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Abstract

This paper compares the available North American literature and data concerning several ecological factors af-
fecting Phragmites australis in inland freshwater, tidal fresh, and tidal brackish marsh systems. We compare
aboveground productivity, plant species diversity, and sediment biogeochemistry; and we summarize Phragmites.
effects on faunal populations in these habitats. These data suggest that Phragmites aboveground biomass is higher
than that of other plant species occurring in the same marsh system. Available data do not indicate any significant
difference in the aboveground Phragmites biomass between marsh types, nor does there appear to be an effect
of salinity on height. However, Phragmites stem density was significantly lower in inland non-tidal freshwater
marshes than in tidal marshes, whether fresh or brackish. Studies of the effects of Phragmites on plant species
richness suggest that Phragmites dominated sites have lower diversity. Furthermore, Phragmites eradication in
freshwater sites increased plant diversity in all cases. Phragmites dominated communities appear to have different
patterns of nitrogen cycling compared to adjacent plant communities. Aboveground standing stocks of nitrogen
(N) were found to be higher in Phragmites sites compared to those without Phragmites. Porewater ammonium
(NHI) did not differ among plant cover types in the freshwater tidal wetlands, but in brackish marshes NHI was
much higher in Spartina spp. than in neighboring Phragmites stands. Faunal uses of Phragmites dominated sites
in North America were found to vary by taxa and in some cases equaled or exceeded use of other robust emergent
plant communities. In light of these findings, we make recommendations for future research.

Introduction bine to reduce light at the marsh surface soil and air
temperatures within Phragmites stand. These factors
may inhibit the germination or establishment of other
plant species as well as slow decomposition of organic
material. In addition, low light levels in Phragmites

century and its ability to quickly dominate marsh plant sFanfis resulting from.this biOI‘nass accumulation can
communities throughout the United States (Roman et significantly delay spring thawing of marsh substrates,

al., 1984; Marks et al., 1994). The characteristically further prgventing establishment of non-Phragmites
plant species.

Other potential effects of Phragmites invasions in-
clude altered edaphic conditions, increased vertical ac-
cretion of marsh substrates, changes in floral diversity,

Phragmites australis (Cav.) Trin. ex. Steud. (common
reed) is increasingly viewed as a wetland pest species
due to its rapid population expansions over the past

dense growth of Phragmites has several significant ef-
fects on the systems that it invades, which alter the
available resources to other plants and animals. Plant
height, stem density, and detrital accumulation com-
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modified nutrient cycling, and changes in animal pop-
ulations depending upon taxa (Harrison and Bloom,
1977; Metzler and Rosza, 1987; Sinicrope et al., 1990;
Marks et al., 1994; Chambers 1997; Rooth and Steven-
son, 1998). Phragmites has a broad salinity tolerance
and colonizes both freshwater and brackish marsh en-
vironments, often forming near-monocultures. It is
easily dispersed via water and readily colonizes dis-
turbed sites, but it is also known to invade pristine
areas (Phillips, 1987; Marks et al., 1994; Windham,
1995). Some of the characteristics of Phragmites that
make it such an effective invasive plant are vegetat-
ive reproduction via rhizomes and rapid recovery after
damage to aboveground growth.

It is interesting to note that despite the disparate
abiotic environments and vastly different plant as-
semblages of freshwater and brackish systems, Phrag-
mites flourishes in both environments. While much
has been written about Phragmites in North America,
surprisingly few data have been published on its eco-
logy, particularly for freshwater marsh systems. This
paper reviews available literature on the ecology of
Phragmites in both freshwater and brackish wetlands
in North America and compares the effects of Phrag-
mites on those ecosystems. The factors selected for
comparison reflect those aspects that researchers have
considered important up to this time. More explicitly,
this paper will examine the extent to which Phragmites
in both types of environments (a) differs in above-
ground plant growth, (b) affects total plant species
diversity, (c) changes the biogeochemistry of sediment
porewater, and (d) alters faunal populations. While
other important ecological functions of Phragmites
have been documented (e.g., increased evapotranspir-
ation, photosynthetic rates, etc.), the available data are
insufficient to develop generalizations and will not be
included in this analysis.

Data used for this review were gathered from both
published and unpublished studies of systems where
Phragmites was a dominant species. In some cases
data are from a single site due to the lack of other com-
parative information. We recognize that the lack of
replicate studies that examine similar variables makes
it difficult to form generalizations about the function-
ing of Phragmites in different habitats. However, the
primary purpose of this review is to synthesize the
existing data and identify avenues for future research.

While many studies in North America have been
conducted on Phragmites ecology and management,
knowledge of this species’ effects on plant and animal
communities remains incomplete. The mechanisms

used by Phragmites to establish and maintain domin-
ance of marsh ecosystems are not clearly understood.
Some data indicate potentially different strategies for
Phragmites in fresh and brackish systems (Chambers,
1997; Templer et al., 1998), but the research necessary
to conclusively establish these differences has not been
undertaken. Two areas of future research that have the
potential to affect management and restoration efforts
are an improved understanding of how Phragmites
differs in inland fresh, fresh tidal, and brackish tidal
marshes, and the identification of the ecological in-
dicators of Phragmites effects. This paper is an initial
effort to begin this process.

The marsh environment

Marsh systems in estuaries occur along a complex and
dynamic gradient. Salinities range from <0.5 ppt for
freshwater tidal marshes and up to 30 ppt for brack-
ish systems and are highly variable both seasonally
and annually (Odum, 1988). Salinity is the dominant
factor in determining the distribution of most plant
species along the estuarine gradient (Odum, 1988).
Generally, salt marsh systems have a low plant species
diversity and a high incidence of zonation or single
species dominance (Bertness, 1991). The opposite is
true for freshwater tidal systems, which have relatively
high plant species diversity and habitat overlap among
species, though dominance by individual species may
occur in a seasonal sequence (Odum, 1988).

Because freshwater tidal marshes are usually asso-
ciated with rivers, they may have a greater tidal range
than salt marshes. This is primarily caused by the re-
striction of the tidal water as it moves up the river
channel (Odum, 1988). This tidal influence generally
creates a regular, stable hydrologic regime over the
long term that influences species diversity and pro-
ductivity of the marsh. Inland freshwater marshes are
also highly productive systems and are largely con-
trolled by their hydrologic regime which can be highly
variable, depending on the balance between water
inputs (e.g., precipitation) and outputs (e.g., evapo-
transpiration; Mitsch and Gosselink, 1993).

Physiology and ecology of Phragmites growth

Seed germination

Although Phragmites produces large quantities of
seeds, germination rates tend to be variable but are
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Figure 1. Biomass data for Phragmites vs. non-Phragmites plant species within a marsh site. In fresh tidal sites, non- Phragmites 1 refers to
Typha sp. And non-Phragmites 2 refers to Lythrum salicaria. In the brackish sites, non-Phragmites 1 and 2 refer to Spartina patens and S.
alterniflora. Error bars represent standard error (not available for all data). Site locations and data sources are as follows: A) Chapman Pond,
CT: Findlay, unpub. Data; B) Chapman Pond, CT: Meyerson 2000; C) Chester Creek, CT: Meyerson 2000; D) Tivoli North Bay, NY: Templer
et al., 1998; E) Great Island/Lower Connecticut River, CT: Buck, 1995; F) Mullica River, NJ: Windham, 1995; Sussex County/Milford, DE:
Tyrawski, 1977; H) Blackbird Creek Marsh, DE: Roman and Daiber, 1984; I) Lac des Alenares, LA: Hopkinson et al., 1978; J) Lewes, DE:

Linthurst et al., 1978.

generally low (Harris and Marshall, 1960; Galinato
and van der Valk, 1986; Tucker, 1990; Marks et
al.,, 1994). Low seed viability may be due to the
self-incompatibility of Phragmites and its tendency to
grow in large homogeneous clones that are genetically
identical (Tucker, 1990). Salinity and temperature are
other important abiotic factors regulating seed germin-
ation rates (Galinato and van der Valk, 1986). In labor-
atory experiments, Wijte and Gallagher (1996) found
that although Phragmites seed germination is inhibited
by salinities of 25 ppt, germination is stimulated by
salinities of 5 to 10 ppt. In the field, Phragmites is re-
stricted to regions in the marsh where salinity is abated
by freshwater inputs or well-drained soils (Wijte and
Gallagher, 1996). However, in the 5-10 ppt range,
Phragmites has a competitive advantage over other
upland marsh species (e.g., Iva frutescens, Solidago
sempervirens, etc.; Wijte and Gallagher, 1996).

- Biomass

The availability of biomass data on Phragmites in
North America is very limited and. mainly exists
for the aboveground portion, but several patterns
do emerge. The dense clonal growth of Phragmites
and its great height makes this reed highly product-
ive. Live aboveground biomass of Phragmites (range

980-2642 g dw m~2 in freshwater tidal marshes,
727-3663 g dw m~2 in brackish marshes) is higher
than that of other plant species in all studies used in
this analysis (range 152-900 g dw m~2 in freshwa-
ter tidal marshes, 194-1340 g dw m™2 in brackish
marshes; Figure 1). Dead culms of Phragmites can
remain standing for two or mere years with the res-
ult that total aboveground standing biomass (live and
dead) is even higher for Phragmites than other marsh
species (Roman and Daiber, 1984; Meyerson, un-
pub. data). In addition, in Phragmites stands with
little or no tidal flushing (e.g., higher elevation sites,
inland marshes), slowly decomposing detritus can
accumulate so that total aboveground biomass (live,
dead standing, detritus) in established stands further
increases (Meyerson, 2000).

While salt marshes and the higher elevations of
freshwater tidal marshes usually maintain at least a
partial litter layer throughout the year, the lower and
middle elevations of freshwater tidal marshes may be
dominated by bare mudflats during the late winter
and spring due to rapid decomposition (Odum, 1988).
When Phragmites colonizes these zones, they func-
tion similarly to the upland tidal or brackish sites by
retaining a year-round aboveground vegetation cover.

The available data presented in Figure 1 do not in-
dicate any significant differences in live aboveground
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Table 1. Summary of available data on Phragmites australis growth in three marsh types. (* indicates no available

data).

Site Density Height Salinity  Data source

(culms-mz) (cm) (ppt) Data source
Fresh, non-tidal
Delta Marsh, Manitoba 28 191 <0.5 Thompson and Shay, 1985
Yale-Myers Marsh, Eastford, CT 26 380 <0.5 Meyerson, 1997

272 <0.5 Meyerson, 1997

Stenners Run Wildlife Mmgt. Area, MD 13 * Ailstock et al., 1990
Fresh, tidal
Chapman Pond, CT 46 335 <0.5 Meyerson, unpub. data.
Chester Creek, Chester, CT 34 208 <0.5 Meyerson, unpub. data
Brackish/salt, tidal
Pine Creek Estuary, Fairfield, CT 11 182 * Bongiomo et al., 1984
Bodie Island and Pea Island, NC 104 345 * Boone et al., 1987
Great Island, CT River, CT 54 280 4 Buck, 1995
Great Island, CT River, CT * 245 4.5 Buck, 1995
Ben Marvin’s Creek CT River, CT 125 235 10 Buck, 1995
Upper Island, CT River, CT 89 175 11.5 Buck, 1995
Fishing Bay/Greens Island Waterfow] Mgt. 67 * * Ailstock et al., 1990
Complex, MD

78 * * Ailstock et al., 1990
Charles E. Wheeler Salt Marsh, Milford, CT  * 208 15.6 Chambers, 1997
Sussex County, DE 105 * * Tyrawski, 1977

71 * * Tyrawski, 1977
Milford, DE 79 * * Tyrawski, 1977
Demarest-Lloyd Memorial State Park, 94 * * Davis and Briggs, 1986
S. Dartmouth, MA
Lewes, DE 93 * * Linthurst et al., 1978

Phragmites biomass between freshwater tidal and
brackish tidal marshes. However, the limited freshwa-
ter data presented in Table 1 suggest that the density
of stems in freshwater non-tidal marshes is substan-
tially lower than in freshwater tidal and brackish tidal
marshes (T-test, T = -20.25, p <0.001). One pos-
sible explanation is that tidal wetlands may provide
better habitat for Phragmites due to nutrient loading
provided by tidal inundation (Mitsch and Gosselink,
1993), since aboveground biomass is closely related
to the nutrient status of the substrate (Gorham and
Pearsall, 1956). The regular flooding of tidal marshes
imports nutrient-rich sediments which results in more
vigorous plant growth (Buttery and Lambert, 1965). In
contrast, inland wetlands receive only seasonal hydro-
pulses from precipitation and runoff (Gosselink and
Turner, 1978; Mitsch and Gosselink, 1993), and there-
fore less frequent nutrient inputs. Stresses and lower

nutrient availability due to irregular flooding should
cause more resources to be allocated to belowground
production in inland systems (Fitter, 1997). Differ-
ences in biomass and stem density between freshwa-
ter tidal and brackish marshes might become more
apparent if total biomass data were available.

The negative impact of salinity on Phragmites is
often cited as a major factor in successfully controlling
the spread of Phragmites, especially in salt marsh
restoration efforts where tide gates are replaced or re-
moved (Roman et al., 1984; Sinicrope et al., 1990;
Hellings and Gallagher, 1992; Marks et al., 1994).
However, no significant differences were detectable
with the data presented in Table 1. The lack of dif-
ferences in culm density and height growth between
the marsh types could be explained in several dif-
ferent ways. Because detailed sampling strategies of
many studies were not reported, we could not de-



termine how sampling reflected heterogeneity of the
marsh continuum (e.g., upland fringe to marsh edge).
This lack of standardization may have weakened our
ability to detect a statistically significant salinity ef-
fect. Another explanation may be that Phragmites
tolerates such a wide range of salinity levels that the
fresh-brackish separation is not sufficient to cause a
difference in biomass (Hellings and Gallagher, 1992;
Marks et al., 1994). Further, in brackish marshes, it
is not known to what extent Phragmites clones in the
upland fringe are supporting ramets in the lower por-
tion of the marsh (Amsberry, 1997). Finally, because
Phragmites rhizomes can penetrate to deep groundwa-
ter resources (Haslam, 1970), the impact of salinity
may be diminished in some cases.

Plant diversity

Spread of Phragmites

Few comparative data are available regarding plant di-
versity in tidal marshes prior to the recent expansion
of Phragmites throughout North America. However,
paleoecological data suggest that species diversity in
historical salt marsh systems is similar to what is found
today in undisturbed systems (Niering et al., 1977;
Clark, 1986). Although Phragmites has been part of
the North American flora for at least 3500 years, its
historical distribution is thought to have been limited
to the upland border of the salt marsh (Orson et al.,
1987).

Today Phragmites is prevalent across North Amer-
ica and is found in both coastal and inland marsh
habitats. Studies performed in Connecticut compar-
ing un-impounded and impounded brackish marsh
systems have clearly showed that human alteration
of natural hydrological cycles allowed Phragmites to
enter the system and quickly dominate (Harrison and
Bloom, 1977; Roman et al., 1984). Similarly, freshwa-
ter diversion from coastal freshwater wetlands, such
as those in Hackensack Meadowlands (Sipple, 1971),
can lead to saltwater intrusion and facilitate Phrag-
mites expansion. Other factors thought to influence the
. spread of Phragmites include mechanical disturbance,
pollution, coastal development, and the introduction of
an aggressive genotype (Marks et al., 1994; Chambers
et al., 1999). However, invasions have also occurred in
many sites where human influence is not as apparent,
and they may in fact occur in sites that have not been
subject to human disturbance (Phillips, 1987; Marks
et al., 1994; Windham, 1995).
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Effects on diversity

Phragmites has become an aggressive colonizer of
both freshwater and brackish systems. In most cases it
excludes other plants and rapidly dominates the marsh.,
Clonal integration is one factor allowing it to penetrate
into micro-habitats of poorer quality while maintain-
ing vigorous growth in adjacent high quality areas
of more optimal conditions (Amsberry, 1997). The
overall result of Phragmites establishment is usually
a reduction in plant species richness, particularly in
the more diverse freshwater marsh systems. In brack-
ish systems, where plant species diversity is generally
low, the primary effect is to change the structure and
function (e.g., nutrient cycling, wildlife utilization) of
the marsh.

Studies examining changes in vegetation diversity
over time show that when Phragmites enters the sys-
tem, overall species diversity within the marshes de-
clines (Stalter and Baden, 1994). These results are also
supported by anecdotal evidence obtained by talking
to land managers across North America who have ob-
served the effects of Phragmites invasion on their sites
(Chambers et al., 1999). Similarly, studies compar--
ing Phragmites-dominated to Phragmites-free regions
within the same marsh have demonstrated higher spe-
cies diversity in Phragmites-free regions in all marsh
types; this is particularly evident in freshwater non-
tidal marshes where the total number of species in
Phragmites-free regions shows a twofold increase over
Phragmites-dominated areas (Figure 2). Further, in
sites dominated by Phragmites, relatively high plant
diversity can be recorded throughout a stand (e.g.,
East Harbor State Park, OH), but individuals of other
species are often sterile, widely scattered, and do
not represent viable populations of the species (J.
McCormac, pers. comm.).

Data on species richness pre- and post-Phragmites
invasion were not available. However, the studies
presented in Figure 3 support the notion that the over-
all effect of Phragmites invasions is a decrease in
plant biodiversity, particularly in freshwater marshes.
Following Phragmites eradication treatments, coloniz-
ation rates of other marsh plants are rapid, and in most
cases species diversity markedly increases. Species di-
versity in freshwater sites rises quickly, possibly due
to germination of seeds in the soil being released by
higher light levels (Galinato and van der Valk, 1986).
In contrast, a brackish site had a reduction in plant
species diversity (Figure 3). However, the long-term
stability of these plant communities is not known since
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re-invasion of Phragmites frequently occurs at many
sites in the absence of repeated treatments (Farnsworth

and Meyerson, submitted).

Biogeochemistry of Phragmites in freshwater and
brackish tidal marshes

At the ecosystem level, Phragmites may have a sig-
nificant effect on nutrient cycling (Windham, 1995;
Chambers, 1997; Windham and Ehrenfeld, 1997;
Templer et al., 1998; Windham and Ehrenfeld, 1998,
Meyerson et al., in press). While Phragmites leaves
decompose relatively rapidly, its stems decompose



more slowly than tissues of other plant species that
Phragmites displaces (Tyrawski, 1977; Buck, 1995;
Windham and Ehrenfeld, 1998; Meyerson, 2000). The
accumulation of this refractory detritus may also im-
poverish Phragmites-invaded sites by binding limiting
nutrients in organic material and making them un-
available to other plants (Ahearn-Meyerson and Vogt,
1997; Meyerson et al., in press). The high biomass
of Phragmites, therefore, has the potential to signi-
ficantly alter nutrient cycling in the systems that it
invades. Sequestration of other nutrients in living and
dead biomass is also greater in Phragmites relative to
other species (Meyerson, 1997; Templer et al., 1998;
Meyerson 2000).

The effects of Phragmites on nitrogen cycling have
received the most attention because nitrogen is com-
monly the most limiting nutrient in tidal marshes
(Mitsch and Gosselink, 1993). Aboveground standing
stock nitrogen (N) may be doubled or tripled by the
invasion of Phragmites (Figure 4), suggesting a con-
comitant higher uptake of nitrogen. This relationship
is probably not driven by increased N in tissues, but by
large increases in biomass due to Phragmites invasion
(Figure 1). The average tissue N concentration is vari-
able from both Phragmites and non-Phragmites sites
(Figure 5). Notably, the tissues of Phragmites differ
in nitrogen content (leaves = 2—4%N, culms = 0.5-
1%N), and culms decompose much more slowly than
leaves. The N concentrations of Spartina and Typha
tissues range from 1-2% for Typha and 1-4% for S.
patens. The wide variability in N concentrations for all
species in Figure 5 is probably the result of differences
in nutrient availability at each site.

Porewater ammonium (NHI) is the most common
form of inorganic N in both freshwater and brackish
marsh systems. Figure 6 shows porewater profiles of
August NHI concentrations in stands of Phragmites
and the two species it is displacing: Typha, spp. in
freshwater marshes and Spartina, spp. in brackish
marshes. Porewater NHI does not differ substantially
among plant species in the freshwater marshes (Fig-
ures 6a, b), although there is a trend toward higher
NH;" concentrations in Phragmites-dominated sites.
In brackish marshes, porewater NHI concentrations
in stands of Spartina spp. are much higher than neigh-
boring Phragmites stands (Figures 6¢c, d). Ammonium
concentrations beneath S. patens also increases with
depth, suggesting ammonium accumulation below the
rooting depth in stands of Spartina (Figure 6d).

The most direct explanation for the low NH‘}|r in
the sediment under Phragmites in brackish marshes
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is the greater Phragmites demand for N relative to
either of the Spartina species. In some ways, it may
be expected that the higher standing stock N with
Phragmites (and concomitant higher N uptake) should
result in lower flux rates of N measured as lower
porewater NHI concentrations in all tidal marshes.
Porewater concentrations, however, are determined
not only by biological uptake and supply rates, but
also by chemical adsorption to available soil exchange
sites. Therefore, variations between the porewater pro-
files of fresh and brackish marshes may result from
differences in chemical properties of the sediment.

For instance, an increase in salinity corresponds
with increases in the presence of free sodium ions
(Na™). Because Nat quickly attaches to soil exchange
sites, higher salinity soils have more exchange sites
filled with Na%*, and these are therefore unavailable
as adsorption sites for other ions (Seitzinger et al.,
1991). We extracted bulk soil cores with 2M KCl in
the laboratory for exchangeable NHI. Porewater NHZ
concentrations increased following these KCl extrac-
tions for freshwater soils (<0.5 ppt NaCl) but did not
increase for brackish marsh soils (6-8 ppt NaCl).

The KCl extractions suggest that plant effects
on porewater concentrations of NHZ’ in freshwater
marshes are buffered through available exchange sites
in the soil so that available NHZ’ is not in the pore-
water, but on exchange sites. In brackish marshes,
exchange sites are filled with Na*, and any NH;‘1r
in excess of plant demand remains in the porewa-
ter. Therefore, if Phragmites demand results in lower
porewater NH‘T relative to Spartina, the difference in
NHI remains in the porewater pool. In tidal fresh-
rwater marshes, any difference in plant demand on
porewater NHI is masked by adsorption of excess
NHI to available exchange sites. In freshwater sites,
porewater NHI concentrations are similar under the
different plant communities despite the difference in
plant demand. Because porewater NHI is more likely
to adsorb to soil in freshwater marshes, the influence
of Phragmites on marsh NHI export may be greater
in brackish marshes than in tidal freshwater systems.

Another mechanism for low NH;‘F concentra-
tions may be the increase in coupled nitrification-
denitrification rates under Phragmites due to higher
redox potentials that support NO; production and,
eventually, its dissimilatory reduction. Potential nitri-
fication rates (NH‘;1r > NO;') on whole-core laborat-
ory incubations were three-fold greater in Phragmites
soils than S. patens soils (Windham and Ehrenfeld,
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1998). Porewater nitrate (NOj) concentrations were
consistently below detection limits, so that if any
nitrate was produced in the soils, it was quickly
removed.

Whereas several mechanisms may explain the
lower NHZr concentrations detected in the porewater
of Phragmites communities, increased mineralization
rates may also be occurring so that the total available
pools of NH;‘Ir may in fact be higher than initial ana-
lyses suggest in brackish systems. Potential ammoni-

fication rates (NHI supply rates) were up to three-fold
greater for Phragmites than S. patens in a brackish
marsh (Windham and Ehrenfeld, 1998). Because no
seasonal differences were found between Phragmites
porewater NH‘}Ir concentrations in this brackish marsh,
NHZr supply and consumption appear to be tightly
coupled. In a tidal freshwater marsh on the Hudson
River, Otto et al. (1999) found no difference in deni-
trification enzyme activity among three plant species
(Phragmites, Typha, and Lythrum salicaria). There
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B) Templer et al., 1998 from Tivoli Bay, NY; C) Chambers 1997 from Charles Wheeler Marsh, Milford, CT; D) Windham and Ehrenfeld,

unpub. data from Hudson River, NY

were only sporadic differences among plants in poten-
tial net nitrogen mineralization. It remains to be seen
whether it is possible to generalize that the presence
of Phragmites affects nitrogen cycling processes in
brackish marshes and not in freshwater tidal systems.
It is clear, however, that differences among plants can
influence an array of nutrient cycling processes and
pools.

In addition to direct litter and plant biomass effects,
Phragmites has the potential to indirectly influence
several aspects of nutrient cycling. Oxidation of the
rhizosphere is likely to be greater under Phragmites,
due to convective through-flow of gases (Armstrong
and Armstrong, 1988) and higher transpiration rates
(sensu Dacey and Howes, 1984), which may cause
phosphorous and other limiting nutrients to become
bound and thus less available. In stands of declin-
ing Phragmites in Europe, it has been suggested that
a lack of oxygen supplied via convection increases
the dissimilatory reduction of nitrate to ammonium
(Nijburg and Laanbroek, 1997) rather than to nitrogen
gas. This would act to increase N availability in sedi-
ments of declining reed stands. Similarly, Sorrell et al.
(1997) report that Phragmites die-back leads to more
anaerobic sediments and consequently greater rates of
methane release.

Biogeochemical processes may also influence
Phragmites invasions. In brackish tidal marshes,
Chambers (1997) and Chambers et al. (1999) found
positive correlations between sulfide concentrations

and both NHI concentrations and species compos-
ition in brackish marshes. These studies noted the
exclusive presence of S. alterniflora in areas of high:
sulfide/high NHI/high salt concentrati(,)ns, and a de-
crease in Phragmites height with increasing sulfide
concentrations. Due to sulfide-inhibition of NH: up-
take, Phragmites may be restricted from high sulfide
areas in brackish and salt marshes.

Animal use

In North America, monocultures of Phragmites are
generally considered to provide poor quality habitat
for wildlife and to support a low diversity of fauna
(Roman et al., 1984; Kiviat, 1987). While many anim-
als reportedly use Phragmites stands in North America
(Table 2), few quantitative data are available on an-
imal density or biomass in Phragmites stands, and
few studies compare these factors to other marsh plant
communities. There is currently insufficient informa-
tion to contrast wildlife use in brackish and freshwater
marsh environments because freshwater studies are
scarce.

About 50 species of North American birds have
been reported to breed in Phragmites communities. In
contrast to the European bird fauna (Berthold et al.,
1993), there are no Phragmites specialists in North
America, though Phragmites is a characteristic nest-
ing habitat for the marsh wren (Cistothorus palustris)
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Table 2. Examples of animal use of Phragmites in North America.

Animals Use References
Mammals
Muskrat Regionally important food, but less so than Typha; may degrade = Howard et al,, 1978; Whitman &

Other ‘mammals

Birds
Breeding

Insectivory
Non-breeding roosts

Other non-breeding
use

Water bird foraging

Reptiles
Bog turtle

Amphibians
Bullfrog

Fishes
Fishes

Insects
Insects: Homoptera

Insects: butterflies

Other terrestrial
insects
Arachnids
Spiders (Aranea)

Harvestmen
(Opiliones)
Mites
Crustacea

Isopods & amphipods

Mollusks
Mollusks

habitat

White tailed deer, eastern cottontail use Phragmites stands in
winter

Many species breed in Phragmites; a few studies indicate lower
densities than in other robust graminoids e.g., Typha, Scirpus,
Spartina; no reed specialists, but some graminoid specialists.
Edges used by waterfowl.

A few insectivores e.g., black-capped chickadee (Parus atrica-
pillus), commonly forage in Phragmites

Swallows (Hirundinidae), European starling (Sturnus vulgaris),
blackbirds (Icteridae)

Ring-necked pheasant (Phasianus colchicus), Yuma clapper
rail (Rallus longirostris yumanensis), brown-headed cowbird
(Molothrus ater)

Water birds use pools in Phragmites; low use by blue-winged
teal (Anas discors) broods

Phragmites is believed to degrade the habitat of the threatened
bog turtle (Clemmys muhlenbergii)

More bullfrogs (Rana catesbeiana) along Phragmites- or Ar-
undo donax-dominated sections of river bank than other com-
munities

Mummichog (Fundulus heteroclitus) & other small fishes forage
about equally in Phragmites and non-Phragmites marsh on the
Connecticut River estuary. More fish in Spartina alterniflora
than in Phragmites at the same elevations in a southern New
Jersey estuary

Aphid (Hyalopterus pruni) and scale (Chaetococcus phragmi-
tidis) density and biomass can be high; scale is a Phragmites
specialist

Some favored, others displaced by Phragmites. One skipper,
Ochlodes yuma, occurs in the western states and is a Phragmites
specialist

Density, biomass, species richness variable; some are special-
ists; comparisons to other graminoids are variable

More abundant in Phragmites than in other graminoids, indi-
vidual species variable
Less abundant in Phragmites than in other graminoids

Phytophagous mites abundant

Different taxa more or less abundant in Phragmites compared to
non-Phragmites marsh

More taxa more abundant in Phragmites than other graminoids

Meredith, 1987.
Eggers and Reed, 1987.

e.g., Ward, 1942; Anderson et al.,
1984; Schneider, 1992; Hudson,
1994; Brawley, 1995; Benoit, 1997.

Kiviat, pers. obs.
Meanley, 1993; Kiviat, pers. obs.

Anderson et. al., 1984; Eggers and
Reed, 1987.

Bennett, 1938; Buchsbaum, 1997.
M.W. Klemens, pers. comm.

Clarkson and deVos, 1986

’

Fell et al. 1998; Rilling et al., 1999;
Able, in press.

Buckley & Ristich, 1977, Krause et
al. 1997; Kiviat et al., unpub. data.

Scott et al., 1977; Opler and Krizek,
1983; Kunstler, no date; D. Wagner,
pers. comm.

Fell et al., 1996; Krause et al., 1997,
Kiviat et al., unpub. data.

Fell et al., 1996.
Fell et al., 1996.

Buckley and Ristich, 1977.

Fell et al., 1996.

Fell et al., 1996.




(Burger, 1985; Cadman et al., 1987; Brawley, 1995),
red-winged blackbird (Agelaius phoeniceus) (Yas-
ukawa and Searcy, 1995) and yellow-headed blackbird
(Xanthocephalus xanthocephalus) (Twedt and Craw-
ford, 1995). However, these three species also nest
in a wide variety of other plant communities domin-
ated by graminoids, forbs, or shrubs. Near the ground,
Phragmites culms are strong enough to support large
nests of herons and egrets which otherwise nest in
woody plants (Burger, 1985). In addition, edges along
Phragmites communities can be important habitat for
nesting ducks (Ward, 1942).

Birds also use Phragmites for roosting and for-
aging, but these activities have apparently been stud-
ied even less than breeding. Most use appears to
be at stand edges rather than in the interior (Cross
and Fleming, 1989; Benoit, 1997), although Benoit
(1997) argues that the tall, dense growth of Phrag-
mites along creek banks may, in fact, inhibit bird
use of these edges. Red-winged blackbirds commonly
roost in Phragmites during the non-breeding season
(Meanley, 1993; Kiviat, pers. obs.). Black-capped
chickadee (Parus atricapillus) appears to be the spe-
cies that forages most commonly in Phragmites during
the non-breeding season in the Hudson Valley of New
York (Kiviat, pers. obs.).

Two recent studies of tidal marshes in Connecti-
cut have indicated that the species composition and
abundance of avian marsh specialists (i.e., those spe-
cies that exclusively or primarily nest in marshes
(Benoit and Askins, 1999) is similar in Phragmites-
and Typha-dominated areas (Brawley, 1995; Ben-
oit, 1997). There is one exception: Virginia rail is
significantly more abundant in Typha than in Phrag-
mites (Benoit and Askins, 1999). Benoit and Askins
(1997) found that the number of marsh specialists us-
ing Phragmites was not significantly different than the
numbers using short-grass marsh (Spartina, Juncus
gerardi, Distichlis) areas. However, the species com-
position did differ; Phragmites contained marsh wren
and swamp sparrow while short-grass meadow had
seaside and sharp-tailed sparrows. In addition, sev-
eral of the birds that used the short-grass areas were
categorized as state-listed (endangered, threatened, or
of special concern) while those that used Phragmites
were more common. Marsh birds that are state-listed
in Connecticut appear to be adapted to short-grass ve-
getation and do not breed in Phragmites stands due
to their structure (Benoit and Askins, 1999). Marsh
specialists, however, are only one group of birds that
use marshes. Many herons, bitterns, ducks, rails, gulls,
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terns, and shorebirds are also found there (L. Benoit,
pers. comm.). Benoit and Askins (1999) found that the
average number of species per plot was significantly
lower in Phragmites-dominated wetlands compared to
short-grass meadows.

It has been suggested that Phragmites impedes
animal movement due to its high stem density and
sizable culm height (Ward, 1942; Benoit and Askins,
1999; J. Collins, pers. comm.). Predatory mammals
may also have difficulty moving through Phragmites
communities or, in so doing, make noise that warns
birds (D. Smith, pers. comm.). Phragmites growing in
a mixed plant community, very large pools surrounded
byPhragmites (Buchsbaum, 1997), or edges of Phrag-
mites stands (Cross and Fleming, 1989) often appear
to be better habitat for breeding or non-breeding birds
than the interior of dense Phragmites stands. However,
Benoit and Askins (1999) found that Phragmites pools
were not utilized by birds, while those in"other plant
community types were.

Phragmites is also used by a number of animal spe-
cies for protective cover. While reed may have limited
value for muskrat (Ondatra zibethicus), standing dead
culms can provide protection during winter storms -
when tidal marshes are swept by storm tides (Lynch
et al.,, 1947). Pools of water isolated by Phragmites
growth can also provide protection to flightless ducks
during the summer wing molt (Ward, 1942).

Few vertebrates eat Phragmites, probably because
culms and leaves are highly siliceous and thus un-
palatable and indigestible (Lanning and Eleuterius,
1985; Kiviat, 1994). Muskrat can feed intensively on
Phragmites thizomes, although they are thought to
prefer other foods such as the carbohydrate-rich Typha
rhizomes (Daiber, 1982). The song sparrow (Melosp-
iza melodica) is the only North American bird reported
to consume Phragmites seeds (Marks et al., 1994).

On the Quinnipiac and Connecticut Rivers, there
was a dramatic decrease in muskrat populations
between 1965 and 1990 (Benoit and Askins, 1999). A
similar decline occurred in the tidal Hudson River in
the mid—1970s. During this time, Phragmites popula-
tions on these rivers expanded (Benoit, 1997, Winog-
rond and Kiviat, 1997). It is unclear whether Phrag-
mites expansion caused muskrat declines by replacing
more important food plants, whether muskrat declines
facilitated Phragmites expansion via reduced grazing
on Phragmites, or whether other independent factors
were responsible. Muskrats may benefit ducks, rails,
wetland birds, and songbirds in tidal marshes by creat-
ing pools and bare patches on the marsh surface when
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they harvest the vegetation (usually Typha) to feed and
build their lodges. One consequence of the decrease
in muskrat populations is that these pools and bare
patches have decreased, and, in turn, so has potential
wetland bird habitat (Benoit and Askins, 1999).

Terrestrial insect density, biomass, and species
richness in Phragmites dominated communities can
be high or low, depending on the species. Unlike
Europe, where Phragmites supports many special-
ized phytophagous insects (Haslam, 1972; Tscharntke,
1992), only 10-20 species are commonly found on
Phragmites in North America, and most of these are
generalists. Aphids or scale insects can reach high
densities and biomasses in some Phragmites com-
munities which may exceed those recorded on other
plant species. For example, in early spring at a Hudson
River fresh-tidal marsh, insect density and biomass
were significantly higher on Phragmites than on either
Typha angustifolia or Lythrum salicaria. Insect dens-
ity was 1570, 198, and 60 m~2, and insect biomass
was 2.59, 0.695, and 0.169 g m~2 (means of five
0.25 m? samples per plant community on Phragmites,
T. angustifolia, and L. salicaria respectively; T-test,
n = 10, p <0.05 for both Phragmites vs. Typha
and Phragmites vs. L. salicaria; Kiviat, unpub. data).
Reed scale (Chaetococcus phragmitidis) comprised
98% of the biomass on Phragmites and did not occur
on the other two plants. Such phytophagous insects
may attract predators such as spiders and insectivorous
birds.

In tidal wetlands, macrobenthos use is approx-
imately equal in Phragmites and other plant com-
munities, and there was no significant difference in
the number of fish and the amount of prey biomass
consumed by fish using a Phragmites versus non-
Phragmites dominated high marsh (Table 2). Data on
fish, aquatic invertebrates, and terrestrial invertebrates
are limited to a few studies conducted on the Con-
necticut River estuary and the Hudson River estuary.
Fell et al. (1998) and Rilling et al. (1999) found that
both the brackish and freshwater Phragmites marshes
of the lower Connecticut River estuary provide similar
habitat and usable food resources as Phragmites-free
marshes, at least for typical tidal marsh invertebrates
and for the mummichog (Fundulus heteroclitus).

Conclusions

The goal of this review was to compare the eco-
system functions of marsh communities dominated

by Phragmites. Although available data are limited
and incomplete in many cases, it appears that while
aboveground productivity may be similar in brack-
ish and freshwater marshes, Phragmites impacts these
systems in different ways.

In brackish marshes, plant diversity is generally
low. As a result, colonization by Phragmites does not
significantly effect overall floral diversity. However,
the physical structure and quantity of the aboveground
plant component of the marsh increases. This, in turn,
affects sediment porewater chemistry of the marsh
by sequestering nitrogen in the aboveground biomass
which, in typical short-grass brackish marsh systems,
would otherwise have been made available to other
species or exported to the nearby estuary. Above-
ground plant growth patterns also may affect habitat
quality for some wildlife species, specialized marsh
birds in particular, which are unable to adapt to the
taller, more robust structure of Phragmites.

In both tidal and non-tidal freshwater marshes,
plant diversity is high and formation of a Phragmites
monoculture can affect the marsh system in several
ways. Plant species diversity is decreased, which may
contribute to loss of rare species already threatened
by small population size. In tidal marshes, sediment
porewater NHI flux may be affected by increased lit-
ter levels on the marsh surface which can act as a
cap to marsh sediments, preventing loss of NH}' from
sediment porewater via tidal flushing (Bowden, 1987).
As with brackish marshes, certain animal species may
be displaced in freshwater systems due to structural
changes in the aboveground flora.

This review suggests several opportunities for ad-
ditional research. Most studies to date have been con-
ducted in Phragmites-dominated marshes. It would be
desirable to compare those sites with systems where
Phragmites is present but not dominant. This may
elucidate some of the environmental factors which
facilitate or inhibit Phragmites invasion and spread,
such as competition, nutrients, salinity, water flow,
and herbivory. The factors and mechanisms by which
Phragmites invades and attains dominance may, in
fact, be found to differ among inland freshwater,
freshwater tidal and brackish tidal marshes.

It is noteworthy that the majority of the studies
used in this analysis were performed in brackish marsh
systems. Much less research on Phragmites has been
undertaken in either freshwater inland or freshwa-
ter tidal marshes, yet it is apparent that Phragmites
is spreading rapidly in many of these systems. In
all marsh types, more manipulative field experiments



are necessary to reveal the mechanisms that lead to
successful Phragmites invasion. For instance, while
biomass is an obvious indicator of Phragmites success,
it does not reveal the underlying mechanisms.

In conclusion, although the negative impacts of
Phragmites on marsh systems in North America are
often referred to in the literature, there is a short-
age of quantitative data available to compare systems,
both within and between marsh types. Much of the
data cited herein were collected in the northeastern
U.S.; therefore it is not clear how widely the results
of these studies may apply to Phragmites environ-
ments in other geographic areas. Much past and cur-
rent research, particularly in the field of tidal marsh
restoration, is driven by concerns about adverse eco-
system impacts due to Phragmites invasion. However,
few data have been published, and the unpublished
literature is difficult to obtain. Additional studies com-
paring the effect of Phragmites on marsh systems are
badly needed to provide a scientific basis for manage-
ment decisions and to better understand the causes and
effects of Phragmites spread.
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