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In a trophic cascade an organism can indirectly have a beneficial impact on
another organism by directly impacting an intermediate organism. This idea
is useful in conservational practices because these organisms, known as
keystone predators, can be used to control the populations lower down on
the food chain, ultimately benefiting producers. In the grasslands of west-
ern Montana, grasshoppers are considered pests by local farmers. In this
experiment, we tested whether Lycosoid spiders play the role of a keystone
predator within this ecosystem by preying on early developmental stage
grasshoppers. This project also looked into how the grasshoppers reacted
to the Lycosoid spider presence, and if a potentially resulting trophic cas-
cade had a positive effect on plant biomass. Data was collected at the Na-
tional Bison Range, MT at an undisturbed grassland in July. Ten early-stage
grasshoppers were placed in wire mesh cages with 0, 1, or 2 Lycasoid spi-
ders and observations were recorded over an eleven day period. Results
showed that while early developmental stage Melanoplus sanguinipes and
Melanoplus femurubrum exhibited risk behaviors in the presence of Lyco-
soid spiders and that the number of individuals practicing these behaviors
increased with the number of spiders added, no tropic cascade resulted.

Introduction

Ecosystems consist of abiotic and biotic com-
ponents that interact with one another form-
ing complex and interwoven communities. Any
change in these community structures has the
potential to alter ecosystem function through
direct or indirect effects between populations.
Communities can be broken into different tro-
phic levels where primary producers support
primary consumers who are fed on by secondary
consumers, or predators. An upper-level pred-
ator can indirectly affect producers by directly
or indirectly affecting primary consumers; this
is referred to as a trophic cascade. Through the
decrease or elimination of a keystone preda-
tor, the prey species (i.e., primary consum-

ers) experience higher survival rates. This in-

creased survival and thus increased density of
organisms means more stress on the next tropic
level down (i.e., the primary producers). For
example, pond-side plants have higher repro-
ductive success if the pond is populated by fish
that feed on dragonfly nymphs. Because these
fish reduce the number of nymphs that would
have become adult dragonflies, they reduce the
number of pollinators that would have fallen
prey to the dragonflies (Knight et al. 2005).

The effects on trophic levels can be decreased
or amplified in both direct and indirect ways.
For example, birds feeding on grasshoppers
would directly reduce grasshopper population
size (Belovsky & Slade 1993). An indirect ef-
fect would be the prey exhibiting a “risk be-
havior” such as slowed or reduced movement,

less time spent feeding, or presence of a diet
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Figure 1. Comparisons of forb, grass, & total biomass between plant-only, grasshopper, one and

two lycasoid spider treatments.

shift. There are multiple hypotheses as to why grasshoppers
may switch from grasses to forbs, with the simplest expla-
nation being that forbs are more structurally complex and
provide better refuge from predators. Secondly, the adap-
tive foraging theory expects prey to switch to food, such as
forbs, that will fill their gut faster, due to their high water
content, to reduce the amount of time they are exposed to
predators. Lastly, it is thought that the effectiveness of pred-
ator avoidance could depend on the amount of information
the hunted has about the hunter’s location, meaning that the
predator may be easier to spot in some areas over others,
clueing in the prey (Schimtz & Suttle 2001). Schimitz et al.
(1997) found that both predatory spiders and risk spiders
(those with disabled feeding ability) caused behavior shifts
in the grasshoppers indicating that predator presence affects
prey behavior regardless of whether there is active preying,

Knowing how trophic cascades work is beneficial to nav-
igating conservation efforts. The density of the top predator
may affect the magnitude of a trophic cascade's impact and
by decreasing or eliminating a keystone predator, which in
turn may increase the prey’s survival rates, introducing more
stress on the next trophic level down. In a study conducted
by Estes et. al. (1989) it was found that the local extinction
of sea otters resulted in a large enough increase in benthic or-
ganisms (notably sea urchins), no longer being consumed by
the otters, to over-graze kelp forests. Keystone predators like
these otters prevent exploitive competition so one species
of primary consumer is less likely to over take an ecosystem
(Estes et. al 1989). If prey abundance depends on predator

density then we would want to see how we affect that densi-

es, their absence could lead

b
to an uncontrolled increase
of those such grasses, nega-
tively affecting other more

like

soid spiders are necessary for decreasing pest numbers

recessive  vegetation. However, predators Lyco-
like those of the grasshoppers (Prieto-Benitez & Men-
dez 2011) potentially decreasing the need for pesticides.

In this project we will be measuring the effect that wolf
spider density has on grasshopper fatality and the resulting
grass and forb density. With use of controlled experiments
we wish to determine 1) if varying numbers of wolf spiders
affect the density of the local vegetation and what percentag-
es of that vegetation are grasses and forbs, 2) if there is less
consumption per spider in cages with higher predator densi-
ties, and 3) if spider or grasshopper numbers decrease along a
transect at the study site once controlled testing begins. While
in the field we will examine 1) spider and grasshopper den-
sities along transects over time and vegetation density at the
beginning and end of the project, 2) how spider and grass-
hopper densities affect grass and forb biomass, 3) if avoidance
behaviors are exhibited by spiders or grasshoppers in high spi-
der density areas, and 4) if predation rates increase in high
spider density cages. We hope our results will reiterate the
benefits these predators have on the surrounding vegetation.

For the trophic cascade field study we would predict that
there will be 1) low vegetation density in the two-trophic sys-
tem level treatment. 2) A decrease in grasshopper activity and
therefore an increase in vegetation as the number of spiders
increases & 3) Fewer grasshoppers consumed per spider in the
cages with multiple spiders. If there is a lower density of veg-
etation in the two-trophic level test (vegetation and grasshop-

pers) rather than the single-level (vegetation) or triple level
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tests (vegetation, grasshoppers, & spiders) due to grasshoppers feed-
ing in the absence of predators and their preference of grasses over
forbs unless exhibiting risk behavior, then it is expected that forbs will
experience some decrease in biomass as a result. Since risk behavior in
grasshoppers results in a decrease in activity and because feeding
makes up a fair part of a grasshopper’s routine, then activity can be
measured in plants consumed (via. biomass measurements). How-
ever, it will be important to take weather conditions into account;
a typical day includes sun basking & avoidance behaviors mostly but
feeding tends to take place after grooming around when temperatures
hit 81 degrees F and seck cover at 90 degrees F. There is also very lit-
tle feeding if wind speed is greater than 15 mph or on cool cloudy or
rainy days. If activity is decreasing then biomass for each of the tests
containing predators will be greater than the biomass of the two-level
system. On a side note, we are interested how spiders will interact
with each other when competing in a confined space. We would ex-
pect grasshoppers consumed per spider will decrease. Lycosoid spi-
ders will avoid conflict with each other and frequent encounters may
decrease time spent hunting. Wolf spiders are also scavengers and
preying on another’s leftovers may occur (Nossek & Rovner 1984).

For the field surveys, we hypothesize that there will be a decrease
in non-captive spider & possibly grasshopper populations around
test site after cages are stocked. Local invertebrates that feel threat-
ened by spider predation (including other spiders) will frequent the
area less (measured by surveys using pit traps & catching effort and
compared to surveys taken prior to experimentation) and as a re-
sult, vegetation density of these areas may increase according to what

invertebrates

the palouse prairie where the landscape is dominat-
ed by Cheat grass (bromus sp.), wheat grass (elymus
sp.), yarrow (Ahilleamillefolium sp.), white prai-
rie aster (Aster falcatus), & fleabane (Erigeron sp.).
Treatments were randomly assigned to the preex-
isting cages arranged in rows of eight. Each cage is
0.1m2 and assembled of wire mesh, with a buried

aluminum-ﬂashing base held in by wooden stakes.

Controlled Trophic Cascades

Each cage in “the triangle” represents a different num-
ber of trophic levels; 1) A single-level consisting only
of plants, 2) a double level consisting of grasshoppers
& plants. 3) a three level system consisting of veg-
etation, grasshoppers, and a single spider, and 4) a
three level system consisting of vegetation, grasshop-
pers, and two spiders. There are 5 cages representing
each treatment randomly assorted across 3 rows of
the cages described above. Each were stocked with
0, 1, or 2 Lycosoid spiders reaching a body length of
at least 0.7 cm. Additionally, 10 grasshopper nymphs
being of 1st-3rd instar were added to their assigned
cages at the beginning and were restocked daily to
reach numbers of at least 5 individuals. Grasshopper
nymphs were chosen because younger grasshoppers
have a lower survival rate in presence of spiders than
older, much larger grasshoppers (Belovksy & Slade
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Figure 2. Change in number of captured wolf spiders from the beginning to the end of the month of July
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Figure 3. Change in number of grasshoppers captured from the beginning to the end of the month of July have had
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. while engaging in risk behaviors grasshoppers are more
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range, their hardiness, and because these grasshoppers, no- likely to feed on these less nutritious but more filling forbs
tably 3rd instars (Bradford & Joern 2003), have been found

to practice risk behaviors in the presence of Lycosoid spiders

due to the adaptive foraging theory and the more complex
cover they provide (Schimitz & Suttle 2001) rather than

(Laws et al 2009). Lycasoid spiders are to be used because grasses which is their preferred food (Schimitz et. al.1997).

they are a common grasshopper predator (Belovsky& Slade
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measured by pitfalls
set up every meter
for 15 meters along
cach transect. Vegetation density was measured every 5 me-

ters along the 15 meter transect measuring 2 yards outwards.

Statistics

All data was inputted and organized in Microsoft Ex-
cel and statistics were done in SYSTAT 11 & 13. ANOVAS
were run to test grasshopper and spider densities along the
three transects. A t-test was used to determine differences
in plant composition and density at each survey site while
another ANOVA determined differences across the survey
sites. A 2x2 ANOVA was used to assess the effects of grass-
hopper absence versus presence, and predator density on
cach of my dependent variables: total biomass, grass bio-
mass and forb biomass. A 3 dimensional chi-square (Figure
4) was used to analyze the different trophic cascade levels
and age of the grasshopper on grasshopper position with-
in the cages over the course of the experiment. An ANOVA
test was attempted to analyze grasshopper mortality with-
in the cages (Figure 5), but because of the limited observa-

tions of grasshopper death overall the test was not useful.

Figure 5. Visual representation of grasshopper mortality between treatments: Grasshoppers, 1 spider, 2 spi-

Results

The ANOVAs ran on spider and grasshopper densities both
returned insignificant results between transects or transects
over time and significant results simply over time. Total bio-
mass values returned insignificant (p = 0.32) and remained in-
significant when comparing grass and forb biomasses between
treatments. The chi-test ran on grasshopper location returned
significant results (p < 0.001) between treatment and loca-
tion and when age was taken into account it was found that
the early developmental stages of grasshoppers were signifi-
cant with location (p = 0 .003) but location with late develop-
mental stages of grasshoppers were insignificant (p = 0.065).
The last test ran involved grasshopper mortality between

treatments, which returned an insignificant p-value of 0.15.

Discussion

In conclusion we found that at the field study site 1)
there was no significant lower vegetation density in the
two-trophic system level treatment, 2) there was a signifi-
cant change in younger grasshopper instar activity even if it
did not cause a significant trophic cascade, and 3) there was
no significant evidence of fewer grasshoppers consumed

per spider in the cages with multiple spiders. By ana]yzing
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the collected data using the methods above it was found
that there were significant results found for the decrease in
spider density over time at the transects. This could be due
to a decrease in spider activity as temperatures rise making
them less likely to be caught in a pitfall. The significant results
for the decrease in grasshoppers over time is likely a result
of the natural field numbers dying off as the season passes.

The insignificance of total and separate grass and forb bio-
mass between transects suggests that no trophic cascade affect-
ing the vegetation was experienced as a result of direct and in-
direct effects of wolf spider presence on grasshoppers (Figure
1). There was some evidence however to show that their pres-
ence did affect the grasshoppers behavior if not in the way that
was expected. The quantity of early grasshoppers choosing
vegetation or cage sides over the ground between treatments

increased as the number of spiders increased significantly (Fig-

ure 4). This trend was not observed in late instar grasshoppers.
Grasshopper mortality was also recorded and analyzed but
unfortunately there were not enough deaths to return any sig-
nificant results even if a bar graph shows a trend for higher
death in single spider treatments than in 2 spider treatments.

Researchers wishing to perform a similar procedure would
benefit from starting earlier in the season and stocking more
grasshoppers. Other areas of interest for future research in-
clude studying any additional increases in the number of
grasshoppers responding with risk behavior to larger quanti-
ties of spiders as seen in the grasshopper location analysis in
young instars grasshoppers. Our last area of interest would
be the idea that wolf spiders may display some kind of risk
behavior when encountering other wolf spiders or potential

predators and how the prey population is impacted as a result.

References

Belovsky, Gary E., J.B. Slade. (1993) The Role of Vertebrate and
Invertebrate Predators in a Grasshopper Community. Oikos, 68,
193-201.

Carpenter, S.R., Kitchell, J.F., Hodgson, J.R. (1985). Cascading
trophic interactions and lake productivity. BioScience, 35, 634-
639.

Danner, B.J., Joern, A. (2003).Stage-Specific Behavioral Re-
sponses of Ageneotettix deorum (Orthoptera: Acrididae) in the
Presence of Lycosid Spider

Predators. Journal of Insect Behavior, 16, 453-464.

Estes, J. A., Duggins, D. O. and Rathbun, G. B. (1989),
The Ecology of Extinctions in Kelp Forest Communities. Conser-
vation Biology, 3, 252-264.

Knight et al. (2005). Trophic cascades across ecosystems. Na-
ture, 437, 880-883.

Laws et al. (2009). Predators mediate the effects of a fungal
pathogen on prey: an experiment with grasshoppers, wolf spiders,
and fungal pathogens. Ecological Entomology 34, 702-708.

Nossek, M.E., Rovner, J.S. (1984). Agonistic Behavior in Female
Wolf Spiders
(Araneae, Lycosidae). Journel of Arachnology, 11, 407-422.

Prieto-Benitez, S. Méndez, M. (2011). Effects of land manage-
ment on the abundance

and richness of spiders (Araneae): A meta-analysis. Biological
Conservation, 144,

683-691.

Schmitz, O.J., Beckerman, A.P., O'Brien, K. M. (1997). Behavior-
ally mediated trophic cascades: effects of predation risk on food
web interactions.

Ecology, 78, 1388-1399.

Schmitz, O.J., Suttle, K.B. (2001). Effects of top predator species
on direct and indirect interactions in a food web. Ecology, 82,
2072-2081.

To cite this article, please visit go.osu.edu/citations2012



