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Abstract

Ozark glades are gaps in forested areas that are domi-
nated by grasses and forbs growing in rocky, nutrient-poor
soil. Historically, these open, patchy habitats were main-
tained by natural and anthropogenic fire cycles that pro-
hibited tree encroachment. However, because of decades
of fire suppression, glades have become overgrown by
fire-intolerant species such as Eastern red cedar (Junipe-
rus virginiana). Current restoration practices include cut-
ting down invasive cedars and burning brush piles, which
represent habitat for Northern fence lizards (Sceloporus
undulatus). Because Sceloporus actively consumes herbi-
vores, we hypothesized that the presence of these lizards
in and around brush piles might result in a trophic cas-
cade, whereby damage on native plants is reduced. Field

surveys across six Missouri glades indicated that lizard
activity was minimal beyond 1 m from habitat structures.
This activity pattern reduced grasshopper abundance by
75% and plant damage by over 66% on Echinacea para-
doxa and Rudbeckia missouriensis near structures with
lizards. A field transplant experiment demonstrated simi-
lar reductions in grasshopper abundance and damage on
two other glade endemic species, Aster oblongifolius and
Schizachyrium scoparium. These results demonstrate that
future glade restoration efforts might benefit from consid-
ering top-down effects of predators in facilitating native
plant establishment.

Key words: biomanipulation, Sceloporus undulatus, tro-
phic cascade.

Introduction

Restoration efforts commonly focus on manipulations and
reinstatement of the bottom trophic level—plants. How-
ever, consumers of plants (herbivores), and consumers of
those consumers (carnivores), can often have profound
effects on the growth rates, population dynamics, biodi-
versity, and ecosystem functioning of plant communities
(reviewed in Huntly 1991). Although the importance of
such food web effects is still debated, particularly in ter-
restrial ecosystems (Strong 1992; Leibold et al. 1997,
Chase 2000; Chase et al. 2000; Polis et al. 2000; Schmitz
et al. 2000; Shurin et al. 2002), it is apparent that an effec-
tive restoration strategy needs to consider the entire com-
munity, including the effects of consumers in food webs
(Bevill et al. 1999; Howe et al. 2002; Ruhren & Handel
2003). Indeed, the recognition of the importance of con-
sumers has already influenced restoration efforts in some
aquatic and terrestrial agricultural ecosystems. In aquatic
communities the addition of piscivorous (fish eating) fish
causes a decline in the abundance of zooplanktivorous fish,
thus resulting in more grazers and less algae (Bergman
et al. 1999; Lathrop et al. 2002). Similar recommenda-
tions have been made for riparian plant management with
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introduced wolves filling the role of plant mutualists
(Ripple & Beschta 2003). In other terrestrial systems, at-
tempts at the biocontrol of crop pests have centered on
increasing physical structure with the addition of mulch to
augment habitat for predators such as spiders (Riechert &
Bishop 1990; Brust 1994; Symondson et al. 2002).

In this study we examined the indirect effects of native
insectivorous lizards (Sceloporus undulatus) on the herba-
ceous plant communities in actively restored Missouri
(U.S.A.) Ozark glades through their direct effects on her-
bivorous insects. Glades are rocky outcrops contained
within forested areas where poor abiotic conditions such
as low soil moisture and acidic, nutrient-poor soils limit
plant productivity (Nelson 1987; Baskin & Baskin 2000).
These outcrops are the result of years of landform erosion,
which allows the bedrock to break the surface of the
glade’s thin soil. Glades resemble prairie communities of
the western United States and share many plant and ani-
mal genera with those systems (Nelson & Ladd 1980). In
addition, many glade plant species are relictual and
endemic, and glade species are often typical of hotter and
drier conditions of desert areas (Baskin et al. 1995; Baskin
& Baskin 2000; McClain & Ebinger 2002). Historically,
glades were maintained as herbaceous (grass and forb)
communities in part by a regular fire cycle that excluded
fire-sensitive species, including most trees (Templeton et al.
2001; Ware 2002). Fire suppression following European
settlement has allowed native fire-sensitive trees to in-
vade many of these glade habitats (Bergmann & Chaplin
1992; Baskin & Baskin 2000; Ware 2002). Of particular
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concern is the Eastern red cedar (Juniperus virginiana),
because it further fragments glade habitats and forms dense
stands that shade out glade endemic plants.

Recently, Ozark glades have been targeted by restora-
tion efforts. Restoration of glades typically requires sev-
eral seasons of prescribed burns and physical removal of
cedar trees and saplings, combined with hand planting of
glade endemics (Davis 1982). Often, because of high seed-
ling mortality and low germination success, transplantation
of juvenile plants is the most effective way of reestablish-
ing glade species (J. C. Walker 2003, Tyson Research Cen-
ter, personal communication; Ruhren & Handel 2003).
However, even juvenile plants that have been planted
may not become successfully established if they are suffi-
ciently consumed by grasshoppers (Orthoptera: Acridi-
dae) and other herbivorous insects. In Missouri Ozark
glades, leaf-chewing herbivores can cause substantial dam-
age (approximately 10-80%) to a wide variety of glade
plants. For example, insect herbivory on the glade peren-
nial Liatris cylindracea has been shown to reduce fecun-
dity by as much as 83% and establishment of seedlings in
the next season by over 50% (Kelly & Dyer 2002).
Because grasshoppers and larval lepidopterans are the
most abundant groups of herbivorous insects (in terms of
biomass; >80%) in glades (Chase, unpublished data; Kelly
& Dyer 2002), minimizing their impact can substantially
reduce herbivore damage in these communities.

We hypothesize that the restoration of Ozark glades will
be enhanced by explicitly considering the predators and
their concomitant food web interactions. That is, predators
of insects can reduce herbivore density in glade ecosys-
tems, thereby reducing losses of plants to abundant grass-
hoppers and other chewing herbivores. One predator of
grasshoppers that can be quite common in Ozark glades is
the Northern fence lizard S. undulatus (hereafter, Scelopo-
rus). Sceloporus is usually restricted in its foraging to areas
on and around cover objects, such as downed logs, brush
piles, and rock piles (Angert et al. 2002; James &
M’Closkey 2002). We focus on grasshopper abundance,
because in Missouri, grasshoppers constitute a majority of
the summer and fall diet of Sceloporus (Marion 1970), with
larval lepidopterans constituting a small fraction of the diet
(DeMarco et al. 1985). Also, observations and experiments
in California meadows showed that Western fence lizards
(S. occidentalis) decreased grasshopper abundance and
subsequent damage on plants (Chase 1998), although this
effect was most pronounced within 10 m of cover objects.

We suspected that a trophic cascade (i.e., an indirect
positive effect of predators on plants through their nega-
tive effects on herbivores) due to Sceloporus feeding in
glade habitats might decrease herbivory on target plants,
thus potentially increasing the transplant success of glade
endemics and facilitating glade restoration efforts. We fur-
ther predicted that herbivory would be reduced on plants
that occurred near structures supporting lizards, relative
to plants that were not near lizard-occupied structures.
We tested this hypothesis through surveys of lizard

activity, grasshopper abundance, and plant damage in nat-
ural glades, along with an experiment in which we planted
glade plants at three different distances from cover objects
to simulate common restoration practices in a glade that is
currently undergoing restoration. Our results indicate
a potential role for predation in facilitating glade restora-
tion efforts. This is particularly pertinent, because current
glade restoration projects often remove brush piles and
other potential cover habitats. We conclude that future
restoration efforts would benefit by providing cover habi-
tats for lizards, which could facilitate plant establishment.

Methods

Glade Sampling

To assess the natural patterns in herbivory which might be
attributed to trophic cascades, we measured Sceloporus
activity, grasshopper density, and levels of herbivory on
three plant species in six recently restored glades in
southeastern Missouri. We collected data at two glades at
Washington University’s Tyson Research Center (St. Louis
County) and four glades at Meramec State Park (Franklin
County). These glades are of similar size and consist of
comparable plant communities occurring in thin, nutrient-
poor soil over dolomitic limestone bedrock (Walker 1998;
Baskin & Baskin 2000; Ware 2002). Restoration efforts
have recently (within the last 10-15 years) been initiated
on all our study glades and consist of intensive manage-
ment involving physical removal of Eastern red cedar
trees, prescribed burns, and reseeding of native glade-
specific plants.

To characterize lizard foraging patterns, we estimated
Sceloporus activity weekly by repeatedly observing lizards
between 0800 and 1800 hr over a 10-week period in the
two glades at Tyson, and during a 1-day sampling transect
through the four Meramec glades. We estimated activity
by having one observer walk transects throughout each
glade, noting the presence and activity of all Sceloporus,
and measuring the distance to the nearest cover object
(e.g., downed logs, brush piles, bushes). The repeated ob-
servations of lizard behavior at Tyson were made on the
same lizard populations, and therefore are not indepen-
dent. However, because the same patterns of activity were
observed for the Meramec population, all data for lizard
activity are presented as a single dataset.

We estimated grasshopper densities and amount of
plant damage caused by chewing herbivores at three dis-
tances from cover objects used by lizards. For grasshop-
pers, we haphazardly chose five plots (0.1 m?) at each of
the three distances (<1, 8, and 16 m) and disturbed the
0.1-m” area with a stick, counting all grasshoppers that
moved from the plot. This is an established and quick
method of estimating grasshopper abundance (Onsager &
Henry 1977). Subsequently, we estimated the relative
amount of leaf tissue missing due to chewing herbivores
for three different glade endemics: a sedge (Carex sp.) and
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two forbs (Echinacea paradoxa and Rudbeckia missouri-
ensis). In each glade we haphazardly chose three plants
from each species at each distance and estimated the rela-
tive amount of leaf tissue consumed by chewing herbi-
vores. Estimates were made visually and rounded to the
nearest 10% following established methods (Van Zandt &
Agrawal 2004). These plants were sampled from the same
cover objects used for the grasshopper estimates. We were
interested in general patterns across glades; therefore, we
averaged each of the three samples at each distance and
analyzed glades as replicates. Samples of herbivore density
and plant damage were taken at the end of the growing
season (August 2003), so the effects of differential herbiv-
ory would have been apparent at the time of censusing.

Transplant Experiment

To test the effects of the presence of Sceloporus on herbi-
vore impacts on transplanted plants, we planted seedlings
of three species common to glades in Missouri: an herb
(Aster oblongifolius), a legume (Dalea purpurea), and
a grass (Schizachyrium scoparium). Seedlings were ob-
tained from Missouri Wildflowers Nursery (http:/
www.mowildflowers.net) and were size matched before
transplanting. In June 2003 we transplanted plants into
the Southwest glade at Tyson Research Center. Plants
were transplanted in groups at three different distances
from the nearest brush pile with at least one Sceloporus
occupant: near (<1 m), middle (8 m), and far (16 m). At
each distance, five groups of plants were established, with
each group consisting of one replicate plant from each spe-
cies. Plants were initially watered to facilitate establish-
ment, but after the second week no supplemental water
was added. At the end of the summer (August 2003), we
took damage measurements by recording the percentage
of each leaf that had been eaten, as above. We also moni-
tored grasshopper abundance near these piles during a
one-time survey.

Statistical Analysis

We assessed the effects of distance from lizard-occupied
structures on grasshopper density and plant damage with
separate analyses of variance using SYSTAT (Wilkinson
1998). Grasshopper density data were log transformed,
and percent damage values were arcsine square root trans-
formed to meet the assumptions of parametric statistics;
however, untransformed means and standard errors are
reported in the figures.

Results

Glade Sampling

In field surveys Sceloporus activity was usually near cover
objects (Fig.1), such as brush piles, downed logs, and
small shrubs. Over 85% of all lizard observations were of
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Figure 1. Lizard activity with distance from habitat structures. Data
are total counts of lizard observations from all six glades described in
the Methods and represent multiple observations of individual lizards
at different distances from cover objects.

individuals within 1 m of cover objects. In contrast, grass-
hopper densities increased significantly at greater distan-
ces from cover objects (Fig.2; Fjp01 = 21.1, p < 0.0001). In
censuses conducted at 16 m from cover objects, grasshop-
pers were over four times more abundant than in censuses
at 1 m. Finally, plant damage by chewing herbivores in-
creased substantially with distance from cover for two of
the three plant species surveyed at the Meramec glades
(Fig. 3; Rudbeckia F;9) = 6.5, p = 0.018; Echinacea F; 9| =
8.18, p = 0.009). Damage on Rudbeckia and Echinacea
was over three times higher at plants over 8 m away from
cover objects than on plants within 1 m of cover objects.
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Figure2. Grasshopper density increases with distance from structure
across four glades at Meramec State Park. For each glade, grasshopper
density was sampled in five 0.1-m> quadrats at three distances from
cover objects used by Sceloporus lizards: near (<1 m), middle (8 m),
and far (16 m). Bars with the same letter are not different in Tukey
adjusted post hoc comparisons.
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Figure 3. Plant damage increases with distance from structure across
four glades at Meramec State Park. For each glade and distance
from cover object, plant damage was estimated on three randomly
selected plants. Data were collected from the same cover objects as
in Figure 2. Bars with the same letter are not different in Tukey
adjusted post hoc comparisons between treatments for each species.

Plant damage did not change significantly with distance for
the sedge (F20) = 0.39, p = 0.69) (Fig. 3).

Transplant Experiment

In the Southwest glade at Tyson, a one-time estimate indi-
cated a reduction of grasshopper density with proximity to
structures, similar to results from the Meramec glades.
The estimate of grasshopper density at 16 m (9/m?) was
over 3.5 times higher than that at the 1- and 8-m distances
(both = 2.5/m?).

Following initial transplantation, the clover experienced
high mortality (>50% ), which was apparently due to trans-
plant shock, because most plants were withered rather
than consumed by herbivores. For this reason, we were
not able to obtain estimates of herbivory for this species.
Neither Aster nor Schizachyrium experienced any trans-
plant mortality. For both these species, the amount of
damage by chewing herbivores increased with distance
from cover objects (Fig. 4). Compared to plants near struc-
tures, plant damage at 16 m was almost three times higher
on Aster and over five times higher on Schizachyrium.

Discussion

Our results suggest that the presence of lizards reduced
grasshopper abundance as well as levels of herbivory, con-
sistent with trophic cascades found in other terrestrial sys-
tems (e.g., Chase 1998; Moran & Hurd 1998). However,
the impact of Sceloporus in Missouri glades appears to be
limited by the availability of suitable cover objects (e.g.,
brush and rock piles), because their effects were limited to
distances close to those objects. Thus, although a trophic
cascade was evident from lizards to plants, the overall
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Figure 4. Plant damage increases with distance from structure in
transplanted plants at the Tyson experimental glade. Plants were
established in groups at three different distances from the nearest
brush pile: near (<1 m), middle (8 m), and far (16 m). Bars with the
same letter are not different in Tukey adjusted post hoc comparisons
between treatments for each species.

importance of this cascade to the entire community
depends on the amount of cover available to the lizards.
Chase (1998) found similar effects of cover on the impacts
of the Western fence lizard in California. These structures
are used by lizards as refuges from predators (e.g., birds
and snakes), perches for hunting and defending territories,
and for thermoregulation (Chase 1998; Angert et al.
2002). We used pooled densities of all grasshopper species
in the analysis. However, because different grasshopper
species have different host plant preferences (Bernays &
Chapman 1994), it is possible that lizards differentially
altered the density of different species of grasshoppers,
which could confound our results. Nevertheless, we did not
note any compositional differences among grasshoppers
relative to distance from structures, and our results appear
to be robust to this level of grouping in these glades.

In our field survey, proximity to structures occupied by
Sceloporus decreased herbivore damage to two of the
three surveyed plant species, Rudbeckia and Echinacea.
Although these results suggest that consumption of chew-
ing herbivores by lizards was responsible for this trophic
cascade, we cannot rule out the possibility that grasshop-
pers and other insects avoided brush piles and downed
logs because they alter microclimate factors such as tem-
perature. However, Chase (1998) found that the density
of grasshoppers in California meadows was not affected
by the proximity to stumps, logs, or brush piles that were
unoccupied by lizards. Therefore, we assume that the
presence of Sceloporus is largely responsible for decreas-
ing herbivore density and plant damage near structures in
these glade habitats.

Our results showed a slight trend for decreasing damage
on the sedge with increasing proximity to lizard structures,
although the distance effect was not significant. Chase

JUNE 2005 Restoration Ecology

315



Fence Lizards and Glade Restoration

(1998) found that the proportion of forb cover decreased
with distance from structures with lizards, indicating that
the grasshoppers in that study preferentially consumed
forbs and avoided grasses and sedges. This preferential
consumption by insect herbivores is common in grasslands
and has the potential for altering plant community compo-
sition (Ritchie et al. 1998). Such a preference by herbivo-
rous insects could explain why Sceloporus were not as
effective in decreasing herbivory on the sedge as they
were with the herbs. Indeed, the most common species of
grasshoppers at our sites were members of the Melanoplus
genus; these species are known to include a low propor-
tion of grasses and sedges into their diet (Joern 1983).
However, this would not explain the fact that we did find
significant distance effects for the grass, Schizachyrium, in
the transplant experiment. An alternative explanation for
the lack of a result for the sedge (Carex) would be that
Sceloporus did not readily consume the herbivores that
feed on sedges, such as larval lepidopterans.

Our results for Sceloporus activity seem slightly incon-
sistent with the responses of either grasshopper density or
estimated levels of herbivory, because most observations
of lizards were limited to less than 1 m of cover objects,
yet their effects were apparently detectable at distances of
8 m. However, this apparent inconsistency relies on our
observations of lizards being an accurate representation
of their home ranges. For our lizard observations, we re-
corded 50 sightings of approximately 10-20 different indi-
viduals, far less than the minimum of 10 observations per
individual required to accurately assess home-range size
for this species (Haenel et al. 2003). Therefore, our data
on Sceloporus activity near cover objects are more indica-
tive of their behavior as central-place foragers (Chase
1998) rather than an accurate representation of their
home-range sizes.

Because we found that lizard foraging was highest in
areas adjacent to brush piles and downed logs, the spatial
arrangement and availability of cover objects plays an
important role in the direct effects of lizards on herbivo-
rous insects and their indirect effects on plants. This pro-
vides an obvious and direct implication for restoration
efforts. Specifically, we suggest that restoration efforts in
these glade ecosystems be broadened to consider not only
plants but also the interactions of plants with the rest
of the food web. If damage by insects, particularly large
mobile insects such as grasshoppers, has a strong negative
influence on the restoration of plant communities, this
influence can be reduced by facilitating the foraging activi-
ties of lizards. Such facilitation could include increasing
the number of available cover objects and making sure
that these structures are evenly spaced throughout glade
habitats. Currently, it is common practice when restoring
glade habitats to cut down all the trees within an over-
grown glade and systematically remove and burn all the
wood (P. Van Zandt 2003, Washington University in
St. Louis, personal observation). One recommendation
for future restoration efforts that takes a food web

perspective into account involves leaving some of these
brush piles, downed logs, or other structures which can
serve as lizard refugia, thus facilitating plant growth and
establishment by reducing plant losses to herbivores.
Incorporation of these structures in restored glade and
prairie systems provides the additional benefit of generat-
ing spatial heterogeneity naturally present in these com-
munities (Cottam 1987; Ware 2002) by providing refuges
to plant species otherwise attractive to insects.

The practice of managing the abundance of unwanted
plants (especially phytoplankton) by manipulating top
trophic levels in the food web is a commonly employed
technique in the restoration of lakes (known as biomanipu-
lation, e.g., Bergman et al. 1999; Lathrop et al. 2002).
Although somewhat controversial (Strong 1992; Chase
2000; Polis et al. 2000), evidence for the importance of
trophic cascades and food web interactions for terrestrial
ecosystems is growing (Schmitz et al. 2000; Halaj & Wise
2001; Shurin et al. 2002). The effects of habitat structure on
terrestrial herbivore abundance and plant damage have
been investigated in both natural and agricultural systems
(Riechert & Bishop 1990; Brust 1994; Symondson et al.
2002). For example, spiders have a greater impact on reduc-
ing the numbers of phloem-feeding planthoppers in more
structurally complex stands of Spartina alterniflora (Denno
et al. 2002). Similarly, spiders strongly reduced herbivore
consumption of soybean plants within 1 m of spider habitat
refugia (Halaj et al. 2000). Therefore, we suggest that using
higher trophic levels (i.e., predators) for the purpose of bio-
manipulation in glade communities may be an effective
practice for facilitating plant establishment and community
restoration through a reduction in herbivore pressure.

Acknowledgments

We thank A. de St. Maurice, N. Griffin, T. Knight, and
B. Peng for help in the field, and R. Forkner, J. Jeffries,
T. Knight, J. Kneitel, and the Chase lab group for discus-
sion and comments. The comments of two anonymous re-
viewers were also helpful in clarifying many points in the
manuscript. The participation of E.C. was supported by an
NSF REU fellowship (DEB 9903587 to J.B.L.). Support
from Washington University is also acknowledged. This is
a Tyson Research Center publication.

LITERATURE CITED

Angert, A. L., D. Hutchison, D. Glossip, and J. B. Losos. 2002. Micro-
habitat use and thermal biology of the collared lizard (Crotaphytus
collaris collaris) and the fence lizard (Sceloporus undulatus hyacin-
thinus) in Missouri glades. Journal of Herpetology 36:23-29.

Baskin, J. M., and C. C. Baskin. 2000. Vegetation of limestone and dolo-
mite glades in the Ozarks and midwest regions of the United States.
Annals of the Missouri Botanical Garden 87:286-294.

Baskin, J. M., D. H. Webb, and C. C. Baskin. 1995. A floristic plant ecol-
ogy study of the limestone glades of Northern Alabama. Bulletin of
the Torrey Botanical Club 122:226-242.

316

Restoration Ecology JuNE 2005



Fence Lizards and Glade Restoration

Bergman, E., L. A. Hansson, and G. Andersson. 1999. Biomanipulation
in a theoretical and historical perspective. Hydrobiologia 404:53-58.

Bergmann, D. J., and S. J. Chaplin. 1992. Correlates of species composi-
tion of grasshopper (Orthoptera, Acrididae) communities on Ozark
cedar glades. Southwestern Naturalist 37:362-371.

Bernays, E. A., and R. F. Chapman. 1994. Host-plant selection by
phytophagous insects. Chapman and Hall, New York.

Bevill, R. L., S. M. Louda, and L. M. Stanforth. 1999. Protection from nat-
ural enemies in managing rare plant species. Conservation Biology
13:1323-1331.

Brust, G. E. 1994. Natural enemies in straw mulch reduce Colorado
potato beetle populations and damage in potato. Biological Control
4:163-169.

Chase, J. M. 1998. Central-place forager effects on food web dynamics
and spatial pattern in northern California meadows. Ecology 79:
1236-1245.

Chase, J. M. 2000. Are there real differences among aquatic and terres-
trial food webs? Trends in Ecology & Evolution 15:408-412.

Chase, J. M., M. A. Leibold, A. L. Downing, and J. B. Shurin. 2000. The
effects of productivity, herbivory, and plant species turnover in
grassland food webs. Ecology 81:2485-2497.

Cottam, G. 1987. Community dynamics on an artificial prairie. Pages
257-270 in W. R. Jordan III, M. E. Gilpin, and J. D. Aber, editors.
Restoration ecology: a synthetic approach to ecological research.
Cambridge University Press, Cambridge, United Kingdom.

Davis, W. 1982. Preface. Pages v-vii in E. A. McGinnes Jr, editor. Pro-
ceedings of the Cedar Glade Symposium. Missouri Academy of
Science, Columbia.

DeMarco, V. G., R. W. Drenner, and G. W. Ferguson. 1985. Maximum
prey size of an insectivorous lizard, Sceloporus undulatus garmani.
Copeia 1985:1077-1080.

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.

Haenel, G. J., L. C. Smith, and H. B. John-Alder. 2003. Home-range
analysis in Sceloporus undulatus (eastern fence lizard). I. Spacing
patterns and the context of territorial behavior. Copeia 2003:
99-112.

Halaj, J., A. B. Cady, and G. W. Uetz. 2000. Modular habitat refugia
enhance generalist predators and lower plant damage in soybeans.
Environmental Entomology 29:383-393.

Halaj, J., and D. H. Wise. 2001. Terrestrial trophic cascades: how much
do they trickle? American Naturalist 157:262-281.

Howe, H. F., J. S. Brown, and B. Zorn-Arnold. 2002. A rodent plague on
prairie diversity. Ecology Letters 5:30-36.

Huntly, N. J. 1991. Herbivores and the dynamics of communities and
ecosystems. Annual Review of Ecology and Systematics 22:477—
504.

James, S. E., and R. T. M’Closkey. 2002. Patterns of microhabitat use in
a sympatric lizard assemblage. Canadian Journal of Zoology
80:2226-2234.

Joern, A. 1983. Host plant utilization by grasshoppers (Orthoptera: Acri-
didae) from a sandhills prairie. Journal of Range Management
36:793-797.

Kelly, C. A., and R. J. Dyer. 2002. Demographic consequences of inflores-
cence-feeding insects for Liatris cylindracea, an iteroparous peren-
nial. Oecologia 132:350-360.

Lathrop, R. C., B. M. Johnson, T. B. Johnson, M. T. Vogelsang, S. R.
Carpenter, T. R. Hrabik, J. F. Kitchell, J. J. Magnuson, L. G.
Rudstam, and R. S. Stewart. 2002. Stocking piscivores to improve
fishing and water clarity: a synthesis of the Lake Mendota biomani-
pulation project. Freshwater Biology 47:2410-2424.

Leibold, M. A., J. M. Chase, J. B. Shurin, and A. L. Downing. 1997.
Species turnover and the regulation of trophic structure. Annual
Review of Ecology and Systematics 28:467-494.

Marion, K. R. 1970. The reproductive cycle of the fence lizard, Sceloporus
undulatus, in eastern Missouri. Ph.D. dissertation. Washington
University, St. Louis, Missouri.

McClain, W. E., and J. E. Ebinger. 2002. A comparison of the vegetation
of three limestone glades in Calhoun County, Illinois. Southeastern
Naturalist 1:179-188.

Moran, M. D., and L. E. Hurd. 1998. A trophic cascade in a diverse
arthropod community caused by a generalist arthropod predator.
Oecologia 113:126-132.

Nelson, P., and D. Ladd. 1980. Preliminary report on the identification,
distribution and classification of Missouri glades. Pages 59-76 in
C. L. Kucera, editor. Proceedings of the Seventh North American
Prairie Conference. Southwest Missouri State University, Springfield.

Nelson, P. W. 1987. The terrestrial natural communities of Missouri.
Missouri Department of Conservation, Jefferson City, Missouri.

Onsager, J. A., and J. E. Henry. 1977. A method for estimating the den-
sity of rangeland grasshoppers (Orthoptera: Acrididae) in experi-
mental plots. Acrida 6:231-237.

Polis, G. A., A. L. W. Sears, G. R. Huxel, D. R. Strong, and J. Maron.
2000. When is a trophic cascade a trophic cascade? Trends in Ecol-
ogy & Evolution 15:473-475.

Riechert, S. E., and L. Bishop. 1990. Prey control by an assemblage of
generalist predators—spiders in garden test systems. Ecology
71:1441-1450.

Ripple, W. J., and R. L. Beschta. 2003. Wolf reintroduction, predation
risk, and cottonwood recovery in Yellowstone National Park. Forest
Ecology and Management 184:299-313.

Ritchie, M. E., D. Tilman, and J. M. H. Knops. 1998. Herbivore effects
on plant and nitrogen dynamics in oak savanna. Ecology 79:
165-177.

Ruhren, S., and S. N. Handel. 2003. Herbivory constrains survival, repro-
duction and mutualisms when restoring nine temperate forest herbs.
Journal of the Torrey Botanical Society 130:34-42.

Schmitz, O. J., P. A. Hamback, and A. P. Beckerman. 2000. Trophic cas-
cades in terrestrial systems: a review of the effects of carnivore re-
movals on plants. American Naturalist 155:141-153.

Shurin, J. B., E. T. Borer, E. W. Seabloom, K. Anderson, C. A. Blanchette,
B. Broitman, S. D. Cooper, and B. S. Halpern. 2002. A cross-
ecosystem comparison of the strength of trophic cascades. Ecology
Letters 5:785-791.

Strong, D. R. 1992. Are trophic cascades all wet? Differentiation and
donor-control in speciose ecosystems. Ecology 73:747-754.

Symondson, W. O. C., K. D. Sunderland, and M. H. Greenstone. 2002.
Can generalist predators be effective biocontrol agents? Annual
Review of Entomology 47:561-594.

Templeton, A. R., R. J. Robertson, J. Brisson, and J. Strasburg. 2001. Dis-
rupting evolutionary processes: the effect of habitat fragmentation
on collared lizards in the Missouri Ozarks. Proceedings of the
National Academy of Sciences of the United States of America
98:5426-5432.

Van Zandt, P. A., and A. A. Agrawal. 2004. Community-wide impacts of
herbivore-induced plant responses in milkweed (Asclepias syriaca).
Ecology 85:2616-2629.

Walker, J. C. 1998. Tyson research quarry/glade project: preparing a habi-
tat for the introduction of the eastern collared lizard. Missouriensis
19:40-53.

Ware, S. 2002. Rock outcrop plant communities (glades) in the Ozarks:
a synthesis. Southwestern Naturalist 47:585-597.

Wilkinson, L. 1998. SYSTAT; version 9. SPSS, Inc., Chicago, Illinois.

JUNE 2005 Restoration Ecology

317



