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ABSTRACT
The dominant plant in Humboldt Bay salt marshes is
Spartina densiflora, a species of cordgrass apparently
introduced from South America. At several salt marshes and
restoration sites around Humboldt Bay, distribution of this
plant has increased significantly. I investigated the
relative contributions of vegetative tiller production and
seed germination to the establishment and expansion of S.
densiflora.
In salt marsh stands, I compared increases in basal
area of plants surrounded by potential competitors and those
of areas without competing plant species. Plants growing in
bare areas without competitors had significantly higher
rates of vegetative expansion (p<0.0001).
I measured viable seed production, germination rates,
seedling survivorship, and growth of adult plants in six
salinity treatments. Approximately 1,977 ± 80 viable seeds
are produced per plant (0.25 to 0.5 square meters). The
number of germinating seeds was inversely related to
increases in salinity. Salinity treatments at 19-35 ppt
produced significantly lower germination rates than
salinities of 0-18 ppt (p<0.0001). Seedling survivorship
was 50% at < 4 ppt and 8-14% at > 11 ppt. Lateral expansion
of adult, greenhouse grown plants occurred in all salinity
treatments, with modest decreases in the highest salinity
treatments (ρ<0.05).
iii

My findings indicate that S. densiflora readily expands
in bare areas without competitors primarily by vegetative
expansion. Lateral tillers are produced by S. densiflora
throughout the year, indicating that plants do not become
seasonally dormant. Plants in undisturbed salt marshes
expand more slowly, limited by potential competitors such as
Salicornia virginica and Distichlis spicata.
My results suggest that seed germination and
survivorship increase during periods of significant
freshwater influence. Although S. densiflora produces
prolific amounts of seed, colonization of mature salt
marshes may be limited by competitors and high salinities.
Colonization of protected open areas is more likely,
especially if sediment salinities are substantially
decreased. Once established, S. densiflora spreads rapidly.
Planting of native species such as Salicornia virginica,
Distichlis spicata, or Jaumea carnosa may prevent
monospecific stands of S. densiflora from developing.
Phenological differences and physiological plasticity
probably account for the expansion of S. densiflora in
disturbed marshes and restoration sites.
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INTRODUCTION
Salt marshes bordering Humboldt Bay are floristically
unique, containing an assemblage of plant species commonly
found in neither the Pacific northwest nor southern
California salt marshes (MacDonald and Barbour 1974; U.S.
Army Corps of Engineers 1976). In addition to representing
a probable transitional area, Humboldt Bay is distinct from
other west coast salt marshes because of the presence of
Spartina densiflora.
Dense-flowered cord grass, Spartina densiflora,
occupies an enigmatic position in the floras of California.
In the definitive monograph on Spartina world-wide,
Mobberley (1956) set the stage for controversy by noting
that a single specimen examined by Saint-Yves (1932) had
been identified as Spartina densiflora and added that, "it
may be significant to note that the label of the specimen in
question bears the information that it was collected in the
drier part of the salt marsh at Eureka, California."
However, Mobberley did not concur with the identification by
Saint-Yves (1932) and continued to recognize Humboldt Bay
cordgrass as an ecotype of Spartina foliosa. Mason (1957)
and Munz and Keck (1973) believed that Humboldt Bay
cordgrass was a local ecotype of Spartina foliosa Trin.
Later workers (MacDonald and Barbour 1974) commented on the
peculiar growth form of cord grass in Humboldt Bay, but
continued to identify it as a form of Spartina foliosa.
1
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The possibility that Humboldt Bay cordgrass was not
Spartina foliosa continued to be discounted until specimens
were transplanted to San Francisco Bay in 1977 (Spicher and
Josselyn 1985). Spicher (1984) observed the two forms
growing in close proximity within San Francisco Bay and
cited numerous differences in the phenology and ecological
relationships of native Spartina foliosa and Humboldt Bay
Spartina. He concluded that cord grass from Humboldt Bay is
probably Spartina densiflora Brong. forma scuta St.Y., a
species native to the Chilean coast of South America. He
further speculated that cordgrass at Humboldt Bay had
probably been introduced incidental to the lumber trade that
flourished in the late 1800's between northern California
and Chile. Faber (pers. comm. 1993) verified this
identification with specimens of S. densiflora that she
collected in Chile.
In Humboldt Bay, Spartina densiflora grows abundantly
and contributes significantly to the primary productivity of
the Bay and surrounding marine waters (Rogers 1981). Eicher
(1987) described distribution patterns of native salt marsh
species that may be significantly influenced by the
competitive abilities of Spartina densiflora. Marsh
restoration activities within the Bay have been accompanied
by the rapid spread of Spartina densiflora over a
significant elevational gradient (Claycomb 1983). At
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restoration sites and relatively undisturbed salt marshes
around Humboldt Bay, Spartina densiflora has become
established in almost monospecific stands (personal
observation). These findings, if substantiated by further
investigation, present significant challenges to those who
wish to understand and carry out marsh restoration
activities in California. Spartina densiflora is clearly an
exotic, but has spread to such an extent that eradication is
impossible and probably undesirable.
At Humboldt Bay, encroachment on salt marshes by
diking, disposal of dredge materials, and conversion to
pasture lands has reduced this habitat type from 2,833 ha at
the turn of the century to 393 ha today (Shapiro and
Associates 1980). These activities have reduced populations
of native salt marsh species, reduced the overall diversity
of salt marsh floras, and resulted in a great loss of salt
marsh habitat.
Native species of Spartina are excellent stabilizers of
exposed mudflats or dredged material and have been used in
marsh reclamation projects (Woodhouse et al. 1972; 1976;
U.S. Army Corps of Engineers 1976). However, interest in
marsh restoration as a mitigation measure has spawned a
number of introductions of non-natives into various
estuaries world-wide: Spartina patens in Suislaw Bay, Oregon
(Frenkel and Boss 1988); Spartina densiflora and Spartina
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alterniflora in San Francisco Bay, California (Spicher and
Josselyn 1985; Callaway 1991); and Spartina anglica in
England, Europe, China and New Zealand (Gray et al. 1990;
Callaway and Josselyn 1992). It appears that
species of Spartina can be aggressive and bothersome
invaders of marine mudflats (Josselyn and Buccholz 1984;
Thompson 1991; Callaway 1991). Introduced species of
Spartina can change the hydrology and rate of accretion in
the salt marsh by growing on adjacent bare mud flats
(Ranwell 1972). The transformation of the original habitat
can result in monospecific stands of the introduced Spartina
species, altering the habitat of native plants and
invertebrates (Frenkel and Boss 1988). Spartina anglica has
been implicated in causing the decline of shorebird
populations in English salt marshes (Goss-Custard and Moser
1988) .
Salt marshes present significant barriers to potential
invaders; edaphic conditions are harsh and vegetation cover
dense. Members of the genus Spartina can tolerate the harsh
conditions of living in a saline environment. They are
facultative halophytes, limited to the saline environment
because they can tolerate low water potentials, not because
of a physiological requirement for salts (Poljakoff-Mayber
and Gale 1975; Ungar 1962). Competitive exclusion may
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explain their elimination from upland sites (Phleger 1971;
Woodhouse 1979; Bertness 1991).
Several authors have attempted to categorize the
characteristics of the "ideal invader" (Baker et al. 1986;
Drake and Mooney 1989; Mooney et al. 1986). Ideal invaders
are usually genotypically plastic perennials. They are
capable of germination in a wide range of physical
conditions, they grow rapidly, produce many seeds that
disperse widely, reproduce vegetatively, and are a strong
competitor. Chance colonization in a relatively open
habitat may also be a key feature facilitating the spread of
a non-native species. Ultimately, an invasive species can
be considered successful if it colonizes and exists over a
wide range of localized environmental conditions and forms a
dominant component of the habitat into which it spreads
(Thompson 1991). Several species of Spartina possess these
traits (Gray et al. 1991; Thompson 1991).
The impact on native flora and properties which enable
Spartina densiflora to be successful in Humboldt Bay are
poorly understood. Distribution of S. densiflora has
increased at several restoration sites and in native salt
marshes around Humboldt Bay. In some areas it has become
established in almost monospecific stands. Establishment
and expansion of S. densiflora may involve both vegetative
tiller production and seed germination. The relative
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contribution of these two mechanisms to the expansion of S.
densiflora in Humboldt Bay is not known. Also, little
information exists about whether or not S. densiflora has
deleterious effects on the maintenance and establishment of
native salt marsh species in Humboldt Bay.
The purpose of my investigation is to clarify several
life history components of this plant: 1) to observe and
record seasonal growth characteristics (flowering time, seed
set, times of die-back and production of new tiller growth);
2) to determine the contribution of asexual vegetative
tiller expansion and compare it to sexual reproduction
through seed germination; 3) to measure and document the
rate of vegetative expansion for plants located in areas
without competitors compared to those surrounded by
interspecific competitors; 4) to determine the tolerances of
seeds, seedling and vegetative tillers to a range of
salinities and fresh water; and 5) to develop hypotheses
about whether these attributes allow S. densiflora to
outcompete native estuarine flora in disturbed and
undisturbed salt marshes.
If Spartina densiflora possesses the traits of an
"ideal invader," this species should be able to withstand a
wide range of salinity conditions, enabling it to be an
aggressive colonizer of salt marshes. Additionally, this
species should reproduce successfully using both seed

7

production and lateral vegetative expansion. Spartina
densiflora may colonize and spread in disturbed areas. If
these hypotheses are confirmed, then S. densiflora may
become the dominant plant with deleterious effects on the
establishment of native species. Large, monospecific stands
of S. densiflora could develop in Humboldt Bay salt marshes
and other Pacific coast salt marshes into which it is
introduced.

MATERIALS AND METHODS
STUDY AREA
Humboldt Bay is the major west coast salt marsh
ecosystem between Coos Bay, Oregon, and San Francisco Bay,
California (MacDonald 1977). Extensive salt marsh and mud
flat ecosystems have developed in the shallow north and
south arms of Arcata Bay and South Bay respectively. Salt
marsh distribution, climate, tidal regime, soils, and
floristic zones of Humboldt Bay have been described by
Eicher (1987) and Barnhart et al. (1992). Field sampling
and seed collection were conducted in Arcata Bay, Humboldt
County, California (Figure 1).
Α study site was selected using the following criteria:
1) the presence of relatively undisturbed salt marsh; 2) the
presence of naturally occurring bare areas generated by
moderate wrack deposition; 3) a site representing variations
in elevation and containing a diverse floristic composition;
and 4) accessibility.

Α site north of Highway 255 and Samoa

Boulevard intersection was selected (hereafter designated as
the Samoa Bridge site). This area is a large expanse of
salt marsh on the western edge of Arcata Bay paralleling
Vance Street (for description see Eicher 1987). The salt
marsh proper is dissected by tidal creeks and contains large
amounts of well developed Salicornia virginica, Spartina
densiflora and mixed marsh represented by Distichlis
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Figure l. Humboldt Bay, California. Letters indicate
primary field sampling sites (A) and areas where seed of
Spartina densiflora (S) was collected. Map modified,
Barnhart et al. (1992).
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spicata, Salicornia virginica, Jaumea carnosa and Limonium
californicum (Eicher 1987).

OCCURRENCE OF S. DENSIFLORA IN HUMBOLDT BAY
I investigated the primary mode of establishment and
expansion of S. densiflora in Humboldt Bay salt marshes.
The relative contributions of vegetative tiller production
and seed germination to growth of S. densiflora was not
known. I determined the relative contribution of these
mechanisms to the establishment and spread of S. densiflora
using a combination of field and greenhouse experiments.

FIELD EXPERIMENTS
Vegetative Expansion in the Salt Marshes of Humboldt Bay
Rates of vegetative growth in S. densiflora probably
depend on physical factors, age of the plant, the presence
of conspecifics and potential competitors (Chapman 1974;
Bertness et al. 1992). I measured and photographed
vegetative expansion for plants surrounded by potential
competitors in undisturbed marshes and for plants without
competitors in naturally occurring bare areas.
Undisturbed areas were chosen that did not have
appreciable amounts of wrack deposition and that contained a
variety of other salt marsh species. Bare areas were
chosen that did not differ significantly in elevation from
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other plants. Only naturally occurring bare areas generated
by wrack deposition were selected. Bare areas with large
amounts of standing water were avoided because of poor
drainage and anoxic soil conditions (Chapman 1974).
I haphazardly selected a total of 39 isolated tussocks
with the capacity to expand laterally by tillers. I did not
select any plants that were in monospecific stands of S.
densiflora since vegetative expansion under such conditions
is virtually impossible to discern. Plants surrounded by
competitors were at least 25 cm away from conspecifics.
Plants without surrounding competitors were in bare areas at
least 25 cm from any salt marsh species.
In February, 1992, I selected twenty-four plants from
relatively undisturbed, middle marsh areas. The plants were
surrounded by other species of salt marsh plants. They were
marked by placing a stake to the north of the plant. These
plants were monitored every three months for one growing
season beginning February, 1992 and ending in February,
1993. Plants ranged in basal area from 0.2 to 0.5 square
meters.
An additional fifteen plants in bare areas and not
surrounded by potential competitors were selected and marked
with wooden stakes. These plants were measured every three
months starting in February, 1992 and ending in February,
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1993. Plants ranged in basal area from 0.1 to 0.45 square
meters.
I monitored soil salinities at the study area every
three months. I dug up approximately 125 cubic centimeters
of soil and placed it in a plastic bag. In the laboratory,
the soil was placed in nylon mesh and water was expressed
from the soil. Next, I transferred water to a centrifuge
tube and spun it for two minutes to separate sediments.
Salinity of the water was measured using a hand held
refractometer.
Estimates of growth and expansion of Spartina
densiflora were evaluated using several methods (Table l,
numbers 3-10). The first two factors have been analyzed and
discussed by previous workers investigating Spartina
densiflora in Humboldt Bay (Eicher 1987; Rogers 1981).
Measurements of basal circumference were transformed into
basal area. Photographs and measurements were taken every
three months to document the rate of vegetative expansion.

Seed Production and Viability
Potential seed production was determined by counting
the number of spikelets and developed seeds per
inflorescence (n=22). Inflorescences were randomly
collected from plants ranging in basal area from 0.25 to 0.5
square meters. This size range represents most isolated and
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TABLE 1. Field and greenhouse methods used to evaluate
factors that may contribute to the spread of Spartina
densiflora.
Factor

Method of study

1)Intertidal distribution

Elevational surveying (Eicher
1987)

2)Aerial above ground
primary production

Smalley method for primary
production (Rogers 1981).

3)Seed production and
viability

Counted the number of
flowering culms and seeds per
inflorescence. Viability
tested with tetrazolium
chloride staining.

4) Basal area of plants

Measured change in basal
circumference (cm).
Transformed into percentage
increase in basal area.

5)Rates of lateral spread

Counted new lateral tiller
production; measured basal
circumference over time.

6)Height

Averaged height of 10 culms
(cm)

7) Germination rates

Germinated seeds in distilled
water and a range of
salinities.

8)Seedling survivorship

Measured growth and survival
over a range of salinities
and distilled water.

9)Adult plant growth

Measured growth over a range
of salinities and distilled
water.

10) Competitors

Identified potential
competitors; measured rates
of expansion in areas with
and without competitors.

.

.
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mature tussocks of S. densiflora in Humboldt Bay salt
marshes.
Viability tests were conducted using tetrazolium
chloride on four replicates of 125 seeds each. Developed
seeds were randomly selected, split longitudinally with a
razor blade and placed cut surface down in a Petri dish for
40 minutes (Meredith 1980). Viable seeds respire and stain
the seed red.

GREENHOUSE EXPERIMENTS
Seed Germination in Six Salinity Regimes
I examined the salinity tolerances of S. densiflora
propagules by germinating seeds across a range of salinities
and in distilled water. Seeds were collected in September
and October of 1991 from three sites in Humboldt Bay: Jacoby
Creek, Arcata Marsh, and the Samoa Bridge site (Figure 1).
Seeds were considered ripe when the spikelets detached from
the rachis with ease. A storage period of at least 75 days
was recommended for seeds of Spartina (Crispin 1976; Seneca
1974). Batches of seeds were spread to dry for two days,
then they were bagged dry and stored in a refrigerated room
at 0° C.
The first germination experiment was started in
January, 1992 with seeds stored for eighteen weeks (128
days). The second germination experiment was begun in
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April, 1992 with seeds stored thirty-one weeks (217 days).
The lemma and the pales were removed from each haphazardly
selected seed. Seeds that were obviously shriveled or
undeveloped were discarded. Immediately before the
experiment, seeds were sterilized in a 10% Clorox solution
for ten minutes and then rinsed with distilled water to
prevent fungal contamination.
Four salinity treatments were established by creating a
dilution series with filtered, UV treated sea water. Two
other treatments consisted of undiluted sea water and
distilled water (DW). Salinities of the six treatments were
0 parts per thousand (ppt), 4 ppt, 11 ppt, 18 ppt, 27 ppt,
and 35.5 ppt ± 1 ppt. Within each treatment five Petri
dishes were filled with 30 ml of the appropriate test
solution. A smaller plastic Petri dish with holes in the
top was inverted in the water and capped with a piece of
5.5 cm filter paper. Twenty seeds were arranged on the
filter paper and the dish was covered to prevent
evaporation. This design resulted in a total of 30 Petri
dishes (5 replicates/ treatment). Dishes were placed in a
greenhouse under a 12/12 hour light cycle. Temperatures
fluctuated between 6° and 34° C.
Salinity of each treatment dish was monitored weekly by
using a hand held refractometer. At each monitoring period
the refractometer was calibrated with a Model 30 YSI
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salinometer. Seeds were considered to be germinating when
the coleoptile emerged from the seed coat.

Growth of Seedlings in Six Salinity Regimes
Germinated seeds were removed from the six salinity
treatments and planted in pots of perlite. After one month
the seedlings were transplanted to six pots containing 100
ml steer manure and 1 liter standard potting soil.
Seedlings were watered with the salinity treatment that they
germinated in (0, 4, 11, 18, 27, or 35.5 ± 1 ppt). Seedling
survivorship, leaf length (measured from the base of the
shoot to the tip of the leaf (cm)), and secondary tillering
were recorded monthly.

Adult Plant Growth in Six Salinity Regimes
To examine the rate of vegetative expansion in a range
of salinities and under optimal conditions, five adult
Spartina densiflora plants were dug from random areas within
the salt marsh at the Samoa Bridge Site. Plants were kept
moist and transported in pots to the Experimental Greenhouse
at Humboldt State University. Each adult plant was divided
into smaller portions of vegetative and root material. The
dimensions of the root stock and salt marsh soil plug were
recorded for each plant. Dead culms were removed from the
clump. The height, circumference, number of live culms,
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dead culms, new tillers and flowering spikes were counted.
The size of each clump ranged from 40 cubic centimeters to
400 cubic centimeters. Clumps were transplanted into one
gallon pots with the following soil mix: rock and gravel
lining the bottom; 400 ml organic potting soil mixed with;
100 ml sand mixed with soil; and 200 ml steer manure. The
remainder of the pot was filled with the clump of cordgrass
and potting soil within 2 cm of the rim. A dressing of
100 ml steer manure was sprinkled around the plant. Plants
were fertilized once every two months with Hoagland's
solution following similar methods to those employed by
Barbour and Davis (1970).
A total of sixty-six clumps were transplanted in this
manner. The plants were randomly assigned to 6 treatment
groups: 0 ppt, 4 ppt, 11 ppt, 18 ppt, 27 ppt, 35.5 ppt ± 1
ppt sea water. Each group was watered three times a week
with 300 ml of the appropriate salinity. Height
measurements and the number of dead culms, live culms, and
new tillers were recorded monthly. Measurements of soil
salinity were done monthly to adjust soil salinity due to
evaporation.

SEASONAL ASPECTS OF LIFE HISTORY
Casual observations of phenological characteristics
such as flowering time, seed set, time of dieback and new
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tiller growth were recorded for one and one half calendar
years (May, 1991 to February, 1993). In salt marshes
bordering Humboldt Bay, I searched for seedlings and noted
the general dynamics of salt marsh growth and development.

STATISTICAL ANALYSES
A Mann-Whitney test was performed on Minitab (Ryan et
al. 1984) to compare the percentage increase in basal area
of plants without competitors versus plants surrounded by
competitors.
Seed germination was analyzed using one-way ANOVA on
SAS software (SAS Institute, Inc. 1985). Post hoc, pairwise comparisons were made with Ryan's Q test at the 0.05
level. To determine whether or not days of storage affected
germination in the six salinities, a two-way ANOVA on NCSS
software (Hintze 1992) was used to compare the germination
rates of experiment 1 and 2.
I tested whether a significant relationship existed
between seedling survivorship and salinities using a
contingency table analysis on NCSS software (Hintze 1992).
My null hypothesis stated that there was no difference in
seedling survivorship over the six salinities.
A MANOVA was used to compare the four growth variables
(height, number of dead culms, new culms and tillers
produced) for greenhouse plants growing in six different
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salinities. NCSS software was used for these analyses
(Hintze 1992). I tested assumptions for MANOVA using
Bartlett-Box homogeneity tests.

I followed an overall

significant MANOVA with post hoc, pair-wise comparisons
using Hotelling's Τ2 and univariate t tests at the 0.05
level.

RESULTS

OCCURRENCE OF S. DENSIFLORA IN HUMBOLDT BAY
Expansion of S. densiflora has occurred at several
restoration sites and in native salt marshes around Humboldt
Bay. In some areas it has become established in almost
monospecific stands. Expansion at these sites involves both
vegetative tiller production and seed germination.

FIELD EXPERIMENTS
Vegetative Expansion in the Salt Marshes of Humboldt Bay
Measurements of basal circumference were transformed
into basal area to find the percentage increase in basal
area for each plant. Percentage increase in basal area over
one year was significantly higher among plants in areas
without competitors than it was among plants surrounded by
competitors (Mann-Whitney U, p<0.0001). Percentage increase
in basal area of plants surrounded by competitors (n=24)
ranged between -19% to 34% with a median of 14.5%.
Percentage increase in basal area among plants in naturally
occurring bare areas without competitors (n=15) ranged from
0% to 1745%, with a median of 234%.
Lateral tiller production over one year averaged 55.3 ±
19.3 in plants surrounded by competitors. In bare areas,
plants produced an average of 44.2 ± 18.9 tillers over one
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year. These means were not significantly different (MannWhitney U; p>0.05). Because tiller production was reflected
in the increase in basal area, I used only increase in basal
area as a measure of lateral vegetative expansion.

Seed Production and Viability
The number of inflorescences produced by each marked
plant (n=39) was counted in August 1992. Plants surrounded
by competitors produced substantially more inflorescences
than plants in bare areas (28.7 ± 16 inflorescences/plant
vs. 2.8 ± 4 inflorescences/plant). Since the plants in
bare areas did not produce as many inflorescences, I did not
collect inflorescences from them or include them in
calculating potential seed set for S. densiflora.
I haphazardly collected 22 mature inflorescences of S.
densiflora from plants surrounded by competitors. These
plants ranged in basal area from 0.25 to 0.50 square meters.
An average of 122 ± 15 spikelets were produced by each
inflorescence. Each spikelet has the potential to produce
one viable seed, but only 72% ± 3% of the spikelets
contained a developed seed. I estimated the average number
of developed seeds/inflorescence by multiplying the average
number of developed seeds by the average number of
inflorescences produced. Approximately 2,512 ± 105
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developed seeds were produced by each plant ranging from
0.25 to 0.5 square meters in size (Table 2).
Viability tests on 500 randomly chosen seeds revealed
that approximately 78.7 % ± 3.2 seeds were viable (Table 3).
In contrast to other species of Spartina (Spicher 1984;
Callaway 1991), S. densiflora produces a greater amount of
viable seed. To estimate the number of viable seeds/plant,
I multiplied the number of developed seeds with the
viability percentage. A plant, 0.25 to 0.50 square meters
in size, produced approximately 1,977 ± 80 viable seeds
(Table 3).

GREENHOUSE EXPERIMENTS
Seed Germination in Six Salinity Regimes
In both germination experiments 1 and 2, the number of
germinated seeds was inversely proportional to increases in
salinity (Figure 2). A salinity treatment of 35.5 ppt
produced a significantly lower germination rate than
distilled water in both germination experiments (Table 4).
Seeds stored at 0° C for 128 days germinated best in
salinity treatments of 0, 4 and 11 ppt (ANOVA; p<0.0001).
Treatments containing 19, 27 and 35.5 ppt resulted in
significantly fewer germinated seeds than salinities of 0,
4, and 11 ppt (post hoc comparisons). Treatments of 27 and
35.5 ppt produced significantly fewer germinated seeds than
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Table 2. Estimated seed production of S. densiflora at
Samoa Bridge Site, Humboldt Bay. Inflorescences (n=22) were
collected in September, 1992 from twenty-four marked plants
surrounded by competitors and ranging in size from 0.25 to
0.5 square meters. Numbers of undeveloped or shriveled seeds
were compared to the number of developed seeds/spikelet.
Mean number of
inflorescences
per plant, (0.25
to 0.5 square
meters; n=24)

Mean number
of spikes per
inflorescence
(n=22)

Mean number of
spikelets per
spike

Percent
developed
seeds per
spikelet

28.6 ± 16

9.05 ± 2.2

13.5 ± 3.3

72

± 3

Total number of spikelets per inflor. = 122 ± 15
Spikelets/plant = 122 X 28.6 = 3,489
TOTAL NUMBER OF DEVELOPED SEEDS/PLANT = 2,512 ± 105

Table 3. Percentage of viable seeds from 500 randomly chosen
developed seeds collected from the Arcata Marsh in October,
1991. Four replications of 125 seeds were tested with
tetrazolium chloride stains.

Viable

Non-viable

78.7 ± 3.2 %

21.3 ± 2.3 %

TOTAL NUMBER OF VIABLE SEEDS/PLANT = 1,977 ± 80 seeds.
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Figure 2. Total number of germinated seeds (n=100) over six
salinity treatments in germination experiment 1 and 2. Seed
stored for 128 days was used in germination experiment l.
Seed stored for 217 days was used in germination experiment
2. Seed was collected from Jacoby Creek and the Samoa
Bridge site in October 1991.
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19 ppt (p<0.0001; Table 4). The lowest number of seeds
germinated in undiluted sea water, 35.5 ppt.
Seeds stored at 0° C for 217 days had slightly
different germination rates. The lowest number of
germinated seeds still occurred in sea water, 35.5 ppt.
However, more seeds germinated in higher salinities,
especially at 27 ppt. Germination rates in 27 ppt were
still significantly lower than a salinity treatment of 4
ppt. The number of seeds germinated in treatments of 35.5
ppt were significantly lower than all other salinities
(ANOVA; p<0.0001).
A longer storage time (217 days) resulted in
significantly different germination rates when compared to
storage time of 128 days (2-way ANOVA; p<0.0001). The
longer storage time resulted in a faster germination rate.
Also, more seeds germinated in the higher salinities,
especially at 27 ppt (Figure 3).
Contrary to a finding by Mooring et al. (1971), S.
densiflora seeds did not lose viability in dry storage at
0° C. Refrigeration was adequate to prevent desiccation,
but viability might have been enhanced through storage in
diluted sea water.
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Table 4. Mean number of germinated seeds in each salinity
treatment for Experiment 1 and Experiment 2. Each treatment
consisted of five replicates of twenty seeds each. Seed
stored for 128 days was used in germination experiment l.
Seed stored for 217 days was used in germination experiment
2. Seed was collected from Jacoby Creek and the Samoa
Bridge site in October, 1991. Group means with the same
superscript are not significantly different from one another
(Post hoc, pair-wise comparisons at 0.05 level, ANOVA;
p<0.0001).

27

Figure 3. Total number of seeds germinating over a period
of 9 weeks. Salinity treatments were 4 and 27 ppt with
seeds stored for 128 (I) and 217 days (II) at 0 C.
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Growth of Seedlings in Six Salinity Regimes
After six months, growth of the seedlings (height,
secondary tillering, and leaf width) was greater in lower
salinity treatments: 0, 4, 11, 19, and 27 ppt than in
undiluted sea water (35.5 ppt). Estimates of seedling
height in salinity treatments 0, 4, and 11 ppt averaged
33 cm. Seedling height in 18 and 27 ppt averaged 24 cm.
Seedling height in 35.5 ppt averaged 7 cm. Only seedlings
grown in < 27 ppt produced secondary tillers. Estimated
leaf width was 3 mm for seedlings grown in < 27 ppt, while
leaf width was 2 mm for seedlings grown in 35.5 ppt.
Seedling survivorship was inversely related to
increases in salinity (Table 5). Approximately 50% of the
seedlings survived in salinities of 0 and 4 ppt.
Approximately 10% of the seedlings in salinities > 11 ppt
survived. Only one seedling survived in undiluted sea water
(- 6% of the seedlings planted). A contingency table
analysis revealed that there was a relationship between
seedling survivorship and increased salinities (p<.0001).
Signs of salinity stress were common in salinity
treatments > 27 ppt. Initial culms appeared twisted and
tightly rolled. Chlorosis appeared shortly after elongation
of the culm, necrosis occurred about one week later.
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Table 5. Number of seedlings surviving and percentage
survivorship after 6 months in each salinity treatment
group. Seeds were germinated in the corresponding salinity
treatment. Germinated seeds were removed from Petri dishes
after one week and placed in perlite soil mixture. Seeds
were watered three times weekly with the appropriate
salinity treatment. There is a significant relationship
between salinity treatments and the number of seedlings
surviving (Chi Square; χ2=61.5, DF=5, p<0.0001).
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Adult Plant Growth in Six Salinity Regimes
Plants grown in greenhouse conditions showed decreases
in tiller production, culm maintenance, and height as
salinities increased above 11 ppt (MANOVA, p<0.0001; Table
6). Pair-wise comparisons revealed that salinities of 0, 4,
and 11 ppt produced significantly higher growth than
salinities of 18, 27 and 35 ppt (Table 6).
Univariate analyses revealed that height increases
accounted for the overall significance in growth of adult
plants. The tallest plants were treated with water at
4 ppt; height decreased as salinities varied from 4 ppt.
Culm maintenance, reflected in the production of both
dead and live culms, differed significantly only in a
salinity treatment of 35.5 ppt. However, the number of dead
culms was least affected by increases in salinity.

SEASONAL ASPECTS OF LIFE HISTORY
In contrast to competing salt marsh plants, S.
densiflora does not experience a complete dieback or
dormancy period during the winter months (Spicher 1984).
Vegetative growth, as evidenced by tiller production, occurs
throughout the year, with most tillers being produced in May
through September. New tillers arise from short rhizomes,
producing a distinctive caespitose (tussocky) appearance.
Spicher (1984) stated that S. densiflora did not produce
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Table 6. Average increase in height, number of dead culms,
live culms, and tillers produced over 8 months in mature
greenhouse plants (n=11/each of 6 salinity treatments).
Plugs were taken from established plants dug from the Samoa
Bridge Site in May 1991. Plants were watered 3 times weekly
with the appropriate salinity treatment. MANOVA indicates
an overall difference in growth over the 6 salinity
treatments (p<0.0001). Group means (± SD) with the same
superscript are not significantly different from one another
(post hoc, pair-wise comparisons; Hotelling's Τ2).
Univariate t tests (at the 0.05 level) revealed that height
was the primary variable accounting for an overall
significant MANOVA.
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rhizomes, however, the rhizomes are short and turn up close
to other culms, so they may have escaped his observations.
Dense masses of roots contribute significantly to below
ground biomass.
Older culms die in the spring and summer months (MarchJuly). Water currents during high tide remove dead culms
from the plants. Decomposition of the dead culms is slow
and culms collect with other inorganic and organic material
to be redeposited throughout the salt marshes as wrack.
Large expanses of wrack deposits occur in late summer (July
through early October). Prolonged wrack deposition kills
underlying plants in the salt marshes creating bare patches.
Plants gain in size throughout winter and early spring,
expanding in basal circumference from November to February.
Shedding of dead culms in the summer results in a
contraction of circumference resulting in only a small
overall increase in size over one year (Figure 4). It is
this deciduous nature that results in the high primary
productivity of

S.

densiflora (Rogers 1981). Spartina

densiflora may only outcompete other salt marsh natives in
undisturbed areas due to its unique ability to produce
tillers throughout the year, especially in winter and early
spring.
Smaller plants in bare areas increase linearly in basal
circumference. This linear increase is in contrast to the
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Figure 4. Change in basal circumference (cm) over one year
for representative Spartina densiflora plants surrounded by
competitors and not surrounded by competitors.
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expansion/contraction typical of larger plants surrounded by
competitors (Figure 4).
Spartina densiflora begins to produce inflorescences in
mid-May. Flowering times vary, depending on the plant and
its location. Plants in sunny, south facing exposures begin
flowering by June. Most plants flower in July and August.
Seed set occurs from September to October, with the majority
of seeds maturing in early October. Inflorescences are
shattered by wind and tidal action; wave action during daily
tidal cycles disperse the seeds. From personal
observations, seedling establishment rarely occurs and only
when environmental conditions are appropriate. I found only
one salt marsh location, a brackish ditch (22 ppt), in which
seedlings had become established. This restoration site had
significant freshwater outflow from a nearby pond.

Seeds

that successfully germinate under natural conditions
probably begin to produce secondary tillers in
3-5 months. These plants will not produce inflorescences
for the first two or three years. My observations indicate
that plants bordering creeks or located in isolated tussocks
produce more inflorescences than do plants in bare areas or
monospecific stands.

DISCUSSION
OCCURRENCE OF S. DENSIFLORA IN HUMBOLDT BAY
The dominant plant in Humboldt Bay salt marshes is
apparently an introduced species of cordgrass from South
America, Spartina densiflora (Spicher 1984). The
distribution of this plant has increased in mature and
disturbed salt marshes and new individuals have colonized
areas where they had not previously existed (Barnhart et al.
1992; personal observations). Expansion of Spartina
densiflora in Humboldt Bay is a result of seed germination
in reduced salinities and lateral growth of established
plants.
The relative importance of vegetative growth and sexual
reproduction in the establishment and maintenance of several
species in the genus Spartina remains controversial.
Woodhouse et al. (1972) concluded that seedlings of S.
alterniflora constitute the primary mode of establishment on
bare sediments in North Carolina. Chapman (1974) reported
that the majority of S. alterniflora seeds along the east
coast are inviable, and that colonization occurs primarily
from vegetative expansion of rhizomes rather than seeds. In
west coast salt marshes, Purer (1942) and Phleger (1971)
stated that seedlings of Spartina foliosa were rare, and
that barren substrata were colonized in a protracted manner,
primarily through rhizomes.
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My results suggest that Spartina densiflora relies
primarily on vegetative expansion in small bare areas and in
mature marshes where it is already established. Seedling
growth probably only occurs on bare, protected sediments,
during periods of significant freshwater influence.

FIELD EXPERIMENTS
Vegetative Expansion in the Salt Marshes of Humboldt Bay
Natural disturbances such as prolonged wrack deposition
commonly generate bare areas in salt marshes (Hartman 1988;
Bertness 1992). Wrack deposits in Humboldt Bay kill most
above ground vegetation creating large bare patches.
Recolonization of bare areas occurs either through seeds,
resprouting from underground storage, or from vegetative
expansion of surrounding species. Species with rhizomes or
underground storage, such as Spartina and Salicornia, may
have a competitive advantage, sprouting and spreading faster
than species relying on seedling recruitment. Annuals, such
as Cordylanthus maritimus and Orthocarpus castillejoides
(=Castilleja ambigua), rely primarily on seed input and
often are important colonizers of disturbed areas in salt
marsh systems (Bertness et al. 1992, Newton 1986).
Hartman (1988) concluded that the rate of colonization
of small open patches by Spartina alterniflora in east coast
salt marshes is primarily controlled by the proximity of
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established stands and the capacity for vegetative growth.
Over time, patch disturbances resulted in a homogeneous
stand of S. alterniflora. She noted that recolonization of
open patches by S. alterniflora was slow, perhaps because of
higher salinities, localized tidal action, or nutrient
availability. Bertness et al. (1992) suggested that patch
disturbances in salt marshes and terrestrial systems create
sites for the development of unique plant assemblages.
Bertness et al. (1992) found that bare patches in New
England salt marshes are initially colonized by seeds of
fugitive marsh plants such as Salicornia europaea and
Atriplex patula. These species are able to withstand the
elevated salinities associated with bare areas. After
establishment, dominant turf plants, such as Spartina patens
or Juncus gerardi competitively displace these patch
dependent species. Spartina's dense mat of roots and
aboveground tillers tend to exclude Distichlis or
Salicornia. Bertness and Ellison (1987) showed that
competitive relationships among salt marsh plants are
primarily determined by interacting factors of morphology,
facilitation and timing of spring emergence.
My results suggest that bare areas within Humboldt Bay
are recolonized primarily by growth of surrounding species
of established plants, much like the east coast marshes.
Recovery within fifteen bare patches appeared to occur by
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S. densiflora, Salicornia, or Distichlis growing from the
edge of disturbed patches. I did not see seedlings of any
other salt marsh species recolonizing bare patches.
Within fifteen bare areas, S. densiflora increased in
area 20% to l,745% over a one year period. Spartina
densiflora lacks a dormant period and possesses the capacity
to produce lateral tillers throughout the year, conferring
upon it superior competitive abilities. In contrast,
potential competitors such as Salicornia virginica, Jaumea
carnosa, and Distichlis spicata are dormant and must
resprout before spreading laterally. Additionally, after
rapid growth establishes S. densiflora in bare areas,
shading may exclude colonization or growth of surrounding
competitors. My observations and those of Eicher (1987),
note a decrease in the vigor and abundance of other salt
marsh species in dense stands of S. densiflora. Spicher
(1984) noticed that in zones where S. densiflora established
in San Francisco Bay, it excluded native Salicornia
virginica and Spartina foliosa. My results suggest that
recovering patches come to resemble the composition of
adjacent, undisturbed salt marsh patches, but with an
overall increase in cover of S. densiflora.
I measured smaller increases in basal area when S.
densiflora was surrounded by competitors in a mature marsh.
Increases in basal area ranged from -19% to 38%,
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substantially less than the vigorous growth measured among
plants located in bare areas without surrounding
competitors. Slow vegetative growth of S. densiflora when
surrounded by competitors may be the limiting factor to its
success in terrestrial environments. Phleger (1971)
suggested that salt marsh plants were originally land
plants, but migrated to salt marshes as they evolved certain
mechanisms to withstand salt water. Competition for space
with other terrestrial species may have been important in
this process.
Plants with competitors produced approximately the same
number of tillers as did plants without competitors.
However, there was a significantly higher percentage
increase in basal area of plants in bare areas. This
discrepancy is a result of the expansion/contraction growth
pattern of plants surrounded by competitors. Plants with
competitors shed a significant number of dead culms produced
over the winter. Plants in bare areas maintain more adult
culms while producing a substantial number of new lateral
tillers. The combination of maintaining adult culms and
producing new tillers results in the greater increase in
basal area.
Differences in the growth of S. densiflora in bare
areas versus plants in more mature marsh may be due to the
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age of the plant. All plants in the bare areas were
probably younger than plants located in undisturbed areas.

Seed Production and Viability
In Humboldt Bay, S. densiflora produces an average of
1,977 ± 80 seeds for a plant 0.25 to 0.5 square meters.
Seed production and viability are substantially higher in S.
densiflora than Spartina foliosa and S. alterniflora
(Crispin 1976; Spicher 1984; Callaway 1991). This indicates
that potential colonization of S. densiflora by seed is
high. However, my work suggests that other constraints may
limit seed germination in mature marsh and bare areas. I
observed only a few instances of seedling establishment
during a two year observation period in Humboldt Bay. This
may be due to below average rainfall experienced in 1991 and
1992.
Hopkins and Parker (1984) found few viable species in a
seed bank in San Francisco marshes and concluded that
dominant long-lived perennials in these marshes produce
fewer seeds than annuals do. Similarly, Woodhouse et al.
(1972) found that as stands of S. alterniflora thicken and
age, seed production drops sharply and may be largely
confined to edges of tidal creeks or in disturbed areas.
Mooring et al. (1971) concluded that flowering of S.
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alterniflora was inversely related to the degree of crowding
by conspecifics.
My own observations indicate that seed production was
greatest among mature plants surrounded by interspecific
competitors and along tidal creeks. In these sites there is
little competition for light; isolated tussocks of S.
densiflora are surrounded by shorter salt marsh species.
Plants located in bare areas or as dense monospecific stands
produced substantially fewer inflorescences. My
investigations suggest that plants in bare areas expend most
energy expanding vegetatively rather than producing
inflorescences. Similarly, dense, monospecific stands
probably favor vegetative growth over inflorescence
production.

Seed Germination in Six Salinity Regimes and in the Field
The relative absence of seedlings in the field in spite
of the high seed set and viability suggests that S.
densiflora seedlings are: l) unable to tolerate the physical
constraints of the estuarine environment in Humboldt Bay;
2) unable to compete successfully with adult conspecifics or
interspecific competitors; or 3) unable to survive due to an
interaction of both these factors.
Salinity levels of salt marsh soils are likely to be
the most critical environmental factor for species of salt
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marsh plants. Germination of S. alterniflora (Mooring et
al. 1971), S. foliosa (Phleger 1971, Spicher 1984), S.
patens (Seneca 1967) and other salt marsh species (Chapman
1974; Ungar 1978) are dependent on a reduction in the
salinity of the surface soil layers.
Seedlings and adult plants must tolerate high osmotic
concentrations in sea water, which makes water less
available to salt marsh plants. Spartina densiflora
deposits salt on the outside surface of the leaf and
maintains high internal salt concentrations (Ungar 1962).
Crystals of salt were visible on adult plants grown at
> 18 ppt in greenhouse conditions. Seneca (1967) concluded
that chloride ions did not produce irreversible damage in
seedlings because they recovered when watered with fresh
water. Bertness et al. (1992) found that growth of dominant
salt marsh plants such as Spartina patens and Juncus Gerardi
in bare areas increases when watered with fresh water.
To determine if higher salinities inhibited seed
germination, I germinated seeds in a range of salinities and
in distilled water. My germination experiments with S.
densiflora indicate that seeds germinate best in fresh water
and in salinities < 11 ppt. A gradual decline in
germination occurs as salinity is increased to 35.5 ppt
(Figure 3 and Table 4). These results are consistent with
other germination studies done with Spartina (Crispin 1976;
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Mooring et al. 1971). Spicher (1984) stated that S.
densiflora in San Francisco Bay was more tolerant of higher
salinities than S. foliosa. Compared to germination
experiments with Spartina foliosa, Spicher (1984) obtained
slightly higher germination percentages (28-46%) for S.
densiflora at 35 ppt. This difference may be attributed to
his storage technique. He kept seeds stored in distilled
water, whereas, I kept seeds stored dry. Storing seeds in
water may increase germination rates at higher salinities.
U. S. Army Corps (1976) suggested that cold water,
characteristic of estuarine waters, inhibits germination and
decomposition through the winter months. The ability of S.
densiflora to germinate after dry storage is not shared with
other species of Spartina (Hubbard 1970). Spartina
densiflora may be adapted to drier environmental conditions,
such as living above mean high water.
Seedlings were found only once in the field. They were
found in a ditch bordering the marsh in water measuring
22 ppt. Rainfall and ground water influx from November
through March may provide the appropriate germination
conditions for S. densiflora seeds and seedlings. Haphazard
sampling of soil salinities in Humboldt Bay revealed
salinities between 27 to 40 ppt. Harvey et al. (1978)
reported salinities in Humboldt Bay of approximately 14 ppt.
Seeds germinate in low numbers at salinities of 27 to 35.5
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ppt. The low number of seedlings observed in Humboldt Bay
may be a result of higher soil salinities because of drought
conditions in 1990-1992.
Seedlings appear to be unable to become established
under the shade of dense overlying vegetation. During
greenhouse experiments with adult S. densiflora plants, I
observed several seedlings sprouting in salt marsh soils
after overlying vegetation was substantially thinned.
Seedlings sprouted over all salinity treatments, again
indicating the ability of S. densiflora to germinate in
small numbers at high salinities if light conditions are
suitable.
Metcalf et al. (1986) found that seedling establishment
and expansion increased proportionally as patch size
increased. In Humboldt Bay, seed germination and subsequent
expansion may be important only in the invasion of large,
disturbed areas resulting from breached dikes, large
deposits of wrack, or in areas of restoration activities.
The presence of S. densiflora seedlings only in bare areas
supports this speculation.
In Humboldt Bay, sexual reproduction through seed set
and subsequent germination probably contributes little to
the maintenance of S. densiflora plants in mature,
undisturbed salt marsh populations. Periods of low salinity
and open areas in the marsh are probably most favorable for
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germination and seedling establishment. If environmental
conditions become favorable for germination, S. densiflora
is probably able to establish in large numbers because of
the substantial bank of viable seeds.

Growth of Seedlings in Six Salinity Regimes and in the Field
Woodhouse and Knutson (1982) noted that response to
salinity may be different between seedlings and older stages
of development. In their experiments, seedlings were more
tolerant of higher salinities than seeds were, and they grew
best in a salinity treatment between 5 to 10 ppt. In my
work, seedlings grew best in salinities between 0 and 18
ppt, with optimal growth a 11 ppt.

Growth of S. densiflora

seedlings appears to be similar to germination in seeds;
growth of seedlings decreases as salinity increases.
Prolonged freshwater influence would probably enhance the
growth of seedlings. Growth of seedlings in the greenhouse
indicates that in the absence of competitors secondary
tillering in seedlings continues indefinitely, resulting in
large circular clones. Clonal growth through lateral
tillering increases the photosynthetic capacity of the plant
(Metcalf et al. 1986).
Overall, seedling success may be limited by adult S.
densiflora plants. Germination may increase in areas
without surrounding competition or with thin overlying
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vegetation. Freshwater influence also increases the
probability of establishment and expansion at these
disturbed sites.
Seedling survivorship decreases as salinity increases.
Greenhouse experiments revealed a significant relationship
between decreased seedling survival and increased salinities
(Contingency table analysis; p<.0001; Table 5). Only a
single seedling survived in salinity treatments of 35.5 ppt.
Seedlings at salinity treatments of 11-27 ppt had a slightly
higher survivorship percentage (- 10%). Seedling
survivorship was best at 0 and 4 ppt (- 50%).
In summary, seedling establishment appears to be of
minimal importance in maintaining large stands of S.
densiflora. Seedling establishment probably occurs rarely
in relatively undisturbed areas with high vegetative cover.
However, seedling recruitment seems to be paramount in the
recolonization of disturbed or isolated, bare areas and the
subsequent formation of new salt marsh stands of S.
densiflora.

Adult Plant Growth in Six Salinity Regimes and in the Field
Seeds and seedlings are more sensitive to salt
concentrations than established plants are. Seedlings of S.
densiflora attain maximum survivorship and growth at lower
salinities of 0-11 ppt. Adult plants maintain relatively
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equal lateral expansion over all salinity levels. Modest
decreases in culm maintenance (number of live and dead
culms), and tiller production occur as salinities rose above
4 ppt. Height is the only variable that decreased
significantly as salinities increased.
Vegetative growth of mature, established plants is
highest in salinities ranging from Ο ppt to 11 ppt, but
growth is relatively equal in salinities > 18 ppt.
Significant increases in growth occur only when comparing
salinity treatments of 4 ppt with 35.5 ppt (Table 6).
Although height may increase photosynthetic capabilities,
the ability to maintain adult culms and expand laterally
probably results in the spread of this plant.
Lateral growth in S. densiflora over all salinities
and distilled water was slower than those reported for
Spartina alterniflora in optimal greenhouse conditions
(Strong, Pers. comm. 1993). Optimal growth for adult S.
densiflora is similar to optimal growth for adult S.
alterniflora (Table 7).
In Humboldt Bay, seed germination and seedling growth
is limited at higher salinities; established adult plants
are not as significantly affected by higher salinities.
Adult plants produce approximately the same number of
tillers and culms, and experience the same dieback from
18 ppt to 35.5 ppt.
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Rogers (1981) found that primary productivity of S.
densiflora decreased by 70% in a drought year. He concluded
that this decrease was due to increases in soil salinity
associated with lower rainfall. Concurrently, he noted that
primary productivity of Salicornia virginica decreased only
30% during that same year, indicating the ability of
Salicornia to tolerate higher soil salinities. Salicornia
virginica appears to tolerate much higher salinities (7080 ppt) than other salt marsh plants do (Table 7; Chapman
1974; Ungar 1962). Mahall and Park (1976) concluded that
distributions of Spartina foliosa are limited by high soil
salinities and that Salicornia virginica may out compete
Spartina species as salinities increase. Bertness et al.
(1992) added that growth of Salicornia europaea is not
favorably affected by watering with fresh water, contrary to
significant increases in growth by Spartina patens when
watered. On Indian Island, Newby (1980) speculated that S.
densiflora was able to outcompete Salicornia in areas not
limited to tidal circulation. Growth of Salicornia may be
enhanced during periods of hypersalinity while growth of
Spartina is enhanced during periods of fresh water
influence.
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S. DENSIFLORA AS AN INVASIVE SPECIES IN HUMBOLDT BAY
Various ecological and physiological characteristics
enable organisms to succeed in non-native environments
(Drake and Mooney 1989). Spartina densiflora can be
considered a successful invader because it forms a dominant
component in Humboldt Bay salt marsh communities (Rogers
1981; Eicher 1987). I have identified additional
characteristics that enable S. densiflora to become
competitively dominant in Humboldt Bay. It produces an
abundance of viable seeds that disperse widely via tidal
currents. Although seed germination is limited by higher
salinities, the capability of S. densiflora to germinate in
brackish conditions enables it to colonize areas with
significant freshwater influence. The physiological
plasticity demonstrated by the ability of established, adult
plants to tolerate a wide range of salinities also
contributes to subsequent expansion within Humboldt Bay.
Phenological advantages of not experiencing a dormant period
also significantly increases possibilities for colonization
and expansion.

MANAGEMENT IMPLICATIONS OF S. DENSIFLORA IN HUMBOLDT BAY
Spartina densiflora's ability to rapidly expand in bare
areas has implications for marsh mitigation and restoration
activities in Humboldt Bay. If the goal of the restoration
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Table 7. Salinity tolerances of Spartina densiflora,
Spartina foliosa, Spartina alterniflora and Salicornia
virginica. Revised from U.S. Army Corps of Engineers (1976)
and from this study.
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project is to establish a heterogeneous community of salt
marsh plants, than relying on natural expansion and
recruitment may result in monospecific stands of S.
densiflora. To offset the dominance of S. densiflora in
bare areas, active seeding or planting of native salt marsh
plants should be undertaken. Once native marshes are
established, the relative expansion rate of S. densiflora
may be slowed.
Spartina densiflora establishment in disturbed areas
may preclude the successful colonization of other salt marsh
species, especially those that do well in disturbed areas,
such as Salicornia virginica and Cordylanthus maritimus ssp.
palustris (Newton 1986). Seedlings are probably more likely
to colonize bare areas because of less competition and
shading from adult plants. In bare areas, however, there
may be physical constraints of soil salinity, pH, etc.
(Bertness et al. 1992) that decrease the chance of
establishment by seed. Additionally, Ranwell (1972) and
Spicher (1984) mentioned that mechanical disturbance caused
by waves accounted for the loss of over 40% of Spartina
anglica seedlings.
Interactions with native species and possible impacts
caused by the spread of S. densiflora are both positive and
negative depending on the viewpoint. Overall primary
productivity of salt marshes is high because of the presence
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of S. densiflora (Rogers 1981; Spicher 1984). Primary
productivity impacts invertebrate populations within
Humboldt Bay, providing an additional source of detritus
crucial to estuarine food webs. The increase in wrack
deposition caused by the seasonal shedding of culms
frequently opens small patches for colonization. Since
establishment by S. densiflora may exclude other species
from colonizing these areas, overall floral diversity and
numbers may decrease. Height differences between native
flora and S. densiflora results in a diverse and stratified
canopy in the salt marsh. This creates a heterogeneous
habitat for salt marsh animals, especially insects. High
root densities also may affect habitat for invertebrates.
The results generated from this study on S. densiflora
demonstrate a need to evaluate this plant in the context of
community interactions in Humboldt Bay. Anytime restoration
or mitigation plans are made, the ability of this plant to
establish and expand in bare areas should be considered.
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