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1. Introduction

Cordgrasses (Genus Spartina) are one of the most abundant and geographically wide spread
halophytes, due to natural and human-mediated dispersal. S. alterniflora Loisel, S. patens
(Aiton) Muhl., S. spartinae (Trin.) Merr. ex Hitchc. and S. cynosuroides (L.) Roth are native
from coastal salt marshes along the East Coast of the American continent, S. foliosa Trin. is
native to South Californian salt marshes, S. densiflora Brongn. and S. argentinensis Parodi
grow naturally in South American salt marshes and S. maritima (Curtis) Fernald, S. versicolor
Fabre, S. x townsendii Groves and S. anglica C.E. Hubbard are autochthonous species from
European estuaries (Fabre, 1849; Moberley, 1956). Cordgrasses have been introduced to
distant salt marshes where they usually behave as invaders. For example, S. densiflora
colonizes as an alien species the West Coast of North America from San Francisco Bay to
British Columbia, the West Coast of Morocco and the Gulf of Cadiz at Southwest Iberian
Peninsula (Bortolus, 2006).

Cordgrasses are able to colonize contrasted environments throughout the intertidal gradient
such as low marshes and salt pans, and along river channels such as sand spits at river
mouths and brackish wetlands landwards. These different coastal marsh habitats show high
abiotic and biotic environmental heterogeneity and cordgrasses exhibit a high level of
phenotypic plasticity (e.g. Thompson, 1991; Thompson et al., 1991; Trnka & Zedler, 2000;
Castillo et al., 2005a). Moreover, some Spartina species have developed ecotypes during the
process of adaptation to different environmental conditions (e.g. Seliskar et al., 2002;
Alvarez et al., 2010). It is also frequent that invasive and native Spartina species hybridized.
Hybrids may become new allopolyploid species such as S. anglica (Schierenbeck & Ellstrand,
2009) and they can develop transgressive traits (e.g. Castillo et al., 2010).

Salt marshes are among the most productive ecosystems in spite of a low plant species
richness due to a very stressful environment related with long flooding periods and high
salinities (Adam, 1990). Living in this extreme environment, cordgrasses are able to develop
dense tussocks, clumps and prairies that may accumulate very high below- and above-
ground biomass.

The biomass of cordgrasses plays a very important role in the functioning of salt marshes
and estuaries. For example, it controls the development of ecological succession, organizes
space occupation of other plants and animals, and plays a key role in estuarine food webs.
This chapter analyses inter- and intra-specific variations in the biomass of cordgrasses
growing in coastal marshes all around the world.

Source: Biomass, Book edited by: Maggie Momba and Faizal Bux,
ISBN 978-953-307-113-8, pp. 202, September 2010, Sciyo, Croatia, downloaded from SCIYO.COM
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2 Biomass

Fig. 1. Small cordgrass (Spartina maritima) grows on intertidal mudflats in European salt
marshes where it forms continuous prairies with its coalescent clumps that colonize bare
sediments with long rhizomes.

2. Sampling cordgrass biomass

Cordgrasses colonize surrounding sediments by successive series of rhizomes, which is
reflected in concentric and alternating rings of live and dead shoots with low and high densities
and usually in central die-back areas that may remain occupied by necromass. This clonal
growth has been described for cordgrasses such as S. maritima (Caldwel, 1957; Castellanos et al.,
1994) and S. densiflora (Castillo et al., 2003). Sediments without vegetation or colonized by other
plants are found between expanding Spartina clumps prior to their coalescence.

Abiotic factors such as topography, oxygen concentration in sediments, drainage,
photoperiod or salinity determine a high degree of environmental heterogeneity at large,
medium and small scales (microhabitats) in coastal marshes, which influences the area
occupied by expanding Spartina clumps. For example, growth of S. anglica and S. maritima
rhizomes is limited by the interference of erosive banks that obstruct their horizontal
expansion (Van Hulzen et al., 2007; Castillo et al., 2008b). In contrast, the production of
aerial and subterranean biomass is stimulated by high accretion rates for S. maritima
(Castillo et al., 2008a) and for S. alterniflora (Ford et al., 1999; Mendelssohn & Kuhn, 2003;
Deng et al., 2008) due to an increase in soil fertility and marsh elevation, reducing nutrient
deficiency and flooding stress. In this environment, it is usual to find several levels of
rhizome corresponding with different sedimentation events. Thus, hydrologic and
sedimentary processes are very important for the inter- and intra-marsh variability of
Spartina marshes (Montalto & Steenhuis, 2004).

These biotic and abiotic processes usually produce an aggregated spatial pattern of Spartina
biomass distribution, showing high spatial variability in biomass accumulation (Zedler, 1993).
In this context, recorded values of biomass depend very much on the sampling method.

2.1 Above-ground biomass
The above-ground biomass of cordgrasses is usually sampled using plots that may be
distributed randomly or regularly along radial transects from the edge of the Spartina
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clumps to their centres. Randomly distributed plots are used for extensive and mature
prairies where no clumps can be distinguished clearly. If this method is used for a Spartina
population with isolated clumps, plots should be distributed randomly into the clumps,
avoiding non-colonized areas, using stratified sampling. In contrast, radial transects are
applied when isolated clumps are easy to distinguish (Castellanos et al., 1994; Nieva et al.,
2001a).

The most frequent plot sizes are quadrants of 0.01 m2 (10 cm side) (Buchsbaum et al., 2009;
Zhou et al., 2009a), 0.04 m? (20 cm side) (Castillo et al., 2008a; Culbertson et al., 2008;
Buchsbaum et al., 2009; Charles & Dukes, 2009), 0.09 m2 (30 cm side) (Holdredge et al., 2010)
and 0.25 m? (50 cm side) (Schmalzer et al., 1991; Darby & Turner, 2008a,b; Krull & Craft,
2009; Wang et al., 2009; Zhou et al., 2009b) (Table 1).

Larger plots normally show lower biomass values than smaller plots since they include
both, areas with high and low shoot densities. However, heterogeneity of data series is
usually lower with larger plots. In contrast, smaller plots coinciding with high shoot density
areas record higher biomass values, however they may offer very heterogeneous data series
when sampling high and low shoot densities. Castillo et al. (2008a) recorded above-ground
biomass using quadrants of 0.04 m? and 1.00 m? in an expanding population of S. maritima
and they obtained from two to five times less biomass using the larger plot size. Thus, the
spatial scale to analyze cordgrass biomass has to be properly chosen since results are largely
determined by it.

The above-ground biomass of cordgrasses also changes temporarily. Thus, higher biomass
accumulation values normally coincide with the end of the growing season, which usually
matches up with warmer months. For example, higher biomass accumulation in the
Southwest Iberian Peninsula has been recorded for S. maritima and S. densiflora during
autumn and the beginning of winter (Castellanos et al., 1994; Nieva et al., 2001). As well, S.
alterniflora shows higher biomass accumulation at the end of the summer time in invaded
Chinese marshes (Zhou et al., 2009a) and in Louisiana estuaries (Darby & Turner, 2008b).
Aboveground necromass remains until it is removed by tides, currents or it is decomposed
in situ (Schubauer & Hopkinson, 1984; Nieva et al., 2001a). Therefore, biomass records will
change depending on the season of the year. More complete sampling would result from
recording biomass variations throughout the year. However, recording maximum biomass
accumulation at the end of the growing season seems to be a good method for comparing
studies (Kirwan et al., 2009).

The above-ground biomass of cordgrasses may also be estimated by allometric relationships
relating biomass with shoot density and shoot height (Castillo et al., 2008a; Tyrrell et al.,
2008; Gonzalez Trilla et al., 2009). Anyway, when recording Spartina above-ground biomass
it is important also to document processes that could affect biomass accumulation such as
herbivory by vertebrates (i.e. cattle, deers or goose) or invertebrates (i.e. grabs and insects)
or mechanical impacts such as tides and currents.

2.2 Below-ground biomass

Below-ground biomass studies are much less abundant than those reporting aerial biomass,
however subterranean Spartina biomass plays very important functions in coastal marshes
(Darby & Turner, 2008a,b; Turner et al., 2009) (Table 1).

Most of the roots and rhizomes of cordgrasses are accumulated close to the sediment surface
due to their growth-form with superficial rhizomes parallel to the sediment surface and thin
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roots, and to anoxic conditions in the sediments, especially at lower elevations, that limit
root elongation (Padgett et al., 1998).

The below-ground biomass of Spartina species is usually sampled using cores of 20-30 cm
long and 10-20 cm diameter that are driven into the sediments and removed containing the
soil and the subterranean biomass (roots and rhizomes); 20-50% underestimates can be
generated using this method (Johnen & Sauerbeck 1977) (Table 1). Then, cores are usually
divided into sections to analyze below-ground biomass distribution with depth (Nieva et al.,
2001a; Darby & Turner, 2008a,b; Michel et al., 2009; Zhou et al., 2009a,b). Normally, below-
ground biomass is sampled at the same points where the above-ground biomass has been
removed previously.

In-growth cores may be used to record below-ground biomass production. In-growth cores
are created by removing a determined soil volume, which is replaced with root and
rhizome-free sediment collected from an adjacent area. Then, ingrowth cores are removed
seasonally, and subterranean biomass is sorted and dried to a constant weight. Total
belowground production (g m2 yr?) is calculated by adding together the total amount of
live and dead biomass produced at the end of the one year study period (Gallagher et al.,
1984; Perry & Mendelssohn, 2009).

Temporal changes in subterranean biomass of cordgrasses are not well established.
However, Spartina below-ground biomass does not seem to show as clear a temporal pattern
as the aerial biomass does, with higher accumulations at the end of the warmer season
(Darby & Turner, 2008b).

Fig. 2. Sampling Spartina versicolor above-ground biomass along a transect in a representative
tussock. Each transect was a belt of contiguous quadrants (10 cm radially x 15 cm wide)
across the radius of a tussock; every quadrant sampled a concentric ring around the tussock
centre so that the results integrated the zones of different density within the clone.

3. Aerial biomass of cordgrasses

Spartina species are clonal plants and their ramet distribution and demography is a key
factor determining the functioning of these species and their roles in plant communities
(Suzuki & Hutchings, 1997). Some cordgrasses grow in dense tussocks (van Groenendael et
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al., 1996) -“phalanx” growth species after Lovett Doust & Lovett Doust (1982)- and others in
sparse clumps - “guerrilla” growth.

Despite the important presence in numerous ecosystems of clonal plants with “phalanx”
growth, there have been few detailed studies of their growth strategy (Gatsuk et al., 1980;
Bullock et al., 1996; Guardia et al., 2000). S. argentinensis, S. densiflora, S. bakeri, S. patens and
S. versicolor forms dense tussocks that show a high occupation of available space inside
tussocks by live shoots in expanding populations and by live and dead shoots in mature
populations (Figueroa & Castellanos, 1988; Nieva et al., 2001b). These dense tussocks seem
to show a high degree of physiological integration between ramets (Hester et al., 1994 for S.
patens) reflected in very low mortality rates of young shoots (Pitelka & Ashmun, 1985;
Maillette, 1992). Thus, interior areas of “phalanx” tussocks are not easily colonized by other
species unless they develop central die-back areas (known as “monk’s tonsure”). On the
other hand, high stem densities also favor the deposition of particles suspended in the tidal
water, an additional source of nutrients (Adam, 1990).

S. alterniflora, S. anglica, S. foliosa, S. maritima and S. x townsendii are “guerilla” species. They
grow in clumps with low shoots densities in comparison with “phalanx” species. These
cordgrasses expand with long rhizomes from which a rapid development of aerial tissues is
carried out after colonization of bare sediments mainly during warmer periods. Their
growth rate seems to decrease when different clumps are close to each other due to higher
levels of intraspecific competition between ramets (Castellanos et al., 1998; Li et al., 2009).
Intraspecific competition may also inhibite seedling recruitment as has been described for S.
alterniflora in Willapa Bay (Washington, USA) (Lambrinos & Bandos, 2008).

“Guerrilla” clumps frequently develop central die-back areas throughout their ontogenic
development from expanding seedlings to mature tussocks (Turner et al., 2004). Clumps’
central areas are more elevated and show less shoot densities than peripherical zones of
clumps. Thus, central areas may be colonized by more competitive species that are less
tolerant to abiotic stress and that finally displace Spartina out by interspecific competition.
For example, S. maritima facilitates the development of ecological succession by ameliorating
anoxia at the centre of its tussocks, so other species such as Sarcocornia perennis subspecies
perennis, Sarcocornia perennis x fruticosa and Atriplex portulacoides are able to colonize them
and outcompete the small cordgrass (Castellanos et al., 1994; Figueroa et al., 2003).

Most Spartina species with a “phalanx” growth-form accumulate more above-ground
biomass than cordgrass species growing in “guerrilla”. “Guerrilla” species expand faster by
rhizomes (e.g. 0.13 m yr-! for S. maritima in European marshes following Castillo & Figueroa,
2008) than “phalanx” species (e.g. ca. 0.06 m yr-1 for S. densiflora as reported by Nieva et al.,
2005 and Kittelson & Boyd, 1997 in European and North American salt marshes,
respectively). This faster colonization of surrounded sediment by “guerrilla” species has as a
result a lower density of biomass in the occupied space. However, S. patens with high ramet
densities shows low biomass values compare with S. alterniflora with “guerrilla” growth
because its shoots are usually much thinner, having smaller leaves (Table 1).

Cordgrass above-ground biomass varies markedly between and within species depending
on many different environmental factors and the growth form of each taxon. Minimum
aerial biomass values have been recorded for “guerrilla” species growing in low marshes
(ca. 100 g DW m2) and maximum values (ca. 15000-30000 g DW m2) have been recorded for
“phalanx” species in brackish wetlands (Table 1).

Between “phalanx” growth species, S. bakeri accumulates ca. 400-700 g DW m?2 in the
western Atlantic coast of North America (Chynoweth, 1975; Schmalzer et al.,, 1991). S.
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densiflora above-ground biomass accumulation changes markedly between different invaded
marsh habitats in SW Iberian Peninsula. Thus, dense-flowered cordgrass shows its highest
biomass values (higher than 15000 g DW m-2) at brackish marshes (Nieva et al., 2001a), with
its photosynthetic apparatus being more efficient at lower salinities (Castillo et al., 2005b). In
contrast, invading European populations of S. densiflora in middle salt marshes show
aboveground biomass values ca. 14000 g DW m2 (with ca. 10500 shoot m2). This value falls
to ca. 400-600 g DW m?2 in low salt marshes (with ca. 6000-7000 shoot m2) (Nieva et al.,
2001a; Castillo et al., 2008b) since S. densiflora is quite sensitive to long flooding periods
(Castillo et al., 2000). In high marshes, S. densiflora accumulates intermediated biomass
values between low and middle marshes (ca. 6000 g DW m=2 with ca. 4000 shoot m-2) (Nieva
et al., 2001a). Similar above-ground biomass values have been recorded also for South
American native populations of S. densiflora (Vicari et al., 2002) and invasive populations in
California (Moseman-Valtierra et al., 2009) (Table 1). In addition, mature tussocks of S.
densiflora normally to show elevated wrack accumulation (ca. 800 g DW m-2) (Castillo et al.,
2008b). Wrack accumulation may interfere with other species colonization of inner areas of
Spartina clumps.

S. patens, another cordgrass with “phalanx” growth, accumulates between 100 and 500 g
DW m2 of aerial biomass in North American Atlantic brackish marshes (Silander &
Antonovics, 1979; Bertness, 1991; Buchsbaum et al., 2009) and S. spartinae accumulates
between 200 and 500 g DW m?2 in coastal marshes of Texas (MacAtee et al., 1979). S.
versicolor also forms dense tussocks and colonizes brackish marshes in Europe where it
accumulates ca. 3000 g DW m=2 (unpublished data) since its shoots are much thicker and
taller (ca. 60-95 cm) (Menéndez & Sanmarti, 2007) than those of S. patens (ca. 31 cm)
(Silander & Antonovics, 1979) (Table 1).

Among cordgrasses with a “guerrilla” growth-form, S. alterniflora in western Atlantic low
salt marshes accumulates between 100 and 1100 g DW m-2. Changes in S. alterniflora biomass
between populations are related mainly with its short and tall forms, varying its shoot
height between 20 and 140 cm, also with a highly variable shoot density that changes
markedly between 100 and 4000 shoot m2 (Craft et al., 1999, 2002, 2003; Proffitt et al., 2005;
Culbertson et al., 2008; Darby & Turner 2008b; McFarlin et al., 2008; Sala et al., 2008; Tyrrell
et al., 2008; Buchsbaum et al., 2009; Gonzalez Trilla et al., 2009; Krull & Craft, 2009; Michel et
al., 2009; Holdredge et al., 2010). One year after invading Chinese marshes, S. alterniflora
accumulated ca. 300-450 g DW m-2 with shoot height between ca. 70-240 cm (An et al., 2007),
accumulating in mature Chinese populations between 200 and 3700 g DW m2 (Wang et al.,
2008; Li & Yang, 2009; Wang et al., 2009; Zhou et al., 2009a,b) (Table 1).

Above-ground biomass of S. cynosuroides and S. maritima shows similar values than those
recorded for S. alterniflora, also showing very high inter-population differences. Thus, S.
maritima accumulates ca. 1000 g DW m-2 in low European salt marshes, however it can vary
very much depending on the abiotic environment, increasing to ca. 1500 g DW m2 (Benito &
Onaindia, 1991; Castellanos et al., 1994; Figueroa et al., 2003; Lillebo et al., 2006; Castillo et
al., 2008a,b) (Table 1).

As we have shown above cordgrass above-ground biomass accumulation depends on clone
architecture and shoot morphology. These traits show high intraspecific variation as
described for S. alterniflora (Lessmann et al., 1997; Proffitt et al., 2005), S. densiflora (Nieva et
al., 2001a; Castillo et al., 2008b), S. maritima (Sanchez et al., 1997; Castellanos et al., 1998;
Otero et al., 2000; Castillo et al. 2005a; Castillo et al., 2008a,b) and S. patens (Silander &
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Antonovics, 1979). Intraspecific changes in growth form may be based on phenotypic
plasticity or genotypic differences. Thus, several species of Spartina, such as S. alterniflora or
S. maritima, show clearly distinguishable tall and short growth forms (Shea et al., 1975;
Mendelssohn, 1979; Anderson & Treshow, 1980; Howes et al., 1986; Pezeshki & DeLaune,
1991; Castillo et al., 2005a). Some studies have concluded that the observed variability in
growth forms among Spartina populations may be the result of genetic differentiation
(Gallagher et al., 1988; Sanchez et al., 1997; Proffitt et al., 2003), identifying ecotypes with
different canopy heights and biomass accumulation (Lessmann et al., 1997; Daehler, 1999;
Otero et al., 2000; Seliskar et al., 2002; Proffitt et al., 2005).

In contrast, other studies have attributed different growth forms to phenotypic plasticity in
response to differences in environmental factors (Anderson & Treshow, 1980), such as the
availability of nutrients (Dai & Wiegert, 1997; Wigand et al., 2003; Zhao et al., 2010), salinity
(Phelger et al., 1971; Trnka & Zedler, 2000) or sediment anoxia (Castillo et al., 2005a). The
consequence of this is that the different growth forms are ecophenes. In this context, an
increase in shoot height is a commonly reported growth strategy for increased water depth
in emergent plants (Grace, 1989; Vandersman et al., 1991; Insausti et al., 2001; Sorrel et al.,
2002) including in the genus Spartina (Lessmann et al., 1997; Castillo et al., 2005a). Shoots
might grow taller in response to sediment anoxia, a response possibly signaled by ethylene
(Pezeshki et al., 1993), or in response to increased nutrient mobilization in the sediment
under more anoxic conditions (Lenssen et al., 1999). Taller shoots would increase the
effective photoperiod (i.e. average leaf emergence from tidal waters during daylight hours),
a potent environmental factor in limiting the survival of Spartina clumps on low marshes,
where a few centimeters of elevation in the tidal gradient may determine the lower
distribution limit (Castillo et al, 2000). In addition, taller shoots may play a role in
improving the oxygenation of rhizomes and roots via aerenchyma in anoxic environments,
as in certain non-tidal wetland species (Sorrel et al., 2002); such internal ventilation might be
associated with internal pressurization, as has been described for S. alterniflora (Hwang &
Morris, 1991). Variations in canopy height of a dominant Spartina species can influence
ecological functions and the structure of plant and animal communities in a marsh (Seliskar
et al. 2002).

As we have reported previously, Spartina biomass accumulation depends also on abiotic
environmental factors. In warmer locations at lower latitudes, cordgrasses lack a dormant
period, sustaining high biomass accumulation rates. For example, created marshes of S.
maritima in the Odiel Marshes (Southwest Iberian Peninsula) develop faster (within 2-4 years
with maximum net aerial primary productivity of ca. 600 g DW m-2 yr-! following Castillo et
al., 2008a) than North American marshes of S. alterniflora (Craft et al., 1999, 2002, 2003;
Edwards & Mills, 2005), which seems to be related to warmer winters in Iberian salt
marshes. Thus, S. alterniflora productivity decreases with latitude and air temperature along
the western Atlantic coast of North America (Kirwan et al., 2009). Other climatic factors such
as rainfall that determinates erosion, salinity and flooding may also limit cordgrasses
biomass accumulation (Gonzalez Trilla et al., 2009). Experimental results in the western
Atlantic coast indicated that modest daytime warming increased total above-ground
biomass for S. alterniflora, but not for S. patens. Warming also increased maximum stem
heights of S. alterniflora and S. patens (ca. 8%). In addition, drought markedly increased the
total biomass of S. alterniflora and the live biomass of S. patens, perhaps by alleviating
waterlogging of sediments (Charles & Dukes, 2009). On the other hand, Spartina biomass
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also depends on nutrient availability, especially nitrogen, as it has been reported for S.
alterniflora (Darby & Turner, 2008a; McFarlin et al., 2008).

Biotic direct and indirect interactions also control biomass accumulation of Spartina
populations. Thus, interspecific competition between two cordgrasses may limit their
biomasses. Following the general theory of salt marsh zonation (sensu Pennings &
Callaway, 1992 and Pennings et al., 2005): competitive dominants colonize higher elevation
in the tidal frame displacing competitive subordinates to more stressful environments with
long submergence periods or higher salinities. For example, invasive cordgrass such as S.
alterniflora, S. densiflora and S. patens may displace indigenous cordgrasses (SanLeon et al.,
1999; Chen et al., 2004; Castillo et al., 2008b). The outcome of competitive interactions
changes depending on the abiotic environment. For example, S. densiflora invading
European salt marshes displaces the native S. maritima at middle and high marshes but it
seems to be displaced by small cordgrass at low salt marshes (Castillo et al., 2008b). In this
sense, it has been described that the invasion of S. densiflora at North American salt marshes
is limited by competition with native species (Kittelson & Boyd, 1997) and that S. patens
competitively excludes S. alterniflora and forbs at New England salt marshes (Ewanchuk &
Bertness, 2004).

Cordgrass biomass is also affected by competition with other coastal plants as reported
along the North-eastern coast of the United States where the reed Phragmites australis Cav. is
invading high marshes reducing local biodiversity with S. alterniflora remaining on the
seaward edge of marshes where porewater salinities are highest (Silliman & Bertness, 2004).
To the South, in Louisiana, the expansion northward of the tree Avicennia germinans (black
mangrove) driven by global warming is replacing S. alterniflora marshes by mangroves
(Perry & Mendelssohn, 2009).

Spartina biomass can be also influenced by interactions with marsh fauna. For example,
deposit-feeding fiddler crabs (Uca sp.) increase S. alterniflora biomass accumulation growing
on sandy sediment by enhancing nutrient deposition (Holdredge et al., 2010) and grazing by
small grazers may carry out a top-down control on Spartina biomass dynamic (Sala et al.,
2008; Tyrrell et al., 2008).

Above-ground biomass of cordgrasses may collapse very fast as a result of die-back
processes related with long flooding periods and sediment anoxia, drought events or
nutrient exhaustion (Webb et al., 1995; Castillo et al., 2000; McKee et al., 2004; Ogburn &
Alber, 2006; Li et al., 2009). For example, S. densiflora invading populations in European salt
marshes behave as perennial at middle and high marshes but they are biannual at low
marshes. Biannual populations are composed of small tussocks that produce seeds and die,
so populations disappear suddenly after two years (Castillo & Figueroa, 2007). Spartina
shoots are semelparous (they die shortly after their first sexual reproduction event) and their
mean shoot life span is about 2 years for species such as S. densiflora (Vicari et al., 2002;
Nieva et al., 2005) and S. maritima (Cooper, 1993; Castellanos et al., 1998). In this sense, some
studies predicted that fluctuating environments such as coastal marshes would promote
semelparity (Bell, 1980; Goodman, 1984).

On the other hand, cordgrass biomass accumulation is affected negatively, even in the long
term, by anthropogenic impacts such as oil spills and erosion (Culbertson et al., 2008),
however biomass production may be stimulated by pollutants such as saline oil (Gomes
Neto & Costa, 2009).
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Spartina Growth AGB BGB Location Sampling Source
Species form (g DW m?) (g DW m?) method
S. Guerilla 469 Louisiana, USA 50 cm Hopkinson et
alterniflora quadrants al., 1978
137 - Oak Island, USA [ 24 cm long x | Ferrell et al.,
26 cm 1984
cores
400-1200 - North Carolina 50 cm Cornell et al.,
coast, USA quadrants 2007
100-1100 - Great 20 cm Culbertson et
Sippewissett, quadrants al., 2008
Massachusetts,
USA
- 150-1200 | Louisiana coast, 50 cm Darby &
USA quadrants | Turner 2008a
30 cm long x
11ecm @
cores
100-900 300-2300 | Louisiana coast, 50 cm Darby &
USA quadrants | Turner 2008b
30 cm long x
11cm @
cores
715-3477 - Yangtze River 25 cm Li & Zhang
Estuary, China | quadrants 2008
150 - Georgia coast, 50 x 25 cm |McFarlin et al.,
USA plots 2008
450-950 - Narragansett 10 cm Sala et al., 2008
Bay, USA quadrants
100-1400 - Wells National | Allometric | Tyrrel etal.,
Estuarine estimation 2008
Research
Reserve, Maine,
USA
1350 - Yangtze River 50 cm Wang et al,,
estuary, China | quadrants 2008
400 - Plum Island 20 cm Charles &
Estuary, quadrants | Dukes, 2009
Massachusetts,
USA
1400 - Altamaha River 50 cm Krull & Craft,
Mouth, Georgia, | quadrants 2009
USA
- 6500 Patuxent River, |20 cm long x | Michel et al.,
Maryland, USA 16 cm @ 2009
cores
200 - Plum Island 10 cm Buchsbaum et
Sound, quadrants al., 2009
Massachusetts,
USA
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200-800 - Bahia Blanca Allometric Gonzalez
Estuary, estimation | Trillaetal.,
Argentina 2009
3700 - Yangtze River 40 cm Li & Yang,
Delta, China quadrants 2009
250-700 - Yangtze River 50 cm Wang et al,,
Estuary, China | quadrants 2009
700-768 Altamaha River, 50 cm White &
Georgia, USA quadrants Albert, 2009
70-600 80-450 Jiangsu 10 cm Zhou et al.,
coastland, China| quadrants 2009a
30 cm deep
digging
2000 4500 Yancheng 50 cm Zhou et al.,
Natural Reserve,| quadrants 2009b
China 30 cm deep
digging
900 - Wellfleet, 30 cm Holdredge et
Massachusetts, | quadrants al., 2010
USA
S. anglica | Guerilla 320-1290 - Ramalhete 16-19cm @ | Neumeier &
marsh, England Amos 2006
S. bakeri Phalanx 773 - Merritt Island, 50 cm Schmalzer et
Florida, USA quadrants al., 1991
429 - Merritt Island, 33 cm Chynoweth,
Florida, USA quadrants L.A. 1975
S. Guerilla 762-1242 - Georgia, USA Odum &
cynusuroides Fanning, 1973
394 - Louisiana, USA 100 cm Hopkinson et
quadrants al., 1978
840-1080 Essex, England 50 cm Potter et al.,
quadrants 1995
- 9400 Patuxent River, |20 cm long x | Michel et al.,
Maryland, USA 16 cm @ 2009
cores
236-832 - Altamaha River, 50 cm White &
Georgia, USA quadrants Albert, 2009
S. densiflora| Phalanx 400- 15000 1000-4500 Odiel Marshes, | 15x 10 cm Nieva et al.,
SW Iberian plots 2001a
Peninsula 20 cm long x
55cm @
cores
475-725 - Otamendi 10 cm Vicari et al.,
Natural Reserve,| quadrants 2002
Argentina
3800-30000 - The Tijuana 50 cm Moseman-
River National quadrants |Valtierra et al.,
Estuarine 2009
Research
Reserve,
California, USA
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S. patens | Phalanx 900 - Louisiana, USA | 56cm @ | Hopkinson et
al., 1978
400 - Plum Island 20 cm Charles &
Estuary, quadrants Dukes, 2009
Massachussets,
USA
100-120 - Plum Island 10 cm Buchsbaum et
Sound, quadrants al., 2009
Massachussets,
USA
S. maritima | Guerilla 920-930 - Ramalhete 16-19cm @ | Neumeier &
marsh, England Amos 2006
672-1427 1190-8694 Odiel Marshes, 20 cm Castillo et al.,
SW Iberian quadrants 2008a
Peninsula
193-486 (T) | 527-7189 (T) | Tagus (T) and 30 cm Sousa et al.,
1063-4210 (M) | 850-3608 (M) | Mondego (M) | quadrants 2008
estuary, Portugal
209-490 1510-4268 Tagus Estuary, 30 cm Cacador et al.,
Portugal quadrants 2009
1085-1313 - Mira River, 20 cm Castro et al.,
Portugal quadrants 2009
S. spartinae | Phalanx 207-513 - Texas, USA 50 cm McAtee et al.,
quadrants 1979

Table 1. Growth-form (‘guerrilla” or ‘phalanx’ after Lovett Doust & Lovett Doust (1982)) and
mean above- and below-ground biomass (AGB and BGB, respectively; in g DW m-2) studied
location, applied sampling method and source for some cordgrasses species (Spartina genus)
colonizing coastal marshes.

—

=

Fig. 3. Clump of the hybrid Spartina densiflora x maritima surrounded by S. densiflora and
Sarcocornia fruticosa in Guadiana Marshes (Southwest Iberian Peninsula).
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4. Subterranean biomass of cordgrasses

The knowledge of environmental factors determining BGB of cordgrasses is very important
for salt marsh conservation and management, as it is a critical factor regulating ecosystem
functions. Thus, it seems that it is the plant's belowground accumulation of organic, rather
than inorganic, matter that governs the maintenance of mature salt marsh ecosystems in the
vertical plane (Turner et al., 2004).

Spartina species usually accumulate 2-3 times much more subterranean than aerial biomass.
Aerial : the subterranean biomass quotient of cordgrasses is usually lower than 1 (ca. 0.5)
(Pont et al., 2002; Windham et al., 2003; Castillo et al., 2008a; Darby & Turner 2008b). Below-
ground biomass in cordgrasses carries out very important and diverse functions such as
storing of resources in its abundant rhizome system (Suzuki & Stuefer, 1999), fixing the
plant to sediments in a very dynamic environment subjected to frequent and intense
mechanical impacts (grazing, waves and currents) or exploring the sediments for nutrient
uptake. In this sense, competition for nutrients has been identified as a relevant factor
organizing salt marsh plant zonation (Brewer, 2003).

As in the case of aerial biomass, the subterranean biomass of cordgrasses varies markedly
between and within species. S. densiflora accumulates ca. 1000-1600 g DW m?2 at low
marshes, and ca. 4500-6500 g DW m=2 at middle, high and brackish marshes in the SW
Iberian Peninsula (Nieva et al., 2001a; Castillo et al., 2008b). Below-ground biomass of S.
versicolor is ca. 3500 g DW m?2 at brackish marshes in the SW Iberian Peninsula (non-
published data) (Table 1).

In the Atlantic Coast of North America, S. alterniflora growing on sandy sediments
accumulates ca. 450 g DW m2 (Holdredge et al., 2010) and ca. 6500 g DW m?2 in fine
sediments (Michel et al., 2009). In Louisiana salt marshes, Darby & Turner, (2008a,b)
reported a below-ground biomass for S. alterniflora between 150 and 2300 g DW m=2
Subterranean biomass production of S. alterniflora in Louisiana salt marshes is about 440 g
DW m?2 yr! (Perry & Mendelssohn, 2009) and ca. 4500 g DW m?2 in invaded Chinese salt
marshes (Zhou et al., 2009b). S. cynosuroides accumulates between 760 and 1240 g DW m2 in
Georgia and Louisiana marshes (Odum & Fanning, 1973; Hopkinson et al., 1978) and ca.
9400 ¢ DW m?2 in high marshes in Maryland, USA (Michel et al., 2009). S. maritima
accumulates in the sediments between 400 and 8700 g DW m-2 at low salt marshes that it
usually colonizes (Castellanos et al., 1994; Figueroa et al., 2003; Castillo et al., 2008a; Sousa et
al., 2008; Cacador et al., 2009).

Spartina below-ground biomass accumulation seemed to be favored by sediment accretion
(Castillo et al., 2008a) and cordgrass subterranean biomass influences soil elevation rise by
subsurface expansion, organic matter addition and sediment deposit stabilization (Ford et
al., 1999; Darby & Turner, 2008a). Sedimentation may also increase the aeration of
sediments, favoring root development (Castillo et al., 2008a). Thus, well-drained soils led to
more-uniform vertical distribution of BGB for S. alterniflora and S. patens (Padgett et al., 1998;
Saunders et al., 2006).

However, fertilization with nitrogen and phosphorous usually increases Spartina above-
ground biomass, the addition of these nutrient seems to reduce root and rhizome biomass
accumulation (Darby & Turner, 2008a). In view of this result and the importance of
subterranean cordgrass biomass for marsh functioning, eutrophication is an important
threat to salt marsh conservation.
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Fig. 4. Spartina maritima prairie, a cordgrass with “guerilla” growth from, starting to be
outcompeted by Sarcocornia perennis supspecies perennis in Odiel Marshes (Southwest
Iberian Peninsula).

5. Cordgrass biomass and ecosystem functioning

Salt marshes fulfill many functions, such as biodiversity support, water quality
improvement, or carbon sequestration and they are floristically simple, often dominated by
one or a few herbaceous species (Adam, 1990). In this context, cordgrasses are especially
important since they are dominant species in many coastal marshes all around the world.
Cordgrasses are commonly used for salt marsh creation, restoration and protection (Bakker
et al., 2002; Fang et al., 2004; Konisky et al., 2006; An et al., 2007; Castillo et al., 2008a;
Castillo & Figueroa, 2008). In addition, cordgrasses are also used as biotools for
phytoremediation (Czako et al., 2006). Primary productivity and biomass accumulation are
important indicators of success for salt marsh creation and restoration projects (Edwards &
Mills, 2005). Although plant biomass accumulation is a key factor in the functioning of
Spartina dominated marshes, other ecological attributes, such as species richness and
distribution, benthic infauna density or soil nutrient reservoirs, may develop at different
rates than cordgrass biomass in restored wetlands (Craft et al., 1999; Onaindia et al., 2001;
Craft et al., 2003; Edwards & Proffitt, 2003).

Below- and above-ground biomasses are key functional traits that play very important roles
in the ecological behavior of cordgrasses. Thus, Spartina biomass influences on the carbon
content of marsh sediments (Tanner et al., 2010), the marsh carbon stock (Wieski et al., 2010),
marsh methane emissions (Cheng et al., 2010), salt marsh microbial community (First &
Hollibaugh, 2010; Lyons et al., 2010), grazing (Burlakova et al., 2009), sediment dynamic
(Neumeier & Ciavola, 2004; Salgueiro & Cacador, 2007; Li & Yang, 2009), etc.

Cordgrass biomass affects the emergent of the habitat structure, facilitating succession
development by providing a base for habitat development (Castellanos et al., 1994; Figueroa
et al., 2003; Proffitt et al., 2005; Castillo et al., 2008b). For example, S. maritima in European
low salt marshes, S. alterniflora in western Atlantic low salt marshes and S. foliosa in
Californian low salt marshes are important pioneers and ecosystem autogenic engineers
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(Castellanos et al., 1994; Castillo et al., 2000; Proffitt et al., 2005). Thus, sediment deposition
develops with the establishment of these foundation cordgrasses at low marshes, which
yields abiotic environmental changes such as decreasing anoxia and flooding period
(Castellanos et al., 1994; Craft et al., 2003; Bouma et al., 2005; Castillo et al., 2008a; Castillo et
al., 2008b).

Fig. 5. Clump of the hybrid of Spartina foliosa x alterniflora colonizing a mudflat, where the
native Spartina foliosa is not able to survive, in San Francisco Bay (California).

On the other hand, biomass production by cordgrasses plays a very important role in the
nutrient cycle of coastal marshes. Spartina species add organic matter to the sediments that
they colonize (Craft et al., 2002; Lillebo et al., 2006) and even to adjacent bare sediments by
necromass exportation in the form of dead leaves and shoots (Castillo et al., 2008a).

Although cordgrasses are essential for healthy marsh functioning in their native distribution
ranges, some of them are very aggressive when introduce to exotic environments. For
example, S. alterniflora invades salt marshes in China, Europe and the Pacific coast of North
America from the Atlantic coast of America. S. anglica is colonizing also Chinese and North
American salt marshes coming from European marshes. S. densiflora is invading the Pacific
coast of Chile and North America, African and European marshes from the Atlantic coast of
South America (Bortolus, 2006) where it is a salt-marsh dominant of wide latitudinal range
(Isacch et al., 2006). Once introduced by anthropogenic activities, exotic cordgrasses are able
to invade contrasted marsh habitats due to their high capacity to colonize as pioneer species
new formed environments and disturbed locations, showing a wide tolerance to abiotic
stress factors such as salinity, anoxia or long flooding periods (Nieva et al., 1999, 2003;
Castillo et al., 2005a). Moreover, Spartina species with “phalanx” growth develop very dense
tussocks with tall canopy and high above- and bellow-ground biomass, avoiding the
colonization of native species, stopping the development of ecological succession during
very long periods and representing strong competitors (Figueroa & Castellanos, 1988). In
addition, some invasive cordgrasses usually show an abundant seed production and long
distance dispersion by tidal water and currents (Kittelson & Boyd, 1997; Nieva et al., 2001a;
Castillo et al., 2003; Nieva et al., 2005; for S. densiflora in European and North American salt
marshes). Alien Spartina usually modify the abiotic environment during their invasion faster
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than native species. For example, the introduced S. alterniflora in Chinese salt marshes is
significantly more efficient in trapping suspended sediment than the native Scirpus and
Phragmites species (Li & Yang, 2009).

6. Conclusions

Cordgrasses usually are dominant species in salt marshes all around the world and they
play very important roles in ecosystem functioning. Cordgrass biomass accumulation below
and above the sediment surface determines energy and material flows in salt marshes.

Most cordgrasses show markedly spatial variations in their biomass accumulation pattern,
depending on biotic and abiotic environmental factors and on their growth form (“guerrilla”
versus “phalanx”, and “short” versus “tall” form). Thus, specific studies to evaluate the
ecological roles of cordgrasses should be carried out for each specific location and for each
taxon, analyzing both below- and above-ground biomass production and accumulation. In
this context, it is very important to choose an appropriate sampling method adapted to our
own goals and that would allow comparisons with previous studies.

Future research is needed specially to improve our knowledge about cordgrass below-
ground biomass accumulation, dynamic and functions. The evaluation of the salt marsh
ecosystem will be incomplete if based exclusively on what is happening aboveground, or as
though what happens aboveground is a satisfactory indicator of what is driving changes
belowground. Monitoring programs, for example, could be improved if belowground soil
processes were included, rather than excluded, as happens frequently. Furthermore, it may
be that because of the dominance of the changes in biomass pools belowground compared
to aboveground, what happens belowground may be more influential to the long-term
maintenance of the salt marsh than are changes in the aboveground components.

el

Fig. 6. Salt marsh invaded by the South American neophyte Spartina densiflora in Humboldt
Bay, California.
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Future studies should also analyze specifically the development and functions carried out
by recently formed Spartina hybrids between native and invasive species invading salt
marshes in San Francisco Bay and the South-west Iberian Peninsula. The comparision of the
biomass dynamic for these hybrids with their parental species will help us to clarify their
ecological roles and to prevent serious environmental impacts.

It is also important to study how invasive cordgrasses respond to intra-specific competition
with native species by changing their biomass allocation, accumulation and production. In
addition, finding and selecting ecotypes for native cordgrasses with different biomass
accumulation patterns would be very usefull to improve our technology for salt marsh
restoration projects.

7. References

Adam, P. (1990). Salt marsh Ecology, Cambridge University Press, 0-521-44823-9, Cambridge

Alvarez, R., Castillo, JM.,, Mateos-Naranjo, E., Gandullo, J., Rubio-Casal, A.E., Moreno, F.J.
& Figueroa, M.E. (2010). Ecotypic variation in phosphoenolpyruvate carboxilase
activity of the cordgrass Spartina densiflora throughout its latitudinal distribution
range. Plant Biology, 12, 1, 154-160, ISSN 1435-8603

An, S.Q., Gu, B.H., Zhou, C.F., Wang, Z.S., Deng, Z.S., Zhi, Y.B., Li, H.L., Chen, L. Yu, D.H.
& Liu, Y.H. (2007). Spartina invasion in China: implicatiosn for invasive species
management and future research. Weed Research, 47, 3, 183-191, ISSN 0043-1737

Anderson, C.M. & Treshow, M. (1980). A review of environmental and genetic-factors that
affect height in Spartina alterniflora Loisel (salt-marsh cordgrass). Estuaries and
Coasts, 3, 3, 168-176, ISSN 1559-2723

Bakker, ]J.P., Esselink, P., Dijkema, K.S., van Duin, W.E. & de Jong, D.]J. (2002). Restoration of
salt marshes in the Netherlands. Hydrobiologia, 478, 1, 29-51, ISSN 0018-8158

Bell, G. (1980). The cost of reproduction and their consequences. American Naturalist, 116, 1,
45-76, ISSN 0003-0147

Benito, I. & Onaindia, M. (1991). Biomass and aboveground production of 4 angiosperms in
Cantabrian (N Spain) salt marshes. Vegetatio, 96, 2, 165-175, ISSN 0042-3106

Bertness, M.D. (1991). Zonation of Spartina patens and Spartina alterniflora in New England
salt marsh. Ecology, 72, 1, 138-148, ISSN 0012-9658

Bortolus, A. (2006). The austral cordgrass Spartina densiflora Brong.: its taxonomy,
biogeography and natural history. Journal of Biogeography, 33, 1, 158-168, ISSN 0305-
0270

Bouma, T.J., De Vries, M.B., Low, E., Peralta, G., Tanczos, C., Van de Koppel, J., Herman &
P.M.J. (2005). Trade-offs related to ecosystem engineering: A case study on stiffness
of emerging macrophytes. Ecology, 86, 8, 2187-2199, ISSN 0012-9658

Brewer, J.S. (2003). Nitrogen addition does not reduce belowground competition in a salt
marsh clonal plant community in Mississippi (USA). Plant Ecology, 168, 1, 93-106,
ISSN 1385-0237

Buchsbaum, R.N., Deegan, L.A., Horowitz, J., Garrita, R.H., Giblin, A.E., Ludlam, J.P. &
Shull, D.H. (2009). Effects of regular salt marsh haying on marsh plants, algae,
invertebrates and birds at Plum Island Sound, Massachussets. Wetlands Ecology and
Management, 17, 5, 469-487, ISSN 0923-4861

www.intechopen.com



Cordgrass Biomass in Coastal Marshes 17

Bullock, J.M., Silvertown, J. & Clear Hill, B. (1996). Plant demographic reponses to
environmental variation: distinguishing between effects on age structure and
effects on age-specific vital rates. Journal of Ecology, 84, 6, 733-743, ISSN 0022-0477

Burlakova, L.E., Karatayev, A.Y., Padilla, D.K., Cartwright, L.D. & Hollas, D.N. (2009).
Wetland restoration and invasive species: apple snail (Pomacea insularum) feeding
on native and invasive aquatic plants. Restoration Ecology, 17, 3, 433-440, ISSN 1061-
2971

Cagador, L., Caetano, M., Duarte, B. & Vale, C. (2009). Stock and looses of trace metals froms
salt marsh plants. Marine Environmental Research, 67, 2, 75-82, ISSN 0141-1136

Caldwell, P.A. (1957). The spatial development of Spartina colonies growing without
competition. Annals of Botany, 21, 2, 203-214, ISSN 0305-7364

Castellanos, E.M., Figueroa, M.E. & Davy, A.J. (1994). Nucleation and facilitation in
saltmarsh succession: interactions between Spartina maritima and Arthrocnemum
perenne. Journal of Ecology, 82, 2, 239-248, ISSN 0022-0477

Castellanos, E.M., Heredia, C., Figueroa, M.E. & Davy A.]. (1998). Shoot dynamics of
Spartina maritima in successional and non-successional Mediterranean salt marsh.
Plant Ecology, 137, 2, 213-225, ISSN 1385-0237

Castillo, ].M., Fernandez-Baco, L., Castellanos, E.M., Luque, C.J., Figueroa, M.E. & Davy, A ].
(2000). Lower limits of Spartina densiflora and S. maritima in a Mediterranean salt
marsh determined by different ecophysiological tolerances. Journal of Ecology, 88, 5,
801-812, ISSN 0022-0477

Castillo, ].M., Rubio-Casal, A.E., Luque, T., Figueroa, M.E. & Nieva, F.J. (2003). Intratussock
shoot distribution and biomass of Spartina densiflora Brongn. in an invaded salt
marsh. Lagascalia, 23, 1, 61-73, ISSN 1047-1991

Castillo, ].M., Redondo, S., Wharmby, C., Figueroa, M.E., Castellanos, EIM., Luque, T. &
Davy, A.J. (2005a). Environmental determination of shoot height in populations of
the cordgrass Spartina maritima. Estuaries and Coasts, 28, 5, 761-766, ISSN 1559-2723

Castillo, J.M., Rubio-Casal, A.E., Redondo, S., Alvarez—Lépez, A.A., Luque, T.,, Luque, C,
Nieva, F.J., Castellanos, EIM. & Figueroa, E.M. (2005b). Short-term responses to
salinity o fan invasive cordgrass. Biological Invasions, 7, 1, 29-35, ISSN 1387-3547

Castillo, .M. & Figueroa, E. (2007). Effects of abiotic factors on the life span of the invasive
cordgrass Spartina densiflora and the native Spartina maritima at low salt marshes.
Aquatic Ecology, 43, 1, 51-60, ISSN 1386-2588

Castillo, ].M., Leira-Doce, P., Rubio-Casal, A.E. & Figueroa, E. (2008a). Spatial and temporal
variations in aboveground and belowground biomass of Spartina maritima (small
cordgrass) in created and natural marshes. Estuarine, Coastal and Shelf Science, 78, 4,
819-826, ISSN 0272-7714

Castillo, ].M., Mateos-Naranjo, E., Nieva, F.]. & Figueroa, M.E. (2008b). Plant zonation at salt
marshes of the endangered cordgrass Spartina maritima invaded by Spartina
densiflora. Hydrobiologia, 614, 1, 363-371, ISSN 0018-8158

Castillo, .M. & Figueroa, E. (2008). Restoring Salt Marshes Using Small Cordgrass, Spartina
maritima. Restoration Ecology, 17, 3, 324-326, ISSN 1061-2971

Castillo, ].M., Ayres, D.R., Leira-Doce, P., Bailey, ]J., Blum, M., Strong, D.R., Luque, T. &
Figueroa, E. (2010). The production of hybrids with high ecological amplitude

www.intechopen.com



18 Biomass

between exotic Spartina densiflora and native S. maritima in the Iberian Peninsula.
Diversity and Distributions, In Press, ISSN 1366-9516.

Charles, H. & Dukes, J.S. (2009). Effects of warming and altered precipitation on plant and
nutrient dynamics of a New England salt marsh. Ecological Applications, 19, 7, 1758-
1773, ISSN 1051-0761

Chen, Z.Y., Li, B, Zhong, Y. & Cheng, ]J.K. (2004). Local competitive effects of introduced
Spartina alterniflora on Scirpus mariqueter at Dongtan of Chongming Island, the
Yangtze River estuary and their potential ecological consequences. Hydrobiologia,
528, 1-3, 99-106, ISSN 0018-8158

Cheng, X., Luo, Y., Xu, Q,, Lin, G., Zhang, Q., Chen, J. & Li, B. (2010). Seasonal variation in
CH4 emission and its 13C-isotopic signature from Spartina alterniflora and Scirpus
mariqueter soils in an estuarine wetland. Plant Soil, 327, 1-2, 85-94, ISSN 0032-079X

Chynoweth, L.A. (1975). Net primary production of Spartina and species diversity of
associated macroinvertebrates of a semi-impounded salt marsh. Technical Report
No. 1, NASA, Kennedy Space Center, FL, USA.

Cooper, M.A. (1993). Population biology of Spartina maritima and Spartina anglica
monocultures in estuarine salt marshes. Ph.D. Thesis. University of East Anglia

Cornell, J.A., Craft, C.B. & Megonigal, J.P. (2007). Ecosystem gas exchange across created salt
marsh chronosequence. Wetlands, 27, 2, 240-250, ISSN 0277-5212

Craft, C., Reader, J., Sacco, ].N. & Broome, S.W. (1999). Twenty-five years of ecosystem
development of created Spartina alterniflora (Loisel) marshes. Ecological Applications,
9, 4, 1405-1419, ISSN 1051-0761

Craft, C., Broome, S. & Campbell, C. (2002). Fifteen years of vegetation and soil development
after brackish-water marsh creation. Restoration Ecology, 10, 2, 248-258, ISSN 1061-
2971

Craft, C., Megonigal, P., Broome, S., Stevenson, ]., Freese, R., Cornell, J., Zheng, L. & Sacco, ]J.
(2003). The pace of ecosystem development of created Spartina alterniflora marshes.
Ecological Applications, 13, 5, 1417-1432, ISSN 1051-0761

Culbertson, ].B., Valiela, 1., Pickart, M., Peacock, E.E., & Reddy, C.M. (2008). Long-term
consequences of residual petroleum on salt marsh grass. Journal of Applied Ecology,
45, 4,1284-1292, ISSN 0021-8901

Czako, M., Feng, X.Z., He, YK, Liang, D.L. & Marton, L., (2006). Transgenic Spartina
alterniflora for phytoremediation. Environmental Geochemistry and Health, 28, 1-2, 103-
110, ISSN 0269-4042

Daehler, C.C., Anttila, CK., Ayres, D., Strong, D.R. & Bailey, ].D. (1999). Evolution of a new
ecotype of Spartina alterniflora (Poaceae) in San Francisco Bay, California, USA.
American Journal of Botany, 86, 4, 543-546, ISSN 0002-9122

Dai, T. and R. G. Wiegert. 1997. A field study of photosynthetic capacity and its response to
nitrogen fertilization in Spartina alterniflora. Estuarine, Coastal and Shelf Science, 45, 2,
273-283, ISSN 0272-7714

Darby, F.A. & Turner, R.E. (2008a). Effects of eutrophication on salt marsh root and rhizome
biomass accumulation. Marine Ecology Progress Series, 363, 63-70, ISSN 0171-8630

Darby, F.A. & Turner, R.E. (2008b). Below- and aboveground Spartina alterniflora production
in a Louisiana salt marsh. Estuaries and Coasts, 31, 1, 223-231, ISSN 1559-2723

www.intechopen.com



Cordgrass Biomass in Coastal Marshes 19

Deng, Z., An, S., Zhao, C., Chen, L., Zhou, C., Zhi, Y. & Li, H. (2008). Sediment burial
stimulates the growth and propagule production of Spartina alterniflora Loisel.
Estuarine, Coastal and Shelf Science, 76, 4, 818-826, ISSN 0272-7714

Edwards, K.R. & Proffitt, C.E. (2003). Comparison of wetland structural characteristics
between created and natural salt marshes in southwest Louisiana, USA. Wetlands,
23, 2, 344-356, ISSN 0277-5212

Edwards, K.R. & Mills, K.P. (2005). Aboveground and belowground productivity of Spartina
alterniflora (smooth cordgrass) in natural and created Louisiana salt marshes.
Estuaries asd Coasts, 28, 2, 252-265, ISSN 1559-2723

Ewanchuk, P.J. & Bertness, M.D. (2004). Structure and organization of a northern New
England salt marsh plant community. Journal of Ecology, 92, 1, 72-85, ISSN 0022-0477

Fabre, M.E. (1849).Description d'une nouvelle espéce de Spartina, abondante sur une portion
du littoral méditerranéen. Annales des Sciencies Naturelles. Botanique. Paris, 3, 122~
125

Fang, X.B., Subudhi, P.K,, Venuto, B.C., Harrison, S.A. & Ryan, A.B. (2004). Influence of
flowering phenology on seed production in smooth cordgrass (Spartina alterniflora
Loisel.). Aquatic Botany, 80, 2, 139-151, ISSN 0304-3770

Ferrell, R.E., Seneca, E.D. & Linthurst, R.A. 1984. The effects of crude oil on the growth of
Spartina alterniflora Loisel. And Spartina cynosuroides (L.) Roth. Journal of
Experimental Marine Biolgy and Ecology, 83, 1, 27-39, ISSN 0022-0981

Figueroa, M.LE. & Castellanos, M.E. (1988). Vertical structure of Spartina maritima and
Spartina densiflora in Mediterranean Marshes, In Plant Form and Vegetation Structure,
Werger, M.J.A., van der Aart, P.J.M., During, H.]. & Verboeven, J.T.A. (eds.), 105-
108, SPB Academic Publishing, The Hague, The Netherlands.

Figueroa M.E., Castillo ].M., Redondo S., Luque T., Castellanos E.M., Nieva F.J., Luque C.J.,
Rubio-Casal A.E. & Davy A.J. (2003). Facilitated invasion by hybridization of
Sarcocornia species in a salt-marsh succesion. Journal of Ecology, 91, 4, 616-626, ISSN
0022-0477

First, M.R. & Hollibaugh, J.T. (2010). Environmental factors shaping microbial community
structure in salt marsh sediments. Marine Ecology Progress Series, 399, 15-26, ISSN
0171-8630

Ford, M. A., Cahoon, D.R. & Lynch, J.C. (1999). Restoring marsh elevation in a rapidly
subsiding salt marsh by thin-layer deposition of dredged material. Ecological
Engineering, 12, 2, 189-205, ISSN 0925-8574

Gallagher, ].L., Wolf, P.L. & Pfeiffer, W.]. (1984). Rhizome and root growth rates and cycles
in protein and carbohydrate concentrations in Georgia Spartina alterniflora Loisel.
plants. American Journal of Botany, 71, 2, 165-69, ISSN 0002-9122

Gallagher, J.L., Somers, G.F., Grant, D.M. & Seliskar, D.M. (1988). Persistent differences in 2
forms of Spartina alterniflora - a common garden experiment. Ecology, 69, 4, 1005-
1008, ISSN 0012-9658

Gatsuk, L.E., Smirnova, O.V., Vorontzova, L.I,, Zaugolnova, L.B. & Zhukova, L.A. (1980).
Age states of plants of various growth forms: a review. Journal of Ecology, 68, 2, 675-
696, ISSN 0022-0477

www.intechopen.com



20 Biomass

Gomes Neto, A. & Costa, C.S5.B. (2009). Survival and growth of the dominant marsh grass
Spartina alterniflora in an oil industry saline waste water. International Journal of
Phytoremediation, 11, 7, 640-650, ISSN 1522-6514

Gonzalez Trilla, G., Kandus, P., Negrin, V., Vicari, R. & Marcovecchio, J. (2009). Shoot
dynamic and production on a SW Atlantic Spartina alterniflora marsh. Estuarine,
Coastal and Shelf Science, 85, 1, 126-133, ISSN 0272-7714

Goodman, D. (1984). Risk spreading as an adaptive strategy in iteroparous life histories.
Theoretical Population Biology, 25, 1, 1-20, 0040-5809

Grace, ].B. (1989). Effects of water depth on Typha latifolia and Typha dominguensis. American
Journal of Botany, 76, 5, 762-768, ISSN 0002-9122

Guardia, R., Raventos, J. & Caswell, H. (2000). Spatial growth and population dynamics of a
perennial tussock grass (Achnatherum calamagrostis) in a badland area. Journal of
Ecology, 88, 6, 950-963, ISSN 0022-0477

Hester, M.\W., MCKee, K.L., Burdick, D.M., Koch, M.S., Flynn, KM., Patterson, S. &
Mendelssohn, I.A. (1994). Clonal integration in Spartina patens across a nitrogen
and salinity gradient. Canadian Journal of Botany, 72, 6, 767-770, ISSN 1916-2804

Holdredge, C., Bertness, M.D., Herrmann, N. & Gedan, K. (2010). Fiddler crab control of
cordgrass primary production in sandy sediments. Marine Ecology Progress Series,
399, 253-259, ISSN 0171-8630

Hopkinson, C.S., Gosselink, ].G. & Parrondo, R.T. (1978). Above ground production of seven
marsh plant species in coastal Louisiana. Ecology, 59, 4, 760-769, ISSN 0012-9658

Howes, B.L., Dacey ].W.H. & Goehringer, D.D. (1986). Factors controlling the growth form
of Spartina alterniflora - feedbacks between aboveground production, sediment
oxidation, nitrogen and salinity. Journal of Ecology, 74, 3, 881-898, ISSN 0022-0477

Hwang, IL.H. & Morris, J.T. (1991). Evidence for hygrometric pressurization in the internal
gas space of Spartina alterniflora. Plant Physiology, 96, 1, 166-171, ISSN 0032-0889

Insausti, P., Grimoldi, A.A., Chaneton, E.J. & Vasellati, V. (2001). Flooding induces a suite of
adaptive plastic responses in the grass Paspalum dilatatum. New Phytologist, 152, 2,
291-299, ISSN 0028-646X

Isacch, J. P., Costa, C.5.B., Rodriguez-Gallego, L., Conde, D., Escapa, M., Gagliardini, D.A.
& Iribarne, O.O. (2006). Distribution of Salt marsh plant communities associated
with environmental factors along a latitudinal gradient on the south-west Atlantic
coast. Journal of Biogeography, 33, 5, 888-900, ISSN 0305-0270

Johnen, B.G. & Sauerbeck, D.R. (1977). A tracer technique for measuring growth, mass and
microbial breakdown of plant roots during vegetation, In: Soil Organisms as
Components of Ecosystems, Lohm U. & Persson T. (Ed.), 366-373, Ecological Bulletins
25, Stockholm.

Kirwan, M.L., Guntenspergen, G.R. & Morris, J.T. (2009). Latitudinal trends in Spartina
alterniflora productivity and the response of coastal marshes to global change. Global
Change Biology, 15, 8, 1982-1989, ISSN 1354-1013

Kittelson, P.M. & Boyd, M.]. (1997). Mechanisms of expansion for an introduced species of
cordgrass, Spartina densiflora, in Humboldt Bay, California. Estuaries and Coasts, 20,
4, 770-778, ISSN 1559-2723

www.intechopen.com



Cordgrass Biomass in Coastal Marshes 21

Konisky, R.A., Burdick, D.M., Dionne, M. & Neckles, H.A. (2006). A regional assessment of
salt marsh restoration and monitoring in the Gulf of Maine. Restoration Ecology, 14,
4, 516-525, ISSN 1061-2971

Krull, K. & Craft, C.B. (2009). Ecosystem development of a sandbar emergent tidal marsh,
Altamaha River estuary, Georgia USA. Wetlands, 29, 1, 314-322, ISSN 0277-5212

Lambrinos, J.G. & Bandos, K.J. (2008). Habitat modification inhibits conspecific seedling
recruitment in populations of an invasive ecosystem engineer. Biological Invasions,
10, 5, 729-741, ISSN 1387-3547

Lenssen, J.P.M., Menting, F.B.J., van der Putten, W.H. & Blom, CW.P.M. (1999). Effects of
sediment type and water level on biomass production of wetland plant species.
Aquatic Botany, 64, 2, 151-165, ISSN 0304-3770

Lessmann, ].M., Mendelssohn, I.A., Hester, M.W. & McKee, K.L. (1997). Population variation
in growth response to flooding of three marsh grasses. Ecological Engineering, 8, 1,
31-47, ISSN 0925-8574

Li, H. & Zhang, L. (2008). An experimental study on physical controls of an exotic plant
Spartina alterniflora in Shangai, China. Ecological Engineering, 32, 1, 11-21, ISSN
0925-8574

Li, H. & Yang, S.L. (2009). Trapping effect of tidal marsh vegetation on suspended sediment,
Yangtze Delta. Journal of Coastal Research, 25, 4, 915-924, ISSN 0749-0208

Li, H, Zhi, Y., An, S., Zhao, L., Zhou, C., Deng, Z. & Gu, S. (2009). Density-dependent effects
on the dieback of exotic species Spartina anglica in coastal China. Ecological
Engineering, 35, 4, 544-552, ISSN 0925-8574

Lillebo, A.IL, Flindt, M.R., Pardal, M.A. & Marques, ].C. (2006). The effect of Zostera noltii,
Spartina maritima and Scirpus maritimus on sediment pore-water profiles in a
temperate intertidal estuary. Hydrobiologia, 555, 1, 175-183, ISSN 0018-8158

Lovett Doust, L. & Lovett Doust, J. (1982). The battle strategies of plants. New Scientist, 95,
81-84, ISSN 0262-4079

Lyons, J.I,, Alber, M. & Hollibaugh, J.T. (2010). Ascomycete fungal communities associated
with early decaying leaves of Spartina spp. from central California estuaries.
Oecologia, 162, 2, 435-442, ISSN 0029-8549

Maillette, L. (1992). Seasonal model of modular growth in plants. Journal of Ecology, 80, 1,
123-130, ISSN 0022-0477

MacAtee, ] W., Scifres, C.J. & Drawe, D.L. (1979). Improvement of Gulf cordgrass range with
burning or shredding. Journal of Range Management, 32, 5, 372-375, ISSN 0022-409X

McFarlin, C.R., Brewer, ].S., Buck, T.L. & Pennings, S.C. (2008). Impact of Fertilization on a
Salt Marsh Food Web in Georgia. Estuaries and Coasts, 31, 2, 313-325, ISSN 1559-
2723

McKee, K.L., Mendelssohn, I.A. & Materne, M.D. (2004). Acute salt marsh dieback in the
Mississippi River deltaic plain: a drought-induced phenomenon? Global Ecology and
Biogeography, 13, 1, 65-73, ISSN 1466-822X

Mendelssohn, I.A. (1979). Influence of nitrogen level, form, and application method on the
growth- response of Spartina alterniflora in North Carolina. Estuaries and Coasts, 2, 2,
106-112, ISSN 1559-2723

www.intechopen.com



22 Biomass

Mendelssohn, [.A., Kuhn, N.L. (2003). Sediment subsidy: effects on soil-plant responses in a
rapidly submerging coastal salt marsh. Ecological Engineering, 21, 2-3, 115-128, ISSN
0925-8574

Menéndez, M. & Sanmarti, N. (2007). Geratology and decomposition of Spartina versicolor in
a brackish Mediterrean marsh. Estuarine, Coastal and Shelf Science, 74, 1-2, 320-330,
ISSN 0272-7714

Michel, J., Nixon, Z., Dahlin, J., Betenbaugh, D., White, M., Burton, D. & Turley, S. (2009).
Recovery of interior brackish marshes seven years after the chalk point oil spill.
Marine Pollution Bulletin, 58, 7, 995-1006, ISSN 0025-326X

Mobberley, D.G. (1956). Taxonomy and distribution of the genus Spartina. lowa State College
Journal of Science, 30, X, 471-574, ISSN 0038-075X

Montalto, F.A.,& Steenhuis, T.S. (2004). The link between hydrology and restoration of tidal
marshes in the New York/New Jersey estuary. Wetlands, 24, 2, 414-425, ISSN 0277-
5212

Moseman-Valtierra, S.M., Johnson, R., Zhang, R. & Quian, P.Y. (2009). Differences in
cordgrass structure between a mature and developing marsh reflect distinct N2-
fixing communities. Wetlands, 29, 3, 919-930, ISSN 0277-5212

Neumeier, U. & Ciavola, P. (2004). Flow resistance and associated sedimentary processes in
a Spartina maritima salt-marsh. Journal of Coastal Research, 20, 2, 435-447, ISSN 0749-
0208

Neumeier, U. & Amos C.L. (2006). The influence of vegetation on turbulence and flow
velocities in European salt-marshes. Sedimentology, 53, 2, 259-277, ISSN 0037-0746

Nieva, F.J., Diaz-Espejo, A., Castellanos, E.M. & Figueroa, M.E. (2001a). Field variability of
invading populations of Spartina densiflora Brong. grown in different habitats of the
Odiel marshes (SW Spain). Estuarine, Coastal and Shelf Science, 52, 4, 515-527, ISSN
0272-7714

Nieva, F.].J., Castellanos, E.M. & Figueroa, M.E. (2001Db). Effects of light and salinity on seed
germination in the marsh invader Spartina densiflora Brong., 1829 (Gramineae) from
Gulf of Cadiz—Spain. Boletin de la Real Sociedad Espafiola de Historia Natural, 96, X,
117-124, ISSN 0366-3272

Nieva, F.J.J., Castellanos, E.M., Castillo, ].M. & Figueroa, M.E. (2005). Clonal growth and
shoot demography of the invader cordgrass Spartina densiflora Brongn at two
contrasting habitats in SW European salt marshes. Wetlands, 25, 1, 122-129, ISSN
0277-5212

Odum, E.P. & Fanning, M.E. (1973). Comparision of productivity of Spartina alterniflora and
Spartina cynosuroides in Georgia coastal marshes. Bulletin of the Georgia Academy of
Science, 31, 1-12

Ogburn, M.B. & Alber, M. (2006). An investigation of salt marsh dieback in Georgia using
field transplants. Estuaries and Coasts, 29, 1, 54-62, ISSN 1559-2723

Onaindia, M., Albizu, I. & Amezaga, I. (2001). Effect of time on the natural regeneration of
salt marsh. Applied Vegetation Science, 4, 2, 247-256, ISSN 1402-2001

Otero, X.L., Sanchez, ] M. & Macias, F. (2000). Nutrient status in tall and short forms of
Spartina maritima in the salt marshes of Ortigueira (NW Iberian Peninsula) as
related to physicochemical properties of the soils. Wetlands, 20, 2, 461-469, ISSN
0277-5212

www.intechopen.com



Cordgrass Biomass in Coastal Marshes 23

Padgett, D.E., Rogerson, C.B. & Hackney, C.T. (1998). Effects of soil drainage on vertical
distribution of subsurface tissues in the salt marsh macrophyte Spartina alterniflora
Lois. Wetlands, 18, 1, 35-41, ISSN 0277-5212

Pennings, S.C. & Callaway, R M. (1992). Salt marsh zonation: the relative importance of
competition and physical factors. Ecology, 73, 2, 681-690, ISSN 0012-9658

Pennings, S.C., Grant, M.B. & Bertness, M.D. (2005). Plant zonation in low-latitude salt
marshes: disentangling the roles of flooding, salinity and competition. Journal of
Ecology, 93,1, 159-167, ISSN 0022-0477

Perry, C.L. & Mendelssohn, I.A. (2009). Ecosystem effects of expanding populations of
Avecenia germinans in a Louisiana salt marsh. Wetlands, 29, 1, 396-406, ISSN 0277-
5212

Pezeshki, S.R. & DeLaune, R.D. (1991). A comparative-study of aboveground productivity of
dominant united-states gulf-coast marsh species. Journal of Vegetation Science, 2, 3,
331-338, ISSN 1100-9233

Pezeshki, S.R., Pardue J.H. & DeLaune, R.D. (1993). The influence of soil oxygen deficiency
on alcohol-dehydrogenase activity, root porosity, ethylene production and
photosynthesis in Spartina patens. Environmental and Experimental Botany, 33, 4, 565-
573, ISSN 0095-8472

Phleger, C.F. (1971). Effect of salinity on growth of a salt marsh grass. Ecology, 52, 5, 908-&,
ISSN 0012-9658

Pitelka, L.F. & Ashmun, J.W. (1985). Physiology and integration of ramets in clonal plants. In
Population Biology and Evolution of Clonal Organisms, Jackson, J.B.C., Buss, LW. &
Cook, R.E. (eds.), 399-435, Yale University Press, New Haven, CT, USA.

Pont, D., Day, ].W., Hensel, P., Franquet, E., Torre, F., Rioual, P., Ibanez, C. & Coulet, E.
(2002). Response scenarios for the deltaic plain of the Rhone in the face of an
acceleration in the rate of sea-level rise with special attention to Salicornia-type
environments. Estuaries and Coasts, 25, 3, 337-358, ISSN 1559-2723

Potter, L., Bingham, M.]., Baker, M.G. & Long, S.P. (1995). The potential of two perennial C4
grasses and perennial Cy sedge as lingo -cellulosic fuel crop in N.W. Europe. Crop
establishment and yields in E. Englend. Annals of Botany, 76, 5, 513-520, 0305-7364

Proffitt, C.E., Travis, S.E. & Edwards, K.R. (2003). Genotype and elevation influence Spartina
alterniflora colonization and growth in a created salt marsh. Ecological Applications,
13,1, 180-192, ISSN 1051-0761

Proffitt, C.E., Chiasson, R.L., Owens, A.B., Edwards, K.R. & Travis, S.E. (2005). Spartina
alterniflora genotype influences facilitation and suppression of high marsh species
colonizing an early successional salt marsh. Journal of Ecology, 93, 2, 404-416, ISSN
0022-0477

Sala, N.M., Bertness, M.D. & Silliman, B.R. (2008). The dynamics of bottom up and top down
control in a New England salt marsh. Oikos, 117, 7, 1050-1056, ISSN 0030-1299

Salgueiro, N. & Cacador, I. (2007). Short-term sedimentation in Tagus estuary, Portugal: the
influence of salt marsh plants. Hydrobiologia, 587, 1, 185-193, ISSN 0018-8158

Sénchez, .M., Otero X.L., Izco, J. & Macias, F. (1997). Growth form and population density
of Spartina maritima (Curtis) Fernald in northwest Spain. Wetlands, 17, 3, 368-374,
ISSN 0277-5212

www.intechopen.com



24 Biomass

SanLeon, D.G., Izco, J. & Sanchez, J.M. (1999). Spartina patens as a weed in Galician
saltmarshes (NW Iberian Peninsula). Hydrobiologia, 415, 0, 213-222, ISSN 0018-8158

Saunders, C.J., Megonigal, ].P. & Reynolds, J.F. (2006). Comparison of belowground biomass
in C-3- and C-4-dominated mixed communities in a Chesapeake Bay brackish
marsh. Plant and Soil, 280, 1-2, 305-322, ISSN 0032-079X

Seliskar, D.M., Gallagher, J.L., Burdick, D.M. & Mutz, L.A. (2002). The regulation of
ecosystem functions by ecotypic variation in the dominant plant: a Spartina
alterniflora salt-marsh case study. Journal of Ecology, 90, 1, 1-11, ISSN 0022-0477

Schmalzer, P.A., Ross Hinkle, C., & Mailander, J.L. (1991). Changes in community
composition and biomassin Juncus roemerianus Scheele and Spartina bakeri Merr.
Marshes on year after a fire. Wetlands, 11, 1, 67-86, ISSN 0277-5212

Schubauer, J.P. & Hopkinson, C.S. (1984). Above and belowground emergent macrophyte
production and turnover in a coastal marsh ecosystem, Georgia. Limnology &
Oceanography, 29, 5, 1052-1065, ISSN 0024-3590

Shea, M.L., Warren, R.S. & Niering, W.A. (1975). Biochemical and transplantation studies of
growth form of Spartina alterniflora on Connecticut salt marshes. Ecology, 56, 2, 461-
466, ISSN 0012-9658

Silander, ]J. A. & Antonovics, J. (1979). The genetic basis of the ecological amplitude of
Spartina patens. I. Morphometric and physiological traits. Evolution, 33, 4, 1114-1127,
ISSN 0014-3820

Silliman, B.R. & Bertness, M.D. (2004). Shoreline development drives invasion of Phragmites
australis and the loss of plant diversity on New England salt marshes. Conservation
Biology, 18, 5, 1424-1434, ISSN 0888-8892

Sorrel, B.K., Tanner, C.C. & Sukias, ]J.P.S. (2002). Effects of water depth and substrate on
growth and morphology of Eleocharis sphaceolata: implications for culm support and
internal gas transport. Aquatic Botany, 73, 2, 93-106, ISSN 0304-3770

Sousa, A. I, Lillelg, A. 1., Cacador, I & Pardal, M.A. (2008). Contribution of Spartina maritime
to the reduction of eutrophication in estuarine systems. Environmental Pollution, 156,
3, 628-635, ISSN 0269-7491

Suzuki, J. & Hutchings, M.]. (1997). Interactions between shoots in clonal plants and the
effects of stored resources on the structure of shoot populations. In The ecology and
evolution of clonal plants, de Kroon, H. & van Groenendael, J. (eds.), 311-329,
Backhuys Publishers, Leiden, The Netherlands.

Suzuki, J. & Stuefer, J.F. (1999). On the ecological and evolutionary significance of storage in
clonal plants. Plant Species Biology, 14, 1, 11-17, ISSN 0913-557X

Tanner, B.R., Uhle, M.E., Mora, C.I, Kelley, ]J.T., Schuneman, P.J., Lane, CS. & Allen, ES.
(2010). Comparison of bulk and compound-specific d13C analyses and
determination of carbon sources to salt marsh sediments using n-alkane
distributions (Maine, USA). Estuarine, Coastal and Shelf Science, 86, 2, 283-291, ISSN
0272-7714

Thompson, ].D. (1991). Phenotypic plasticity as a component of evolutionary change. Trends
in Ecology and Evolution, 6, 8, 246-249, ISSN 0169-5347

Thompson, ].D., McNeilly, T. & Gray, A.]. (1991). Population variation in Spartina anglica
Hubbard,C.E.1. Evidence from a common garden experiment. New Phytologist,
117, 1, 115-128, ISSN 0028-646X

www.intechopen.com



Cordgrass Biomass in Coastal Marshes 25

Trnka, S. & Zedler, J.B. (2000). Site conditions, not parental phenotype, determine the height
of Spartina foliosa. Estuaries and Coasts, 23, 4, 572-582, ISSN 1559-2723

Turner, REE., Swenson, EM., Milan, CS., Lee, ] M. & Oswald, T.A. (2004). Below-ground
biomass in healthy and impaired salt marshes. Ecological Research, 19, 1, 29-35, ISSN
0912-3814

Turner, R.E., Howes, B.L.,Teal, ].M., Milan, C.S., Swenson, E.M. & Goehringer-Toner, D.D.
(2009). Salt marshes and eutrophication: An unsustainable outcome. Limnology and
Oceanography, 54, 5, 1634-1642, ISSN 0024-3590

Tyrrell, M.C., Dionne, M. & Edgerly, J.A. (2008). Physical factors mediate effects of grazing
by a non-indigenous snail species on saltmarsh cordgrass (Spartina alterniflora) in
New England marshes. ICES Journal of Marine Science, 65, 5, 746-752, 1054-3139

van Groenendael, ].M., Klimes, L., Klimesov4, J. and Hendriks, R.J.J. 1996. Comparative
ecology of clonal plants. Philosophical Transactions of the Royal Society of London, 351,
1345, 1331-1339, ISSN 0962-8436

Vandersman, A.J.M., Voesenek, L.A.CJ., Blom, CW.P.M., Harem, F.J. M. & Reuss, J. (1991).
The role of ethylene in shoot elongation with respect to survival and seed output of
flooded Rumex maritimus L plants. Functional Ecology, 5, ISSN 304-313.

Van Hulzen, ].B., Van Soelen, J. & Bouma, T.J. (2007). Morphological variation and habitat
modification are strongly correlated for the autogenic ecosystem engineer Spartina
anglica (common cordgrass). Estuaries and Coasts, 30, 1, 3-11, ISSN 1559-2723

Vicari, R.L., Fischer, S., Madanes, Bonaventura, N.S. & Pancotto, V. (2002). Shoot population
dynamics and production on Spartina densiflora (Brong) on the floodplain of the
Parana River, Argentina. Wetlands, 22, 2, 347-354, ISSN 0277-5212

Wang, J., Zhang, X., Nie, M., Fu, C., Chen, ]. & Li, B. (2008). Exotic Spartina alterniflora
provides compatible habitats for native estuarine crab Sesarma dehaani in the
Yangtze River estuary. Ecological Engineering, 34, 1, 57-64, ISSN 0925-8574

Wang, CH., Tang, L., Fei, S.F., Wang, ].Q., Gao, Y., Wang, Q., Chen, J.K. & Li, B. (2009).
Ecological engineering, 3 5, 5, 800-809, ISSN 0925-8574

Webb, E.C., Mendelssohn, I.A. & Wilsey, B.J. (1995). Causes for vegetation dieback in a
Louisiana salt marsh: A bioassay approach. Aquatic Botany, 51, 3-4, 281-289, ISSN
0304-3770

White, SN. & Alber, M. 2009. Drought-associated shifts ins Spartina alterniflora and S.
cynosuroides in the Altamaha River estuary. Wetlands, 29, 1, 215-224, ISSN 0277-
5212

Wieski, K., Guo, H., Craft, C.B. & Pennings, S.C. (2010). Ecosystem functions of tidal fresh,
brackish, and salt marshes on the Georgia Coast. Estuaries and Coasts, 33, 1,161-169,
ISSN 1559-2723

Wigand, C., R. A. McKinney, M. A. Charpentier, M. M. Chintala and G. B. Thursby. 2003.
Relationships of nitrogen loadings, residential development, and physical
characteristics with plant structure in New England salt marshes. Estuaries and
Coasts, 26, 6, 1494-1504, ISSN 1559-2723

Windham, L., Weiss, J.S. & Weiss, P. (2003). Uptake and distribution of metals in two
dominant salt marsh macrophytes, Spartina alterniflora (cordgrass) and Phragmites
australis (common reed). Estuarine Coastal and Shelf Science, 56, 1, 63-72, ISSN 0272-
7714

www.intechopen.com



26 Biomass

Zhao, Y]., Qing, H., Zhao, CJ., Zhou, C.F.,, Zhang, W.G,, Xiao, Y. & An, S.Q. (2010).
Phenotypic plasticity of Spartina alterniflora and Phragmites australis in response to
nitrogen addition and intraspecific competition. Hidrobiologia, 637, 1, 143-155, ISSN
0018-5158

Zedler, ].B. (1993). Canopy architecture of natural and planted cordgrass marshes - selecting
habitat evaluation criteria. Ecological Applications, 3,1, 123-138, ISSN 1051-0761

Zhou, H.-X,, Liy, J. & Qin, P. (2009a). Impacts of an alien species (Spartina alterniflora) on the
macrobenthos community of Jiangsu coastal inter-tidal ecosystem. Ecological
Engineering, 35, 4, 521-528, ISSN 0925-8574

Zhou, C,, An, S., Deng, Z., Yin, D., Zhi, Y., Sun, Z., Zhao, H., Zhou, L., Fang, C., & Qian C.
(2009b). Sulfur storage changed by exotic Spartina alterniflora in coastal saltmarshes
of China. Ecological engineering, 35, 4, 536-543, ISSN 0925-8574

www.intechopen.com



Biomass
Edited by Maggy Ndombo Benteke Momba

ISBN 978-953-307-113-8

Hard cover, 202 pages

Publisher Sciyo

Published online 12, August, 2010
Published in print edition August, 2010

Due to demands placed on natural resources globally and subsequent deterioration of the environment, there
is a need to source and develop appropriate technology to satisfy this requirement. For decades mankind has
largely depended on natural resources such as fossil fuels to meet the ever increasing energy demands.
Realizing the finite nature of these resources, emphasis is now shifting to investigating alternate energy source
governed by environmentally friendly principles. The abundance of biomass and associated favorable techno-
economics has recently changed global perceptions of harnessing biomass as a valuable resource rather than
a waste. To this end this book aims to make a contribution to exploring further this area of biomass research
and development in the form of a compilation of chapters and covering areas of ecological status of different
types of biomass and the roles they play in ecosystems, current status of biomass utilization and deriving
energy and other value added products from biomass. In this context biomass can be defined as large plants
and trees and different groups of microorganisms. This book will serve as an invaluable resource for scientists
and environmental managers in planning solutions for sustainable development.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Jesus Castillo, Alfredo Rubio-Casal and Enrique Figueroa (2010). Cordgrass Biomass in Salt Marshes,

Biomass, Maggy Ndombo Benteke Momba (Ed.), ISBN: 978-953-307-113-8, InTech, Available from:
http://www.intechopen.com/books/biomass/cordgrass-biomass-in-salt-marshes

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FEETERTERESS BEFREKIRIE HA4058TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2010 The Author(s). Licensee IntechOpen. This chapter is distributed
under the terms of the Creative Commons Attribution-NonCommercial-
ShareAlike-3.0 License, which permits use, distribution and reproduction for
non-commercial purposes, provided the original is properly cited and

derivative works building on this content are distributed under the same
license.



https://creativecommons.org/licenses/by-nc-sa/3.0/

