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ABSTRACT

The recent discovery of a native haplotype of Phragmites australis in North
America and the aggressive expansion of a non-native haplotype in wetlands across
North America have created a conservation priority for wetland protection. In order to
more effectively protect native wetland vegetation and the ecosystems they support, we
first must better understand the physiological differences between the native and non-
native haplotypes. Because there are no published data describing the responses of native
Phragmites to environmental variables, I examined the natural distribution of native and
non-native populations and performed greenhouse experiments to examine the effects of
salinity and nitrogen on the distribution, survival and growth of the native and non-native
haplotypes.

I mapped native and non-native populations of Phragmites along the
Rappahannock River and found that while the native was isolated to a narrow
environmental range of environmental salinity of <1 psu, the non-native could become
established in more variable environments. Rhizomes of native and non-native plants
were collected from populations and transplanted to the greenhouse where they were
placed in manipulated salinity solutions of 0, 5, 10 and 20 psu and then were either given
nutrients through a slow-release plant food or deprived of nutrients through no nutrient
addition. The survivorship, biomass accumulation, and carbon assimilation of native
plants were negatively affected by increasing salinity. Carbon assimilation of native
plants was also negatively affected by nutrient addition, while nitrogen and phosphorus
uptake increased with added nutrients. Mortality rates of the non-native rhizomes were
extremely high and therefore these variables could not be measured.

These results suggest that the native haplotype is not as salt-tolerant as its non-
native counterpart and thus inhabits a more restricted environmental niche. This has
important conservation implications for identifying wetlands of primary concern for the
protection of native Phragmites and for the prevention of further expansion of the non-
native haplotype.
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Effects of Salinity and Nitrogen on the Distribution and Growth of
Phragmites australis Along the Rappahannock River



CHAPTER
INTRODUCTION

Wetland ecosystems are extremely susceptible to invasion by plant species and
this increased vulnerability may be a result of the location of wetlands in the landscape
and increased disturbances occurring in both uplands and wetlands (Zedler and Kercher
2004). Because wetlands are generally low lying, disturbances in uplands and in
wetlands are likely to deposit increased amounts of materials in wetlands that accumulate
in these areas and enhance invasion (Zedler and Kercher 2004). Invasive species tend to
be especially numerous in wetlands that experience surface water influxes from
agricultural and urbanized watersheds (Galatowitsch et al. 1999).

Invasions by plants species can have various effects on wetland ecosystems and
ecosystem functions. These effects include impacting habitat structure, biodiversity,
productivity and nutrient cycling, and food webs (Zedler and Kercher 2004). For
example, there has been a shift of vegetation in the southwestern U.S. due to the
replacement of desert and riparian species by Tamarix spp (Stohlgren et al. 1998). Asa
result of this invasion, the natural regime of flood pulsing is inhibited (Ellis et al. 2002)
and fire frequency and intensity are increased (Cox 1999). Invasive plants are not only
assumed to reduce plant diversity by eliminating individuals through competition, but
they can also negatively affect animal diversity by reducing the habitat availability for
wetland specialists. Tamarix invasions have been correlated with decreases in bird
diversity as well as decreases in habitat use by mule deer, beaver and white-throated
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woodrats (Cox 1999). Invasive species can also have negative impacts on nutrient
cycling by altering the amount of nutrients taken from the wetland or returned to the
wetland (Otto et al. 1999) and on food webs by removing an important link in a food
chain or by altering the natural hydrological conditions of a wetland that are conducive to
certain types of habitat use (Fell et al. 2003).

During the last century, North American wetlands have increasingly been invaded
by the vascular plant Phragmites australis. The impacts of this invasion on wetland
ecosystems are not yet fully understood; however, various studies have shown that the
monotypic establishment of Phragmites decreases the biodiversity of North American
wetlands by replacing native vegetation, changing sediment dynamics, and altering water
flow patterns (Buttery and Lambert 1965; Weinstein and Balletto 1999; Chambers et al.
1999; Meyerson et al. 2000). The recent rapid expansion of Phragmites most likely
stems from a combination of factors including the disturbance of wetland environments
by human activity and the introduction of a more aggressive genotype to North America.
The threat of invasion by non-native Phragmites is amplified by the fact that once a
colony is established in a wetland, it is practically impossible to eradicate (Marks et al.
1994). Currently, the focus of Phragmites research is on devising more effective
methods for preventing its establishment and controlling its invasion. Effective control
techniques can only be implemented when the distribution and expansion patterns of
Phragmites are better understood.

The fossil record indicates that Phragmites populations have occurred in the
southwestern United States for 40,000 years and along the Atlantic and Pacific coasts for

several thousand years (Saltonstall 2002). Records from the 1800s, however, described



the expanse of Phragmites in North America as rather limited. In the early 1900s,
anecdotal reports of Phragmites distribution indicated that the species was spreading and
becoming more common (Saltonstall 2002). By sequencing chloroplast DNA, Saltonstall
(2002) 1dentified 27 haplotypes of Phragmites australis that are distributed worldwide,
eleven of which are native to North America. Saltonstall (2002) also identified a twelfth
haplotype that is the most common and most widely distributed haplotype in North
America today. The twelfth haplotype, referred to as haplotype M, is most closely
related to European, Asian and African haplotypes and is the invasive form expanding
rapidly in North American wetlands. Haplotype M is not native to North America and
the date and location of its introduction are not known, though it is the type noted as
common and expanding in the early 1900s. The haplotypes native to North America,
with the exception of the Gulf Coast haplotype I lineage, have been characterized as a
subspecies and named Phragmites australis subsp. americanus (Saltonstall 2005).
Currently, non-native haplotype M dominates Atlantic Coast tidal marshes and
has almost entirely replaced the native haplotypes in that region. Saltonstall (2003) found
several samples of a native haplotype F occurring along the Rappahannock River in
Virginia and another native haplotype (haplotype Z) along the Wicomico Creek in Allen,
Maryland. As further sampling is conducted, more native populations are being
identified in other Atlantic Coast wetlands, but haplotype M is clearly the dominant
haplotype. The factor that has been most tightly correlated with the distribution of
haplotype M is the occurrence of marsh disturbance which modifies the natural
environmental conditions and produces conditions, including bare soil access, lowered

salinity, and nutrient enrichment, that may be most conducive to non-native



establishment, growth, and expansion (Hellings and Gallagher 1992; Minchinton 2003;
Windham 2003).

In a survey to determine the percent of shoreline wetlands occupied by
Phragmites in the Chesapeake Bay estuaries, Virginia wetlands were found to have a
significantly lower percent occupancy by Phragmites (average occupancy approximately
5%) relative to Maryland wetlands (average occupancy approximately 9%) (K.J. Havens,
unpublished data). Of the major Virginia rivers, the Rappahannock had the lowest
percentage of shoreline wetlands occupied by Phragmites (less than 2%) (K.J. Havens,
unpublished data). Because of the relatively low amount of Phragmites currently
established, the Rappahannock River is an important area for the prevention of further
establishment and expansion and for wetland conservation and protection.

The rate of Phragmites expansion varies among marshes (Chambers et al. 1999,
Rice et al. 2000, Farnsworth and Meyerson 2003), but the factors influencing the
variation in expansion rate have not yet been identified. Phragmites is able to invade low
marsh habitats through clonal integration, where individuals of an established population
in physically and chemically benign habitats support individuals expanding into habitats
characterized by greater environmental stress (Windham and Lathrop 1999, Amsberry et
al. 2000).

Research on the establishment, growth, and expansion of non-native Phragmites
has focused on the influence of salinity level on seed germination and growth, rhizome
growth and nitrogen uptake, and clonal expansion. In North America, haplotype M
occurs most frequently in tidal freshwater to mesohaline marshes (0-18 ppt) and is less

common in polyhaline marshes (18-35 ppt) (Chambers et al. 1998). Studies by Hellings
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and Gallagher (1992) and Lissner and Schierup (1997) show that increasing salinity level
stunts non-native Phragmites growth. Seedling germination and salinity were found to
be negatively correlated, with complete inhibition of germination occurring at salinity
above 20 ppt (Marks et al. 1994; Wijte and Gallagher 1996b; Lissner and Schierup 1997).
Likewise, growth from rhizome cuttings appears to be unaffected within the salinity
range of 0-5 ppt, negatively affected up to 35 ppt, and plant death occurs above 35 ppt
(summarized by Chambers et al. 2003). Non-native Phragmites clones grown from
rhizome cuttings were also shown to have significantly lower nitrogen uptake at 20 to 30
ppt salinity in comparison to uptake rates at 0 to 10 ppt (Chambers et al. 1998). The
findings of Chambers et al. (1998) support the hypothesis of a study by Bradley and
Morris (1991) that high salinity may increase competition for nitrogen binding sites in the
rhizosphere and consequently decrease growth.

Alternatively, a study by Lissner et al. (1999) used the carbon:nitrogen (C:N) ratio
of leaf tissues of experimentally grown plants to measure the effects of salinity level on
nitrogen use efficiency and found that high salinity did not induce nitrogen imbalances.
C:N ratios are commonly used as measures of nutrient use efficiency and as a measure of
adaptation to stress (Lissner et al. 1999). High C:N ratio is a proxy for high nutrient use
efficiency, indicative of more carbon accumulation per unit nitrogen. The absence of
variation in leaf C:N ratios over a broad salinity range was used to argue for the high salt
tolerance of non-native Phragmites (Lissner et al. 1999).

During periods of initial establishment and growth, Phragmites is sensitive to
moderate salinity (Bart and Hartman 2002), but established clonal stands invest in

underground root growth to tolerate high salinity levels (Adams and Bate 1999). The
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plants extend roots deep into fresher groundwater and thus can avoid the stress of salinity
in the surface water. Results of a field study by Farnsworth and Meyerson (2003) found
greater weight ratios of root:shoot in brackish marsh sites than freshwater sites,
supporting the conclusion that Phragmites tolerates salinity by investing in underground
growth. Phragmites also avoids the stress of salinity by incorporating salts through ion
accumulation and building regulatory pressure in its rhizomes (Ungar 1991). The
sequestration of salts in underground tissues can reduce the surface soil salinity of
brackish tidal marshes (Windham and Lathrop 1999). These mechanisms allow
established populations to expand without being negatively affected by moderate or high
salinity levels. Even with such adaptive mechanisms, however, established populations
still appear to expand most extensively and vigorously in tidal freshwater to mesohaline
environments (Chambers et al. 1999; Burdick et al. 2001).

Rice et al. (2000) found that Phragmites stands become established more
frequently in low salinity environments than in higher salinity environments and once
established are less influenced by salinity levels in terms of growth and expansion rates.
In their study, aerial photographs of upper Chesapeake Bay marshes were analyzed to
compare the presence and size of Phragmites populations in the 1930s, 1970s, 1980s and
1990s. The study found that Phragmites was present only in tidal freshwater marshes in
the 1938 photographs. In 1970, populations in the freshwater marshes had nearly
doubled in size while still only occupying approximately 1% of the total mesohaline
marsh area. Populations evident in photographs of oligohaline marshes in the 1970s
comprised .09% of the total marsh area. Although the tidal freshwater marshes still have

the largest percentage of total marsh area covered by Phragmites populations, the



populations in oligohaline marshes have experienced the greatest increases in intrinsic
growth rates. In summary, salinity appears to be an environmental factor that can
influence the initial establishment, growth, and survival of non-native Phragmites
haplotype M in a wetland. Once a population is established, however, salinity seems to
play a minor role in influencing distribution.

The role of salinity in the distribution of haplotype M is well-defined, but no
studies have defined the salinity range in which native haplotypes exist. Because both
the native haplotype F and the non-native haplotype M occur in wetlands along the
Rappahannock River, the area offers a unique opportunity for evaluating the distribution
of each haplotype in relation to the other and in relation to environmental conditions such
as salinity. By determining the role of salinity in the distribution and expansion of native
and non-native Phragmites populations, we can identify specific wetlands as areas of
concern for protecting native populations and preventing the establishment and expansion
of non-native populations.

The relationship between nitrogen and non-native Phragmites growth has been
studied by observing the effects of invasion on nitrogen cycling in a marsh. Haplotype M
has been shown to generate nitrogen-poor stem tissues and nitrogen-rich leaf tissues
(Meyerson et al. 2000) and to allocate aboveground biomass as 55-85% stem tissue and
20-45% leaf tissue (Windham 1999, Warren et al. 2001). As a result of high allocation to
stem tissue, the overall decomposition rates of whole-culm aboveground litter are slow
(Windham et al. 2001) and the aboveground nitrogen concentrations are reduced
(Windham and Lathrop 1999; Windham and Ehrenfeld 2003). Non-native Phragmites,

however, does not show systematic differences in nitrogen concentrations in tissues
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across a salinity gradient (Meyerson et al. 2000). Belowground, rhizome tissues compose
85-95% of the biomass and have low nitrogen concentrations while the roots, 5-15% of
the biomass, have high nitrogen concentrations (Windham and Lathrop 1999; Windham
et al. 2001). Windham and Ehrenfeld (2003) observed lower nitrogen concentration in
aboveground tissues of Phragmites relative to Spartina patens and no difference between
nitrogen concentrations in belowground tissues. Litter immobilization resulted in a
greater increase in nitrogen (g N/litter bag) in non-native Phragmites than in Spartina
patens and in a greater sequestration of nitrogen by Phragmites (Windham and Ehrenfeld
2003). Although Phragmites demands high concentrations of nitrogen for plant and litter
uptake, it also supplies high amounts of nitrogen by sediment mineralization. Windham
and Ehrenfeld (2003) found that ammonification rates in Phragmites sediment cores were
384% greater than sediment cores of Spartina patens. As a result, the net impact of
invasion on the natural nitrogen cycles was minimal.

In a study of the impacts of disturbance and nitrogen availability on Phragmites
spread, Michinton and Bertness (2003) performed both field experiments and greenhouse
experiments in which levels of disturbance and levels of nitrogen were altered and
growth responses were measured. In the field experiments, disturbance enhanced
Phragmites expansion more than fertilization alone, but fertilization of disturbed sites
further enhanced expansion. The addition of nutrients in the greenhouse experiments
produced similar results to the field experiments and the responses to fertilization were
documented as being greatest at lower nutrient levels and leveling off at high nutrient
levels. These data support the current belief that eutrophication is a major cause of the

aggressive expansion of non-native Phragmites in North America. In Europe, however,



10
eutrophication has been linked to the die-back of Phragmites (Ostendorp 1989). Romero
et al. (1999) tested the effects of nitrogen on plant growth and found high levels of
nitrogen were associated with the highest growth rates. Nitrogen levels were also
positively correlated with the nitrogen and phosphorous concentrations in the plant tissue.
Romero et al. (1999) concluded that nitrogen is the main limiting factor in Phragmites
growth and expansion, but that additional studies are necessary for understanding the
effects of extreme levels of eutrophication on Phragmites survival.

While experiments have documented some of the effects of nitrogen on non-
native Phragmites, no studies have determined the effects of nitrogen on Phragmites
australis subsp. americanus. Also, more data are needed to determine the effects of
nitrogen availability on nutrient use efficiency (C:N:P) of both native and non-native
haplotypes. In attempting to prevent and control the establishment and expansion of non-
native Phragmites, it is imperative to understand the factors that affect the distributions of
both native and non-native populations and the differences in responses to these factors.

The objectives of this research were to define the distribution of Phragmites along
the Rappahannock River and to determine the effects of salinity and nitrogen on the
distribution of native and non-native Phragmites in this area. | hypothesize that: 1) non-
native Phragmites populations in the field will be distributed along a larger salinity
gradient than the native haplotype and native populations will only be distributed in
freshwater marshes; 2) salinity levels will be negatively correlated with growth for both
native and non-native Phragmites; 3) experimentally, the non-native haplotype will be
more tolerant of high salinity levels than the native haplotype; 4) plants growing in

nitrogen-enriched mediums will be positively correlated with growth for both native and
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non-native Phragmites 5) plants growing in nitrogen-enriched mediums will allocate
more energy into above-ground than below-ground growth. These hypotheses were
tested through a series of field observations of populations in wetlands along the
Rappahannock River and a series of greenhouse experiments in the Biology Department

at the College of William and Mary.



CHAPTER 11
METHODOLOGY
Study Site

The Rappahannock River is a tributary of the Chesapeake Bay originating at
Chester Gap in western Virginia and flowing 184 miles to Stingray Point in the
Chesapeake Bay. This study was performed along the river and its tributaries on the
portion of the Rappahannock between Wares Wharf and Horsehead Neck (Figure 1). The
salinity of the study site ranges from < 1 psu (practical salinity units) to 13 psu.

Field Population Measurements

GPS/GIS Mapping

Native and non-native populations of Phragmites were identified using previously
characterized morphological features described by Blossey (2003). The sampled
populations were mapped by ground-truthing the perimeters of individual stands using
the global positioning system (GPS) during the months of June, July and August 2004
and by conducting an aerial photography flight using a georeferenced camera with
infrared lenses. The GPS data were projected onto computer-generated maps using the
geographic information system (GIS). These maps provide a current view of the
distribution of both native and non-native Phragmites in wetlands along the
Rappahannock River and a calculation of the current acreage covered by non-native
Phragmites. The environmental salinity levels of the mapped native and non-native
populations were determined in the field by sampling the surface water in tidal creeks

12
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using a field refractometer. These data were used to define the salinity in which each
haplotype occurs along the Rappahannock.

C:N:P Analysis

Five leaves from each of fifteen randomly selected native populations and five
leaves from each of fifteen randomly selected non-native populations were collected,
dried in an oven at 80°C, weighed and ground. Samples of the ground leaves weighing
between five and ten milligrams were placed in a Perkin-Elmer 2400 elemental analyzer
to determine the percent of carbon and nitrogen present. Each sample was analyzed in
two replicates to ensure analytical precision. Samples of the ground leaves were also
ashed and analyzed for the percent of phosphorus present using methodology described
by Chambers and Fourqurean (1991). The percent of carbon, nitrogen and phosphorus
was used to calculated C:N, C:P and N:P nutrient use efficiency ratios. The differences
between haplotypes in the amount of carbon, nitrogen and phosphorus present were
analyzed using the statistical package R 2.0.1 (2004) using a one-way analysis of
variance.

Greenhouse Growth Experiments

Year One

Native and non-native P. austalis rhizomes from identified populations were
collected during the months of January and February 2004. The rhizomes were weighed,
dipped in potting sulfur to deter fungal growth and planted in pots of sterile sand. Pots
were then randomly placed in one of twelve trays with manipulated salinity levels of O
psu, 5 psu, 10 psu, or 20 psu for a total of three replicates of each salinity. The

hydrology, amount of light, and ambient temperature were maintained at equivalent
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levels for all pots. After an initial growing period, one tablespoon (18.8g) of Osmocote
19-6-12 slow-release plant food was added to each individual pot. The growing period
between planting and harvesting was 14 weeks from February 21 to May 29, 2004.

At the end of the growing period, the plants were harvested and were recorded as
being either dead or alive. The wet weights of the surviving plants were recorded. The
shoots and roots were then clipped to separate aboveground and belowground biomass.
The separated shoots and roots were oven dried at 80°C and weighed to determine the
aboveground and belowground biomass produced in each pot. After recording the
weights, the dried shoots and roots were ground and placed in vials. To determine the
percent carbon and nitrogen in the root and shoot tissues, samples of the ground shoots
and roots were placed in a Perkin-Elmer 2400 elemental analyzer. Two replicates of each
sample were analyzed to ensure analytical precision. Samples of the ground shoots and
roots were placed in vials, ashed in an oven, and then analyzed for the amount of
phosphorus present following methodology described by Chambers and Fourqurean
(1991). The percent carbon, nitrogen and phosphorus present in the shoots and roots of
the native plants were used to calculate C:N, C:P, and N:P nutrient use efficiency ratios
and root to shoot ratios for aboveground versus belowground allocation comparisons.
Data Analysis

All statistical analyses were performed in R 2.0.1 (2004). Differences in
survivorship between salinity treatments were analyzed using a generalized linear model.
The dry weight, carbon, nitrogen, and phosphorus data and resulting root to shoot and
nutrient use efficiency ratios were analyzed using a linear regression model with initial

weight as the covariate and salinity as the factor. If there was no significant interaction, a



16
common slope was fitted for all salinity levels and an analysis of covariance was
performed to analyze differences in intercepts to determine the effects of salinity on
growth and nutrient use efficiency.

Year Two

Native and non-native Phragmites rhizomes from identified populations were
collected during the months of January and February 2005. The rhizomes were weighed,
dipped in potting sulfur and planted in pots of sterile sand. Pots were then randomly
placed in one of twenty-four trays with manipulated salinity levels of O psu, 5 psu, 10
psu, or 20 psu for a total of six replicates of each salinity. The hydrology, amount of
light, and ambient temperature were maintained at equivalent levels similar to
environmental conditions for all pots. After an initial growing period, one tablespoon
(18.8g) Osmocote 19-6-12 slow-release plant food was added to each individual pot in
three of the six trays in each salinity treatment. The remaining trays were deprived of
nutrients to provide a comparison for determining the role of nitrogen in aboveground
and belowground growth. The growing period between planting and harvesting was 14
weeks.

At the end of the growing period, the plants were harvested and recorded as being
either dead or alive. The wet weights of the surviving plants were recorded. The shoots
and roots were then clipped to separate aboveground and belowground biomass. The
separated shoots and roots were oven dried at 80°C and weighed to determine the
aboveground and belowground biomass produced in each pot. After recording the
weights, the dried shoots and roots were ground and placed in vials. Samples of the

ground shoots and roots were analyzed in a Perkin-Elmer 2400 elemental analyzer to
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determine the percent carbon and nitrogen in the sample. The samples were run in two
replicates to ensure analytical precision. Samples of the ground shoots and roots were
placed in vials, ashed in an oven, and then analyzed for the amount of phosphorus present
following methodology described by Chambers and Fourqurean (1991). The percent
carbon, nitrogen and phosphorus present in the shoots and roots of the native plants were
used to calculate C:N, C:P, and N:P nutrient use efficiency ratios and root to shoot ratios
for aboveground versus belowground allocation comparisons.

Data Analysis

All statistical analyses were performed in R 2.0.1 (2004). The survivorship data
was analyzed using a generalized linear model to determine if there was a significant
effect of salinity. The dry weight, carbon, nitrogen and phosphorus data were analyzed
using a linear regression model in which initial weight before planting was the covariate
and salinity and nitrogen were factors. If no significant interactions were found then a
common slope was fitted for each salinity and nitrogen treatment and an analysis of
covariance was performed to test the differences between intercepts to determine the

effects of salinity and nutrient deprivation on growth and nutrient use efficiency.



CHAPTER III
RESULTS
Field Population Measurements
GPS/GIS Mapping

Populations of native Phragmites were concentrated in four distinct areas -
Beverly Marsh/Occupacia Creek, Peedee Creek, Piscataway Creek, and Cat Point Creek
(Figure 2). A few isolated populations occurred in marshes upriver of Beverly Marsh and
Occupacia Creek. Fifty-five populations of native Phragmites haplotype F were
discovered in these areas for a total of 8.95 acres on the Rappahannock. The salinity at
each population was <1 psu and no populations occurred in wetlands with salinity of 1
psu or higher.

Non-native Phragmites haplotype M populations were found dispersed along the
estuary proper and the lower portions of its tributaries (Figure 3). The mapped non-
native populations cover 165.99 acres of wetland in the surveyed area on the
Rappahannock River. The environmental salinity of non-native populations ranged from
0 psu to 11 psu in the area studied. The largest mapped non-native populations occurred
in areas of increased disturbance such as wetlands adjoining highway bridges, dredge
spoils, and development (Figure 4).

C:N:P Analysis

Relative to non-native haplotype M, native Phragmites haplotype F leaves had

significantly higher average percent carbon (43.90 + 0.08% vs. 42.82 + 0.15%,
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F[1,25720.938, P=8.837¢”-05) and significantly lower average percent nitrogen (2.22 +
0.03% vs. 2.58 + 0.07%, F[12=11.972, P=0.00175). There was not a significant
difference in the amount of leaf phosphorus between native and non-native haplotypes
(0.103 + 0.002 vs. 0.102 + 0.002, F[; 23=0.0232, P=0.88). Native leaves were found to
have significantly higher C:N ratios than non-native leaves (19.90 + 1.67 vs. 16.85 +
2.11, F[128=19.358, P=0.000143). N:P ratios were significantly lower in native
haplotype F leaves than non-native haplotype M leaves (21.687 + 0.359 vs. 25.223 +
0.444, F128=19.206, P=0.000150). C:P ratios of native and non-native plants were not
significantly different (430.160 £ 7.124 vs. 421.457 £ 6.605, F1 23=0.401, P=0.532).
Greenhouse Growth Experiments
The results of the effects of salinity on survival and growth for both year one and
year two experiments are summarized in Table 1.
Year One
Non-native mortality was exceptionally high, with only six of the 84 plants
surviving. Because of the low sample size of non-native plants, the analyses were
performed only on the native plants. Survivorship of native plants was found to be
affected by salinity ()¢;3=9.822, P=0.020). Increasing salinity decreased the number of
surviving plants and increased mortality (Figure 5) with only three plants surviving in the
20 psu treatment. Because of the small surviving sample size and the resulting decrease
in statistical power, plants in the 20 psu treatment were not included in the rest of the

analyses.
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In the analyses of covariance, shoot weight consistently decreased as salinity
increased (Fj2,221=6.547, P=0.006) (Figure 6a). Root weight, however, was not
significantly affected by increasing salinity (F22=0.872, P=0.432) (Figure 6b). Salinity
had an effect on the total dry weights of the plants at the end of the growing season

FIGURE 5

SURVIVORSHIP OF NATIVE HAPLOTYPE F VS. SALINITY

Survivorship

0 5 10 20
Salinity (psu)

(F1234=5.467, P=0.004) with increasing salinity negatively affecting dry weight (Figure
6¢). Increasing salinity did not significantly affect the weight ratios of root to shoot of
the native plants (F[2,22=0.701, P=0.507).

The percent carbon in the shoots was negatively affected by increasing salinity
(F2337=10.776, P=0.0003) (Figure 7). There was a significant interaction between initial
weight and salinity in the analysis of the linear regression model of the effects of salinity
on root carbon; however, root carbon was negatively affected by increased salinity
(Fl2317715.343, P=2.335¢" -05). The results of the analysis of carbon root to shoot ratios

also included a significant interaction between initial weight and salinity. Carbon root to
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shoot ratios were significantly different across salinity treatments (F2,31;=10.054,
P=0.0004). Plants in the 0 psu treatment invested more equally to aboveground and
belowground allocation than did plants in higher salinity treatments. Plants in the higher
salinity treatments had lower carbon root to shoot ratios suggesting that those plants
invested more in carbon allocation in the shoots than in the roots.

While there was a significant interaction between initial weight and salinity
treatment in the linear regression model, there was not a significant effect of salinity on
the percent of nitrogen in the shoots (Fj231=0.827, P=0.447). There was also no effect of
salinity on the root nitrogen of the native plants (F233=1.221, P=0.308) or on nitrogen
root to shoot ratios (Fp2,33=1.044, P=0.364). The percent of phosphorus in the shoots of
the plants was significantly affected by salinity with plants in the 0 psu treatment having
significantly less phosphorus content than plants in the higher treatments (F2,31;=4.669,
P=0.017). Salinity was not shown to affect root phosphorus (Fp»33;=0.639, P=0.534) or
root to shoot ratios of phosphorus (F233;=0.765, P=0.473).

C:N ratios were not found to be affected by salinity in the shoots (Fj231770.011,
P=0.989) or the roots of the native plants (F[2,33;=1.642, P=0.209). Shoot C:P ratios were
significantly affected by salinity (F[;33=8.722, P=0.0009) as were root C:P ratios
(F12,337=3.979, P=0.028). Plants in the 0 psu treatment had significantly higher shoot C:P
ratios than those in treatments of higher salinity. Root C:P ratios consistently decreased
with increasing salinity. Shoot N:P ratios were significantly higher for O psu treatment
plants (F233=7.442, P=0.002) and decreased with increasing salinity. Root N:P ratios
were not affected by increasing salinity (F[2,33=0.634, P=0.537). There was no affect of

salinity on root to shoot C:N, C:P or N:P ratios.



FIGURE 6

EFFECTS OF SALINITY ON SHOOT, ROOT AND TOTAL WEIGHT
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Plots of a) shoot weight, b) root weight, and c) total weight as a function of initial weight across salinity
treatments. Black diamonds represent plants in 0 psu treatment, black triangles represent plants in 5 psu
treatment and white diamonds represent plants in 10 psu treatment.
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FIGURE 7

RELATIONSHIP BETWEEN SHOOT CARBON AND INITIAL WEIGHT
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Plot of shoot carbon as a function of initial weight for the three salinity treatments: 0, 5 and 10 psu. Black
diamonds represent plants in 0 psu treatment, black triangles represent plants in 5 psu treatment and white
diamonds represent plants in 10 psu treatment.

Year Two

The non-native plants again experienced high mortality in the greenhouse and the
sample size of the surviving plants was too small to offer statistical power. Therefore the
analyses were performed on the native plants. The native plants also experienced higher
mortality than the first year greenhouse plants with only 29% of the native plants
surviving. The surviving plants were analyzed to determine the effects of salinity and
nitrogen on growth and nutrient use efficiency. Two individuals were removed from the

data analysis due to nitrogen and phosphorus measurements greater than five standard

deviations from the mean.
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Salinity

Salinity significantly affected the survivorship of the native plants, with survival
rates decreas}ing as salinity increased ()3;3=17.591, P=0.001) (Figure 8). There was not
an effect of salinity on shoot weight (F2,201=0.148, P=0.863) or total dry weight of the
surviving plants (F,36=1.928, P=0.160); however, root dry weight was significantly
affected by salinity (Fj220=4.241, P=0.024). Root dry weights of plants in the nutrient

FIGURE 8

SURVIVORSHIP OF NATIVE HAPLOTYPE F VS. SALINITY
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deprived treatment were significantly lower in salinity treatments above 0 psu. In the
nutrient addition treatment, plants in the 5 psu treatment had the highest root dry weights
while plants in the 10 psu treatment had the smallest root weights. Root to shoot weight
ratios significantly decreased as salinity increased (F2,36=3.510, P=0.040). Shoot
percent carbon (F2217=1.812, P=0.188) and root percent carbon (F;,24=0.905, P=0.416)
and root to shoot carbon ratios (Fj228=0.923, P=0.409) were not affected by increasing

salinity. There was a significant interaction between salinity and nitrogen in the analysis
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of shoot nitrogen and salinity was found to significantly affect shoot nitrogen
(Fr2,26774.881, P=0.0159). In the nutrient deprived treatment group, shoot nitrogen was
higher in plants in higher salinity treatments. For plants in the nutrient addition treatment
group, shoot nitré gen decreased with increasing salinity. Root nitrogen was significantly
higher in plants in the higher salinity treatments than root nitrogen in plants in the 0 psu
treatment (F2281=5.374, P=0.0106). Root to shoot nitrogen ratios were not affected by
increasing salinity (Fp;23=0.119, P=0.888). Salinity did not affect the allocation of
phosphorus to the shoots of the native plants (Fp2281=1.175, P=0.323); however, the effect
of salinity on the phosphorus content of the roots was marginally significant
(Fp2211=2.614, P=0.0969). Root to shoot phosphorus ratios were not affected by salinity
treatment (F[2217=1.621, P=0.222). There was a significant interaction between salinity
and nitrogen in the analysis of shoot carbon to nitrogen ratios; however, salinity alone did
not have an effect on shoot C:N (F[226=2.329, P=0.117). There was also a marginally
significant effect of salinity on root carbon to nitrogen ratios (Fp228=2.993, P=0.0664).
In both nutrient treatments, plants in the 0 psu treatment had significantly higher C:N
ratios than plants in higher salinity treatments. Root to shoot C:N ratios were not
significantly different across salinity treatments (Fp;23;=0.019, P=0.981). Shoot, root and
root to shoot C:P and N:P ratios were not affected by salinity treatment.

Nitrogen

The effects of nitrogen on the growth of the native haplotype F are summarized in
Table 2. The total dry weights of the native plants were not significantly affected by
nutrient treatment (Fp;36=0.139, P=0.711). The effect of salinity on shoot weight was

marginally significant (F(;20;=3.131, P=0.0873). Root weights (F;29=0.010, P=0.922)
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and root to shoot weight ratios (F[136=2.084, P=0.111) were not different across salinity
treatments. Shoot percent carbon was higher in the nutrient deprived treatment than in
plants in the nutrient addition treatment (F;21;=6.605, P=0.0178). Nutrient treatment had
a marginally significant affect on root carbon (F; 231=3.449, P=0.0738) in which plants in
the nutrient deprived treatment had higher root carbon content than plants in the nutrient
addition treatment. Root to shoot ratios of carbon content were not significantly different
across nutrient treatments (F; 287=0.796, P=0.380). Shoot and root nitrogen were both
significantly affected by nutrient treatment. Shoot nitrogen was higher in plants in the
nutrient addition treatment than shoot nitrogen in the nutrient deprived plants
(Fr1,26;=98.343, P=2.522¢" -10) (Figure 9). Root nitrogen was significantly decreased in
plants in the nutrient deprivation treatment (Fp; 23=175.051, P=1.439¢" -13). Nitrogen
had a marginally significant effect on root to shoot nitrogen content ratios (F; 23=3.984,
P=0.056). Plants in the nutrient treatment had significantly higher shoot phosphorus than
those in the nutrient deprived treatment (F; 28=6.850, P=0.0141). Root phosphorus was
also significantly affected by nutrient treatment (F[; 21;=12.690, P=0.00184) as plants in
the nutrient addition treatment had higher root phosphorus contents. Root to shoot
phosphorus content ratios were not significantly affected by nutrient treatment
(Fpi211=1.214, P=0.283).

Shoot C:N ratios were significantly affected by nutrient treatment (Fp; 265=94.648,
P=3.747¢" -10). Plants in the nutrient deprived treatment had higher shoot C:N ratios
than those in the nutrient addition treatment. The root C:N ratios were also significantly
higher in the nutrient deprivation treatment plants than in the nutrient addition treatment

(Fr1287=153.395, P=7.043¢" -13). Root to shoot C:N'ratios were not affected by salinity
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treatment (F[; 25=2.2046, P=0.164). Nutrient deprivation resulted in significantly higher
shoot C:P ratios (F[1 23=11.624, P=0.002) as well as significantly higher root C:P ratios
(Fp1,28=12.432, P=0.001); however, no effect of nutrient treatment on root to shoot C:P
ratios was detected (F 25/=0.213, P=0.648). Shoot N:P ratios were significantly higher
in plants in the nutrient addition treatment than in nutrient deprived plants (F; 211=11.042,
P=0.003). Plants in the nutrient addition treatment also had higher root N:P ratios
(Fp1,211736.459, P=5.422¢e" -06). The effect of nutrient treatment on root to shoot N:P
ratios was marginally significant (F[; 28=3.984, P=0.0557) with root to shoot N:P ratios

being slightly higher in the nutrient addition treatment than in nutrient deprived plants.
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TABLE 1
EFFECTS OF INCREASED SALINITY ON MEASURED VARIABLES, NATIVE
HAPLOTYPE F

Test Significance — Year One Significance — Year Two
Survivorship Decrease Decrease
Shoot Weight Decrease NS*
Root Weight NS Decrease
Total Weight Decrease NS
Root:Shoot Weight NS Decrease
Shoot Carbon Decrease NS
Root Carbon Decrease NS
Root:Shoot Carbon Decrease NS
Shoot Nitrogen NS Increase
Root Nitrogen NS Increase
Root:Shoot Nitrogen NS NS
Shoot Phosphorus Increase NS
Root Phosphorus NS Decrease
Root:Shoot Phosphorus NS NS
Shoot C:N NS Decrease
Root C:N NS Decrease
Root:Shoot C:N NS NS
Shoot C:P Decrease NS
Root C:P Decrease NS
Root:Shoot C:P NS NS
Shoot N:P Decrease NS
Root N:P NS NS
Root:Shoot N:P NS NS

*NS denotes that there is not a significant effect of salinity on the variable.
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EFFECTS OF NUTRIENT ENRICHMENT ON MEASURED VARIABLES, NATIVE

*NS denotes that there is not a significant effect of nutrient addition on the measured

variable.

TABLE 2
HAPLOTYPEF

Test Significance
Shoot Weight NS*
Root Weight NS
Total Weight NS
Root:Shoot Weight NS
Shoot Carbon Decrease
Root Carbon Decrease
Root:Shoot Carbon NS
Shoot Nitrogen Increase
Root Nitrogen Increase
Root:Shoot Nitrogen NS
Shoot Phosphorus Increase
Root Phosphorus Increase
Root:Shoot Phosphorus NS
Shoot C:N Decrease
Root C:N Decrease
Root:Shoot C:N NS
Shoot C:P Decrease
Root C:P Decrease
Root:Shoot C:P NS
Shoot N:P Increase
Root N:P Increase
Root:Shoot N:P Increase




CHAPTER 1V
DISCUSSION

As expected, native populations of haplotype F on the Rappahannock River were
found to be isolated to freshwater wetland environments, suggesting that salinity affects
the distribution of native populations. Non-native populations, however, were found to
be more widely distributed in wetlands along the Rappahannock and present in both
freshwater wetlands and higher salinity wetlands.

For the native rhizomes under experimentally manipulated salinity levels,
increasing salinity resulted in increased mortality and decreased total dry weight above 0
psu. These results support the hypothesis and the findings from the field distribution
survey that while the non-native haplotype M can become established in a wide range of
habitats, the native haplotype F cannot tolerate the stress of increased salinity and thus
cannot become established in non-freshwater wetlands.

Shoot carbon and root carbon also decreased with increasing salinity in the native plants
in the first year greenhouse experiment. The second year greenhouse experiment data do
not support the trend of decreasing carbon content with increasing salinity; however, the
inconsistency may be due to the small sample size of surviving native plants in the
second year. Native plants in the nutrient deprivation treatment had higher shoot and root
carbon contents than plants in the nutrient addition treatment. This suggests that the

presence of nitrogen influences the amount of carbon native plants assimilate. The
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aﬁalysis of leaves collected from field populations found that the non-native populations
had lower percent carbon than native plants. The lower percent carbon of non-native
haplotype M in comparison to the native haplotype F may suggest that the non-native
plants established in higher salinity wetlands are under increased stress and thus cannot
assimilate carbon at the same magnitude as native and non-native plants in freshwater
environments. Environmental differences in nitrogen availability could possibly be a
factor in the differences in carbon content between haplotypes. There may also be
physiological differences between haplotypes driving the differences in shoot and root
carbon contents. The findings are further evidence that the native Phragmites haplotype
F inhabits a specific niche in estuarine environments while the non-native can become
established across a broader environmental range.

The analysis of leaves collected from field populations also found that native
leaves had lower percent nitrogen than non-native leaves. While this finding may suggest
the presence of a physiological difference between native and non-native plants in terms
of nitrogen uptake or nitrogen requirements, it may also be a result of environmental
differences in nutrient run-off and eutrophication. Experimentally, increased salinity did
not affect the percent nitrogen in the shoots or roots of native plants, suggesting that
salinity stress does not influence nitrogen uptake. Previous studies have also shown that
the nitrogen content of leaf tissue of non-native Phragmites is unaffected by increasing
salinity to 20 psu (Lissner et al. 1999). Because the percent nitrogen present in native
leaves collected from freshwater environments was lower than the percent nitrogen
present in non-native leaves collected from both freshwater and more saline

environments, there appears to be a difference between haplotypes in physiological
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mechanisms of nitrogen uptake and in nutrient requirements. A recent study determined
that non-native haplotype M has a significantly greater photosynthetic rate than native
haplotype F and consequently has higher pigment and accessory pigment concentrations
than native haplotype F (Mozdzer 2005). Nitrogen is a component of the chlorophyll
molecule, thus a higher amount of photosynthetic pigments may explain a difference in
haplotypes in both nitrogen requirements and nitrogen content.

Native and non-native leaves collected from the field were not found to differ in
percent phosphorus. The lack of difference between the phosphorus content of
haplotypes could be an indication that phosphorus is not a limiting nutrient for
Phragmites and therefore the increased stress of high salinity environments has no effect
on phosphorus uptake. Root phosphorus was not affected by salinity and the effects of
salinity on shoot phosphorus were not consistent between the two greenhouse
experiments. In contrast to the idea that phosphorus is not a significant nutrient for native
and non-native Phragmites, the similarity between haplotypes in terms of phosphorus
content across salinity treatments may be a result of the limited amount of phosphorus
available for uptake in the environment. There may not be enough phosphorus available
for uptake to detect an effect of salinity on phosphorus uptake by native and non-native
plants. If phosphorus was a limiting nutrient, nutrient addition and nutrient deprivation
would be expected to affect the percent phosphorus present in the shoots and roots.
Shoot phosphorus was significantly affected by nutrient treatment but root phosphorus
was unaffected. The data do not overwhelmingly support either hypothesis regarding

phosphorus uptake by the native and non-native plants.
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Shoot and root nitrogen contents were significantly higher in the nutrient addition
treatment indicating that greater amounts of nitrogen availability will result in higher
nitrogen uptake by native plants. While these results do not indicate that the native plant
assimilates nitrogen at the same magnitude as non-native plants when in nutrient-
enriched mediums, the findings do suggest that environmental differences in regard to
nitrogen availability between the wetlands in which native and non-native haplotypes are
found have the potential to impact nitrogen content. Shoot and root phosphorus contents
were also higher in plants in the nutrient addition treatment than in plants in the nutrient
deprivation treatment. This result, in comparison to the field results and the salinity
treatment results, indicates that the native plant will take up greater amounts of nitrogen
and phosphorus when higher amounts are available.

The percent carbon to percent nitrogen ratios calculated for the field leaves were
higher for native plants than non-native plants. This suggests that plants of the native
haplotype have higher nutrient use efficiency ratios and can assimilate more carbon per
unit nitrogen than non-native plants. Again, this result may be due to differences in
environmental conditions and nutrient availability or it may be caused by the increased
stress of higher salinity environments reducing the ability of plants to assimilate carbon.
The difference may also be a result of physiological differences between haplotypes in
their ability to assimilate carbon or uptake nitrogen. The higher amounts of leaf nitrogen
for photosynthetic pigments required by non-native haplotype M could result in less
carbon assimilation in the leaves. In comparison, the native haplotype F has a lower
photosynthetic rate, less photosynthetic pigments and less nitrogen as a result and may

assimilate greater amounts of carbon instead of large amounts of nitrogen. The percent
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nitrogen to percent phosphorus ratios calculated for the field leaves were lower for native
plants than for non-native plants. This result is likely due to the difference in the percent
nitrogen present in the haplotypes. Percent carbon to percent phosphorus ratios were not
different between haplotypes which indicates that phosphorus availability and uptake
does not affect carbon assimilation and that the native and non-native plants may not be
affected by the stress of higher salinity environments in terms of carbon assimilation per
unit phosphorus. |

The effects of salinity on C:N, C:P and N:P nutrient use efficiency ratios were not
clearly demonstrated. Shoot and root C:N ratios appear to be negatively affected by
increasing salinity; however, there are contrasting results from the first and second year
data analyses. The effects of salinity on shoot and root C:P ratios and shoot N:P ratios
were also different between the two experiments. The inconsistency of results of the
effects of salinity on measured variables is likely attributable to the small sample size of
surviving plants in the year two experiment, specifically in the higher salinity treatments.
The results of both the first and second year experiments had great amounts of variation
which could also be a result of small sample size.

Shoot and root C:N ratios were higher in the nutrient deprivation treatment than in
plants in the nutrient addition treatment. The previously discussed carbon and nitrogen
contents and the C:N ratio results suggest that there is a trade-off for native Phragmites
haplotype between carbon and nitrogen assimilation when greater amounts of nitrogen
are available. In this trade-off, a higher availability of nitrogen may result in higher
nitrogen assimilation at the cost of lower carbon assimilation. The high C:N ratios in

nutrient deprived conditions, however, indicate that the native haplotype F has high
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nutrient use efficiency and is able to assimilate large amounts of carbon when low
amounts of nitrogen are available. In addition, the lower C:N ratios in the nutrient
addition treatments suggests that in nutrient enriched environments, native plants will
uptake greater amounts of nitrogen even though they may not increase photosynthetic
pigment production or photosynthetic rates. Shoot and root C:P ratios were also
significantly higher in plants in the nutrient deprivation treatment than in plants in the
nutrient addition treatment suggesting that it may also be a factor in the trade-off between
carbon assimilation and nutrient assimilation. Shoot and root N:P ratios were
significantly lower in the nutrient deprivation treatment than in plants in the nutrient
addition treatment. This indicates that when greater amounts of nitrogen and phosphorus
are available, native haplotype F plants will selectively take up greater amounts of

nitrogen than phosphorus.



CHAPTER V
MANAGEMENT IMPLICATIONS AND CONCLUSIONS
This is the first study to investigate the effects of varying environmental
conditions on native Phragmites haplotype F. The native haplotype F appears to be
negatively affected by increasing salinity in terms of survivorship, weight gain, carbon
assimilation and nitrogen assimilation. Nutrient addition significantly affects the native
haplotype F carbon, nitrogen and phosphorus shoot and root contents as well as nutrient
use efficiency ratios. Further research is needed to determine the effects of salinity on the
mechanisms of nitrogen and phosphorus uptake and on nutrient use efficiency ratios.
Further research is also necessary for a more complete understanding of the differences in
nutrient uptake and assimilation between native and non-native haplotypes. Similar
studies should also investigate the differences in responses to environmental conditions
between other native haplotypes and the native and non-native haplotypes studied here.
The high mortality rate of the non-native rhizomes planted in the greenhouse was
unexpected and the cause is not well understood. There is a possibility that the rhizomes
collected for the year one experiment had been sprayed with an herbicide by natural
resource managers in the fall preceding collection which could have resulted in the
significantly high mortality rate. The rhizomes collected for the year two experiment
were collected from a verified unsprayed population but also experienced a high
mortality rate. The native rhizomes also experienced a higher mortality rate during the
second year relative to the first year. A possible cause of the high mortality rate of the

40



41

non-native and the increased mortality rate of the native is the known presence of a
fungus, Pythium spp., in the greenhouse. I was unable to isolate or identify the Pythium
spp. from the dead plants; however, the symptoms of the dead plants were similar to
plants suffering infection by Pythium (M. Case personal communication). Further
research should be conducted to identify the species of Pythium present in the greenhouse
and to determine the effects of the Pythium on native and non-native Phragmites.

The invasion of non-native Phragmites across North America is a problem with
which resource managers have been struggling for decades. The importance of control
efforts is increased by the existence of a native haplotype of Phragmites which is being
replaced by the invasion of non-native populations into freshwater wetlands. Natural
resource managers have targeted the Rappahannock for controlling the establishment and
expansion of non-native Phragmites and for protecting the native haplotype that exists in
the marshes. The control techniques are costly and yield mixed results. To effectively
devise and implement control techniques, we must first understand the mechanisms by
which Phragmites becomes established in an area and how the environmental conditions
in that area will affect its expansion. The results of this study confirm that there are
differences between the native and non-native haplotypes in terms of their respective
responses to environmental conditions. These findings are useful in designing more
effective techniques for wetland protection.

There are prevention and protection techniques that can be employed to help
prevent further invasion of non-native Phragmites into wetlands and to protect native
populations in tidal freshwater marshes on the Rappahannock River. The first step in

maintaining native populations in tidal freshwater marshes as well as preventing the
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establishment of non-native populations in those wetlands is to prevent wetland
disturbances which open areas to establishment and invasion. Disturbances can be high-
scale, such as the construction of hunting blinds, boardwalks, or bridges, or lower-scale,
such as boat wakes. These types of disturbances leave wetland soils exposed and,
therefore, susceptible to the establishment of non-native Phragmites. Disturbances can
also cause stress to native vegetation, including native Phragmites. Management
schemes for preventing disturbances include imposing regulations on construction in
wetlands and enforcing no wake zones in small tidal creeks. By preventing the
disturbance of tidal freshwater marshes, we can preserve the native populations of
vegetation that exist in those environments and may effectively prevent the introduction
of the non-native haplotype that will otherwise inevitably invade.

In addition to preventing disturbances, management schemes should also focus on
the prevention of nitrogen enrichment of wetlands. This research determined that the
native populations on the Rappahannock River have lower leaf tissue nitrogen contents
than non-native populations. Another study found that non-native plants have higher
photosynthetic rates than native plants and thus require greater amounts of nitrogen for
photosynthetic pigments (Mozdzer 2005). Lower nitrogen levels will not cause mortality
of the non-native plants; however, preventing the eutrophication of estuaries and
wetlands will decrease the amount of nitrogen available to non-native plants and
consequently may slow the rapid expansion of non-native populations. Nitrogen
management of the Chesapeake Bay will also decrease the eutrophication of the estuaries
and decrease expansion rates of non-native populations. There are many sources

contributing to the eutrophication of the Bay and its estuaries, including run-off from
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large cities along these waterways, wastewater treatment plants emptying into estuaries,
and run-off from agricultural fields into the watershed. A current study, taking place
along the Rappahannock and Potomac Rivers of Virginia, aims to determine the
effectiveness of planting buffer strips along agricultural fields for decreasing nutrient run-
off (Havens et al., personal communication). The results of this research should be used
either to support the effectiveness of the current buffer strips or to require changes be
made to the buffer strips, such as increasing the size of the buffers, to increase their
effectiveness at reducing nutrient run-off. Prevention techniques, such as the planting of
buffers along agriculture fields will decrease eutrophication of wetlands by decreasing
the amount of nutrients entering the wetlands in the form of run-off. Further studies
should be performed to determine more effective techniques of preventing nitrogen run-
off from both farmlands and urban landscapes as well as preventing eutrophication
through other sources, such as wastewater treatment plants. By decreasing the amount of
nitrogen entering our estuaries and wetlands, we can more effectively control non-native
populations while still promoting native Phragmites.

Another factor that is potentially damaging to wetland vegetation is increasing sea
level. An increase in sea level could result in seawater intrusion into tidal freshwater
marshes which would alter the salinity of those marshes. This study determined that
native Phragmites is negatively affected by increasing salinity; therefore, the existing
native populations would be unable to tolerate the stress of an increase in environmental
salinity. Seawater intrusion in freshwater marshes could ultimately result in mortality of
native Phragmites populations. On the contrary, seawater intrusion into freshwater

marshes would not affect non-native populations. The death of native freshwater marsh
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vegetation may even enhance non-native Phragmites introduction and invasion in those
marshes.

Non-native Phragmites haplotype M can persist in a wide variety of
environmental conditions, while native Phragmites haplotype F inhabits a much more
restricted environmental niche. Because the non-native is a generalist and is successful in
stressful environments, it is difficult to devise a management scheme that will control or
Impair non-native expansion while at the same time promoting the subsistence of native
populations. The results of this research are the first step toward better understanding
physiological differences between Phragmites haplotypes and consequently devising and
implementing more effective methods for controlling the non-native haplotype M,
protecting native haplotype F, and preventing the further loss of invaluable wetland acres

on the Rappahannock River, in the Atlantic Coast and across the continent.
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