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Biology and Impacts of Pacific Islands Invasive Species.  
13. Mikania micrantha Kunth (Asteraceae)1

Michael D. Day,2,6 David R. Clements,3 Christine Gile,3 Wilmot K. A. D. Senaratne,2  
Shicai Shen,4 Leslie A. Weston,5 and Fudou Zhang 4

Abstract: Mikania micrantha Kunth, commonly known as bitter vine, American 
rope, or mile-a-minute, is a rapidly growing vine, native to tropical America. 
Mikania micrantha is present in 20 Pacific island countries and territories, includ-
ing Australia, the Cook Islands, Fiji, French Polynesia, Micronesia, Papua New 
Guinea, Samoa, Solomon Islands, and Vanuatu. A CLIMEX model based on 
native distribution of M. micrantha suggests that most of the islands in the  Pacific, 
southern Asia, and parts of southern and central Africa are climatically suitable 
for M. micrantha, leaving these areas vulnerable to new or further incursions. Its 
rapid spread is a threat to both natural and agricultural environments, where it 
kills or reduces growth of preferred species, severely impacting on biodiversity 
and production. Large numbers of wind-dispersed seeds and ability to propagate 
vegetatively from stem fragments facilitate rapid invasion. Management of M. 
micrantha is difficult. Several postemergence herbicides exhibit some efficacy, 
but manual control via hand pulling and slashing is more commonly practiced. 
However, slashing may result in increased growth from fragments, and plants 
may regenerate from roots after herbicide application. Cultural techniques such 
as fallowing or burning may also help limit spread. Competitors that produce 
ample vegetation such as sweet potato ( Ipomoea batatas [L.] Lam.) may be effec-
tive for suppression in some situations. Various studies have shown that Mikania 
micrantha exhibits some genetic diversity across biotypes encountered in south-
ern Asia. Although little is currently known about its population genetics across 
the South Pacific, more information will undoubtedly facilitate potential for 
 future biological control. A rust pathogen, Puccinia spegazzinii, introduced from 
South America was established in Taiwan in 2008, in Papua New Guinea and 
Fiji in 2009, and in Vanuatu in 2012 for biological control. The dodder Cuscuta 
campestris Yuncker has also shown some efficacy against M. micrantha, but its 
status as a known pest limits its use as a biological control agent. Recent research 
into the mikania wilt virus as a biocontrol agent is in its infancy, and it is too 
early to recommend it to assist with the management of M. micrantha. Given the 
difficulty of controlling M. micrantha once established and the early stages of 
research into biological control, high priority must be given to preventing colo-
nization of Pacific islands where M. micrantha is not yet present, through early 
detection and rapid response to new incursions.
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Mikania micrantha Kunth (AsterAceAe) is a 
fast-growing vine, native to tropical America. 
It is also present in numerous countries in 
the South Pacific and Southeast Asia, where it 
has invaded agricultural lands, forestry areas, 
and natural environments, reducing pro-
ductivity and biodiversity ( Waterhouse and 
Norris 1987; Day, Kawi, Kurika, et al. 2012). 
The rapid growth of M. micrantha, in addition 
to its high reproductive capacity and ability 
to resprout from stem fragments, enables it 
to quickly smother existing vegetation, killing 
neighboring plants, while proving difficult 
to control (Parker 1972; Day, Kawi, Kurika, 
et al. 2012; Macanawai et al. 2015). The im-
portance of M. micrantha in its introduced 
range is reflected in over 4,000 published 
 papers, including works by Waterhouse and 
Norris (1987), Holm et al. (1991), Water-
house (1994), Zhang et al. (2004), and Tripa-
thi et al. (2012). However, much of the 
 information in those reviews is outdated, lim-
ited in extent and detail, or has a subconti-
nental focus and has not dealt specifically 
with threats to the Pacific islands. This paper 
expands on the earlier works and reviews 
 research on M. micrantha undertaken in 
the western Pacific and Southeast Asia, with 
 particular focus on its history of invasion, 
 biology, population dynamics, habitat, and 
economic and environmental importance and 
management.

name

Mikania micrantha Kunth
Phylum Angiospermae, class Magnoliop-

sida, order Asterales, family Asteraceae, tribe 
Eupatorieae, genus Mikania.

Mikania is the largest genus in the tribe 
Eupatorieae in the family Asteraceae, with 
about 400 species ( Holmes 1982). The genus 
is primarily native to tropical and temperate 
America, with some representatives native to 
Asia and southern Africa. There are over 200 
species in Brazil alone (Ruas et al. 2000).

Synonyms: Eupatorium denticulatum Vahl, 
Eupatorium orinocense (Kunth) M. Gómez, 
Kleinia alata Meyer, Mikania alata (Meyer) 
D.C., Mikania cissampelina DC., Mikania 
 denticulata (  Vahl) Willd., M. glechomaefolia 

Sch.-Bip. ex Bak. Mart. Fl., M. orinocensis 
Kunth, M. sinuata Rusby, M. subcrenata Hook. 
& Arn., M. subcymosa Gard., M. umbellifera 
Gard., M. variabilis Meyen & Walp., Wil-
loughbya micrantha (Kunth) Rusby (CABI 
2012). In some literature, M. micrantha is re-
ferred to as M. micrantha H.B.K. rather than 
M. micrantha Kunth.

In its introduced range, M. micrantha has 
been previously confused with M. cordata 
(Burm.f.) B. L. Rob., M. cordifolia (L.f.) Willd., 
and M. scandens (L.) Willd (Parker 1972, 
Holmes 1982, Holm et al. 1991). Mikania 
scandens is native to North America and is not 
native to the Old World. Mikania cordata oc-
curs in Africa, Asia, and Papua New Guinea 
(PNG) and was often the name used to de-
scribe the related weedy species occurring in 
Asia, even taking the common name in Asia of 
“mile-a-minute,” which is the name usually 
associated with M. micrantha (Choudhury 
1972, Parker 1972, Holm et al. 1991). Kew 
Gardens has confirmed that the widespread 
and troublesome species in Southeast Asia and 
the South Pacific is M. micrantha only, and, 
as such, many of the past records for the 
 distribution of M. cordata should actually be 
attributed to M. micrantha (Choudhury 1972, 
Parker 1972). Holmes (1982) stated that M. 
micrantha is the only species in the genus 
found outside its native range; its introduced 
range now overlaps with the native range of 
M. cordata.

Mikania micrantha is known by many com-
mon names, including mile-a-minute (across 
Asia and the South Pacific), bittervine, hemp 
vine or American rope in the Americas, or 
Chinese creeper (PIER 2013) (see Table 1 for 
additional common names used in the Pacific 
region). However, “mile-a-minute” is also 
the common name for Persicaria perfoliata (L.) 
H. Gross (Polygonaceae) in the Americas 
and for Fallopia baldschuanica (Regel) Holub 
(Polygonaceae).

description and variation

Species Description

Mikania micrantha has ribbed stems up to 6 m 
in length. Leaves have a heart-shaped base 
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and pointed apex and are 4 – 13 cm long, op-
posite, and occur with or without serration. 
Upon maturity, clusters of white flowers are 
formed in heads, 4.5 – 6.0 mm long. The seeds 
are black, linear oblong, and are approxi-
mately 1.5 mm long, with white bristles lo-
cated at the top of the pappus ( Holm et al. 
1991). Descriptions of M. micrantha are given 
in Holm et al. (1991) and Tripathi et al. (2012) 
(Figure 1).

Distinguishing Features

Mikania micrantha can be distinguished from 
other Mikania species by several characters. 
In M. micrantha, flower bracts are 3 – 4 mm 
long, whereas they are 5 – 6 mm long in M. 
cordata. The achenes are less than 2 mm long 
in M. micrantha, but they are over 2 mm long 
in M. cordata. In addition, the nodal append-

age between the leaf stalks is hairless in 
M.  micrantha but pubescent in M. cordata 
(Choudhury 1972, Parker 1972). For further 
information on distinguishing features, see 
Blumea [1935, 1 (3): 509 – 510].

There are also differences in the growth 
habits of M. micrantha and M. cordata. Eleven 
weeks after germination, M. micrantha can 
produce vines twice the length of those of 
M. cordata and generate twice as many leaves, 
eight times the leaf surface area, and 13 times 
the wet weight biomass ( Hsu and Chiang 
2003). Mikania micrantha also shows a greater 
capacity (99%) to resprout from stem frag-
ments than M. cordata (39%) ( Wirjahardja 
1976).

Intraspecific Variation

In its native range, M. micrantha can be dip-
loid (2n = 2x = 36), aneuploid (2n = 2x = 42), 
or tetraploid (2n = 2x = 72) (Maffei et al. 
1999, Ruas et al. 2000). Within the cytotypes 
evaluated, chromosome I was the most vari-
able, both in size and structure, and is used as 
a cytological marker within the genus. How-
ever, cytotypic differences did not appear to 
be related to adaptive variables (Ruas et al. 
2000). Recent molecular genetic studies in 
 introduced invasive populations have sug-
gested that M. micrantha exhibits considerable 
genetic diversity among geographically dis-
tinct biotypes and also great clonal diversity 
among patches (Li and Dong 2009). This 
 suggests that sexual reproduction is fre quently 
the dominant form of propagation in M. 
 micrantha.

Other reports of variation in populations 
within the species suggest variation on a sub-
cellular level. Populations of M. micrantha in 
different countries within its introduced range 
appear to show different susceptibilities to 
the pathogen Puccinia spegazzinii de Toni 
( Uredinales: Pucciniaceae). As an example, 
M. micrantha populations in India are more 
susceptible to P. spegazzinii collected in Peru 
or Trinidad than M. micrantha populations in 
PNG and Fiji, which are most susceptible to 
P. spegazzinii collected from eastern Ecuador 
(Ellison et al. 2004; Day, Kawi, and Ellison 
2013). However, it has not yet been possible 

TABLE 1

Common Names for Mikania micrantha Kunth Used in 
the Pacific Region

Common Name (Reference Source)

American rope (PIER 2013)
Bittervine ( Weaver and Dixon 2010)
Camotille (Spanish/Peru) (PIER 2013)
Chinese creeper ( Weaver and Dixon 2010)
Climbing hempweed (PIER 2013)
Fue saina (Samoan, Niue) (PIER 2013)
Fou laina ( Niue) (PIER 2013)
Liane americaine/américaine (French) (PIER 2013)
Liane serpent (PIER 2013)
Kwalo kalialo (Kwara‘ae/Solomon Islands) (PIER 2013)
Kwalo kauburu (Kwara‘ae/Solomon Islands) (PIER 

2013)
Mikania vine (PIER 2013)
Mile-a-minute ( Holm et al. 1991 and numerous other 

sources)
Ovaova (Fijian) (PIER 2013)
Plant-killer (China) (Zhang et al. 2004)
Pökutekute (Maori /Cook Islands, ‘Atiu Island) (PIER 

2013)
Selmwadang (Pohnpeian /Pohnpei Island) (PIER 2013)
Teb el yas (Palauan /Palau Islands) (PIER 2013)
Usuvanua (Fijian) (PIER 2013)
Wabosucu (Fijian) (PIER 2013)
Wabutako (Fijian) (PIER 2013)
Wambosuthu (Fijian) (PIER 2013)
Wambosuvu (Fijian) (PIER 2013)
Wambutako (Fijian) (PIER 2013)
Wandamele (Fijian) (PIER 2013)
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to identify morphological features correlated 
with this variation.

history of invasion

Mikania micrantha was first reported in the 
Old World in Asia in 1884 in the Hong Kong 
Zoological and Botanical Gardens, and by 
1919 it was considered naturalized ( Wang, 
B.-S., Liao, et al. 2003). It was reported in 
mainland China (Guangdong Province) in 
1910 (Zhang et al. 2004) and is now also pres-
ent in Yunnan, Hainan, and Jiangxi Provinces 
and Guangxi Zhuang Autonomous Region, 
all in southern China (Shen, S.-C., Zhang, 
et al. 2012, Shen et al. 2013, Zeng 2013, Wei 

et al. 2014). It was reportedly introduced into 
Taiwan for soil conservation in the 1970s 
( Tripathi et al. 2012), although Chiang et al. 
(2002) noted that the first specimen collected 
in Taiwan was in 1986 in Pingtung County.

Mikania micrantha was first reported in 
 India in 1918 but may have been introduced 
again as a cover crop and camouflage during 
World War II (Choudhury 1972). It then 
spread to Nepal, where it was first reported in 
the 1960s ( Tiwari et al. 2005 in Murphy et al. 
2013). Mikania micrantha was present in 
 Indonesia in 1949 in the Bogor Botanical 
Gardens and had started to be used as a cover 
crop in rubber plantations by 1956 ( Wirja-
hardja 1976).

Figure 1. Mikania micrantha flower clusters (top left), seed clusters (top right), seeds (bottom left), and sprouting from a 
node (bottom right).
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Mikania micrantha was first reported in the 
Pacific in Fiji in 1907 (Knowles 1907). It had 
spread to Samoa by 1924, American Samoa by 
1938, and Vanuatu and Niue by 1943 (PIER 
2013). Mikania micrantha was reported in 
PNG in 1951 (PNGplants Database 2015), 
Guam (1963) (PIER 2013), Tonga (1979) 
( Whistler 1983 in Waterhouse and Norris 
1987), Solomon Islands (1988), the Cook 
 Islands (1991), Northern Mariana Islands 
( pre-2000), the Federated States of Micronesia 
(2000) (PIER 2013), and Kiribati (2012) (A. 
Gunua, Secretariat of the Pacific Community, 
pers. comm., 2013). In Australia, a small patch 
was first found in North Queensland in 1998, 
near Ingham and Bingil Bay, and later near 
Speewah (Brooks et al. 2008).

geographic distribution

The native range of M. micrantha extends 
from Mexico to northern Argentina, as well as 
numerous countries in the Caribbean ( Holmes 
1982, Holm et al. 1991) (Figure 2). The high-
lands of southeastern Brazil and the eastern 
foothills of the Andes stretching from Bolivia 
to Colombia are considered the two major 
centers of diversity for M. micrantha ( Holmes 
1995).

In its introduced range, M. micrantha is 
found between the latitudes of 30° N and 
30°  S. It is present throughout Asia, from 
Pakistan to Taiwan, including Nepal, the 
Philippines, and Indonesia. It is also found on 
the islands of Mauritius, La Réunion, Christ-
mas, and Sri Lanka in the Indian Ocean ( ISSG 
2005, PIER 2013). However, it has not been 
recorded in Timor Leste. Mikania micrantha 
is present in 20 Pacific island countries and 
territories, including Australia, the Cook 
 Islands, Fiji, French Polynesia, Micronesia, 
PNG, Samoa, Solomon Islands, and Vanuatu 
( Waterhouse and Norris 1987, Swarbrick 
1997, Waterhouse 1997, PIER 2013; W. 
Orapa, Secretariat of the Pacific Community, 
pers. comm., 2012; A. Gunua, Secretariat of 
the Pacific Community, pers. comm., 2013). 
Several small populations are also present in 
Florida, USA ( Weaver and Dixon 2010) (Fig-
ure 2, Table 2). Due to the previous  confusion 
regarding the correct identity of M. micran-
tha, it is possible that the weed may be present 
in other countries but not recorded as such.

It is as yet absent or unreported in some 
Pacific islands, notably the Hawaiian Islands 
and Japan, which may be due to their rela-
tively northern latitude and /or their relative 
isolation.

Figure 2. Native and introduced ranges of M. micrantha.



TABLE 2

Presence (  Y  ) and Absence (  N  ) of Mikania micrantha Kunth in the Pacific Islands, Along with the Maximum 
Ecoclimatic Index (E.I.) for Each Country or Island Group

Pacific Islands Present E.I.a Notes

American Samoa Y * Widespread
Australiab Y >71 Naturalized in North Queensland
Bonin Islands (Ogasawara Islands) N * Not reported but probably climatically suitable for 

establishment
Cook Islands Y * Varying abundance among islands
Easter Island Y * Varying abundance among islands
Federated States of Micronesia Y 51 – 70 Widespread
Fiji Y >71 Widespread
French Polynesia Y * Varying abundance among islands
Galápagos Islands N * Not reported but probably climatically suitable for 

establishment
Guam Y 51 – 70 Widespread
Hawaiian Islands N >71 Not reported but deemed climatically suitable for 

establishment
Japan N 0 Not present and not climatically suitable for 

establishment
Kiribati Y * Present and climatically suitable
Marshall Islands (Caroline Islands) Y * Widespread
Nauru N * Not reported but probably climatically suitable for 

establishment
New Caledonia Y >71 Widespread
New Zealand N 0 Not present and not climatically suitable for 

establishment
Niue Y * Varying abundance among islands
Norfolk Island N Not present and probably not climatically suitable 

for establishment
Northern Mariana Islands Y 51 – 70 Widespread
Okinawa Islands ( Japan) N >71 Not reported but deemed climatically suitable for 

establishment
Palau Y 51 – 70 Widespread
Papua New Guinea Y >71 Widespread
Pitcairn Islands N * Not present but probably climatically suitable for 

establishment
Samoa Y * Widespread
Solomon Islands Y >71 Widespread
Taiwan Y >71 Widespread
Tokelau Island Y * Varying abundance among islands
Tonga Y * Widespread
Tuvalu Y * Varying abundance among islands
Vanuatu Y >71 Widespread
Wake Island N * Not reported but probably climatically suitable for 

establishment
Wallis and Futuna Y * Varying abundance among islands

Note: Values above 31 are deemed suitable (Sutherst et al. 2004).
a  * indicates that E.I. values could not be obtained because 10-min. grids for small island groups were unsuitable to construct the 

CLIMEX model.
b  Efforts are being made to eradicate M. micrantha in northern Australia (DAFF 2012).
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habitat

Mikania micrantha grows successfully in a 
wide range of conditions, but grows better 
where temperature, light intensity, rainfall, 
soil fertility, organic matter, and air humidity 
are all high (Zhang and Wen 2009).

Climatic Requirements

The distribution of M. micrantha also appears 
to be limited by altitude, which also affects 
temperature, light, and rainfall. In its native 
range, M. micrantha is found from sea level 
up to 3,000 m above sea level (asl) (Bolivia) 
( Holm et al. 1991). In PNG (which lies be-
tween 3 and 9 degrees south of the equator), 
M. micrantha is found in all lowland provinces 
from sea level to 1,100 m asl. It prefers higher 
rainfall areas (e.g., 3,500 mm /yr at Hoskins, 
West New Britain), but will tolerate the 
 low-rainfall savannah areas of Central and 
Gulf provinces (e.g., 1,200 mm /yr in Port 
Moresby). However, in low-rainfall areas, it 
does not grow as densely as populations grow-
ing in wetter areas (Day, Kawi, Kurika, et al. 
2012). Mikania micrantha is found up to 1,000 
m asl in Fiji (Day, Kawi, Tunabuna, et al. 

2013), and in Vanuatu it is found up to 519 m 
(M. Day and S. Bule, unpubl. data).

A CLIMEX model (Sutherst et al. 2004) 
based on the native distribution of M. micran-
tha suggests that most of southern Asia and 
most tropical islands in the Pacific are cli-
matically suitable for M. micrantha (Figure 3, 
Table 2). Indeed, within these regions, M. 
 micrantha is found in almost all places that 
are deemed climatically suitable. The regions 
where M. micrantha is not recorded but are 
deemed climatically suitable for its establish-
ment include the Hawaiian Islands, the Bonin 
Islands (off Japan), Galápagos Islands (off 
 Ecuador), Nauru, and Wake Island. Climatic 
modeling indicates that M. micrantha could 
potentially spread farther north in China and 
farther south and west in Australia (Figure 3). 
Mikania micrantha is not currently found in 
Africa, but the CLIMEX model suggests that 
most of central and southern Africa would be 
climatically suitable if M. micrantha were to 
establish. Within the Pacific region, M. mi-
crantha is not present in Japan, New Zealand, 
and Norfolk Island, which are all deemed cli-
matically unsuitable for M. micrantha estab-
lishment (Figure 3, Table 2).

Figure 3. A CLIMEX model showing the suitability of areas for M. micrantha. The darker the shading the more suit-
able a region is for M. micrantha. Pacific island countries and their maximum Ecoclimatic Index (E.I.) values are shown 
in Table 2.
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Resource Requirements

light.   Mikania micrantha has strong pho-
totaxis, and growth rates tend to increase 
with increasing light intensity. In heavily 
shaded areas (<25% light), such as on the for-
est floor, it grows poorly and is rarely found 
in undisturbed forests ( Huang et al. 2000, 
Wang, W., Guan, et al. 2008, Willis et al. 
2008, Kaur et al. 2012).

In Fiji, M. micrantha growing at the edges 
of taro [Colocasia esculenta (L.) Schott] and 
 cassava (Manihot esculenta Crantz) plots had 
a higher growth rate than plants growing 
within the plots of taro and cassava. The dif-
ferences in growth were partially attributed 
to higher photosynthetically active radiation 
(PAR) and greater nutrient availability at 
the edges of plots than within the plots 
 (Macanawai et al. 2012a).

In southwestern China, seedlings of M. mi-
crantha grew more slowly and accumulated 
less biomass in small gaps in surrounding 
 vegetation than in large gaps. In addition, 
seedlings failed to survive when relative light 
intensity was less than 3% (Deng 2010). In 
poor light, the flowering period was short-
ened and there were fewer flowers observed 
than when light intensity was greater (  Yang 
et al. 2003).

Light intensity also affected seed  dormancy 
and germination of M. micrantha, with seeds 
germinating well under light-intensive con-
ditions and in disturbed areas, but poorly 
(only 4%) in dark, shady conditions ( Hsu and 
Chiang 2003). Germination percentage in-
creased with increasing light intensity from 0 
to 550 lux, but there was no significant im-
provement in germination rates above 550 to 
700 lux (  Yang, Q.-H., Ye, et al. 2005).

Percentage seed germination also increased 
with increasing temperature from 15°C to 
30°C (  Yang, Q.-H., Ye, et al. 2005), with the 
optimum temperatures between 25°C and 
30°C, at which germination was 84 – 98% ( Hu 
and But 1994, Yang, Q.-H., Ye, et al. 2005).

soils.   Mikania micrantha is found on 
rocky, gravelly, calcareous, and sandy areas, as 
well as clay and rich, damp, and loamy soils 
with diverse soil pH, ranging from 3.6 to 6.5 
( Willis et al. 2008).

Mikania micrantha can also tolerate moder-
ate levels (200 nM of NaCl) of salinity by 
 producing shallow fibrous root systems and 
therefore can grow in saline coastal flats 
 (Macanawai et al. 2010b).

A laboratory study investigating impact of 
soil texture showed that seedling emergence 
was higher in sandy soils than in clay-based 
soils and decreased as seed burial depth in-
creased. The optimal burial depth for seed-
ling emergence was between 0.5 and 2.0 cm, 
and percentage emergence decreased with 
depths below 2.0 cm, with no emergence at 
depths of 5 cm or greater (Li et al. 2002, Hsu 
and Chiang 2003).

Yang et al. (2003) showed that M. micran-
tha growing on less fertile or dry soil had a 
shorter flowering duration, produced fewer 
flowers, and had lower percentage seed set 
than plants growing on more moist fertile soil. 
However, M. micrantha growing in soil with 
high levels of N also produced fewer flowers 
and had low seed set. Yang et al. (2003) re-
ported that M. micrantha produced greater 
biomass if soil moisture was greater than 15%, 
and Yang, Q.-H., Ye, et al. (2005) reported 
the optimum soil moisture content for seed-
ling emergence was approximately 18 – 23% 
in clay-based soils and 20 – 23% in sandy soils.

Communities Invaded

In its native range, M. micrantha occurs in 
damp clearings in forests, forest borders, 
banks of streams, roadsides, and newly altered 
habitats from lowlands to 3,000 m asl that re-
ceive ample rainfall ( Holm et al. 1991, Water-
house 1994, Maffei et al. 1999). However, it 
is not considered particularly invasive and is 
seldom considered a weed ( Waterhouse and 
Norris 1987, Barreto and Evans 1995).

In its introduced range, M. micrantha read-
ily colonizes diverse habitats that are open 
and moist, including natural grasslands, the 
edges and clearings of natural forests, the 
banks of streams and rivers, roadsides, and 
railway tracks and drainage ditches. Mikania 
micrantha also invades agricultural and agro-
forestry sites, including cropping lands, pas-
tures, crop and forest plantations, second-
growth forests, and open disturbed areas, 
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including agricultural fallow lands, waste-
lands, abandoned or poorly managed crop-
ping lands, plantations, or orchards ( Water-
house and Norris 1987; Sapkota 2007; Willis 
et al. 2008; Day, Kawi, Kurika, et al. 2012).

Although M. micrantha may dominate her-
baceous and shrub vegetation, it does not 
 always thrive under forest canopies receiving 
low light intensity ( Holm et al. 1991). It is 
less common in well-managed plantations 
and  orchards or remains confined to fences 
and perimeters receiving high light intensity 
( Willis et al. 2008).

physiology

Photosynthesis and Photosynthetic Efficiency

Mikania micrantha typically exhibits C3 pho-
tosynthesis. However, Wang et al. (2009) 
claimed to observe C4-like bundles in the 
main veins of leaves and young stems and 
speculated that such bundles might enhance 
its photosynthetic efficiency. However, fur-
ther investigation is needed on the leaf anato-
my and physiology of M. micrantha.

Growth of M. micrantha is affected greatly 
by light and CO2. Mikania micrantha is a 
 heliophilic species, meaning it is adapted to 
living in full sunlight and under which condi-
tions the greatest biomass is produced ( Wen 
et al. 2000; Wang, W.-J., Zu, et al. 2008). Un-
der high light conditions, M. micrantha typi-
cally produces thicker leaves, accompanied by 
greater photosynthetic efficiency (Liao et al. 
2003).

In one plant community in southern  China, 
leaf reflectance and leaf transmittance were 
higher for M. micrantha than for other spe-
cies, and the photosynthetic capacity of M. 
micrantha ( light use efficiency, photosynthetic 
water-use efficiency, electron transportation 
rate, and net photosynthetic rate) was similar 
or higher than that of other species evaluated 
( Wang, W., Guan, et al. 2008). The relatively 
high light utilization of M. micrantha com-
pared with that of other species suggests a 
strong competitive ability and favors its rapid 
colonization of new areas.

Increased photosynthesis has also been 
shown to be related to increased allelopathic 

impacts of M. micrantha through enhanced 
 allelochemical production. In M. micrantha 
leaves, β -caryophyllene synthase is high, re-
sulting in production of volatile sesquiter-
penes; inhibitory activity to roots of radish 
(Raphanus sativus L.), wild turnip (Brassica 
campestris L.), and lettuce (Lactuca sativa L.) 
has been strongly induced in response to ele-
vated CO2 associated with increased photo-
synthetic activity ( Wang et al. 2010).

Conversely, under heavy shade conditions 
of <2,000 lux, growth, photosynthetic effi-
ciency, and photosystem II activity of M. 
 micrantha were observed to be very low, 
thus reinforcing the heliophilic nature of M. 
micrantha (Liao and He 2002). Chlorophyll 
and xanthophyll content decrease under low 
irradiance (Zhang et al. 2009).

Water Availability

Under drought conditions, photosynthetic ef-
ficiency of M. micrantha is clearly impacted. 
Chlorophyll content and maximum photo-
chemical efficiency of photosystem II of M. 
micrantha has been found to decrease under 
drought and nonphotochemical quenching 
increases (Zhang et al. 2009). Yang, F.-J., 
Zhang, et al. (2005) also found that the 
 maximum net photosynthetic rate and quan-
tum efficiency were substantially lower under 
water stress.

Biochemistry of Plant Extracts

In a comprehensive phytochemical analysis, 
Guo et al. (2010) isolated 59 chemical com-
pounds from M. micrantha, with the major 
constituents being steroids (44.58%), esters 
(26.22%), amides (9.45%), heterocylic com-
pounds (5.34%), and ethers (4.87%). In addi-
tion, at least 22 components of volatile oils 
have been identified from M. micrantha us-
ing various extraction techniques, with the 
major components being mono- and sesqui-
terpenes, alcohols, and ketones and their 
 derivatives (Zhang, M. X., Ling, et al. 2003; 
Bravo-Monzón et al. 2014). These oils showed 
inhibitory effects against insects, including 
Plutella xylostella L. (Lepidoptera: Plutellidae), 
Phyllotreta striolata Fabricius (Coleoptera: 
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Chrysomelidae), and Phaedon brassicae Baly 
(Coleoptera: Chrysomelidae) (Zhang, M. X., 
Ling, et al. 2003), and likely confer protection 
against herbivory ( Weston et al. 2012).

Recent evaluation of aqueous M. micrantha 
leaf extracts on target cancer cell lines and 
cell growth parameters showed consider-
able biological activity and potent antitumor 
activity of extracts, with tumor inhibition 
rates ranging from 12% to 47% (Dou et al. 
2014). Given the lack of toxicity of aqueous 
extracts to normal mammalian cell types, ex-
tracts show some promise for cancer therapy. 
Extracts also possessed strong antimicrobial 
and antifungal activities, with leaf extracts 
showing higher specific activity than stem 
 extracts ( Hao et al. 2007; Hajra et al. 2010; 
Hao et al. 2011; Li, Y., J. Li, et al. 2013; Li, 
Y., B.-B. Shen, et al. 2013). Such findings 
 support the view that M. micrantha and its 
 extracts are  potentially useful for medicinal 
purposes.

Protein content of M. micrantha leaves is 
relatively low at 3.5% (Qiu 2004), suggesting 
that, along with being hepatotoxic (PIER 
2013), its use as an animal fodder may be 
questionable. Chemical analyses of bioactive 
extracts remain to be performed for identifi-
cation of putative hepatotoxins.

Allelopathy

Laboratory and pot culture experiments 
show that M. micrantha shoots produce al-
lelochemicals that can affect the recruitment 
and growth of other species ( Wu et al. 2009, 
Kaur et al. 2012). Three allelochemicals, 
α-amyrin, stigmasterol, and ferulic acid, in-
hibited seedling growth of R. sativus, B. camp-
estris, and Asian rice (Oryza sativa L.) (Li et al. 
2008).

Three sesquiterpenoids, namely, dihydro-
mikanolide, deoxymikanolide, and 2,3-epoxy-
1-hydroxy-4,9-germacradiene-12,8 : 15,6- 
diolide, have also been isolated from aerial 
parts of M. micrantha. These compounds in-
hibited germination and seedling growth of 
lettuce, radish, ryegrass (Lolium multiflorum 
Lam.), white clover ( Trifolium repens L.), and 
Chinese chives (Allium tuberosum Rottler ex 

Spreng.), along with several tree species, with 
deoxymikanolide having the strongest phyto-
toxicity (Shao et al. 2005).

In other trials, extracts of leaves, stems, and 
roots of M. micrantha each inhibited seed 
 germination and the growth of radicles, hy-
pocotyles, and biomass of various species, 
 including Chinese cabbage (Brassica spp.) ( Is-
mail and Chong 2002), Coix lacryma-jobi L. 
(Li and Jin 2010), Asystasia intrusa (Forssk.) 
Blume, Chrysopogon aciculatus (Retz.) Trin., 
and Paspalum conjugatum Berg. ( Ismail and 
Mah 1993). Other crops affected by M. mi-
crantha extracts include cucumber (Cucumis 
sativus L.) (Liang et al. 2006 in Li and Jin 
2010), rubber ( Hevea brasiliensis Müll. Arg.) 
(Abraham and Abraham 2006), tomato (Sola-
num lycopersicum L.), and puero [Pueraria 
phaseoloides (Roxb.) Benth.] ( Wong 1964). 
Leachates have also been found to increase 
soil nitrification while decreasing soil pH over 
time, thus increasing the suitability of soil for 
M. micrantha invasion (Chen et al. 2009).

reproduction

Reproduction in M. micrantha occurs by both 
sexual and asexual means (Choudhury 1972, 
Holm et al. 1991). In the Mikania genus, in-
florescences are typically more complex than 
those observed in other genera of the tribe 
Eupatorieae, suggesting that Mikania is more 
evolutionarily advanced (Ruas et al. 2000). In 
terms of sexual reproduction, M. micrantha 
usually flowers in the dry season (Cock 1982a), 
and flowering is greater in open sunny 
 areas than in shaded areas ( Hong et al. 2010), 
with plants producing 93,000 – 154,000 flowers/ 
0.25 m2 (Zhang, W.-Y., Li, et al. 2003).

Flowers are generally self-incompatible, 
requiring insects and /or wind for successful 
pollination (Li and Dong 2009). Mikania 
 micrantha has a pollen /ovule ratio of about 
4,000, and in one study, the average number 
of seeds produced per ovule following polli-
nation by insects was 0.56 compared with 
0.0034 and 0.0038 for flowers that were wind- 
or self-pollinated, respectively ( Hong et al. 
2007), indicating the importance of insects for 
successful seed production.



Pacific Island Invasive Species: Mikania micrantha Kunth ·  Day et al. 267

In Fiji, honeybees (Apis mellifera L.) are the 
most abundant visitor to M. micrantha flowers 
and have been observed to have the longest 
foraging time of all floral visitors (Macanawai 
et al. 2012c). Other insects observed visit-
ing M. micrantha flowers in Fiji are in the 
 orders Diptera, Lepidoptera, and Coleoptera. 
However, the role in pollination of these 
 visitors has not yet been determined. Wet 
weather reduces pollination rates, presumably 
due to reduced insect activity (Macanawai 
et al. 2012c).

Between 90,000 and 210,000 seeds/m2 are 
estimated to be produced by M. micrantha 
(Zhang, W.-Y., Li, et al. 2003; Macanawai 
et al. 2012c). Seeds are typically small (ap-
prox. 1.85 by 0.42 mm) and lightweight 
(0.088 g/1,000 seeds) and possess a terminal 
pappus, consisting of approximately 25 – 382 
soft, white bristles 4 mm long ( Hu and But 
1994; Zhang, W.-Y., Li, et al. 2003; Yang, 
Q.-H., Ye, et al. 2005). The presence of a 
pappus increases surface tension and allows 
seeds to float long distances or be more easily 
dispersed by wind. The pappus also enables 
the seed to become easily attached to human 
clothing and possessions or on the fur of 
 animals ( Holm et al. 1991; Yang, Q.-H., Ye, 
et al. 2005; PIER 2013). Seeds with a pappus 
can also absorb two to four times more water 
than those without, thus improving germina-
tion rates (  Yang, Q.-H., Ye, et al. 2005).

Asexually, M. micrantha typically repro-
duces by the formation of ramets arising from 
rosettes. Reproduction by ramets can exceed 
seed production in forest gaps ( Hong et al. 
2010) when flowering is reduced due to lower 
light intensity or during periods of high rain-
fall, presumably when insect activity is re-
duced (Macanawai et al. 2012c). Vegetative 
reproduction also occurs by resprouting from 
broken stem fragments or nodes of stems in 
contact with surface soils (Day, Kawi, Kurika, 
et al. 2012; Li, X., Y. Shen, et al. 2013; Song 
et al. 2013; Macanawai et al. 2015), and the 
main stem can survive drought conditions for 
several years before reshooting under more 
favorable conditions (Puzari et al. 2010).

As a demonstration of the adaptability 
of M. micrantha under different conditions 

(moist and dry) and growth habits, Zhang 
et al. (2011) found that substantially more 
climbing plants (85%) displayed sexual repro-
duction than prostrate plants (40%), which 
tended to reproduce asexually.

population dynamics

Mikania micrantha has a tremendous capac-
ity for growth and reproduction given the 
right conditions. In the tropics, M. micrantha 
grows throughout the year because tem-
peratures and rainfall are consistently high. 
In  India, M. micrantha achieved an average 
growth rate of 8 – 9 cm /day (Choudhury 
1972), and growth rates of 6 – 7 cm /day were 
reported in China (Zhang et al. 2004), 3.3 
cm /day in PNG (Day, Kawi, Tunabuna, et al. 
2012), and 2.7 – 3.8 cm /day in Fiji (Macanawai 
et al. 2012a).

Flowers mature 5 days from bud forma-
tion, and anthesis requires another 5 days, 
with seeds maturing in 5 – 7 days ( Hu and 
But 1994). Capitula contain between one 
and  seven seeds, but most possess four seeds 
 (Macanawai et al. 2012c). A single M. micran-
tha plant has the ability to produce up to 
54,000 seeds annually (Abraham and Abra-
ham 2005). However, seed set is greatly af-
fected by the seasonality of rainfall, as is insect 
pollination activity. Seed set in high-rainfall 
(3,000 mm /yr) areas of Fiji was 10% lower 
than in moderate-rainfall (2,000 mm /yr) areas 
(Macanawai et al. 2012c).

Macanawai et al. (2010b) employed a 
 laboratory-controlled ageing test (LCAT) to 
show that M. micrantha seeds would poten-
tially  survive in the soil seed bank from 1 to 
3 yr. However, under northern Australian 
field conditions, Brooks et al. (2008) reported 
that seeds remain viable for up to 7 yr.

In shaded areas, flowering is reduced, and 
vegetative propagation is the dominant form 
of reproduction and should be considered 
just as important as generative reproduction 
( Holm et al. 1991, Hong et al. 2010). This is 
especially so in areas where there is open bare 
soil and stems or runners can easily root and 
produce new shoots. However, dispersal dis-
tance associated with vegetatively produced 
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material is generally lower than that associ-
ated with seed movement.

economic importance and  
ecological impacts

Detrimental Aspects

Mikania micrantha is considered one of the 
world’s worst weeds ( Holm et al. 1991, Lowe 
et al. 2000, CABI 2012). This status is also 
recognized in parts of Oceania, where it is 
rated as one of the most important weeds in 
the South Pacific, being present in 20 coun-
tries ( Waterhouse and Norris 1987; Swarbrick 
1997; Waterhouse 1997; Meyer 2000; Dovey 
et al. 2004; Dodd and Hayes 2009; Day, Kawi, 
Kurika, et al. 2012; PIER 2013). In fact, 
 Waterhouse (1997) rated M. micrantha, along 
with Merremia peltata (L.) Merr. (Convolvula-
ceae), as by far the worst weeds of plantations 
in the region.

Within parts of Asia, M. micrantha is also 
viewed as one of the worst exotic weeds ( Wa-
terhouse 1994) and one of the six high-risk 
invasive species in Nepal (Singh and Poudel 
2013). The State Environmental Protection 
Administration of China (2003) listed M. mi-
crantha as one of the 16 most invasive species 
in China. On Neilingding Island alone, eco-
nomic losses due to M. micrantha are esti-
mated at US$650,000 – 1.6 M/yr (Zhong et al. 
2004).

In its introduced range, M. micrantha af-
fects a wide range of natural and agricultural 
ecosystems, from small subsistence farms to 
large plantations and forestry areas. In those 
areas, it can reduce productivity and biodiver-
sity through competition, as well as reduce 
income due to control costs ( Teoh et al. 1985; 
Swarbrick 1997; Puzari et al. 2010; Day, 
Kawi, Kurika, et al. 2012). Much of the detri-
mental impact of M. micrantha is due to its 
rapid growth rate, estimated at up to 9 cm /
day (Choudhury 1972), such that it can com-
pletely dominate an area in only a few months 
if uncontrolled.

Across all agricultural land uses, M. mi-
crantha affects many types of crops, particu-
larly those that provide scaffolding for its 

 vining growth habit. Its rapid growth enables 
it to completely smother crops or trees, block-
ing out sunlight, thus reducing growth, flow-
ering, and yield or even killing plants ( Wong 
1964; Huang et al. 2000; Shi and Liu 2007; 
Siwakoti 2007; Willis et al. 2008; Day, Kawi, 
Kurika, et al. 2012). Mikania micrantha also 
impacts other plants by successfully compet-
ing for limited resources such as water and 
nutrients or through the action of allelochem-
icals ( Holm et al. 1991, Li and Jin 2010).

There are more than 20 crops particularly 
affected by M. micrantha, many of them 
 plantation crops (Figure 4, Table 3). Cocoa 
( Theobroma cacao L.) in PNG covered in M. 
micrantha had reduced flowering and thus a 
lower yield than those free of M. micrantha 
(Day, Kawi, Kurika, et al. 2012). In oil palm 
(Elaeis guineensis Jacq.) plantations, the yield 
of crops infested with M. micrantha was esti-
mated to be 20% of that of uninfested crops 
(Gray and Hew 1968 in Teoh et al. 1985). 
Yield losses of banana (Musa spp.), Citrus spp., 
and sugarcane (Saccharum officinarum L.) in-
fested with M. micrantha in China ranged 
from 60% to 70% depending on the infesta-
tion (Shen et al. 2013).

In a survey documenting economic losses 
due to M. micrantha in PNG, yield losses 
greater than 30% were experienced by 45% 
of survey respondents. Approximately 50% 
of farmers who practiced subsistence farm-
ing and who relied on manual control had to 
weed M. micrantha every fortnight (2-week 
period) to keep it under control. Conse-
quently, there was less time available for 
 family matters or property maintenance (Day, 
Kawi, Kurika, et al. 2012). Similar impacts 
were reported in Fiji, where nearly 100% 
of farmers controlled M. micrantha to pre-
vent crop loss. Approximately US$22/ ha and 
US$15/ ha was spent controlling M. micrantha 
in root crop and sugarcane areas, respec-
tively (Macanawai et al. 2012b). In extreme 
cases, small blocks in Samoa were aban-
doned after being smothered by M. micrantha 
( ISSG 2005).

In addition to direct impacts on growth, 
flowering, and yield of crops, M. micrantha 
also disrupts harvesting, especially in coco-
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nuts (Cocos nucifera L.), oil palm, cacao, and 
tea [Camellia sinensis (L.) Kuntze] ( Holm 
et al. 1991; Puzari et al. 2010; Day, Kawi, 
 Tunabuna, et al. 2012). Mikania micrantha in 
sugarcane fields in Fiji interfered with the 
slashing of cane and increased the risk of 
 injury through knife-related wounds ( Holm 
et al. 1991; A. Macanawai, Department of 
 Agriculture, pers. comm., 2012). In India, M. 
micrantha decreased yield of tea plantations 
by 42% through competition and by growing 
over the new growth, disrupting the harvest-
ing of new leaves (Puzari et al. 2010).

Mikania micrantha also causes losses in 
livestock production, either through competi-
tion with pasture grasses or via hepatotoxicity 
due to consumption of green plant matter 

(PIER 2013). However, Sapkota (2007) and 
Day, Kawi, Kurika, et al. (2012) observed that 
areas of grassland where trees or shrubs were 
completely absent were also free of M. mi-
crantha, whereas M. micrantha was present 
in grasslands where some woody plants 
 occurred.

Forest species of economic importance, 
such as Dalbergia sissoo Roxb. (Fabaceae) ( In-
dian rosewood) and Bombax ceiba L. (Bomba-
caceae) (cotton tree) in Nepal, have also 
 suffered economic loss from M. micrantha 
(Sapkota 2007). Open forests or forests with 
relatively immature trees proved most vulner-
able, whereas trees above 30 cm diameter 
at breast height (DBH ) were less affected 
(Sapkota 2007). As well as damage due to 

Figure 4. Mikania micrantha impacts on a range of crops: bananas (top left), cocoa (top right), taro (bottom left), and 
citrus (bottom right).
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 direct competition, some forestry losses are 
also due to the actions of allelochemicals or 
phytotoxins, and severe infestations of M. mi-
crantha impair harvesting ( ISSG 2005).

In natural environments, particularly on 
the forest edges, M. micrantha grows up to 
15 m in height, covering the canopy and 
blocking sunlight. However, M. micrantha 
rarely penetrates into undisturbed forests 

where light is a limiting factor (Kuo et al. 
2002, Willis et al. 2008). Mikania micrantha 
forms dense monospecific mats up to 30 cm 
thick, killing or inhibiting the recruitment 
and growth of other species such as grasses 
and herbs ( Holm et al. 1991, Huang et al. 
2000, Zhang et al. 2004). As an example, spe-
cies richness in the Western Ghats, India, is 
30% lower in areas invaded by M. micrantha 
than in similar areas where M. micrantha is 
not present (Kaur et al. 2012).

The impact of M. micrantha on vegetation 
has subsequent impacts on fauna. On Neiling-
ding Island, M. micrantha covers 40% – 60% 
of the island (Zhuang 1999, Li 2000), and 
nearly 33% of trees have been affected (  Yi 
and Zhou 2000), including the key sources of 
food for native monkeys. Mikania micrantha 
has threatened their survival by smothering 
banana trees on the island, thus reducing yield 
and /or access to fruit (Zhuang 1999, Kong 
et al. 2000 in Shao et al. 2005, Liu 2012).

Similarly, in Chitwan National Park in 
Nepal, M. micrantha is considered the most 
serious weed (Sapkota 2007), affecting over 
20% of the park (Singh and Poudel 2013) and 
outcompeting plant species that the severely 
endangered populations of the greater one-
horned rhinoceros (Rhinoceros unicornis L.) 
usually browse (Murphy et al. 2013). Else-
where in Nepal, the invasion of M. micrantha 
into Koshi Tappu Wildlife Reserve has re-
duced grasslands, forcing buffalo and wild 
boar into cropping areas seeking food (Siwa-
koti 2007).

Apart from its physical impact on other 
species, M. micrantha affects species composi-
tion through its ability to alter the soil chem-
istry and mineral recycling, subsequently im-
pacting soil microbial communities ( Wong 
1964, Li et al. 2006, Li et al. 2007). Wong 
(1964) reported that the rate of nitrification 
was lower under M. micrantha than under 
grasses and legumes. In studies on Neiling-
ding Island, significant increases in pH and 
phosphorus and decreases in nitrogen and soil 
organic matter in soil under M. micrantha 
were noted when compared with soil under 
native species. The change in pH appeared to 
result in a significant increase in aerobic bac-
teria, a decrease in anaerobic bacteria, and a 

TABLE 3

Crops That Are Severely Affected by Infestations of 
Mikania micrantha

Crop Reference(s)

Banana (Musa spp.) ISSG (2005), Macanawai 
et al. (2010a)

Betel nut (Areca catechu) Willis et al. (2008)
Breadfruit (Artocarpus 

altilis)
ISSG (2005)

Cacao ( Theobroma cacao) Teoh et al. (1985), ISSG 
(2005)

Cassava (Manihot 
esculenta)

Macanawai et al. (2012a)

Citrus (Citrus spp.) Shen et al. (2013)
Coconut (Cocos nucifera) Waterhouse and Norris 

(1987), ISSG (2005)
Coffee (Coffea arabica) Abraham and Abraham 

(2005)
Ginger (Zingiber officinale) Kaur et al. (2012)
Guava (Psidium guajava) ISSG (2005)
Lychee (Litchi chinensis) M.D.D., pers. comm., 2013
Oil palm (Elaeis guineensis) Waterhouse and Norris 

(1987), ISSG (2005)
Papaya (Carica papaya) Day, Kawi, Kurika, et al. 

(2012); Day, Kawi, 
Tunabuna, et al. (2012)

Pineapple (Ananas 
comosus)

ISSG (2005)

Plantain (Musa 
paradisiaca)

ISSG (2005)

Rice (Oryza sativa) Kaur et al. (2012)
Rubber ( Hevea brasiliensis) Teoh et al. (1985), ISSG 

(2005)
Sugarcane (Saccharum 

officinarum)
Macanawai et al. (2012b), 

Shen et al. (2013)
Sweet potato ( Ipomoea 

batatas)
Holm et al. (1991)

Tapioca (Manihot 
utilissima)

Abraham and Abraham 
(2005)

Taro (Colocasia esculenta) Day, Kawi, Kurika, et al. 
(2012); Macanawai et al. 
(2012a)

Tea (Camellia sinensis) Puzari et al. (2010), Shen 
et al. (2013)

Yam (Dioscorea alata) Holm et al. (1991)
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change in enzyme activity in soils under M. 
micrantha (Li et al. 2006). However, Li et al. 
(2007) found that microbial biomass, C, N, 
and P increased with an increase in the per-
centage of M. micrantha cover, and the respi-
ratory quotient decreased. They asserted that 
soil improved under M. micrantha and that 
substrate richness and functional diversity in-
creased, but this may also be associated with 
crop production.

Beneficial Aspects

For some countries (e.g., India, Malaysia, 
and Taiwan), M. micrantha was introduced or 
has been used as a cover crop and for soil 
 improvement ( Wirjahardja 1976, Macanawai 
et al. 2012b, Tripathi et al. 2012). It has also 
been used as fodder for grazing animals in 
 numerous countries (e.g., Fiji, India, Nepal, 
and  Malaysia) (Siwakoti 2007, Macanawai 
et al. 2012b, PIER 2013). However, it is less 
valuable as fodder than other commonly-used 
species ( Waterhouse and Norris 1987), and 
consuming M. micrantha was also shown to 
cause hepatotoxicity (PIER 2013) and a re-
duction in milk production (Siwakoti 2007).

Green manure derived from M. micrantha 
has been reported to increase the growth and 
yield of rice in India (Abraham and Abraham 
2006, PIER 2013), but recent studies have 
shown that M. micrantha is not particularly 
suitable for mulching and composting, due 
to its high water content and rapid rate 
of  decomposition (Sankaran 2007). Mikania 
 micrantha has also been planted on slopes to 
prevent soil erosion ( Waterhouse and Norris 
1987).

In Fiji, Samoa, and to a lesser extent PNG, 
M. micrantha is used as a medicinal plant to 
treat cuts and nausea (Day, Kawi, Kurika, 
et al. 2012; Macanawai et al. 2012b). It is also 
used as an alternative medicine in Jamaica and 
in parts of Asia because the plant is known 
to have antibacterial and antimicrobial prop-
erties (Facey et al. 1999, But et al. 2009). In 
northeastern India, the Kabi tribes use the 
leaf juice as an antidote for insect bites and 
scorpion stings, and in Malaysia it is used 
as a curative agent for dermal irritation and 
 itching (PIER 2013).

Regulatory Aspects

Most Pacific island countries have signed the 
Convention on Biological Diversity (CBD). 
Under the Convention, signatories are en-
couraged to “prevent the introduction of, 
control or eradicate those alien species which 
threaten ecosystems, habitats and species.” 
However, most Pacific island country signa-
tories lack the capacity to implement the 
 necessary prevention or control measures for 
weeds such as M. micrantha (Dovey et al. 
2004).

Most government agencies are limited in 
their ability to undertake prevention or man-
agement measures because of shortcomings 
in policy, infrastructure, and other resources. 
Often these agencies employ generalists as 
pest managers, many of whom cover a range 
of duties and do not necessarily have the skills 
to tackle specific weed management issues 
(Dovey et al. 2004). In addition, there is often 
a lack of baseline data that highlight the nega-
tive impacts of weeds. Consequently, weed 
management is often poorly coordinated and 
is frequently left to private landholders.

In Queensland, Australia, M. micrantha is 
declared a Class 1 weed, requiring eradication 
of populations if detected, and it is currently 
the target of a national cost-share eradica-
tion program (Brooks et al. 2008). Mikania 
micrantha is also listed as a noxious weed in 
the United States and in several U.S. states, 
including Florida ( Weaver and Dixon 2010).

response to management

Management options of any weed vary with 
habitat, land use, farming system, size of in-
festation, time, and available resources. Man-
agement of M. micrantha is compounded due 
to its vining growth habit, which results in 
rapid cover of existing plant canopies, such as 
crops. Therefore, both manual and chemical 
management strategies are often difficult to 
implement due to possible damage to desir-
able species (Parker 1972).

Landholders in the South Pacific are gen-
erally small subsistence farmers, producing 
food for personal consumption and sale at 
 local markets. Therefore, costly management 
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strategies involving herbicide use are gen-
erally not attempted, and manual control 
measures, including slashing or hand pulling, 
are widely practiced. Chemical application of 
herbicides is mainly practiced by commercial 
or semicommercial enterprises on a broader 
scale (Day, Kawi, Kurika, et al. 2012). Re-
gardless of the control method, it is desirable 
to replant bare areas with native species, 
crops, or ornamentals to minimize the reinva-
sion of M. micrantha.

Chemical Control

Herbicides are most commonly used for con-
trol of M. micrantha on commercial farms, 
due to greater efficacy and cost-effective ap-
plication. The most effective herbicides pro-
viding least crop injury vary depending on the 
country, situation, and land use. In the South 
Pacific, application of 2,4-D; 2,4-D + piclo-
ram; or paraquat can provide good control 
( Waterhouse and Norris 1987). In regions of 
Fiji where root crops are produced, glypho-
sate and paraquat are the most commonly 
used herbicides. Sugarcane farmers also use 
numerous herbicides including 2,4-D, diu-
ron, MCPA, and 2,4-D + dicamba for selec-
tive control of broadleaf weeds (Macanawai 
et al. 2012b).

In northern Australia, M. micrantha has 
been subjected to controlled burning to re-
duce the amount of plant material and soil-
surface seed in established infestations. Popu-
lations of M. micrantha are then managed 
through subsequent applications of 200 g/  
liter fluroxypyr and /or hand removal of entire 
small vines (Brooks et al. 2008).

In Malaysia, 2,4-D is an inexpensive and 
commonly applied herbicide, but it can also 
adversely affect rubber and oil palm growth 
( Teoh et al. 1985). Phenoxy herbicides are 
also widely used across India, but care needs 
to be taken when applied to young tea planta-
tions (Choudhury 1972). Tea is particularly 
susceptible to herbicide injury, which may re-
sult in the tainting of tea (Cock et al. 2000, 
Puzari et al. 2010).

Paraquat is a contact, nonsystemic herbi-
cide, and as a result, it often has less off-target 
impacts on rubber and tea provided it is ap-

plied under calm conditions. However, it is 
typically less effective against M. micrantha 
than systemic phenoxy herbicides such as 
2,4-D ( Teoh et al. 1985). In more recent field 
evaluations in China, paraquat was the most 
effective over a short duration, with picloram, 
glyphosate, sulfometuron-methyl, penoxsuam, 
thifensulfuron, and monosulfuron ester also 
highly effective against M. micrantha, while 
showing little effect against rubber (Liu 
et al. 2012). The application of 0.01 – 0.1 g 
sulfometuron-methyl /m2 successfully con-
trolled M. micrantha and was considered to 
provide a margin of safety when applied in 
mixed stands of woody, herbaceous, and vine 
species ( Wang, Y.-J., Zan, et al. 2003). Li 
et al. (2003) also found sulfometuron-methyl 
to be most effective when compared with  
2,4-D and hexazinone in field trials.

In a trial on Neilingding Island and in 
 Futian Mangrove Nature Reserve in southern 
China, the aboveground parts and the roots 
of M. micrantha were controlled within 3 – 5 
months when plants were treated with 25% 
hexazinone and 75% sulfometuron-methyl 
(Zan et al. 2001). However, Hu and But 
(1994) found that 0.4% bentazone provided 
effective management of 25-, 45-, and 60-day-
old M. micrantha seedlings, and glyphosate, 
bentazone, picloram, and oxadiazon success-
fully inhibited seed germination.

Shen et al. (2013) found, after testing 20 
soil and foliar herbicides, that numerous 
 herbicides such as sulfometuron-methyl, flu-
roxypyr, and glyphosate were very effective 
against M. micrantha but questioned their se-
lectivity on some crops. They concluded that 
particular herbicides should be used depend-
ing on the crops grown. They recommended 
atrazine when M. micrantha is growing near 
sugarcane and rubber, glyphosate in rubber 
plantations, and 2,4-D grown with maize (Zea 
mays L.).

The use of herbicides for the control of M. 
micrantha on large land holdings can be very 
expensive but, compared with costs of hand 
weeding, is still the preferred method for 
commercial crop management. In India, tea 
producers spend up to 30% of total profits on 
the control of M. micrantha ( ISSG 2005), and 
in small-scale farms, households typically ex-



Pacific Island Invasive Species: Mikania micrantha Kunth ·  Day et al. 273

pend 24% – 37% of total production costs on 
weeding banana, guava (Psidium guajava L.), 
sapota [Manilkara zapota (L.) P. Royen], and 
mango (Mangifera indica L.) crops, with costs 
of controlling M. micrantha accounting for 
between 10% and 20% of total weeding costs. 
The presence of M. micrantha can decrease 
income by at least 10% (Muraleedharan and 
Anitha 2001). In rubber, oil palm, and cocoa 
plantations where herbicides are commonly 
applied, costs of controlling M. micrantha 
were estimated at $8 – 10 M/yr ( Teoh et al. 
1985), and this cost is likely to be considerably 
higher today.

In the United States, amino cyclopyrachlor, 
fluroxypyr, and triclopyr were shown to be 
the most effective, while glyphosate and glu-
fosinate provided only adequate control of 
M. micrantha (Sellers et al. 2014).

Manual Control

In PNG, 96% of subsistence farmers use 
slashing or hand pulling as the only means of 
controlling M. micrantha. Subsistence farms 
are usually small blocks (ca. 1 ha or less) char-
acterized by low production values. Thus, 
manual control tends to be more common be-
cause herbicide use is too costly for resource-
poor farmers (Orapa 2001; Day, Kawi,  Kurika, 
et al. 2012). In India, weed control in some 
teak plantations is often through manual la-
bor, and the rapid growth rates of M. micran-
tha result in high labor costs (Muraleedharan 
and Anitha 2000). In such situations, weed 
control is the second most expensive opera-
tion ( behind plucking), with 20% of workers 
involved in weeding (Puzari et al. 2010).

In PNG, 68% of plantation owners use 
manual means for weed control (Day, Kawi, 
Kurika, et al. 2012), while in rubber, oil palm, 
and cocoa plantations in Malaysia, only be-
tween 12% and 21% of farmers use manual 
control ( Teoh et al. 1985). In larger planta-
tions, hand pulling and slashing are less effi-
cient because it is costly in terms of labor and 
not all plants are killed (Day, Kawi, Kurika, 
et al. 2012).

Apart from labor costs, slashing can result 
in damage to desirable species and the envi-
ronment (Zhang et al. 2004) and has health 

and safety issues. In addition, slashing is also 
inefficient because plants can readily regrow 
from broken stems if left lying on the ground 
and not burned or buried ( Waterhouse and 
Norris 1987; Day, Kawi, Kurika, et al. 2012; 
Li, X., Y. Shen, et al. 2013; Macanawai et al. 
2015). However, Kuo et al. (2002) and Rai 
et al. (2012) reported that cutting vines close 
to the ground at least once a month for three 
consecutive months before flowering in sum-
mer and autumn and then again in winter and 
spring can eliminate about 90% of vines.

Weed management using hand weeding 
and slashing can be improved if fragments can 
be burned or buried. Survival of fragments 
and regrowth decreases with the depth at 
which fragments are buried. Less than 5% of 
fragments survived when buried at depths 
greater than 8 cm (Li, X., Y. Shen, et al. 2013; 
Macanawai et al. 2015).

Mechanical control options, involving cul-
tivation and plowing, can also be considered 
for the management of M. micrantha. In Fiji, 
taro farms that were mechanized had lower 
densities of M. micrantha than farms where 
hand pulling and slashing were mainly prac-
ticed. This is likely because the soil is gener-
ally plowed or cultivated between subsequent 
crop establishment, and M. micrantha plants 
are destroyed and /or buried, whereas manu-
ally slashed plants are usually left on the 
ground where they can reshoot (Macanawai 
et al. 2010; Macanawai et al. 2015). However, 
Abraham and Abraham (2005) suggested that 
plowing is unlikely to control M. micrantha 
because it is practically impossible to bury all 
fragments deeper than 5 cm, the depth at 
which M. micrantha ceases to regrow.

Cultural Control

Various other methods have been attempted 
to manage M. micrantha. Burning can kill 
plants and seeds on the soil surface, but other 
species may also be impacted. Consequently, 
vegetation removal by fire often results in bare 
ground, which then creates ecological niches 
that allow reestablishment of M. micrantha. 
In India, M. micrantha populations increased 
after burning in all fallow regimes evaluated. 
Seedling recruitment occurred only in burned 



274 PACIFIC SCIENCE ·  July 2016

sites of 2- and 4-yr-old fallows, whereas in 
the 8-yr-old fallow, seedling recruitment oc-
curred in both burned and unburned sites 
(Swamy and Ramakrishnan 1987). In con-
trast, burning has been suc cessfully used in 
Australia to reduce initial stands of M. mi-
crantha before using herbicides (Brooks et al. 
2008).

Control through shading or competition 
by other species has produced favorable re-
sults (Xu et al. 2011; Shen, S.-C., Xu, et al. 
2012; Shen et al. 2015). Ipomoea batatas (L.) 
Lam. has a stronger competitive ability than 
M. micrantha in most of the ratios that have 
been tested and is able to absorb soil nutrients 
more effectively, suggesting that it could be 
used to control M. micrantha in some areas 
(Shen, S.-C., Xu, et al. 2012; Shen et al. 2015). 
Furthermore, if the use of competitive crops 
is combined with a single application of ben-
tazon, control can be increased to 90% for up 
to 3 months and is superior to the use of 
 bentazon alone (Shen et al. 2014).

In another study, Lolium perenne L., Arte-
misia annua L., and Festuca elata Keng ex E. B. 
Alexeev showed a strong competitive ability 
against M. micrantha at all densities tested. 
The use of competitive native and cultivated 
plants for successful weed suppression of 
 difficult-to-control invasive plants deserves 
further attention. However, the feasibility of 
using other species to control M. micrantha is 
doubtful over large areas, and it is likely that 
such  species would only be able to control 
M.  micrantha growing as ground cover and 
not suppress plants already growing up and 
over other vegetation.

Classical Biological Control

Classical biological control of weeds has been 
practiced since the early 1900s and can poten-
tially offer long-term solutions to many weed 
problems around the world ( Winston et al. 
2014). Biological control, including the use of 
living biocontrol agents (classical biological 
control) or development of naturally pro-
duced products for weed management, is 
 often viewed as an economical, environmen-
tally friendly, and more sustainable method of 
weed management and has potential for the 

control of M. micrantha ( Teoh et al. 1985; 
Cock et al. 2000; Chen et al. 2003; Day, Kawi, 
and Ellison 2013; Day, Kawi, Fidelis, et al. 
2013).

Within the introduced range of M. mi-
crantha, numerous species of arthropods and 
pathogens have been recorded as damaging 
M. micrantha in Kerala State, India. How-
ever, all the species found were either polyph-
agous or not sufficiently damaging to control 
the weed ( Teoh et al. 1985; Abraham, Abra-
ham, and Joy 2002; Abraham, Abraham, and 
Varma 2002). Over 30 insects, mites, and 
pathogens have been found on M. micrantha 
in China ( Han et al. 2001) and 33 insect 
and mite  species in Taiwan (Chen et al. 2003), 
but no further assessments have been con-
ducted on their potential as biological control 
agents.

A formal program for the biological con-
trol of M. micrantha was first attempted in the 
late 1970s, when surveys were conducted by 
CABI in Central and South America and 
throughout the Caribbean, with a view to 
 recommend release in Southeast Asia (Cock 
1982a). Nine arthropod natural enemies were 
found, of which Liothrips mikaniae (Priesner) 
( Thysanoptera: Phlaeothripidae) was consid-
ered the most promising.

Liothrips mikaniae was found in sunny ex-
posed areas in Colombia, Costa Rica, Trini-
dad, Peru, and Venezuela but was not found 
in shaded habitats (Cock 1982b). Host speci-
ficity tests were conducted on 37 species, in-
cluding three from the genus Mikania and 12 
other species from the Asteraceae. Develop-
ment to the adult stage occurred only on 
M. micrantha (Cock 1982b).

The thrips was subsequently introduced 
and released in the Solomon Islands (1988) 
and Malaysia (1990) but failed to establish in 
either country. A shipment of the thrips was 
also sent to PNG in 1989, but the insects died 
out before they could be released (Cock et al. 
2000).

A survey of pathogens on M. micrantha 
conducted by CABI in southern Brazil from 
1988 to 1989 found nine species, with the rust 
Puccinia spegazzinii thought to be the most 
promising as a biocontrol agent (Barreto and 
Evans 1995). CABI conducted additional field 
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surveys over 1996 – 1999 in collaboration with 
the Kerala Forestry Research Institute, India, 
and Viçosa University in Minas Gerais, Bra-
zil, and found three microcyclic rust species 
including P. spegazzinii (Evans and Ellison 
2005).

Of all the pathogens found in both surveys, 
P. spegazzinii was prioritized because of its 
wide distribution: it was found in numerous 
countries during both surveys and was ob-
served infecting both old and young leaves 
and petioles, causing premature senescence 
(Barreto and Evans 1995, Ellison et al. 2004). 
Strains of P. spegazzinii were obtained from 
Argentina, Brazil, Costa Rica, Ecuador, Peru, 
and Trinidad and were then tested against M. 
micrantha from numerous countries in the 
 introduced range to match the best strain of 
rust with the plant. For southeastern India, 
the rust strain from Trinidad was considered 
to be the most suitable (Ellison et al. 2004), 
and for the South Pacific, the strain from east-
ern Ecuador was the most damaging (Day, 
Kawi, and Ellison 2013).

Puccinia spegazzinii was tested by CABI in 
the United Kingdom on 53 species, including 
27 from the family Asteraceae and in India on 
an additional 58 species, including 19 species 
from the Asteraceae. Pustules developed only 
on M. micrantha. Puccinia spegazzinii was sub-
sequently released in India around Assam in 
October 2005 and March 2006, and in Kerala 
in August 2006 (Ellison et al. 2008). However, 
the rust failed to establish at any site (Ellison 
and Day 2011). The rust was also introduced, 
albeit unsuccessfully, into mainland China, 
after testing on 72 plant species, including 
25 species in the Asteraceae (Fu et al. 2006). 
The rust was released in Taiwan in 2008, 
where it established at numerous sites and 
has since spread to other areas (Ellison and 
Day 2011).

In 2006, a new biocontrol project on M. 
micrantha commenced in PNG and Fiji in 
collaboration with the Queensland Govern-
ment and funded by the Australian Centre of 
International Agricultural Research (ACIAR). 
The rust strain ( IMI 393075) from eastern 
Ecuador was imported into both countries 
in 2008 after additional testing by CABI on 
11 species important to the South Pacific re-

gion, and field releases commenced in PNG 
in 2008 and Fiji in 2009. The rust subse-
quently established in both countries, particu-
larly in PNG, where it has spread over 40 km 
from some sites. Glasshouse studies showed 
that the rust can significantly reduce plant 
growth rates, and field monitoring at sev-
eral sites found that the percentage cover of 
M. micrantha has been reduced by about 50% 
since the introduction of the rust (Day, Kawi, 
and Ellison 2013; Day, Kawi, Fidelis, et al. 
2013).

After the success of the rust in PNG and to 
a lesser extent in Fiji, the rust has since been 
introduced into Vanuatu (2012), where it has 
been released widely and has established on 
six islands. Anecdotal reports suggest that 
M. micrantha in some areas on the main island 
of Efate has decreased as a result of the rust 
(S. Bule, Biosecurity Vanuatu, pers. comm., 
2014) (Figure 5). Formal evaluation of the 
 impact of the rust on M. micrantha has com-
menced in Vanuatu.

Despite the bright prospects for biological 
control of M. micrantha, relatively few coun-
tries in the Pacific and Southeast Asia have 
embraced its application for management. 
There are two main reasons for this. First, M. 
micrantha is perceived by some locals to pos-
sess several benefits, including its use as a me-
dicinal plant or as a cover crop. There is fear 
that introducing a biological control agent 
will eradicate a potentially useful medicinal 
plant. Second, there is still a perception that 
the introduction of a biological control agent 
could cause off-target damage, despite being 
tested against 175 different species (Ellison 
et al. 2014).

There appears to be a general lack of un-
derstanding of weed biological control, be-
cause the introduction of a biological control 
agent does not necessarily lead to eradication 
of the target weed. Typically, successful bio-
logical weed control results in the reduction 
of weed densities to threshold levels below 
which economic and physical damage do 
not occur, resulting in little or no other man-
agement required. Therefore, M. micrantha 
plants would logically be available for medici-
nal purposes, and the plant could still be con-
sidered for use as a cover crop.
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Biological Control with Mikania micrantha 
Wilt Virus

Recent studies in China have focused on the 
potential of the mikania wilt virus as a bio-
logical control agent for M. micrantha ( Wang 
et al. 2013, Wang et al. 2015). The virus has 
not yet been fully identified, but it appears 
to belong to the genus Fabavirus. Although 
studies have shown that the virus can signifi-
cantly reduce seed production and seedling 
growth in M. micrantha ( Wang et al. 2015), 
the virus affected 11 other plant species, sev-
eral of which are valuable crop species, be-
longing to six families, out of the 26 plant 
 species tested ( Wang et al. 2013, Wang et al. 
2015). Furthermore, reports stating that the 
mikania wilt virus can significantly reduce 

seedling growth are misrepresented as no data 
were presented ( Wang et al. 2015).

Recommendations that the mikania wilt 
virus could be utilized as a biocontrol agent 
against M. micrantha are quite premature. We 
strongly advise that more detailed studies in-
volving (1) determination of the species and 
its phylogeny; (2) host range testing against a 
larger number of species, covering a greater 
number of families; and (3) potential impacts 
to M. micrantha, including growth rates are 
required before any recommendations of its 
use as a biocontrol agent are made.

Biological Control with Cuscuta campestris

Cuscuta campestris Yuncker (Convolvulaceae) 
or field dodder is an obligate stem and leaf 
plant parasite native to North America. It 
lives entirely on the host plant, drawing nutri-
ents from its host via haustoria, thus reducing 
growth, flowering, and seeding and causing 
host death (Lanini and Kogan 2005). It is the 
most widely distributed dodder species, being 
found in South America, Europe, Asia, Africa, 
and Australia ( Holm et al. 1997). It has a wide 
range of hosts, including 25 crop species, cov-
ering Asteraceae, Convolvulaceae,  Solanaceae, 
Fabaceae, Cruciferae, and several other fami-
lies, although it is rarely found on woody 
plants, grasses, and cereals (  Yuncker 1932, 
Dawson et al. 1994).

It has been observed to suppress M. mi-
crantha since the early 1970s (Parker 1972). 
Since then, reflecting the severity and impor-
tance of M. micrantha as a weed, C. campestris, 
despite its own pest status, has been the sub-
ject of research in Southeast Asia as a feasible 
means of controlling M. micrantha (e.g., Lian 
et al. 2006, Yu et al. 2008, Shen et al. 2011). 
Cuscuta campestris grows faster than M. mi-
crantha, so can quickly smother the plant, 
 reducing photosynthesis. Cuscuta campestris 
significantly reduces photosynthesis in M. 
 micrantha by blocking sunlight, as well as 
 capturing resources from the host plants by 
acting as a stronger sink for photosynthates, 
which may eventually kill the plant (Shen 
et al. 2007, Shen et al. 2011).

In M. micrantha plants infected with C. 
campestris, the leaf number, stem length, bio-

Figure 5. Puccinia spegazzinii pustules on the underside 
of a M. micrantha leaf (top) and M. micrantha leaves in-
fected with P. spegazzinii in Vanuatu (bottom).
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mass, photosynthetic rate, transpiration rate, 
stomatal conductance, water use efficiency, 
chlorophyll content, and Fv/ Fm (ratio of vari-
able fluorescence to maximal fluorescence) 
decreased 2 months after being parasitized by 
C. campestris (Deng et al. 2003, Shen et al. 
2011). Shen et al. (2005) found that M. mi-
crantha plants infected with C. campestris had 
1.8% of the total biomass of control plants, 60 
days after initial infection.

In other studies, C. campestris reduced the 
competitive ability of M. micrantha, leading 
to an increase in species richness and recovery 
of native communities (  Yu et al. 2008). In 
 addition, C. campestris biomass declined with 
decreasing M. micrantha biomass, and its par-
asitism rate on the native species was much 
lower than on M. micrantha (  Yu et al. 2008). 
Lian et al. (2006) found that the biomass of 
M. micrantha decreased from 328 g/m2 to 82 
g/m2, while the biomass of companion species 
increased from 41 g/m2 to 145 g/m2. Overall, 
the total number of plant species nearly tri-
pled, and the species diversity index increased 
from 1.8 to 5.6 in the study area when C. 
campestris was present.

However, despite numerous studies show-
ing that C. campestris can reduce the size of M. 
micrantha infestations, land managers should 
be cognizant that C. campestris itself is a weed 
of at least 25 crops, including alfalfa (Medicago 
sativa L.), clover, fava bean (  Vicia faba L.), 
beets (Beta vulgaris L.), and carrots (Daucus 
carota L.), leading to some substantial losses in 
yield ( Holm et al. 1997, Costea and Tardif 
2006). As the plant grows over its host, there 
are limitations in using some chemical and 
manual control methods. In fact, due to the 
nature of crop losses and the difficulties in 
trying to control it, C. campestris was itself 
considered as a target for biological control 
(CAB International Institute of Biological 
Control 1987).

prognosis

The rapid spread of M. micrantha throughout 
the South Pacific islands and Southeast Asia 
is cause for great concern. As documented in 
this review, there are still many Pacific islands 
where M. micrantha is not yet present but are 

deemed as climatically suitable for the estab-
lishment of the weed (Figures 2, 3, Table 2).

Furthermore, in some countries and /or 
on islands where M. micrantha is present, 
the plant has not yet occupied all areas pre-
dicted to be under threat by biogeoclimatic 
modelling (Day 2012; Day, Kawi, Kurika, 
et al. 2012) (Figure 3). Thus, high priority 
should be placed on strategies for early de-
tection and rapid response, as appropriate for 
a rapidly invading species such as M. micran-
tha, and additional resources are needed to 
manage and reduce the spread of existing 
populations.

Conventional management strategies in-
volving herbicide use and manual controls 
can be costly and unsustainable for M. micran-
tha. Therefore, greater consideration could 
be given to biological control. Regions wish-
ing to explore such means could observe and 
learn from those countries that have imple-
mented biological control most successfully.

Given the ability of M. micrantha to spread 
over relatively large distances via windborne 
seeds, its high rate of vegetative reproduction 
once established, and the longevity of seed in 
the soil seedbank, the threat presented by M. 
micrantha to both economic crops and natural 
environments is ongoing and must be taken 
seriously in the Pacific islands.
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