
Why are plant invasions
considered a global problem?
	 Invasive	plants	reduce	biodiversity	in	natural	and	restored	
habitats1.	Those	that	rapidly	form	a	monotype	are	the	most	
threatening	to	biodiversity.	A	notorious	example	is	Phalaris 
arundinacea. This	aggressive	grass	(often	considered	an	
introduced	European	strain)	develops	monotypes	in	wetlands	
that receive chronic inflows of runoff from agriculture and urban 
development2.	Over	100,000	acres	of	Wisconsin	wetlands	have	
converted	to	monotypes	of	this	species3.	As	Phalaris	gains	
dominance,	wet	meadows	retain	fewer	native	species	(Fig.	1).
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Figure	1.	Wetlands	in	and	near	Madison,	Wisconsin,	have	more	species	where	
reed	canary	grass	is	not	dominant.	Here,	species	are	ranked	from	most	to	
least	dominant	on	the	x	axis,	based	on	their	estimated	cover	(y	axis).	The	two	
reference sites have low cover of reed canary grass and total lists of 56 and 
68 species. In contrast, the two invaded sites have reed canary grass and only 
11-14 species in total. Details of this field study appear in the Natural Areas 
Journal5.	

What accelerates reed canary grass invasions?
Stormwater	runoff	from	a	new	housing	development	in	Sun	Prairie	likely	encourages	dominance	by	reed	canary	grass.
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How does runoff cause invasions?
	 Three	components	of	runoff	(excess	water,	nutrients,	and	
sediments,	alone	and	in	combination)	enhance	vegetative	
expansion	of	Phalaris	seedlings,	according	to	our	tests	with	
wet	prairie	vegetation	in	140	replicate	1.1–m2	mesocosms4.	
The	invasion	process	(Figs.	2	and	3)	occurred	in	two	steps:	(1)	
loss of natives due to prolonged flooding (floods lasting 4 or 14 
weeks)	and	sedimentation,	and	(2)	superior	growth	of	Phalaris	
as prolonged flooding, nutrients and sediments interacted to 
increase	biomass	(Box	1).

What caused the loss of native plants?
 Prolonged flooding and addition of sediments both reduced 
resident	species	richness	and	biomass	in	year	1.	As	resident	
species	died,	light	became	more	available.	With	more	light,	
the	resident	community	became	more	invasible	[ln	(Phalaris	
biomass)=2.74	•	(July	2002	light	transmission)	+	1.94;	R	=	0.55,	
P	<	0.0001].	
	 The	most	abrupt	declines	in	resident	species	richness	
occurred in the first 6 weeks of the experiment, with up to 
50% of species lost due to prolonged flooding4.	However,	
additional	declines	of	1–3	resident	species	per	mesocosm	were	
still	detectable	in	year	2	for	7	of	the	9	treatments	with	constant	
flooding. 
 In the absence of flooding, resident species responded 
favorably	to	nutrient	addition	by	producing	more	aboveground	
biomass.
	
How long did it take Phalaris to form monotypes?
 By our definition of monotype (strong dominance by one 
species,	with	others	lacking	or	subordinate),	the	conversion	
occurred	within	one	year	in	3	of	the	28	treatments4.	These	
were	HSC,	OSC,	and	HDC,	where	H	=	high	nutrients,	S	=	sand	
sediment, C = constant flooding, O = no nutrients, and T = 
topsoil	sediment.	Monotypes	formed	in	year	2	in	11	treatments	
(HTC,	LTC,	HOC,	OSC,	LSC,	HSC,	OOC,	OTC,	LOC,	OTE,	
and	HTE).	Codes	are	as	above	plus	L	=	low	nutrients,	O	in	the	
central position = no sediment, and E = early-season flooding). 
Monotypes did not form with intermittent flooding during the 
2-year	experiment.

	
	

	 Biomass	of	Phalaris increased	rapidly	in	year	1	in	response	
to nutrients, sediments, and prolonged flooding (up to 256 g 
per	mesocosm	[1.1	m2 area] in the high nutrients/constant flood 
treatment)4.	Growth	was	even	greater	in	year	2,	when	Phalaris 
achieved	overwhelming	dominance	and	reached	a	biomass	of	
1728	g	per	mesocosm	in	the	treatment	with	high	nutrient	level,	
topsoil sediment, and constant flooding (Fig. 3). A regression 
tree analysis showed that constant flooding for 14 weeks best 
explained	the	largest	net	increases	(290–1140	%)	in	Phalaris 
biomass	from	year	1	levels,	followed	by	high	levels	of	nutrients	
and	then	sediment	additions.	Phalaris biomass	showed	moderate	
increases (120–420 %) in year 2 with early season flooding (4 
weeks of flooding) and small to moderate increases (20–280 
%) with intermittent flooding. Phalaris declined	only	in	the	
no-treatment control, where biomass in year 2 (1.0 + 0.6 g) 
decreased	71%	from	year	1	(3.5	+	1.4	g;	P	=	0.005).	The	ratio	of	
Phalaris to resident species biomass also increased significantly 
from	an	overall	mean	of	0.49	+	0.08	(1	standard	error	margin)	in	
year 1 to 1.64 + 0.16 in year 2 (t = -3.84, df = 139, P = 0.0002), 
indicating	expansion	of	Phalaris at	the	expense	of	the	residents.

Box 1
In outdoor experiments, we learned how Phalaris responds 
to changes in the environment that are associated with 
increased stormwater runoff. We discovered a two-step 
invasion process in wet-prairie vegetation that we cultured 
in mesocosms: 
1. Prolonged flooding caused wet prairie species to 

decline, so that the Phalaris seedlings we introduced 
were able to respond to increased light availability. 

2. Prolonged flooding, sedimentation, and nutrients 
amplified Phalaris growth, and some interactions 
doubled invasion rates. Biomass increased up to 420 
times that of the control within just two growing 
seasons, and the diverse resident assemblage rapidly 
converted to a monotype of Phalaris.

Figure	2.	Growth	of	wet	meadow	vegetation	in	
mesocosms:	A.	The	wet	prairie	assemblage	with	14	
species.	This	was	the	“resident”	assemblage	that	served	
as	a	starting	point	for	all	treatments.	B.	The	reed	
canary	grass	monotype,	which	replaced	the	resident	
assemblage	in	just	one	year	for	three	treatments	with	
flooding and nutrient additions and 11 treatments in 
two	years.	Photos	by	S.	Kercher	and	A.	Herr-Turoff.
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Which abiotic factors interacted to accelerate 
invasion?
	 Our	study	is	unique	in	documenting	interactions	among	
disturbance	factors	on	invasion	by	Phalaris.	Three-way	analysis	
of	variance	on	Phalaris biomass showed significant interactions 
between nutrients and flood regime (P = 0.0268) and between 
sediments and flood regime (P = 0.0004) in year 2. While adding 
sediments to intermittently-flooded mesocosms had little or 
no	effect	on	Phalaris	biomass,	combining	sand	and	topsoil	
sediments with 4 or 14 weeks of flooding increased Phalaris	
biomass,	in	some	cases	doubling	it.	Similarly,	intermittently-
flooded mesocosms that received low levels of nutrient inputs 
showed	no	increase	in	Phalaris	biomass,	but	Phalaris	biomass	
increased	by	~	35%	when	low	levels	of	nutrients	coincided	
with prolonged floods of 4 or 14 weeks. Even though high 
levels	of	nutrient	addition	nearly	tripled	Phalaris	biomass	under	
intermittent flooding, the increases in Phalaris	biomass	were	
five and twelve times greater when floods lasted 4 or 14 weeks, 
respectively.	Thus,	abiotic	synergisms	accelerated	invasion.	

Implications for preventing Phalaris invasions
	 Because	we	found	complex	synergistic	effects	among	
nutrients, sedimentation and flooding, we suggest a holistic 
approach	to	protecting	natural	wetlands	from	invasive	plants	
like	Phalaris.	Reducing	nutrient	loading	or	sedimentation	might	
not suffice, because shallow flooding even with clean water 
can	make	a	wetland	vulnerable	to	invasion.	The	best	prospects	
for	sustaining	diverse	native	vegetation	will	be	places	where	
stormwater	runoff	is	not	a	factor	or	where	it	can	be	diverted	
around	the	site.

Figure	3.	A	constellation	showing	the	control	and	7	of	the	28	treatment	
outcomes.	Data	provided	were	collected	initially	(central	pie	chart),	and	
after the first growing season (inner ring of pie charts) and after the second 
growing	season	(outer	ring	of	pie	charts).	Treatment	codes	are	outside	the	
second-year pie charts, with codes defined in the above text. The number in 
each	pie	is	the	mean	species	richness,	i.e,	the	average	number	of	species	in	
the	5	replicate	mesocosms	for	that	treatment.	The	size	of	each	pie	indicates	
its	total	biomass;	the	black	wedge	of	each	pie	indicates	the	proportion	of	
total	biomass	contributed	by	reed	canary	grass;	and	pale	green	area	indicates	
the	proportion	of	total	biomass	contributed	by	the	resident	species.	Pies	
are	arranged	by	the	increasing	dominance	by	reed	canary	grass,	with	the	
control	(OOO)	at	the	“12:00	position”	being	least	invaded	and	having	the	
most	species,	proceeding	clockwise	to	a	monotype	of	reed	canary	grass	at	
the	“11:00	position,”	which	has	the	highest	overall	biomass	and	the	fewest	
species	remaining.	Note	that	this	monotype	developed	under	the	high	
nutrient-topsoil-continuously flooded treatment (HTC), wherein flooding and 
nutrients	interacted	to	enhance	reed	canary	grass	growth.	Data	of	Kercher	
and	Herr-Turoff	(unpublished).

Reed canary grass is quick to germinate or resprout in spring after a fire 
exposes	the	seed	bank	or	rhizome	bank	to	high-light	conditions.	



This leaflet was prepared by Drs. Suzanne Kercher, Andrea 
Herr-Turoff,	and	Joy	Zedler.	Layout	by	Kandis	Elliot.	PDF	
is	available	at	www.botany.wisc.edu/Zedler/leaflets.html. 
This and earlier leaflets are also locatable as a link from the 
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