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Topics: 

u  Healthy Habitats: Optimizing Ecosystem Services 
u Water Quality as an Ecosystem Service 
u  Stealthy Ways of Aquatic Weeds 
u  Research Needs 
u  Creative Aquatic Weed Management (“CAWM”) 





What are Ecosystem Services? * 

*Millennium Ecosystem Assessment (MEA). 2005. Ecosystems and Human 
Well-Being: Synthesis Island Press, Washington. . 

Ø Provisioning Services : FOOD, crops, AQUACULTURE,  
WATER, minerals, pharmaceuticals, natural products, Energy 
 

Ø Regulating Services : CARBON  SEQUESTRATION, climate, 
waste decontamination and detoxification, purification of water, air, 
crop pollination, PEST and DISEASE CONTROL. 
   

Ø Supporting Services : NUTRIENT DISPERSAL and 
CYCLING, seed dispersal, PRIMARY PRODUCTION. 
 

Ø Cultural Services : RECREATIONAL  EXPERIENCES,  
SCIENTIFIC DISCOVERY, cultural, intellectual, spiritual 
inspiration:  “AESTHETICS”  
 



•  Pathways 
•  Vectors 

•  Dispersal 
•  Non-target effects * 

•  ESA & NPDES  issues * 
•  Flow rates/direction * 

•  Species interdependence * 
•  Impaired Aquatic Ecosystem 

services *  

* Water Quality 
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Interactions Between SAV, FAV and EAV Affecting Establishment and Growth 

Floating Plants 

Emergent Plants 

Submersed Plants 

 Red (dashed)=Negative effect (causes reduced growth 
 Green (solid)=Positive effect (more growth) 
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Sustaining a  Healthy and Desirable Ecosystem  

Balancing Risks and Benefits 

Resiliency 

What  Management Actions? 

Invasive  Plants 



WATER: Ecosystem Services 



Sacramento- San Joaquin Delta: 
Egeria densa + Algae + Sinking Board> Water Quality? 



Ludwigia & Azolla: Prospect Isl. CA 
(From 1,500 ft up!) 



Floating Plant Canopies:  
Sacramento-San Joaquin Delta 

South 
American 
Spongeplant 
(2014) 

Water hyacinth (2012) 

Pennywort (2011) 



Macrophytes and Sources and Sinks 
(Carpenter and Lodge 1986) 



Sink and Source Links 
(Barko et al. 1991) 



Flowing System and Inputs to Water Quality 



Relative  Metal Uptake Ability for Macrophytes  
(Srivastava et al. 2008)  



Commonly Recognized Aquatic Weed 
Impacts on Water Quality 

§  Temperature gradients (depth, diurnal, seasonal) 

§  Dissolved oxygen (spatial and diurnal) 

§  Carbon availability  (CO2? HCO3?) 

§  pH (spatial and diurnal) 

§  Physical structure: Flow velocity and Directions 

§  Vertical mixing (nutrient cycling) 

§  Sedimentation rates and locations 

§  Turbidity 

 

These 
Also  
Affect 
ESA 
Listed 
Species ! 



DO (mg/l) Open 
Water 

P. natans B. schredberi 

Jan-April 8.4 Nd 7.5 

May-June 5.7 6.8 7.1 

July 5.1 7.4 1.7 

Aug. 4.8 4.9 1.4 

Sept 3.6 8.8 0.7 

Oct-Dec 4.3 6.5 6.5 

Effect of Plant Canopy on DO: 
Floating leaf vs.  Subersed leaf types 
 (From Frodge et al. 1990)  



Seasonal Effect of Brasenia schreberi on DO 
(Frodge et al. 1990) 



Effect of P. natans and E. canadensis on DO 
(Frodge et al. 1990) 



Effect of Water hyacinth Removal on DO 
(Hours/day that  DO below 25% Saturation) 

(Perna & Burrow 2005) (Australia) 



Effect of Emergent Plants on DO 

(Rose & 
Crumpton 1996) 

Ø  Low DO assoc. with 
dense shoreline 
stands 

Ø  Canopy reduced 
light to <2% of 
ambient 

D
O

 Isopleth L
ines 



“Stealthy” Aquatic Weed 
Impacts on Water Quality 

§  Increased VARIATION and INSTABILITY 

§  Hystoresis (or Historesis)> System Stable States 

§  Epiphyte Community Diversity and Function 

§  Microbial Community Diversity and Function 

§  Pore Water Quality (nutrients, redox, OM, toxins) 

§  DOM and POM  (microbial communities) 

§  Degradation of axenic contaminants 

§  Allelochemicals (stability, movement) 

§  Plant-Plant interactions (e.g. competition) 

§  Herbicide/Algaecide Efficacy 

 

These 
Also  
Affect 
ESA 
Listed 
Species ! 



  

Stems, leaves, petioles in Air 

Stems/Leaves  

in Water 

Roots 
in  
Water 

General Types of Aquatic Plant Growth Forms: 

Roots and 
Rhizomes in 
the Sediment 

Submersed Plants 

Emergent Plants Floating Plants 



Water Column: 
>Temperature 
>pH, DO, Turb. 

Water/Sediment 
Interface: 
>Exchange 
>POM 
>Epifauna 

Sediment: 
>Pore Water 
>Microorganisms 
>Allelochemicals 
>Infauna 
>Redox 

Submersed Plant Influence on Water Quality 



Rhizosphere Interactions: Pore Water Quality? 
 

Native  
Pondweed Egeria, Elodea 

Hydrilla 
Myriophyllum 

•  Redox 
•  Nutrient solubility 
•  Metals (ionic states; eg. MeHg) 
•  Microbial populations 



Eurasian watermilfoil 



Exampling of PVC- Grooved Pipe 

M. Spicatum-planted end   P. nodosus-planted end 



Rhizosphere-Associated Sediment 
Sampling: PVC Grooved Tube 



DGGE gel: Interaction between P. nodosus and H. verticillata 

P. nodosus 

H. verticillata 

P. nodosus with H. verticillata 

 Indicates band in P. nodosus x H. 
verticillata not detectable in P. nodosus or 
H. verticillata 
 
(Faint bands in H. verticillata lands suggest 
low levels of DNA from sed. samples) 
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Aquatic Plants as Sources: Senesncence 
(Modified from Barko et al. 1991) 

Submersed Plants 
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Aquatic Plants as Sources: Senesncence 
(Modified from Barko et al. 1991) 

Emergent & Floating Plants 



(Jewel, 1971) 

Decompositin 
of Callitriche 
and Release 
of Nutrients 



Integrating Water Quality and Aquatic Weed Management   

Monitoring/
Assessment: 

   (Pre-Post Actions) 
Water Column and Pore Water  

Plant Tissue Loads 
Water Movement & Velocity 

Changes 

Regulatory Compliance: 
NPDES 

Endangered Species Act 
(Section 7 NOAA/ FWS) 

Herbicide Label (FIFRA & State) 
Public Notice/ Outreach 

 

Control Technologies: 
Phenology/life cycle 
Herbicide Mode of Action 
Water Movement Effects 
Sediment Stability 
Physical Methods: 
  Minimize disturbance  
  and turbidity 
  

 



Summary:  
 

Ø  Macrophytes are sinks, repositories and sources for 
nutrients and organic matter that affect water quality 

Ø  Macrophytes create water quality “micro-zones” 
Ø  All management methods affect water quality in the 

water column AND in pore water 
Ø  Excessive macrophyes biomass leads to increased 

variations in constituents that determine water quality 
Ø  More detailed assessments of water quality 

constituents should be included in pre- and post 
management actions- NOT just “minimal compliance” 
with NPDES  



Thank you… 
     and  what’s your water quality? 


