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Background

This information is intended to provide you with a basic overview of Elodea's habitat suitability, long
distance dispersal, and ecological impact. Below, we also describe the task and define the habitat 
characteristics. This information is by no means complete in describing the complexity and potential 
alterations of ecosystem processes affected by Elodea. Instead, we aim at a broad overview of ecological 
effects that could be related to the viability of salmonid populations in Alaska. We also realize that scientific 
evidence from outside Alaska limits transferability to Alaska locations and environmental conditions. 
However, we believe that in data limited situations such as this, non-site-specific literature is essential in 
establishing a baseline from which to start the discussion.

Elodea  Habitat Suitability & Dispersal
• Tolerant of a wide range of freshwater quality conditions.
• Has invaded aquatic ecosystems worldwide.
• Prefers sand and small gravel substrate with large amounts of available iron in cold, static or

slow-moving water (up to a velocity between 0.3 and 0.4 m/s).1
• Grows in lakes between 0.2 and 2 m depth with maximum extent to 9 m in depth, but is 

generally absent from frequently draining/drying and very shallow waters.2, 3
• In slow moving streams and rivers grows in depths between 0 and 0.9 m potentially deeper 

depending on turbidity. 1
• Prefers habitat with flood frequencies of less than 13 per year (ideally less than 8), where flood 

is defined as seven times the median discharge. Preferred substrate is sand and small gravel. 
The species requires light and does not prefer turbid water. 1

• Since Elodea is known to be a nutrient scavenger, eutrophic waters are more supportive of
heavy long-term infestations. 3,2

• The life span of Elodea shoots is 1-2 years and especially in oligotrophic conditions, Elodea may 
not persist long term.

• Stem fragments and vegetative buds easily break away from the parent plants and float to new 
locations, where they root at the nodes.

• Stem fragments have higher survival rates in fall than in spring. 4
• Vegetative buds can survive desiccation, low temperatures, and can survive frozen in ice. 5,6
• Flooding can significantly increase density of propagules.
• Stem fragments are dispersed by waterfowl, wildlife, humans, boat props or trailers, and float

plane rudders.
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Habitat Characteristics
1. Dense aquatic vegetation cover: Elodea outcompetes native plants and reduces the amount of 
light available to surrounding vegetation, thereby eliminating underlying layers.3,6 In Chena Slough near 
Fairbanks, Alaska, this species has formed dense monocultures, creating a new layer of tall aquatic 
vegetation, reaching 100% mean cover in some areas. Elodea can form dense mats, especially on iron- 
rich substrates 6, displacing native plant species, decreasing planktonic productivity, and reducing local 
biodiversity.3,8 In contrast, observed conditions for uninvaded lakes in Alaska suggest much less 
vegetation to be the norm. For 50 randomly selected un-invaded lakes in Cook Inlet, the aquatic 
vegetation mean % cover for uninvaded lakes is 27%, median 22%, mode 8%, minimum 0%, and 
maximum 78%.29

2. Lower dissolved oxygen above substrate and altered conditions throughout the water column: In
water of 5 mg/l dissolved oxygen (DO), Elodea was documented to have increased DO in the upper parts 
of the plants to 9 mg/l but reduced DO concentrations within 5 cm of the substrate to 0.4 mg/l.6 During 
the night, productive macrophyte beds can also deplete the water column of DO through respiratory 
activities, thereby promoting phosphorus release from sediments under anoxic conditions. 7 Frequent 
die-back events can lead to perturbation of the entire lake ecosystem with very low DO concentrations 
during die-back. 7 15-17 For 50 randomly selected un-invaded lakes in Cook Inlet, the mean DO level at 1 
m depth for uninvaded lakes measured in September was 7 mg/l, median 6.79 mg/l, minimum 5.07 
mg/l, and maximum 11.03 mg/l. The mean water temperature at 1 m depth was 14.46 °C. 29

3. Increased but variable prey abundance with potentially inferior food  quality: Phenotypic 
plasticity has been identified as an important trait largely responsible for enabling invaders to produce 
negative effects on aquatic food webs.27 Elodea canadensis supports low densities of epiphytic 
organisms (organisms that grow on plant surfaces non-parasitically), possibly because this species 
exudes allelopathic chemicals. Extracts from Elodea canadensis have been shown to reduce the growth 
of epiphytic algae, cyanobacteria, and lepidopteron larvae with potential food web effects reducing 
resources available to phytoplankton and other submerged aquatic vegetation. Some studies indicate 
that allelopathic chemicals can affect fish through direct effects of toxicity and a potential reduction in 
food items by reducing the abundance and survival of macroinvertebrates that feed on Elodea spp. 26 
However, it is unknown if plants exude the allelopathic chemicals at ecologically significant 
concentrations. Potential allelopathic effects of Elodea canadensis on other aquatic plants have not 
been observed. 10
Aquatic vegetation may affect the densities of fishes (salmonids) and their prey resources (zooplankton / 
macroinvertebrates) mostly through its positive effect on the productivity of the prey's resources. The 
degree to which submerged aquatic plants encourage the growth and assemblage of food sources for 
fish is complex. Submerged macrophytes act as refuge for zooplankton against fish predation if plant 
cover is larger than 15 to 20%, but this refuge effect almost disappears if fish density exceeds a 
threshold of 4 fish/m2 .15 For oligotrophic lakes this refuge effect will often be low due to low plant 
height.15 Besides plant height, a more dense structure can have positive refuge effects as well.
For 50 randomly selected un-invaded lakes in Cook Inlet, the mean macroinvertebrate abundance count 
was 548 /m2 , minimum 374/m2, and maximum 1125/m2 . Zooplankton biomass in Alaska nursery lakes 
measured in mg dry weight /m 2 ranges from a low of 22 mg/m2 to a high of 2223 mg/m2 with a mean of
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515 mg/m2.23 The levels for invaded habitat were chosen to reflect the large variance suggested by the 
literature.

4. Increased predation: Elodea beds are preferred habitat for northern pike (Esox lucius) spawning 
and feeding. Predation effects depend on how dense the Elodea beds are.1112 Adult pike abundance is 
related to the extent of aquatic plant cover, which is optimal from 35% to 80% but inversely related to 
body size. Very dense vegetative cover appears to be suboptimal, especially for larger northern pike. 
Research conducted in the tributaries of the Susitna River, Alaska, indicate that juvenile salmonids are 
the dominant prey item with small pike being the primary consumers. The introduction of pike into 
these systems can have varying effects on salmonids that highly depend on whether habitats overlap in 
which case collapse of salmonid populations is possible.13,14 Casselman and Lewis (1996) illustrate the 
relationship between pike abundance and aquatic vegetation cover as follows:

A recent study of invasive pike predation in Upper Cook Inlet revealed pike densities of 15 pike/acre. 
Pike densities in other areas of Alaska where pike is native are generally lower at around 5 pike/acre.14 
Due to the likely increased density of vegetation cover in invaded salmon habitat we assume increased 
spawning habitat for pike and increased predator efficiency and productivity.

5. Uncertain invasion dynamics: Planctonic primary production can increase after invasion of an 
aquatic plant and decline to pre-invasion levels during extensive plant die back incidents (boom-bust- 
cycles), causing significant perturbations of the whole-lake ecosystem. 7 15-17 Spontaneous collapses of 
Elodea infestations have been observed across Europe and Japan. While the rise and fall pattern is 
common, the cause of die backs are often unknown. Contrary, a mass invasion of Elodea has been 
extensively studied in Norway's Lake Steinsfjord where it first appeared in 1978. Peak biomass was 
observed within six years after invasion and has been stable since then, reaching up to 1.2 kg of dry 
weight/m2.2

6. Strong thermal gradients: both vertically and laterally, in shallow littoral zones. Foliage near the 
surface converts solar irradiance to heat, further promoting differential heating.7

7. Increased sedim ent loading & reduced water exchange: submersed aquatic plant populations 
can restrict water flow and lead to sediment loading in areas of dense vegetation, but they can also 
stabilize the substrate.
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8. Increased pH, variable phosphorus: Infestations increase the turbidity and pH of water and 
cause significant variations in phosphorus concentrations. Elodea accumulates nutrients while reducing 
nutrient availability in the substrate. However, populations are likely to decline as iron is removed from 
the substrate.6

Schultz and Dibble (2012) summarize the potential ecosystem impacts of invasive aquatic plants in the 
conceptual model below.

4



References

1. Riis T, Biggs BJF. Hydrologic and hydraulic control of macrophyte establishment and performance 
in streams. Limnol Oceanogr. 2003;48(4):1488-1497. doi:10.4319/lo.2003.48.4.1488.

2. Mjelde M, Lombardo P, Berge D, Johansen SW. Mass invasion of non-native Elodea canadensis 
Michx. in a large, clear-water, species-rich Norwegian lake -  impact on macrophyte biodiversity. 
Ann Limnol - Int J  Limnol. 2012;48(2):225-240. doi:10.1051/limn/2012016.

3. Rprslett B, Berge DAG, Johansen SW. Lake enrichment by submersed macrophytes: a norwegian 
whole-lake experience with elodea canadensis. Aquat Bot. 1986;26:325-340.

4. Barrat-Segretain M-H, Elger A, Sagnes P, Puijalon S. Comparison of three life-history traits of 
invasive Elodea canadensis Michx. and Elodea nuttallii (Planch) H. St. John. Aquat Bot. 
2002;74(4):299-313.

5. Bowmer KH, Jacobs SWL, Sainty GR. Identification, Biology and Management of Elodea 
canadensis , Hydrocharitaceae. J Aquat Plant Manag. 1995;33:13-19.

6. Spicer KW, Catling PM. The biology of canadian weeds. 88. Can J  Plant Sci. 1988;68(4):1035- 
1051.

7. Barko JW, James WF. Effects of Submerged Aquatic Macrophytes on Nutrient Dynamics, 
Sedimentation, and Resuspension. In: Jeppesen E, S0ndergaard M, S0ndergaard M, 
Christoffersen K, eds. The Structuring Role o f Submerged Macrophytes in Lakes. Berlin: Springer; 
1998:197-214.

8. Podraza P, Brinkmann T, Evers P, et al. Untersuchungen zur Massenentwicklung von 
Wasserpflanzen in den Ruhrstauseen und Gegenmafenahmen.; 2008:364. Available at: 
http://www.ruhrverband.de/fileadmin/pdf/elodea_abschlussbericht.pdf.

9. Wells RDS, Clayton JS, de Winton MD. Submerged vegetation of Lakes Te Anau, Manapouri, 
Monowai, Hauroko, and Poteriteri, Fiordland, New Zealand. New Zeal J  Mar Freshw Res. 
1998;32(4):621-638. doi:10.1080/00288330.1998.9516849.

10. Erhard D, Pohnert G, Gross EM. Chemical defense in Elodea nuttallii reduces feeding and growth 
of aquatic herbivorous Lepidoptera. J Chem Ecol. 2007;33(8):1646-61. doi:10.1007/s10886-007- 
9307-0.

11. Casselman JM, Lewis CA. Habitat requirements of northern pike (Esox lucius). Can J  Fish Aquat 
Sci. 1996;53(1):161-174.

12. Chapman CA, Mackay WC. Direct Observation of Habitat Utilization by Northern Pike. Copeia. 
2014;1984(1):255-258.

13. Sepulveda AJ, Rutz DS, Ivey SS, Dunker KJ, Gross J a. Introduced northern pike predation on 
salmonids in southcentral Alaska. Ecol Freshw Fish. 2013;22(2):268-279. doi:10.1111/eff.12024.

5

http://www.ruhrverband.de/fileadmin/pdf/elodea_abschlussbericht.pdf


14. Sepulveda AJ, Rutz DS, Dupuis AW, Shields P a., Dunker KJ. Introduced northern pike 
consumption of salmonids in Southcentral Alaska. Ecol Freshw Fish. 2014:n/a-n/a. 
doi:10.1111/eff.12164.

15. Jeppesen E, Lauridsen TL, Kairesalo T, Perrow MR. Impact of Submerged Macrophytes on Fish- 
Zooplankton Interactions in Lakes. In: Jeppesen E, S0ndergaard M, S0ndergaard M,
Christoffersen K, eds. The Structuring Role o f Submerged Macrophytes in Lakes. Berlin; 1998:91
114.

16. Burks RL, Jeppesen E, Lodge DM. Littoral zone structures as Daphnia refugia against fish 
predators. Limnol Oceanogr. 2001;46(2):230-237. doi:10.4319/lo.2001.46.2.0230.

17. Diehl S, Kornijow R. Influence of Submerged Macrophytes on Trophic Interactions Among Fish 
and Macroinvertebrates. In: Jeppesen E, S0ndergaard M, S0ndergaard M, Christoffersen K, eds. 
The Structuring Role o f Submerged Macrophytes in Lakes. Berlin: Springer; 1998:24-46.

18. Greig SM, Sear D a, Carling P a. The impact of fine sediment accumulation on the survival of 
incubating salmon progeny: implications for sediment management. Sci Total Environ. 
2005;344(1-3):241-58. doi:10.1016/j.scitotenv.2005.02.010.

19. Groves P a., Chandler J a. Habitat quality of historic Snake River fall Chinook salmon spawning 
locations and implications for incubation survival. Part 2: Intra-gravel water quality. River Res 
Appl. 2005;21(5):469-483. doi:10.1002/rra.824.

20. Zimmermann AE, LaPointe M. Intergranular flow velocity through salmonid redds: Sensitivity to 
fines infiltration from low intensity sediment transport events. River Res Appl. 2005;21(8):865- 
881. doi:10.1002/rra.856.

21. Hanrahan TP, Geist DR, Arntzen E V. Habitat quality of historic Snake River fall Chinook salmon 
spawning locations and implications for incubation survival. Part 1: substrate quality. River Res 
Appl. 2005;21(5):455-467. doi:10.1002/rra.823.

22. Lotspeich FB, Everest FH. A new method for reporting and interpreting textural composition of 
spawning gravel. Corvallis, OR; 1981:11. Available at: 
http://www.fs.fed.us/pnw/pubs/pnw_rn369.pdf.

23. Edmundson JA, Mazumder A. Linking Growth of Juvenile Sockeye Salmon to Habitat Temperature 
in Alaskan Lakes. Trans Am Fish Soc. 2001;130(4):644-662. doi:10.1577/1548-8659(2001)130.

24. Holtby L, Healey M. Selection for Adult Size in Female Coho Salmon (Oncorhynchus kisutch). Can 
J  Fish Aquat Sci. 1986;43:1946-1959.

25. Coble DW. Influence of Water Exchange and Dissolved Oxygen in Redds on Survival of Steelhead 
Trout Embryos. Trans Am Fish Soc. 2014;90(4):469-474. doi:10.1577/1548-8659(1961)90.

26. Erhard. D. Chemoecological investigations of the inva- sive waterweeds Elodea spp. Dissertation, 
Universitat Konstanz, Constance, Germany. 2005; 140.

6

http://www.fs.fed.us/pnw/pubs/pnw_rn369.pdf


27. Schultz R, Dibble E. Effects of invasive macrophytes on freshwater fish and macroinvertebrate 
communities: The role of invasive plant traits. Hydrobiologia. 2012;684(1):1-14. 
doi:10.1007/s10750-011-0978-8.

28. Carpenter SR, Lodge DM. Effects of submersed macrophytes on ecosystem processes. Aquat 
Bot. 1986;26:341-370.

29. Rinella DJ, Bogan DL, Call S, Willacker J. 2008 Cook Inlet Basin Lakes Survey Summary Report. 
Anchorage, AK; 2008:20. Available at:
http://dec.alaska.gov/water/wqsar/monitoring/documents/Final-2008CookInletLakes.pdf.

30. Van Donk E, van de Bund WJ. Impact of submerged macrophytes including charophytes on 
phyto- and zooplankton communities: allelopathy versus other mechanisms. Aquat Bot. 
2002;72(3-4):261-274. doi:10.1016/S0304-3770(01)00205-4.

7

http://dec.alaska.gov/water/wqsar/monitoring/documents/Final-2008CookInletLakes.pdf

