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Abstract Recently, strong top-down (consumer) control of
cordgrass (Spartina alterniflora) has been demonstrated.
Here, we manipulated the densities of cordgrass consumers,
acridid grasshoppers (Melanoplus bivittatus and Melano-
plus femurrubrum), to examine their impact on cordgrass in
the Plum Island Estuary (PIE), MA, USA. After 1 month,
there was no detectable effect of grasshopper density on S.
alterniflora biomass and grasshoppers at the highest
densities (34 individuals per square meter) consumed only
~14% of the standing stock biomass. However, significant
impacts of grasshopper density on grazing damage were
seen. For example, plant damage and scarring length
increased by 160% and 6,156%, respectively, at the highest
grasshopper densities relative to exclusion (zero grass-
hoppers) densities. Plant height was significantly reduced
with increasing grasshopper densities, although this may be
a function of leaf tip removal instead of reduced plant
growth. No other strong consumers of cordgrass (e.g.,
Littoraria irrorata, Prokelisia marginata) were observed in
PIE and we suggest that consumer regulation of cordgrass
is weak in this system.
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Introduction

Given that salt marshes are among the most productive
ecosystems in the world (e.g., annual primary productivity
up to 3,900-g dry weight C per square meter per year—
Mitsch and Gosselink 2000) rivaling coral reefs and
tropical rain forests (Valiela 1995), there is keen interest
in how that production is regulated. For almost 50 years,
the prevailing thought was that bottom-up forces (particu-
larly nutrient availability) regulated the primary productiv-
ity of salt marshes (Odum and de la Cruz 1967; Mitsch and
Gosselink 2000) partly because consumers were thought to
consume only a small amount (~10%) of aboveground
primary production (Smalley 1960; Teal 1962). However,
various vertebrate (e.g., geese: Smith and Odum 1981) and
invertebrate (e.g., insects: Denno et al. 2003) herbivores
have been identified as strong consumers of live Spartina
spp. Recently, the bottom-up paradigm of salt marshes has
been challenged (snails: Silliman and Bertness 2002;
insects: Finke and Denno 2004) because some invertebrate
consumers are able to exert strong top-down control on salt
marsh primary production (Silliman and Bortolus 2003)
even to the point of denudation when consumers are
released from predation (i.e., a trophic cascade—Silliman
and Bertness 2002).

Whereas work has demonstrated the effects of snail
grazers and sap-sucking insects on Spartina alterniflora
(Silliman and Bertness 2002; Finke and Denno 2004), little
work has focused on small chewing insects such as
grasshoppers. Salt marsh katydids such as the seaside
meadow katydid Orchelimum fidicinium (Orthoptera: Tetti-
goniidae) consume little of the primary productivity in
marshes (Smalley 1960; McGoff 2004). However, herbi-
vores may exert subtle effects on plant fitness even if
significant consumption of plant biomass does not occur.
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For instance, the salt marsh katydid Conocephalus sparti-
nae can reduce the fitness of S. alterniflora by damaging
ovules and anthers, thus reducing seed sets (Bertness and
Shumway 1992). Although tettigoniid katydids may not
consume significant amounts of salt marsh plant biomass,
larger orthopterans such as spur-throated grasshoppers
(Orthoptera: Acrididae) may. Acridid grasshoppers (e.g.,
Melanoplus spp.) are important consumers in grasslands
and have been used as important model consumers in
examinations of trophic cascades (Schmitz et al. 1997) and
competition (Chase 1996). Acridid grasshoppers consume a
variety of salt marsh grass species (Pennings et al. 2001)
but little work has examined the impact of these grass-
hoppers on plant performance in the field.

In the salt marshes of the Plum Island Estuary (PIE),
MA, USA, important cordgrass consumers such as marsh
periwinkles (Littoraria irrorata) and planthoppers (e.g.,
Prokelisia marginata; Silliman and Bertness 2002; Finke
and Denno 2004) are absent or rare. Even so, extensively
damaged S. alterniflora leaves can be seen in middle to late
August in PIE, which corresponds to the arrival of spur-
throated grasshoppers (Melanoplus spp.) to the marsh (D.S.
Johnson personal observation). Here, we examine the
impact of acridid grasshopper density (Melanoplus spp.)
on the performance of S. alterniflora using field enclosures
and a dose–response method of consumer density to assess
impacts on S. alterniflora. This allowed us to examine
potential nonlinear (e.g., sigmoidal, unimodal) responses of
Spartina to consumer density. Our null hypothesis was that
grasshoppers do not exert top-down control on S. alterni-
flora biomass.

Methods

This study was conducted on the banks of the tidal creeks
of the PIE, which has a mean tidal amplitude of ~2.6 m
(~3 m during spring tides). The low marsh is dominated by
a 2–3-m monospecific stand of tall-form S. alterniflora
(smooth cordgrass; >130 cm in August 2003) which
receives twice daily tidal inundation. The marsh platform
floods to a depth of ~10 cm on spring tides and consists of
a zone of Spartina patens (saltmeadow cordgrass), which is
mixed with smaller, less demarcated patches of various
plants (e.g., Distichlis spicata). This zone occupies up to
80% of the marsh platform area. Salt pannes mottle the
marsh platform landscape and a zone of short (stunted)-
form S. alterniflora (<40 cm in August 2003) occurs along
the perimeter of these pannes. Landward, the terrestrial
edge of the marsh is dominated by Iva frutescens (marsh
elder) and then deciduous trees (e.g., Quercus spp.).

In 2005, casual field observations (D.S. Johnson
personal observation) suggested acridid grasshoppers were

scarring (i.e., consuming) portions of tall-form S. alterni-
flora leaves. Grasshoppers were first noticed in creek-bank
S. alterniflora in mid-August. Walking surveys in three
adjacent intertidal marsh creeks—West, Clubhead, and
Nelson—indicated that scarred plants and, coincidentally
grasshoppers, occurred only in West Creek. The terrestrial
edge of West Creek is approximately within 100 m of the
marsh edge near the terminus of the left branch (defined as
one faces landward from the confluence of the branches),
where grasshoppers and scarring were most prevalent (D.S.
Johnson personal observation).

For this study, the marsh platform of West Creek was
divided into three zones to determine grasshopper density:
creek-side (tall-form) S. alterniflora, S. patens, and an
upland wooded zone (defined as the marsh area within
20 m of the wooded habitat). Density was estimated by
counting the number of grasshoppers flushed from a series
50 randomly tossed 0.25-m2 quadrats in each habitat on
three dates: 24 July, 21 August, and 20 September 2006.
This method is a modification of the method described by
Onsager and Henry (1977). Because this process disturbs
the grasshoppers, which may hop away before being
counted, bamboo stakes were placed at the corners of each
quadrat to mark the area. The following day, the grass was
disturbed within each quadrat area by sweeping a polyvinyl
chloride pole and flushed grasshoppers were counted. At
least two species of acridid grasshoppers were found:
Melanoplus bivittatus (Say) and Melanoplus femurrubrum
(De Geer), which will hereafter be collectively referred to
as Melanoplus. At least two tettigoniids are present in this
study system: O. fidicinium and Conocephalus sp. (likely
spartinae) These insects were not of interest in this study
because previous work demonstrated negligible effects on
S. alterniflora (e.g., Smalley 1960) or little consumption by
these insects (Wason and Pennings 2008).

On 5 August 2007, one of five levels [0, 3(ambient), 7,
17, and 34 individuals per square meter] of grasshopper
(>30-mm body length) density (species were pooled) was
randomly assigned to each of the 25 inclusion cages (N=5)
established in the creek-bank (tall-form) Spartina alterni-
flora zone. We chose to focus on this area of the marsh
because it is the most productive (Deegan et al. 2007).
Average ambient density of three grasshoppers per square
meter was based on the average of all time points and zones
from 2006 collections. All cage densities were within the
natural range of densities found in 2006. Each replicate
cage (L×W×H 76×76×122 cm) consisted of tear-resistant
window screen stapled to wooden garden stakes. To add
stability and a point of attachment for the roof, 1×4-in.
boards were attached with screws to frame the top of the
cage. Cages were buried at least 10 cm into the sediment.
To detect cage effects (e.g., limiting consumer mobility),
five replicate noncaged, control plots were marked by
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stakes only and disturbance caused by cage deployment
(e.g., trampled vegetation) was reproduced around the
plots. All plots were similar in elevation, plant density, and
plant height. Any potential predators (e.g., spiders) and
competitors (e.g., other invertebrates) found within plots
were removed. Cages were deployed for 1 month (represent-
ing a time grasshopper activity in this productive portion of
the marsh may be most intense). Cages were monitored
every 3–4 days for mortality and dead grasshoppers were
replaced as necessary to maintain constant densities.

The experiment ended 10 September 2007. Above-
ground Spartina biomass (dry weight after washing and
dried to a constant weight at 65°C), number of leaves, and
plant height were measured from plants collected from a
single 0.0625-m2 quadrat haphazardly placed in each plot.
Grazing damage of grasshoppers was determined by
measuring leaf damage (average scar length of five scars
per plant×total number of scars per plant), frequency of
leaves missing tips, frequency of plants and leaves scarred,
and portion of a plant utilized for grazing (standardized as
height of the lowest scar/height of the plant).

To determine the effect of grasshopper density on plant
performance, all response variables were plotted and
regressed against consumer density. Because data trends
were approximately linear and nonlinear (e.g., logistic)
regressions which did not improve the fit, all analyses were
performed as linear regressions. To detect potential caging
artifacts, noncaged controls were compared to ambient-
level (individuals per square meter) inclusion plots using t
tests. When appropriate, transformations were applied to
satisfy assumptions of normality prior to analysis. All
analyses were conducted using SigmaStat v. 3.1.

Results

Overall, grasshopper densities ranged from zero to 36
individuals per square meter from late July–mid-September
2006, with the highest densities occurring in late August for
all zones (Fig. 1). The upland wooded areas consistently
had the highest densities (Fig. 1). For reference, the average
grasshopper density found in PIE (three individuals per
square meter) is higher than that reported for other acridid
grasshoppers in US Atlantic marshes (less than one
individual per square meter; McFarlin et al. 2008; Barimo
and Young 2002), similar to densities reported for some
grasslands (two to three individuals per square meter; Porter
et al. 1996; Beckerman 2002) but lower than densities
reported for other grasslands (up to 36 individuals per
square meter; Onsager and Henry 1977; Belovsky and
Slade 2000).

In the caging study, regression analysis revealed that all
response variables except biomass and plant height

increased significantly with increasing grasshopper density
(p<0.001; Table 1; Fig. 2). Relative to cage exclusions
(zero individual per square meter), portion of plant scarred
increased 1,038%, average scar length increased 160%,
frequency of leaves scarred increased 2,690%, frequency of
plants scarred increased 521%, frequency of leaves missing
tips increased 9,078%, and leaf damage increased 6,156%
in highest-density plots (34 individuals per square meter).
Plant height decreased significantly with grasshopper
density (p<0.043, by 21% in high-density cages), whereas
biomass remained unchanged (p=0.714; Table 1; Fig. 3). A
posteriori correlation analysis between plant height and
frequency of plants missing tips indicates an inverse
relationship between the two variables (−0.412, p=
0.0409). There was no significant difference between
noncaged plots and ambient plots for any measured
response variable indicating no cage effects (t test; p>
0.05; data not shown). Of the grazing scars, 92% were
located on the top one half of leaves and 65% of the scars
occurred on the top one fourth of leaves.

Discussion

Our results suggest that the grasshopper Melanoplus does
not exert statistically significant top-down control on S.
alterniflora biomass. Even at the highest densities (34 m−2,
10× higher than average density recorded among S.
alterniflora), Melanoplus consumed only an average of
~14% standing stock biomass (Fig. 2). Our results contrast
previous work with herbivore–Spartina interactions that
have demonstrated strong consumer effects on primary
production (snails: Silliman and Bertness 2002; Tyrell et al.
2008; planthoppers: Denno et al. 2003). Given that
potential strong consumers of S. alterniflora such as
Prokelisia spp. and L. irrorata do not appear to be present
in PIE and our results suggest weak effects of Melanoplus
on S. alterniflora, macrophyte primary production does not
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Fig. 1 Mean (±1 SE) density (individuals per square meter) of
Melanoplus grasshoppers in three regions of the marsh platform in the
Plum Island Estuary, MA, USA from July to September 2006
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appear to be top-down-regulated in this region. Therefore,
although S. alterniflora production may be underestimated
in some salt marshes by not excluding strong consumers
(Silliman and Bortolus 2003), our results suggest that
production–biomass values for S. alterniflora in PIE (e.g.,
Deegan et al. 2007) may be adequately estimated without
excluding consumers.

Similar to our results, Bertness et al. (2008) demonstrat-
ed that insects (tettigoniid grasshoppers and delphacid
planthoppers) had little impact on S. alterniflora produc-
tivity in pristine (i.e., low nutrient) marshes in Rhode Island
(US). PIE marshes are relatively pristine (~5 μm nitrogen
per liter) and, taken together with our results, this suggests
weak consumer pressure on S. alterniflora in the north
Atlantic marshes of the US under normal conditions. These
results contrast the results of the southeast Atlantic marshes
of the US that demonstrate strong consumer control of S.
alterniflora (Silliman and Zieman 2001; Silliman and
Bertness 2002). Similarly, a latitudinal gradient exists in
plant palatability in the marshes of Europe and the US
where northern plants are more palatable (more nitrogen
content, less chemical defenses) than southern plants
because of historically greater herbivore pressure at lower

latitudes (Pennings et al. 2001, 2007; Siska et al. 2002).
Pennings and Silliman (2005) suggest that a latitudinal
gradient exists along the Atlantic coast of the US where
impacts of leaf-chewing herbivores on S. alterniflora are
stronger at lower than higher latitudes. The authors suggest
that the differences are driven by differences in per capita
effects on plants (Pennings and Silliman 2005) and, while
per capita consumption may be lower in the higher
latitudes, the interaction strength between consumers and
Spartina may be modified with increased nutrient loading
(Bertness et al. 2008; McFarlin et al. 2008).

Geographic differences in consumer control of S.
alterniflora have been documented for several insect
consumers (Pennings and Silliman 2005). Although work
has demonstrated strong effects of the sap-sucking plan-
thopper, P. marginata (Denno et al. 2002, 2003; Finke and
Denno 2004) on S. alterniflora in Maryland (US) marshes,
some studies have demonstrated little effect of planthoppers
even at high densities (100,000 individuals per square
meter; Daehler and Strong 1995) in San Francisco, CA
(US). In Willapa Bay, WA (US), S. alterniflora was
introduced over 100 years ago and has grown without
herbivory pressures (i.e., no planthoppers) and thus has

P
er

ce
nt

ag
e 

(%
) 

Le
ng

th
 (

cm
) 

Grasshopper density (# ind m-2) Grasshopper density (# ind m-2) 

P
er

ce
nt

ag
e 

(%
) 

Fig. 2 Mean (±1 SE) of re-
sponse variables of creek-bank
S. alterniflora to different den-
sities (individuals per square
meter) of Melanoplus grasshop-
pers. Three individuals per
square meter represent ambient
densities
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fewer defensive chemical compounds. Daehler and Strong
(1997) demonstrated that planthoppers can consume signif-
icant amounts of cordgrass production in this system.

It is difficult to make comparisons of variable consumer
pressure by Melanoplus on S. alterniflora because it is not
commonly reported in S. alterniflora marshes. We are

aware of only one other report of Melanoplus spp. in
Spartina marshes on the US Atlantic coast (Hogs Island,
VA, USA; Barimo and Young 2002) and to our knowledge
this is the first report of Melanoplus grasshoppers consum-
ing S. alterniflora. Common acridid grasshoppers in other
Atlantic marshes are not abundant in S. alterniflora habitats
(North Carolina: Davis and Gray 1966; Virginia: Barimo
and Young 2002; Georgia: McFarlin et al. 2008) and have
not been reported to graze on S. alterniflora. Paroxya
clavuliger is an abundant acridid grasshopper in marshes of
the southern Atlantic in the US but feeds on Juncus
roemerianus (Davis and Gray 1966; McFarlin et al.
2008). The presence of Melanoplus spp. in marshes may
be related to proximity to wooded habitats. In PIE, highest
grasshopper densities occurred near the upland wooded
edge of the marsh (Fig. 1) and grasshoppers were only
present in West Creek and not two nearby creeks (Clubhead
and Nelson). The upland edge of West Creek is approxi-
mately within 100 m of the creek bank near the terminus of
the left branch, where grasshoppers and plant scarring were
most prevalent. While this suggests that grasshopper
presence is related to proximity to wooded habitats, this
was not explicitly tested in this study and more surveys of
marshes with and without nearby wooded habitats are
needed.

The potential migration of grasshoppers from terrestrial
wooded habitats to semiaquatic habitats may be due to
plant quality. Aquatic and semiaquatic producers often have
higher nutrient concentrations than do terrestrial producers
(Cebrian and Lartigue 2004). Melanoplus may be migrating

Table 1 S. alterniflora responses to grasshopper densities based on linear regressions

Response variable R2 (p value) Grasshopper density (individuals per square meter)

0 3 (ambient) 7 14 34

Biomass (g m−2) 0.006 (0.714) 169.0±13.9 148.6±35.0 176.7±47.3 186.1±14.5 144.7±28.9
– – – – –

Height (cm) 0.167 (0.043) 145.2±5.0 126.9±11.4 122.0±6.4 121.7±7.2 115.4±9.0
– 12% decrease 16% decrease 16% decrease 21% decrease

Portion of plant scarred (%) 0.583 (<0.001) 4.7±2.0 23.0±4.8 39.5±3.7 41.2±1.9 53.7±5.7
– 389% increase 739% increase 775% increase 1,038% increase

Scar length (cm) 0.579 (<0.001) 1.0±0.0 1.7±0.1 1.5±0.2 1.9±0.2 2.6±0.2
– 70% increase 50% increase 90% increase 160% increase

Frequency of leaves scarred 0.682 (<0.001) 2.9±0.8 27.4±6.5 51.8±6.6 69.6±5.0 80.0±2.7
– 854% increase 1,708% increase 2,327% increase 2,690% increase

Frequency plants scarred 0.467(<0.001) 16.1±6.4 59.2±9.5 92.3±3.3 94.5±3.8 100.0±0.0
– 267% increase 473% increase 486% increase 521% increase

Frequency leaf tips missing 0.752 (<0.001) 0.4±0.4 4.6±1.8 12.3±1.7 26.5±3.9 32.8±3.8
– 1,175% increase 3,351% increase 7,319% increase 9,078% increase

Leaf damage (cm) 0.752 (<0.001) 1.6±0.3 7.0±1.5 14.4±2.2 35.1±10.0 98.5±26.2
– 344% increase 813% increase 2,128% increase 6,156% increase

Mean (±1 SE) data are listed for each density level and amount of increase–decrease of response variable relative to grasshopper exclusion
(density=0) except for biomass which had no significant trend. Degree of freedom for all analyses 1, 23.
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Fig. 3 Mean (±1 SE) response of creek-bank S. alterniflora biomass
and plant height to different densities (individuals per square meter) of
Melanoplus grasshoppers. Three individuals per square meter repre-
sent ambient densities
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from the wooded areas to potentially more palatable plants
in the open marsh (creek-bank S. alterniflora has a
percentage nitrogen content of about ~1%; Drake et al.
2008). Consumer pressure often varies along an environ-
mental gradient in salt marshes (Pennings and Bertness
2001; Fleeger et al. 2008) and plant palatability–preference;
thus, top-down pressure may also vary along environmental
gradients (i.e., high vs. low marsh; Goranson et al. 2004).
Melanoplus may move into low marsh because of a
preference for creek-bank S. alterniflora, which is less
stressed due to improved soil drainage at low marsh
elevations and increased nutrient availability (Mendelssohn
and Morris 2000). Although no feeding trials were
conducted in this study, our results suggest Melanoplus
may prefer S. alterniflora over S. patens because the
highest densities occurred at the low marsh (i.e., creek-
bank S. alterniflora) and the high marsh (i.e., upland edge
where short-form S. alterniflora also occurs; Fig. 1).

Insect populations often have high interannual variability
and it is possible that large increases in grasshopper
abundances in PIE could elicit stronger results. In a
Montana grassland, Belovsky and Slade (1995) recorded
fluctuations in acridid grasshopper densities over 4 years up
to an order of magnitude (two to 12 individuals per square
meter). We estimated an average density of three individ-
uals per square meter and from our data we would expect to
see significant effects of grasshoppers on S. alterniflora
productivity only at densities above a mean of 34
individuals per square meter. Although high acridid
densities have been observed in other grasslands (up to 36
individuals per square meter; Belovsky and Slade 2000),
observed average acridid densities in other Atlantic marshes
are less than one individual per square meter (Barimo and
Young 2002; McFarlin et al. 2008). Thus, it seems unlikely
that such large fluctuations in average Melanoplus densities
would occur in this system.

A lack of herbivory effects on Spartina biomass may
also be related to experiment duration. For instance,
demonstrations of strong consumer control have occurred
in experiments over several months (7–20 months; Silliman
and Bertness 2002; Gustafson et al. 2006). The growing
season in the PIE is approximately 5 months (mid-May–
mid-September). Thus, if grasshoppers arrive in late July,
there is <2 months to exert strong top-down control before
the plants begin senescing. Strongest herbivory probably
occurs in late August when grasshopper abundance is
highest (Fig. 1). Similarly, in the Great Sippewissett salt
marsh (MA, US), katydid, C. spartinae, densities are
highest in August (Vince et al. 1981). Thus, there may
not be enough time for grasshoppers to have profound
effects on S. alterniflora (i.e., complete defoliation as in
Silliman and Bertness 2002) in northern New England;
however, they may have stronger effects in marshes with

continuous growing seasons (e.g., marshes of the southern
US). Although it is likely that a longer experiment
(>1 month) might have yielded different results, our short-
term experiment is still informative. Even at the highest
densities (10× ambient), we observed no significant effects
on aboveground S. alterniflora biomass. Our experiment
was conducted at a time when grasshopper densities are
highest in north Atlantic marshes (August–September;
Vince et al. 1981; this study) and thus represent natural
conditions in this system. It is possible that plants
compensated for grazing by increasing belowground bio-
mass, an effect that would require multiple growing seasons
to detect.

Although we detected no significant impacts of grass-
hoppers on Spartina biomass, strong evidence of grazing
damage was seen. All categories of grazing damage
increased with increasing grasshopper density. It is possible
that, although grasshoppers heavily scarred plants, the
amount of leaf area removed was not significant and thus
did not lead to significant impacts on aboveground
biomass. Of the overall scarring, 92% occurred in the top
half of the leaves and leaves missing tips increased with
increasing grasshopper density indicating that grasshoppers
prefer the tops of the plants, possibly for higher perches for
mate attraction via vocalizations or because they utilize the
canopy as a refuge from tidal water. Because of the inverse
relationship between plant height and the number of plants
missing their leaf tips, reductions in plant height is probably
due to consumption of leaf tips by grasshoppers, though
leaf tip removal was not enough to impact plant biomass.
Though not observed in this study, the scarring by grass-
hoppers does present the opportunity for increased fungal
growth. The marsh periwinkle, L. irrorata “farms” fungus
via continuous “radulations” or scarring of live Spartina
tissue (Silliman and Zieman 2001), which in turn results in
significant reductions in primary productivity. Grasshop-
pers do not “fungal farm” but their scarring of live tissue
may promote fungal growth and Spartina decomposition.

Although grasshoppers did not remove significant
amounts of plant material, more subtle long-term effects
may occur that could not be detected by our short-term (i.e.,
one season) experiment. For instance, Bertness and Shum-
way (1992) demonstrate that while herbivores, primarily
the katydid C. spartinae, may not significantly consume
Spartina production, they can significantly damage repro-
ductive organs (ovules and anthers) to reduce seed sets,
thereby having potential impacts on fitness and long-term
population effects. We observed significant grazing damage
of S. alterniflora by grasshoppers to which plants may
respond with increased chemical defenses. Herbivore-
induced chemical production is well documented (see
Strauss et al. 2002 for review) and alters a plant’s allocation
of resources, which can result in reduced plant growth and
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fitness (e.g., reduced seed sets) relative to undamaged
plants (e.g., seaweeds Toth et al. 2007; terrestrial annuals
Baldwin 1998).

Overall, our results suggest that acridid grasshoppers
exert little-to-no top-down control on S. alterniflora
biomass even at densities 10× ambient. Although weak
top-down effects were found, bottom-up effects such as
fertilization may modify consumer effects on salt marsh
plants by making the plants more palatable thereby
increasing consumption (Silliman and Zieman 2001).
Generally, the percentage of primary production consumed
by herbivores is positively linked to plant nutrient concen-
tration (Cebrian and Lartigue 2004) and, in salt marshes,
herbivores often select plants within a species based on
higher foliar nitrogen content (Vince et al. 1981). Deegan et
al. (2007) found that moderate nutrient loading significantly
increases percent nitrogen in creek-bank S. alterniflora in
PIE; thus, grasshoppers may exhibit stronger top-down
control as a result of fertilizer treatments. Work is currently
underway to test possible grasshopper–nutrient interactions.

Acknowledgements We thank C. Kennedy and C. E. Goranson for
field assistance. J.W. Fleeger, M.A. Grippo, K.A. Galván, R. S.
Warren, and three anonymous reviewers provided helpful manuscript
comments. This work was supported in part by the National Science
Foundation under Grants No. 0213767 and 9726921.

References

Baldwin, I.T. 1998. Jasmonate-induced responses are costly but
benefit plants under attack in native populations. Proceedings
of the National Academy of Sciences of the United States of
America 95: 8113–8118. doi:10.1073/pnas.95.14.8113.

Barimo, J.F., and D.R. Young. 2002. Grasshopper (Orthoptera:
Acrididae)–plant–environmental interactions in relation to zona-
tion on an Atlantic Coast barrier island. Environmental Entomol-
ogy 31: 1158–1167.

Beckerman, A.P. 2002. The distribution of Melanoplus femurrubrum:
fear and freezing in Connecticut. Oikos 99: 131–140.
doi:10.1034/j.1600-0706.2002.990113.x.

Belovsky, G.E., and J.B. Slade. 1995. Dynamics of some Montana
grasshopper populations: relationships among weather, food
abundance and intraspecific competition. Oecologia 101: 383–
396. doi:10.1007/BF00328826.

Belovsky, G.E., and J.B. Slade. 2000. Insect herbivory accelerates
nutrient cycling and increases plant production. Proceedings of
the National Academy of Sciences of the United States of
America 97: 14412–14417. doi:10.1073/pnas.250483797.

Bertness, M.D., and S.W. Shumway. 1992. Consumer driven pollen
limitation of seed production in marsh grasses. American Journal
of Botany 79: 288–293. doi:10.2307/2445017.

Bertness, M.D., C. Crain, C. Holdredge, and N. Sala. 2008.
Eutrophication and consumer control of New England salt marsh
primary productivity. Conservation Biology 22: 131–139.
doi:10.1111/j.1523-1739.2007.00801.x.

Cebrian, J., and J. Lartigue. 2004. Patterns of herbivory and
decomposition in aquatic and terrestrial ecosystems. Ecological
Monographs 74: 237–259. doi:10.1890/03-4019.

Chase, J.M. 1996. Varying resource abundances and competitive
dynamics. American Naturalist 147: 649–654. doi:10.1086/
285871.

Daehler, C.C., and D.R. Strong. 1995. Impact of high herbivore
densities on introduced smooth cordgrass, Spartina alterniflora,
invading San Francisco Bay, California. Estuaries 18: 409–417.
doi:10.2307/1352323.

Daehler, C.C., and D.R. Strong. 1997. Reduced herbivory resistance
in introduced smooth cordgrass (Spartina alterniflora) after a
century of herbivory-free growth. Oecologia 110: 99–108.
doi:10.1007/s004420050138.

Davis, L.V., and I.E. Gray. 1966. Zonal and seasonal distribution of
insects in North Carolina salt marshes. Ecological Monographs
36: 275–295. doi:10.2307/1942419.

Deegan, L.A., J.L. Bowen, D. Drake, J.W. Fleeger, C.T. Friedrichs,
K.A. Galván, J.E. Hobbie, C. Hopkinson, J.M. Johnson, D.S.
Johnson, L.E. Lemay, E. Miller, B.J. Peterson, C. Picard, S.
Sheldon, J. Vallino, and R.S. Warren. 2007. Susceptibility of salt
marshes to nutrient enrichment and predator removal. Ecological
Applications 17: S42–S63. doi:10.1890/06-0452.1.

Denno, R.F., C. Gratton, M.A. Peterson, G.A. Langellotto, D.L. Finke,
and A.F. Huberty. 2002. Bottom-up forces mediate natural-
enemy impact in a phytophagous insect community. Ecology 83:
1443–1458.

Denno, R.F., C. Gratton, H. Döbel, and D.L. Finke. 2003. Predation
risk affects relative strength of top-down and bottom-up impacts
on insect herbivores. Ecology 84: 1032–1044. doi:10.1890/0012-
9658(2003)084[1032:PRARSO]2.0.CO;2.

Drake, D.C., B.J. Peterson, L.A. Deegan, L.A. Harris, E.E. Miller, and
R.S. Warren. 2008. Plant nitrogen dynamics in fertilized and natural
New England salt marshes: a paired N-15 tracer study. Marine
Ecology Progress Series 354: 35–46. doi:10.3354/meps07170.

Finke, D.L., and R.F. Denno. 2004. Predator diversity dampens
trophic cascades. Nature 429: 407–410. doi:10.1038/
nature02554.

Fleeger, J.W., D.S. Johnson, K.A. Galván, and L.A. Deegan. 2008.
Top-down and bottom-up control of infauna varies across the salt
marsh landscape. Journal of Experimental Marine Biology and
Ecology 357: 20–34. doi:10.1016/j.jembe.2007.12.003.

Goranson, C.E., C.-K. Ho, and S.C. Pennings. 2004. Environmental
gradients and herbivore feeding preferences in coastal salt marshes.
Oecologia 140: 591–600. doi:10.1007/s00442-004-1615-2.

Gustafson, D.J., J. Kilheffer, and B.R. Silliman. 2006. Relative effects
of Littoraria irrorata and Prokelisia marginata on Spartina
alterniflora. Estuaries and Coasts 29: 639–644.

McFarlin, C.R., J.S. Brewer, T.L. Buck, and S.C. Pennings. 2008.
Impact of fertilization on a salt marsh food web in Georgia.
Estuaries and Coasts 31: 313–325.

McGoff, N.M. 2004. The influence of the marsh grasshopper,
Orchelimum fidicinium on nutrient cycling and productivity of
Spartina alterniflora in a salt marsh environment. M.S. Thesis,
University of Virginia, Charlottesville, Virginia.

Mendelssohn, I.A., and J.T. Morris. 2000. Ecophysiological controls
on the growth of Spartina alterniflora. In Concepts and
controversies in tidal marsh ecology, eds. M. P. Weinstein, and
D. A. Kreeger, 59–80. Dordrecht: Kluwer.

Mitsch, W.J., and J.G. Gosselink. 2000. Wetlands. 4New York: Van
Nostrand Reinhold.

Odum, E.P., and A. del la Cruz. 1967. Estuaries 383–385. ed. G.H.
Lauff. Am. Assoc. Adv. Sci. Publ. 83.

Onsager, J.A., and J.E. Henry. 1977. A method for estimating the
density of rangeland grasshoppers (Orthoptera: Acrididae) in
experimental plots. Acrida 6: 231–237.

Pennings, S.C., and M.D. Bertness. 2001. Salt marsh communities. In
Marine community ecology, eds. M. D. Bertness, , S. D. Gaines,
and M. E. Hay, 289–316. Sunderland: Sinauer.

Estuaries and Coasts

dx.doi.org/10.1073/pnas.95.14.8113
dx.doi.org/10.1034/j.1600-0706.2002.990113.x
dx.doi.org/10.1007/BF00328826
dx.doi.org/10.1073/pnas.250483797
dx.doi.org/10.2307/2445017
dx.doi.org/10.1111/j.1523-1739.2007.00801.x
dx.doi.org/10.1890/03-4019
dx.doi.org/10.1086/285871
dx.doi.org/10.1086/285871
dx.doi.org/10.2307/1352323
dx.doi.org/10.1007/s004420050138
dx.doi.org/10.2307/1942419
dx.doi.org/10.1890/06-0452.1
dx.doi.org/10.1890/0012-9658(2003)084<1032:PRARSO>2.0.CO;2
dx.doi.org/10.1890/0012-9658(2003)084<1032:PRARSO>2.0.CO;2
dx.doi.org/10.3354/meps07170
dx.doi.org/10.1038/nature02554
dx.doi.org/10.1038/nature02554
dx.doi.org/10.1016/j.jembe.2007.12.003
dx.doi.org/10.1007/s00442-004-1615-2


Pennings, S.C., and B.R. Silliman. 2005. Linking biogeography and
community ecology: latitudinal variation in plant-herbivore interac-
tion strength. Ecology 86: 2310–2319. doi:10.1890/04-1022.

Pennings, S.C., E.L. Siska, and M.D. Bertness. 2001. Latitudinal
differences in plant palatability in Atlantic Coast salt marshes.
Ecology 82: 1344–1359.

Pennings, S.C., M. Zimmer, N. Dias, M. Sprung, N. Dave, C.-K. Ho,
A. Kunza, C. McFarlin, M. Mews, A. Pfauder, and C. Salgado.
2007. Latitudinal variation in plant–herbivore interactions in
European salt marshes. Oikos 116: 543–549.

Porter, E.E., R.A. Redak, and H.E. Braker. 1996. Density, biomass,
and diversity of grasshoppers (Orthoptera: Acrididae) in a
California native grassland. Great Basin Naturalist 56: 172–176.

Schmitz, O.J., A.P. Beckerman, and K. O’Brien. 1997. Behaviorally-
mediated trophic cascades: effects of predation risk on food web
interactions. Ecology 78: 1388–1399.

Silliman, B.R., andM.D. Bertness. 2002. A trophic cascade regulates salt
marsh primary production. Proceedings of the National Academy of
Sciences 99: 10500–10505. doi:10.1073/pnas.162366599.

Silliman, B.R., and A. Bortolus. 2003. Underestimation of Spartina
production in western Atlantic salt marshes: marsh invertebrates
eat more than just detritus. Oikos 101: 549–555. doi:10.1034/
j.1600-0706.2003.12070.x.

Silliman, B.R., and J.C. Zieman. 2001. Top-down control of Spartina
alterniflora growth by periwinkle grazing in a Virginia salt
marsh. Ecology 82: 2830–2845.

Siska, E.L., S.C. Pennings, T.L. Buck, and M.D. Hanisak. 2002.
Latitudinal variation in palatability of salt marsh plants: which
traits are responsible? Ecology 83: 3369–3381.

Smalley, A.E. 1960. Energy flow of a salt marsh grasshopper
population. Ecology 41: 672–677. doi:10.2307/1931800.

Smith, T.J. III, and W.E. Odum. 1981. The effects of grazing by snow
geese on coastal salt marshes. Ecology 62: 98–106.

Strauss, S.Y., J.A. Rudgers, J.A. Lau, and R.E. Irwin. 2002. Direct and
ecological costs of resistance to herbivory. Trends in Ecology and
Evolution 17: 278–285. doi:10.1016/S0169-5347(02)02483-7.

Teal, J.M. 1962. Energy flow in the salt marsh ecosystem of Georgia.
Ecology 43: 614–624.

Toth, G.B., M. Karlsson, and H. Pavia. 2007. Mesoherbivores reduce net
growth and induce chemical resistance in natural seaweed popula-
tions. Oecologia 152: 245–255. doi:10.1007/s00442-006-0643-5.

Tyrell, M.C., M. Dionne, and J.A. Edgerly. 2008. Physical factors
mediate effects of grazing by a non-indigenous snail species on
salt marsh cordgrass (Spartina alterniflora) in New England
marshes. ICES Journal of Marine Science 65: 746–752.

Valiela, I. 1995. Marine ecological processes. 2New York: Springer.
Vince, S.W., I. Valiela, and J.M. Teal. 1981. An experimental study of

the structure of herbivorous insect communities in a salt marsh.
Ecology 62: 1662–1678. doi:10.2307/1941520.

Wason, E.L., and S. Pennings. 2008. Grasshopper (Orthoptera:
Tettigoniidae) species composition and size across latitude in
Atlantic coast salt marshes. Estuaries and Coasts 31: 335–343.

Estuaries and Coasts

dx.doi.org/10.1890/04-1022
dx.doi.org/10.1073/pnas.162366599
dx.doi.org/10.1034/j.1600-0706.2003.12070.x
dx.doi.org/10.1034/j.1600-0706.2003.12070.x
dx.doi.org/10.2307/1931800
dx.doi.org/10.1016/S0169-5347(02)02483-7
dx.doi.org/10.1007/s00442-006-0643-5
dx.doi.org/10.2307/1941520

	Do Spur-Throated Grasshoppers, Melanoplus spp. (Orthoptera: Acrididae), Exert Top-Down Control on Smooth Cordgrass Spartina alterniflora in Northern New England?
	Abstract
	Introduction
	Methods
	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


