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Abstract Disturbances, such as flooding, play important
roles in determining community structure. Most studies
of disturbances focus on the direct effects and, hence, the
indirect effects of disturbances are poorly understood.
Within terrestrial riparian areas, annual flooding leads
to differences in the arthropod community as compared
to non-flooded areas. In turn, these differences are likely
to alter the survival, growth, and reproduction of plant
species via an indirect effect of flooding (i.e., changes in
herbivory patterns). To test for such effects, an experi-
ment was conducted wherein arthropod predators and
herbivores were excluded from plots in flooded and non-
flooded areas and the impact on a common riparian
plant, Mimulus guttatus was examined. In general, the
direct effect of flooding on M. guttatus was positive. The
indirect effects, however, significantly decreased plant
survival for both years of the experiment, regardless of
predator presence, because of an increased exposure to
grasshoppers, the most abundant herbivore in the non-
flooded sites. Leafhoppers, which were more abundant
in the flooded sites, had much weaker and varying ef-
fects. During 2000, when the leafhopper herbivory was
high, arthropod predators did not significantly reduce
damage to plants. In 2001, the mean herbivory damage
was lower and predators were able to significantly re-
duce overall leafhopper damage. The effects of predators
on leafhoppers, however, did not increase plant survival,
final weight, or the reproduction potential and, thus, did
not initiate a species-level trophic cascade. Overall, it

was the differences in the herbivore community that led
to a significant decrease in plant survival. While flooding
certainly alters riparian plant survival through direct
abiotic effects, it also indirectly affects riparian plants by
changing the arthropod community, in particular her-
bivores, and hence trophic interactions.
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Introduction

It is a commonly recognized fact that disturbances help
maintain community composition across a wide variety
of ecosystems (Paine and Levin 1981; White and Pickett
1985; Hobbs and Mooney 1991; Wootton et al. 1996). In
many of these systems, simply increasing or decreasing
the frequency of disturbance can result in drastic chan-
ges in the overall community structure (Sousa 1979;
Collins 2000; Shafroth et al. 2002). Most previous work
has, however, focused on the direct effects of these dis-
turbances on community structure (Canales et al. 1994;
Pascarella and Horvitz 1998) without considering the
potential indirect effects of disturbances (but see Elderd
2003; Knight and Holt 2005). For instance, disturbances
can alter the dynamics or composition of the herbivore
community, which can have dramatic impacts on both
plant populations and plant communities (Rand 2002;
Knight and Holt 2005). However, these studies compare
disturbed and non-disturbed areas and do not manipu-
late arthropod communities in order to quantify their
effect. This article presents the results of an experiment
designed to disentangle the indirect effects of distur-
bances on plant population dynamics by experimentally
excluding herbivores and predators in flooded and non-
flooded environments.



both within and across community types (Huntly 1991).
Within particular systems, herbivores can have both
strong and weak effects on plant communities (Root and
Cappuccino 1992; Lenssen and de Kroon 2005),
depending upon the spatial gradients, temporal scales,
and the control of herbivores by predators (Schmitz
et al. 1997; Carson and Root 2000; Rand 2002; Knight
and Holt 2005). The overall variability in herbivore
pressure across these gradients can have important





the length of the longest leaf, the number of leaves, the
height, a composite measurement of clonal and sexual
reproduction potential (i.e., the number of flowers plus
the number of side stems), and plant survival, along with
cause of mortality. Due to the high correlation between
weekly measurements, only the final mean values of each
plot was analyzed. At the end of the experiment, the
above-ground biomass of all living plants was harvested,
dried for 5 days at 50�C, and weighed. Since dry weight is
significantly correlated with the longest leaf length (2000:
r=0.79, P<0.0001, n=42; 2001: r=0.51, P<0.0001,
n=60), number of leaves produced (2000: r=0.76,
P<0.0001, n=42; 2001: r=0.55, P<0.0001, n=60), and
height (2000: r=0.82, P<0.0001, n=42; 2001: r=0.32,
P=0.0105, n=60); dry weight was used to quantify the
impacts of treatments on



P<0.0001; Fig. 1a) and significantly fewer ants
(F1,17=55.41, P<0.0001; Fig. 1b) for all the weeks
surveyed. There was no difference in counts between
years for either wolf spiders or ants (wolf spiders:
F1,17=0.15, P=0.7076; ants: F1,17=0.18, P=0.6723)
and differences in ant counts did not vary between
transects (F2,17=1.63, P=0.2222). For wolf spiders,
there was a significant effect of transect (F2,17=8.43,
P=0.0029) due to fewer wolf spiders along a single
transect. Overall, wolf spiders were more prevalent in
the flooded areas; whereas, ants were more prevalent in
the non-flooded areas (Fig. 1).



cage control plots and the predator exclusion plots
indicates a cage effect on the herbivores, such that cages
reduce grasshopper activity irrespective of the predator
presence. It, therefore, appears that predators have no
effect on grasshopper herbivory (Fig. 4). In general,
when not excluded from treatments by insecticide and
regardless of the presence of predators, grasshoppers
consumed upwards of 5–15% of leaf tissue per leaf as
compared to 1–3% of tissue damaged by leafhoppers
(Figs. 3, 4).

Grasshopper herbivory was particularly intense
throughout both years of the experiment, which, in turn,
had significant impact on dry weight (Table 2). The
exclusion treatments essentially reflected overall levels of
grasshopper damage, such that treatments that excluded
herbivores had significantly larger plants than the con-
trol plots for both years (Fig. 5b, d). Additionally,
predator exclusion treatments were not significantly
different from those that excluded herbivores and the
control plots. In 2001, the cage control plots contained
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heavier plants than the unmanipulated controls, again
reflecting a potential cage effect on the herbivores
(Fig. 5d). The dry weight, with respect to flooding
treatments, was significantly greater in the flooded sites
in 2000 (Fig. 5a), but there was no effect in 2001
(Fig. 5c). The final reproduction showed similar patterns
to the dry weight, except for the lack of significance
among exclusion treatments in 2000 (Table 2). Overall,
grasshopper herbivory had a negative effect on both the
final weight and the reproduction potential of M. gutt-
atus.

The survival of M. guttatus also mirrored grasshop-
per herbivory damage. In 2000, there was a significant
interaction between the flooding and experimental
treatments, which resulted in a uniformly high survival
in the flooded sites and low survivorship in the unma-
nipulated non-flooded control plots (Table 3; Fig. 6a).
The results in 2001 were roughly similar (Table 3;
Fig. 6b, c). First, there was a marginally higher survival
in flooded areas. Second, survival in the control plots
was significantly lower than all other treatments, al-
though, in 2001, there was no significant interaction. In
terms of the cause of mortality, 49 and 93% of the
deaths in 2000 and 2001, respectively, in the non-flooded
and the non-insecticided plots were attributable to
grasshoppers. In 2000, the other major factor influencing
survival in the non-flooded areas was frost damage,
which accounted for 49% of the deaths in the non-
flooded and the non-insecticided plots. In general, the
dramatic negative impact of grasshoppers on survival

essentially paralleled that of their impact on both the
final weight and reproduction.

Discussion



survival and biomass. As a result, across the flooded and



variability among replicates can swamp out treatment
effects. In these experiments, there were, indeed, differ-
ences among replicates, as shown by the significant effect
of the site in both the MANOVA and univariate anal-
yses. As discussed earlier, however, the average effects of
flooding were nevertheless strong and statistically sig-
nificant, showing that a natural experiment was, in this
case, a successful choice. A related point is that,
although there were differences in densities of both
herbivores and predators between the flooded and non-
flooded areas (Figs. 1, 2



of an effect of ants, a colleague and the author carried
out an experiment in which grasshoppers were confined
1-liter mesocosms containing an individual M. guttatus.
In these mesocosms, grasshopper mortality was much
higher in the presence of ants than in the absence of ants
(ant addition: 95.8%; no-ant controls: 33.3%; G=22.73,
P<0.0001, n=24 for each treatment (B.D. Elderd and J.
Jacobs, unpublished data)), demonstrating that ants, at
least, are capable of attacking and killing grasshoppers.
Since the key difference between the mesocosms and
these experiments was that the grasshoppers in the
mesocosms were confined, it appears that ants had little
effect in the experiments simply because they could not
catch the grasshoppers. Similarly, other data have
shown that the two species of wolf spiders in these
experiments are only capable of catching and killing first
through third instar grasshoppers, but not later instars
(B.D. Elderd, unpublished data). It therefore appears
that wolf spiders had little effect on grasshopper her-
bivory since they could not catch or subdue later instars.
Thus, neither common arthropod predator in the system
could potentially control grasshopper herbivory.

When the leafhopper herbivory was taken into ac-
count, the ability of predators to control herbivores
was found to be dependent upon the year of the
experiment. In 2000, a potential increase in leafhopper
populations resulted in an almost three-fold increase in
the leafhopper herbivory as compared to 2001. At this
level of damage, the predators could not control the
herbivory. It, thus, appears that increasing numbers of
leafhoppers allowed the escape of the prey population
from the predators (Holling 1959). In 2001, the her-
bivory damage dropped, most likely due to differences
in the herbivore populations since there was no change
in arthropod predator counts between years. Following
this decline, the predators were able to reduce the
herbivory, as seen by the differences between the con-
trol and the predator exclusion plots (Fig. 3). The
leafhopper herbivory, however, was not of sufficient
strength to affect the weight or reproduction potential
of M. guttatus. Regardless of predator control, the
leafhoppers had weak and varying effects on plant
demography.

Overall, disturbances have both direct and indirect
effects on plant demographics. For M. guttatus, a com-
mon riparian plant, flooding can directly increase plant
survival, weight, and reproduction. Flooding also indi-
rectly influences plant survival by altering the herbivore
community. Specifically, grasshoppers had an over-
whelmingly negative effect on plant survival. However,
predators can sometimes modulate the indirect effects of
increased herbivory. For instance, when the leafhopper
herbivory was low, predators were able to keep this
herbivore in check. This reduction in the herbivory did
not have overall positive effects on plant performance
and, thus, this potential species-level cascade trickled
out (Halaj and Wise 2001; Strong 1992). With much
higher levels of leafhopper herbivory, the predators were
not able to control the herbivore pressure. Regardless of

predator control, however, the degree to which leaf-
hoppers affected M. guttatus was relatively weak, which
is not uncommon with respect to herbivores in other
non-disturbance-driven systems (Huntly 1991; Root and
Cappuccino 1992). In general, disturbance events such
as flooding can create a spatial gradient by altering the
composition of the herbivore guild within a community,
which, in turn, affects plant population dynamics. These
results suggest that it is important to consider overall
changes in the arthropod community structure when
examining the impact of disturbances on plant popula-
tion dynamics.
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