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Abstract

     It has been hypothesized that some herbivores may increase the cycling 
of nutrients in ecosystems, thereby increasing plant production even after 
herbivore consumption is considered.  Such herbivory could maintain the 
productivity of ecosystems and should not be curtailed.  This contrasts with 
the traditional view whereby herbivory always reduces plant production.  Two 
grasshoppers (Melanoplus sanguinipes and Ageneotettix deorum), considered pest 
species in Western US rangelands, are experimentally shown to enhance plant 
production under certain conditions and to diminish it under others.  Plant 
production increased when grasshoppers’ consumption increased nitrogen 
cycling, nitrogen being the limiting resource for plants at the study sites.  
This happened when grasshoppers consumed plant species with slowly 
decomposing litter, favoring plants whose litter decomposed rapidly, such 
that their store of nitrogen was more rapidly released to the soil.  However, 
feeding preferences change between sites and with grasshopper species, 
creating a spatial mosaic in which grasshoppers can increase and decrease 
plant production.  Because changes in plant species composition are the 
major reason for changes in nutrient cycling rate, plant communities are 
created that will persistently exhibit enhanced or diminished production.  
Therefore, grasshoppers cannot be generally viewed as detrimental to 
rangeland productivity and grasshopper control may need to be more 
judiciously applied.
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Introduction
     
     Traditionally, annual consumption of plants by grasshoppers 
has been thought to reduce forage for livestock, thereby justifying 
grasshopper control in rangelands.  Control has been advocated and 
often applied when the short-term economic and political benefi ts 
of grasshopper control appear to exceed costs.  Recently, a longer 
term perspective on natural resource management actions, called 
ecosystem management (Grumbine 1994), has been advocated and 
adopted by many government agencies.  Ecosystem management ad-
dresses the long term impacts of management actions on ecosystem 
functioning and the value of the services that an ecosystem provides 
to society (Costanza & Folke 1997, Daly et al. 1997); this can provide 
a very different perspective from management decisions based on 
short-term costs and benefi ts.  We address here how grasshoppers 
may affect the functioning of rangeland ecosystems and whether this 
should infl uence attitudes toward rangeland grasshopper control.
     Ecologists and natural resource managers have traditionally held 
the view that when a herbivore consumes a unit of plant biomass, 

there is now less food for other herbivores, and the plant whose 
part was consumed is now less able to survive, grow and reproduce.  
This population perspective has been the primary focus of most 
natural resource management (e.g., fi shery, wildlife and pest man-
agement: Caughley & Lawton 1976).  More recent perspectives on 
herbivory do not deny these population processes, but argue that 
the response of a single population may not translate into a simple 
ecosystem change (e.g., herbivory on a plant population may not 
lead to reduced ecosystem primary production), because ecosystem 
functions respond to population changes and may modify popula-
tion effects (DeAngelis 1992).
     For example, even if herbivory by one herbivore species reduces 
a plant species’ biomass and this lost biomass makes less food avail-
able to another herbivore species, it is possible that the ecosystem’s 
overall plant biomass or primary production may increase.  This might 
occur if the herbivore’s consumption increases the rate of nutrient 
cycling, cycling which limits plant growth, and thereby enhances 
ecosystem productivity (Hutchinson & Deevey 1949, McNaughton 
et al. 1988).  On the other hand, if the herbivore decreases the rate 
of nutrient cycling, then the herbivore’s reduction of plant biomass 
and food for other herbivores might be amplifi ed (Pastor et aland food for other herbivores might be amplifi ed (Pastor et aland food for other herbivores might be amplifi ed (Pastor . 1988, 
Pastor & Naiman 1992).  Examples of both processes have been 
demonstrated in the fi eld (viz. Pastor et al. 1988 vs McNaughton et 
al. 1988).  The question now is not whether herbivores increase or 
decrease rates of nutrient cycling and productivity, but under what 
conditions either of these effects occur.
     Herbivory’s effects on nutrient cycling are summarized in Fig. 
1.  Nutrient release from excrement and dead herbivores has been 
termed the fast cycle (McNaughton et al. 1988) because this de-
tritus rapidly decomposes and releases nutrients for plant uptake.  rapidly decomposes and releases nutrients for plant uptake.  rapidly
Release of nutrients from plant litter has been termed the slow cycle 
(McNaughton et al. 1988) because this detritus slowly decomposes slowly decomposes slowly
and releases nutrients for plant uptake.  Herbivory affects the slow 
cycle by changing the quantity of plant litter and its quality when 
herbivores preferentially feed on plants that differ in how rapidly 
their litter decomposes (Pastor et al. 1988, Pastor & Naiman 1992).  
Preferential feeding on plants that produce slower decomposing 
litter reduces their relative abundance, speeding up the slow cycle, 
whereas preferential feeding on plants that produce faster decom-
posing litter slows down the slow cycle.
     Shifts in proportion of nutrients released by Fast versus Fast versus Fast slow 
cycles may change nutrient availability to plants, which may, in 
turn, modify plant production and plant species composition.  If 
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preferential feeding on slower decomposing plants overshadows 
deleterious effects of consumption on plants, it may accelerate 
nutrient cycling and increase plant production (Pastor & Naiman 
1992).  However, preferential feeding on fast-decomposing plants 
may decelerate nutrient cycling and decrease plant production (Pastor 
& Naiman 1992).  Changes in nutrient cycling rates are one class of 
several factors that affect plant species composition.  For example, 
if slowly decomposing plants are better competitors for nutrients 
when nutrients are less available, and rapidly decomposing plants 
are better competitors when nutrients are more available, herbivore-
induced changes in nutrient cycling may affect plant competition and 
thereby change vegetation communities (Pastor & Naiman 1992).  
Therefore, changes in nutrient cycling, with resulting changes in plant 
species composition, may further accentuate changes in nutrient 

cycling, plant species composition and plant production, thereby 
creating a self-enhancing or positive feedback.
     We previously examined how a grasshopper (Melanoplus san-
guinipes (Fabricius), which is abundant at a site in western Montana 
USA (4 to 36 adults/m2), and considered a pest in western US 
rangelands, can affect the rangeland ecosystem (Belovsky 2000, 
Belovsky & Slade 2000).  We found that at the end of the grow-
ing season (Fall), grasshoppers diminished plant biomass within 
a year, compared with sites without grasshoppers (Fig. 2, Belovsky 
2000).  These results are in accord with the traditional perspective 
that control is warranted to provide more food for livestock.  
     However, an experiment was conducted to examine the grasshop-
per’s effect on long-term (5 y, 1994 – 1999) ecosystem functioning 
(Belovsky 2000, Belovsky & Slade 2000): 1) grasshopper effects on 
the fast cycle were examined by manipulating grasshopper density, 
but maintaining plant litter production (125% or 50% of natural 
density in each year with litter produced by the natural density 
of grasshoppers in each year); 2) grasshopper effects on the slow 
cycle were examined by manipulating plant litter production, but 
maintaining grasshopper density (natural grasshopper density in 
each year with litter produced by 125% or 50% of natural density in 
each year); 3) grasshopper cumulative effects on fast and fast and fast slow cycles
were examined by manipulating grasshopper density and leaving 
plant litter in situ.  Increasing grasshopper density increased plant 
production in every year through fast cycle, slow cycle, and cumula-
tive effects (Fig. 3, Belovsky 2000, Belovsky & Slade 2000).
     Several additional ecosystem characteristics were measured 
in these experiments (soil nitrogen, litter quantity, litter nitrogen 
content, soil moisture and decomposition rate of a common litter 
source: Fig. 4, Belovsky & Slade 2000).  Grasshoppers increased 
the inorganic soil nitrogen availability (NH4, NO2 and NO3).  The 
increased sizes of these pools were not caused by increased plant 
litter production or by enhanced decomposition processes, because 
litter quantity declined and decomposition rates for common lit-
ter sources were unchanged with more grasshoppers.  Rather, the 
grasshoppers increased the quality of plant litter (higher nitrogen 
content), which then decomposed faster (Fig. 4).  This increase 
in litter quality occurs because consumption changes the relative 

Fig. 1.  The conditions for herbivores to modify nutrient cycling and NPP are presented: A) nutrient cycling slows down and NPP decreases and B) nutri-
ent cycling speeds up and NPP increases.  Black lines represent the slow cycle, dotted black lines represent the fast cycle, and solid gray lines represent 
consumption.  Line thickness refl ects the relative magnitude of consumption and nutrient cycling.

Fig. 2.  In two years at our original study site (Site 1), natural grasshopper 
densities are seen to reduce the end of growing season (Fall) plant biomass 
(modifi ed from Belovsky 2000) as measured in g/m2 of dry biomass.
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Fig. 3.  Percent increase (+ s ) in above-ground plant production (NPP) with increased (125%) compared to decreased (50%) grasshopper density for 
fast (black), fast (black), fast slow (white) and combined slow (white) and combined slow fast and fast and fast slow cycle (gray) effects.  Unmanipulated (1999-2001) shows experimental areas when these were 
opened to fi eld densities of grasshoppers.
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Fig. 4.  Average percent changes (+ s ) in ecosystem characteristics with decreased (black) and increased (white) grasshopper densities.  An asterisk 
indicates statistical signifi cance.  For each ecosystem characteristic, the statistical information is:  soil nitrogen, p < 0.02, t = 3.10, df = 6; litter quantity, 
p < 0.04, t = 2.91, df = 6; litter quality (nitrogen), p < 0.009, t = 4.69, df = 6); plant species (ratio of Poa to Elymus), p < 0.0005, t = 48.18, df = 6; soil 
moisture, p < 0.70, t = 0.59, df = 4; decomposition rate, p < 0.62, t = 0.59, df = 4.
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abundance of the two dominant plant species (> 90% total biomass) 
so that the slowly decomposing litter (Elymus smithii) decreases 
relative to the litter that decomposes rapidly (Poa pratensis) (Fig. 4).  
The shift in plant species' relative composition emerges because the 
grasshoppers preferentially feed on the slower decomposing plant 
species, Elymus smithii (Belovsky & Slade 2000).  Finally, because 
plant growth at the study site increases with soil nitrogen availability 
(r = 0.64, N = 21, p < 0.002: Belovsky & Slade 2000), the observed 
increase in soil inorganic nitrogen availability explained the resultant 
increase in plant production with greater grasshopper density.
     The fi ndings support the theorized necessary conditions (see 
above) for a herbivore to increase plant production by increasing 
nutrient cycling rates.  Whether this herbivory also created a positive 
feedback or self-enhancement so that ecosystem infl uences would 
be long lasting after the increased herbivory was removed, could 
not be determined at the time (see below).  However, the observa-
tion that the plant community was changed by the herbivore is a 
necessary condition for a positive feedback or self-enhancement to 
occur.  Furthermore, whether grasshoppers could have a long term 
detrimental effect on plant production by preferentially feeding on 
the fast-decomposing plants was not investigated; but M. sanguinipes 
is known to preferentially feed on P. pratensis rather than E. smithii 
at a nearby site (within 5 km).  Finally, whether other grasshopper 
species exert similar infl uences to M. sanguinipes on the ecosystem is 
unknown.  Preliminary results from investigations of these additional 
issues are presented here and grasshopper control in rangelands is 
discussed in light of these results.

Study sites and methods

Ecosystem manipulations.—We described the experimental design and 
measurements in detail elsewhere (Belovsky 2000, Belovsky & Slade 
2000).  In summary, the design employed 1-m2 plots enclosed by 
insect netting in areas selected for their uniformity of vegetation.  
Within each plot, we manipulated grasshopper density (50%, 100% 
and 125% of natural density for each year) and plant litter (produc-
tion from 50%, 100% and 125% of natural grasshopper density for 
each year).  We established 24 plots in which these treatment levels 
were crossed in a factorial design (3 areas — 50% density and litter 
from 50% density; 3 areas — 50% density and litter from 100% 
density; 6 control areas — 100% density and litter from 100% den-
sity; 3 areas — 100% density and litter from 50% density; 3 areas 
— 100% density and litter from 125% density; 3 areas — 125% 
density and litter from 100% density; 3 areas — 125% density and 
litter from 125% density).  
     In each plot, we measured the following parameters.  Above-
ground living plant biomass was measured every 2 w using a 
radiometer to estimate primary production after consumption.  
We measured soil nitrogen availability (NH4, NO2 and NO3) for 
the periods May to October and October to May, using one resin 
bag for each period (Binkley & Mattson 1983, Binkley 1984).  We 
measured soil moisture gravimetrically in May and October.  We 
measured plant litter biomass in October and its nitrogen content 
by micro-Kjeldahl methods.  We measured litter decomposition 
using 4-l bags of the two most common grasses (P. pratensis and E. 
smithii), placed in the plots each October: one bag of each species 
was removed each May and October.  We measured grasshopper 
feeding on the common grasses as the percentage of 25 blades 
exhibiting damage in October.

     We examined two sites where P. pratensis and E. smithii were 
the dominant grasses (> 90% of plant biomass).  One site was the 
original study site (Site 1) reported in Belovsky (2000) and Belovsky 
and Slade (2000), while the other site was < 5km away (Site 2) and 
was described in Belovsky and Slade (1995).  As at Site 1, Site 2’s 
plant production was limited by the availability of soil nitrogen (r 
= 0.48, N = 18, p < 0.023).  At Site 1, M. sanguinipes preferentially 
feeds on E. smithii, but at Site 2 it preferentially consumes P. pratensis.  
While the N content of these two grasses differs between the two 
sites, P. pratensis is always higher in N.
     Since 1998 in the 1-m2 plots at Site 1, we discontinued (relaxed) 
the previously described treatments so that all areas experienced 
natural grasshopper densities and litter production.  We continued 
the ecosystem measurements to assess how resistant (long term) 
the previously observed ecosystem changes were to a return to 
natural densities and litter production.  Since May 2000 at Site 2, 
we conducted the original experimental manipulations separately 
with two grasshopper species [M. sanguinipes and Ageneotettix deorum 
(Scudder)].  A. deorum is another common grasshopper in western 
US rangelands that often is considered a pest.  These experiments 
examine whether grasshopper feeding preference and species of 
grasshopper affect the fi ndings observed at the original study site.
     We expressed measurements from manipulated plots as percent 
change relative to control areas since the start of the experiment 
(May 1994 at Site 1 and May 2000 at Site 2):
             

                   % Change = 100 X (                      -1)

where Si is the measure in year i from the plots; S0 is the initial 
measure from those plots (start of experiment: 1994 at Site 1 and 
2000 at Site 2), Ci is the average measure in year i for 1-m2 control 
plots, and C0 is the initial average measure for 1-m2 control plots 
(start of experiment: 1994 at Site 1 and 2000 at Site 2).
     We normalized percent change by logit transformation for sta-
tistical tests (ANOVA, ANCOVA and t-tests).  The percent change 
values were used to examine for fast cycle, slow cycle and cumula-
tive effects.  Fast cycle effects were measured by comparing areas 
receiving a constant litter treatment, but different grasshopper 
densities; slow cycle effects were measured by comparing areas 
with a constant grasshopper density, but different litter treatments; 
cumulative effects were measured by comparing areas that received 
litter produced by the grasshopper density in the areas. 
     
Feeding trials.—Feeding preferences for the two dominant grasshopper 
species (M. sanguinipes and A. deorum) on the two dominant plants 
(P. pratensis and E. smithii) at Site 2 were measured by providing an 
individual of either grasshopper in a 0.5-l jar with equal amounts 
of each plant (5 cm2) collected from Site 2.  Twenty individuals 
of each grasshopper species were tested (equal sex ratio) and for 
each individual we recorded whether a greater amount (cm2) of P. 
pratensis or E. smithii was consumed in 20 min.  We then tested, 
using a χ2 test, whether the number of individuals of each species 
consuming more P. pratensis or E. smithii differed.

Co

Ci

S  S  
i So

                     -1
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Results

Persistence of observed changes at Site 1.—The previously observed 
increases in plant production at Site 1 (resulting from greater den-
sities of M. sanguinipes) continued for 3 y after the density/litter 
manipulations were terminated (Fig. 3) in the fast cycle areas (F 
= 14.56; df = 1, 14; p < 0.0001), slow cycle areas (F = 31.47; df = 
1,14; p < 0.0001), and cumulative effect areas (F = 7.99; df = 1, 14; 
p < 0.007). These results did not vary from year to year (p < 0.21 
– 0.88), demonstrating positive feedback or self-enhancement, i.e., 
herbivory-created changes in primary production persisted after 
differences in herbivory were eliminated.  

M. sanguinipes’ and A. deorum’s effects at Site 2.—Based on amount 
consumed in the feeding trials (Fig. 5: χ2 = 6.08, df =1, p < 0.02), 
M. sanguinipes and A. deorum differ in their preference of the two 
dominant plant species, P. pratenesis and E. smithii.
     After one year at Site 2, plant production signifi cantly decreased 
with M. sanguinipes’ effect on the fast cycle (Fig. 6: t = 6.24, df = 
4, p < 0.001) and the cumulative response (Fig. 6: t = 9.96, df = 
4, p < 0.001).  While plant production was measured to decrease 
with M. sanguinipes’ effect on the slow cycle, the decrease was not 
statistically signifi cant (Fig. 6: t = 2.63, df = 4, p < 0.05).  Declines 
in plant production were expected at this site because M. sanguinipes
preferentially feeds on P. pratensis, the faster decomposing plant 
species (Fig. 5).
     After one year at Site 2, plant production increased with A. 
deorum’s effect on the fast cycle (Fig. 6: t = 7.43, df = 4, p < 0.01) 
and the cumulative response (Fig. 6: t = 6.49, df = 4, p < 0.01).  No 
change was measured with A. deorum’s effect on the slow cycle (Fig. 
6: t = 1.08, df = 4, p < 0.50).  At this site, A. deorum preferentially 
feeds on E. smithii, the slower decomposing plant species (Fig. 5).
     We were not surprised that slow cycle effects were not statisti-
cally signifi cant, because the results were from a single year and per 
its name, the slow cycle will not respond rapidly.  Nonetheless, A. 
deorum’s effects on plant production were signifi cantly different and 
opposite from M. sanguinipes’ effects (Fig. 6) for the fast cycle (t = 
6.59, df = 4, p < 0.01), slow cycle (t = 4.84, df = 4, p < 0.01) and 

cumulative effects (t = 4.96, df = 4, p < 0.01).  This was expected, 
given the two grasshoppers’ opposite feeding preferences.

Discussion

Grasshopper ecology and its infl uence on ecosystems.—As stated in the 
introduction, these are preliminary results.  However, it is apparent 
from these two study sites that grasshoppers do not affect ecosys-
tem functioning in the same way everywhere.  M. sanguinipes is the 
most abundant grasshopper at both sites, but at one site it increases 
plant production and at the other it decreases it (Figs 3 and 6).  As 
hypothesized from models that address the role of herbivores on 
the rate of nutrient cycling (Fig. 1), the observed difference appears 
to arise because M. sanguinipes preferentially fed upon the slower 
decomposing plant (E. smithii) at Site 1, where it increased plant 
production, and the faster decomposing plant (P. pratensis) at Site 
2, where it decreased plant production.  This conclusion is further 
supported by the experiment at Site 2 with A. deorum, where this 
grasshopper preferentially fed on the slower decomposing E. smithii
and increased plant production, unlike M. sanguinipes at this site.
     At Site 1 the observed increase in plant production due to greater 
grasshopper density was maintained long after the grasshopper den-
sity was decreased.  This occurs because the grasshoppers changed 
the plant composition in favor of the faster decomposing grass 
(P. pratensis), which leads to a greater availability of soil N (NH4, 
NO2 and NO3).  This plant species composition was maintained 
because P. pratensis is competitively superior to E. smithii (slower 
decomposing) when soil N is more available (Smika et al. 1965, 
Tilman 1988).  Therefore, M. sanguinipes’ consumption at Site 1 
created a positive feedback through plant composition that led to 
a self-maintaining alternate ecosystem.
     Given that M. sanguinipesGiven that M. sanguinipesGiven that  and A. deorum were common at Site 
2, but with M. sanguinipes dominant, the net effect of consumption 
by grasshoppers at this site was to decrease plant production.  M. 
sanguinipes is more abundant than A. deorum at this site because 
M. sanguinipes competitively reduces A. deorum numbers, much 
more than A. deorum reduces M. sanguinipes numbers (Chase and 

Fig. 5.  The feeding preferences of M. sanguinipes and A. deorum on the 
two dominant grasses at Site 2 presented as the percentage of time that the 
grasshopper chose one species of grass more than the other.

Fig. 6.  Percent change (+ s ) in above-ground plant production (NPP) with 
increased (125%) compared to decreased (50%) grasshopper density for 
fast (black), slow (white) and combined fast and slow cycle (gray) effects 
at the new study site with M. sanguinipes or A. deorum.
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Belovsky 1994, Chase 1996).  One might expect that if A. deorum
could become temporarily more abundant than M. sanguinipes, A. 
deorum might be able to increase plant production and increase 
even more in numbers, thereby competitively overcoming M. 
sanguinipes.  However, this is unlikely.  First, how could A. deorum
become initially more abundant?  One possibility is if predators 
preferentially killed M. sanguinipes, but this is unlikely because pre-
dation rates on the two grasshoppers are very similar (Belovsky et 
al. 1990, Belovsky and Slade 1993).  Second, even if A. deorum did 
increase plant production, this would not be self-sustaining because 
the faster decomposing grass, P. pratensis, would  then become rela-
tively more abundant and this grass is preferentially consumed by 
M. sanguinipes (unlike A. deorum’s preference).  Therefore, at Site 2, 
the self-sustaining condition should be a less productive ecosystem, 
with M. sanguinipes remaining the dominant grasshopper.
     Why M. sanguinipes shifts its feeding preference between the slow 
decomposing grass (E. smithii) and the fast decomposing grass (P. 
pratensis) at the two sites is unknown at this time, but under inves-
tigation.  Understanding this shift in preference may be the key to 
understanding when this and other common grasshoppers may 
function to enhance or diminish primary productivity in different 
ecosystems.

Implications for grasshopper control.—Grasshopper control programs 
whose goal is to increase forage for livestock in rangelands should 
be re-evaluated in light of our fi ndings.  Our fi ndings support grass-
hopper control programs at locations where grasshoppers diminish 
nutrient cycling rates, and thereby decrease plant production, assum-
ing that the economic costs and benefi ts make it feasible.  However, 
at locations where grasshoppers increase nutrient cycling rates, and 
thereby increase plant production, grasshopper control programs 
cannot be ecologically or economically supported.  
     Assessing whether grasshoppers are likely to decrease or increase 
plant production at a site depends on the grasshoppers’ feeding 
preferences and the decomposition rates of the food plants.  This 
is not easy to assess and such information is seldom available to 
managers of control programs.  Furthermore, the fi nding that M. 
sanguinipes’ effect on plant production could reverse between sites 
only 5 km apart, sites with the same dominant plant species, indi-
cates that a much fi ner scale of ecological knowledge and applica-
tion of control programs is required.  Often grasshopper feeding 
preferences are viewed as constant, not demonstrating the plasticity 
found in this study, nor are they examined over a range of small 
areas within a larger area.  In addition, plant decomposition rates 
are seldom known.  Finally, if herbivory-induced ecosystem changes 
in plant production are self-sustaining (i.e., if there is positive feed-
back), when the intensity of herbivory changes, particular plant 
competitive relationships must be operating and these are seldom 
addressed.  Past control programs have ignored ecosystem effects, 
and the necessary information to make even a crude assessment of 
them is usually unavailable.
     Even if ecosystem effects are considered in a control program, 
their spatial scale needs to be assessed.  Ideally from an ecological 
perspective, control programs would only be applied to specifi c 
areas where grasshoppers decrease plant production.  However, such 
areas may comprise so small a patchwork that control could be 
economically or logistically impossible.  If this is the case, then the 
pest manager must assess whether the average effect of grasshoppers 

over the larger area increases or decreases plant production.  This 
might be accomplished using a geographic information system, in 
which specifi c habitat (ecosystem) categories are identifi ed as hav-
ing increased or decreased plant production due to grasshoppers.  
If the average over the landscape indicates that grasshoppers are 
increasing production, then control is not warranted.  
     Finally, an even more vexing control problem is posed by our 
results.  For a given site, how might a control program reduce the 
abundance of  grasshopper species that decrease plant production  
(e.g., M. sanguinipes at the one site), while increasing the abundance 
of species that increase plant production (e.g., A. deorum at the same 
site)?  Such will require an even greater ecological knowledge of 
grasshoppers and ecosystem effects than is currently available.
     Taking an ecosystem perspective on grasshoppers in rangelands 
indicates that the universal application of control programs is un-
warranted.  Furthermore, the ecological information necessary to 
justify grasshopper control and its proper implementation exceeds 
what is currently available or employed.

Conclusion
     
     Traditionally, grasshopper consumption in rangelands has been 
viewed as detrimental to plant production and forage resources for 
livestock.  The studies presented here indicate that under certain 
conditions, grasshopper consumption increases the rate of nutri-
ent cycling in an ecosystem, thereby increasing plant production.  
In such areas grasshoppers should be viewed as benefi cial and not 
warranting control.  Under other conditions, grasshopper consump-
tion decreases the rate of nutrient cycling in an ecosystem, thereby 
decreasing plant production.  In these areas grasshoppers can be 
considered detrimental in an economic sense and control efforts 
may be warranted.  The task for ecologists and pest managers is to 
identify the conditions under which grasshoppers are benefi cial vs
detrimental to societal goals for ecosystems and properly employ 
this information to design control programs.  Such an approach 
to ecosystem management is not easy: it requires new and more 
information than is typically available.

Acknowledgements
     
     D. Branson, J. Chase, A. Nardoni-Laws, and E. Laws aided in 
establishing the experiments.  We thank the Utah State Agricul-
tural Experiment Station, The National Science Foundation (DEB-
9317984, DEB-9707654) and US Department of Agriculture NRI 
Program for fi nancial support.

Downloaded From: https://bioone.org/journals/Journal-of-Orthoptera-Research on 10 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



G. E. BELOVSKY AND J. B. SLADE 35

JOURNAL OF ORTHOPTERA RESEARCH, AUG. 2002, 11 (1) 

Literature cited

Belovsky G.E. 2000. Do grasshoppers diminish grassland productivity?  
A new perspective for control based on conservation, pp. 7-29. In: 
Lockwood J.A., Latchininsky A.V., Sergeev M.G. (Eds) Grasshoppers 
and Grassland Health. Kluwer Academic Publishers, Dordrecht, The 
Netherlands.

Belovsky G.E., Slade J.B. 1993. The role of vertebrate and invertebrate 
predators in a grasshopper community. Oikos 68: 193-201.

Belovsky G.E., Slade J.B. 1995. Dynamics of some Montana grasshopper 
populations: relationships among weather, food abundance and 
intraspecifi c competition. Oecologia 101: 383-396.

Belovsky G.E., Slade J.B. 2000. Insect herbivory accelerates nutrient cycling 
and increases plant production. Proceedings of the National Academy 
of Science 97: 14412-14417.

Belovsky G.E., Slade J.B., Stockhoff B.A. 1990. Susceptibility to predation for 
different grasshoppers: an experimental study. Ecology 71: 624-634.

Binkley D.  1984.  Ion exchange resin bags:  factors affecting estimates 
of nitrogen availability. Soil Science Society of America Journal 48: 
1181-1184.

Binkley D., and P. Matson.  1983.  Ion exchange resin bag method for 
assessing forest soil nitrogen availability. Soil Science Society of America 
Journal 47: 1050-1052.

Caughley G., Lawton J.H.  1976.  Plant-herbivore systems, pp. 132-166. In:
May R. (Ed.) Theoretical Ecology: Principles and Applications. Sinauer 
Associates, Inc., Sunderland, MA.

Chase J.M. 1996. Varying resource abundances and competitive dynamics. 
American Naturalist 147: 649-654.

Chase J.M., Belovsky G.E. 1994. Experimental evidence for the included 
niche. American Naturalist 143: 514-527.

Costanza R., Folke C. 1997. Valuing ecosystem services and effi ciency, 
fairness, and sustainability as goals, pp. 49-68. In: Daly G.C. (Ed.) 
Nature’s Services: Societal Dependence on Natural Ecosystems. Island 
Press, Washington, DC.

Daly G.C., Matson P.A., Vitousek P.M. 1997. Ecosystem services supplied 
by soil, pp. 113-132. In: Daly G.C. (Ed.) Nature’s Services: Societal 
Dependence on Natural Ecosystems. Island Press, Washington, D.C.

DeAngelis D. L.  1992.  Dynamics of Nutrient Cycling and Food Webs. 
Chapman and Hall, London.

Grumbine E.R. 1994. What is ecosystem management. Conservation Biology 
8: 27-38.

Hutchinson G.E., Deevey E.S. 1949. Ecological studies on populations. 
Biological Progress 1: 325-359.

McNaughton S.J., Ruess R.W., Seagle S.W. 1988. Large mammals and process 
dynamics in African ecosystems. BioScience 38: 794-800.

Pastor J., Naiman R.J. 1992. Selective foraging and ecosystem processes in 
boreal forests. American Naturalist 139: 690-705.

Pastor J., Naiman R.J., Dewey B., McInnes P. 1988. Moose, microbes, and 
the boreal forest. BioScience 38: 770-777.

Smika D.E., Hass H.J., Power J.F. 1965. Effects of moisture and nitrogen 
fertilizer on growth and water use by native grass. Agronomy Journal 
57: 483-486.

Tilman D. 1988. Plant Strategies and the Dynamics and Structure of Plant 
Communities. Princeton University Press, Princeton, New Jersey.

     

Downloaded From: https://bioone.org/journals/Journal-of-Orthoptera-Research on 10 Apr 2024
Terms of Use: https://bioone.org/terms-of-use


