715

Poa pratensis L.

common meadow grass,

Poaceae

1975

Kentucky blue grass,
smooth neadow grass
716

Polianthes tuberosa L.

tuberose, rajnigandha

Asparagaceae

2014

717

Polyalthia longifolia (Sonn.)

Ashok, false ashok, mast

Annonaceae

1979

Thwaites

tree

718

Polygonum aviculare L.

prostrate knotweed

Polygonaceae

1983

719

Poncirus trifoliata L.

poncirus, hardy orange

Rutaceae

2001

720

Poncirus trifoliata x Citrus

Citrumelo

Rutaceae

2001

citranges (Carrizo, Troyer)

Rutaceae

1995

paradisi
721

Poncirus trifoliata x Citrus
sinensis

722

Populus nigra L.

black poplar

Salicaceae

1983

723

Portulaca grandiflora Hook.

eleven o'clock, moss-rose

Portulacaceae

2014

724

Portulaca oleracea L.

purslane, little hogweed

Portulacaceae

1984

725

Portulaca pilosa L.

hairy pigweed, kiss-me-

Portulacaceae

1979

Chinese primrose

Primulaceae

2014

quick, pink purslane
726

Primula sinensis Sabine ex
Lindl.

727

Primula vulgaris Huds.

primrose, self-heal

Primulaceae

2013

728

Primulina dryas (Dunn)

silver chirita

Gesneriaceae

2009

Mich. Möller & A. Weber
729

Prunus armeniaca L.

apricot

Rosaceae

1783

730

Prunus avium (L.) L.

wild cherry, sweet cherry

Rosaceae

1980
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731

Prunus cerasus L.

sour cherry

Rosaceae

1994

732

Prunus domestica L.

plum

Rosaceae

1985

733

Prunus dulcis (Mill.) D. A.

almond

Rosaceae

1838

Webb
734

Prunus persica (L.) Batsch

peach

Rosaceae

1627

735

Prunus salicina Lindl.

plum

Rosaceae

1985

736

Prunus serrulata Lindl.

Japanese cherry, oriental

Rosaceae

2013

Russian wildrye

Poaceae

1980

cherry
737

Psathyrostachys juncea
(Fisch.) Nevski

738

Psidium guajava L.

guava

Myrtaceae

1991

739

Pterocarpus santalinus L. f.

red sandalwood

Fabaceae

1815

740

Punica granatum L.

pomegranate

Lythraceae

1783

741

Pyrostegia venusta (Ker

golden shower, gold star,

Bignoniaceae

1982

Gawler) Miers

flamvine, orange
trumpetvine

742

Pyrus communis L.

European pear

Rosaceae

1980

743

Pyrus pyrifolia (Burm. f.)

nashi, oriental pear, asia

Rosaceae

1627

Nakai

pear, Chinese pear

Ranunculus acris L.

meadow buttercup, tall

Ranunculaceae

2015

Ranunculaceae

2015

744

buttercup
745

Ranunculus asiaticus L.

Asian buttercup, Persian
buttercup

746

Raphanus raphanistrum L.

wild radish

Brassicaceae

1984

747

Raphanus sativus L.

garden radish

Brassicaceae

1815

748

Rheum rhabarbarum L.

rhubarb, pieplant

Polygonaceae

2012

749

Rhodanthe

roseneternell, rosy sunray,

Asteraceae

2014

chlorocephala (Turcz.) P. G.

pin paper-daisy, pink and

Wilson

white everlasting

Rhododendron japonicum (A.

Japanese azalea

Ericaceae

2009

750

Gray) Suringar
751

Rhus typhina L.

staghorn sumac, tiger eye

Anacardiaceae

2015

752

Ribes nigrum L.

black currant

Grossularaiceae

1998
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753

Ribes rubrum L.

red currant, garden currant

Grossularaiceae

1998

754

Ribes triste Pall.

wild red currant

Grossularaiceae

1998

755

Ribes uva-crispa L.

gooseberry

Grossularaiceae

2010

756

Ricinus communis L.

castor oil plant, castor

Euphorbiaceae

1838

bean
757

Robinia pseudoacacia L.

black locust

Fabaceae

1974

758

Rodgersia pinnata Franch.

finger Rodgersia

Saxifragaceae

2009

759

Romneya coulteri Harv.

California tree-poppy,

Papaveraceae

2013

matilja poppy
760

Rosa alba L.

white rose

Rosaceae

2014

761

Rosa banksiae R. Br. ex

lady bank's rose, banksian

Rosaceae

2016

Aiton

rose

762

Rosa canina L.

dog rose, common briar

Rosaceae

1793

763

Rosa centifolia L.

cabbage rose, Holland rose

Rosaceae

1793

764

Rosa foetida Herrm.

Austrian yellow rose

Rosaceae

2015

765

Rosa indica L.

cyme rose, Bengal rose,

Rosaceae

1783

China rose
766

Rosa pendulina L.

alpine rose, moutain rose

Rosaceae

1783

767

Rosa persica Michx. ex J. F.

Dutch rose (?)

Rosaceae

2015

Gmel.
768

Rosa rugosa Thunb.

rugosa rose, Japanese rose

Rosaceae

2012

769

Rosa spinosissima L.

burnet rose, Scotch rose

Rosaceae

1783

770

Rosmarinus officinalis L.

rosemary

Lamiaceae

2014

771

Rotala densiflora (Roemer &

dense-flowered rotala

Lamiaceae

1992

European blackberries,

Rosaceae

2007

Schultes) Koehne
772

Rubus fruiticosus L. agg.

shrubby blackberry
773

Rubus idaeus L.

raspberry

Rosaceae

2012

774

Rubus loganobaccus L. H.

Boysenberry, loganberry

Rosaceae

1997

Rubus ursinus Cham. &

California

Rosaceae

1997

Schltdl.

blackberry,silvan berry

Ruellia simplex Wright

Mexican petunia, Spanish

Acanthaceae

2014

Bailey
775
776

248

Sl.
No.

First
Scientific name

Common name

Family

introduced/
reported

ladies
777

Rumex acetosella L.

sheep's sorrel

Polygonaceae

1992

778

Saccharum officinarum L.

Sugarcane

Poaceae

1838

779

Salix babylonica L.

weeping willow

Salicaceae

1863

780

Salix excelsa S. G. Gmel.

Salicaceae

1983

781

Salvia sclarea L.

clary, clary sage

Lamiaceae

2009

782

Salvia splendens Sellow ex

scarlet sage

Lamiaceae

1999

Schult.
783

Sambucus canadensis L.

American elder, elderberry

Adoxaceae

2001

784

Sambucus nigra L.

elder

Adoxaceae

2005

785

Sansevieria trifasciata Prain

snake plant, mother

Asparagaceae

1994

inlaw’s tongue
786

Santalum album L.

sandalwood

Santalaceae

1982

787

Saraca asoca (Roxb.) Willd.

Sita ashok, sorrowless

Fabaceae

2014

umbrella tree, octopus tree

Araliaceae

2013

tree, Ashoka tree
788

Schefflera actinophylla
(Endl.) Harms

789

Schismus arabicus Nees

Arabian schismus

Poaceae

2013

790

Scoparia dulcis L.

sweet broom, goatweed

Plantaginaceae

1963

791

Secale cereale L.

cereal rye, ryecorn

Poaceae

1974

792

Secale montanum Guss.

mountain rye

Poaceae

1980

793

Sechium edule (Jacq.) Sw.

chayote

Cucurbitaceae

1974

794

Securigera varia (L.) Lassen

crown vetch, axseed

Fabaceae

1980

795

Sedum sexangulare L.

tasteless stonecrop

Crassulaceae

2014

796

Senna alata (L.) Roxb.

candle bush

Fabaceae

1973

797

Senna occidentalis (L.) Link

coffee senna

Fabaceae

1979

798

Senna siamea (Lam.) H. S.

Siamese cassia

Fabaceae

2011

Senna spectabilis (DC.) H. S.

whitebark senna,

Fabaceae

1984

Irwin & Barneby

spectacular cassia, cassia
Fabaceae

1979

Irwin & Barneby
799

amarilla
800

Senna surattensis (Burm. f.)

golden senna

H. Irwin & Barneby
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801

Sesamum indicum L.

sesame, benneseed

Pedaliaceae

1838

802

Sesbania bispinosa (Jacq.) W.

prickly sesban, dhaincha

Fabaceae

1990

rostrate sesbania, sesbania

Fabaceae

1990

Wight
803

Sesbania rostrata Bremek. &
Oberm.

804

Sesbania sesban (L.) Merr.

sesban

Fabaceae

1990

805

Setaria helvola (L. f.) Roem.

pigeon grass, yellow

Poaceae

1987

& Schult.

foxtail

Setaria incrassata (Hochst.)

purple pigeon grass,

Poaceae

1988

Hack.

canary millet

807

Setaria italica (L.) P. Beauv.

foxtail millet

Poaceae

1838

808

Setaria sphacelata

setaria, African bristle

Poaceae

1982

(Schumach.) Stapf & C. E.

grass, golden timothy

806

Hubb. ex Moss
809

Silene armeria L.

sweet-William catchfly

Caryophyllaceae

1979

810

Silene coronaria (L.) Clairv.

dusty-miller, rose

Caryophyllaceae

2016

gloxinia

Gesneriaceae

2009

Solanum aculeatissimum

love apple, Dutch

Solanaceae

1963

Jacq.

eggplant, Indian
Solanaceae

1838

Solanaceae

1979

champion
811

Sinningia speciosa (Lodd.)
Hiern

812

nightshade
813

Solanum americanum Mill.

American nightshade,
black nightshade

814

Solanum anguivi Lam.

African eggplant, forest
bitterberry

815

Solanum betaceum Cav.

tree tomato

Solanaceae

1982

816

Solanum dulcamara L.

bittersweet nightshade

Solanaceae

2001

817

Solanum erianthum D. Don

potato tree, big eggplant

Solanaceae

1914

818

Solanum lycopersicum L.

tomato

Solanaceae

1838

819

Solanum lycopersicum L. var.

cherry tomato

Solanaceae

1995

egg plant, brinjal,

Solanaceae

1774

cerasiforme (Alef.) Voss
820

Solanum melongena L.
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aurbergine
821

Solanum muricatum Aiton

pepino, melon-pear

Solanaceae

2016

822

Solanum nigrum L.

black nightshade,

Solanaceae

1914

poisonberry
823

Solanum pimpinellifolium L.

currant tomato

Solanaceae

2012

824

Solanum pseudocapsicum L.

Jerusalem cherry, false

Solanaceae

1997

cherry
825

Solanum torvum Sw.

Turkey berry, devil's fig

Solanaceae

1938

826

Solanum tuberosum L.

potato

Solanaceae

1774

827

Solanum viarum Dunal

tropical soda apple

Solanaceae

1975

828

Solanum villosum Mill.

hariy nightshade, red night

Solanaceae

2001

shade
829

Sonchus asper (L.) Hill

spiny sow thistle

Asteraceae

1963

830

Sonchus oleraceus L.

common sowthistle

Asteraceae

1965

831

Sorghastrum nutans (L.)

yellow Indian grass, wood

Poaceae

1988

Nash

grass

Sorghum bicolor (L.) Moench

sorghum, jowar, great

Poaceae

1988

Sudan grass, chicken corn

Poaceae

1988

Spanish broom, weaver's

Fabaceae

2001

Rubiaceae

1987

832

millet
833

Sorghum drummondii (Nees
ex Steud.) Millsp. & Chase

834

Spartium junceum L.

broom
835

Spermacoce alata Aubl.

broadleaf buttonweed,
borreria

836

Spermacoce latifolia Aubl.

broadleaf buttonweed

Rubiaceae

1991

837

Spinacia oleracea L.

spinach

Amaranthaceae

1990

838

Spiranthes spiralis (L.)

lady's tresses

Orchidaceae

2013

Chevall.
839

Sterculia foetida L.

Java olive, Indian almond

Malvaceae

2016

840

Stereochilus hirtus Lindl.

Hirsute stereochilus

Orchidaceae

2013

841

Strelitzia reginae Banks

bird of paradise, crane

Strelitziaceae

2015

Loganiaceae

2011

flower
842

Strychnos nux-vomica L.

nux vomica
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Stuckenia pectinata (L.)

sago pondweed, comb

Pontamogetonaceae

2013

Börner

pondweed, ribbon weed

844

Stylosanthes capitata Vogel

capitata

Fabaceae

1996

845

Stylosanthes guianensis

stylo (Bhutan), Brazillian

Fabaceae

1970

(Aubl.) Sw

lucerne, tropical lucerne,
Caribbean stylo

Fabaceae

1980

cook
846

Stylosanthes hamata (L.)
Taub.

847

Stylosanthes scabra Vogel

shrubby stylo

Fabaceae

1980

848

Stylosanthes viscosa Sw.

poor man's friend, sticky

Fabaceae

1997

Orchidaceae

2013

smooth blue aster

Asteraceae

1979

synedrella, nodeweed

Asteraceae

1963

arrowhead vine

Araceae

1994

stylo
849

Sunipia intermedia (King &
Pantl.) P. F. Hunt

850

Symphyotrichum laeve (L.) Á.
Löve & D. Löve

851

Synedrella nodiflora (L.)
Gaertn.

852

Syngonium
podophyllum Schott

853

Syringa persica L.

persian lilac

Oleaceae

2016

854

Syzygium jambos (L.) Alston

rose apple, malabar plum

Myrtaceae

2013

855

Syzygium malaccense (L.)

malay-apple

Myrtaceae

2014

Merr. & L. M. Perry
856

Tagetes erecta L.

African marigold

Asteraceae

1783

857

Tagetes minuta L.

stinking Roger, Mexican

Asteraceae

1984

marigold, black mint
858

Tagetes patula L.

French marigold

Asteraceae

1979

859

Tamarindus indica L.

tamarind

Fabaceae

1963

860

Tanacetum coccineum

painted daisy, garden

Asteraceae

2016

(Willd.) Grierson

pyrethrum

Taraxacum officinale

dandelion

Asteraceae

1964

861

complex (L.) Weber ex F. H.
Wigg.
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introduced/
reported

Cleomaceae

2006

Florida yew

Taxaceae

2013

Tecoma stans (L.) Juss. ex

yellow trumpet flower,

Bignoniaceae

2001

Kunth

yellow bells

865

Tectona grandis L. f.

teak

Lamiaceae

1950

866

Teramnus uncinatus (L.) Sw.

cresta de gallo blanco

Fabaceae

1996

867

Terminalia arjuna (Roxb. ex

arjun

Combretaceae

2006

tall wheatgrass

Poaceae

1980

intermediate whaetgrass

Poaceae

1980

Japan thrixspermum

Orchidaceae

2013

863

Tarenaya hassleriana

cleome, pink queen, spider

(Chodat) Iltis

flower

Taxus floridana Nutt. ex
Chapm.

864

DC.) Wight & Arn.
868

Thinopyrum
elongatum (Host) D. R.
Dewey

869

Thinopyrum intermedium
(Host) Barkworth & D. R.
Dewey

870

Thrixspermum japonicum
(Miq.) Rchb. f.

871

Thymus vulgaris L.

thyme

Lamiaceae

2013

872

Tithonia diversifolia (Hemsl.)

tihonia, Mexican

Asteraceae

1998

A. Grayy

sunflower

Tithonia rotundifolia (Mill.)

Mexican sunflower

Asteraceae

1982

Ajwain, bishop's weed

Apiaceae

1999

purple heart/queen

Commelinaceae

2014

spider lily, Virginia

Commelinaceae

2014

873

S. F. Blake
874

Trachyspermum ammi (L.)
Sprague

875

Tradescantia pallida (Rose)
D. R. Hunt

876

Tradescantia virginiana L.

spiderwort
877

Tradescantia zebrina Bosse

wandering jew

Commelinaceae

1994

878

Tragopogon dubius Scop.

yellow goat’s beard,

Asteraceae

1992

Euphorbiaceae

1965

yellow salsify
879

Triadica sebifera (L.) Small

Chinese tallow
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Sl.
No.
880

First
Scientific name

Common name

Family

introduced/
reported

Tribulus terrestris L.

puncture vine,cat's head,

Zygophyllaceae

1914

hairy-leafed trichotosia

Orchidaceae

2013

devil's weed
881

Trichotosia dasyphylla (E. C.
Parish & Rchb. f.) Kraenzl.

882

Tridax procumbens L.

coat buttons

Asteraceae

1965

883

Trifolium alexandrinum L.

berseem clover, Egyptian

Fabaceae

1974

Fabaceae

1980

Fabaceae

1981

Fabaceae

1988

clover
884

Trifolium ambiguum M. Bieb.

kura clover, honey clover,
Russian clover

885

Trifolium arvense L.

rabbit foot clover, stone
clover

886

Trifolium baccarinii Chiov.

887

Trifolium badium Schreb.

brown clover

Fabaceae

1982

888

Trifolium burchellianum Ser.

Burchell's clover, cape

Fabaceae

1988

Fabaceae

1988

Fabaceae

1981

clover
889

Trifolium decorum Chiov.

890

Trifolium dubium Sibth.

lesser trefoil, small hop
clover, suckling clover

891

Trifolium fragiferum L.

strawberry clover

Fabaceae

1978

892

Trifolium hirtum All.

rose clover

Fabaceae

1996

893

Trifolium hybridum L.

alsike clover, Swedsish

Fabaceae

1974

clover
894

Trifolium incarnatum L.

crimson clover

Fabaceae

1974

895

Trifolium lugardii Bullock

Luggard's clover

Fabaceae

1988

896

Trifolium mattirolianum

Fabaceae

1988

Fabaceae

1980

Fabaceae

1988

Fabaceae

1988

Fabaceae

1988

Chiov.
897

Trifolium medium L.

zigzag clover, mammoth
clover

898

Trifolium pichisermollii J. B.
Gillett

899

Trifolium polymorphum Poir.

900

Trifolium polystachyum

peanut clover

Fresen.
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Sl.
No.

First
Scientific name

Common name

Family

introduced/
reported

901

Trifolium pratense L.

red clover

Fabaceae

1968

902

Trifolium quartinianum A.

Quartin's clover

Fabaceae

1998

Rich.
903

Trifolium repens L.

white clover

Fabaceae

1968

904

Trifolium resupinatum L.

reversed clover, shaftel

Fabaceae

1974

Rueppel's clover

Fabaceae

1988

Kenya clover

Fabaceae

1979

clover
905

Trifolium rueppellianum
Fresen.

906

Trifolium semipilosum
Fresen.

907

Trifolium steudneri Schweinf.

Stedner's clover

Fabaceae

1988

908

Trifolium subterraneum L.

sub clover, subterranean

Fabaceae

1978

Fabaceae

1988

Fabaceae

1988

Guatemala Grass

Poaceae

2004

yellow oat grass

Poaceae

1979

clover
909

Trifolium tembense Fresen.

910

Trifolium usambarense Taub.

911

Tripsacum andersonii J. R.

Tembian clover

Gray
912

Trisetum flavescens (L.) P.
Beauv.

913

Triticum aestivum L.

wheat

Poaceae

1627

914

Tropaeolum majus L.

nasturtium, Indian cress

Tropaeolaceae

1783

915

Tulipa spp.

tulip

Liliaceae

2012

916

Urochloa mosambicensis

gonya, sabi grass, African

Poaceae

1996

(Hack.) Dandy

livergrass, buffalo grass

Urochloa oligotricha (Fig. &

perennial signal grass,

Poaceae

1996

De Not.) Henrard

dubi grass

Urochloa panicoides P.

liverseed grass

Poaceae

1998

bilberry, European

Ericaceae

2012

917
918

Beauv.
919

Vaccinium myrtillus L.

blueberry
920

Vaccinium oxycoccos L.

cranberry, mossberry

Ericaceae

2015

921

Vachellia farnesiana (L.)

huisache, ironwood,

Fabaceae

1963

Wight & Arn.

mimosa bush, prockly
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Sl.
No.

First
Scientific name

Common name

Family

introduced/
reported

mimosa
922

Fabaceae

2012

corn salad

Caprifoliaceae

2013

Verbena hybrida Groenl. &

garden vervai, florist's

Verbenaceae

2016

Rumpler

verbenan

925

Vernonia amygdalina Delile

tree Veronica, bitter leaf

Asteraceae

2012

926

Veronica persica Poir.

bird's eye speedwell,

Plantaginaceae

1988

Adoxaceae

2014

Fabaceae

1998

923

Vachellia nilotica (L.) P. J. H.

gum arabic tree, babul,

Hurter & Mabb.

prickly acaciablack babul

Valerianella locusta (L.)
Laterr.

924

Persian speedwell
927

Viburnum acerifolium L.

mapleleaf viburnum,
arrow wood

928

Vicia faba L.

broad bean, faba bean,
horse bean, bell bean

929

Vicia tenuifolia Roth

fine leaf vetch, cow vetch

Fabaceae

1980

930

Vicia villosa Roth

winter vetch, hairy vetch,

Fabaceae

1974

fodder vetch

Fabaceae

1981

fodder vetch, wooly vetch
931

Vicia villosa subsp. varia
(Host) Corb.

932

Vigna luteola (Jacq.) Benth.

hairypod cowpea

Fabaceae

1996

933

Vigna mungo (L.) Hepper

black gram, urd bean

Fabaceae

1987

934

Vigna oblongifolia A. Rich.

Fabaceae

1996

935

Vigna parkeri Baker

Fabaceae

1988

936

Vigna racemosa (G. Don)

Fabaceae

1996

Fabaceae

1996

Fabaceae

1987

Fabaceae

1987

Fabaceae

2014

Apocynaceae

2014

creeping vigna

Hutch. & Dalziel
937

Vigna schimperi Baker

938

Vigna umbellata (Thunb.)

rice bean, oriental bean,

Ohwi & H. Ohashi

climbing mountain bean

Vigna unguiculata (L.) Walp.

cowpea, blackeyed bean,

939

snake bean
940
941

Vigna unguiculata subsp.

asparagus bean, yard long

sesquipedalis (L.) Verdc.

bean, pea bean

Vinca major L.

large periwinkle, blue
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Sl.
No.

First
Scientific name

Common name

Family

introduced/
reported

periwinkle
942

Viola tricolor L.

wild pansy, field pansy,

Violaceae

2006

Violaceae

2009

johnny jumpup
943

Viola wittrockiana Gams ex

garden pansy, garden

Nauenb. & Buttler

violet, pansy (BAFRA)

944

Vitis vinifera L.

grape, grapevine

Vitaceae

1969

945

Vulpia bromoides (L.) Gray

squirreltail fescue, silver

Poaceae

2001

silky wisteria

Fabaceae

2013

Japanese wisteria

Fabaceae

2014

Chinese wisteria

Fabaceae

2014

winter cherry, renner

Solanaceae

2009

grass
946

Wisteria brachybotrys
Siebold & Zucc.

947

Wisteria floribunda (Willd.)
DC.

948

Wisteria sinensis (Sims)
Sweet

949

Withania somnifera (L.)
Dunal

950

Xanthium strumarium L.

common cocklebur

Asteraceae

1963

951

Xeranthemum annuum L.

Immortelle, everlasting

Asteraceae

2006

952

Xerochrysum bracteatum

paper daisy, straw flower,

Asteraceae

2001

(Vent.) Tzvelev

everlasting

Yucca elata (Engelm.)

soaptree, soapweed

Asparagaceae

2014

calla lily, arum lily

Araceae

2006

953

Engelm.
954

Zantedeschia aethiopica (L.)
Spreng.

955

Zea mays L.

maize, corn

Poaceae

1627

956

Zephyranthes

white rain lily, fair lily

Amaryllidaceae

2014

candida (Lindl.) Herb.
957

Zephyranthes carinata Herb.

pink rain lily

Amaryllidaceae

1875

958

Zingiber mioga (Thunb.)

Japanese ginger

Zingiberaceae

2012

Roscoe
959

Zingiber officinale Roscoe

ginger

Zingiberaceae

1959

960

Zinnia elegans Jacq.

common zinnia, garden

Asteraceae

1979

zinnia
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Sl.
No.
961

First
Scientific name

Common name

Family

introduced/
reported

Zinnia peruviana (L.) L.

Peruvian zinnia, field

Asteraceae

2001

zinnia
962

Zornia glabra Desv.

Fabaceae

1996

963

Zornia latifolia Sm.

Fabaceae

1996

964

Zoysia matrella (L.) Merr.

Poaceae

2014

Manila grass, Manila
templegrass

258

Appendix 2.6 Regression diagnostic and test model outputs.

Results output:

Term

Estimate

Std. error

Statistic

p. value

1

Intercept

6.975350969

4.789294284

1.456446515

0.151779821

2

Slope (x)

0.322541035

0.144312161

2.235023243

0.030104761
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260

Appendix 2.7 Alien plant distribution by pathways in 20 districts of Bhutan.
Pathways of introduction

Districts

Agricul

Horticul

Medici

ture

ture

nal

Bumthang

8

40

4

Chhukha

12

90

Dagana

11

Gasa

Total

Ornamen

Fores

Uninten

tal

try

tional

132

10

0

0

194

14

37

91

9

0

253

78

3

29

19

3

0

143

4

29

2

11

0

0

0

46

Haa

9

60

2

31

4

1

0

107

Lhuentse

10

68

2

25

6

2

0

113

Monggar

12

93

38

97

18

7

0

265

Paro

8

62

11

30

79

2

0

192

Pema Gatshel

11

71

4

59

14

1

0

160

Punakha

12

81

9

34

74

9

0

219

Samdrup Jongkhar

12

76

7

64

23

6

0

188

Samtse

11

75

5

50

25

4

0

170

Sarpang

12

83

7

75

44

7

0

228

Thimphu

9

61

17

55

193

4

0

339

Trashigang

14

78

9

46

26

4

0

177

Trashi Yangtse

13

69

2

26

6

2

0

118

Trongsa

11

74

9

43

21

0

0

158

Tsirang

13

81

3

29

10

3

0

139

Wangdue

11

83

5

120

43

7

0

269

Zhemgang

13

70

5

64

14

2

0

168

No location

0

4

0

9

43

1

3

60

Pasture

261

(No.)

262

Appendix 3.1 List of new alien plants recorded in Bhutan and their introduction pathways.

1

Abutilon pictum (Gillies ex Hook.) Walp. Indian mallow

Malvaceae

2

Acacia melanoxylon R. Br.

black acacia

Fabaceae

1

Strawberry fire tail

Euphorbiaceae

1

1

Japanese maple

Sapindaceae

1

1

desert rose

Apocynaceae

1

1

Urn plant

Bromeliaceae

1

1

tree aeonium

Crassulaceae

1

1

1

3
4
5
6
7

Acalypha chamaedrifolia (Lam.) Müll.
Arg.
Acer palmatum Thunb.
Adenium obesum (Forssk.) Roem. &
Schult.
Aechmea fasciata (Lindl.) Baker
Aeonium arboreum (L.) Webb &
Berthel.

8

Anacardium occidentale L.

cashew

Anacardiaceae

9

Angelica archangelica L.

wild celery

Apiaceae

10

Annona squamosa L.

custard apple

Annonaceae

11

Anredera cordifolia (Ten.) Steenis

Madeira-vine wreath

Basellaceae

12

Arundo donax L. var. versicolor (Mill.)
Stokes

Poaceae
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1

1
1

1
1

1

1
1

1
1

1
1

Accidental

Forestry

Ornamental

Family

Horticulture

Common name

Invasive

Scientific name

Introduction pathways

Naturalised

No.

Casual

Sl.

Cultivated

Status

13
14

Asparagus fern

Asparagaceae

1

1

Cactaceae

1

1
1

Astrophytum capricorne (A. Dietr.)
Britton & Rose

15

Asystasia dalzelliana Santapau

Neelkanth

Acanthaceae

1

16

Averrhoa bilimbi L.

Bilimbi

Oxalidaceae

1

17

Bambusa ventricosa McClure

Buddhas belly bamboo

Poaceae

1

1

18

Basella alba L.

Basellaceae

1

1

19

Bauhinia acuminata L.

20

Bauhinia blakeana Dunn

21

Beaucarnea recurvata Lem.

22

Begonia aconitifolia A. DC.

23

Begonia coccinea Hook.

24

Begonia rex Putz.

25

Bignonia capreolata L.

26
27

Malabar spinach, Indian
spinach

Fabaceae
orchid tree

1

1

1

Fabaceae

1

1

Asparagaceae

1

1

Begoniaceae

1

1

Begoniaceae

1

1

Begoniaceae

1

1

cross vine, quartervine

Bignoniaceae

1

1

Bismarckia nobilis Hildebr. & H.Wendl.

Bismarck palm

Arecaceae

1

1

Brownea ariza Benth.

palo de cruz

Fabaceae

1

1

elephant foot tree, bottle
palm
angel wing begonia
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Accidental

Asparagus aethiopicus L.

Forestry

Ornamental

Family

Invasive

Common name

Naturalised

Scientific name

Casual

No.

Cultivated

Sl.

Introduction pathways
Horticulture

Status

28

Calathea majestica (Linden) H. A.
Kenn.

Marantaceae

1

1

29

Calathea makoyana E. Morren

Peacock plant

Marantaceae

1

1

30

Campsis radicans (L.) Seem.

trumpet vine

Bignoniaceae

1

1

31

Caryota urens L.

fishtail palm

Arecaceae

1

1

32

Celosia argentea L.

cockscomb

Amaranthaceae

1

1

33

Celosia spicata (Thouars) Spreng.

silver cockscomb

Amaranthaceae

1

1

metallic palm

Arecaceae

1

1

1

1

34

Chamaedorea metallica O. F. Cook ex
H. E. Moore

35

Chamaedorea seifrizii Burret

reed palm

Arecaceae

36

Chrysanthemum morifolium Ramat.

chrysanthemum

Asteraceae

37

Coccinia grandis (L.) Voigt

ivy gourd

38

Coffea canephora Pierre ex A. Froehner

Robusta coffee

Rubiaceae

1

39

Cordyline fruticosa (L.) A. Chev.

Ti, good-luck plant

Asparagaceae

1

1

40

Cordyline rubra Otto & A. Dietr.

Asparagaceae

1

1

41

Coreopsis lanceolata L.

Asteraceae

1

1

42

Cotyledon orbiculata L.

Crassulaceae

1

1

43

Crassula multicava Lem.

Crassulaceae

1

1

44

Crinum asiaticum L.

Amaryllidaceae

1

1

tickseed

poisonbulb

1

Cucurbitaceae
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1
1

1
1

Accidental

Forestry

Ornamental

Family

Horticulture

Common name

Introduction pathways

Invasive

Scientific name

Naturalised

No.

Casual

Sl.

Cultivated

Status

crossandra

Acanthaceae

46

Cuphea hyssopifolia Kunth.

Mexican Heather

Lythraceae

47

Cynara cardunculus L.

artichoke thistle

Asteraceae

48

Cyperus alternifolius L.

umbrella palm

Cyperaceae

1

1

rabbit's foot fern

Davalliaceae

1

1

49

Davallia solida var. fejeensis (Hook.)
Noot.

1

1
1

1
1

1

50

Dianella tasmanica Hook. F.

flax lily (variegated)

Xanthorrhoeaceae

1

1

51

Dianthus caryophyllus L.

carnation

Cryophyllaceae

1

1

52

Dieffenbachia seguine (Jacq.) Schott

dumb cane

Araceae

1

1

53

Dracaena braunii Engl.

Lucky bamboo

Asparagaceae

1

1

54

Dracaena reflexa Lam.

song of India

Asparagaceae

1

1

55

Dracaena reflexa var. angustifolia Baker

dragon tree

Asparagaceae

1

1

56

Durio zibethinus L.

durian

Malvaceae

1

triangle palm

Arecaceae

1

1

57

Dypsis decaryi (Jum.) Beentje & J.
Dransf.

1

58

Echeveria elegans Rose

pearl echeveria

Crassulaceae

1

1

59

Echinocactus grusonii Hildm.

barrel cactus

Cactaceae

1

1

60

Eryngium foetidum L.

Apiaceae

1

Mexican coriander,
stinkweed
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1

Accidental

Crossandra infundibuliformis (L.) Nees

Invasive

45

Naturalised

Family

Casual

Common name

Cultivated

Scientific name

No.

Forestry

Ornamental

Sl.

Introduction pathways
Horticulture

Status

milk pulsane

Euphorbiaceae

62

Euphorbia tirucalli L.

milkbush, pencil tree

Euphorbiaceae

1

1

63

Euphorbia trigona Mill.

African milk tree

Euphorbiaceae

1

1

64

Excoecaria cochinchinensis Lour.

jungle fire plant

Euphorbiaceae

1

1

65

Ficus pumila L.

Moraceae

1

1

66

Ficus religiosa L.

Pipal, botree

Moraceae

67

Fuchsia hybrida hort. ex Siebert & Voss

fushcia

Onagraceae

1

1

68

Furcraea foetida (L.) Haw.

false agave

Asparagaceae

1

1

69

Garcinia mangostana L.

Mangosteen

Clusiaceae

1

70

Gazania linearis (Thunb.) Druce

gazania

Asteraceae

71

Gazania rigens (L.) Gaertn.

gazania

Asteraceae

1

1

72

Gerbera jamesonii Bolus

African daisy

Asteraceae

1

1

73

Gladiolus dalenii Van Geel

Iridaceae

1

1

74

Gynura aurantiaca (Bl.) DC.

purple passion

Asteraceae

1

1

zebra plant

Xanthorrhoeaceae

1

1

Algerian ivy

Araliaceae

1

1

75

Haworthia attenuata (Haw.) G. D.
Rowley

76

Hedera algeriensis Hibberd

77

Hedera helix f. helix

dragon-head lily, sword
lily

Araliaceae
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1

1

1

1
1

1

1

1

Accidental

Euphorbia maculata L.

Invasive

61

Naturalised

Family

Casual

Common name

Cultivated

Scientific name

No.

Forestry

Ornamental

Sl.

Introduction pathways
Horticulture

Status

lobster claw

Heliconiaceae

1

1

79

Heliotropium arborescens L.

cherry pie, heliotrope

Heliotropiaceae

1

1

80

Heuchera sanguinea Engelm.

coral bells

Saxifragaceae

1

1

81

Hibiscus rosa-sinensis L.

Malvaceae

1

1

Cactaceae

1

China rose, Chinese
hibiscus

Hylocereus undatus (Haw.) Britton &

dragon fruit, moonlight

Rose

cactus

83

Impatiens glandulifera Royle

Himalayan balam

Balsaminaceae

1

1

84

Impatiens walleriana Hook. f.

busy Lizzy, sultanas

Balsaminaceae

1

1

shrimp plant

Acanthaceae

1

1

1

1

82

85

Justicia brandegeeana D. C. Wassh. &
L. B. Sm.

1

86

Kalanchoe blossfeldiana Poelln.

flaming katy

Crassulaceae

87

Kalanchoe delagoensis Eckl. & Zeyh.

mother of millions

Crassulaceae

1

1

88

Kalanchoe pinnata (Lam.) Pers.

air-plant, cathedral bells

Crassulaceae

1

1

89

Kleinia talinoides subsp. cylindricus
(Bgr.) G. D. Rowley

Asteraceae

1

1

90

Licuala grandis (T. Moore) H. Wendl.

ruffled fan palm

Arecaceae

1

1

91

Licuala spinosa Wurmb

Mangrove fan palm

Arecaceae

1

1

92

Limonia acidissima L.

wood apple

Rutaceae

1

268

1

Accidental

Heliconia rostrata Ruiz & Pav.

Invasive

78

Naturalised

Family

Casual

Common name

Cultivated

Scientific name

No.

Forestry

Ornamental

Sl.

Introduction pathways
Horticulture

Status

93
94
95

stenbald, living stones

Aizoaceae

1

1

Chinese fan palm

Arecaceae

1

1

Zamia palm

Zamiaceae

1

1

Cactaceae

1

1

Livistona chinensis (Jacq.) R. Br. ex
Mart.
Macrozamia riedlei (Fisch. ex Gaudich.)
C. A. Gardner

golden star cactus, lace

96

Mammillaria elongata DC.

97

Manilkara zapota (L.) P. Royen

chiku, sapote

Sapotaceae

1

98

Maranta leuconeura E. Morren

Prayer plant

Marantaceae

1

1

99

Markhamia lutea (Benth.) K. Schum.

Nile trumpet, siala tree

Bignoniaceae

1

1

100

Matricaria discoidea DC.

false chamomile

Asteraceae

101

Melocactus spp.

melon cactus

Cactaceae

1

102

Mesua ferrea L.

Iron wood, meusa

Calophyllaceae

1

1

103

Mimusops elengi L.

Sapotaceae

1

1

104

Monstera obliqua Miq.

Araceae

1

105

Morinda citrifolia L.

Rubiaceae

1

106

Muscari armeniacum H. J. Veitch

Asparagaceae

1

cactus

medler, Bakul, bullet
wood
Fonstermonstera
Noni, canary-wood, Indian
mulberry
grape hyacinth
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1

1

1
1

1
1
1

Accidental

Lithops spp.

Forestry

Ornamental

Family

Invasive

Common name

Naturalised

Scientific name

Casual

No.

Cultivated

Sl.

Introduction pathways
Horticulture

Status

Buddha's lamp

Rubiaceae

1

1

108

Nassella tenuissima (Trin.) Barkworth

white tussock

Poaceae

1

1

109

Neoregelia carolinae (Beer) L. B. Sm.

blushing bromeliad

Bromeliaceae

1

1

110

Nephelium lappaceum L.

Rambutan

Sapindaceae

1

111

Nephrolepis exaltata (L.) Schott

sword fern

Nephrolepidaceae

1

112

Onopordum acanthium L.

113

Opuntia stricta (Haw.) Haw.

erect prickly pear

Cactaceae

114

Oxalis triangularis A. St. -Hil.

false/purple shamrock

Oxalidaceae

115

Pachystachys lutea Nees

yellow candle

Acanthaceae

1

1

116

Passiflora coccinea Aubl.

red passion flower

Passifloraceae

1

1

117

Pelargonium hortorum Bailey

Geraniaceae

1

1

118

Peperomia maculosa (L.) Hook.

Radiator plant

Piperaceae

1

1

Philodendron xanadu Croat, Mayo & J.

Ferny type plant (Stephen

Boos

0775)

Araceae

1

1

120

Phoenix dactylifera L.

date palm

Arecaceae

1

121

Phormium tenax J. R. Forst. & G. Forst.

NZ flax (purple strappy)

Xanthorrhoeaceae

1

common reed

Poaceae

119

122

Phragmites australis (Cav.) Trin. ex
Steud.

1
1

Asteraceae

geranium, Zonal
Geranium
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Accidental

Mussaenda philippica A. Rich.

Invasive

107

Naturalised

Family

Casual

Common name

Cultivated

Scientific name

No.

Forestry

Ornamental

Sl.

Introduction pathways
Horticulture

Status

1

1
1

1

1

1

1
1
1

1

123

Phyllosasa tranquillans (Koidz.)
Demoly

124

Pilea cadierei Gagnep. & Guillaumin

125

Pilea serpyllacea (Kunth) Liebm.

126

Pinus monticola Douglas ex D. Don

127

Pinus radiata D. Don

128

Platycerium bifurcatum (Cav.) C. Chr.

129

aluminium plant

Poaceae

1

1

Urticaceae

1

1

Urticaceae

1

1

Pinaceae

1

1

Pinaceae

1

Staghorn fern

Polypodiaceae

1

1

Pleioblastus fortunei (Van Houtte) Nakai

pygmy bamboo

Poaceae

1

1

130

Polyscias fruticosa (L.) Harms

Ming aralia, teatree

Araliaceae

1

1

131

Portulacaria afra (L.) Jacq.

elephant bush

Portulacaceae

1

1

132

Prunus cerasifera Ehrh.

cherry plum

Rosaceae

1

1

133

Ravenala madagascariensis Sonn.

Traveller's palm

Strelitziaceae

1

1

134

Rhapis excelsa (Thunb.) A. Henry

Lady palm, bamboo palm

Arecaceae

1

1

135

Rosa multiflora Thunb.

Japanese rose

Rosaceae

1

1

136

Roystonea regia (Kunth) O. F. Cook

Royal palm

Arecaceae

1

1

137

Rudbeckia hirta L.

black-eyed Susan

Asteraceae

1

1

138

Russelia equisetiformis Schltdl. & Cham.

coral plant, fountain plant

Plantaginaceae

1

1

139

Scadoxus multiflorus (Martyn) Raf.

blood lily

Amaryllidaceae

1

1

silver pine
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1

Accidental

Forestry

Ornamental

Family

Horticulture

Common name

Introduction pathways

Invasive

Scientific name

Naturalised

No.

Casual

Sl.

Cultivated

Status

140

Schlumbergera russelliana (Hook.)
Britton & Rose

1

1

Cactaceae

1

1

1

1

Christmas/Thanksgiving

Schlumbergera truncata (Haw.) Moran

142

Sedum morganianum Walther

Burrow's tail, donkey's tail

Crassulaceae

143

Sedum rupestre L.

rock stonecrop

Crassulaceae

144

Solanum mauritianum Scop.

tobacco bush

Solanaceae

145

Spathiphyllum wallisii Regel

peace lily

Spathiphyllum

1

146

Spondias dulcis Soland. ex Forst. fil.

yellow plum

Anacardiaceae

1

147

Swietenia macrophylla G. King

Mahogony

Meliaceae

1

148

Syzygium aqueum (Burm.f.) Alston

water apple

Myrtaceae

1

1

clove

Myrtaceae

1

1

Syzygium aromaticum (L.) Merr. & L.
M. Perry

cactus

1
1

150

Terminalia alata Heyne ex Roth

Indian laurel, Saaj

Combretaceae

1

151

Theobroma cacao L.

Cacao, cocoa

Malvaceae

1

152

Thuja plicata Donn ex D. Don

canoe-cedar, giant cedar

Cupressaceae

1

153

Thunbergia erecta (Benth.) T. Anders.

154

Tradescantia sillamontana Matuda

King's mantle, bush
clockvine
cobwed spiderwort

Acanthaceae
Commelinaceae
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1
1
1
1

1
1
1
1

1

1
1

Accidental

Cactaceae

Forestry

thanksgiving cactus

141

149

Ornamental

Family

Invasive

Common name

Naturalised

Scientific name

Casual

No.

Cultivated

Sl.

Introduction pathways
Horticulture

Status

Salsify

Asteraceae

156

Vinca minor L.

lesser periwinkle

Apocynaceae

cotton palm

Arecaceae

1

1

157

Washingtonia filifera (Rafarin) H.
Wendl. ex de Bary

1
1

foxtail palm

Arecaceae

1

1

159

Zamioculcas zamiifolia (G. Lodd.) Engl.

ZZ plant

Araceae

1

1
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3

1

Wodyetia bifurcata A. K. Irvine

131

6

1

158

Total

Accidental

Tragopogon porrifolius L.

Invasive

155

Naturalised

Family

Casual

Common name

Cultivated

Scientific name

No.

Forestry

Ornamental

Sl.

Introduction pathways
Horticulture

Status

11

13

4

18

132

274

Appendix 5.1 List of a retrospectively assessed sample of alien plant species from the
Bhutan baseline inventory using the full Bhutan WRA system.
Sl.

Risk

Bhutan

rating*

WRA score

Species

Family

1

Abelmoschus esculentus

Malvaceae

M

-3

Accept

2

Abelmoschus moschatus

Malvaceae

M

4

Evaluate

3

Acacia auriculiformis

Fabaceae

M

10

Reject

4

Acacia koa

Fabaceae

-2

Accept

5

Acacia meansii

Fabaceae

H

18

Reject

6

Acalypha hispida

Euphorbiaceae

L

1

Evaluate

7

Acalypha wilkesiana

Euphorbiaceae

L

0

Evaluate

8

Acmella uliginosa

Asteraceae

L

12

Reject

9

Actinidia deliciosa

Actinidiaceae

L

-7

Accept

10

Aegle marmelos

Rutaceae

-8

Accept

11

Aeschynomene brasiliana

Fabaceae

8

Reject

12

Aeschynomene histrix

Fabaceae

0

Evaluate

13

Agapanthus africanus

Amaryllidaceae

L

8

Reject

14

Agave americana

Asparagaceae

M

15

Reject

15

Ageratina adenophora

Asteraceae

M

11

Reject

16

Ageratum conyzoides

Asteraceae

H

26

Reject

17

Agrostis capillaris

Poaceae

E

25

Reject

18

Ailanthus excelsa

Simaroubaceae

19

Reject

19

Alcea rosea

Malvaceae

M

10

Reject

20

Allamanda cathartica

Apocynaceae

M

15

Reject

21

Aloe vera

Xanthorrhoeaceae

L

13

Reject

22

Alopecurus pratensis

Poaceae

E

28

Reject

23

Alpina galanga

Zingiberaceae

3

Evaluate

24

Alysicarpus glumaceus

Fabaceae

L

7

Reject

25

Alysicarpus monilifer

Fabaceae

L

5

Evaluate

26

Alysicarpus rugosus

Fabaceae

L

7

Reject

27

Alyssum wulfenianum

Brassicaceae

L

0

Evaluate

28

Amaranthus blitum

Amaranthaceae

M

24

Reject

29

Amaranthus hybridus

Amaranthaceae

H

24

Reject

30

Amaranthus spinosus

Amaranthaceae

H

25

Reject

31

Amaranthus viridis

Amaranthaceae

M

20

Reject

32

Amaryllis belladonna

Amaryllidaceae

L

-3

Accept

33

Amberboa amberboi

Asteraceae

-2

Accept

34

Amberboa moschata

Asteraceae

2

Evaluate

35

Anoectochilus brevilabris

Orchidaceae

1

Evaluate

36

Anthurium scherzerianum

Araceae

3

Evaluate

No.

L
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Outcome

Sl.

Species

Family

37

Apium graveolens

Apiaceae

38

Aponogeton

Aponogetonaceae

No.

Risk

Bhutan

rating*

WRA score

H

madagascariensis
L

Outcome

21

Reject

-1

Accept

6

Reject

-3

Accept

39

Aptenia cordifolia

Aizoaceae

40

Arachis pintoi

Fabaceae

41

Araucaria araucana

Araucariaceae

M

-1

Accept

42

Araucaria columnaris

Araucariaceae

L

-6

Accept

43

Argemone mexicana

Papaveraceae

H

21

Reject

44

Aristolochia indica

Aristolochiaceae

L

-3

Accept

45

Asparagus densiflorus

Asparagaceae

L

16

Reject

46

Aster alpinus

Asteraceae

L

7

Reject

47

Astragalus falcatus

Fabaceae

2

Evaluate

48

Atropa belladonna

Solanaceae

L

10

Reject

49

Avena sativa

Poaceae

H

5

Evaluate

50

Axonopus compressus

Poaceae

E

14

Reject

51

Axonopus fissifolius

Poaceae

L

20

Reject

52

Azadirachta indica

Meliaceae

E

9

Reject

53

Begonia venusta

Bignoniaceae

-2

Accept

54

Beta vulgaris

Amaranthaceae

E

-7

Accept

55

Bifora testiculata

Apiaceae

L

14

Reject

56

Bixa orellana

Bixaceae

H

1

Evaluate

57

Bothriochloa insculpta

Poaceae

L

19

Reject

58

Bouea macrophylla

Anacardiaceae

-7

Accept

59

Bougainvillea spectabilis

Nyctaginaceae

L

2

Evaluate

60

Brachiaria brizantha

Poaceae

M

15

Reject

61

Brachiaria decumbens

Poaceae

H

20

Reject

62

Brachiaria ruziziensis

Poaceae

L

6

Reject

63

Brachyscome iberidifolia

Asteraceae

L

3

Evaluate

64

Brassica napus

Brassicaceae

H

13

Reject

65

Brassica oleracea

Brassicaceae

H

-4

Accept

66

Brassica rapa

Brassicaceae

E

10

Reject

67

Breynia disticha

Phyllanthaceae

L

1

Evaluate

68

Bromus erectus

Poaceae

H

14

Reject

69

Bromus hordeaceus

Poaceae

M

18

Reject

70

Bromus inermis

Poaceae

E

22

Reject

71

Brugmansia suaveolens

Solanaceae

L

20

Reject

72

Bulbophyllum depressum

Orchidaceae

-1

Accept

73

Bursera linanoe

Burseraceae

0

Evaluate
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Sl.

Risk

Bhutan

rating*

WRA score

Species

Family

74

Butomus umbellatus

Butomaceae

H

23

Reject

75

Cabomba caroliniana

Cabombaceae

M

27

Reject

76

Caesalpinia bonduc

Fabaceae

L

15

Reject

77

Caesalpinia pulcherrima

Fabaceae

L

5

Evaluate

78

Caladium bicolor

Araceae

L

6

Reject

79

Calliandra haematocephala

Fabaceae

L

3

Evaluate

80

Callistemon citrinus

Myrtaceae

L

4

Evaluate

81

Camellia sinensis

Theaceae

L

-4

Accept

82

Campanula medium

Campanulaceae

L

2

Evaluate

83

Cannabis sativa

Cannabaceae

H

12

Reject

84

Capsella bursa-pastoris

Brassicaceae

H

21

Reject

85

Capsicum annuum

Solanaceae

H

-1

Accept

86

Capsicum baccatum

Solanaceae

-2

Accept

87

Capsicum chinense

Solanaceae

-4

Accept

88

Capsicum frutescens

Solanaceae

L

5

Evaluate

89

Caragana arborescens

Fabaceae

H

14

Reject

90

Cassia grandis

Fabaceae

-3

Accept

91

Cassia javanica

Fabaceae

L

5

Evaluate

92

Castanea crenata

Fabaceae

L

-9

Accept

93

Cenchrus ciliaris

Poaceae

E

28

Reject

94

Centaurea cineraria

Asteraceae

5

Evaluate

95

Centranthus ruber

Caprifoliaceae

10

Reject

96

Centrosema acutifolium

Fabaceae

-6

Accept

97

Centrosema pubescens

Fabaceae

H

12

Reject

98

Ceratonia siliqua

Fabaceae

H

2

Evaluate

99

Chaenomeles speciosa

Rosaceae

M

0

Evaluate

100

Chamaedorea cataractarum

Arecaceae

L

-4

Accept

101

Chamaedorea microspadix

Arecaceae

-2

Accept

102

Chiloschista yunnanensis

Orchidaceae

-5

Accept

103

Christia vespertilionis

Fabaceae

-2

Accept

104

Chromolaena odorata

Asteraceae

H

29

Reject

105

Chrysanthemum indicum

Asteraceae

L

-1

Accept

106

Cichorium endivia

Asteraceae

M

-5

Accept

107

Cichorium intybus

Asteraceae

E

2

Evaluate

108

Cinnamomum camphora

Lauraceae

E

8

Reject

109

Cirsium japonicum

Asteraceae

L

8

Reject

110

Cistanthe tweedyi

Montiaceae

-9

Accept

111

Citrus hystrix

Rutaceae

-2

Accept

No.
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M

Outcome

Sl.

Risk

Bhutan

rating*

WRA score

Species

Family

112

Citrus insitorum

Rutaceae

-4

Accept

113

Citrus japonica

Rutaceae

-6

Accept

114

Clematis vitalba

Ranunculaceae

H

25

Reject

115

Clerodendrum thomsoniae

Lamiaceae

L

12

Reject

116

Codiaeum variegatum

Euphorbiaceae

L

-6

Accept

117

Consolida ajacis

Ranunculaceae

L

12

Reject

118

Convallaria majalis

Asparagaceae

M

15

Reject

119

Corchorus olitorius

Malvaceae

H

15

Reject

120

Coreopsis tinctoria

Asteraceae

M

10

Reject

121

Coriandrum sativum

Apiaceae

M

5

Evaluate

122

Cosmos bipinnatus

Asteraceae

M

11

Reject

123

Cosmos sulphureus

Asteraceae

M

15

Reject

124

Crassocephalum

Asteraceae

M

19

Reject

No.

crepidioides

Outcome

125

Crocosmia x crocosmiiflora

Iridaceae

M

7

Reject

126

Crotalaria micans

Fabaceae

L

6

Reject

127

Cucumis melo

Cucurbitaceae

H

-3

Accept

128

Cucumis sativus

Cucurbitaceae

M

1

Evaluate

129

Cucurbita ficifolia

Cucurbitaceae

L

-6

Accept

130

Cucurbita moschata

Cucurbitaceae

L

-6

Accept

131

Cucurbita pepo

Cucurbitaceae

1

Evaluate

132

Curcuma longa

Zingiberaceae

133

Curcuma zedoaria

134

L

-10

Accept

Zingiberaceae

-1

Accept

Cycas circinalis

Cycadaceae

-4

Accept

135

Cycas revoluta

Cycadaceae

-2

Accept

136

Cyclamen persicum

Primulaceae

1

Evaluate

137

Cylindropuntia leptocaulis

Cactaceae

9

Reject

138

Cymbopogon distans

Poaceae

10

Reject

139

Cymbopogon martini

Poaceae

10

Reject

140

Cymbopogon winterianus

Poaceae

-5

Accept

141

Cynosurus cristatus

Poaceae

H

25

Reject

142

Cytisus proliferus

Fabaceae

L

14

Reject

143

Dactylis glomerata

Poaceae

E

24

Reject

144

Dahlia pinnata

Asteraceae

5

Evaluate

145

Datura ferox

Solanaceae

M

23

Reject

146

Delonix regia

Fabaceae

M

-3

Accept

147

Desmodium discolor

Fabaceae

2

Evaluate

148

Dianthus chinensis

Caryophyllaceae

7

Reject

L
L
L
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Sl.

Risk

Bhutan

rating*

WRA score

Species

Family

149

Dichondra repens

Convolvulaceae

M

6

Reject

150

Digitalis purpurea

Plantaginaceae

H

16

Reject

151

Digitaria milanjiana

Poaceae

L

18

Reject

152

Digitaria natalensis

Poaceae

3

Evaluate

153

Dioscorea esculenta

Dioscoraceae

-2

Accept

154

Diospyros kaki

Ebenaceae

L

-6

Accept

155

Dombeya burgessiae

Malvaceae

L

-5

Accept

156

Dorycnium hirsutum

Fabaceae

-1

Accept

157

Dracaena fragrans

Asparagaceae

1

Evaluate

158

Dracocephalum tanguticum

Lamiaceae

1

Evaluate

159

Dypsis lutescens

Amaranthaceae

L

3

Evaluate

160

Dysphania ambrosioides

Amaranthaceae

M

21

Reject

161

Echinochloa esculenta

Poaceae

L

5

Evaluate

162

Eleutherine bulbosa

Iridaceae

L

-1

Accept

163

Erigeron floribundus

Asteraceae

L

16

Reject

164

Erigeron karvinskianus

Asteraceae

M

14

Reject

165

Eryngium foetidum

Apiaceae

M

12

Reject

166

Eucalyptus globulus

Myrtaceae

H

14

Reject

167

Eucalyptus robusta

Myrtaceae

L

5

Evaluate

168

Euonymus americanus

Celastraceae

7

Reject

169

Euonymus europaeus

Celastraceae

M

6

Reject

170

Euphorbia cotinifolia

Euphorbiaceae

L

-1

Accept

171

Euphorbia leucocephala

Euphorbiaceae

L

-1

Accept

172

Euphorbia milii

Euphorbiaceae

L

1

Evaluate

173

Fagopyrum esculentum

Polygonaceae

M

5

Evaluate

174

Festuca pratensis

Poaceae

E

21

Reject

175

Festuca rubra

Poaceae

H

13

Reject

176

Ficus carica

Moraceae

E

14

Reject

177

Filipendula vulgaris

Rosaceae

L

19

Reject

178

Foeniculum vulgare

Apiaceae

H

24

Reject

179

Fragaria x ananassa

Rosaceae

-4

Accept

180

Galium aparine

Rubiaceae

H

21

Reject

181

Gamochaeta pensylvanica

Asteraceae

L

12

Reject

182

Gardenia jasminoides

Rubiaceae

L

3

Evaluate

183

Genista stenopetala

Fabaceae

L

5

Evaluate

184

Genista tinctoria

Fabaceae

H

13

Reject

185

Ginkgo biloba

Ginkgonaceae

L

2

Evaluate

186

Gladiolus murielae

Iridaceae

-8

Accept

No.
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187

Glandularia hybrida

Verbenaceae

L

3

Evaluate

188

Gleditsia triacanthos

Fabaceae

E

19

Reject

189

Gomphocarpus physocarpus

Apocynaceae

L

27

Reject

190

Gossypium hirsutum

Malvaceae

M

11

Reject

191

Guizotia abyssinica

Asteraceae

M

5

Evaluate

192

Heteropogon contortus

Poaceae

H

25

Reject

193

Hibiscus mutabilis

Malvaceae

L

2

Evaluate

194

Hibiscus sabdariffa

Malvaceae

M

9

Reject

195

Holcus lanatus

Poaceae

E

24

Reject

196

Hordeum vulgare

Poaceae

H

-2

Accept

197

Hygrophila corymbosa

Acanthaceae

14

Reject

198

Hymenocallis littoralis

Amaryllidaceae

6

Reject

199

Hyophorbe indica

Arecaceae

-12

Accept

200

Hyophorbe lagenicaulis

Arecaceae

-1

Accept

201

Inula racemosa

Asteraceae

-1

Accept

202

Inula royleana

Asteraceae

4

Evaluate

203

Ipomoea aquatica

Convolvulaceae

22

Reject

204

Ipomoea jalapa

Convolvulaceae

9

Reject

205

Iris pseudacorus

Iridaceae

H

17

Reject

206

Ixora coccinea

Rubiaceae

L

5

Evaluate

207

Jatropha curcas

Euphorbiaceae

H

24

Reject

208

Juniperus deppeana

Cupressaceae

L

2

Evaluate

209

Kalanchoe pinnata

Crassulaceae

M

26

Reject

210

Kerria japonica

Rosaceae

L

3

Evaluate

211

Kniphofia ensifolia

Asphodelaceae

0

Evaluate

212

Lablab purpureus

Fabaceae

H

1

Evaluate

213

Lagenaria siceraria

Cucurbitaceae

M

6

Reject

214

Lamprocapnos spectabilis

Papaveraceae

L

1

Evaluate

215

Lantana montevidensis

Verbenaceae

23

Reject

216

Lathyrus odoratus

Fabaceae

M

12

Reject

217

Lathyrus sylvestris

Fabaceae

H

9

Reject

218

Lepidium didymum

Brassicaceae

L

13

Reject

219

Lespedeza cyrtobotrya

Fabaceae

4

Evaluate

220

Leucaena diversifolia

Fabaceae

13

Reject

221

Leucaena leucocephala

Fabaceae

E

25

Reject

222

Leucanthemum × superbum

Asteraceae

L

4

Evaluate

223

Linaria vulgaris

Plantaginaceae

H

1

Evaluate

224

Lobelia erinus

Campanulaceae

M

7

Reject

No.
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Outcome
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Species

Family

225

Lolium multiflorum

Poaceae

226

Lolium x hybridum

Poaceae

227

Lotus corniculatus

Fabaceae

228

Lupinus cosentinii

229

No.

Risk

Bhutan

rating*

WRA score

E

Outcome

17

Reject

5

Evaluate

E

14

Reject

Fabaceae

L

4

Evaluate

Macrotyloma axillare

Fabaceae

M

14

Reject

230

Magnolia liliiflora

Magnoliaceae

-9

Accept

231

Malus pumila

Rosaceae

L

-5

Accept

232

Malva neglecta

Malvaceae

E

23

Reject

233

Malva pusilla

Malvaceae

L

19

Reject

234

Mangifera indica

Anacardiaceae

H

-1

Accept

235

Maranta cristata

Marantaceae

-5

Accept

236

Marsilea minuta

Marsileaceae

L

27

Reject

237

Matthiola incana

Brassicaceae

L

2

Evaluate

238

Mecardonia procumbens

Plantaginaceae

L

13

Reject

239

Medicago sativa

Fabaceae

E

18

Reject

240

Medicago scutellata

Fabaceae

M

20

Reject

241

Melinis minutiflora

Poaceae

H

18

Reject

242

Mesosphaerum suaveolens

Lamiaceae

H

15

Reject

243

Mikania micrantha

Asteraceae

H

26

Reject

244

Mimosa diplotricha

Fabaceae

H

29

Reject

245

Mimosa pudica

Fabaceae

E

17

Reject

246

Mitracarpus hirtus

Rubiaceae

L

10

Reject

247

Mollugo pentaphylla

Molluginaceae

13

Reject

248

Morus alba

Moraceae

E

8

Reject

249

Myristica fragrans

Myristicaceae

L

1

Evaluate

250

Nasturtium officinale

Brassicaceae

H

18

Reject

251

Neonotonia wightii

Fabaceae

M

22

Reject

252

Nervilia mackinnonii

Orchidaceae

-5

Accept

253

Nicotiana rustica

Solanaceae

L

6

Reject

254

Nopalea cochenillifera

Cactaceae

L

5

Evaluate

255

Nothoscordum borbonicum

Amaryllidaceae

L

15

Reject

256

Oenothera biennis

Onagraceae

E

19

Reject

257

Oenothera rosea

Onagraceae

L

9

Reject

258

Olneya tesota

Fabaceae

-7

Accept

259

Onobrychis caput-galli

Fabaceae

L

3

Evaluate

260

Onobrychis crista-galli

Fabaceae

L

4

Evaluate

261

Onobrychis viciifolia

Fabaceae

H

2

Evaluate

262

Opuntia monacantha

Cactaceae

M

26

Reject

281

Sl.

Species
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263

Origanum majorana

Lamiaceae

264

Oxalis corniculata

Oxalidaceae

265

Panicum antidotale

266

No.

Risk

Bhutan

rating*

WRA score

Outcome

5

Evaluate

H

25

Reject

Poaceae

H

19

Reject

Papaver somniferum

Papaveraceae

H

18

Reject

267

Pelargonium graveolens

Geraniaceae

-9

Accept

268

Pelargonium zonale

Geraniaceae

L

9

Reject

269

Pennisetum purpureum

Poaceae

E

22

Reject

270

Peperomia pellucida

Piperaceae

M

17

Reject

271

Persicaria maculosa

Polygonaceae

M

24

Reject

272

Petrea volubilis

Verbenaceae

1

Evaluate

273

Phalaris aquatica

Poaceae

L

27

Reject

274

Phalaris arundinacea

Poaceae

E

24

Reject

275

Phaseolus coccineus

Fabaceae

-4

Accept

276

Phaseolus lunatus

Fabaceae

11

Reject

277

Philodendron bipinnatifidum

Araceae

-1

Accept

278

Philodendron pedatum

Araceae

1

Evaluate

279

Phleum pratense

Poaceae

E

29

Reject

280

Phoenix reclinata

Arecaceae

M

11

Reject

281

Phoenix roebelenii

Arecaceae

-4

Accept

282

Phyla nodiflora

Verbenaceae

E

12

Reject

283

Phyllostachys aurea

Poaceae

H

11

Reject

284

Phyllostachys nigra

Poaceae

M

13

Reject

285

Physalis pubescens

Solanaceae

M

14

Reject

286

Pieris japonica

Ericaceae

L

-1

Accept

287

Pinus contorta

Pinaceae

E

13

Reject

288

Platycladus orientalis

Cupressaceae

L

-2

Accept

289

Plectranthus scutellarioides

Lamiaceae

L

10

Reject

290

Poa compressa

Poaceae

E

21

Reject

291

Polianthes tuberosa

Asparagaceae

-9

Accept

292

Polyalthia longifolia

Annonaceae

-1

Accept

293

Polygonum aviculare

Polygonaceae

H

22

Reject

294

Populus nigra

Salicaceae

H

18

Reject

295

Portulaca oleracea

Portulacaceae

E

25

Reject

296

Primula sinensis

Primulaceae

0

Evaluate

297

Primulina dryas

Gesneriaceae

L

-6

Accept

298

Prunus serrulata

Rosaceae

L

7

Reject

299

Psidium guajava

Myrtaceae

E

25

Reject

300

Ranunculus acris

Ranunculaceae

H

28

Reject

M
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301

Raphanus raphanistrum

Brassicaceae

302

Rhododendron japonicum

Ericaceae

303

Ribes rubrum

Grossularaiceae

304

Ribes triste

305

No.

Risk

Bhutan

rating*

WRA score

H

Outcome

15

Reject

-1

Accept

M

9

Reject

Grossularaiceae

L

-2

Accept

Ribes uva-crispa

Grossularaiceae

M

7

Reject

306

Robinia pseudoacacia

Fabaceae

E

21

Reject

307

Rosa alba

Rosaceae

-7

Accept

308

Rosa banksiae

Rosaceae

-4

Accept

309

Rosa indica

Rosaceae

-9

Accept

310

Rosmarinus officinalis

Lamiaceae

M

7

Reject

311

Rubus idaeus

Rosaceae

H

12

Reject

312

Rubus loganobaccus

Rosaceae

13

Reject

313

Rubus ursinus

Rosaceae

L

1

Evaluate

314

Rumex acetosella

Polygonaceae

H

31

Reject

315

Sambucus nigra

Adoxaceae

E

13

Reject

316

Santalum album

Santalaceae

M

6

Reject

317

Saraca asoca

Fabaceae

2

Evaluate

318

Schefflera actinophylla

Araliaceae

M

15

Reject

319

Schismus arabicus

Poaceae

H

19

Reject

320

Scoparia dulcis

Plantaginaceae

M

22

Reject

321

Securigera varia

Fabaceae

H

20

Reject

322

Senna spectabilis

Fabaceae

H

11

Reject

323

Sesamum indicum

Pedaliaceae

L

11

Reject

324

Sesbania bispinosa

Fabaceae

M

15

Reject

325

Setaria helvola

Poaceae

H

20

Reject

326

Setaria incrassata

Poaceae

L

8

Reject

327

Setaria italica

Poaceae

E

16

Reject

328

Setaria sphacelata

Poaceae

H

24

Reject

329

Silene armeria

Caryophyllaceae

L

14

Reject

330

Silene coronaria

Caryophyllaceae

M

3

Evaluate

331

Solanum betaceum

Solanaceae

L

6

Reject

332

Solanum muricatum

Solanaceae

L

1

Evaluate

333

Solanum nigrum

Solanaceae

H

20

Reject

334

Solanum pimpinellifolium

Solanaceae

L

6

Reject

335

Solanum pseudocapsicum

Solanaceae

M

23

Reject

336

Solanum villosum

Solanaceae

M

12

Reject

337

Sorghastrum nutans

Poaceae

M

15

Reject

338

Spermacoce alata

Rubiaceae

L

8

Reject

L
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339

Spinacia oleracea

Amaranthaceae

340

Spiranthes spiralis

Orchidaceae

341

Sterculia foetida

Malvaceae

342

Stuckenia pectinata

Pontamogetonaceae

343

Stylosanthes capitata

Fabaceae

344

Stylosanthes guianensis

Fabaceae

345

Stylosanthes scabra

346

No.

Risk

Bhutan

rating*

WRA score

M

Outcome

-9

Accept

-2

Accept

M

3

Evaluate

L

18

Reject

8

Reject

M

17

Reject

Fabaceae

H

12

Reject

Stylosanthes viscosa

Fabaceae

M

9

Reject

347

Symphyotrichum laeve

Asteraceae

L

14

Reject

348

Synedrella nodiflora

Asteraceae

M

19

Reject

349

Syringa persica

Oleaceae

-7

Accept

350

Tagetes erecta

Asteraceae

H

6

Reject

351

Tagetes minuta

Asteraceae

H

22

Reject

352

Thrixspermum japonicum

Orchidaceae

3

Evaluate

353

Tithonia diversifolia

Asteraceae

M

19

Reject

354

Tradescantia virginiana

Commelinaceae

L

14

Reject

355

Tradescantia zebrina

Commelinaceae

M

15

Reject

356

Tragopogon dubius

Asteraceae

H

17

Reject

357

Triadica sebifera

Euphorbiaceae

L

21

Reject

358

Tribulus terrestris

Zygophyllaceae

E

24

Reject

359

Tridax procumbens

Asteraceae

H

18

Reject

360

Trifolium ambiguum

Fabaceae

1

Evaluate

361

Trifolium baccarinii

Fabaceae

2

Evaluate

362

Trifolium burchellianum

Fabaceae

L

-3

Accept

363

Trifolium dubium

Fabaceae

E

19

Reject

364

Trifolium fragiferum

Fabaceae

E

17

Reject

365

Trifolium hirtum

Fabaceae

M

11

Reject

366

Trifolium incarnatum

Fabaceae

H

12

Reject

367

Trifolium lugardii

Fabaceae

2

Evaluate

368

Trifolium mattirolianum

Fabaceae

6

Reject

369

Trifolium medium

Fabaceae

19

Reject

370

Trifolium pichisermollii

Fabaceae

0

Evaluate

371

Trifolium polystachyum

Fabaceae

4

Evaluate

372

Trifolium quartinianum

Fabaceae

5

Evaluate

373

Trifolium repens

Fabaceae

E

20

Reject

374

Trifolium subterraneum

Fabaceae

H

16

Reject

375

Trifolium tembense

Fabaceae

8

Reject

376

Tripsacum andersonii

Poaceae

-2

Accept

M

L
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377

Tropaeolum majus

Tropaeolaceae

M

15

Reject

378

Vaccinium myrtillus

Ericaceae

L

5

Evaluate

379

Vachellia farnesiana

Fabaceae

E

19

Reject

380

Vachellia nilotica

Fabaceae

E

16

Reject

381

Verbena hybrida

Verbenaceae

-2

Accept

382

Viburnum acerifolium

Adoxaceae

L

0

Evaluate

383

Vicia tenuifolia

Fabaceae

L

3

Evaluate

384

Vicia villosa

Fabaceae

H

12

Reject

385

Vicia villosa subsp. villosa

Fabaceae

M

16

Reject

386

Vigna luteola

Fabaceae

L

9

Reject

387

Vigna mungo

Fabaceae

L

-3

Accept

388

Vigna racemosa

Fabaceae

3

Evaluate

389

Vigna umbellata

Fabaceae

L

0

Evaluate

390

Vinca minor

Apocynaceae

H

24

Reject

391

Viola wittrockiana

Violaceae

L

-5

Accept

392

Wisteria floribunda

Fabaceae

M

19

Reject

393

Xeranthemum annuum

Asteraceae

L

3

Evaluate

394

Zantedeschia aethiopica

Araceae

H

23

Reject

395

Zea mays

Poaceae

H

5

Evaluate

396

Zephyranthes carinata

Amaryllidaceae

L

3

Evaluate

397

Zingiber mioga

Zingiberaceae

-4

Accept

398

Zornia glabra

Fabaceae

-3

Accept

399

Zornia latifolia

Fabaceae

L

2

Evaluate

400

Zoysia matrella

Poaceae

L

12

Reject

No.

*Risk rating from Randall (2017)

285

Outcome

