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Introduction

Two-horned trapa (Trapa bispinosa), also known as two-horned water chestnut, was first identified in the
U.S. in Pohick Bay, Lorton, Virginia, in 2014. Originally thought to be the first colony of the highly
invasive Eurasian water chestnut (7rapa natans), a highly invasive species which was eradicated from
Virginia decades ago. Morphological differences in this new 7rapa population led to the determination
that this was a different species with a similar threat. Eurasian water chestnut produces 4-horned seed
pods, while the seed pods of the new discovery have only 2 horns and two smaller, pseudo spines.
Through DNA analysis and morphological comparison of 7rapa specimens from around the world, the
new Virginia colony of Trapa was identified as 7. bispinosa in 2019. (Chorak et. al, 2019) The native
range of this species includes Taiwan, Korea, Japan and China. (Hseih, 1994)

Due to the similar rapid, dense growth of the two Trapa species, the spread of two-horned trapa threatens
to undo the multi-million dollar efforts made by the US Army Corps of Engineers and natural resource
partners over several decades to eradicate Eurasian water chestnut from the Chesapeake Bay watershed.
This plant has the potential to spread throughout Virginia and beyond, with more colonized waters in the
region found each year. All Trapa species are non-native in the U.S and are considered invasive plants
that require early detection and rapid response due to the historic and present impact of Eurasian water
chestnut in the Mid-Atlantic and Northeast regions.

Life History

Two-horned trapa is a floating, annual, aquatic plant with submerged stem and roots. It prefers full sun in
freshwater tidal rivers, streams, ponds, reservoirs, lakes and wetlands; relatively shallow, slow moving or
still water. Roots are long and anchor the plant into the mud in waters up to 12 feet deep (Pfingsten,
2021). Fan-shaped leaves have doubly serrated margins and form a central rosette. Floating leaves are
green above with red undersides, each leaf having a distinct “inflated” petiole that allows the plant to
float. Beginning in June, small, four-petalled, pink flowers emerge from the rosette center. Two-horned
trapa may flower and produce fruit from June until frost. Seed pod is a large drupe (1.5-2 in) with two
opposing “horns.” Two-horned trapa dies in late autumn with frost. Seeds can lie dormant for at least two
years, while the upper range of seed dormancy is debated. A high majority of Trapa species seeds (97-
100%) will germinate in the first or second year after they are produced (Kunii, 1988).



showing characteristic color; flower; seed pod. Photos by Kevin Heffernan, DCR.

Introduction and Spread

Two-horned trapa was possibly introduced as an ornamental (Pfingsten and Rybicki, 2022), but it is not
known to be in the horticultural trade as a live plant. Dried seeds are offered on Internet sites. Two-horned
trapa spreads outside of cultivation and has been identified in over seventy water bodies in Northern
Virginia across 6 counties, 4 of which have current known populations. New infestations of two-horned
trapa are documented each year in Northern Virginia. Though only identified in Virginia 2014, it may
have been spreading in the state for decades, with two records from 1995 in Westmoreland and Stafford
counties retroactively identified as two-horned trapa. The seed pods of two-horned trapa can cling to the
feathers of waterfowl, especially resident Canada geese (Branta canadensis), animal fur, rope, clothing,
and wooden materials, allowing dispersal between neighboring water bodies (Rybicki et al 2019; Hummel
& Kiviat, 2004). Ongoing survey efforts of neighboring water bodies within 2 to 3 miles of known two-
horned trapa sites, as well as waters on the borders of the current known extent will help clarify the
distribution and trend of spread.
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Figure 2. Map of two-horned trapa occurrences in Virginia and Maryland. There are 124 occurrence

15 30mi

Records
> Snes G G ann o
G000V
Mono ola ) ' < < @ Annapolis
N: | >, A/ i
F; - . Washington
Dale-City
Harrisonburg
Salisbury
Fredericksburg
California
Staunton
FortAP.
Charlottesville c HiX
4
5IN|
Richmond
Lynchburg
Hampton

-79.4971, 37.3168
Esri, HERE, garpnn, FAO, USGS, EPA, NPS

records as of July 2022. Map from the USGS Nonindigenous Aquatic Species database.

Trapa Cases

116

Potentially Infested

985

Waterbodies

Legend

>8-12

. >4-8
e

Confirmed Trapa
Sites

Trapa Hotspots

o

B ow

Herndon
Reston .
Hattontown
ouLLES McLean
INTERNATIONAL Columbia
— Heights
Trinidad
Chantilly $ ArlingtonWashington
e n‘ ARLINGTON
ﬁepderlfn, . O
e @
..
Centrevills. 1% \ + Hil
. o @ Annandale Hd
. 8 @ @ Lincolnia
ymarket -
Q ’|
o s \ v Alexandria Oxon Hill
Yorkshire Park' (@l® Burke L% s s
Bull Run e - ® 9 Springfield Franconia
Monassos Parl@v ; RFAX O Groveton
0 O O'F o
Manassasolugie) - Friendly
Fort
L o Newington Washington
= e
Mt Vernon
Lorton
L)
Canova % a“
tlett PRINCE sethel Woodbridge
WILLIAM ethel
NAVAL SUPPORT
FACILITY
INDIAN HEAD
QUANTICO
MARINE
CORPS BASE Ripley

Thomason Park

County of Prince William, Fairfax County, VA, VGIN, Esri, HERE, Garmin, SafeGraph, METI/NASA, USGS, EPA, NPS, USDA

Fig. 3. Two-horned trapa dashboard allows users to see infestation hotspots and waterbodies at risk

Powered by Esri

according to proximity to known trapa occurrences. See the DCR map online.

4



Impacts

1. Ecological
Trapa sp. forms dense floating mats that spread and cover slow-moving bodies of water. These mats
inhibit up to 95% of light from penetrating into the water. (Hummel and Kiviat, 2004) Similar to the
devastating impacts of Eurasian water chestnut, two-horned trapa has the potential to obstruct water flow,
reduce dissolved oxygen (leading to fish kills among other negative impacts), shade out submerged
aquatic vegetation, and outcompete native aquatic plants. (DiTomaso et al. 2013; Strayer 2010)
Reciprocal competitive effects have been documented between Trapa sp. and American eelgrass

(Vallisnera americana), with both reducing the reproductive activity of the other when co-occurring
(Dodd et al. 2021). Waters covered in Trapa sp. result in lower quality foraging habitat for waterfowl
(Hummel and Kiviat 2004).
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Figure 4. Mats of two-horned trapa lining Burke Lake reservoir in Fairfax, VA. Photo by AG Sweany,

DCR.

2. Recreational and Commercial
Water bodies overgrown with two-horned trapa may lose recreational, fishing, aesthetic and boating
value. Seed pods that wash onto shore are sharp enough to pierce through clothing and shoes, causing



injury. Private property owners with infested ponds or lakes may perceive or experience a decrease in

property value and usage ability, or suffer the costs of management.

Figure 5. Aerial view of a pond infested with two-horned trapa in Northern Virginia. Photo by Kevin
Heffernan, DCR.

3. Economic
Two-horned trapa infestations are costly to land managers and private property owners. Though
straightforward if done carefully, the management and eradication of this species is time consuming and
requires several years of follow up effort to be successful. While herbicide application decreases the cost
of labor, the product itself can be expensive. One 7.5 acre site required nearly $1,500 of Flumioxazin at
200 ppb to treat. (John Odenkirk, pers. comm.) Hand removal requires estimated hundreds of person
hours to be effective and requires a minimum of 2-5 years of thorough efforts. (Nancy Rybicki, pers.
comm.) If two-horned trapa spreads into the nearby Potomac River, there is great potential for significant
economic impacts.

Control

Control efforts are ongoing at many sites. Hand removal is labor and time intensive, but effective.
Research into the efficacy of chemical treatments is ongoing. Due to the similarities between the two
species, practical management methodology is similar to that of European water chestnut. For large scale
removal, mechanical harvesting and chemical control measures can be used in conjunction.

As an example of the costs associated with Trapa sp. removal, the management of Trapa natans in Lake

Champlain by Vermont and New York state agencies cost a total of $9.6 million between 1982 and 2011.
New York state Invasive Species Information reports that in years when funding decreased, the weed
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rapidly grew back and expanded its coverage of the lake. (New York Invasive Species Information 2019)
This is consistent with other reports that control efforts must be completed for several years to reach
eradication.

1. Manual Removal
Hand removal efforts must be thorough and repeated for an estimated 2 to 5 years if completed prior to
seedset, and several years longer if efforts are incomplete. (Nancy Rybicki, pers. comm.) Hand harvesting
is effective in small bodies of water, or ponds or lakes where the entire infestation is accessible by wading
or by boat. Plants should be removed from the water, prior to when plants begin to seed in late June to
early July to prevent seed bank development. Plant matter may be left in the sun to dry out, then burned,
buried, or bagged. Seeds that fall into the sediment will sprout the following year, or may lay dormant for
at least two years.

Further research of the costs of hand-pulling two-horned trapa is desired. Currently there is little formal
documentation on cost of this method. In one case, 1.25 acres of 7. bispinosa coverage in a Northern
Virginia pond required and estimated 640 person hours to remove all plants in the first year. (Nancy
Rybicki, pers. comm.) If large populations of 7. bispinosa develop, mechanical harvesting is an effective
practice that may become necessary to clear clogged waterways.

2. Chemical Control
Research into the efficacy of various chemical treatments on two-horned trapa is ongoing by the US
Army Corps of Engineers. Private lake management companies in Northern Virginia currently utilize
flumioxazin and imazamox with good results to manage two-horned trapa. A combination of diquat and
flumioxazin reportedly works well, or diquat can be used alone (with a surfactant) to reduce treatment
costs. (John Odenkirk, pers. comm.) 2,4-D and glyphosate have been used against Trapa natans in the
past, but are anecdotally less effective against two-horned trapa. Recommended timing of treatment is
late spring to mid-summer before most plant flower and fruit (John Odenkirk, pers. comm).

3. Biological Control
The water lily leaf beetle (Galerucella birmanica) has shown promising results against 7rapa sp., but host
specificity tests have resulted in minor though not insignificant unintended herbivory on native
watershield (Brasenia schreberi) (Ding et al. 2006). Further research into biological control agents is
needed.

Regulation

State
Two-horned trapa is currently under consideration for listing as a noxious weed in the state of Virginia. A
risk assessment has been completed and the determination on its status is forthcoming as of July 2022.

Federal

Two-horned trapa is not federally regulated. In 2016, USDA - APHIS conducted a risk assessment of
Trapa natans, which included an assessment Trapa bispinosa, (then considered a synonym of 7. natans)
and determined it to be of high risk (USDA-APHIS, 2016).



Management Plan

Goal: Eradicate populations of two-horned trapa while they are small to minimize spread, reduce
ecological impact, and prevent costly, large-scale removal efforts.

A. Leadership, Coordination and Regulatory Authority

Needs: A coordinated state and regional effort to limit the spread and establishment of new populations of
two-horned trapa.

Objective: Form and designate an official leadership group to promote coordination efforts across
jurisdictions.

Actions:
1. Establish a leadership group with representatives from state agencies, local jurisdictions, private
natural resource partners, and D.C. and Maryland natural resources partners.
2. Meet periodically to coordinate and standardize efforts and share new information and control
methodology.

B. Prevention

Needs: State and watershed-wide early detection, rapid response monitoring effort of current and new
infestations to minimize the risk of spread into new areas.

Objective 1: Educate the public, private landowners, land managers and natural resource
personnel on identification of two-horned trapa, prevention of spread, and reporting methods.

Actions:
1. Design and implement outreach materials and online resources to educate target
audiences and prevent further spread.
2. Standardize reporting methods.
3. Encourage the use of EDDMapS.org, iNaturalist.org, and other mapping and reporting
tools.

Objective 2: Expand and coordinate two-horned trapa monitoring programs.

Actions:

1. Review monitoring needs
a. Assess and identify gaps in monitoring needs by county.
b. Identify priority sites to monitor for pioneer populations.
c. Evaluate and standardize existing monitoring protocols.

2. Improve monitoring efforts based on identified needs by jurisdiction
a. Expand monitoring capacity: enlist volunteer organizations, resources from natural

resource agencies or other organizations.



b. Establish clear goals for monitoring, such as 25% of priority sites in a given time frame.

3. Coordinate long-term monitoring and periodically assess effectiveness of both monitoring
methods and control/eradication practices.
a. Formulate methods to provide up to date information online on agency and partner
webpages and accessible GIS Maps.

Objective 3: Encourage local municipalities to engage in two-horned trapa control, monitoring and
prevention efforts.

1. Develop training or information materials for local government land managers to implement.
2. Develop and share a Best Management Practices (BMP) manual to municipal managers, parks
staff, natural resource personnel, clubs etc.

C. Control and Management

Needs: Publicly accessible, up to date information on status of management and eradication efforts
and approved treatment methods. Apply treatment efforts appropriate to priority sites.

Objective 1: Clarify the threats two-horned trapa faces to the environment, the fresh waters of
Virginia and neighboring states as well as to the Potomac River and Chesapeake Bay watershed.

Actions:
1. Conduct an assessment of the economic and financial impacts of two-horned trapa.
a. Include potential costs of management if infestations spread into Potomac River or other
large bodies of water.
b. Estimate current costs of management: state and local natural resource staff, volunteer
hours, herbicide application, etc.

Objective 2: Publish a publicly accessible GIS map of infestations and determine priority areas in
need of management action.

Actions:
1. Conduct a review of known infestation locations, current and yearly site conditions, type of water
body, aerial coverage and density.
2. Identify a central contact point (person, agency, group) that compiles reports on sightings and
archives and shares updates with participating natural resource managers, local jurisdictions and
other relevant partner organizations

Objective 3: Review current eradication and control measures and make standardized
recommendations



Actions:
1. Conduct a formal review of chemical, mechanical and biological control methods in the
laboratory and/or in the field.
a. Provide for funding to conduct research into the cost and effectiveness of these methods.
2. Consult with state and federal agencies for compliance and potential new eradication and control
measures.
3. Review legislation and local regulations that provide access to properties for surveys,
containment, control and eradication.
4. Develop site specific Integrated Pest Management plans specific to each site
a. Create protocol to determine sites that pose the greatest threat.
b. Implement control method that is the most practical and effective for each individual site.

Objective 4: Implement control and eradication methods as formulated by this plan at priority
sites.

Actions:
1. Develop a work plan that best fits the needs of each site to be managed.
2. Implement work plan by determining the appropriate control methods.
a. Complete follow up surveys to determine the success of the given control method at the
given site.

D. Communication and Information Access

Needs: Interagency communication. Designation of a central contact point/person. Creation of a
DCR two-horned trapa web page and other online resources.

Actions:
1. Develop means to communicate and share up to date information on sightings, report verification
and management.
2. Designate a central contact
a. Hire for or expand capacity for VA DWR, or other state or local agency, staff person(s)
to take on coordination responsibilities.
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