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Hydrilla

• Called the “perfect aquatic weed”     
(Langeland 1996)

• #1 aquatic weed in U.S.
• Leaves in whorls of 3-10+
• Serrated leaf margins
• Tubers can remain in sediment for 

over 7 years
• Very shade tolerant
• Rapid growth: 262 ft of linear shoot 

tissue in 35 days (Glomski Netherland, 
2012)
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Hydrilla Biotypes

• US:
• Female triploid dioecious (FL and warm climates)
• Triploid monoecious (NC and temperate climates)
• New CT biotype

• Worldwide: 
• 9 biotypes in Japan (Nakamura and Kadono 2000)
• Benoit (2011) theorized cryptic speciation

1. Indian/Nepal (US dioecious) species* 
2. Japan/Korean/European species
3. Indonesian/Malayasian species (AU/NZ)*

*US monoecious perhaps hybrid
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Biotypes ‐ Summary

• Monoecious (historic)
• Linked to Korea
• Introduced mid 70’s
• Invaded NC & north
• Less robust
• Herbaceous perennial
• May produce seed??
• Tubers:

• Formed June – Nov.
• Weight 76 to 139 mg
• 430 – 1,700 / m2

• Dioecious
• Linked to China, India
• Introduced 1950’s
• Invaded SC & south
• More robust
• Root crown persists
• No seed production
• Tubers:

• Formed Oct. – April 
• Weight 188 to 290 mg
• 60 – 900 / m2
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Biotype Phenology

Modified from Harlan et al. (1985. J. Aquat. Plant Manage. 23:68‐71).
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Why is Hydrilla so Problematic?

• Produces turions that may persist in sediment 
for 7+ years

• Grows faster than native plants
• Dense biomass:

• Outcompetes native vegetation
• Reduces habitat quantity and quality
• Inhibits recreational activities
• Clogs drinking water intakes
• Avian disease link
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Hypothetical Tuber Longevity

Georgia

NC

New York
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Shoot Growth Development in Darkness

Light or no light  after 1 and 6 wk
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What Do We Want to Accomplish with 
Management?

• Define system parameters
• What is the “natural” state 

of the system?
• Will weeds decrease 

ecosystem quality?
• Will weeds decrease 

human satisfaction?
• How likely are new 

introductions?



AQUATIC PLANT MANAGEMENT

How Do We Make Weed Management Decisions?

• Use of the body of water
• Irrigation, consumption, recreation, 

etc.
• Plant identification

• Plant biology and ecology
• Fish and wildlife populations
• Water quality
• Physical, environmental, and 

economic limitations
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General Thoughts

 There is no silver bullet or “one-size fits all” approach
 Every waterbody is distinct and each needs to be clearly defined
 Natural systems are more complex than impoundments
 Impoundments are inherently artificial

What are goals?
 Eradication is a big word with promises attached
 Technical advisory committees are very helpful
 Due diligence

 Public input is necessary for many systems
 Public outreach is necessary for all systems
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Lake Vegetation Surveys

749.80 hectare total
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Goals of Mapping Lake Vegetation

• Ecological assessment or to establish a 
standard to support management 
techniques through evaluating invasion 
levels

• Define plant distribution and abundance
• Quantify trends spatially, temporally, 

and overall dynamics
• Repeatability for future applications
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SAV Coverage Roanoke Rapids Lake
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Linking Plant Biology to Management

• Each weed species will have different 
biological characteristics regarding 
growth, reproduction, etc.

• Management techniques need to 
reduce growth and interfere with 
reproduction

• Poor timing can make management 
fail

• Tools that look good in the short term 
may not hold up on a year to year 
basis

Hydrilla verticillata
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Linking Plant Biology to Management

• Species that produce propagules are 
more difficult to manage than those 
that don’t

• Management must interfere with tuber 
production 

• Hydrilla may require 10 years of 
treatment to deplete the turion bank

• Understanding species biology is 
important for targeting sensitive areas 
in the life cycle
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General Control Categories

•Prevention 

•Cultural

•Mechanical/Physical

•Biological

•Chemical
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Selecting Control Options
Weed Growth Control Options for Stage of Weed Growth

Prevention

Hand‐
weeding

W
ee
d 
Bi
om

as
s

Benthic 
Barrier

Habitat 
Saturated

Mechanical
Harvesting

Suction
Dredge

HerbicideGrass
Carp

Drawdown

Bi
oc
on

tr
ol

Late 
Invasion

Early 
Invasion

Mid
Invasion



AQUATIC PLANT MANAGEMENT

Selecting Control Options
Weed Growth Control Options for Stage of Weed Growth
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Selecting Control Options
Weed Growth Control Options for Stage of Weed Growth
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Handweeding
• Most common management form worldwide 
• Generally for special situations with limited 

options or species easily pulled
• Highly labor intensive/inefficient

– Aquatic plants may be up to 98% water
– Divers can be precise, but are slow
– Volunteers are cost effective, but limited

• Liability: back injury, risk of heart attack or 
stroke

• Plants may reproduce quickly
• Pulling may disturb sediment and can bother 
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Selecting Control Options
Weed Growth Control Options for Stage of Weed Growth
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Mechanical Techniques
• Generally short term control only
• Produces many fragments than can spread 

infestation 
• Can be very destructive to non-target 

species
• Requires equipment access
• Harvested material must be properly 

disposed
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Selecting Control Options
Weed Growth Control Options for Stage of Weed Growth
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Selecting Control Options
Weed Growth Control Options for Stage of Weed Growth
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Benthic barrier
• Plastic or fabric placed along sediment
• Prevents weed growth from sediment
• Ineffective once sediment deposits on top
• Difficult to use in flowing systems
• Impacts to non-target organisms?
• Plastic based barriers are non-selective
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J Caffery, Ireland
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Selecting Control Options
Weed Growth Control Options for Stage of Weed Growth
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Triploid Grass Carp
• Introduced from Asia
• Sterile version may be stocked where allowed
• Feeds on plants only
• Generally a non-specific herbivore although 

they do exhibit some preferences
• Concerns:

– Will they stay in the system?
– What are potential non-target impacts?

• Basic question: do you want submersed 
plants in the system?

Grass
Carp
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Triploid Grass Carp

• Regulation is at state level
• Have been used extensively for 

hydrilla management in SE 
reservoirs

• Difficult to remove once released
• Potential impacts on water quality
• Tar River Reservoir:

• Fluridone treated years 1-5
• 1.5 triploid grass carp per hydrilla

tuber bank acre stocked year 6

Fluridone

Grass carp
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Monitoring Grass Carp Effect
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Selecting Control Options
Weed Growth Control Options for Stage of Weed Growth
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Drawdown
• Very effective on species that do not 

produce propagules (e.g. Egeria densa)
• Impacts to non-target species
• For hydrilla, needs to be in summer
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Selecting Control Options
Weed Growth Control Options for Stage of Weed Growth
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Herbicides
• Specific products may be selective or non-

selective to plants
• Usually plant-specific modes of action
• Can be used on small to large scale 

depending on system
• Aquatic herbicides do not bioaccumulate
• Registered by EPA and states
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Eno River: Monoecious Hydrilla Management

• 44 Miles Long
• Drains into Falls Lake (reservoir)
• Has exceptional water quality 
• Home to numerous rare species including 
the endangered Panhandle Pebble Snail

• Main attraction of 3,900 acre Eno River State 
Park

• Hydrilla spread raised concern about impact 
to native species

August 2011
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Pre‐Management Activities

• Meetings, meetings, meetings….
• State agency meetings since 2007
• Plan course forward

• Research:
• Herbicide impacts to riffleweed (primary native plant)
• Herbicide impacts to non-plant species
• Grass carp tagging and monitoring
• River surveys 

• Attempted hand removal – failed
• Spot herbicide application – failed 
• Hydrilla management in nearby impoundments



AQUATIC PLANT MANAGEMENT

Public Health and Environmental Assessments for
Eno River Hydrilla Management
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Initial Objectives

• Goal: Reduce hydrilla biomass in the target 
area with no impacts to non-target species

• Objectives:
• Determine effectiveness in controlling hydrilla in 

highly variable flow Eno River
• Monitor non-target species for any impacts

• What is success?
• Reduction of hydrilla biomass to non-problematic levels
• Reduction of hydrilla turion bank is even better

• Evaluate plan annually to determine future efforts
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Herbicide drip at 
Lawrence Rd.

Expected loss of 
herbicide activity due 
to dilution by US501

Management Pilot Study
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Monitoring of Study

• Herbicide concentration
• Monitored weekly/biweekly
• Sample sites

• Adjacent to injection site, midpoint, downstream

• Biotic monitoring
• NCSU: Hydrilla phenology, tuber density, 

riffleweed abundance
• NCWRC: Sport fish, Roanoke bass, mussel, 

crayfish
• Sample sites inside and outside treatment area

• Fall vegetation (hydrilla) survey by state and local 
agency personnel
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Treatment History

2015
• First year of demonstration program
• 16 miles treated with one Sonar Genesis injector
• Successful treatment (i.e. hydrilla vegetation was controlled)

2016
• Same mileage treated, but with two injectors to increase 
control of treatment concentrations

• NCSU measured reduced tuber bank in treatment area
2017

• First year of operational management stretching 22 miles of 
the Eno River (Lake Ben Johnson to Roxboro Rd, Durham)

2018
• Fourth year of successful treatment – same river stretch as 
2017

• NCSU found some hydrilla vegetation and tubers in the upper 
portion of the treatment zone during winter that had only 
two years of treatment

• No hydrilla observed in area treated for 4 years

2019
• Management area will focused on 
the upper portion of the treatment 
area starting immediately below Lake 
Ben Johnson with one injector

2020
• No treatment due to very low 
hydrilla populations
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August conditions at Pleasant Green:  2011 before management (top) 
and 2016 post two years of treatment (bottom)



AQUATIC PLANT MANAGEMENT

Hillsborough: 
before and 

after 
treatment
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Native, Desirable Riffleweed
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Eno Conclusions

• Hydrilla has been successfully controlled within 
the treatment area

• No negative impacts to non‐plants have been 
observed

• No negative impact to native riffleweed was 
observed

• Transient chlorosis on native and common 
American waterwillow was observed in first year 
of treatment

• Treatment has been moved upstream
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Presentation Summary

Monoecious hydrilla is highly invasive and has 
numerous characteristics that give it a competitive 
advantage
Management programs must be designed to interfere 

with the tuber bank
Multiple management techniques are available; the 

“best” tool will depend on site parameters, human 
dimensions, and plant biology
Hydrilla populations can be depleted over time, but 

programs must be designed for the long-term



Hydrilla Management and Human 
Dimensions – How Social, Cultural, and 
Economic Drivers Influence Regional 
Invasive Aquatic Plant Management

Brett Hartis, PhD
Lead Scientist - Aquatic Plant Management Program



Remember to Manage People 
When You Manage Plants….

Brett Hartis, PhD
Lead Scientist - Aquatic Plant Management Program
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Tennessee River System Catawba River System

A Tale of Two Rivers…
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Tennessee River System Catawba River System

Early Management Practices
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Tennessee River System Catawba River System

Economic Evolution
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Tennessee River System Catawba River System

The “Loudest Voice”
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Tennessee River System Catawba River System

Management Direction – Who’s Right?
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Tennessee River System Catawba River System
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Management Direction – Who’s Right?
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Management Direction – Who’s Right?
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Management IS necessary for ALL uses

Cost and control
 No control alternative? - not sustainable
 Maintenance control vs. EDRR/Eradication
 So how do you fund?

Suitable (not easy) alternatives
 Habitat vs. hydrilla
 Revegetation
 Artificial habitat

The Inconvenient Truth
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 Stakeholder Driven Management
 Multi-use = Multi-needs
 Incorporating all vested interests into management 
 Providing a “real” seat at the table
 Finding common ground (“room for grey”)
 Reasonable compromise

 Being consistent AND transparent
 Telling our story – goals and objectives
 Proactive vs. Reactive
 Perception vs. Reality…
 Improve and enhance critical relationships
 Informed stakeholders = Informed management

The Future of Aquatic Plant Management
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 Transparent with program goals and objectives
 Inviting of input and feedback
 Avoid “one-size-fits-all” discussion 
 Different Groups, often competing goals
 Varying degrees of understanding
 Tailor messaging to fit – Why should they care?

Improve Existing Relationships
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The Media…
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Proactively Telling Our Story
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People of Influence/Trusted Sources



Training Future Stakeholders
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What we can do….
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 Be proactive and transparent in delivering our story
 What/ Why/ How/ When we manage
 Provide targeted education and outreach opportunities (workshop, ride-along)

 Be open and inviting of input from all user groups
 Facilitate active discussion (finding common ground)
 Remain adaptive to changing needs
 Be inclusive in decision making processes

 Make reasonable compromise
 Social/ economic consideration
 Hear and act on concerns 
 Use eachother as a resource



What you can do….
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 Proactively utilize those in APM as a resource for good information
 Take advantage of opportunities to learn
 Partner to meet goals and objectives of multi-user groups
 Serve as a conduit for information transfer
 Take your seat at the table and remain adaptive to drive decisions

 “People of Influence” = YOU
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Email:  Brett.Hartis@duke-energy.com
AquaticPlants@duke-energy.com

Phone:  828-442-7339 (M)
980-875-5424 (O) @apmsociety
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