
C4!

C3!

CO2 compensation point!

Calvin Cycle 

C compounds to other

 pathways 

CO2 

Ribulose biphosphate

 (RuBP carboxylase -

 RuBisCo) 

 2 molecules of

 phosphoglycerate

 (PGA) 
O2 

Boundary layer effect leads to low CO2 and high

 O2 concentrations at leaf surface and

 photorespiration reduces productivity 
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Calvin Cycle 
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Carbon  Concentrating Adaptations

 Reduce Photorespiration 

Egeria densa 

Elodea canadensis 

Potamogeton pectinatus 

Hydrilla verticillata et al. 

CAM 

Root Uptake of CO2 in Isoetes 

The proportions of the different carbon forms are  

highly pH-dependent 



Typical pH range in lakes!

Bicarbonate users can drive up pH and

 “starve” obligate CO2-users 



Physical and Chemical Impacts!

Diurnal changes within and outside hydrilla mat

 (Spencer et al. 1994)!

Effect on nutrient

 cycling and

 mobilization of

 sediment N and P 

Rooted plants and

 phytoplankton

 have access to

 different N and P

 pools than

 phytoplanton and

 floating species 



Effect of changes in rooted macrophyte abundance 

on phytoplankton, waterfowl, and fish populations in 

a shallow lake in southern Sweden - multiple stable 

states!

Dual stable states in lakes!



Sediment erosion 

at deep, 
unvegetated site 

and at shallow, 
vegetated site in 

Spring – before 

plants established 

Sediment 

deposition 
shallow, 

vegetated site in 
Summer – after 

plants established 

•! Sediment stabilization!



Dense

 macrophyte beds

 alter the

 “structure” of

 fish habitat!



•!Predators cannot effectively capture prey. 

•!Predators grow slowly and get skinny. 

•!Prey numbers can increase excessively if not 
thinned. They overeat their food base and their 
growth stunts. 

•!Resulting community: a lot of skinny, slow 
growing predators and prey. 

Macrophytes also influence zooplankton abundance!



Effect of canopy

 formation on

 dissolved oxygen

 concentration!

Brassenia

 schreberi

 (floating-leaf)!

Ceratophyllum demersum

 (submersed, unrooted)!

Characteristics of Aquatic Weeds!



Canopy formation 



Management of Aquatic Weeds 

Physical removal 

 handpulling 

 mechanical harvesting and cutting 

 bottom barriers 

Environmental Manipulation 

 Reduce light using dyes 

 amend sediments 

 drawdown 

Chemical 

 Systematic and contact herbicides 

Biological 

 grass carp 

 insects 

 fungi 

Prevention!
•! Identify pathways!

•! Develop interventions!

–! Outreach/Education!

•! Identify audiences!

•! Develop message!

•! Implement !

•! Evaluate!

–! Best Management Practices!

–! Legal!

•! Prohibitions!

–! Importation!

–! Transportion/sale!

•! Early detection and rapid response!

Hitchhiker 

Pathway!



Hitchhiker Prevention!
•! Outreach and Education!

–! Signs boat ramps!

–! Brochures!

Water

 Gardening

/Aquarium/ "

Intentional

 Pathway!



Water Current and Bird Pathway!
Uncontrollable?!

Early Detection and Rapid

 Response 

Pitcairn and Rejmanek, 2002!



Management of Aquatic Weeds 
Physical 

 Hand removal 

 Mechanical Harvesting 

Environmental manipulation 

Drawdown – McNary GC, Blue Lake 

Shading 

Management of Aquatic Weeds 



Environmental manipulation 

Bottom barrier 

Management of Aquatic Weeds 

Environmental manipulation 

Weed rollers and rakes 

Management of Aquatic Weeds 



!!  Adequate Concentration!

!!  Adequate Contact Time !

!!  Proper Placement (Proximity for uptake)  !

!!  Appropriate Water Quality!

"!Turbidity interferes with diquat!

!!  Optimal Season and Phenological Stage!

!!  Appropriate chemical for weed species!

"!2,4-d for dicots!

Endothall Concentration/Exposure Time Relationship for Milfoil!
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Low rate, long contact time treatments permits selectivity!



Chemical 

Partial – lake 

treatments 

Problems with 

chemical control 

Evolution of 

tolerance to some 

herbicides 

Permits and 

Perceptions 

Chemical control 

Biological 

 Grass carp 

 Classical agents (insects, fungi, etc.) 

Management of Aquatic Weeds 

Cryptobagous salviniae 

Euhrychiopsis lecontei 





#! permit from ODFW!

#! water body on private land,!

#! less than 10 acres,!

#! screen inlets and outlets to contain the carp,!

#! not in the 100-year flood plain during winter,!

#! grass carp must be triploid, !

#! greater than 12 inches, !

#! implanted with PIT tags to identify the owner, !

#! and stocked at rates lower than 22 per acre,!

#! OFWC can grant exceptions to the water body size limit and 

floodplain requirement on case by case basis!

Change in waterfowl populations following grass carp stocking

 in Devils Lake Oregon!




