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INTRODUCTION

A cryptic, invasive haplotype of the common reed
Phragmites australis, introduced to North America
from populations in Eurasia, has been implicated in the
spread of this species into salt marshes that are nor-
mally dominated by the perennial salt-tolerant grass
Spartina alterniflora (Lynch & Saltonstall 2002, Salton-

stall 2002, 2003a,b). P. australis is a tall (to over 4 m),
emergent grass found in wetlands around the world
(Cronk & Fennessy 2001). Although this species is
native to North America, it is only within the past 30 yr
that it has become invasive in Atlantic coastal salt
marshes (Chambers et al. 2003, Havens et al. 2003,
Lathrop et al. 2003, Weinstein et al. 2003, Weis & Weis
2003). The spread of P. australis into brackish Spartina
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ABSTRACT: A distinct, non-native haplotype of the
common reed Phragmites australis has become inva-
sive in Atlantic coastal Spartina marshes. We com-
pared the salt tolerance and other growth charac-
teristics of the invasive M haplotype with 2 native
haplotypes (F and AC) in greenhouse experiments.
The M haplotype retained 50% of its growth potential
up to 0.4 M NaCl, whereas the F and AC haplotypes
did not grow above 0.1 M NaCl. The M haplotype pro-
duced more shoots per gram of rhizome tissue and had
higher relative growth rates than the native haplotypes
on both freshwater and saline water treatments. The M
haplotype also differed from the native haplotypes in
shoot water content and the biometrics of shoots and
rhizomes. The results offer an explanation for how the
M haplotype is able to spread in coastal salt marshes
and support the conclusion of DNA analyses that the M
haplotype is a distinct ecotype of P. australis.
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The invasive, M haplotype of Phragmites australis overtop-
ping the shorter, lighter green native form in the Delaware
Estuary, USA. The M haplotype, a distinct variety introduced
from Europe, has greater salt tolerance and greater ability to
generate new shoots from rhizomes than native haplotypes. 

Photo: Bob Meadows, Delaware Department of Natural
Resources and Environmental Control
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marshes alters their ecological functions and has
become a major concern to natural resource managers
(Able & Hagan 2003, Able et al. 2003, Currin et al.
2003, Ravit et al 2003, Rooth et al. 2003, Weis et al.
2003, Widham & Meyerson 2003). 

Phragmites australis is generally considered to be
less salt-tolerant than Spartina alterniflora (Glenn 1987,
Bart & Hartman 2003, Burdick & Konisky 2003), and
it has been proposed that the recent invasions are
related to salinity reductions associated with human
alterations of habitat, such as directing storm runoff
into the backs of marshes (Bart & Hartman 2003, Weis
& Weis 2003, Silliman & Bertness 2004). However, the
role of the exotic Eurasian P. australis haplotype in the
invasions raises another possibility: that physiological
characteristics of the introduced haplotype differ from
those of the native haplotypes, allowing the invasion of
saline habitats. To test this hypothesis, we compared the
salinity tolerance and growth characteristics of the in-
troduced haplotype of P. australis with those of 2 native
haplotypes in replicated greenhouse experiments.

MATERIALS AND METHODS

Source of germplasm and initial propagation of
plants. Rhizome sections (several hundred per haplo-
type) of Phragmites australis were collected in Sep-
tember and November 2003 from reed populations
in Delaware and Maryland and shipped to Tucson,
Arizona, USA. The populations sampled were among
those originally sampled by Saltonstall (2002), who
provided detailed directions by which we relocated the
collection sites (K. Saltonstall pers. comm.). The haplo-
types can be morphologically distinguished in the field
(Saltonstall 2004). Samples included rhizome sections
of 2 native haplotypes (F and AC) and of the intro-
duced haplotype (M). The F and AC haplotypes were
identified by Saltonstall (2002) as non-expanding
populations, whereas the M haplotype was considered
invasive. The M and F accessions were growing in
adjacent stands (within 100 m) in the Appoquinimink
River, in New Castle County, Delaware (39° 26.578’ N,
75° 39.601’ W), southeast of the town of Odessa. The
site is an oligohaline tidal marsh that drains into the
Delaware Estuary. The AC accession was growing in
Tuckahoe Creek (38° 53.116’ N, 75° 56.585’ W), in Tal-
bot County, Maryland, south of the town of Hillsboro,
in a tidal, low salinity portion of the river that drains
into the Choptank River and then into the Chesapeake
Bay. Both the M/F and AC sites are located on the Del-
marva Peninsula, on the Atlantic coastal plain, and the
2 sites are located approximately 70 km apart. Within
24 h after receipt of specimens, rhizome sections were
planted in 4 l pots with a mixture (2:1 by volume) of

washed sand and peat. The pots were then placed in
random order on a greenhouse bench under sprinkler
irrigation with freshwater. Approximately 150 pots
each of M and F haplotype and 30 of the AC haplotype
were started.

The greenhouse allowed 85% penetration of photo-
synthetically active radiation. Temperature, controlled
with evaporative cooling (summer) and electric heating
(winter), was maintained between 20°C (night lows) and
32°C (daytime highs). Plants were watered 3 times daily,
so the soil was continually wet. Each was fertilized with
slow release fertilizer (Grow More 20-20-20, More Grow
Inc.) and a minor element mix (Black Leaf 15% granular
iron plus chelator). Plants were grown for 5 mo under
these conditions until used for the experimental growth
trials. By this time, plants had initiated numerous new
shoots, which had grown to 1–2 m height. 

Salinity experiment. In May 2004, sections of mature
rhizomes from F, M, and AC haplotypes were planted
individually in 4 l pots, each containing a 2:1 mixture of
washed sand and peat. Forty rhizome sections, similar
in mass (mean fresh weight = 5.02 g, standard error
of the mean [SEM] = 0.4 g) and with at least 1 visible
shoot initial, were planted for each haplotype. Pots
were placed under sprinkler irrigation (freshwater)
and the rhizomes propagated for 12 d.

On May 20, 2004, 25 pots of each haplotype were ran-
domly selected from the newly propagated rhizomes and
placed into 5 randomized blocks, each with 5 pots of
each haplotype, along a section of a greenhouse bench.
This design was used because there is a slight tempera-
ture gradient in the greenhouse. Each pot had only 1
shoot above the soil line at the start of the experiment.
Within each block and haplotype, each plant was ran-
domly assigned to irrigation treatment: 0, 0.09, 0.18, 0.27,
or 0.36 M NaCl (5 plants/haplotype/salinity/block).
Salinity treatments were made up by adding NaCl to
municipal water (ca. 250 ppm total dissolved solids).
Each pot was irrigated every other day with 1 l, which
was sufficient to produce approximately 850 ml of
drainage from each pot. Each pot was fertilized every
2 wk with Grow More (20-20-20) fertilizer. The salinity of
the drainage water from each pot was measured with an
electrical conductivity meter (Markson) calibrated
against NaCl standards made up for each treatment
salinity, and interstitial salinity was calculated as the
mean of the irrigation and drainage salinities.

Survival was scored for each pot at the end of the
experiment, based on the presence of 1 or more green
shoots. Plants that did not survive to the end of the
experiment were omitted from the growth analyses
(i.e. were not counted as zero values). For each pot,
maximum plant height, as distance from the rim of
the pot to the tip of the tallest shoot, and number of
emergent shoots were measured weekly. After 56 d of
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growth, plants were harvested, and both the roots and
shoots were weighed fresh. Each sample was then
dried to constant weight in a solar drier, and its dry
mass (g) determined. Relative growth rate (RGR) of
aboveground tissue was calculated from the final dry
weight and the initial weight by the formula:

RGR (% d–1) = 100 × (lnWeightfinal – lnWeightinitial)�56 d 

Initial dry mass was estimated from a sample of
shoots taken from extra pots of each haplotype at the
beginning of the experiment. 

An analysis of cations and anions in shoot tissues was
conducted by IAS Laboratories (Phoenix, AZ) on 2 live
specimens randomly selected from each treatment at
the end of the study. All aboveground tissue in each
pot was ground for analysis. The molar concentration
of Na+ plus K+ was calculated for the shoot tissue
(assuming they were balanced by anions and were
completely dissociated and uniformly dissolved in the
tissue water) (Glenn 1987, Matoh et al. 1988).

RESULTS

Growth characteristics of haplotypes

The haplotypes exhibited different growth charac-
teristics under common garden conditions in the
greenhouse. Fig. 1 shows typical plants from which
rhizome sections were taken to begin the salinity trial.

The M haplotype tended to produce numerous new
shoots from rhizomes, whereas the F haplotype pro-
duced fewer, but thicker and taller, shoots, and the AC
haplotype in most cases produced only 1 or 2 tall shoots
from the original rhizome planting in each pot. These
differences persisted over time, and the haplotypes
were easily distinguished from each other even after
growing for a year in the greenhouse.

Salinity trial

Drainage water salinities were approximately 20 to
25% higher than irrigation salinities, because salts
unavoidably concentrated in the soil solution between
irrigations. Therefore, mean salinities calculated for the
pots were 10 to 15% higher than irrigation salinities. Pot
salinities compared to treatment salinities were 0.02 M
NaCl for the 0.0 M NaCl treatment, 0.13 M NaCl for the
0.09 M NaCl treatment, 0.22 M NaCl for the 0.18 M NaCl
treatment, 0.32 M NaCl for the 0.27 M NaCl treatment,
and 0.40 M NaCl for the 0.36 M NaCl treatment. Pot
salinities are used to designate salinity levels in the
tables and figures. The M haplotype had higher survival
across the salinity range than the F and AC haplotypes
(Table 1) (p = 0.02 by Friedman’s non-parametric test).
Both the F and AC haplotypes failed to survive above
0.13 and 0.32 M NaCl, respectively, while the M haplo-
type survived up to 0.40 M NaCl.

Results of a 2-way ANOVA on the effects of haplo-
type and salinity on growth parameters and water con-
tent are in Table 2. Only the 0.02 and 0.13 M NaCl
salinities, for which survival was high for all haplo-
types, were included in the ANOVA. In general, both
salinity and haplotype affected growth and water con-
tent, but the interaction terms were not significant.
Graphs of results across all salinities are in Figs. 2 & 3. 

Haplotypes grown on 0.02 M NaCl did not differ sig-
nificantly in plant height after 7 wk. All haplotypes
grew to a height of approximately 60 to 70 cm on
0.02 M NaCl, but the F and AC haplotypes did not
grow to more than 5 cm height above 0.22 M NaCl,
whereas the M type grew to 20 cm even on 0.40 M
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Fig. 1. Phragmites australis. Typical shoot growth produced
from rhizomes of M, F, and AC haplotypes grown under com-
mon garden conditions in a greenhouse in Tucson, Arizona,
USA. Plants selected from those from which rhizome sections 

were obtained to start the salinity experiment

Salinity Survival (%)
(M NaCl) M F AC

0.02 80 80 80
0.13 100 20 40
0.22 100 0 20
0.32 100 0 40
0.40 100 0 0

Table 1. Phragmites australis. Survival of haplotypes (M, F,
and AC) on different salinities, calculated based on survival 

after 7 wk (initial n = 5)
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NaCl (Fig. 2a). The M haplotype produced more shoots
than the native haplotypes and shoot initiation was less
affected by salinity for the M haplotype than for the
native haplotypes (Fig. 2b). At end of the
experiment the M haplotype had a
mean of 14 (SEM = 3.5) shoots per pot
compared to just 4 and 2 (SEMs = 1.0,
0.7) shoots for the F and AC haplotypes,
respectively, on the control treatment.
The M haplotype retained the ability to
initiate new shoots up to 0.40 M NaCl,
whereas the F and AC haplotypes did
not initiate new shoots above 0.13 M
NaCl. 

The M haplotype had higher RGRs
than the native haplotypes across the
salinity range (Fig. 2c). The M haplotype
retained about 50% of its growth poten-
tial up to 0.40 M NaCl, whereas the other
haplotypes failed to grow above 0.13 M
NaCl. 

The water content of rhizomes har-
vested at the end of the experiment were
not affected by haplotype or salinity, and
averaged 4.33 g H2O g–1 dry wt (SEM =
0.24). Dry mass of rhizomes per pot
decreased with salinity for all haplotypes,
but the M haplotype had greater rhizome
dry mass than the other haplotypes at all
salinities (Fig. 2d). On freshwater, the M
haplotype produced 1.63 shoots g–1 dry
mass of rhizome tissue (SEM = 0.25),
compared to 0.52 shoots g–1 (SEM = 0.17)
and 0.92 shoots g–1 (SEM = 0.08) for the
F and AC haplotypes, respectively.

Water content and mineral concentrations in
shoot tissues

The M haplotype had lower water content than the
AC and F haplotypes, and all haplotypes showed a
reduction in tissue water on the 0.13 M NaCl treatment
relative to water content on 0.02 M NaCl (Fig. 3a).
Over the range of 0.02 to 0.40 M NaCl, the M haplo-
type showed a steady decrease in tissue water from
2.3 to 1.5 g g–1 dry weight.

Cation and anion contents of shoots on 0.02 and
0.13 M NaCl treatments were similar among the
haplotypes but were affected by salinity in some
cases (Table 3). All 3 haplotypes showed increases
in Na+ and Na:K ratios and decreases in K+, Mg++

and Ca++ on 0.13 M NaCl compared to the 0.02 M
NaCl treatment. Molarity of the cell sap based
on Na+ and K+ was directly related to the NaCl
content of the external solution (Fig. 3b). Molarity
of the cell sap was proportional to the external
salinity for all haplotypes up to 0.13 M NaCl, and
for the M haplotype across the whole range of
salinities.
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Height No. of RGR Rhizome Sh:Rh Water
shoots dry wt. content

Haplotypes
F 1.1 13 31 5.0 7.0 12
p 0.33 0.000 0.000 0.022 0.007 0.001

Salinity
F 8.5 33 9.4 13.7 1.2 16
p 0.000 0.000 0.000 0.002 0.28 0.000

H × S
F 1.7 1.1 1.5 0.15 0.9 1.1
p 0.12 0.37 0.19 0.87 0.43 0.37

Table 2. Phragmites australis. Results of 2-way ANOVA for
F, M, and AC haplotypes grown on 0.02 and 0.13 M NaCl. De-
pendent variables were plant height (cm), number of shoots,
relative growth rate (RGR), rhizome dry weight (g), the ratio
of shoot dry weight to rhizome dry weight (Sh:Rh), and water
content (g) in the aboveground tissues. Independent variables
were haplotype (H) and salinity (S). The table gives the
F-ratio and p-values for Haplotype, Salinity, and the inter-

action term (H × S)
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Fig. 2. Phragmites australis. Growth of shoots of haplotypes at different sal-
inities, showing (a) maximum plant height (cm), (b) number of shoots per pot,
(c) relative growth rate (RGR), and (d) dry mass (g) of rhizomes over the exper-
iment. F, M, and AC haplotypes are shown by (d), (s), and (z), respectively.
Salinities plotted on the x-axis are estimates of actual salinities in the pots. 

Error bars are ±SEM 
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DISCUSSION

In this study the M haplotype exhibited
4 characteristics that distinguished it from
the native haplotypes: (1) a greater rate of
new shoot initiation per gram of rhizome
tissue; (2) higher growth rates across the
salinity range; (3) the ability to survive and
grow at salinities up to 0.40 M NaCl com-
pared to just 0.13 M NaCl for native haplo-
types; and (4) lower water content in the
aboveground tissues. These traits may be
interrelated. The rate of shoot elongation in
the low salinity treatment was about the
same for all haplotypes, but because the M
type initiated more new shoots from rhi-
zomes, it had more shoots and therefore
greater biomass production and RGR over
the experiment than the other haplotypes.
Similarly, the slope of the growth response
to salinity from 0.02 to 0.13 M NaCl was the
same for all haplotypes, but because RGR
was higher for the M haplotype, it was able
to maintain productivity at higher salinities
than the other haplotypes. Lower water
content of the M haplotype contributed to
osmotic adjustment of the tissues, as has
been reported for other salt tolerant grasses
(Glenn 1987, Glenn et al. 1999).

A rapid rate of shoot initiation is advanta-
geous for a plant with a ruderal growth
strategy as it can cover bare ground
quickly and be more competitive in a
mixed stand of plants (Grime 1977). How-
ever, rapid shoot initiation would not nec-
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Haplotype N P K* Ca* Mg* S Na* Na:K*
salinity

M
0.02 3.1 0.32 2.9 0.50 0.18 0.26 0.08 0.03
0.13 2.9 0.29 2.1 0.27 0.08 0.20 0.55 0.26

F
0.02 3.4 0.37 3.8 0.45 0.20 0.26 0.07 0.02
0.13 3.1 0.33 2.7 0.29 0.12 0.26 0.62 0.25

AC
0.02 3.0 0.39 3.3 0.41 0.17 0.29 0.04 0.01
0.13 3.0 0.34 2.6 0.32 0.12 0.49 0.43 0.17

Table 3. Phragmites australis. Elemental analysis (% of dry mass) of shoot
tissues of haplotypes (M, F, and AC) grown at 2 different salinities (0.02 and
0.13 M NaCl). Values are means of 2 different plant samples per treatment.
Two-way ANOVAs for each element and the Na:K ratio showed that haplo-
type was not significant for any element but that salinity was significant for 

those elements marked by an asterisk

Fig. 3. Phragmites australis. (a) Water content of haplotypes grown at differ-
ent salinities, and (b) molar concentration of Na + K in the shoots tissues vs.
NaCl in the soil solution. F, M, and AC haplotypes are shown by (d), (s), and
(z), respectively. Salinities plotted on the x-axis are estimates of actual 

salinities in the pots. Error bars are SEM

Marsh system Invasive plant problem Human disturbances Source

Northern European Spartina anglica and other halo- Draining led to increased Dijkema (1990), 
coastal marshes phytes replacing Phragmites australis marsh salinities Esselink et al. (2000)

Northwest Pacific Spartina alterniflora and other non- Non-native Spartina spp. introduced Daehler & Strong 
coastal marshes, native Spartina spp. replacing native into San Francisco Bay in the 1970s, (1996), 
US Spartina foliosa and Salicornia spp. now spreading north and south Hedge et al. (2003)

Southern Pacific Arundo donax, Polypogon monspeliensis, Discharge of storm runoff Zedler & Kercher 
coastal marshes, Typha domengensis and other brackish into marshes led to decreased (2004)
US plants replacing native halophytes marsh salinities

Atlantic coastal Phragmites australis, Juncus gerardii, Hydrological alterations of the tide Rooth et al. (2003), 
marshes, US Typha angustifolia and other brackish cycle and discharge of freshwater Konisky & Burdick 

species replacing Spartina alterniflora runoff has decreased marsh salinities (2004)

Southeastern Avicennia marina and other mangroves Increased salinity due to altered tidal regimes Saintilan & Williams 
Australia coastal replacing Sporobolus virginicus and land subsidence due to dredging and (1999), Vanderzee 
marshes and other salt marsh species diversion of sediments away from marshes (1988)

Table 4. Examples of invasive species problems in coastal salt marshes. In some cases human activities have resulted in
decreased marsh salinities, leading to the invasion of brackish species into salt marshes, where in other cases human activities 

have resulted in increased salinities, leading to the invasion of halophytes into brackish wetlands
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essarily be advantageous to plants in a mature stand of
Phragmites australis, as the shoots will ultimately com-
pete with each other for sunlight and nutrients. Since
P. australis in a mature stand propagates clonally from
rhizomes, excess shoot initiation would represent a
form of self-competition. Therefore, the M haplotype
appears to be adapted to a weedy growth strategy,
which would be expected to lead to heightened ability
to colonize new areas or to gain a foothold in stands of
other marsh vegetation.

As noted in other studies with Phragmites australis,
the majority of the osmotic adjustment could be attrib-
uted to the high K+ content of the shoot tissues for all
haplotypes (Glenn 1987, Matoh 1988), although Na+

and the Na:K ratio increased with salinity. In contrast,
Spartina spp. and other halophytic grasses achieve the
greatest part of their osmotic adjustment by accumu-
lating Na+ plus balancing anions (Glenn 1987, Glenn et
al. 1999, Bell & O’Leary 2003). Lissner & Schierup
(1997) found that both osmotic pressure and chlorinity
of the tissues of roots and leaves increased in propor-
tion with a rise in salinity up to 0.43 M NaCl for rhi-
zome-grown P. australis plants. They found that plants
grown from seeds were less salt-tolerant than plants
grown from rhizomes, and that the leaves of these
plants exhibited marked increases in osmotic pressure
and loss of turgor at salinities above 0.26 M NaCl.
Increases in amino acids in rhizomes and sugars in
leaves have been shown in response to increased
salinity by clones of P. australis (Hartzendorf & Rol-
letschek 2001). They found that these organic com-
pounds contributed 13 to 15% of the total osmolality at
0.18 M NaCl, whereas inorganic cations and anions
contributed the rest.

Although the haplotypes appeared to share a com-
mon mechanism of osmotic adjustment (K+ accumula-
tion), the greater growth potential of the M haplotype
resulted in much greater growth and survival at salini-
ties higher than 0.13 M for the M haplotype compared
to the native haplotypes. Intraspecies differences in
salt tolerance have been reported for many plant spe-
cies, including glycophytes (reviewed in Shannon &
Grieve 1999) and halophytes (reviewed in Glenn et al.
1999). However, the degree of difference between the
M haplotype and the native haplotypes is remarkable.
In contrast, studies of salt tolerance of Mediterranean
populations of Phragmites australis revealed little eco-
typic differentiation among populations with regard to
growth response to salinity (Mauchamp & Mesleard
2001). 

Though salt tolerance is low for the American haplo-
types of Phragmites australis, higher salinity tolerances
are known from populations in other areas including
those from Europe and Asia, where the M haplotype
evolved. For example, greenhouse studies of popula-

tions of P. australis from Denmark showed that 75% of
rhizome-grown plants survived at a salinity of 0.4 M
(Lissner & Schierup 1997). Soetaert et al. (2004)
recorded good growth of P. australis in the Scheldt
estuary, Netherlands, up to 0.2 M. They also noted that
under salt stress, the plants developed numerous
shoots with smaller leaves compared to unstressed
plants. Other saline-tolerant populations of P. australis
have been noted from Asia (e.g. Matoh et al. 1988). 

The salinity tolerance range of the M haplotype is
well within the salinity range found in coastal Spartina
marshes, especially those with some fresh water influx
(e.g. Farnsworth & Meyerson 2003, Silliman & Bertness
2004). In greenhouse trials similar to those conducted
here (Glenn 1987), S. longispica had a 70% reduction
in RGR from 0 to 0.52 M NaCl, similar to the rate of
reduction recorded for the M type in the present
experiment (i.e. 13.5% reduction in RGR per 0.1 M
NaCl for both species). Because of the salt tolerance of
the Eurasian M haplotype, it has been able to success-
fully colonize habitat that was not formerly available to
Phragmites australis in this region.

These experiments help explain how the M haplo-
type of Phragmites australis differs in growth charac-
teristics from the native haplotypes, allowing it to
become invasive in coastal Spartina marshes. The
genetic and enzymatic mechanisms underlying these
differences remain to be explored. Furthermore,
breeding barriers between haplotypes presumably
exist for them to maintain discrete populations, and
these also remain to be explored. Other factors may
also contribute to the spread of the M haplotype. For
example, the different growth habits of the haplotypes
may affect their ability to ventilate the soil by conduct-
ing air to the rhizomes, which is dependent on the
cross-sectional area of the shoots (Rolletschek et al.
1999), a factor that differed among haplotypes (see
Fig. 1). Additional, fundamental differences in intrinsic
photosynthetic efficiency, ratio of photosynthetic to
non-photosynthetic tissue, and other ecophysiological
characteristics may exist among the haplotypes that
contribute to their niche specializations.

The role of salt tolerance in the invasion of the
M haplotype of Phragmites australis into Spartina
alterniflora marshes on the Atlantic coast of North
America is most likely being replayed in a number of
interactions between brackish and saltwater plant
species in marshes around the world. In nearly all of
these cases, the stage is set by the introduction of
new species and the concomitant alteration of marsh
habitats by humans (Table 1) (Adam 2002, Zedler &
Kercher 2004). Some alterations increase salinities in
the marshes, leading to the replacement of brackish
species with more salt-tolerant species, whereas other
alterations reduce marsh salinities, leading to the
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spread of brackish species into salt marshes. Interest-
ingly, the roles of invader and resident are reversed
in some areas. For example, the problem in northern
European salt marshes is the invasion of Phragmites
australis marshes by Spartina spp. (Dijkema 1990,
Esselink et al. 2000), a situation opposite to that of
North America. The North American marsh grass S.
alternifolora was introduced into Europe in the 19th
century, where it hybridized with the local species of
Spartina (S. maritima) to form S. townsendii and S.
anglica, 2 new species (Adam 2002). These new spe-
cies are now expanding into European P. australis
marshes, where they are considered invasive. The
expansion of the salt-tolerant Spartina species was
facilitated by alteration of the marshes with drainage
canals that has resulted in increasing salinities, allow-
ing the Spartina spp. to obtain footholds. A similar
scenario is found on the northwest coast of the United
States (Daehler & Strong 1996). There, in the 1970s,
S. alterniflora from the Atlantic coast of North Amer-
ica was introduced to the Pacific coast, where it has
become invasive in Salicornia salt marshes. Even
species such as mangroves that have high conserva-
tion value in most places are considered invasive spe-
cies in southeastern Australia (Saintilan & Williams
1999) and Hawaii (Sauer 1988). Hence, ‘invasiveness’
appears not to be a property of an individual species
but must be regarded as a context-specific process
of plant–plant and plant–environment interactions
(Zedler & Kercher 2004).
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