
MARINE ECOLOGY PROGRESS SERIES
Mar Ecol Prog Ser

Vol. 550: 101–110, 2016
doi: 10.3354/meps11726

Published May 25

INTRODUCTION

Empirical evidence has established that biotic
modification of the environment, in particular eco-
system engineering, is a widespread, non-trophic

interaction, with both basic and applied relevance
to the understanding of ecological communities
(Jones et al. 2010, Linder et al. 2012). There is gen-
eral agreement that the magnitude of the outcome
of ecosystem engineering is context-dependent and

© Inter-Research 2016 · www.int-res.com*Corresponding author: firstate@mdp.edu.ar

Cordgrass canopy elicits weak effects on 
sediment properties and microphytobenthic 

abundance in a harsh environment

Fausto N. Firstater1,*, Maite Narvarte1, M. Fernanda Alvarez2, M. Eugenia Fanjul3, 
Oscar O. Iribarne3

1Instituto de Biología Marina y Pesquera Almirante Storni, Escuela Superior de Ciencias Marinas, 
Universidad Nacional del Comahue – Consejo Nacional de Investigaciones Científicas y Técnicas (CONICET), 

Güemes 1030, 8520 San Antonio Oeste, Rio Negro, Argentina
2Laboratorio Cuenca del Salado Instituto de Limnología ‘Dr. Raul A. Ringuelet’ (ILPLA-CONICET), 

Universidad Nacional de La Plata (UNLP), 1900 La Plata, Argentina
3Laboratorio de Ecología, Instituto de Investigaciones Marinas y Costeras (IIMyC), CONICET - FCEyN, 

Universidad Nacional de Mar del Plata, 7600 Mar del Plata, Argentina

ABSTRACT: The magnitude of the outcome of ecosystem engineering is context-dependent; as
environmental stresses increase, habitat amelioration by ecosystem engineers becomes more
 relevant. Moreover, the individual- and population-level traits of ecosystem engineers can affect
their ability to reduce environmental stress. On the Patagonian shores of Argentina (SW Atlantic,
41° S), the intertidal community is exposed to harsh conditions. We predicted that in this severe
environment, variation in the above-ground structure of the smooth cordgrass Spartina alterni-
flora should buffer the physical stress on the substrate through shading and reduction of wind and
water flow energy, ultimately affecting the sediment properties and microphytobenthic biomass.
To test this hypothesis, we experimentally manipulated cordgrass density at the edge and inner
marsh of a S. alterniflora meadow during both summer and winter. In summer, evaporation and
temperature were higher in clipped plots, while in winter, evaporation varied across densities and
location treatments, with higher sediment water content in the inner marsh. No effect of S. alterni-
flora density or location were observed on sediment organic matter or chl a concentration, and
mean sediment grain size was always smaller inside the marsh. In summer, extracellular poly-
meric substance (EPS) content was higher in clipped plots inside the marsh, however this did not
differ from the other density treatments at this location. Overall, shading had weak effects on
 sediment properties and microphytobenthic biomass, and most observed differences were
 attributable to grain size. We speculate that the harsh conditions of this system overwhelm the
ecosystem engineering effects of S. alterniflora, probably because of its relatively small above-
ground biomass.
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will vary with the background environment, the
limiting resources, and the ecosystem functions of
interest. However, there is uncertainty about the
conditions and extent to which these engineers can
impact community and ecosystem processes (Crain
& Bertness 2006, Wright & Jones 2006). Renewed
interest in the outcomes of species interactions and
their dependence on context and species traits has
broadened our understanding of community organi-
zation, and improved our ability to predict commu-
nity changes under different scenarios of climate
change (Bulleri et al. 2014, Chamberlain et al.
2014).

Benthic ecosystem engineers such as seagrasses,
macroalgae, reef-building filter feeders and cord-
grasses are conspicuous in many coastal systems
(e.g. Bouma et al. 2009). In salt marshes, species of
the cordgrass genus Spartina spp. are considered
important ecosystem engineers, and their effects on
the local environment and community have been
well documented (e.g. Bouma et al. 2005). Dense,
monospecific stands of Spartina sp. reduce water
velocity and turbulence, promoting the deposition of
fine-grained, organic-rich particles (Leonard & Croft
2006). This increased sedimentation rate triggers
changes in sediment characteristics which may lead
to a reduction in macrofaunal densities and a shift
in species composition (Neira et al. 2006). Spartina
spp. plays a fundamental role in community organi-
zation by attenuating the energy of waves and
 stabilizing cobble sediments (Bruno 2000, Altieri et
al. 2007). The Spartina canopy also reduces light
 intensity as stem density increases, buffering tem-
perature stress on the substrate, soil hardness and
dehydration (Bortolus et al. 2002, Lambrinos &
Bando 2008), which can have a considerable effect
on benthic microalgal communities, particularly in
arid climates (Pinckney & Zingmark 1993, Whitcraft
& Levin 2007). Moreover, the inhibition of micro-
phytobenthos growth induced by shading has been
proposed as a major mechanism for the reduction of
epifaunal abundance under the Spartina canopy (see
da Cunha Lana & Guiss 1992, Cutajar et al. 2012).

In salt marshes, benthic microalgae are ubiquitous
in sediments both directly exposed to full sunlight
and shaded by a vascular plant canopy (Sullivan &
Currin 2000). This benthic microalgal community,
which occupies the upper few millimetres of sedi-
ments and often forms dense mats or biofilms, is one
of the most important primary producers in this sys-
tem (Underwood 2010). The biofilms contribute to
sediment  stability through the production of extracel-
lular  polymeric substances (EPS), which form a sedi-

ment-binding mucus that affects motility, desiccation
resistance, mediation of extracellular exchange and
photo synthetic overflow (see Bellinger et al. 2005).
During tidal emersion, microphytobenthic biofilms
are exposed to high temperatures and irradiances,
which can affect primary productivity as well as the
production of EPS (Perkins et al. 2001). Shading by
the vascular plant canopy appears to alter biomass
production and controls the microphytobenthic com-
position (Sakamaki & Richardson 2009, Park et al.
2013).

Theory predicts that the impact and importance of
ecosystem engineers will vary along gradients of
physical stress. As environmental stress increases,
habitat amelioration by engineers becomes more
important, promoting high species diversity and
abundance (Crain & Bertness 2006, Silliman et al.
2011). However, in some cases environmental stress
may also affect the engineer. For instance, at a local
scale, productivity of the smooth cordgrass Spartina
alterniflora seems to be positively associated with
higher amounts of precipitation (Morris & Haskin
1990), probably because this species develops better
when exposed to freshwater input (Crain et al.
2004). In North American salt marshes, S. alterni-
flora productivity is also controlled by temperature
and/or the length of the growing season along a lat-
itudinal gradient (Kirwan et al. 2009). Furthermore,
in Northern Patagonia salt marshes, S. alterniflora
densities and heights are relatively low (80 stems
m−2, 25 cm tall; Daleo et al. 2009), and it has been
experimentally demonstrated that climatic condi-
tions can severely affect its performance at the
southernmost limit of its distribution (Idaszkin &
Bortolus 2011). However, most studies on Spartina
spp. engineering come from North American coasts,
where plants are generally taller and densities are
higher. For instance, stem density varies from
150−270 stems m−2 and height ranges from
15−118 cm North Carolina (35° N; Leonard & Croft
2006), to 245−570 stems m−2 in Chesapeake Bay
(37° N; Long & Burke 2007) and 530 stems m−2 and
75−90 cm height in Rhode Island (41° N; Irving &
Bertness 2009). This is particularly relevant since
trait variation of the engineer (e.g. size, height, den-
sity, biomass) can affect the degree of amelioration
of environmental stress and may therefore substan-
tially modify the strength of positive interactions
(Bruno & Kennedy 2000, Firstater et al. 2011). Some
previous studies have experimentally examined the
interaction between Spartina spp. and the micro-
phytobenthic community, but experiments in harsh
environments are still lacking.
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Exposure to highly variable and often extreme
conditions (e.g. UV radiation, desiccation, changes
in temperature, salinity and hydrodynamic forces)
can regulate the structure and functioning of the
microphytobenthic community (Van Colen et al.
2014). On Argentinean Patagonian shores, dry
trade winds and low amounts of rainfall cause
high desiccation rates, producing extremely harsh
conditions for the intertidal community (Bertness
et al. 2006, Bazterrica et al. 2007). We therefore
predicted that in this severe environment, variation
in the aboveground structure of S. alterniflora
should alter the buffering effects of the physical
stress acting on the substrate through shading and
reduction of wind and water flow energy, ulti-
mately affecting the sediment properties and
microphytobenthic community. To test this hypoth-
esis, we performed an experiment in a northern
Patagonian salt marsh (40° S), in which we manip-
ulated S. alterniflora stem density. The climatic
conditions in Patagonia vary considerably through-
out the year; since this variation could alter the
strength of the effects of ecosystem engineering
(see Gutierrez et al. 2011), we replicated the
experiment in both summer and winter.

MATERIALS AND METHODS

Study site

Experiments were performed in San Antonio
Bay, northern Patagonia (Argentina; 40° 46’ S, 64°
54’ W). This 80 km2 embayment is affected by a
 semidiurnal tidal regime (up to 9 m tidal amplitude),
while the combination of low annual rainfall
(~250 mm yr−1) and absence of freshwater inflows to
the Bay produce a hypersaline environment (Daleo et
al. 2005, Garcia et al. 2010). The intertidal zone is
characterized by extensive sandy pebble flats at
lower tidal elevations, whereas at higher tidal
 elevations the smooth cordgrass Spartina alterniflora
dominates the salt marsh, which covers ~2068 ha
(Daleo et al. 2006, Isacch et al. 2006). This salt marsh
is located close to the austral limit of S. alterniflora
distribution (~42° S; Idaszkin & Bortolus 2011). Mean
annual air temperature is 15.1°C, and extreme tem-
peratures occur in July (austral winter; −7.7°C) and
February (austral summer; 41.4°C). Relative humid-
ity is 57%, and mean annual wind speed is 18 km h−1,
reaching an average of 25 km h−1 in spring/summer
(Lucas et al. 2005, Gonzalez et al. 2010, Genchi et al.
2011).

Aboveground structure of S. alterniflora

In November 2010, 20 plots (0.25 × 0.25 m) were
randomly selected along the lower marsh edge. In 10
of those plots the number of stems were counted; in
the other 10, average stem height (n = 5) was
recorded. We followed the same procedure in
another 20 plots, located 10 m inside the Spartina
meadow. Differences in stem density and height
between locations were examined with Student’s t-
tests.

Experiment

To test the effects of aboveground structure of S.
alterniflora on sediment features and the abundance
of benthic microalgae, we performed an experiment
replicated during the austral summer (from Novem-
ber 2010 to February 2011) and winter (from May to
July 2011). Since changes in sediment characteris-
tics produced by S. alterniflora appear to be related
to distance to the meadow edge (Neira et al. 2006),
we established 33 plots (1.5 × 1.5 m) in the lower
marsh edge and 33 parallel plots 10 m inside the S.
alterniflora marsh (hereafter referred to as edge and
interior, respectively). Plots were assigned to each
of 3 treatments: (1) S. alterniflora removal (S−),
where stems were clipped to ground level without
disturbing the sediment; (2) density enhancement
(S+), where stem density was augmented by 50%
by adding plastic stem mimics; and (3) control (C),
where density was undisturbed. Spartina-like plant
mimics were made with plastic cable ties (30 cm
long × 0.5 cm wide) driven 4 to 10 cm into the
ground. These mimics proved to be similar in stiff-
ness to Spartina spp. stems and have been success-
fully used to study stem biomechanical effects on
hydrodynamics (see Bouma et al. 2005, Peralta et al.
2008).

Over the course of the experiment, we measured
plot evaporation rate by placing a cylindrical plastic
container filled with 50 ml of water (evaporation
 surface: 26.6 cm2) in the center of 10 plots of each
treatment (5 at each location) during low tide.
 Containers were collected just before incoming tide
and the final volume was measured. Evaporation was
expressed as volume of water loss per hour (ml h−1).
We also measured sediment surface temperature of
all plots with a portable temperature probe. Both
measurements were replicated on 3 d during each
season; there was no difference among days, so data
were pooled for analysis.



At the end of the experiments (109 d in summer
and 117 d in winter), we collected 2 sediment cores
(10 cm diameter, 3 cm deep) from each plot to meas-
ure water content (WC), organic matter content
(OMC) and sediment grain size; 2 other sediment
cores (2.7 cm diameter, 1 cm deep) were collected to
analyze chl a and EPS content.  Samples were frozen
and stored at −20°C until analysis.

WC in the sediment was determined by weight loss
after oven drying (70°C, 72 h), and a subsample was
analyzed for total OMC by calcination (500°C, 5 h).
Sediment grain size distribution was estimated by
dry sieving (Folk 1974), and grain size was expressed
as phi (φ; Folk & Ward 1957). Sediment pigments
were extracted in 90% acetone, and chl a biomass,
an indicator of total microalgal load (e.g. Cartaxana
et al. 2006), was measured spectrophotometrically in
accordance with Lorenzen (1967).

Colloidal-EPS and carbohydrate fractions (sensu
Smith & Underwood 1998) were determined in the
top 1 cm of sediment. The samples were weighed,
mixed with 35 ml of saline (25‰), and extracted
twice at 20°C for 15 min. Samples were centrifuged
at 3500 × g for 15 min after extractions, and both
supernatants containing colloidal-S carbohydrate
fraction were combined (Underwood et al. 1995).
Colloidal-S carbohydrate fraction was measured in
1 ml of supernatant as glucose equivalents by the
phenol-sulfuric assay using a D-Glucose standard
curve (Dubois et al. 1956). Colloidal-S fraction of EPS
(Colloidal-EPS) was extracted from another 10 ml of
supernatant by cold (4°C) overnight precipitation
with 70% ethanol (final concentration; Underwood et
al. 1995). Samples were centrifuged at 3500 × g for
25 min, the supernatant was discarded and the
remaining pellet was re-dissolved in saline (25‰)
solution to measure carbohydrate content. The phe-
nol-sulfuric assay was used to determine the concen-
tration of carbohydrate present as glucose equiva-
lents (Dubois et al. 1956).

Differences in sediment characteristics, chl a and
EPS content were analyzed with 2-way ANOVAs,
with location (edge and interior) and density treat-
ment as main, fixed factors (Zar 1999). Summer tem-
perature was the only dataset with heterogeneous
variances (determined by Levene’s tests). Variances
could not be stabilized after different transforma-
tions; therefore analyses were done on untrans-
formed data, but with a more conservative signifi-
cance level (α = 0.01) given the increased likelihood
of a Type I error (Blockley & Chapman 2006). The
assumption of normality was checked by visual
inspection of residual plots.

RESULTS

Aboveground structure of Spartina alterniflora

The height and density of Spartina alterniflora
stems were similar both at the edge and in the inte-
rior of the marsh (height: t = 0.7, df = 18, p = 0.49;
density: t = −0.31, df = 18, p = 0.76). Total mean (±SD)
height was 22.3 ± 1.3 cm and mean density was 355 ±
111 stems m−2.

Experiment

Evaporation was higher in S− plots during the sum-
mer (Table 1, Fig. 1), but in winter the treatment ×
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Source df SS MS F p

Evaporation rate
Treatment 2 5.66 2.83 8.36 <0.001*
Location 1 0.26 0.26 0.77 0.38
Treatment × Location 2 0.01 0.006 0.02 0.98
Error 84 28.4 0.34
Temperature
Treatment 2 290.4 145.2 13.28 <0.001*
Location 1 0.2 0.2 0.02 0.89
Treatment × Location 2 14.5 7.3 0.66 0.51
Error 192 2098.5 10.9
Water content
Treatment 2 3.6 1.8 0.48 0.61
Location 1 2.61 2.61 0.7 0.4
Treatment × Location 2 1.01 0.5 0.13 0.87
Error 60 223.43 3.72
Organic matter content
Treatment 2 0 0 0.03 0.97
Location 1 0.02 0.02 1.56 0.22
Treatment × Location 2 0.01 0 0.46 0.63
Error 60 0.96 0.02
Mean grain size
Treatment 2 0 0 0.03 0.96
Location 1 0.81 0.81 8.59 0.004*
Treatment × Location 2 0.16 0.08 0.86 0.42
Error 60 5.68 0.09
Chl a concentration
Treatment 2 0.2 0.1 0.32 0.72
Location 1 0.03 0.03 0.1 0.74
Treatment × Location 2 1.13 0.56 1.81 0.17
Error 60 18.73 0.31
EPS content
Treatment 2 0.09 0.04 1.06 0.35
Location 1 0.71 0.71 17.49 <0.001*
Treatment × Location 6 0.28 0.14 3.45 0.03*
Error 60 2.43 0.04

Table 1. Two-way ANOVAs on sediment properties and
microphytobenthic biomass for the summer experiment, with
Spartina alterniflora density treatment and location as main
factors. *Significant at p < 0.05 (p < 0.01 for temperature). 

EPS: extracellular polymeric substances
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location interaction was significant (Table 2). We
found the highest evaporation rate in S− plots; C
plots at the edge, along with S+ and C in the interior
had intermediate levels of evaporation, and the low-
est evaporation rates were registered in S+ edge
plots (Tukey’s HSD test; see Fig. 1). We also found
that during summer, sediment temperature was
higher in the surface of S− plots (Table 1), whereas
there was no difference in sediment temperature
during winter (see Table 2, Fig. 2).

There was no difference in WC among plots in sum-
mer (Table 1), however in winter WC was higher in
plots located in the interior (Table 2, Fig. 3). Regarding
the OMC of the sediments, there was no difference
among plots in summer (Table 1) or winter (Table 2,
Fig. 4). Nevertheless, during both seasons mean grain
size of plots located in the interior of the marsh was
lower than at the edge (Tables 1 & 2, Fig. 5).

We observed similar chl a concentrations in all
plots during both seasons (Tables 1 & 2, Fig. 6), but
for EPS content the treatment × location interaction

was significant in summer (Table 1). The highest col-
loidal-EPS content was observed in S− plots in the
interior, and the lowest in plots located at the edge;
S+ and C plots from the interior showed intermediate
colloidal-EPS contents (Tukey’s HSD test). We found
no differences in colloidal-EPS content during winter
(Table 2, Fig. 7).

DISCUSSION

In physically harsh habitats, slight alterations in
physical parameters can create hospitable habitats for
organisms that would otherwise have been unable to
tolerate such limiting physical conditions (Crain &
Bertness 2006). In Argentinean Patagonia, salt marshes
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Source df SS MS F p

Evaporation rate
Treatment 2 1.09 0.54 10.72 <0.001*
Location 1 0.01 0.01 0.21 0.64
Treatment × Location 2 0.35 0.17 3.98 0.02*
Error 84 4.26 0.05
Temperature
Treatment 2 82.25 41.13 2.43 0.09
Location 1 0.28 0.28 0.02 0.9
Treatment × Location 2 0.4 0.2 0.01 0.99
Error 192 3245.02 16.9
Water content
Treatment 2 1.79 0.9 0.13 0.88
Location 1 35.78 35.78 5.11 0.02*
Treatment × Location 2 5.06 2.53 0.36 0.7
Error 60 420.17 7
Organic matter content
Treatment 2 0.01 0 0.2 0.81
Location 1 0.06 0.06 1.97 0.16
Treatment × Location 2 0.1 0.05 1.58 0.21
Error 60 2 0.03
Mean grain size
Treatment 2 0.08 0.04 0.04 0.96
Location 1 9.97 9.97 4.92 0.03*
Treatment × Location 2 2.11 1.05 0.99 0.38
Error 60 63.76 1.06
Chl a concentration
Treatment 2 1.46 0.73 1.94 0.15
Location 1 0 0 0 0.95
Treatment × Location 2 0.62 0.31 0.82 0.44
Error 60 22.53 0.37
EPS content
Treatment 2 0.08 0.04 1.88 0.16
Location 1 0 0 0.02 0.89
Treatment × Location 6 0.08 0.04 1.85 0.16
Error 60 1.29 0.02

Table 2. Two-way ANOVAs on sediment properties and mi-
crophytobenthic biomass for the winter experiment, with
Spartina alterniflora density treatment and location as main
factors. *p < 0.05. EPS: extracellular polymeric substances

Fig. 1. Evaporation rate (median; box: 25th to 75th percentiles;
whiskers: 5th to 95th percentiles) in Spartina alterniflora
clipped plots (S−), plots with enhanced stem density (S+)
and controls (C) during (A) summer and (B) winter.  Different
lowercase letters denote significant differences; note different 

y-axis scales
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are exposed to relatively severe environmental condi-
tions. However, our experimental manipulation of
Spartina alterniflora density had  little impact on sedi-
ment properties or on the microphytobenthic biomass.

While stem heights and densities were greater than
previously reported for this area (Daleo et al. 2009),
we found that S. alterniflora was short and moderately
dense, with a stem density and height range in the
lowest limits of other studies of S. alterniflora engi-
neering (Leonard & Croft 2006, Long & Burke 2007,
Irving & Bertness 2009). As expected, evaporation
and temperature were higher in clipped plots during
the summer. In winter this pattern dis appeared; the
evaporation rate in clipped plots matched that of con-
trols and temperature did not  differ between plots.
Previous studies on macrophytes in salt marshes have
shown that both live and plant-mimic canopies buffer
high temperatures, dehydration and soil hardness
(see Bortolus et al. 2002, Lambrinos & Bando 2008).
Our results showed that in summer, when heat and

radiant energy were highest, the temperature in-
creased on the sediment surface, increasing the evapo-
ration rate, while in winter, abiotic factors other than
irradiation seem to control sediment de-watering.
Such factors (i.e. wind velocity or air moisture) seem
not to be buffered by the S. alterniflora canopy.

The differences in evaporation and temperature
among treatments were not reflected in sediment
WC, which was higher in all plots of the marsh inte-
rior in winter, regardless of the treatment. In general,
fine sediment contains more water than coarse sedi-
ment, likely because of its lower rate of de-watering
(see Perkins et al. 2003, Cartaxana et al. 2006). Here,
the relatively finer sediment in the marsh interior
retained more water in winter when evaporation was
low, while the harsher conditions in summer entailed
higher de-watering rates regardless of grain size,
reducing water content to less than half of the winter
amount.
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Fig. 2. Sediment temperature (median; box: 25th to 75th per-
centiles; whiskers: 5th to 95th percentiles) in Spartina alterni-
flora clipped plots (S−), plots with enhanced stem density
(S+) and controls (C) during (A) summer and (B) winter.
 Different lowercase letters denote significant differences; 

note different y-axis scales

Fig. 3. Water content (median; box: 25th to 75th percentiles;
whiskers: 5th to 95th percentiles) in Spartina alterniflora
clipped plots (S−), plots with enhanced stem density (S+)
and controls (C) during (A) summer and (B) winter. Different
lowercase letters denote significant differences; note different 

y-axis scales



The sediment in our study area consisted of medium
and coarse sand, but as mentioned above, mean grain
size was always lower in the interior of the marsh than
at the edge. This pattern has been well-described and
seems to be widespread. In general, in tide-dominated
systems, sediments tend to become finer towards the
land (see Yang et al. 2008). Moreover, the presence of
vegetation considerably attenuates hydrodynamics,
inducing the deposition and trapping of fine-grained
suspended sediment (e.g. Bouma et al. 2005, Yang et
al. 2008). Sediment type is one of the main factors in-
volved in the control of microphytobenthic abundance
in salt marshes, where lower microalgal biomass is
usually found on non-cohesive silts and sands com-
pared to that on fine cohesive sediments (Perkins et
al. 2003, Coelho et al. 2009). Sands tend to have lower
nutrient concentrations and are more frequently re-
suspended (Underwood 2010). The overall low micro-
algal biomass found at San Antonio Bay may therefore
be a consequence of the relatively large grain size ob-
served in this salt marsh.

Previous studies have shown that by controlling the
amount of light reaching the sediment surface, canopy
forming plants can influence microphyto benthic bio-
mass and taxonomic diversity (e.g.  Sullivan 1981,
Whitcraft & Levin 2007). Surprisingly, we found no
differences in microalgal biomass between clipped
and shaded plots. Simplified mimics of Spartina have
proven to be useful for examining the effects of shoot
density and stiffness on hydro dynamic forces in other
studies (Bouma et al. 2005, Peralta et al. 2008), but
since we did not measure irradiance under the
canopy, it is possible that light was not effectively
attenuated by increasing stem density. However,
biotic interactions may explain the similar microphy-
tobenthic biomass observed at control, clipped and
shaded plots. For instance, studies on invasive
Spartina in California, USA, reported higher diversi-
ties and densities of invertebrates in the sediments of
unvegetated tidal flats relative to Spartina patches
(Neira et al. 2006), while in the latter there was a
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Fig. 4. Organic matter content (median; box: 25th to 75th per-
centiles; whiskers: 5th to 95th percentiles) in Spartina alterni-
flora clipped plots (S−), plots with enhanced stem density 

(S+) and controls (C) during (A) summer and (B) winter

Fig. 5. Mean grain size (median; box: 25th to 75th percentiles;
whiskers: 5th to 95th percentiles) in Spartina alterniflora
clipped plots (S−), plots with enhanced stem density (S+)
and controls (C) during (A) summer and (B) winter. Different 

lowercase letters denote significant differences
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trophic shift from an algal-based to a detritus-based
food web, likely as a result of bottom-up processes
related to the decreased availability of algae and
increase in detritus (Levin et al. 2006). Grazing pres-
sure, possibly due to different abundances of
amphipods and snails, may thus be more intense in
exposed areas, balancing the positive effects of light
availability on microphytobenthic biomass. More-
over, since we did not study taxonomic composition,
we may have missed possible changes in the micro-
algal assemblage produced by shading (Defew et al.
2004, Whitcraft & Levin 2007).

Unlike microalgal biomass, we found that EPS con-
centration varied in summer, when concentrations
were higher inside the meadow at clipped plots. In
many soft sediment intertidal zones, microalgal bio-
mass (i.e. chl a) is closely correlated with the concen-
tration of colloidal-EPS (see Bellinger et al. 2005); this
is particularly true for cohesive sediments (Under-
wood & Smith 1998). Moreover, the concentration of
EPS depends on both light and sediment grain size.
EPS production is coupled with photosynthesis,

which is stimulated by light and is higher in fine sed-
iment than in coarser sediment (de Brouwer & Stal
2001, Stal 2010). In our experiment, the clipped plots
in the marsh interior had these conditions. However,
since higher light availability did not enhance EPS at
the edge of the marsh, it seems that grain size rather
than shading by macrophytes is the main driving
 factor affecting EPS content.

According to the hypothesis of increasing impor-
tance of ecosystem engineering at higher levels of
environmental stress (Crain & Bertness 2006), salt
marsh plants are predicted to have strong effects on
benthic ecosystems in arid regions (Whitcraft & Levin
2007). However, we found that in northern Patago-
nia, shading by plants has only a minor effect on sed-
iment features and benthic microalgae biomass.
Since changes in some sediment properties can take
several years to accumulate (see Craft et al. 2003),
longer-term studies are needed. We speculate that
the harsh conditions of this system overwhelm the
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Fig. 6. Chl a concentration (median; box: 25th to 75th

 percentiles; whiskers: 5th to 95th percentiles) in Spartina al-
terniflora clipped plots (S−), plots with enhanced stem den-
sity (S+) and controls (C) during (A) summer and (B) winter

Fig. 7. Extracellular polymeric substance (EPS) content
(median; box: 25th to 75th percentiles; whiskers: 5th to 95th

percentiles) in Spartina alterniflora clipped plots (S−), plots
with enhanced stem density (S+) and controls (C) during (A)
summer and (B) winter. Different lowercase letters denote 

significant differences
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engineering effects of Spartina, likely because of its
relatively small aboveground biomass. This study
represents a contribution towards a greater under-
standing of ecosystem engineering in harsh environ-
ments, and is relevant to improving our ability to pre-
dict community changes.
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