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Hydrilla verticillata 

• Federally listed noxious weed  
• Hydrocharitaceae family 
• Aggressive, opportunistic, nuisance species  
• Continuing to spread across the U.S. 
• Present on every continent except Antarctica  
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Presentation Notes
Hydrilla verticillata is a federally listed noxious weed that is aggressively spreading across our nation’s water bodies. A few key characteristics cause this plant to be so aggressive.  Stem fragments with as little as two nodes or leaf whorls can form a new plant.  One cause for the difficulty in controlling hydrilla is the longevity and density of subterrranean turions.  Tubers are produced prolifically and  help the plant survive through biotic, abiotic and anthropocentric stresses.  It also produces axillary and terminal turions.Hydrilla forms very dense mats that canopy over native vegetation, decreasing oxygen levels, affecting the ph and temperature of the water, and also provide mosquito breeding habitats.  This plant has more negative aspects, on hydroelectric dams, irrigation systems, and freshwater recreation like boating, swimming and fishing.



Hydrilla verticillata 
• Reproduces vegetatively 

– tubers, turions, and 
fragmentation 

• Fast growing  
• Forms dense mats 
• Competitive with  
     native plant species 
• Thrives in a wide range of 

environments 
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Hydrilla verticillata 

• Negatively impacts water quality 
– dissolved oxygen levels 
– affects pH and temperature  

• Problematic to hydroelectric dams, irrigation 
systems, etc. 

• Interferes with recreation 
• Provides mosquito breeding habitat   
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Hydrilla Turions 

• Form main challenge to management 
• Turion – an overwintering bud structure 
• Hydrilla forms both axillary turions and 

subterranean turions (tubers) 
• Tuber longevity estimated to be 5+ years, but 

turions only ~6-8 months 
• Long-term management plans must consider and 

monitor the tuber bank 



Tuber vs. Turion 
• It has been speculated that turions are a significant 

source of reproduction and dispersion for monoecious 
hydrilla 
– The fundamental research is not been conducted to prove this 

point or mesocosm research has been inferred to be the same as 
field conditions 

• Tubers have a greater production window 
• Tubers produce more competitive plants (Spencer & 

Ksander 1991) 
• Turions need to hit the “Sweet Spot” to survive 
• Dispersion much more likely from boaters and waterfowl 



Differences in Hydrilla Biotypes 

Presenter
Presentation Notes
There are two biotypes of hydrilla (a monoecious and a dioecious) currently invading the US.  While they are similar, the two biotypes have important differences which make their distinction imperative for hydrilla management and control.  Table 1 shows a comparison of the two biotypes. I have mainly been studying the monoecious biotype, as that’s what we have in north carolina.  I was introduced later than the dioecious, and is a more northern growing plant.  It is much less robust than the dioecious plants.  Another key distinction is that the monoecious plants have a short tuber production period, and produce smaller tubers, but many more per square meter than do the dioecious plants.  



 



Monoecious Hydrilla – The Literature 

• Much less published research on monoecious 
hydrilla than dioecious 

• Search with BIOSIS  
– 1,246 articles with the topic ‘hydrilla’  
– 53 with additional topic ‘monoecious’   

• Biotype often not mentioned 
 

Presenter
Presentation Notes
The body of research focusing on strictly the monoecious biotype is much smaller than that of the dioecious, as reflected in the literature. Many publications on hydrilla make no mention of biotype, therefore only an educated guess can be made based on study locations to decipher biotype. 



Why this project? 
• Lots of dioecious phenology research 
• Little done in situ 
• Much less research available concerning in situ 

monoecious hydrilla biology   
• Conflicting research 
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Presentation Notes
As far as the phenology of hydrilla goes, Many research trials have been conducted with dioecious hydrilla after removal from native conditions, but fewer have been done in situ.  Considerably less research is available concerning in situ monoecious hydrilla biology.  Its been reported that monoecious hydrilla forms fewer dormant tubers than does dioecious hydrilla, so long-term management may be easier than with the dioecious biotype.  However, other research conducted in North Carolina indicates that 50-70% of monoecious hydrilla tubers will sprout in a given year with the remainder dormant.  There is also some conflicting research as to how important the axillary turions are for reproduction and spread.These questions need to be answered to provide managers with the most effective control options.  
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Presentation Notes
We know that hydrilla tubers and turions sprout, and then actively produce biomass, it forms tubers, flowers, produces turions, and builds an impressive soil seedbank of these structures ready for the next spring.  



? 
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But we need to learn is more about exactly when these things happen.  What causes these changes in life stages, and how can we predict them.



Study Objectives 

• Gain a more thorough understanding of the 
monoecious hydrilla life cycle  

• Use findings to aid management plans 

Presenter
Presentation Notes
The objective of this research is to correlate hydrilla growth and major life cycle events to two factors that can be easily monitored and hopefully help describe the life cycle of monoecious hydrilla in the field, light intensity and water temperature.



Methodology 



Lake Raleigh 

• One study location  
• Located on North Carolina State University’s 

Centennial Campus in Raleigh, North Carolina.   
• 75-acre lake  
• Non-motorized watercraft only 
• Limited management 

Presenter
Presentation Notes
So first what we did was set up 7 hydrilla monitoring sites.  Lake Raleigh, which is on NC State’s Centennial Campus is home to one of our sites. It’s a 75-acre lake that has limited management.
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Presentation Notes
Here is a map of Lake Raleigh.  Its fairly small and has hydrilla for a number of years.  As you can see its Surrounded by a protected forrest, and a really convenient and beautiful place to do research 



Lake Gaston 

• 20,000 acre hydroelectric reservoir  
• Located in NC and VA 
• Six locations established 
• Sampling across a gradient of conditions  
• Chosen in non-treated areas 

 
 

Presenter
Presentation Notes
The remainder of the monitoring sites were set up on Lake Gaston, which I am sure most of you have heard of.  It’s a 20,000 acre hydroelectric reservoir that has a gradient of water conditions across.  Lake Gaston is heavily managed, but We set up our 6 study locations on the lake in areas that had not been treated recently and were not planned to be treated in the future.  



Presenter
Presentation Notes
This map shows the six monitoring locations along Lake Gaston.  As I mentioned, the lake is very deep and narrow at dam area, so water coming in is cold.  As water moves down the lake water warms.



Methodology 

• In March 2010, data loggers were set up at each 
location and set to record water temperature and 
light intensity values every four hours throughout 
the year.  

• As there are grass carp present in Lake Gaston, 
fenced exclosures were built at the study locations 
around sample points, to allow hydrilla to mature 
without herbivory. 
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Presentation Notes
In early April 2010, data loggers were set up at each location and set to record water temperature and light intensity values every four hours throughout the year. As there are grass carp present in Lake Gaston, fenced exclosures were built at the study locations around sample points, to allow hydrilla to mature without herbivory.



 



Methodology 
• Sites monitored biweekly from April 2010 until late fall 

2010, after hydrilla senesced.   
• Data collection:  

– hydrilla life stage 
– sediment core samples 
– measurements of hydrilla growth 

• Soil cores were sifted for tuber and turion count, 
and sprouting of tubers and turions was noted.   

• Repeated in 2011 and 2012 on the same locations. 
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Presentation Notes
All Sites were monitored biweekly from April 2010 until late fall 2010, after hydrilla senesced.  Data collection included identifying the life stage of hydrilla, taking sediment core samples as well as measurements of hydrilla growth.The collected soil cores were sifted for tuber and turion count, and sprouting of tubers and turions was noted.  Site monitoring continued in 2011 on the same locations.



 



Results 



Water Temperature Over Three Years 
LG 1 LG 2 

LG 6 LR 

Date (March 2010-December 2012) 
 

---- Maximum 
---- Minimum 



Monoecious Hydrilla Life Cycle Events and 
Corresponding Water Temperatures Over Three 

Years at Four Sites in NC 

Life Stage   Water Temperature (°C) 

Mean Max Min 

Sprouting Turions 17.0 24.5 11.5 

Sprouting Tubers 26.2 35.0 16.1 

Tubers Forming 24.2 32.3 3.0 

Flowering   21.5   27.4   13.7 



Monoecious Hydrilla Life Cycle Events and 
Corresponding PAR Over Three Years at 

Four Sites in NC 
Life Stage    Maximum PAR 

(µmol/s/m2) 
Sprouting Turions 286 
Sprouting Tubers 846 
Forming Tubers 385 

Flowering   12 



Sites where sprouting turions were found 
over three years 

Date 



Sites where sprouting tubers were found 
over three years 

Date 



Sites where flowers were found  
over three years 

Date 



Sites where newly formed tubers were 
found over three years 

Date 



Turions Sprout: March- June 

Tubers Sprout: March- September 

Biomass Increases: March-October 

Tubers Form: August-November 

Flowers: September-October 

Dormant: November-February 
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Presentation Notes
We know that hydrilla tubers and turions sprout, and then actively produce biomass, it forms tubers, flowers, produces turions, and builds an impressive soil seedbank of these structures ready for the next spring.  



Turions Sprout: March- June 

Biomass Increases: March-October 

Tubers Form: August-November 

Flowers: September-October 

Dormant: November-February 

Tubers Form: June-October* 

*(Harlan et al. 1985) 

Tubers Sprout: March- September 
Tubers Sprout: March-August* 
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Presentation Notes
We know that hydrilla tubers and turions sprout, and then actively produce biomass, it forms tubers, flowers, produces turions, and builds an impressive soil seedbank of these structures ready for the next spring.  



What do we know? 

• Treatment timing is critical for long term hydrilla 
management.   

• The ideal treatment would eliminate hydrilla 
biomass between the end of tuber sprouting and the 
beginning of tuber formation.   



Sites where sprouting and newly formed 
tubers were found over three years 

Date ---- Sprouting tubers 
---- Newly formed tubers 



Sites where sprouting and newly formed 
tubers were found over three years 

Date ---- Sprouting tubers 
---- Newly formed tubers 



Conclusions 

• Our results indicate that a short window is present 
for an ideal treatment timing that managers can 
exploit.     

• On these two NC lakes, this window occurs around 
the end of July to early August. 



Thank you! 

• APMS 
• NCSU Aquatics Group 

Reference: 
Harlan, S. M., G. J. Davis, and G. J. Pesacreta. 1985. Hydrilla in three North Carolina lakes.  
 Journal of Aquatic Plant Management. 23:68-71. 
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