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Weed Risk Assessment for Ageratum conyzoides (Billygoat plant)

1. Introduction

Plant Protection and Quarantine (PPQ) regulates noxious weeds under the authority of the Plant
Protection Act (7 U.S.C. § 7701-7786, 2000) and the Federal Seed Act (7 U.S.C. § 1581-1610, 1939). A
noxious weed is defined as “any plant or plant product that can directly or indirectly injure or cause
damage to crops (including nursery stock or plant products), livestock, poultry, or other interests of
agriculture, irrigation, navigation, the natural resources of the United States, the public health, or the
environment” (7 U.S.C. § 7701-7786, 2000). We use the PPQ weed risk assessment (WRA) process
(PPQ, 2015) to evaluate the risk potential of plants, including those newly detected in the United States,
those proposed for import, and those emerging as weeds elsewhere in the world.

The PPQ WRA process includes three analytical components that together describe the risk profile of a
plant species: risk potential, uncertainty, and geographic potential (PPQ, 2015). At the core of the
process is the predictive risk model that evaluates the baseline invasive or weed potential of a plant
species using information related to its ability to establish, spread, and cause harm in natural,
anthropogenic, and production systems (Koop et al., 2012). Because the predictive model is
geographically and climatically neutral, it can be used to evaluate the risk of a plant species for the
entire United States or for any area within it. We use a stochastic simulation to evaluate how much the
uncertainty associated with the risk analysis affects the outcomes from the predictive model. The
simulation essentially evaluates what other risk scores might result if any answers in the predictive
model were to change. Finally, we use Geographic Information System (GIS) overlays to identify those
areas of the United States that may be suitable for the establishment of the species. For a detailed
description of the PPQ WRA process, please refer to PPQ Weed Risk Assessment Guidelines (PPQ,
2015), which is available upon request.

We emphasize that our WRA process is designed to estimate the baseline or unmitigated risk
associated with a plant species. We use evidence from anywhere in the world and any type of system
(production, anthropogenic, or natural) for the assessment, which results in a very broad evaluation.
This is appropriate for the types of actions considered by our agency, such as Federal regulation.
Furthermore, risk assessment and risk management are distinctly different phases of pest risk analysis
(IPPC, 2016). Although we may use evidence about existing or proposed control programs in the
assessment, the ease or difficulty of control has no bearing on the risk potential for a species. That
information could be considered during the risk management (decision-making) process, which is not
addressed in this document.
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2. Plant Information and Background

SPECIES: Ageratum conyzoides L. (NGRP, 2018).
FAMILY: Asteraceae

SYNONYMS: Ageratum latifolium Car., Ageratum cordifolium Roxb., Ageratum odoratum Vilm. (Dave's
Garden, 2018; Ming, 1999), Ageratum album Stend (Ming, 1999), Cacalia mentrasto Vell. (Ming, 1999).

COMMON NAMES: Billygoat plant, billygoat weed, goat weed, bluebonnet, bluetop (NGRP, 2018),
tropical whiteweed (NRCS, 2018).

BOTANICAL DESCRIPTION: Ageratum conyzoides is an erect, branching, slightly aromatic, annual
herb which grows to approximately 1 m in height with shallow roots (Okunade, 2002; Kohli et al., 2006).
The stems and leaves are covered in short, white hairs (Kaur et al., 2012). Leaves are opposite, simple,
ovate, and about 7.5 cm long, with toothed margins and glandular trichomes (Okunade, 2002; Lusweti
et al., 2011; Ming, 1999). It forms a shallow tap root (Kaur et al., 2012). The flowers are white to purple
and up to 6 mm across; the inflorescence contain 30 to 50 flowers arranged in a corymb (Okunade,
2002; Ming, 1999). The fruit is a ribbed, black achene about 1.25 to 2 mm long, with an aristate pappus
(stiff, bristle-like tip) (Kohli et al., 2006; Johnson, 1971; Ming, 1999; Boj 'nansky and FargaSova, 2007).
Seeds are small, about 3.4 mm long by 0.33 mm wide (Kaur et al., 2012).

INITIATION: PPQ received a market access request for commercially-produced grain of wheat, Triticum
spp. for consumption from Bulgaria, Hungary, and Lithuania. A commodity risk assessment determined
that A. conyzoides could be associated with this commodity as a grain contaminant. For this weed risk
assessment, PERAL evaluated the risk potential of this species to the United States in order to help
policy makers determine whether it should be regulated as a Federal Noxious Weed.

WRA AREA": United States and Territories

FOREIGN DISTRIBUTION: Ageratum conyzoides is native to Mexico south through Central America
(e.g., Costa Rica, El Salvador, and Nicaragua), the Caribbean (e.g., Bahamas, Cuba, and Haiti), and
most of South America (e.g., Argentina, Benin, Brazil, Colombia, Ecuador, Paraguay, Peru, Uruguay,
and Venezuela) (NGRP, 2018; Johnson, 1971; Coffey et al., 2011). It is a common, pantropical weed
that is now naturalized well beyond its native range (Batish et al., 2006; Johnson, 1971) into Southeast
Asia (e.g., China, India, and Japan), central Africa (e.g., Burkina Faso, Cameroon, Ethiopia, Nigeria,
and Tanzania), Oceania (e.g., Australia, Indonesia, and Papua New Guinea), and some parts of Europe
(e.g. Austria, Bulgaria, France, the Netherlands, and Sweden) (NGRP, 2018; GBIF, 2018). Itis
considered invasive in India (Batish et al., 2006; Kohli et al., 2006), Bangladesh (Akter and Zuberi,
2009), Indonesia (Kaur et al., 2012), and parts of Africa (e.g. Kenya, Tanzania, and Uganda) (Lusweti et

" “WRA area” is the area in relation to which the weed risk assessment is conducted (definition modified from that
for “PRA area”) (IPPC, 2017).
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al., 2011). It has been cultivated in Europe as an ornamental. Cultivation was first recorded in England
in 1714 and the plant has since been cultivated in Bosnia-Herzegovina, Bulgaria, France, and Sweden
(Johnson, 1971; Greuter, 2006). Ageratum conyzoides has also been cultivated in Fiji and Australia and
is now reported to have escaped and become invasive in several habitats (Kaur et al., 2012).

U.S. DISTRIBUTION AND STATUS: Ageratum conyzoides is native to Puerto Rico and the U.S. Virgin
Islands (NRCS, 2018). It has become naturalized in North America and has been reported in
approximately a dozen counties across 12 states (Alabama, California, Connecticut, Florida, Georgia,
Hawaii, Kentucky, Louisiana, Maryland, Mississippi, Missouri, and North Carolina) (Kartesz, 2018;
NRCS, 2018; Swearingen and Bargeron, 2018; Imada, 2012) (Fig. 1). The first record of A. conyzoides
in the United States is from Mobile, AL in 1886, when it escaped from a garden and naturalized in
cultivated ground (Keener et al., 2018). In Hawaii, A. conyzoides is controlled with 2,4-
dichlorophenoxyacetic acid (2,4-D) (Motooka et al., 2003). We found no evidence that it is regulated as
a federal or state noxious weed (e.g., 7 CFR § 360, 2018; AMS, 2018; NPB, 2018), and it is not listed
as reportable or actionable at ports of entry (PestID, 2018). This species is listed as invasive in natural
areas, including Haleakala National Park in Hawaii (Swearingen and Bargeron, 2018). Although A.
conyzoides is not commonly cultivated or sold in the United States (Dave's Garden, 2018; Univ. of
Minn., 2018; Bailey Nurseries, 2018; DeBaggio's Herb Farm and Nursery, 2018), it is available from
one distributor in Alabama (Sand Mountain Herbs, 2018) and several foreign vendors on eBay (eBay,
2018), which could increase the potential for domestic movement.
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Figure 1. Reported distribution of A. conyzoides in the United States and Canada. The records shown
here were obtained primarily from other species distribution databases (EDDMapS, 2018; NRCS, 2018)
and were not independently verified by PERAL. Scales differ for Hawaii, Puerto Rico, California, and
the continental United States and Canada. Some of the northern reports (Connecticut and Missouri)
likely represent cultivated plants and transient escapes. [See herbarium records at the SERNEC Data

Portal, 2018)].

3. Analysis

ESTABLISHMENT/SPREAD POTENTIAL
Ageratum conyzoides has demonstrated the ability to establish and spread, as it has become
naturalized well beyond its native range (Batish et al., 2006; Johnson, 1971). The species has a
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pantropical distribution and is now found in Asia, Africa, North America, Central America, the Caribbean,
South America, Europe, and Oceania (GBIF, 2018). It is considered highly invasive in many parts of the
world, especially in areas that are experiencing drought conditions (Molyneux et al., 2011). Ageratum
conyzoides is considered invasive in India: it was introduced from tropical America, and its range
expanded rapidly, especially in agricultural fields, along roadsides, and in gardens (Negi and Hajra,
2007; Kohli et al., 2004; Kohli et al., 2006; Batish et al., 2006). It has a high fecundity rate, with plants
producing between 5,000 and 95,000 seeds, which are shed for five to eight months (Ekeleme et al.,
2005; Kohli et al., 2006). Ageratum conyzoides also spreads quickly through stolons (Kohli et al., 2006)
and can form dense monospecific stands with up to 1000 plants per m? (Ekeleme et al., 2005). The fruit
is an achene with an aristate pappus and is easily dispersed by wind, water, animals (Kohli et al., 2006;
Kaur et al., 2012; Holm et al., 1977; Johnson, 1971) and by people through trade and agricultural
activities (Johnson, 1971; Clifford, 1959; Singh, 2002). We had low uncertainty for this risk element.

Risk score = 21 Uncertainty index = 0.09

IMPACT POTENTIAL

Ageratum conyzoides is primarily a weed of disturbed areas and agricultural lands. It is considered a
serious or principal weed in over 20 countries by Holm et al. (1979). In India, it reduces yields in major
staple crops, such as wheat, corn and rice (Kohli et al., 2006; Batish et al., 2006; Kaur et al., 2012).
Manandhar et al. (2007) report reductions in rice (25-47 percent) and straw (13-38 percent) yields due
to A. conyzoides (Manandhar et al., 2007). In grasslands, A. conyzoides can create large monocultures
and has been found covering 58 percent of the area (Kaur et al., 2012). It outcompetes native grasses,
causing a shortage of fodder (Kohli et al., 2006). In forest edges, A. conyzoides has been reported as a
serious competitor of medicinally and aromatically important herbal species (Kohli et al., 2006; Dogra et
al., 2009; Kaur et al., 2012). Dogra (2009) reports a 20 percent decline in populations of valuable
indigenous medicinal plants (Achyranthes aspera, Trifolium repens, Centella asiatica, Ziziphus jujuba,
Adhatoda vasica) in the Shivalik hills of Himachal Pradesh, India after the invasion of Ageratum
conyzoides (Dogra et al., 2009). In natural areas, A. conyzoides forms dense monospecific stands that
threaten the abundance and diversity of native plants (Kohli et al., 2004; Kaur et al., 2012). Ageratum
conyzoides has been reported to reduce species diversity by 50 percent and native flora density by 64
percent in the Northwestern Indian Himalayas (Kohli et al., 2004). This species is listed as invasive in
natural areas, including Haleakala National Park in Hawaii (Swearingen and Bargeron, 2018).
Ageratum conyzoides produces allelopathic chemicals that inhibit the growth of other species (Kohli et
al., 2006; Okunade, 2002; Batish et al., 2006; Kato-Noguchi, 2001). At low densities, this species can
easily be mechanically removed, as it is a shallow rooter; however, the soil may remain contaminated
by allelochemicals (Kohli et al., 2006; Chauhan and Johnson, 2009). A wide range of herbicides have
been used to control A. conyzoides in major crops (Batish et al., 2006; Singh, 2002; CABI, 2018);
however, some resistance to ASL inhibitors (B/2) herbicides has been reported (Heap, 2018). Although
A. conyzoides is widely used in traditional medicine systems throughout much of Africa, Asia, and
South America (Okunade, 2002; Johnson, 1971), the pungent oils released are reported to cause
giddiness, nausea, and sometimes allergic reactions in humans (Kohli et al., 2006). Ageratum
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conyzoides contains pyrrolizidine alkaloids, which are toxic to humans and livestock (Wiedenfeld, 2011;
Molyneux et al., 2011). Veno-occlusive disease, characterized by chronic liver disease, fever, and
jaundice, is a fatal disease that was identified in a small village in Ethiopia in 2001 (Bane et al., 2012).
While the cause of this outbreak has not been verified, it is reported to likely be associated with a toxin
from A. conyzoides growing near the primary water source of the village (Kleiman et al., 2008;
Wiedenfeld, 2011). Due to the abundance of information, we had low uncertainty for this risk element.

Risk score = 3.6 Uncertainty index = 0.07

GEOGRAPHIC POTENTIAL

The map for A. conyzoides represents the joint distribution of Plant Hardiness Zones 7-13, areas with
0-100+ inches of annual precipitation, and the following Képpen-Geiger climate classes: tropical
rainforest, tropical savanna, steppe, Mediterranean, humid subtropical, and marine west coast. We had
some uncertainty concerning if this species could survive in Mediterranean habitats; however, we
answered yes with high uncertainty, as it occurs in a few such locations throughout its distribution,
particularly when these habitats are located near a tropical zone. Based on the three climatic variables
above, we estimate that about 33 percent of the United States is suitable for the establishment of A.
conyzoides (Fig. 2). This predicted distribution is based on the known distribution of the species
elsewhere in the world and was generated using both point-referenced localities and general areas of
occurrence.

In determining the area of the United States shown to be climatically suitable (Fig. 2) for species
establishment, we considered only three climatic variables. Other variables, such as soil and habitat
type, novel climatic conditions, or different plant genotypes, may alter the areas in which this species is
likely to establish. Ageratum conyzoides occurs in tropical and subtropical regions and is frequently
found in croplands, pastures, grasslands, forests, wetlands, coastal dunes, wastelands, gardens, and
roadsides (Batish et al., 2006; Negi and Hajra, 2007; Kohli et al., 2006). This species generally prefers
sandy soils but can grow in a variety of habitats, most commonly in proximity to human habitation (Kohli
et al., 2006; Okunade, 2002).
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Figure 2. Potential geographic distribution of Ageratum conyzoides in the United States and Canada.
Map insets for Hawaii and Puerto Rico are not to scale.

ENTRY POTENTIAL

Ageratum conyzoides is already present in the United States, where it is native to Puerto Rico and the
U.S. Virgin Islands (NGRP, 2018) and has become naturalized in some states (NRCS, 2018). It has
been reported in about a dozen counties across 12 states (Alabama, California, Connecticut, Florida,
Georgia, Hawaii, Kentucky, Louisiana, Maryland, Mississippi, Missouri, and North Carolina) (EDDMapS,
2018; Kartesz, 2018; NRCS, 2018; Swearingen and Bargeron, 2018). Based on our analysis, we
determined that this species has a relatively high likelihood of entering other areas of the United States.
On a scale of 0 to 1, where 1 represents the maximum likelihood of entry, A. conyzoides scored 0.70.
Our evaluation resulted in a high score because of the evidence that it is readily dispersed by people
through trade and agricultural activities (Johnson, 1971; Clifford, 1959; Singh, 2002). While A.
conyzoides is not commonly cultivated in the United States, we did find one herb seed supplier in
Alabama selling it (Sand Mountain Herbs, 2018); seeds are also available from some foreign vendors
on eBay (eBay, 2018).

Risk score = 0.70 Uncertainty index = 0.21
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4. Predictive Risk Model Results

Model Probabilities: P(Major Invader) = 95.2%
P(Minor Invader) = 4.7%
P(Non-Invader) = 0.2%

Risk Result = High Risk

Secondary Screening = Not Applicable
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Figure 3. Ageratum conyzoides risk score (black box) relative to the risk scores of species used to
develop and validate the PPQ WRA model (other symbols). See Appendix A for the complete
assessment.
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Figure 4. Model simulation results (N=5,000) for uncertainty around the risk score for A. conyzoides.
The blue “+” symbol represents the medians of the simulated outcomes. The smallest box contains 50
percent of the outcomes, the second 95 percent, and the largest 99 percent.

5. Discussion

The result of the weed risk assessment for A. conyzoides is High Risk (Fig. 3), and this is well-
supported by the results of our uncertainty simulation (Fig. 4). Ageratum conyzoides is an annual herb
that has demonstrated a strong ability to establish and spread. It is readily spread by wind, water, and
animals and as a hitchhiker on cars, equipment, and commodities. It has become widely naturalized
beyond its native range and readily spreads due to prolific reproduction and multiple dispersal
mechanisms. Seeds are small, about 3.4 mm long by 0.33 mm wide, and have a pappus that helps
them attach to surfaces. This species is widely considered a weed of agricultural, anthropogenic, and
natural areas, where it rapidly colonizes and forms dense thickets. It has been reported as a significant
weed of chickpea, rice, maize, sugarcane, wheat, and other crops. Ageratum conyzoides is
allelopathic. It is controlled mechanically and chemically, but the species is reported to have developed
some herbicide resistance.
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Appendix A. Weed risk assessment for Ageratum conyzoides L.
(Asteraceae)

We present all of the evidence and associated references used to evaluate the risk potential of this
taxon. We also include the answer, uncertainty rating, and score for each question. The Excel file in
which this assessment was conducted is available upon request.

Question ID

Answer -
Uncertainty

Score

Notes (and references)

ESTABLISHMENT/SPREAD
POTENTIAL

ES-1 [What is the taxon’s
establishment and spread status
outside its native range? (a)
Introduced elsewhere =>75 years ago
but not escaped; (b) Introduced <75
years ago but not escaped; (c) Never
moved beyond its native range; (d)
Escaped/Casual; (e) Naturalized; (f)
Invasive; (?) Unknown]

f - negl

Ageratum conyzoides is native to South and Central
America, including Argentina, Chile, Ecuador
(Galapagos Islands), El Salvador, Guatemala,
Honduras, Nicaragua, Panama, Paraguay, Peru,
Uruguay, and Venezuela (NGRP, 2018; Ming, 1999;
Coffey et al., 2011). Ageratum conyzoides is considered
highly invasive in many parts of the world, especially
areas that are experiencing drought conditions
(Molyneux et al., 2011). It is considered invasive in
India: it was introduced there from tropical America
and expanded its range rapidly, especially in
agricultural fields, along roadsides, and in gardens
(Negi and Hajra, 2007; Kohli et al., 2004; Batish et al.,
2006; Kohli et al., 2006). It is a common, pantropical
weed that is now naturalized well beyond its native
range (Batish et al., 2006; Johnson, 1971) into
Southeast Asia (e.g., China, India, and Japan), central
Africa (e.g., Burkina Faso, Cameroon, Ethiopia,
Nigeria, and Tanzania), Oceania (e.g., Australia,
Indonesia, and Papua New Guinea), and some parts of
Europe (e.g. Austria, Bulgaria, France, the
Netherlands, and Sweden) (NGRP, 2018; GBIF, 2018).
It was likely introduced to the United States as an
ornamental that later escaped (Kohli et al., 2006; Go
Botany, 2018), and it is now listed as invasive in natural
areas, including in Haleakala National Park in Hawaii
(Swearingen and Bargeron, 2018). The alternate
answers for the uncertainty simulation were both "e."

ES-2 (Is the species highly

n - low

Although this species may be cultivated to a minor

domesticated) extent (Sand Mountain Herbs, 2018), we found no
evidence indicating that it is highly domesticated or has
been bred for reduced weed potential.
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Question ID

Answer -
Uncertainty

Score

Notes (and references)

ES-3 (Significant weedy congeners)

y - negl

1

The genus Ageratum includes about 40 American
species (Mabberley, 2008; Kong et al., 2004). Based on
the Global Compendium of Weeds, only 4.
houstonianum emerges as a significant weed (Randall,
2017). Ageratum houstonianum (blue billygoat weed) is
reported as a weed of tea, cinchona, and coffee
plantations (Yadav and Mandal, 2008) and is
categorized as a serious or principal weed in Australia
and Thailand (Holm et al., 1979). It is also considered
invasive in India, where it is a weed of several crops
and of indigenous vegetation and forest ecosystems
(Barua et al., 2013).

ES-4 (Shade tolerant at some stage of
its life cycle)

n - high

0

Ageratum conyzoides tolerates shade (Kaur et al., 2012)
but does not germinate as frequently or flourish as well
in the shade of forest canopies (Cao et al., 2000). It is a
weed of medicinally important herbs in the understory
of forests in India (Kohli et al., 2006), but because it is
primarily a weed of sunny, disturbed sites and
croplands (PIER, 2018), and because it is not clear
whether the forests where it is reported have closed or
somewhat open canopies, we answered no with high
uncertainty.

ES-5 (Plant a vine or scrambling
plant, or forms tightly appressed basal
rosettes)

n - negl

Ageratum conyzoides is neither a vine nor an herb with
a basal rosette. It is an erect annual herb, 30-80 cm tall
(Okunade, 2002; Ming, 1999).

ES-6 (Forms dense thickets, patches,
or populations)

y - negl

Ageratum conyzoides quickly spreads through stolons
(Kohli et al., 2006) and is able to form populations with
up to 1000 plants per m? (Ekeleme et al., 2005). "It is an
aggressive colonizer that can maintain dense
populations" (Kaur et al., 2012).

ES-7 (Aquatic)

n - negl

Ageratum conyzoides can be found growing along river
and canal banks, as well as in swamps and marshy lands
(Kaul and Neelangini, 1989). It is not, however, an
obligate aquatic plant. It is primarily a plant of
disturbed sites and agriculture.

ES-8 (Grass)

n - negl

Ageratum conyzoides is not a grass; it is an erect,
herbaceous annual, in the family Asteraceae (Holm et
al., 1979).

ES-9 (Nitrogen-fixing woody plant)

n - negl

Ageratum conyzoides is in the family Asteraceae, which
is not one of the families known to contain nitrogen-
fixing species (Martin and Dowd, 1990; Santi et al.,
2013). Furthermore, it is not a woody plant.

ES-10 (Does it produce viable seeds
or spores)

y - negl

Ageratum conyzoides can produce 5,000-95,000 seeds
per plant, and it sheds seeds for five to eight months
(Kohli et al., 2006; Ekeleme et al., 2005). Seeds remain
viable for one year (Kohli et al., 2006; Ming, 1999).

ES-11 (Self-compatible or apomictic)

y - mod

In a study of plant breeding systems, pollinators were
excluded from 4. conyzoides flowers in one experiment,
and the anthers and stigmas of several capitula were
removed in another. The species was reported to set
seed in both experiments (Hao et al., 2011). Ageratum
conyzoides has been reported in the literature as being
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Question ID Answer - Score Notes (and references)
Uncertainty

self-compatible (Hao et al., 2011; Baker, 1972) as being
and self-incompatible (Ming, 1999; Kong et al., 2004),
and as showing a low degree of apomixis (Hao et al.,
2011). Although we found reports of self-
incompatibility, we answered yes because the plant
breeding study conclusively showed the plants can set
seed without pollination.

ES-12 (Requires specialist pollinators) n - negl 0 Ageratum conyzoides is pollinated by a polyphagous
thrips, Microcephalothrips abdominalis (Gopinathan et
al., 1981). A total of 182 visitors were reported visiting
A. conyzoides, and 92.5 percent of the floral visitors
were reported to probe the flowers (Ngongolo et al.,
2014). Another study concluded that 4. conyzoides is
self-compatible and also shows a low degree of
apomixis (Hao et al., 2011).

ES-13 [What is the taxon’s minimum b - mod | Ageratum conyzoides is an annual herb (Okunade,
generation time? (a) less than a year 2002; Kohli et al., 2006) with a life span of one year
with multiple generations per year; (b) (Baker, 1972). It also spreads quickly through stolons
1 year, usually annuals; (c) 2 or 3 (Kohli et al., 2006). Although we found no specific
years; (d) more than 3 years; or (?) evidence indicating the possibility of multiple
unknown] generations per year from vegetative reproduction, we
chose both alternate answers as ‘a,” as this may be
occurring.
ES-14 (Prolific seed producer) y - low 1 Ageratum conyzoides can produce 5,000-95,000 seeds

per plant and is able to form populations with up to
1000 plants per m? (Kohli et al., 2006; Ekeleme et al.,
2005). Approximately 50 percent of seeds will
germinate shortly after they are shed (Holm et al.,
1977), and generally less than 50 percent of the seeds of
this plant remain viable after one year of soil burial
(Joseph et al., 2017).

ES-15 (Propagules likely to be y - negl 1 Seeds are dispersed on the tires of machinery and

dispersed unintentionally by people) vehicles (Clifford, 1959). Ageratum conyzoides seeds
easily attach to fibers, clothing, and fur, resulting in
passive transportation (Johnson, 1971).

ES-16 (Propagules likely to disperse y - low 2 Ageratum conyzoides is a contaminant of seeds and
in trade as contaminants or grain moving in trade (Lusweti et al., 2011; CABI,
hitchhikers) 2018; Molyneux et al., 2011).

ES-17 (Number of natural dispersal 3 2 Fruit and seed descriptions for questions ES-17a
vectors) through ES-17e: Ageratum conyzoides has a typical

achene fruit with pappus and is easily spread by wind
and water and on animals. Seeds are small and
extremely lightweight (Kaur et al., 2012).

ES-17a (Wind dispersal) y - negl Wind is an important means of seed dispersal (Johnson,
1971). The fruit is an achene with an aristate pappus
(stiff, bristle-like tip) which is easily disseminated by
wind (Kohli et al., 2006; Ming, 1999; Kaur et al., 2012).

ES-17b (Water dispersal) y - negl Ageratum conyzoides produces a large number of seeds
which are easily disseminated by water (Kohli et al.,
2006; Johnson, 1971; Holm et al., 1977). Seeds are
small and extremely lightweight, and the achene has a
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Question ID

Answer -
Uncertainty

Score

Notes (and references)

pappus, all of which would aid in dispersal via water
(Kaur et al., 2012; Kohli et al., 2006).

ES-17c¢ (Bird dispersal)

? - max

The small ground finch (Geospiza fuliginosa) in Santa
Cruz was reported to crush and eat A. conyzoides seeds.
This finch species has been reported to pass viable
seeds of several species, but A. conyzoides was not
recorded in the study (Guerrero and Tye, 2009). Seeds
are very small and contain a pappus that easily attaches
to fur, hair, and fibers (Kohli et al., 2006; Johnson,
1971) and could likely attach to feathers; however, we
have no direct reports of this.

ES-17d (Animal external dispersal)

y - negl

Ageratum conyzoides seeds easily attach to fur and are
passively transported externally on animals (Kohli et
al., 2006; Johnson, 1971).

ES-17e (Animal internal dispersal)

n - low

We found no evidence of viable seeds dispersed
internally by animals. Livestock is reported to not feed
on this species, as it is toxic and causes ulceration (Kaur
etal., 2012).

ES-18 (Evidence that a persistent
(>1yr) propagule bank (seed bank) is
formed)

y - mod

Seeds are viable for only one year (Kohli et al., 2006;
Ming, 1999), but as this species is common in
cultivation and urban areas, seeds are able to build up
and maintain large populations of the plant (Marks and
Nwachuku, 1986). Generally, less than 50 percent of
the seed of this plant remains viable after one year of
soil burial. Viable seed proportions for this species vary
according to depths of burial. In a seed burial
experiment, seeds buried at depths of 2.5 cm and 10 cm
resulted in 28 percent and 26.5 percent viable seeds,
respectively. Seeds buried at a depth of 5 cm resulted in
the highest rate of viable seeds at 43 percent. The
highest growth of seedlings (75%) were observed at the
soil surface (Joseph et al., 2017).

ES-19 (Tolerates/benefits from
mutilation, cultivation or fire)

n - high

We found no evidence that this species is tolerant or
resistant to mutilation. Ageratum conyzoides is a
shallow-rooted plant that is easily removed when found
in small quantities (Kohli et al., 2006), suggesting
tillage would likely manage this species in some
agricultural settings (Chauhan and Johnson, 2009).

ES-20 (Is resistant to some herbicides
or has the potential to become
resistant)

y - negl

This species is reported to have developed resistance to
B/2 herbicides in 2013 in Brazil, allowing it to infest
cotton and soybean. "B/2 herbicides are known as ALS
inhibitors (Inhibition of acetolactate synthase ALS
(acetohydroxyacid synthase AHAS)" (Heap, 2018).

ES-21 (Number of cold hardiness
zones suitable for its survival)

(Notes not required)

ES-22 (Number of climate types
suitable for its survival)

(Notes not required)

ES-23 (Number of precipitation bands
suitable for its survival)

11

(Notes not required)
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Question ID

Answer -

Score

Uncertainty

Notes (and references)

IMPACT POTENTIAL

General Impacts

Imp-G1 (Allelopathic)

y - negl

0.1

Multiple studies have reported that 4. conyzoides
produces allelopathic chemicals (Kohli et al., 2006;
Okunade, 2002; Batish et al., 2006; Kato-Noguchi,
2001). In a laboratory study, A. conyzoides inhibited the
growth of several plant species, suggesting that it may
produce allelochemicals (Kato-Noguchi, 2001; Xuan et
al., 2004). Multiple phenolic compounds and putative
allelochemicals have been found in the leaves, stems,
and roots of Ageratum conyzoides (Xuan et al., 2004).
In several field studies, 4. conyzoides weed residues in
the soil significantly reduced plant growth, suggesting
phytotoxic phenolics in the residues (Batish et al., 2006;
Kong et al., 1999; Kong et al., 2002).

Imp-G2 (Parasitic)

n - negl

We found no evidence that 4. conyzoides is parasitic. It
does not belong to a family known to contain parasitic
plants (Heide-Jorgensen, 2008; Nickrent, 2018; Walker,
2018).

Impacts to Natural Systems

Imp-N1 (Changes ecosystem
processes and parameters that affect
other species)

n - mod

We found no evidence that A. conyzoides changes
ecosystem processes and parameters.

Imp-N2 (Changes habitat structure)

y - negl

0.2

Ageratum conyzoides outcompetes native grasses
(Kohli et al., 2006). It is a serious invader of the
medicinally and aromatically important herbal
understory of forests in India and greatly threatens the
abundance and diversity of these herbal species by
forming large monotypic mounds (Kaur et al., 2012;
Kohli et al., 2006).

Imp-N3 (Changes species diversity)

y - negl

0.2

When introduced in rangelands, it outcompetes native
grasses (Kohli et al., 2006). Ageratum conyzoides
affects native species by releasing phenolic acids and
volatile oils from its leaves and flowers (Kohli et al.,
2006; Okunade, 2002; Batish et al., 2006). Kohli et al.
(2004) observed a 50 to 64 percent loss in diversity and
density of native flora in the Northwestern Indian
Himalayas.
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Question ID

Answer -
Uncertainty

Score

Notes (and references)

Imp-N4 (Is it likely to affect federal
Threatened and Endangered species?)

y - high

0.1

Ageratum conyzoides is primarily a weed of disturbed
sites and agricultural areas, where it would likely not
affect Federally threatened or endangered species;
however, it has been reported to outcompete herbal
species in forest communities (Kohli et al., 2006).
Dogra (2009) reports a 20 percent decline in
populations of valuable indigenous medicinal plants
(Achyranthes aspera, Trifolium repens, Centella
asiatica, Ziziphus jujuba, Adhatoda vasica) in the
Shivalik hills of Himachal Pradesh, India after the
invasion of Ageratum conyzoides (Dogra et al., 2009). It
forms dense stands, excluding other species, and has
been reported to change species diversity (see evidence
under Imp-N2 and Imp-N3). We answered 'yes' with
high uncertainty because it is most likely to be found as
a weed along roadsides, in other disturbed areas, and in
agriculture but has impacts in natural areas.

Imp-NS5 (Is it likely to affect any
globally outstanding ecoregions?)

n - high

0

Ageratum conyzoides is primarily a weed of disturbed
sites and agricultural areas.

Imp-N6 [What is the taxon’s weed
status in natural systems? (a) Taxon
not a weed; (b) taxon a weed but no
evidence of control; (¢) taxon a weed
and evidence of control efforts]

¢ - low

0.6

Ageratum conyzoides is considered an environmental
weed in eastern Queensland (Queensland Government,
2018). It is listed as invasive in natural areas, including
Haleakala National Park in Hawaii (Swearingen and
Bargeron, 2018). In South Africa, A. conyzoides was
introduced as an ornamental plant and has since escaped
and become invasive in many places, including reserves
and protected areas like Kruger National Park (Kaur et
al., 2012). It is a difficult weed to control (Ming, 1999).
The soil can be contaminated with allelochemicals after
removal of the plant (Kohli et al., 2006). As a shallow
rooter it is easy to remove by hand at low densities, but
this is not realistic when large areas are covered. A
wide range of herbicides (atrazine, alachlor, paraquat,
glyphosate, and simazine) are available for its control
(Kohli et al., 2006; Batish et al., 1997). The alternate
answers for the uncertainty simulation were both “b.”

Impact to Anthropogenic Systems (e.g., cities, suburbs, roadways)

Imp-A1 (Negatively impacts personal  n - negl 0 We found no evidence of A. conyzoides impacting

property, human safety, or public personal property, human safety, or public

infrastructure) infrastructure.

Imp-A2 (Changes or limits n - mod 0 The pungent oil released from A. conyzoides can cause

recreational use of an area) giddiness, nausea, and sometimes allergic reactions in
humans (Kohli et al., 2006); however, we found no
evidence that this property deters people from using an
area infested with these plants.

Imp-A3 (Affects desirable and n - low 0 We found no evidence that 4. conyzoides negatively

ornamental plants, and vegetation) affects ornamental plants and vegetation. Ageratum
conyzoides has been used a garden ornamental (Negi
and Hajra, 2007; Kaur et al., 2012; Kohli et al., 2006
Go Botany, 2018).

Imp-A4 [What is the taxon’s weed b - mod 0.1 Ageratum conyzoides was introduced from tropical

status in anthropogenic systems? (a)

America to India and spread rapidly along roadsides
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Answer -
Uncertainty

Question ID

Score

Notes (and references)

Taxon not a weed; (b) Taxon a weed
but no evidence of control; (¢) Taxon
a weed and evidence of control
efforts]

and forest edges and in gardens (Negi and Hajra, 2007).
It has been collected on the campus of Panjab
University, Chandigarh, India (Singh et al., 2003). The
literature reports this species as being easily removed
by hand at low densities, and a number of herbicides are
available for its control (Kohli et al., 2006; Batish et al.,
1997, Singh, 2002), Alternate answers for the
uncertainty simulation were both “c” because while
there is evidence of control efforts, that are not specific
to anthropogenic systems.

Impact to Production Systems (agriculture, nurseries,
forest plantations, orchards, etc.)

Imp-P1 (Reduces crop/product yield)  y - negl 0.4

Ageratum conyzoides invades agricultural fields and
interferes with crops. It causes yield reductions in major
staple crops in India, such as wheat, corn, and rice
(Kohli et al., 2006; Batish et al., 2006). Manandhar et
al. (2007) report reductions in rice (25-47 percent) and
straw (13-38 percent) yields due to A.conyzoides
(Manandbhar et al., 2007).

Imp-P2 (Lowers commodity value) n - low 0

We found no evidence that A. conyzoides reduces
commodity value.

Imp-P3 (Is it likely to impact trade?) y - negl 0.2

Ageratum conyzoides is a contaminant of seeds and
grain moving in trade (Lusweti et al., 2011; CABI,
2018; Molyneux et al., 2011), is listed as a noxious
weed in Australia (Randall, 2007), and is regulated by
New Zealand (APHIS, 2018).

Imp-P4 (Reduces the quality or n - low 0
availability of irrigation, or strongly

competes with plants for water)

We found no evidence that 4.conyzoides affects the
quality or availability of irrigation or strongly competes
with plants for water.

Imp-P5 (Toxic to animals, including
livestock/range animals and poultry)

y - negl 0.1

Ageratum conyzoides contains 1,2-dehydropyrrolizidine
ester alkaloids (dehydroPAs), which cause livestock
poisoning, primarily by damaging the liver (Molyneux
et al., 2011; Burrows and Tyrl, 2012).

Imp-P6 [What is the taxon’s weed
status in production systems? (a)
Taxon not a weed; (b) Taxon a weed
but no evidence of control; (c) Taxon
a weed and evidence of control
efforts]

c - negl 0.6

Ageratum conyzoides is a weed in agricultural fields
and interferes with crops. It causes yield reductions in
major staple crops in India, such as wheat, corn, and
rice (Kohli et al., 2006; Batish et al., 2006; Kaur et al.,
2012). It is reported as an aggressive weed that is
difficult to control (Ming, 1999; Singh et al., 2003). A
wide range of herbicides have been used to control 4.
conyzoides in major crops. Bentazone, butachlor, 2,4-D,
MCPA (2-methyl-4-chlorophenoxyacetic acid), and
oxidiazon provide effective control in rice;
nicosulphuron and acetochlor are used in maize; and
cyanazine, metolachlor, metribuzin and cinmethylin are
used in soybean (CABI, 2018). Alternate answers for
the Monte Carlo simulation were both “b.”

GEOGRAPHIC POTENTIAL

Unless otherwise indicated, the following evidence
represents geographically referenced points obtained
from the Global Biodiversity Information Facility
(GBIF, 2018).
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Plant hardiness zones

Geo-Z1 (Zone 1) n - negl N/A We found no evidence that this species occurs in this
Zone.

Geo-Z2 (Zone 2) n - negl N/A We found no evidence that this species occurs in this
Zone.

Geo-Z3 (Zone 3) n - negl N/A  We found no evidence that this species occurs in this
Zone.

Geo-Z4 (Zone 4) n - negl N/A We found no evidence that this species occurs in this
Zone.

Geo-Z5 (Zone 5) n - negl N/A We found no evidence that this species occurs in this
Zone.

Geo-Z6 (Zone 6) n - negl N/A  Three points, all under greenhouse cultivation in
Delaware.

Geo-Z7 (Zone 7) y - high N/A 5 points in Bolivia, 4 points in Sweden (preserved

specimens, not clear if these are real observations), 2
points in Connecticut (old records from wastelands,
probably not established), 2 points in France, and 1
point each in Argentina and China.

Geo-Z8 (Zone 8) y - low N/A  Some points in Taiwan; 10 points in Bolivia; a few
points in China, Colombia (mountainous region), and
Mexico; 3 points in South Africa; and 2 points in Japan.

Geo-Z9 (Zone 9) y - negl N/A  Brazil; some points each in Argentina, Australia,
Paraguay and South Africa; and a few points in Mexico.

Geo-Z10 (Zone 10) y - negl N/A Australia, Brazil, and some points in Argentina and
Paraguay.

Geo-Z11 (Zone 11) y - negl N/A Australia, Benin, and Brazil.

Geo-Z12 (Zone 12) y - negl N/A  Brazil, Nicaragua, and Tanzania.

Geo-Z13 (Zone 13) y - negl N/A  Brazil, Costa Rica, and El Salvador.

Koppen -Geiger climate classes

Geo-Cl (Tropical rainforest) y - negl N/A  Colombia, Costa Rica, Guyana, and Papua New
Guinea.

Geo-C2 (Tropical savanna) y - negl N/A  Australia and Brazil. Two points in Mexico.

Geo-C3 (Steppe) y - negl N/A Some points in Ethiopia; a few points in Tanzania; 3

points each in Burkina Faso and Nigeria; 2 points each
in Australia, Cameroon, and Mexico.

Geo-C4 (Desert) n - mod N/A  Few points in Tanzania, and 1 point each in South
Africa and Sudan. Because these records may be in
protected microhabitats not representative of the
broader region, we answered no.

Geo-C5 (Mediterranean) y - high N/A  Some points in Ethiopia; a few points in Colombia and
Ecuador; and 1 point each in Australia, Kenya, and
South Africa. Based on the number of points, we
answered yes; however, we have high uncertainty as to
whether this species could grow throughout this climate
class. It may only occur in Mediterranean zones located
close to tropical zones.

Geo-C6 (Humid subtropical) y - negl N/A  Argentina, Australia, Brazil, China, and Paraguay.

Geo-C7 (Marine west coast) y - negl N/A Some points in Bolivia, Brazil, China, Colombia,
Ecuador, Mexico, and Peru. Two points in India and 1
point in Nepal.
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Geo-C8 (Humid cont. warm sum.) n - negl N/A  Two points in Missouri (found in greenhouse
cultivation) and 2 points in Connecticut.

Geo-C9 (Humid cont. cool sum.) n - negl N/A  We found no evidence that this species occurs in this
climate class.

Geo-C10 (Subarctic) n - negl N/A We found no evidence that this species occurs in this
climate class.

Geo-Cl11 (Tundra) n - negl N/A We found no evidence that this species occurs in this
climate class.

Geo-C12 (Icecap) n - negl N/A  We found no evidence that this species occurs in this

climate class.

10-inch precipitation bands

Geo-R1 (0-10 inches; 0-25 cm) y - high N/A  Some points in Brazil and 1 point each in Africa,
Botswana, Senegal, and Sudan. In this range, the
species is probably limited to wetter microhabitats.

Geo-R2 (10-20 inches; 25-51 cm) y - negl N/A  Brazil and throughout central Africa, which includes
this precipitation band.

Geo-R3 (20-30 inches; 51-76 cm) y - negl N/A Australia, Brazil, and throughout central Africa.

Geo-R4 (30-40 inches; 76-102 cm) y - negl N/A  Australia, Brazil, and throughout central Africa.

Geo-R5 (40-50 inches; 102-127 cm) y - negl N/A  Australia, Brazil, and throughout central Africa.

Geo-R6 (50-60 inches; 127-152 cm) y - negl N/A  Australia, Brazil, Central America, and throughout
central Africa.

Geo-R7 (60-70 inches; 152-178 cm) y - negl N/A  Brazil, Central America, throughout central Africa, and
some in Australia.

Geo-R8 (70-80 inches; 178-203 cm) y - negl N/A  Brazil, Central America, throughout central Africa, and
some in Australia.

Geo-R9 (80-90 inches; 203-229 cm) y - negl N/A  Brazil, Central America, and throughout central Africa.

Geo-R10 (90-100 inches; 229-254 cm) vy - negl N/A  Brazil, Central America, and throughout central Africa.

Geo-R11 (100+ inches; 254+ cm) y - negl N/A  Central America, Costa Rica, Colombia, Papua New
Guinea, and throughout central Africa.

ENTRY POTENTIAL

Ent-1 (Plant already here) n - negl 0 Ageratum conyzoides is native to Puerto Rico and the
U.S. Virgin Islands (NRCS, 2018). It has become
naturalized in North America and is currently
distributed in about a dozen counties in 12 states
(Alabama, California, Connecticut, Florida, Georgia,
Hawaii, Kentucky, Louisiana, Maryland, Mississippi,
Missouri, and North Carolina) (Kartesz, 2018; NRCS,
2018; Swearingen and Bargeron, 2018). In order to
assess the entry potential of this species, we set this
answer to no.

Ent-2 (Plant proposed for entry, or n - negl 0 We found no evidence that that species is proposed for

entry is imminent ) import into the United States.
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Ent-3 [Human value & d - mod 0.5 Ageratum conyzoides is occasionally cultivated in
cultivation/trade status: (a) Neither Europe (Cullen et al., 2011; Johnson, 1971; Greuter,
cultivated or positively valued; (b) 20006). It has been cultivated in Fiji and Australia and is
Not cultivated, but positively valued now reported to have escaped and become invasive in
or potentially beneficial; (c) several habitats (Kaur et al., 2012). This species is not
Cultivated, but no evidence of trade or commonly cultivated in the United States. It is available
resale; (d) Commercially cultivated or from one herb distributor in Alabama (Sand Mountain
other evidence of trade or resale] Herbs, 2018); seeds are also available from some
foreign vendors on eBay (eBay, 2018). Ageratum
conyzoides is sometimes confused with Ageratum
houstonianum, which is widely sold as an ornamental
(Sharma, 1987; Queensland Government, 2018). We
had moderate uncertainty because of the confusion with
a species that is regularly sold as an ornamental in the
United States.
Ent-4 (Entry as a contaminant)

Ent-4a (Plant present in Canada, y - negl Ageratum conyzoides is native to South and Central
Mexico, Central America, the America, including El Salvador, Guatemala, Honduras,
Caribbean or China ) Nicaragua, Panama, Venezuela, Peru, Argentina, Chile,

Paraguay, Uruguay, Ecuador, and Mexico (NGRP,
2018; Ming, 1999; Coffey et al., 2011; Johnson, 1971).
The species has a pantropical distribution and is now
found in Asia, Africa, North America, Central America,
the Caribbean, South America, Europe, and Oceania
(GBIF, 2018).

Ent-4b (Contaminant of plant ? - max We found no evidence of Ageratum conyzoides as a
propagative material (except seeds)) contaminant of propagative plant material.

Ent-4¢ (Contaminant of seeds for y - mod 0.08  Ageratum conyzoides is thought to have been
planting) introduced as a contaminant in garden plant seeds in

Africa (Lusweti et al., 2011).

Ent-4d (Contaminant of ballast n - mod 0 We found no evidence that A. conyzoides propagules
water) spread in ballast water.

Ent-4e (Contaminant of aquarium n - low 0 We found no evidence of 4. conyzoides as a
plants or other aquarium products) contaminant of aquarium plants or other aquarium

products. This species is not likely to be found with
aquatic plants or materials.

Ent-4f (Contaminant of landscape n - high 0 We found no evidence of 4. conyzoides as a
products) contaminant of imported landscape products. CABI

(2018) reports that seeds can easily be transported in
soil and have been found as contaminants of garden
waste, but we found no additional evidence in the
literature.

Ent-4g (Contaminant of containers, y - mod 0.04  Seeds are dispersed on the tires of machinery and
packing materials, trade goods, vehicles (Clifford, 1959).
equipment or conveyances)

Ent-4h (Contaminants of fruit, y - negl 0.02  The seeds of 4. conyzoides are found as contaminants in
vegetables, or other products for millet and other cereals (Wiedenfeld, 2011). Ageratum
consumption or processing) conyzoides seed has been found on fresh fruit imported

to New Zealand (Popay et al., 2003).

Ent-4i (Contaminant of some other a - mod 0 We found no evidence that Ageratum conyzoides is a
pathway) contaminant of other pathways.
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Ent-5 (Likely to enter through natural  y - high 0.06  Ageratum conyzoides is found in Mexico (Johnson,
dispersal) 1971) and in the Northern Caribbean (GBIF, 2018). The

fruit is an achene with an aristate pappus (stiff, bristle-
like tip) and is easily dispersed by wind (Ming, 1999;
Kohli et al., 2006; Johnson, 1971). Seeds are minute,
about 3.4 mm long by 0.33 mm wide, and extremely
light weight. Kaur et al. (2012) report that seeds are
transported hundreds or thousands of miles, but we
found no direct evidence to support this statement.
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