
“Science affects the way we think together.”
Lew i s Thomas
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I N  S U M M A R Y
Bohemian knotweed spreads aggres-
sively along rivers. This invasive weed 
chokes waterways, displaces native 
plants, erodes riverbanks, and keeps tree 
seedlings from growing. Communities in 
the Pacific Northwest spend millions of 
dollars to eradicate it on the assumption 
that it harms fish habitats. 

But knotweed is difficult to kill. It 
takes years of herbicide applications 
to destroy the weed, and a single frag-
ment can sprout and start new infesta-
tions. Also, control programs typically 
don’t evaluate whether native plants 
reestablish themselves after knotweed 
is cleared. Forest Service researchers 
wanted to understand whether eradica-
tion programs are achieving their goals 
and how knotweed affects aquatic life 
and fish habitat. 

An analysis of leaf packs submerged in 
Washington’s Chehalis River revealed 
that fallen knotweed leaves are low in 
nitrogen and phosphorus, and high in 
cellulose, fiber, and lignin. This low-
nutrient and hard-to-digest leaf litter 
limits the productivity of aquatic fungi 
and macroinvertebrates—primary prey 
for juvenile salmon, trout, and other fish 
species. Researchers also found that 
although herbicide application cleared 
river banks of knotweed and allowed 
colonization by native plants, it also pro-
moted secondary exotic invaders. Suc-
cessful reestablishment of native plants 
following knotweed removal may require 
active restoration, such as post-treatment 
plant surveys, controlling secondary 
invasions, and replanting native species.
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Knocking Out Knotweed: 
Research Pins Down a Rogue Invasive 

Bohemian knotweed, shown here along Wildcat Creek in the Chehalis River Basin, is among the most 
problematic invasive plants in the Pacific Northwest. The weed spreads quickly, grows fast, and dam-
ages native plant ecosystems along rivers and streams. 
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“If you know the enemy and know 

yourself, you need not fear the result 

of a hundred battles.”
―Sun Tzu

L ush and verdant with heart-shaped 
leaves, Polygonum × bohemicum 
stirs in the breeze. To the uninitiated, 

it’s just a sprawling and rather tall riverside 
shrub. But to anglers, farmers, and landown-
ers, the plant is bad news. Bohemian knot-
weed or false bamboo, as it is also known, 
is among the most prevalent invasive weeds 

in the Pacific Northwest and is notorious for 
spreading aggressively along riverbanks. It 
chokes streams and quickly edges out native 
plants that fish and wildlife depend on, even-
tually taking over and damaging the ecosys-
tem it invades.

For the last nine years, government, nonprofit, 
and volunteer teams have battled infestations 
in Washington’s Chehalis River Basin, a 
watershed rich with diverse plant and aquatic 
species and home to one of the healthiest 
salmon runs in the country. Every year, these 
teams spend exhausting days searching for 
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K E Y  F I N D I N G S

•	 Compared to native red alder, Bohemian knotweed leaves contained fewer nutrients 
and were harder for aquatic fungi and macroinvertebrate detritus feeders to digest.

•	 Herbicide application cleared riverbanks of knotweed, allowing colonization by native 
plants. But it also made way for secondary nonnative plant invaders.

•	 Knotweed eradication along small streams with intact forest cover led to the reestab-
lishment of native plants. Along large, open rivers, knotweed eradication led to more 
exotic forbs and shrubs than native plants.

•	 Native plants that recolonized knotweed-treated areas were shade-tolerant perennials, 
as opposed to many of the exotic plants, which were sun-loving annuals.
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weeds and lugging backpacks of herbicide to 
treat infestations. But they are up against a 
master of survival. Stray fragments of knot-
weed stems or roots can start new infestations 
and undo their work. 

Although scientists know a lot about knot-
weed’s devastating effects on native plants, 
not much is known about its effects on aquatic 
life. Ecologist Shannon Claeson with the U.S. 
Forest Service’s Pacific Northwest Research 
Station wanted to know how the weed affects 
fish habitat in Chehalis Basin streams. She 
also collaborated with knotweed teams to help 
them get ahead of the rogue weed’s next move.

ANATOMY OF AN INVASION

T he story of a knotweed invasion begins 
way before the plant takes root in a 
new place. “You’ve got a nice stream 

going through the forest,” Claeson says. 
“Along the stream are red alder trees, massive 
cottonwood trees, and some shrubs like salm-
onberry—a mix of deciduous and coniferous 
trees and shrubs that are typical of southwest 
Washington.” 

At different times of the year, leaves fall into 
this stream. “Most of the deciduous trees drop 
their leaves in the fall, but it doesn’t occur all 
at once,” Claeson says. “You end up with a 
diverse assemblage of leaves, seeds, and needles 
falling into the stream throughout the year.” 

When leaves fall into the water, fungi and 
bacteria get to work, colonizing the leaves and 

breaking them down bit by bit. These minute 
organisms are what make the leaves slimy 
when they are in the stream, Claeson explains. 
Soon, macroinvertebrates such as tiny insects, 
crustaceans, and mollusks move in and feast 
on the bacteria and fungi, or on the leaves 
themselves. Juvenile salmon, trout, and other 
fish turn up to prey on the insects. The food 
web thrives as long as leaves keep falling into 
the stream.

Enter the knotweeds. A fragment of the weed 
may find its way to the stream in the clutches 
of a beaver reinforcing its dam. Floods can 
spread bits of root and stem. But Claeson says 
knotweeds in the Pacific Northwest are mostly 
spread by humans building or planting near 
a stream. When a bridge is being built, for 
example, workers or equipment might bring in 
gravel from a quarry contaminated with knot-
weed. “That’s all it takes,” Claeson says. “One 
little piece of root or stem can resprout.”

That fragment grows and multiplies fast. It 
sprouts root-like rhizomes that creep horizon-

tally, growing roots and shoots. “It’s not like 
a tree root that dies if you cut off the main 
stem,” Claeson says. “These rhizomes can 
separate and grow new plants.” 

Knotweeds love water and like lots of sun, 
but they also thrive in shady areas. Shoots 
typically emerge in April and can reach their 
full height of 5 to 10 feet in just 3 months. 
The grown weeds have hollow, bamboo-like 
stems and many large, heart-shaped leaves 
about 16 inches long. Small patches burgeon 
into dense thickets that completely shade the 
ground. “Most of our native plants can’t toler-
ate 100-percent shade,” Claeson says. “Once 
it is established in an area, nothing else grows 
underneath it.”

When autumn’s first hard frost arrives, the 
knotweeds die back and drop their leaves 
within 2 to 3 weeks. “Then there is nothing 
else,” Claeson says. “In the winter, there won’t 
be any live plants aboveground.” Because the 
knotweeds outcompete other plants, no other 
leaves fall into the stream until the following 

year when the knotweeds 
resprout. 

This can lead to ero-
sion during the Pacific 
Northwest’s rainy winters. 
“Normally you would have 
shrubs and forbs all along 
the stream holding the soil,” 
Claeson says. “You don’t 
have that with knotweeds.” 
What was once a streambank 
thriving with different kinds 
of plants and trees is now 
exposed and dull with dead 
knotweed. What would 
happen to life in the stream 
without a constant supply 
of leaves? And how exactly 
does knotweed affect 
aquatic life?

This beaver dam is composed primarily of knotweed which began to 
sprout on site. The dam was washed out during a storm, spreading 
knotweed downstream. 
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PROBING THE LEAVES

T o find out, Claeson and colleagues 
compared the nutrients found in 
Bohemian knotweed leaves to those in 

red alder and black cottonwood, both native to 
the Pacific Northwest. They chose the Stony, 
Wildcat, and Porter Creeks in the Chehalis 
River Basin; these are forested creeks where 
salmon spawn and knotweeds have invaded. 

The researchers collected freshly fallen leaves 
and stuffed them in plastic mesh bags with 
holes large enough for insects to crawl in to. 
Then they randomly distributed more than 
200 leaf packs at a stream to mimic leaf fall 
and collected leaf packs after different time 
intervals. The leaves were the dried and ana-
lyzed, and insects were collected and counted. 

Claeson and her colleagues noted a differ-
ence in the number of shredder insects found 
among the three leaf species. “There were 
significantly fewer shredders on the knotweed 
leaves compared to the red alder,” Claeson 
says. “Cottonwood was in the middle.” This 
suggests that the insects found the knotweed 
leaves the least enticing. 

They found further interesting results when 
they analyzed nutrient content. “As expected, 
red alder had very high nitrogen and phos-
phorus levels, whereas knotweed and cotton-
wood were similarly low,” Claeson says. The 
researchers also found higher amounts of fiber 
and cellulose in knotweed than in cottonwood 
and alder leaves. Leaves rich in nitrogen and 
phosphorus typically attract more aquatic 
fungi and insect consumers, thus decompose 
faster. In contrast, leaves with higher amounts 
of fiber and cellulose are tougher, thus harder 
to break down. 

“Knotweed does have lower leaf qualities 
compared to red alder, but it’s not as bad as we 
expected it to be,” Claeson says. “For exam-
ple, it is not that different from native cotton-
wood leaves.” But there is a caveat. “This is 
only true in the properties we measured,” she 
says. “There were other things that we didn't 
measure that can influence aquatic streams 
and riparian systems, like the timing of the 
leaf fall, quantity of knotweed, its regrowth, 
and soil stability.”

Claeson’s findings are consistent with another 
study that found that when knotweeds die 
back in the winter, their roots reabsorb nutri-
ents stored in the leaves. So when knotweed 
leaves fall, their nutrient stores are depleted. 
This underscores the value of native plants 
like red alder, deerbrush, snowbrush, and 
Kincaid’s lupine, especially in the nitrogen-
limited forests of the Pacific Northwest. 
These plants, called nitrogen-fixers, possess 
symbiotic bacteria that convert nitrogen in the 

Knotweed leaves can grow up to 16 inches in length and completely shade out smaller native plants. 
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A bigleaf maple seedling grows among dead knotweed canes. Come spring and summer, knotweeds 
will sprout again in dense thickets, inhibiting the seedling’s growth. 
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atmosphere into forms that other plants and 
animals can use.

“But red alder and other deciduous and coni-
fer seedlings have a really hard time growing 
under a knotweed canopy,” Claeson says. 
“Forty to sixty years down the line, as those 
mature red alder trees die and fall into the 
stream, you would normally have new trees 
growing up and taking their place. But with 

knotweed, you won’t have that.” This poses a 
rather grim prognosis for stream ecosystems 
invaded by knotweed. 

“The Chehalis River Basin is a relatively 
healthy and productive watershed in 
Washington State, which is why people work 
so hard to fight knotweed there,” Claeson 
says. “The problem is that knotweed is hardy 
and able to easily resprout.” 
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STAYING ALIVE

D avid Geroux knows this well. In 
kayaks and on foot, Geroux and his 
crew work exhausting 10-hour days 

from June to October surveying and treating 
knotweed patches in the Chehalis River Basin. 
“Although knotweed is a new invader to the 
area, we have found large patches throughout 
the system,” Geroux says. “It’s difficult to 
control because it’s fast-moving and we have 
to get permission from many private landown-
ers to access all the lands we need to treat.”

Geroux manages the knotweed program for 
the Center for Natural Lands Management 
(CNLM), a nonprofit group that protects 
conservation lands in Washington State. 
CNLM’s knotweed program is part of a larger 
consortium of 20 government agencies, tribes, 
nonprofits, and private landowners called the 
Olympic Knotweed Working Group, which is 
working to eradicate knotweed and other inva-
sive plants from waterways in the state.

Claeson consulted and collaborated with both 
groups to learn how to improve treatment 
programs. “We wanted to know if knotweed 
eradication programs were achieving their 
restoration goals,” Claeson says. “After eradi-
cation, it is assumed that native plant species 
just recover naturally.” Control programs usu-
ally don’t evaluate whether the reestablished 
plant assemblages matched their objectives.

So Claeson and her colleagues surveyed plant 
species and cover along the Stony, Cook, Elk, 
Porter, and Satsop streams. These sites had 
received 3 to 6 years of herbicide treatments 
to remove knotweed. For comparison, the 
researchers also surveyed reference sites near 
these streams that haven’t been invaded by 
knotweed. 

Claeson found that although the removal of 
knotweed by herbicide application allowed 
native plants to colonize sites, it also ushered 
an increase in exotic invaders like blackberry 
and reed canary grass. Along small streams 
with an intact forest cover, the researchers 
found reestablished native plant assemblages. 
However, along large, open rivers, they found 
more exotic forbs and shrubs than native spe-
cies in both the knotweed-treated and the 
knotweed-free sites. The native plants that 
recolonized knotweed-treated areas were pri-
marily shade-tolerant perennials, as opposed 
to many of the exotic plants, which were sun-
loving annuals.

These findings could change how knotweed 
groups run their treatment programs. For 
instance, the findings imply that maintain-
ing overstory cover, especially along small 
streams, can inhibit the growth of exotic 
plants. It also provides organic material to sus-
tain life in the streams and rivers. 

Claeson also reports that large rivers with 
high levels of seasonal flooding, little over-
story cover, extensive gravel bars, and wide 
floodplains will require greater restoration 
efforts. These open river areas promote the 
spread of exotic invasive species and may 
need to be replanted with native species to 
coax them back to health. “Knotweed does 
not overhang streams,” Claeson says, “So it 
doesn’t provide any shade that help maintain 
cool water temperatures.” Streams warm 
when they are constantly exposed to the sun, 
threatening fish that thrive in chilly waters.

Finally, Claeson recommends that knotweed 
groups perform post-treatment plant com-
munity surveys, in addition to measuring how 

much knotweed they got rid of. “This way, 
knotweed groups will know whether they 
need to do more to achieve their restoration 
objectives,” Claeson says.

Claeson’s studies add to the body of knowl-
edge that the Olympic Knotweed Working 
Group collects and tests every year. “It’s a 
very tough plant to eradicate so we are always 
trying to adapt,” says Cathy Lucero, who 
heads the group. Because of the findings, the 
group has recognized the need for native veg-
etation management after treating knotweed 
in difficult restoration areas. “This research 
helps define when planting is needed,” Lucero 
says. CNLM and other knotweed groups in 

What grows after knotweed has been eradicated? To find out, researchers surveyed plant 
species and plant cover in knotweed-treated and knotweed-free areas along five streams in 
the Chehalis River Basin. 
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Juvenile Chinook salmon primarily feed on macroinvertebrates, like tiny insects, crusta-
ceans, and mollusks. Macroinvertebrates survive on bacteria and fungi, which favor nitro-
gen- and phosphorus-rich leaves. 
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W R I T E R ’ S  P R O F I L E
Natasha Vizcarra is a science writer 

based in Boulder, Colorado. She can be 
reached through her website at 

http://www.natashavizcarra.com/.

L A N D  M A N A G E M E N T  I M P L I C A T I O N S

•	 The banks of large rivers typically have little overstory cover, extensive gravel bars, 
and wide floodplains, and they experience intense seasonal flooding. These are ideal 
conditions for knotweed to spread, and thus greater restoration efforts are required to 
control it.

•	 Maintaining overstory cover, especially along small streams, may inhibit the growth of 
exotic plants and provide organic material to sustain aquatic productivity.

•	 Including post-treatment plant community surveys, in addition to measuring the reduc-
tion of target weed species, may help noxious weed control programs determine if con-
tinued management is needed to achieve restoration objectives.

•	 Successful reestablishment of native plants following knotweed removal may require 
active restoration, such as controlling secondary invasions by other exotic plants and 
replanting native species as conditions change over time.

western Washington now also monitor plant 
assemblages after completing treatments to 
determine if native plants are recovering on 
their own. 

“Knotweed is a very good generalist and 
grows in different areas,” Geroux says. “It 
brings ecological damage and problems for 
private landowners who depend on a weed-
free access to streams for their livestock,” 
Geroux says. His crew has found patches of 
knotweed in agricultural lands, spreading out 
from the waterways into the fields. In addition 
to new research on knotweed like Claeson’s, 
Geroux stresses that public awareness is key. 
Lucero agrees. “Each individual effort makes 
a difference,” she says, “We are all part of the 
solution.”

“Coming together is a beginning, 

keeping together is progress, 

working together is success.”
—Henry Ford

This figure compares the fiber, cellulose, and lignin proportions (mean ± 1 standard error), and nitro-
gen and phosphorus content of fallen (senesced) leaves of red alder (“A”), black cottonwood (“C”)and 
Bohemian knotweed (‘‘K’’) at the start of the experiment. Lower case letters denote significant pairwise 
comparisons among species

For Further Reading
Claeson, S.M.; LeRoy, C.J.; Barry, J.R.; 

Kuehn, K.A. 2014. Impacts of invasive 
riparian knotweed on litter decomposition, 
aquatic fungi, and macroinvertebrates. 
Biological Invasions. 16(7): 1534–1544. 
http://www.treesearch.fs.fed.us/pubs/46157. 

Claeson, S.M.; Bisson, P.A. 2013. Passive 
reestablishment of riparian vegetation 
following removal of invasive knotweed 
(Polygonum). Invasive Plant Science and 
Management. 6(2): 208–218. 
http://www.treesearch.fs.fed.us/pubs/45335. 

Gaskin, J.F.; Schwarzländer, M.; Grevstad, 
F.S. (et al.). 2014. Extreme differences in 
population structure and genetic diversity 
for three invasive congeners: knotweeds 
in western North America. Biological 
Invasion. 16(10): 2127–2136. doi: 10.1007/
s10530-014-0652-y. http://link.springer.
com/article/10.1007%2Fs10530-014-0652-y.

Urgenson, L.S.; Reichard, S.H.; Halpern, C.B. 
2012. Multiple competitive mechanisms 
underlie the effects of a strong invader on 
early- to late-seral tree seedlings. Journal 
of Ecology. 100: 1204–1215. 
http://onlinelibrary.wiley.com/doi/10.1111/
j.1365-2745.2012.01995.x/abstract.

Urgenson, L.S.; Reichard, S.H.; Halpern, C.B. 
2009. Community and ecosystem conse-
quences of giant knotweed (Polygonum 
sachalinense) invasion into riparian forests 
of western Washington, USA. Biological 
Conservation. 142: 1536–1541. 
http://faculty.washington.edu/reichard/
Urgensonetal.pdf.



F I N D I N G S

U.S. Department of Agriculture
Pacific Northwest Research Station
1220 SW Third Avenue
P.O. Box 3890
Portland, OR 97208-3890

Official Business
Penalty for Private Use, $300

PRSRT STD 
US POSTAGE 

PAID 
PORTLAND OR 

PERMIT N0 G-40

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs and activities on the basis of race, color, national origin, age, disability, and where applicable, sex, 
marital status, familial status, parental status, religion, sexual orientation, genetic information, political beliefs, reprisal, or because all or part of an individual’s income is derived from any 
public assistance program. (Not all prohibited bases apply to all programs.) Persons with disabilities who require alternative means for communication of program information (Braille, large 
print, audiotape, etc.) should contact USDA’s TARGET Center at (202) 720-2600 (voice and TDD). To file a complaint of discrimination, write USDA, Director, Office of Civil Rights, 1400 
Independence Avenue, SW, Washington, DC 20250-9410 or call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and employer.

sci   e ntist      profil      e

C O L L A B O R A T O R SSHANNON CLAESON is 
an ecologist at the Pacific 
Northwest Research Station. 
Her research focuses on the 
interactions between riparian 
and aquatic systems, special-
izing on the role of aquatic 

invertebrates in stream and lake systems. 
Claeson has a master’s degree in fisheries 
science from Oregon State University.

Claeson can be reached at:

USDA Forest Service 
Pacific Northwest Research Station 
Forestry Science Laboratory 
1133 N Western Ave. 
Wenatchee, WA 98801

Phone: (509) 664-1741 
E-mail: sclaeson@fs.fed.us

Carri J. LeRoy, The Evergreen State 
College, WA

Kevin A. Kuehn, University of Southern 
Mississippi, MS

Center for Natural Lands Management 
Knotweed Program, WA 

Kevin Aitkin, U.S. Fish and Wildlife Service, 
Pacific Region, WA


