
Was RCG controlled?
No. RCG reappeared in 33% of the 0.1-m2 sampling 

quadrats in 2003 and 76% in 2004. It grew vigorously in 2003 
and increased its height and cover in 2004. By 2004, RCG was 
about 85% as tall as in control plots (160 + 7 cm versus 187 
+ 7 cm) and its mean cover was nearly identical (54.5 + 4.6% 
versus 57.0 + 6.6%). 
 In just two years, RCG regained dominance, forming 
monotypes in all but the wettest plot, which was closest to 
stormwater inflows. 
 In control plots, RCG remained the monotypic dominant, 
producing an average of 820 g m-2 above-ground biomass in 
2003. In restored plots, importance values of native species 
dropped as RCG reinvaded the seeded macroplots. 
 In a seeding experiment, RCG reestablished 52% cover in 
year 1 and 72% in year 2. It grew 57 cm tall in year 1 and over 
3 times that in year 2 (Table 3).
 In an RCG control experiment, early-season removal of 
RCG by clipping had no effect on species richness, species 
cover, species height, or mean CC.

Did natives establish?
 Yes: Two-thirds of the sown species were encountered, 
and 8 were common (Asclepias incarnata, Aster puniceus, 
Epilobium coloratum, Leersia oryzoides, Lobelia siphilitica, 
Lycopus americanus, Mentha arvensis, and Verbena hastaata).
The aquatic plants, Alisma subcordatum and Leersia 
oryzoides, were abundant in the wetter year (2004) in the 
wettest plot, where RCG was dominant but unable to form a 
monotype.
 Other species volunteered: Polygonum hydropiper, a 
weedy annual became the most common forb. Other non-
sown native species were Carex tribuloides, Helianthus 
grosseserratus, Iris sp., Lycopus uniflorus, Lythrum alatum, 
Poa palustris, Ranunculus pensylvanicus, and Scutellaria 
galericulata, but these volunteers were uncommon. 
 Annuals (P. hydropier and Bidens cernuus) produced high 
cover in year one but decreased in year two, as did Verbena 
hastata.
 The restoration treatment produced an average of 1.6 + 0.2 
native species / 0.1-m2 quadrat, while control plots averaged 
(0.1 + 0.1 native species/ 0.1-m2 quadrat). In other words, 
RCG was the only species in 9 out of 10 quadrats).
 All the species we sowed but never found at LGP were 
graminoids: Calamagrostis canadensis, Carex hystericina, 
Eleocharis acicularis, Juncus effusus, and Scirpus atrovirens. 
Two other sown graminoids, Juncus torreyi and Scirpus 
cyperinus, were found at LGP but were too rare to appear in 
quadrats. 

What key information was gained?
•  Above-normal rainfall in 2004 produced standing water 

in LGP throughout most of the growing season.
•  Good performers were Asclepias incarnata, Bidens 

cernuus, Lycopus americanus, and Verbena hastate 
in 2003 and Alisma subcordatum, Leersia oryzoides, 
Lycopus americanus, and Mentha arvensis in 2004. 
These species were more frequent in the field than 
predicted by germination rates.

•  Germination rates and species’ field abundances 
(frequency of occurrence) were positively correlated, 
especially for seeds sown in spring (r2 = 0.56, p = 
0.001). 

•  Seeds sown in fall had lower germination rates, 
indicating that the seed batch matters: poor seed can 
impair restoration. 

•  Carex vulpinodea, Eupatorium maculatum, and Scirpus 
cyperinus had high germination rates but were absent 
or rare in the field in both years.

•  Plots that were not seeded had the fewest species, the 
fewest natives, and the lowest mean CC. 

•  Seeding was essential for restoring native plants, even 
though several species volunteered. 

•  Seeding and establishing natives had no effect on RCG 
cover or height.

•  Double seeding (spring+fall) never increased native 
species cover beyond that achieved with single 
seeding in spring or fall.

Were we surprised? 
 We were not surprised that our restoration efforts failed to 
achieve a species-rich, native plant community that could resist 
RCG reinvasion. Our efforts increased species richness more 
than expected, but the site continued to experience stormwater 
inflows, and RCG readily reestablished dominance. There were, 
however, three unexpected findings: 
 1. Germination potential (rather than seeding treatments) 
appeared to explain the establishment of several species. Thus, 
restorationists should routinely test the viability of seeds.
 2. The most common sown species that established were 
forbs, not graminoids. Thus, dominance by forbs might be 
encouraged by using a grass-specific herbicide that will mainly 
harm RCG. Such a test was initiated in fall 2004.
 3. Fall+spring seeding did not enhance native species 
establishment over that with fall or spring seeding alone. Poor 
seeds in fall are a likely reason.

The bottom line…
 As suggested by our mesocosm experiment, replacing RCG 
is difficult where flooding and nutrient inflows continue to 
flow into restoration sites. Evidence is gaining that stormwater 
needs to be curtailed in order to restore diverse native 
vegetation where RCG has formed monotypes. Plans to improve 
stormwater management are underway (UW Arboretum 2004); 
they should include the cessation of inflows in all wetlands 
where diverse native vegetation is to be restored.
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Map of RCG expansion in Lower Green Prairie from 1986 to 1998 by Tom Mc-
Clintock, UW LICGF. The area dominated by RCG doubled in about 10 years.

Lower Greene Prairie following RCG-removal actions. In spring 2003, RCG 
resprouted from the rhizome bank, and seeds germinated from the seed 
bank. Photo by Julia Wilcox.

In September 2003, native species were numerous and conspicuous in the 
experimental plot. Photo by Julia Wilcox.

By June 2004, RCG had regained dominance. Natives persisted at reduced 
cover. Photo by Julia Wilcox.
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Why control invaders?
 Altered hydrologic conditions and invasive species 
severely limit restoration of wetland biodiversity in wetlands 
(Galatowitsch et al. 1999, Bernthal and Willis 2004). Reed 
canary grass (Phalaris arundinacea L. = RCG) is a model 
invasive species (Lavergne and Molofsky 2004). It expands 
its distribution rapidly (by vegetative growth), and it displaces 
most native species (Kercher and Zedler 2004). If we can fi gure 
out how to replace this model invader with native vegetation, 
we can solve similar problems with other aggressive plants. 
 Here we report knowledge gained while attempting to 
restore RCG to species-rich vegetation at Lower Greene Prairie 
in the UW–Madison Arboretum (43°1'40"N 89°26'15"E), Dane 
County, Wisconsin. 

Why did RCG invade?
 1. The site was farmed in dry years before being restored to 
prairie from 1942 to 1952 (Anderson 1968). 
 2. Although the vegetation was weedy in the 1970s, RCG 
was uncommon and water inundation was restricted to seasonal 
ponds (Allsup 1977). 
 3. Then, stormwater infl ows increased, ~60 cm of 
sediments accumulated on site, and RCG spread to form a 
monotype measuring 3 ha by 2000 (Zedler 2000, Werner and 
Zedler 2002). The seed bank was dominated by RCG in 1999 
(data of S. Kercher in Zedler 2000).

INTERCONNECTED
  RESTORATION
     CHALLENGES:

Is this site restorable?
 When we began work at Lower Greene Prairie, it was not 
clear whether the site was restorable. We had demonstrated 
that, in mesocosms, stormwater accelerates RCG invasion 
(Kercher and Zedler 2004); we then used the same mesocosms 
to test whether RCG can be replaced where fl ooding and 
nutrient infl ows (simulating “stormwater”) are allowed to 
continue vs. where they are curtailed. It was diffi cult to reverse 
the invasion with stormwater treatement than without, but a 
fi eld test was needed. 
 Lower Greene Prairie is being considered for controls 
on stormwater infl ows (UW Arboretum 2004). However, 
reducing or eliminating infl ows will require costly construction 
measures over several years. Hence, we asked if the site is 
restorable without having to reroute stormwater.
 We attempted to restore wet meadow vegetation by 
 • herbiciding monotypic RCG twice with glyphosate,
 • burning the site to expose the soil, and
 • sowing seeds of 33 native species (Wilcox 2004).
 These actions were completed in mid-December 2002. Our 
seed mix had even proportions of graminoids (grass and grass-
like species) and forbs, and we favored species commonly 
available, affordable, and capable of germinating under water 
(Middleton 1999). We then examined the response of RCG 
and native species and sought explanations of the outcome 
through three associated experiments: (1) germination of the 33 
native species in the laboratory, (2) RCG control (early-season 
removal) in fi eld plots, and (3) seeding at different times in 
fi eld plots.
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Photo of Julia Wilcox
by Brenda Castillo.


