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Summary

Ecosystems typically contain a variety of herbivore species but the effects
of diverse herbivore assemblages on plant communities and succession are
not well understood. Theory predicts that herbivores might have opposing
or compensatory effects by selectively consuming different competing
plant species. Alternatively, different herbivore species may consume the
same plant species, thereby having additive effects on particular plant
species. We review several recent field studies that manipulate the separate
and combined effects of different mammalian and insect herbivore species
within grasslands. We found evidence for both compensatory and additive
effects of multiple herbivore species on plant species composition, diversity
and spatial heterogeneity. Compensatory effects typically occurred when
dominant plants competed for soil nutrients in the absence of herbivory,
while additive effects occurred when dominant plants competed for water
or light. When compensatory effects occurred, large herbivores typically
consumed different plant species than small herbivores. These patterns
suggest that the impact of herbivore diversity on plant communities will
depend on the resource for which plants compete and the body size
range of available herbivores. The resource for which plants compete may
depend on soil fertility and the supply ratios of different limiting resources.
These conclusions represent hypotheses that require future testing in field
studies.
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Introduction .
Herbivores often influence plant communities, sometimes dramatically
(Harper 1977; Crawley 1983, 1989; Huntly 1991; Davidson 1993).
Herbivores can directly consume plant species, indirectly release other
plant species from competition, alter nutrient cycling, and disturb soils
or other substrates. Through these direct and indirect effects, herbivores
can alter succession, plant species diversity, structural heterogeneity and
productivity. Herbivore effects can be important even when herbivores
consume a small proportion of total plant biomass, because relatively rare
plant species may become dominant in the absence of herbivores (Inouye
et al. 1980; Edwards & Gillman 1987; Ritchie & Tilman 1995). Thus,
different herbivore species within a community, whether abundant or rare,
have the potential to influence plant species composition and succession.
Ecosystems can contain a variety of herbivore species. For example, the
number of vertebrate herbivores can range from one, e.g. lesser snow
geese, Chen caerulescens, on Hudson Bay (Bazely & Jefferies 1989), to more
than 30 grazers larger than 4kg on the Serengeti (Sinclair & Arcese 1995;
Prins & OIff 1998). Invertebrate herbivores can also influence plant
biomass and species composition and their effects will combine with
those of vertebrates. An important question is therefore: how do the effects
of multiple herbivores combine to influence plant communities and suc-
cession? The answer depends on how interactions among herbivore species
influence plant consumption by each species, and how direct and indirect
effects of different herbivore species combine. Competition or facilitation
among herbivore species (Bell 1970; Belovsky 1986; Prins & Douglas-
Hamilton 1990; Laca & Demment 1996; Prins & Olff 1998) may cause
some species to specialize on fewer plant species or to generalize and
include more plant species in their diets (Morris 1996). Thus, the effect a
single herbivore species has on a plant community may depend on whether
(and which) other herbivore species are present. Different herbivore species
may consume different plant species, such that their effects on the plant
community balance each other. In this case, multiple herbivore species
may consume more total biomass but have compensating effects on plant
composition. Thus, a single herbivore species may shift a plant community
dramatically (Bakker 1985; Huntly & Inouye 1988; Crawley 1990; Hik
et al. 1992; Hill 1992), while multiple herbivore species may have little net
effect on the community (Belsky 1983; McNaughton 1986). Alternatively,
different herbivore species may tend to consume the same plant species,
such that effects of different herbivore species are additive. In this case,
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multiple herbivores may alter a plant community even more strongly than
a single herbivore.

These ideas can be viewed in a successional context (Davidson 1993; Olff
et al. 1997; Chapter 8). Single herbivore species may retard succession by
consuming primarily late successional plant species, or accelerate succession
by consuming primarily early successional species. Multiple herbivore
species can have the same effects, depending on whether their effects are
compensatory or additive. Herbivore assemblages that consume species
characteristic of different successional stages may have compensatory ef-
fects, and arrest succession at an intermediate stage. Alternatively, additive
effects of multiple herbivores that consume the same plant species may
strongly retard or accelerate succession. _

The alternative effects of herbivores on plant communities may depend
on the type of resources limiting plant growth, e.g. water, nitrogen,
phosphorus, light, etc. (Breman & de Wit 1983; Milchunas et al. 1988;
Jefferies et al. 1994; Ritchie et al. 1998). These effects also may depend
on adaptations of herbivore species, such as size, digestive morphology,
enzyme biochemistry, etc. (van Soest 1982; Davidson 1993; Chapter 11).
Body-size variation among herbivore species may be particularly important
(Bell 1970; Jarman 1974; Belovsky 1986; Prins & OIff 1998) because
herbivores of different body size potentially consume different plant
species. The long-term history of herbivory in an ecosystem must also be
considered (Stebbins 1981; Milchunas et al. 1988; Milchunas & Lauenroth
1993). Thus, effects of multiple herbivores may differ among ecosystems,
because plant adaptations to the limiting resources in each ecosystem may
constrain the ability of a herbivore to consume plants (Mattson 1980; Coley
et al. 1985; Chapin et al. 1986; Gulmon & Mooney 1986).

These ideas suggest a rich array of hypotheses about the effects of
herbivore diversity on plant species composition, succession, diversity
and spatial heterogeneity. However, these hypotheses have not been tested,
because few studies have compared effects of single vs. multiple herbivore
species. Here, we explore existing theory and empirical studies that address
five major questions.

1 Are effects of multiple herbivores on plant species composition and
succession additive or compensatory?

2 Do herbivore species shift their diets in response to interactions with
other herbivores?

3 How do multiple herbivores alter plant species diversity?

4 How do multiple herbivores influence spatial heterogeneity of plants?
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5 Do effects of multiple herbivores depend on the nature of resource
limitation?

To explore these questions and further refine our hypotheses, we review
several recent field studies (Table 6.1). These studies feature manipulation
of different herbivore species within a variety of grassland ecosystems. In
a Minnesota old field (Ritchie & Tilman 1993), experimental populations
of different combinations of three species of grasshoppers (Orthoptera:
Acrididae) were established in replicate field cages placed over existing
vegetation. In the other studies (Cid et al. 1991; Bowers 1993; Ritchie &
Wolfe 1994; Ritchie & Tilman 1995; Ritchie et al. 1998; H. OIff
unpublished observations), replicate size-selective fences excluded pro-
gressively more herbivore species. While many other studies have explored
effects of one or more herbivore species on plants (Bakker 1985; Huntly
1991; Hill 1992; Davidson 1993; Jefferies et al. 1994; Hulme 1996), Table 6.1
presents the only studies of which we are aware that directly manipulate
herbivore diversity.

The experimental treatments in each of these studies produce a gradi-
ent of herbivore diversity. For example, in a floodplain meadow in The
Netherlands (Junner Koeland, H. Olff, unpublished observations), replicate
20X 20m fences were erected to exclude the two major grazers. One type
excluded both cattle (Bos tauros) and rabbits (Oryctolagus cuniculus), while
the other excluded only rabbits. Thus, the diversity of vertebrate herbivore
species grazing plots ranged from one (the vole, Microtus agrestis) in

Table 6.1 Summary of studies that assess effects of different combinations of herbivore species.

Site Vegetation Herbivores Body size Reference
type manipulated range (kg)
South Dakota Mixed-grass Blson, prairie dogs 0.5-600 Cid et al. (1991)
prairie
Minnesota Oid fleld Grasshoppers 0.0005-0.001 Ritchie & Tilman (1993)
Minnesota Oak savanna Insects, white-tailed 0.0001-~95 Ritchie ef al. (1998)
deer
Utah Sagebrush Elk, mule deer, jack- 1.5-500 Ritchie & Wolfe (1994)
steppe rabbits, cattle
Virginia Old field White-tailed deer, 0.035-95 Bowers (1993)
rabbits, voles
Junner Koeland, Floodplain Cattle, rabbits 1-500 H. OIff, unpublished
The Netherlands meadow
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plots excluding both cattle and rabbits to three in unfenced control plots.
The other studies established similar designs relevant to the herbivores
dominant at their sites. Note that, with the exception of the Minnesota
grasshopper study, the designs do not permit the effects of each individual
species to be evaluated. Rather, the number of herbivore species increases
in a biased manner across treatments, i.e. progressively adding larger
species. However, this is the best and most practical design in most cases,
because it is rarely possible to exclude small herbivores without also
excluding large ones. In all these studies, plant species composition was
sampled one or more times per year within each plot. All studies were of
relatively short duration (<4 years), and different effects might have been
observed in longer-term studies. Thus, these field studies provide
important insights and suggest new hypotheses, but much work remains to
understand fully the effect of herbivore diversity on plant dynamics.

Food web interactions

Simple food web models provide valuable insights into the consequences
of multiple vs. single herbivores. Although they do not account for the
rich diversity of species and interactions in real communities (Strong
1992; Polis & Strong 1996), simple webs form a template for exploring the
complexities that arise as more herbivore species are added to an ecosystem
(Fig. 6.1).

In the absence of herbivores and other disturbances, different plant
species (e.g. early vs. late successional) are likely to compete for one or more
limiting resources (e.g. de Wit 1960; Tilman 1982; Berendse 1994; Huisman
1994). The species that reduces the availability of a given limiting resource
to the lowest level is expected to win in competition (Fig. 6.1a) (MacArthur
1969; Tilman 1976, 1982; Grover 1994). By feeding preferentially on weaker
competitors, a single herbivore can accelerate species replacement in favour
of stronger competitors (Armstrong 1979). Alternatively, a herbivore may
feed preferentially on stronger competitors, thereby producing a positive
indirect effect on weaker plant species, allowing them to coexist with or even
exclude the stronger competitor (Harper 1969; Armstrong 1979; Pacala
& Crawley 1992; Grover 1994). Viewed in a successional context, a single
herbivore species can either accelerate or retard succession (Fig. 6.1b).

The addition of a second herbivore species to the food web model (Fig.
6.1c,d) illustrates the potential consequences of herbivore diversity. If
the second herbivore consumes different plant species than the first, then
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Figure 6.1 Hypothetical effects and depiction of the consequences of adding
herbivore species to a community. Plant species (Ps) consume a shared limiting
resource (R), with the superior competitor indicated by a thick arrow. Plants are
consumed by herbivores (Hs), as indicated by thin arrows. Dashed lines with
pluses inside circles indicate indirect positive effects. Note that herbivore effects
are compensatory when herbivore species consume different plant species and are
additive when they consume the same plants.

its direct and indirect effects on the plant community may counter those |
of the first (Fig. 6.1c). For example, two plant species may compete for a :
limiting resource and be consumed by two herbivores. If one herbivore i
consumes primarily one plant species and the other consumes primarily ;
the second species, then the two herbivores may indirectly increase each !
other’s resource and act as indirect mutualists (Levine 1976; Vandermeer

1980; Holt 1977, 1984; Ritchie & Tilman 1992, 1993). In this case,

herbivores may have compensatory effects that produce little net effect on
the relative abundance of plant species, i.e. the effect of each herbivore
species is balanced by the effects of the other. Such effects correspond
to those expected in species-rich, highly reticulated food webs (Strong
1992; Polis & Strong 1996; Chapter 19). If two or more herbivore species
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consume the same plant species, they may compete if their shared resources
are limiting. Effects of individual herbivore species on the plant com-
munity will be additive even in the presence of competition. The net effect
of herbivores is the sum of the product of per capita consumption and
density for each herbivore species, weighted by the effect of consumption
by each species (Fig. 6.1d). Additive effects can occur even when multiple
herbivore species eat different parts (e.g. roots vs. leaves) or developmental
stages of the same plant species, because the accumulated negative effects
of multiple species on plant fitness should be greater than that of a single
herbivore species.

We found evidence for both compensatory and additive effects of
herbivore diversity. For example, voles and voles plus rabbits decreased
cover of perennial plants and increased cover of annuals in a Virginia old
field (Fig. 6.2a), based on aggregating significant effects of treatments on
cover of individual species. These two species likely consumed perennials
and thereby relieved annuals from competition. However, deer browsing
diminished these effects by grazing annuals, such that grazing by all three
herbivores resulted in a lower net effect of herbivory on the relative
abundances of plant species. Similar effects occurred in a Utah sagebrush
steppe (Fig. 6.2b), where ungulates (elk and mule deer) and jackrabbits
significantly increased biomass of grasses by grazing forbs and shrubs
(Ritchie & Wolfe 1994). Adding cattle negated these effects due to their
intense consumption of grasses. These examples support the idea that
when herbivore species differ in their effects on plant species due to
different diet choices, their combined effects may be compensatory.

Examples of additive effects of multiple herbivores occurred in a South
Dakota mixed-grass prairie (Cid et al. 1991), in a Minnesota oak savanna
(Ritchie & Tilman 1995; Ritchie et al. 1998), and in Junner Koeland,

I‘ a floodplain meadow in The Netherlands (H. OIff, unpublished
I observations). In South Dakota, prairie dogs and bison both grazed and
reduced dominant grasses, and neither had significant impacts on forbs
(Fig. 6.2c). When combined, these two herbivores reduced grasses the
i same as each herbivore species by itself, and again had little impact on
forbs. In a Minnesota oak savanna (Ritchie & Tilman 1995; Ritchie et al.
1998), insects damaged and reduced woody plants (Fig. 6.2d). When white-
tailed deer were added, they strongly reduced legumes. Both species
favoured increased grass abundance, and although the magnitudes of their
effects on different plant types varied, their combined effects reflected the
sum of their individual effects. In the Dutch floodplain meadow (Junner
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Figure 6.2 Effects of different herbivore combinations on the abundance of
groups of plant species, expressed as percentage effect, the proportional change in
the biomass or change in percentage cover, from adding herbivores relative to
exclosures of all herbivores. (a) Effects of voles (V) Microtus pennsylvanicus, voles
plus cottontail rabbits Sylvilagus floridanus (V+R), and voles, rabbits and white-
tailed deer Odocoileus virginianus (V +R+D) on annuals and perennial
herbaceous plants in a recently abandoned old field in Virginia (Bowers 1993).
Statistical tests were not possible because we aggregated significant (P <0.05)
differences across replicate plots. (b) Effects of ungulates (U), mainly Rocky
Mountain elk Cervus elaphus and mule deer Odocoileus hemionus, ungulates plus
jackrabbits (U+R) Lepus townsendi, and ungulates, jackrabbits and cattle
(U+R+C) Bos taurus in a sagebrush steppe in Utah (Ritchie & Wolfe 1994).
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Koeland), rabbits significantly decreased percentage cover of short grasses
and indirectly increased tall grasses, and forbs plus legumes after 2 years
(Fig. 6.2¢). Cattle grazing in addition to rabbit grazing did not change these
effects, suggesting that combined effects of rabbits and cattle were additive.
Because these results are from early in the experiment, they may represent
transient effects.

If herbivore species compete for the same plant species, their densities
will be reduced. If so, the effect of multiple species may have the same
strong effect of a single species, but individual species’ effects will still be
additive. In this case, herbivores are likely to have strong effects on plant
community composition, depending on which plant species the com-
bined herbivore species prefer. If, however, herbivore species diverge
facultatively in diet to avoid competition (MacArthur & Levins 1967;
Abrams 1990; Dawson & Ellis 1996), the potential for additive effects
may be reduced. Thus, shifts in diet choice that emerge from herbivore
interactions may induce compensatory effects of herbivore diversity on
plant communities.

A short-term (1-year) study of grasshoppers in field cages in a
Minnesota old field provided a system to test these ideas (Ritchie & Tilman
1993). Dietary shifts occurred in response to interactions among the three
grasshopper species that exhibited an order of magnitude of variation in
body size. The survivorship of one species, the forb-feeding Melanoplus
femur-rubrum, increased in the presence of Ftw('o grass-feeding species,
Spharagemon collare and Phoetaliotes nebrascensis (Fig. 6.3a). However,
each of these grass-feeding species :experienced competition, as their
survivorship declined in the presence of the other two species. In response
to these interactions, M. femur-rubrum increased the proportion of forbs

Figure 6.2 (Continued) (c) Effects of prairie dogs (PD) Cynomys leucurus, bison
(B) Bison bison, and prairie dogs plus bison (PD+B) on grasses and forbs at Wind
Cave National Park in South Dakota (Cid et al. 1991). (d) Effects of insects (I) and
insects plus white-tailed deer (I+D) on legumes and woody plants in a Minnesota
oak savanna (Ritchie et al. 1998). (e) Effects of rabbits (R) and rabbits plus cattle
(R+C) on short grasses, tall grasses and legumes in a floodplain meadow, Junner
Koeland, in The Netherlands (H. Olff, unpublished observations). Positive effects
indicate that the herbivore combination increased the abundance of a plant
group, while negative effects imply that the plant group decreased in abundance.
Asterisks indicate significant effects (P < 0.05). Note that herbivore species differ
in their effects in (a) and (b) but were similar in effects in (c—e).
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Figure 6.3 Interactions among three grasshopper species (Orthoptera: Acrididae)
in cages placed over existing vegetation in an old field in Minnesota: Melanoplus
femur-rubrum (MFR), Spharagemon collare (SCO), and Phoetaliotes nebrascensis
(PNE). (a) The difference in average daily survivorship of each species between
cages where the other two species were present vs. cages where it was by itself.

(b) The proportion of grass in the diet of each species when by itself (alone, M)
and in the presence of the other two species (+all, ). Asterisks indicate
significant effects (P<0.05, ANOVA). Data are from Ritchie and Tilman (1993).

in its diet, while the other two species consumed proportionately more
grasses (Fig. 6.3b). Thus, interactions among herbivores led to greater
differentiation in plant consumption among herbivores. These diet shifts
produced compensatory effects of herbivore diversity (see p. 180). Body
size variation and adaptive diet shifts may therefore help produce
compensatory effects of herbivore diversity.

Plant diversity

Herbivores can sometimes have dramatic effects on plant diversity. Single
herbivores that reduce the abundance of a competitively dominant plant
species can act as ‘keystone’ species and increase diversity by relieving
other species from competition (Paine 1966; Harper 1969; Crawley 1983;
Pacala & Crawley 1992). However, herbivores that select competitively
inferior species can reduce diversity. In communities with multiple
herbivores, the effect of herbivores on diversity is likely to depend on
whether herbivore effects are compensatory or additive. The small net
impact on plant composition by herbivores with compensatory effects may
allow competitively dominant plant species to maintain their advantage,
such that plant diversity should decline or remain unchanged in response
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to multiple herbivores. Thus, herbivore diversity may reduce plant diversity
under some conditions. On the other hand, multiple herbivore species
with additive effects may have strong effects on plant diversity. In this
case, multiple herbivores act similarly to a single, abundant herbivore
species that reduces either competitively dominant or inferior plant
species. Thus, entire guilds of herbivores may have a simple keystone effect
on plant diversity, even in species-rich, highly reticulated food webs
(Strong 1992; Polis & Strong 1996).
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Figure 6.4 Effects of different herbivore combinations on plant species richness.
Combinations for (a) and (c) are the same as in Fig. 6.2 (Cid et al. 1991; Ritchie &
Wolfe 1994). In (b), effects of different numbers of grasshopper species in a
Minnesota old field, as discussed in Fig. 6.2 (Ritchie & Tilman 1993), are shown.
Effects are averaged over all replicates with 1, 2 or 3 grasshopper species. In

(d), mean plant species richness is compared among control (all herbivores
excluded), plots grazed by rabbits (R), and plots grazed by both cattle and rabbits
(C+R) in a pasture in Junner Koeland in The Netherlands (H. OIff, unpublished
observations). Significant effects are indicated by asterisks.
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At sites with compensatory effects of multiple herbivores on plant
abundances, increasing herbivore diversity did not increase plant diversity
(Fig. 6.4a,b). Greater numbers of mammalian herbivores in Utah (Ritchie
& Wolfe 1994) decreased plant diversity, while, in Minnesota, a greater
diversity of grasshopper species (Ritchie & Tilman 1993) and the combined
effects of insects and deer did not significantly alter plant diversity. In
contrast, herbivores increased diversity at sites with additive effects of
herbivore diversity on plant abundances (Fig. 6.4c,d). However, adding
more than one herbivore had no additional effect on plant diversity in
South Dakota. In the Junner Koeland, plant diversity increased in plots
grazed by rabbits, but adding cattle had no significant additional effect.
These results suggest that greater herbivore diversity may either increase
or decrease plant diversity, depending on whether herbivores are com-
pensatory or additive in their effects on plants.

Even if herbivores have additive effects, however, they are unlikely to
increase diversity if they do not relieve plant species from competition.
Thus, herbivores may reduce or not change plant diversity in ecosystems in

which tolerance of abiotic conditions (e.g. low pH, high salinity) are more

important than competition in structuring plant communities (Grime
1979). For example, cattle, geese, rabbits and hares decreased plant diversity
in a Netherlands salt marsh, despite removing over 80% of primary
productivity (Bakker 1989). Plants in frequently inundated salt marshes
may be limited more by disturbance (flooding) and soil salinity than
competition for limiting resources such as nitrogen or light (Snow & Vince
1984; Bakker 1985; OMf et al. 1997). Herbivore species with additive effects
may also have little effect on diversity if intense past herbivory has reduced
the plant species pool to primarily grazing-tolerant species (Milchunas
et al. 1988).

Spatial heterogeneity in plant structure and species composition

In addition to overall effects on plant species composition and diversity,
herbivores can affect the spatial distribution of species’ abundances and
their physical structure (Bakker et al. 1984; van den Bos & Bakker 1990;
Coughenour 1991; Bullock 1996). At a given locality, a single, selective
herbivore may have strong positive indirect effects on some species and
strong negative direct effects on others. The preference of an individual for
a given species may change across space, depending on which species of
plants coexist at a given locality. Consequently, selective herbivory may
generate considerable spatial variability in the abundance of plant species.
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A diverse herbivore assemblage with compensating effects may reduce
such heterogeneity because all plant species at a locality are likely to be
negatively affected by some herbivore species. Consequently, for a given
biomass of herbivore species, greater herbivore diversity may reduce spatial
structure in plant abundance (Milchunas & Lauenroth 1989). In many
cases, herbivore biomass, and therefore total plant biomass consumption,
may be positively correlated with diversity, and further enhance these
homogenizing effects. Multiple herbivore species with additive effects on
plant abundances, however, may enhance spatial heterogeneity if their
preferences remain similar across space (Bakker et al. 1984).

These hypotheses can be tested in two studies. Firstly, the biomass of
a dominant prairie grass, Schizachyrium scoparium, in the Minnesota old
field varied across replicate cages with different numbers of grasshopper
species present (Fig. 6.5). Without grasshoppers, S. scoparium biomass
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Figure 6.5 Frequency distributions of the biomass of the perennial prairie grass
Schizachyrium scoparium in field cages with (a) zero, (b) one, (c) two or (d) three
grasshopper species in a Minnesota old field. Distributions for one grasshopper
species present were from one single-species treatment, selected at random (cages
with Melanoplus femur-rubrum) and distributions for two grasshopper species
present were from one two-species treatment, again selected at random (cages
with M. femur-rubrum and Spharagemon collare). The variance in Schizachyrium
scoparium biomass differs significantly among herbivore diverswy levels (F=4.69,
df=1,31, P=0.02).
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exhibited a tight distribution about the mean, but with one grasshopper
species present, its biomass varied by an order of magnitude across
replicates. This large variance declined as the number of grasshopper
species increased. Secondly, the coefficient of variation in plant height in
the Junner Koeland (Fig. 6.6a) also increased in the presence of a single
herbivore (rabbits), but not in the presence of both rabbits and cattle.
Rabbits created patchy short swards intermingled with taller, litter-
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Figure 6.6 Effects of fertilization on herbivore effects at two sites. (a) Coefficient
of variation in plant height (CV of height) among 10x 10 cm cells in 2 X2 m plots
exposed to no grazing, grazing by rabbits (R), and grazing by rabbits plus cattle
(C+R) in Junner Koeland. Note that CV of height was greater in plots grazed only
by rabbits, and in fertilized plots. (b, c) Effects of different grasshopper
combinations on the biomass of Schizachyrium scoparium (bluestem) and Poa
pratensis (bluegrass) in field cages in a Minnesota old field. In (b), the responses
of unfertilized cages are shown, In (c), plants were fertilized with 13 gm™ of
ammonium nitrate 1 week before grasshoppers were added to cages. Asterisks
indicate significant effects. Note that in fertilized cages, grasshoppers had different
effects, but in fertilized cages, each grasshopper species’ effects were similar. For
definition of abbreviations, see Fig. 6.3 legend.
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dominated ungrazed clumps. The combination of cattle and rabbit grazing,
however, removed these clumps. These results suggest that herbivore
diversity homogenizes plant community structure, i.e. it reduces the vari-
ance in species’ abundances among different localities.

Resource limitation and herbivory

The varying results of increasing herbivore diversity in the few studies we
reviewed raise the following question: why do the consequences of herbivore
diversity differ across sites? More specifically, how and why do compensating
vs. additive effects of herbivore diversity vary across sites? Major develop-
ments in the theory of plant-herbivore interactions over the past 15 years
suggest two major hypotheses. Firstly, ecosystems with a greater range of
herbivore body sizes may feature large body-size differences among species
and therefore be more likely to have herbivore species that differ in diet.
Larger herbivores have the potential for slower digestive passage rates of
food, but larger total digestive capacity (van Soest 1982; Demment and van
Soest 1985; Hofmann 1989), while having greater total metabolic energy
requirements to satisfy. A number of studies suggest that larger herbivores
can persist on low-quality but abundant plants, while smaller herbivores can
persist on rare but high-quality plants (Bell 1970; Jarman 1974; Breman &
de Wit 1983; Belovsky 1986; Laca & Demment 1996; Prins & OIff 1998).
Because of trade-offs in nutrient allocation to achieve different growth,
competitive and stress-tolerant strategies (Grime 1979; Tilman 1990), plant
species are likely to differ in these features. When plant species with such
different strategies coexist in an area, herbivore species of different size may
consume different plant species and have compensating effects.

A second hypothesis is that the resource for which plants compete, e.g.
water, light, nitrogen, may affect palatability of dominant plant resource
competitors (Coley et al. 1985; Gulmon & Mooney 1986) and thus the
abundance, diversity and grazing intensity of herbivores (Milchunas et al.
1988; Davidson 1993). However, the full implications of this logic have
not yet been explored. Specifically, the environmental characteristics of
ecosystems and successional stages (e.g. water availability, temperature, soil
fertility) may determine the abundance of herbivores and their effects
on plant communities. For example, in systems where plants compete for
soil nutrients, competitive dominants are likely to have high nutrient-use
efficiencies and therefore low tissue nutrient levels. Furthermore, they
often reduce their nutrient losses through long-lived plant parts supported
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