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Summary
Sri Lanka is blessed with a large number o f  native aquatics. However, the high demand 

for certain exotic plants in the export market has resulted in the importation o f  the exotics. Sub­
sequently. this has lead to the release o f  exotic aquatics with invasive potential to the natural 
environment and there is a possibility fo r  some o f  these plants to become invasive in future.

Under this context the unavailability o f  a comprehensive list o f  ornamental aquatics 
that are currently being traded stands as a barrier in monitoring exotic plants and conservation 
o f natural ecosystems from alien invaders. Hence, the present study was undertaken to gather 
information on the ornamental aquatics that are being traded and to compile an inventor}’.

Information gathered from state institutes/authorities and private sector growers re­
vealed that 389 species are currently on trade. O f which, exotics represents 62%, while natives 
and endemics represents 9% and 4 % respectively. Further, 3% were cultivated species while the 
remaining 22% included hybrids/cultivars, plants referred only by its genus or illegitimate 
names. The list contained plants identified as IAS and potential invasives in the country. Further, 
124 were listed in the Global Compendium o f  Weeds.

In the light o f  hitherto generated information, a long needed information gap has 
been fulfilled and this could be used to uplift the aquatic plant trade as a lucrative industry and 
by the authorities responsible fo r  the industry. As the industry is growing with a potential to 
establish as a stable foreign exchange generating venture in Sri Lanka the tension between the 
industiy and the regulations implemented has to be taken into account when developing strategies 
in overcoming the negative impacts on the aquatic plant biodiversity.
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INTRODUCTION

Aquatic plants have been widely used in 
traditional landscape practices in Sri Lanka. The 
aesthetics o f aquatic plants were appreciated in 
ancient literature which has continued for 
decades and a similar trend can be recognized 

even today where the incorporation o f aquatic 
plants is considered as a scenic superlative to a 
man made aquatic landscape. In addition to 
outdoor planting, incorporation o f aquatic plants 
in aquariums together with ornamental fish is 
also popular. This global trend has made aquatic 
plants an important element o f high demand. 
As a result many aquatic plants have been traded 
through various routes during the past few 
decades.

Sri Lanka has been a supplier for native and 
endemic aquatic plants to global demands for 
decades. Cryptocoryne and Lagenandra are two 
endemic genera that are on sale as popular 
aquarium plants and still being illegally collected 
from the wild for international trade. According 
to Slocum et a i, (1996) and Slocum, (2005), 
tubers o f  Nymphaea nouchali have been 
exported in thousands annually from Sri Lanka 
to the aquarium trade in America and Europe. 
S ubsequently , w ith the advancem ent o f  
propagation techniques for most o f these tropical 
plants, Europe grabbed the strongest market for 
aquatic plants for many years. However, once 
again  Sri Lanka at p resen t is g radually  

estab lish ing  its position  as a supp lier o f 
freshwater aquatic plants in the form o f cuttings,

modified stems, or whole plants. Even though Sri 
Lanka harbours a larger number o f naturally 
occurring aquatics, there is a high demand for 
certain exotic plants in the export market which 
has resulted in the importation of alien plants 
into the country  for propagation and re­
exportation. Subsequently, the ornamental 
aquatic plant industry has grown substantially 
in Sri Lanka and with a potential to become a 
major foreign exchange generating venture in 
future.

Once escaped  from th e ir controlled  
environments, some o f these exotic aquatic 
species, commonly referred as alien plants, have 
the potential to invade extensively into the natural 
environment posing a detrimental threat to the 
local biodiversity, agriculture and recreation. 
Many such events have been encountered in Sri 
Lanka in the past.

Eichhornia crassipes (Water Hyacinth) and 
Salvinia molesta are two classic examples for 
alien aquatics introduced to Sri Lanka because 
o f  their ornamental value but subsequently 
becam e a m enace to its biodiversity, and 
irrigation  system s, adversely  affec ting  
agriculture and natural wetlands (Figure 1). Due 
to its rapid spread , two years a fte r the 
introduction o f E. crassipes to the island, the 
Water Hyacinth Ordinance was enacted in 1909 
to bring the enormous amount o f biomass that 
was rapidly covering water bodies and canals 
under control. In 1980’s biological control 
methods were adopted by introducing Water 
Hyacinth weevils, Neochetina eichhorniae and
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N. btuchi (Marambe, 2001). However, after more 
than a century Sri Lanka has still not been able to 
keep it under control, and it continues to causes 
problems in conservation of wetland biodiversity, 
choking water bodies and irrigation schemes.

The spread of S. molesta was also rapid as it 
occupied 22,000 acres by 1950 after it was first 

introduced to the country in 1939 (Senaratne, 
1943). The rapid spread could also be attributed 
to its occupation o f large water-bodies in the dry- 
zone which was promoted during the Second 
World War to mimic bare land for landing of 
enemy aircrafts (pers. comm. DMS Dissanayake, 
Araula, Dambulla). The plant was declared a weed 
under Plant P ro tection  Act in 1956 and 
subsequently an island wide eradication campaign 
was initiated in 1957 (Williams, 1956). The 
combating activities were also attempted via 
biological control using ‘Salvinia bee tle’, 
Cyrtobagous salvineae, which was fairly 
effective (Amarasinghe and Eknaligoda, 1997).

Several other plants that are traded as aquarium 
or pond plants are also considered as naturalized 
in local waterbodies. Bambaradeniya(2001 and 
2008) iden tified  Egeria densa , Hydrilla  
verticillata, and Pistia stratiotes as alien invasive 
species naturalized in water bodies of the Western 
Province. There have been few other species added 
to this list in recent past that warrant attention. 
Yakandawala and Yakandawala (2007) reported 
three other additions Ludwigia sedioides, 
Mayaca fluviatilis and Echinodorus spp., as 
potential invasives to the list that were found in 
local water bodies in the Western Province of Sri

Lanka and are popular aquatics in aquariums and 
in aquatic landscaping (Figures 2 -  5).

Myriophyllum aquaticum  has also been 
recorded in large scale in the Gregory’s Lake in 
Nuwara-Eliya, possibly another escape from a 
controlled environm ent (pers. com. Sujith 
R atnayake, M inistry  o f  E nvironm ent and 
Renewable Energy, Sri Lanka).

The most recent addition into the list is a 
violet flowered water-lily which is o f great 
interest as it opened up a new chapter in invasive 
alien plant research in Sri Lanka while reiterating 
the im portance o f proper identification o f 

organisms. The flawed identification of a violet 
flow ered  w a te r-lily  as N. nouchali and 
subsequent recognition as the national flower 

of Sri Lanka (‘Nil manel’), overlooked its threat 
to the local biota and invasiveness.

This exotic violet flowered water lily has been 

invading the local water bodies silently and 
continued to be unnoticed due to its erroneous 
identification (Yakandawala and Yakandawala, 
2011). There are no records o f its arrival in the 
country but the landscape industry was believed 
to have played a role.
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Figure 1: N atural wetlands threatened by ornam ental aquatics -  
A: Invasions by Eichhornia crassipes and B: Salvinia nwlesta. 

natives competing for the habitat with invasives

4



Yakandawala. Yakandawala, Sathurusinghe & Gunasekara

Figure 2: Escapes from aquatic plants nurseries Ludwigia sedioides growing in 
dense mats in the forefront and Echinodorus spp., in the backdrop on wet soils 
A: during the dry season in year 2006 and B: during the wet season in 2007.
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Figure 3: After six years in 2013 at the same vicinity Echinodorus sp. has spread 
around while Ludwigia sedioides is confined to the center where water collects.
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Figure 4: Escapes from aquatic plants nurseries -  Ludwigia sedioides and Mayaca 
fluviatilis. Note, A: the dense grow th of Mayaca fluviatilis growing 

below the surface of the w ater during wet season and 
B: their survival on wet soil during dry season.

7



The Sri Lanka Forester, Vol. 35, 2013, 01-106

According to present observations, the plant 
occurs in all three major climatic zones of the 
country and has invaded local water bodies. This 
flower is offered in shrines and also popular in 
floral decorations. Unless immediate steps are 
taken to reinstate the scientifically correct 
N. nonchali as the national flower o f Sri Lanka 
and come up with awareness programs for 
controlling the spread o f this alien plant, it will 
continue to invade silently (Figure 6).

Invasion o f alien plants through the aquatic 
o rnam en tal p lan t industry  is a problem  
w orldw ide . O ver 85%  o f  dec lared  and 
n a tu ra lised  aqua tic  w eeds in A ustra lia  
(Petroeschevsky and Champion, 2008) and 75% 
of the declared aquatic weeds in New Zealand are 
aquarium or pond plants (Champion and Clayton, 
2000). In Japan over 40 such plants have been 
recorded (Kadono, 2004) while 76% o f all aquatic 
plants introduced into southern New England have 

escaped from cultivation (Les and Mehrhoff, 
1999). As a result, the industry is considered as 
an ‘unregulated industry’ by many scientists as 
most of the noxious in vasi ves have spread directly 
via the trade as either intentional introductions for 
ornamental use or subsequent use as ornamentals 
after the initial introduction. The problem is even 
becoming severe as most o f these plants are now 
on sale via the mail order/intemet (Kay and Hoyle, 
2001; Padilla and Williams, 2004; Petroeschevsky 
and Champion, 2008). According to Kay and Hoyle 
(2001), there are more than 11 million hobbyists 
in the US alone supporting a $25 billion/year 
worldwide industry in aquarium and aquatic 
ornamental species, most o f  which are obtainable

through mail order and via the Internet. 
International organizations/govemments are now 
giving a priority in analysing the risk and 
com piling data for prevention o f  further 
introductions. The National Aquatic Weeds 
Management Group in Australia in a team work 
identified 25 high-risk aquatic plant species and 
recommended them to be banned nationally 
(P etroeschevsky  and C ham pion, 2008). 
Pathw ay analyses are regarded as a very 
efficient method/tool to address the risks posed 
by invasive alien species. In 2009, Brunei 
conducted a pathway analysis on aquatic plants 
im ported in EPPO region (European and 
Mediterranean Plant Protection Organization) to 
identify invasive or potentially invasive alien 
plants that could be introduced into the region. 
The study resulted in identifying plants with risks 
at different levels, and plant species for fiirther 
monitoring/investigation.

The present study makes a case for the need 
o f increased attention to the threat posed by alien 
aquatic plants that are being introduced via 
ornamental aquatic plant industry in Sri Lanka. 

At present, the unavailability of a comprehensive 
list o f ornamental aquatic plants that are currently 
being imported and/or propagated for the export 
market stands as a barrier in monitoring alien 
p lan ts and the conservation  o f  natural 
ecosystems from alien invaders. Therefore, the 
main objective of the present study was to gather 
information on the ornamental aquatic plants that 

are being traded in the country and compile a 
list o f ornamental aquatic plants. These statistics 
would provide base line information for further
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Figure 5: Established populations along watercourses -  A: Mayaca Jluviatilis and 
B: Ludwigia sedioides along waterways in the Western Province. Crowing on flowing 

water increases the possibility of dow nstream  contam ination. Note 
that both plants are capable of establishing through stem fragm ents/parts.
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F ig u r e  6: Exot ic  Aym phaea  species  in v a d in g  the  n a t u r a l  w a t e r  bod ies  as  a si lent 
invader .  N ote  the  l a rg e  n u m b e r  o f  epiphyllous p la n t l e t s  t h a t  h a s  d ev e lo p e d  f r o m  the

m o t h e r  p lan t .
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research in identifying their potential threats and 

conservation o f aquatic ecosystems in Sri Lanka.

Further, in this paper we would also highlight 
the tension between the ornamental aquatic plant 
industry and the attem pts to support the 
conservation o f wetland biodiversity, and the 
negative impacts from ornam ental aquatic 
invasives. In addition, we suggest relatively simple 
measures that the state authorities and policy 
makers can adopt in management plans for 
sustainable development o f the aquatic plant 
industry as well as to conserve biodiversity and 
prevent wetland degradation.

MATERIALS AND METHODS 

Identification of species in the trade

A list for different ornamental aquatic plants 
o f Sri Lanka that are currently  im ported/ 
exported/ and on sale was complied by obtaining 
data from the Forest Department, Sri Lanka 

Customs Air Cargo terminal at the Bandaranayake 
International Airport, The National Aquaculture 
Development Authority o f Sri Lanka (NAQDA), 
The National Aquatic Resources Research and 
Development Agency (NARA), and private 
growers either by visits, personal communication, 
or through their ‘sale lists’ provided on the 
internet. During compilation, it was necessary to 
work on authentication o f the taxonomy o f the 
traded species as mistakes in the plant names that 
were used in the trade were evident.

Compiling the legitimate species list of 
ornamental aquatic plants

Corrections for illegitimate species, species 
combination and synonyms was carried out based 
on The International Plant Names Index (IPNI, 
2004), The Plant List (The Plant List, 2010), 
Tropicos (hosted by the Missouri Botanical 
G arden) and The G erm plasm  R esources 
Information Network (GRIN, 2009). A list of 
globally traded plants was collated from extensive 
databases o f aquarium species (Booth, 2002; 
Ruzek, 1996-2007) and other literature (Slocum 
and Robinson, 1996; Slocum et al., 1996) for 
checking the names o f the ornamental aquatics. 
The complied list was analysed using descriptive 
statistics to estimate the endemics, natives and 
exotics. Based on the compiled list, potential 

weeds or plants currently on the world invasive 
plant list were identified (Randall, 2012; Lowe et 
al., 2000). The endangered  species w ere 
identified using National Red Data Book (Ministry 
o f Environment, Sri Lanka, 2012).

RESULTS

The taxonomic investigation revealed that 
many nomenclatural errors are inherited in the 
current list o f ornamental aquatic plants o f  Sri 
Lanka, especially in the lists provided by the 
growers and traders. Consequently, the lists 
compiled by the government authorities also 
carried the same errors into their lists. The errors 
were broadly grouped into two generalized 
categories as (i) nom enclatural errors and 
(ii) mis-matches and erroneous identifications.
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1. Nomenclature! errors 

/. Use o f synonyms

Instead o f  using the legitimate name, a 
num ber o f  species were referred by their 
synonyms. As examples, Nymphaea nouchali 
Burm.f. by its synonym Nymphaea stellata 
Willd.; Sagittariasubulata (L.) Buchenau by its 
synonym Sagittaria pusilla Nutt, and Azolla 
fiticu lo ides  Lam. by its synonym  Azolla  
caroliniana Willd. (The plant list, 2010).

iL Unrecognised names

In instances where a plant was listed by a 

common name or a illegitimate name it could not 

be identified. Such names were retained in the list. 

Hydrilla verticillata (L.f.) Royle is the only 

accepted species name for the genus Hydrilla, 

with 17 synonyms. However, the present compiled 

list had other species names (viz. ‘Hydrilla najans’, 

and ‘Hydrilla natans’) that could not be placed 

under any category. In some instances Hydrilla 

was mixed up with Elodea (‘Hydrilla (Elodea) 

Crispa’) and Egeria ( ‘Hydrilla (Egeria) Najas’). 

It is possib le  tha t the form er is Hydrilla 

verticillata var. crispa Casp. while the later being 

Egeria najas Planch. Plants by these names are 

available and are exported, and in addition are sold 

on the web as aquarium plants globally.

iiL Spelling mistakes

Several mistakes occurred during spelling of 
the Latin names. As example in many instances, 
the generic name of Altemanthera was spelt as 
‘Altheneththra’ or as ‘Althenethra’. Specific 
epithet of the genus Cryptocoryne was misspelt 
in many instances; Cryptocoryne beckettii Thuill. 
ex Trim, was spelt as ‘C. becketi’ and C, wendtii 
de Wit as ‘C. wenditi' or ‘C. wendit ’.

Further, both ‘Chlorophytlum bicheii’ and 
‘Chlorophytum buchetii’ are not scientific 
names. These could be_a spelling mistake of 
Chlorophytum bichetii Backer which is a 
synonym o f Chlorophytum laxum R.Br., and is 
an aquarium plant. ‘Crinum aquatica’ is another 
plant name that does not exist and this could be 
either Crinum aquaticum Herb, or Crinum 
aquaticum  B urch, ex Spreng, both been 
synonyms o f  Crinum campanulatum Herb. 
‘Echinodorus vivipara’ could also be a spelling 
mistake as there is no such plant in flora or on 
sales lists on the web. This could most probably 
be Eleocharis vivipara, which is an aquarium 
plant.

m Plant names with ambiguities

Several plants were listed by a specific feature 
o f  ornam ental interest, which could be an 
improved variety/cultivar/hybrid. Certain instances 
this particular name was used to refer to more than 
one species. As an example Altemanthera ‘Green’ 
was used as a common name to refer to both

12



Yakandawala, Yakandawala. Sathurusinghe & Gunasekara

Alternanthera bettzickiana var. ‘Green’ and 
Alternanthera ficoidea  var. ‘G reen’ while 
Alternanthera  ‘R ed ’ is com m on to both 
Alternanthera bettzickiana var. ‘R ed’ and 
Alternanthera reineckii var.’Red’. In instances 
when a plant is referred only by the generic name 
(viz., Acorus sp., Alternanthera sp. and Bacopa 
sp.), it was difficult to decide on a species name 
and therefore this may cause over scoring o f the 
species number.

2. Mis-matches and
erroneous identifications

Wherever possible, the plant images on sale 

lists were checked. In some instances it was 
revealed that the plant that is referred by the 
name is not the plant that is on sale. Especially, 
the p lan ts’referred to as Nuphar sp. ‘Blue 
flower’, Nuphar sp. ‘White flower’, and Nuphar 
sp. ‘Pink flower’ were not Nuphar species, 
where Nuphar sp. ‘Blue flower’ and Nuphar 
sp. ‘White flower’, were Nymphaea species, 
w hile Nuphar sp. ‘P ink f lo w e r’ was a 
Nelumbium species. Further Nymphaea stellata 
(synonym o f N. nouchali) ‘White’, ‘Pink’ and 
‘Red’ carried images of horticultural cultivars/ 
hybrids of Nymphaea.

Composition of the ornamental aquatic 
plants

D ifferent lists provided by four State 
institutes/authorities and 15 private sector

growers, when compiled, added up to 443 
ornamental aquatic plant species as being traded 
as ornamental aquatic plants in Sri Lanka. Once 
the spelling m istakes and synonym s were 
corrected the number o f ornamental aquatic plant 
names was reduced to 389. This included 29 
plants that are referred only by the generic names 
which might be a repetition (eg., Vallisneria sp., 
Nuphar sp. and Alternanthera sp.). Considering 
taxonomic circumscriptions, 193 plants were 
recognised under species level, 74 included 
below species level taxa while 60 names that 
were not scientific names and 12 were common 
names. The list also included 20 synonyms.

Among the illegitimate names, names o f few 
p lan ts  such as ‘H ygroph ila  am m an iy a’, 
‘Ludwigia perruviansis’, and ‘Echinodorus 
barthigensergis’, are names that have not been 
recognised in any o f the aquatic plant lists or on 
the internet for sale. The list o f  ornamental 
aquatic plants generated from the study is given 
in the annexe 1.

All the plants in the list are exported and some 
are available in the local market. The list o f plants 
belongs to 43 plant families that included 36 
angiosperm plant families with 67 genera, 6 fern/ 

fem allies with 6 genera and 1 liverwort. O f the 
recorded ornamental aquatic plants, exotics 
represents 62%, while natives and endemics 
represents 9% and 4% respectively. Further, 3% 
were cultivated species. The remaining 22% 
included hybrids/cultivars o f either natives or 
endemics, plants referred only by its generic name 
and plants with illegitimate names. The highest 
plant number for a genus was 36, recorded by an
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exotic plant genus, Echinodorus (Alismataceae), 
which included 11 species, 7 varieties/cultivars/ 
hybrids, and 17 plants with illegitimate names ( 

figures 7-10) while the genus Hygrophila 
(Acanthaceae) recorded 22 plants of which only 

one species being native. Cryptocoryne (Araceae) 

recorded 21 species as ornamental aquatics in the 

traded list. This included 14 species o f which 7 

were endemic and 7 were exotic, and 7 varieties/ 

cultivars/hybrids o f endemic members.

The list included 4 plants that are currently 

identified as Invasive Alien Species in Sri Lanka 

o f which E. crassipes is in addition recognized 

under the 100 most invasive plants of the world 

(Bambaradeniya, 2008; Lowe et at., 2000). 

Further, the list contained plants that are identified 

as potential invasive plant in the country, which 

included Mayacafhiviatilis, Litdwigia sedioides 
and Echinodorus species. Checking each species 

against the Global Com pendium  o f  Weeds 

(Randall, 2012) which indicate their invasive 

behaviour elsewhere in the world identified 124 

plant species (this included 27 natives, 4 cultivated 

and 2 endemics) as in the present list.

Apart from invasive members, 12 endemic 

species are in the sale list o f  which eight belong 

to the genus Cryptocoryne, and the others being 

Aponogeton rigidifolius H.Bruggen, Impatiens 
repens Moon ex Wight, Lagenandra lancifolia 
(Schott) Thwaites, and L  thwaitesii Engl. Further, 

six below-species level taxa (cultivar/hybrids) of 

the endemics Crptocoryne are listed for sale with

seven other exotic Cryptocoryne species. All 

these endemic members are listed in the National 

Red-list as threatened plant species (Ministry of 

Environment, Sri Lanka, 2012), C. undulata 
Wendt, C. walkeri Schott, C. * willisii Reitz and 

Impatiens repens Moon ex Wight under CR 
category; C. nevillii Trimen, C. parva de Wit, C. 

thwaitesii Schott, Lagenandra thwaitesii, L. 
lancifolia (Schott) Thwaites, and Aponogeton 
rigidifolius H. Bruggen under EN category; and 
C. beckettii and C. wendtii under VU category. 

Seven members in the list are included under the 

FFPO (Fauna and Flora Protection Ordinance,a
2009) viz. A. rigidifolius H. Bruggen, C. walkeri 
Schott, C. thwaitesii Schott, Impatiens repens 
Moon ex Wight, L. lancifolia (Schott) Thwaites, 

L. thwaitesii Engl., and Lemna gibba L. Some of 

the ornamental aquatic plant species available at 

plant sale outlets and nurseries are given in 

Figures 7-27.
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Figure 7 : Echinodorus decumbense plant (A ,) ami leaves ( A ,) and 
Echinodorus argentinensis plant (B,) and leaf (B,)
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Figure 8 : Echinodorus schluteri ‘Leopard’ plant ( C, ) and leaf (C,) 
Echinodorus “Rose' plant (D,) and leaf (D,)
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Figure 9 : Echinodorus uruguayensis plant (F () and leaves (E,) 
Echinodorus 'O zelot' plant (F,)and leaf (F,)
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Figure 10 : Echinodorus hleheri (a non-scientific name) plant (G ()an d  leaf (G,) 
Echinodorus amazonicus plant (H,) and leaves (H,)

(Echinodorusgrisebachii is the accepted name)
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Figure 11 : Echinodorus tenellus plant (I,) and leaves (I,) (Helanlhium tenellum 
is the accepted name) and Echinodorus parviflorus ‘Tropica’ 

plant (J^  and leal (J,)
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Figure 12 : Echinodorus cordifolius ‘M arble Q ueen', in plant sale outlets at 
flower m arket , Battaram ulla.
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Figure 13: Exotic ornam ental Nymphaea species on sale in plant sale-outlets at 
Mower M arket Battaram ulla. All these are day bloomers and are capable of 

hybridizing with each other.
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Figure 14: A - Hygrophila polysperma, B - Hygrophila polysperma 
"Broad leaf’, C - Hygrophila difformis and I) - Hygrophila corymbosa "Siamensis
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F ig u re  15 : E - H ygrophilapo lysperm a ‘
Rosanervis’ and  F -Hygrophila guianensis
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Figure 16 : A - Hygrophila ammaniya (Not a scientific name), B - Eriocaulon sp., 
C - Colocasia esculenta ‘Black M agic’, and D - Limnophila aromatica
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Figure 17: E - Limnophila aquatica 'V ariegates' and F - Limnophila heterophylla

3-CM 20412 25
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Figure 18: A - Anubias congensis, B - Anubias Iwstifolia'. C - Anubias 'B on­
sai', and D - Anubias barteri 'B road leaf'
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Figure 19: A - Anubias barteri and B - A nubias barteri

27



The Sri Lanka Forester, Vol. 35, 2013, 01-106

Figure 20: A - Microsornm pleropus, B - Microsorum pteropus ‘\ \  indelov'
and C - Hydrocolyle sp.
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Figure 21: A - Hymenocallis caribaea ‘V ariegata’ and B - Hydrocleys nymphoides

2l)
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Figure 22: A - Bacopa amplexicaulis\  B - B acopa  ‘Nariegatus and 
C - Sagittaria suhulata

30



Yakandawala, Yakandawala, Sathurusinghe & Gunasekara

Figure 23: A - Bacopa caroliniana and B - Sagitturiu lalifolia ‘Flore Pleno’
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Figure 24: A - Rotala rotundifolia, B - Rotala macrattdra and 
C - A lternanthera liliensis (Not a scientific name)

32



Yakandawala, Yakandawala, Sathurusinghe <£ Gunasekara

Figure 25 : A - Rotala rotundifolia ‘Red’ and B - Lobelia sp.
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Figure 26: A - Cyprus sp., B - Ludmgia sp. and C - Ludwigia repens ‘Rubin"
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Figure 27: A - Ludwigia sp., B - Ludwigia sedioides and 
C - Myriophyllum aquaticum
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DISCUSSION

Ornamental aquatic plant industry 
as a source of IAS

The compiled list during the present study 
identified a major percentage (62%) o f the orna­
mental aquatics that are on sale as exotics. Even 
though most o f these exotics are not invasive/s, 
these plants are capable of naturalizing locally 
very successively. This poses a competition for 
the natives, where in most cases the natives being 
the losers. A small fraction o f these aliens be­
comes invasive but, these few can cause enormous 
damage. In many instances there is a lag time be­
fore adverse effects are observed in the environ­
ment. One third of the aquatic species on the IUCN 
Invasive Species Specialist Group list of 100 worst 

invasive species (Lowe et al., 2000) are from 
aquarium or ornamental releases (Padilla and 
Williams, 2004). At present, over 150 species of 
vertebrates, invertebrates, plants, and microbes 
(including pathogens) that have invaded natural 
ecosystems have been documented as a result of 
aquariums and aquatic ornamental culture (Padilla 
and Williams, 2004).

Biological invasions are considered a serious 
threat to the biodiversity and presently ranked 
second only to habitat loss (Gurevitch and 
Padilla, 2004; Didham et al., 2005; Tiebre et 
al., 2007). However, according to Chapin et al. 
(2000), biological invaders may soon surpass 
habitat loss as the main cause o f environmental 
degradation globally. This ranking has attracted 
greater attention towards Invasive Alien Spe­

cies (IAS) in the last decade (Gurevitch and 
Padilla, 2004; Didham et al., 2005; Tiebre et al., 
2007). Invasive Alien Species have the ability to 
compete with and replace native biota in natural 
habitats, thereby causing an immense threat to the 
native biological diversity. According to Elton 
(1958) and Donlan etal. (2003), islands have long 
been considered to be under intense ecological 
threat from the spread o f IAS. Sufficient evidence 
has emerged that IAS may now be the most sig­
nificant drivers o f population declines and spe­
cies extinctions in island ecosystems globally 
(Veitch and Clout, 2002; Donlan et al., 2003).

Invasive Alien Species and 
potential invasives already introduced 
to Sri Lanka via the industry

Eichhornia crassipes

Eichhomia crassipes (Water hyacinth) is a 
native plant to Amazon basin that has established 
as an invasive plant and is also recognized under 
the 100 worst invasive species o f the world; 
nevertheless, this plant is listed as an ornamen­
tal aquatic for sale in the present list complied. 
This is not only common to the local aquatic 
plant industiy but also globally as the plant is 
marketed over the internet orders and is a 
concern raised by many researchers (Key and 
Hoyle, 2001; Padilla and Williams, 2004). Apart 

from this, another Eichhornia species, E. azurea, 
also an invasive species, is listed for sale in the 
present complied list.
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Salvinia molesta

Even though, S. molesta (accepted name 
S. adnata Desv.), the well known invasive spe­
cies is not in the current list for sale, it is inter­
esting to note that four other Salvinia species 
are Listed and sold as ornamental aquarium plants 
locally, viz., S. auriculata Aubl., S. cucullata 
Roxb., S. natans All. and S. oblongifolia Martius. 
All these four species are listed under various 
categories for their invasive behaviour elsewhere 
in the world (Randall, 2012). Moreover, some 
lists provided by the growers do not identify the 
plant to the species level. The risk associated with 
this is the difficulty to the general public in iden­
tifying these species and any infestation due to 
the release of propagules of these new Salvinia 
spp. will go un-noticed in the aquatic ecosystems.

Echinodorus species

O f the 11 Echinodorus species recorded, 9 
species (except those identified below species 
level taxa and the plants recognised by illegitimate 
names on the lists) are recorded as invasive 
weeds elsewhere (Randall, 2012). Species o f 
Echinodorus have already been recorded for 
their potential invasiveness in the western 
province in the country (Yakandawala and 
Yakandawala, 2007). Echinodorus is a genus of 
aquatic plants that are popular as specimen plants 
in aquariums and ponds. The plant produces a 
long inflorescence with 1-18 whorls o f florets 
which are eye catching. Each floret is capable of

developing into a plantlet while still attached to 
the mother plant facilitating the spread success­
fully. Since the inflorescence reaches beyond the 
mother plant, these plantlets get established quite 

easily.

Egeria densa

Egeria densa (synonym - Elodea densa) is 
a fully submerged aquatic plant. Hydrilla, Elo­
dea and Egeria are three genera belonging to 
the family Hydroeharitaceae and morphologi­
cally closely resemble each other. In many in­
stances when ‘labelling’ Hydrilla for sale, ei­
ther Elodea or Egeria is given in brackets indi­
cating that both species are the same which is 
incorrect. The plants o f all three genera are sub­
merged perennial species that are usually rooted 

in mud. All three species possess long slender 
stems with leaves occurring in whorls at the 
nodes. Even though they look very similar in 
vegetative morphology, their flowers are quite 
different. Hydrilla, Elodea and Egeria have not 
being recorded as weeds in their country o f 
origin, however these have been recorded as 
w eeds elsew here (Bow rner et al., 1995). 
Elodea is distinguished from Hydrilla by the 
number o f leaves in the whorls (usually three 
in Elodea, and four to six in Hydrilla) and by 
the lack o f marked leaf serrations and scratchy 
nature of the latter. Egeria is distinguished by 
its larger leaves which are usually in whorls of 
four or five, sometimes three to eight. It differs 
from both Elodea and Hydrilla in its larger, at-
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tractive white flowers with three petals (9-12 mm 
long) and the presence o f ‘double nodes’ (Bowmer 
etal., 1995).

Mayaca fluviatilis

Mayacafluviatilis or the Bog moss, naturally 
occurs in the southeast USA, central and tropical 

South America and in tropical Southwest Africa. 
Yakandawala and Yakandawala (2007) reported 
it as a potential invasive plant in Sri Lanka. The 
plant with a moss like appearance has spirally- 
arranged linear leaves. It is capable of growing 
fully submerged and utilised in aquaria as a 
submerged plant. The plant, when grows fully 
submerged in natural ditches and pools, could 
be mis-identified as Hydrilla. Even though the 

leaves o f Hydrilla are arranged in whorls and 
spirally in Mayaca, while submerged in water, 
the latter could be very well overlooked as 
Hydrilla  (field  observations). During dry 
conditions the plant is capable o f growing as a 
dense mat on the surface o f wet soils.The 
m echanical con tro l o f  Mayaca  has been 
dismissed due to the reason that fragmented 
vegetative parts o f even 2 cm in length are ca­
pable of developing into a new plant and, poten­
tially leading to further spread downstream 
(Yakandawala and Dissanayake, 2010).

In addition to M. fluviatilis, the present list 
identified another species of Mayaca, viz., M. 
madida (synonym M. sellowiana Kunth), as 

traded.

Ludwigia sedioides

Ludwigia sedioides is identified as another 
potential invasive in Sri Lanka (Yakandawala and 
Yakandawala, 2007). It is commonly known as 
Mosaic flower or False loosestrife and is a 
herbaceous perennial and is native to South 
America. This is also used as a floating aquatic 
plant especially in outdoor landscaping in ponds. 
The red and green diamond-shaped leaves occur 
in a rosette giving an attractive appearance to 
the plant. The habitual propagation is via snipping 
off a rosette, with a section of stem attached. 
But studies conducted by Debarawatte and 
Yakandawala (2009) reveal that propagation is 
possible even through other stem sections. 
According to our observations made in the 
Western Province wet habitats, the plant forms 
dense mats during the dry season and is capable 
o f surviving on completely dry soil. In 2006, L. 
sedioides was observed only in two water bodies 
how ever in 2009 it has spread up to  10 
neighboring water bodies (Yakandawala, 2009). 
Therefore, research directed towards its modes 
o f  p ropagation , in order to recom m end 
controlling methods, should be encouraged.

Role of growers and hobbyists

The introduction of a species repetitively 
and on a large scale into a new environment is 
identified as one o f the key factors that lead to 
invasiveness (Randall and Marinelli, 1996). In 
the context of aquatics, Ruiz et al., (1997) has
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identified aquarium release as one of the five top 
avenues for introduction o f non-native invasive 
species, with many other studies endorsing 
(Padilla and Williams, 2004 and reference there 
in). This situation is fulfilled by the release of 
propagules from nurseries during the waste dis­
posal and thereby these plants becoming estab­
lished in local wetlands.

The escape o f  M. flu v ia tilis , L. 
sedioides and Echinodorus spp. and their 
subsequent spread in local water bodies o f 
Western Province are such local examples 
(Yakandawala and Yakandawala, 2007). Such 
plants inherit rapid propagation methods, espe­
cially by vegetative means. Since these are 
aquatics, their propagules are carried to other 
destinations easily with the water current en­
abling them to establish.

It is not only that the aquatic plant growers 
are responsible for their spread, but hobbyists 
also often contribute by discarding plant material 
into the environment rather than destroying 
them leading to serious weed infestations 
provided that the growing conditions o f the 
surrounding environment is suitable for them. 
Consequently the hobbyists are playing an 
important role as a vector in the distribution 
and spread o f these noxious aquatic weeds (Kay 
and Hoyle, 2001).

Contaminations

Maki and G alatow itsch (2004) who 
conducted a study on ‘ordered plants’ around

the USA found that 93% o f the 40 orders con­
tained contaminant plants, animals, fungi or algae. 

According to Les (1996) Hydrilla infestation in 
Connecticuit (USA) is one such example, where 
it entered as a contaminant from ornamental wa­
ter lilies. According to personal observations, 

there are possibilities o f  spreading o f water 
plants, as contaminants, through legally imported 
vegetable seeds. The importation o f dried plant 
materials in bulk for decorative purposes too pro­
vides another route of new arrivals and spreading 
o f the same. Therefore, the monitoring o f bulk 
imports should be considered as a routine and 
encouraged.

Other associated threats 

Over-exploitation

Another threat that is associated from the 
ornam ental aquatic plant trade is the over 
collection o f ornamental aquatics from the wild. 
Many endemic and native ornamental aquatics 
on the list are collected from wild for the trade. 
This has led to  the rapid decline in w ild 
populations. In spite o f the existing rules and 
regulations, many exporters maintain their own 
undisclosed suppliers and areas o f collection 
which include Kelani Velley basin, and in small 
stream s in areas such as M aw anella , 
Awissawella, Bulathkohupitiya, Ruwanwella, 
and Yatiyanthota in the lowland and central 
wetzone o f Sri Lanka (Seneviratne, 2002) and 
dry zone rivers including Kalaoya, Malwathu-
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oya and Kuda-oya. Ornamental plant hunters as a 
habit, smuggle aquatic plants, especially members 
o f the genus Cryptocoryne, where they are grown, 
improved and supplied to the market. Many 
unidentified and un-recorded species and variet­
ies o f Cryptocoryne are available for sale on the 
internet with Sri Lanka as the original source, 
where the most recent species named as C. waseri 
Kettner (Bastmeijer, 2012).

Exotics with native relatives 
and possible hybridization

E llstrand  and S ch ierenbeck  (2006), 
analysing the concept o f hybridization to build 
up a possib le m odel for the evolution o f  
invasiveness viz., hybridization can, through one 
or more mechanisms catalyze the evolution o f 
invasiveness, highlights some interesting trends. 
A bbott (1992) observed that inter-specific 

hybridization involving non-native plant species 
has often served as a stimulus for the evolution 
o f entirely new, and sometimes invasive, species. 
S pec ifica lly , A bbott (1992) noted that 
hybridization involving a non-native species and 
another, either native or non-native, has led to a 
numeral new sexually reproducing plant species, 
which are either stabilized introgressants or 
allopolyploids. Some o f  these species have 
rem ained localized, but m ost have spread 
successfully far beyond their sites o f origin. 
Such hybridization between natives and an alien 
invasives has been recorded in Sri Lanka 

(Yakandawala and Yakandawala, 2011). This 
phenomena could well be repeated with the new

arrivals through the ornamental aquatic plant in­
dustry and their related natives. Even though E. 
crassipes is an alien, it has now become natural­
ized in al 1 parts of the country. The list identifies 
another species E. azurea, which being propa- 
gated/sold in the country. Further, several Salvinia 
spp., A Iternanthera spp., Aponogeton spp., Blyxa 
spp., Cabomba spp., Cryptocoryne spp., and many 
other non-native exotics with native relatives are 
listed as traded in Sri Lanka.

O th e r im pacts o f invasives

Apart from the well-established detrimental 
effects of IAS, several other negative impacts 
on the biodiversity have been highlighted. 
Studies have implied that E. crassipes is also 

responsible for drastic changes in the plant and 
animal communities o f freshwater environments 
and acts as an agent for the spread o f serious 
diseases in tropical countries (Tellez et al., 
2008). The im pact o f  E. crassipes on the 
physico-chemical characteristics o f the water 
in general are declines in temperature, pH, 
biological oxygen demand (organic load), and 
nutrient levels (Rai and Datta Mushi, 1978). In 
some cases there was a complete decline of 
dissolved oxygen noted that lead to the death of 
a great number o f fish (Tellez et al., 2008). The 
exceptional rate o f evapotranspiration in water 
hyacinth “draws down” scarce water reserves 
and it is recorded that before control was 
implemented in the Nile region in Africa, one 
tenth of the average available water (7 billion m3 
of water per year) was lost from the river (de
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Groot 1993), which is also evident in the dry-zone 
o f  Sri Lanka, where tanks covered with E. 
crassipes dry off quickly compared to open tanks.

What should be done?

Early intervention and prevention

It is widely accepted that prevention is the 
most effective means o f reducing the future 
costs o f  invasive species (Padilla and Williams, 
2004) and early detection and treatment o f new 
infestations o f invasive non-native plants are 
considered as an effective and ecologically sound 
management approach (Marambe, 2000; Harris 
et al., 2007). However, this exclusively depends 
on the correct identification or reference o f the 
scientific name and the information on the po­
tential invasive species. Therefore, the present 
compiled list will aid identification of the poten­
tial invaders from the aquatic plant industry. As 
suggested by Triet et al., (2001) awareness and 
early intervention are especially important for 
developing countries where there is a lack of 
funding for the management o f alien invasive 
species.

The most effective criterion to predict the 
potential invasiveness o f a plant species is to 
consider its behavior in other areas of the world, 
especially  those with the sam e clim atic  
conditions (Reichard, 2001). According to the 
Global Compendium o f Weeds (Randall, 2012) 
35% of the plant species in the present com­
plied list o f Sri Lankan ornamental aquatic plants

are recognised for their invasive behaviour else­
where in the world. Apart from E. crassipes and 
S. molesta, that are already on record, other no­
table exotic species with invasive records else­
where in the world are several species o f the ge­
nus Echinodorus, Eichhornia azurea, Egeria 
densa, Hydrocotyle verticillata, Hygrophila 
costata, Ludwigia palustris, Mayaca jluviatilis, 
Ophiopogort japonicus, Ophiopogort jaburan, 
Salvinia spp., and Trapa spp. (Table 01).

The present study revealed that the number of 
ornamental aquatic plants estimated and listed by 
the state institutes was less than half o f  the plants 
recorded during the present study. Since the lists 
o f these institutes are compiled based on the in­
formation provided by the growers, it is evident 
that most o f  the plant names have not been cor­
rectly declared or probably mis-identified. As an 

exam ple Limnobium laevigatum  (H ydro- 
charitaceae) the first author encountered in a 
water body close to Kandy is not recorded under 
the present list (Figure 28). Nelumbo has been a 
popular plant in the past, but however, there are 

no export records in the recent years. Several 
plants are been sold under names that have not 
been recognized. It is therefore necessary to carry 
out an extensive survey on the ornamental aquatic 
plants that are currently propagated and exported 
or sold at local aquaria.

Awareness programs

Species that have similar appearance are often 
misidentified or misrepresented. Developing

4-CM 20412
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methodologies for taxonomic identification of 
IAS has been identified as a priority by Marambe 

(2008), emphasizing the scarcity o f taxonomists 
in Sri Lanka. During the compilation o f the 

present list it was noted that similar problems 

existed in our trade where the species that look 
morphologically similar are being mislabeled. 

Hydrilla, Elodea and Egeria have been one such 
group o f plants. Nymphaea stellata (N. nouchali) 
with white flower, Pink flower, and Red flower 

are also mislabelled in many instances. All the 

plants sold as Nuphar spp. with blue, white or pink 
flower in a local plant-list were Nymphaea spp. 

but not Nuphar. Further, the contradicting statis­

tics in the lists provided by the growers and the 

state institutes could also be due to the mis-iden- 

tification o f certain species. Therefore, steps need 
to be initiated in educating the growers and other 

stakeholders o f the industry via pictorial guides 

for identifying the plants that they deal with.

A very effective means o f addressing the 

problem, particularly in Sri Lankan context, would 

be via educational and outreach programmes/ 

workshops. Further it is important to educate the 

officials in the regulatory bodies regarding these 

plants in order for them to notice any mis-identi- 

fication where these potential invasives could go 

unnoticed. Educating the plant growers/dealers on 

the IAS and the associated risks would also con­

tribute in minimizing the risk. Displaying posters 
complied in simple manner on waste disposal in 

aquaria would take the message to the hobbyists 

and educate them o f the severity o f the risk asso­

ciated with unregulated disposal o f propagules

into the environment and also the intermediate role 
that they play as ‘vectors’.

Economic analyses and risk assessments

At present, the growing aquatic plant industry 
in Sri Lanka in particular involves a fair amount 
o f foreign exchange. Therefore, the recommen­

dation made for overcoming their threats to 

biodiversity should be dealt with the understand­
ing o f the tension between sustainable develop­

ment, and the intention to support the conserva­
tion o f biodiversity, while giving emphasis to the 

negative impacts from IAS. Since a total elimina­

tion o f the potential invaders from the trade is 

unlikely to happen, Padilla and Williams (2004) 
highlight the significance o f economic analyses 

in setting trade policies that avoid unwelcome 

economic and ecological outcomes. According to 
them, economic models will become very useful 

tools for minimizing the risks o f invasions dur­

ing trade.

Marambe (2008) at the National Symposium 

on IAS (Sri Lanka) has highlighted the importance 

o f giving priority for research directed towards 

economics of invasions. Globally, attempts are 

being made to evaluate the risk possessed by alien 

ornamental aquatic plants with invasive/weed po­
tential based on various models and other avail­

able data where the information is used for deci­
sion making on plants that should be banned from 

entry, or prevented from deliberate dispersal 

through nursery trade (Champion and Clayton,
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Figure 28: Aliens with no records - Limnohium laevigatum, found in a w aterbody 
close to Kandy in 2009. This could probably be an escape from an ornam ental 
aquatic landscape. How ever this plant w as not recorded in any of the data bases.

2000; Petroeschevsky and Champion, 2008). 
Champion and Clayton (2000) developed a weed 
risk assessment model for aquatic plants where 
the model scores features such as habitat versa­
tility, competitive ability, reproductive output, 
dispersal mechanisms, range of potential im­
pacts, potential distribution and resistance to 
management activities. The Aquatic Weed Risk 
Assessment Model (AWRAM) has been adopted 
to assess potential aquatic weeds in other coun­
tries such as New Zealand, Australia and USA 
(Champion, et al., 2010).

The wetland risk assessment framework pro­
posed under the formal resolution of the Ramsar 
Wetlands Convention (van Dam etal., 1999) in­
cludes several steps in assessing risks such as the 
risk, risk management and reduction, and moni­
toring. Such risk assessments on potential inva­
sive ornamental aquatic plants need to be encour­
aged locally which would result in developing ap­
propriate monitoring programmes and also reduc­
ing future risks. Ranwala and Hafiz (2008), de­
veloping a protocol for risk assessment for Sri 
Lankan invasives, assessed twenty local invasive 
plants which are listed in Global Invasive Species
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data base (2001), where each species was evalu­
ated for four aspects viz., ecological impact, in­
vasive potential, current distribution and the fea­
sibility o f  control o f  the plant species. The at­
tributes have been assessed using scores and the 
final output has been presented as a percentage. 
The study included three ornamental aquatics, E. 
crassipes, H. verticillata and/? stratiotes, where 
E. crassipes scored the highest value o f 85.5% 
followed by H. verticillata (72.3% ) and P  
stratiotes (67.2%). Such protocols should be 
adopted for assessing ornamental aquatics and, 
based on the results o f such assessments, banning/ 
monitoring the importation o f highly ranked spe­
cies would be an effective approach in keeping 
bio-security risks off-shore.

The assessment o f aquatic plant trade patterns, 
especially volumes o f high-risk species, along 
with knowledge of current and potential distribu­
tion o f those species and ease o f management, 
have been identified by Champion, et al., (2010) 
as factors that need to be considered when evalu­
ating candidate plants for prevention o f sale and 
distribution.

Invasive aquarium species and ornamentals are 
a concern of the IUCN and the ICES (International 
Council on the Exploration o f the Sea), however, 

according to Sandlund et at. (1999) their position 
statements, policies, and guidelines currently do 
not have any powers. Similarly, the Convention 
on International Trade in Endangered Species also 
does not adequately protect the aquatic habitats 
from invasions as it deals only with the trade on 
the listed endangered and threatened species 
(Padilla and Williams, 2004). Kay and Holye

(2001) state that in the US every aquatic plant 
listed as a federal or state noxious weed is 
available to be purchased over the Internet and 
identifies it as a major problem which is also a 
common problem  faced by other countries 
including Sri Lanka. Further, as most o f the global 
trade takes place via this route, enforcement of 
laws and regulations becomes difficult (Padilla 
and Williams, 2004). In the Sri Lankan context, a 
body directly responsible for coordinating 
towards issues related to IAS must be identified 
for monitoring.

P resen t legal s ta tu s  in S ri L an k a

Importation o f  water plants into the country 
are prohibited under the Plant Protection Act, 

therefore all the arrivals o f exotic material should 
be illegal entries. Seven members protected under 
the FFPO (Fauna and F lora P ro tection  
Ordinance, 2009) are listed in the sale list, hence, 
m easures should be taken for continuous 
monitoring for their source o f  origin during 
export. However, a set o f new regulations are in 
progress to permit the export o f cultivated or in- 
vitro cultured aquatic plants protected under 

FFPO.

R esearch  gaps and  research  needs

A considerable amount of research has been 
conducted on the wetlands of Sri Lanka over 
the years, covering many aspects. However, a
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few areas that need focus are, i). Detailed 
taxonomic studies on wetland plants with their 
correct identification need to be completed. This 
would enable the early detection o f any potential 
threats from alien species and detection o f 
possible hybridization between natives and 
invasive alien species; ii). Research on mode of 
dispersal o f potential invasive plants. This would 
enable the effective eradication o f these plants; 
and iii) Risk assessments on potential invasive 

plants.

RECOMMENDATIONS

It is now globally accepted that the unregulated 
sale o f plants for the use o f aquarium and aquatic 

landscaping results in the spread o f invasive plants. 
Further, the easy access for the global markets 
via the internet makes the situation more 
complicated. Therefore, the policy makers need 
to pay more attention to this and introduce 
stringent guide lines and regulations to prevent 
further infestations of Sri Lankan water-bodies 
and wetlands. Further (i) risk assessments on the 
potential aquatics and developing appropriate 
monitoring programmes, (ii) outreach activities 
such as workshops and educational programmes 
for those engaged in the industry and officers 
involved in regulating  the industry, (iii) 
establishing a single government body for 
coordinating issues related to IAS, (iv) educating 
hobbyists and general public via pamphlets and 
posters, and conducting school level programmes 
via societies would be effective methods in 
minimizing the future risks, (v) implementaion of

immediate action on the newly detected and 
reported naturalized alien aquatics, and (vi), 
successful biological control methods already 
identified for IAS should be continued as total 
eradication is not possible.

CONCLUSIONS

The continuous growth o f the ornamental 
aquatic plant industry in Sri Lanka greatly enhances 

the release of exotic ornamental aquatics with 
invasive potential to the natural environment. The 
industry has also been identified as one o f the 
major pathway of introducing invasive plants glo­
bally.

The present study has generated a list o f orna­
mental aquatic plants that are currently traded in 
Sri Lanka fulfilling the long felt need both for the 
betterment of the industry and also for the authori­
ties responsible for industry.

As the industry is growing with a potential to 
establish as a stable foreign exchange generating 
venture in Sri Lanka the tension between the in­
dustry and the regulations implemented has to be 
taken into account when developing strategies in 
overcoming the negative impacts on the aquatic 
plant biodiversity.

The newly compiled list of ornamental aquatic 
plants would serve as a base for categorising the 
plants according to their risk factor which would 
help in reducing the future risks. Further, the list 
could be used in decision making process at en­
try or exit points to the country by the relevant 
authorities.
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