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Biogeography and habitat associations of grasshoppers as a functional group

RANGELAND  GRASSHOPPERS  (Orthoptera:  Acrididae) represent  a very complex
collection of herbivores  that interact in space and time. Of the hundreds  of
grasshopper  species present in North America,  roughly  200 inhabit  grasslands.
Further, at a given location, it is not uncommon  to find as many as 15 or more
grasshopper  species over the course of the spring and summer months. Although
some species are separated to an extent by differences  in phenology,  there is
considerable  overlap  of species  at a given site during the course  of the summer.  In
spite of the volume of studies conducted  on individual species of Acrididae (e.g.,
Uvarov 1966, 1977; Chapman & Joern 1990), little work has been done on
macroscale grasshopper  species  associations  (see Joern [1982] for microhabitat
selection).

There has been much historical debate in ecology concerning  the
organization of communities, and arguments  have focused on two divergent
concepts.  Following the work of Clements (1916), a number of studies  have
argued that communities are highly integrated  and that species are interdependent
(e.g., MacArthur  1972, Diamond 1986, Grant 1986).  Alternatively,  there are a
number  of studies  that follow the general model developed  by Gleason (1917,
1926), which suggest that communities are merely a facultative mix of unrelated,
yet coexisting, species (e.g., Whittaker  1956, 1960).  The arguments about
nonrandom  versus random species distributions  (e.g., Strong et al. 1984, Diamond
& Case 1986) can also be viewed within this context.  Highly nonrandom patterns
of coexistence, however, do not necessarily  mean interdependence  in species
distributions.  Studies ‘conducted on desert rodent faunas (Brown & Kurzius 1987)
suggest  that, although rodent species exhibit highly nonrandom patterns, they are
very individualistic  in terms of resources used and thus appear to follow the
Gleasonian concept  of communities consisting of facultative species associations.
To address the questions  concerning rangeland grasshopper  community
organization, I conducted a three-year (1988-l 990) study where grasshopper
communities were monitored over a vegetation gradient in the Gallatin  Valley of
Montana  (Kemp 1992a). Results  from the first year of study suggested  that
vegetation type influenced not only species  presence  but also relative abundance
(Kemp et al. 199Oa; but see also Anderson 1964,  1973; Parmenter  et al. 1991;
Quinn et al. 1991). However,  the study of species associations requires data from
more than a single year (Wiens 1981). In a study convering the three year span, I
examined  whether grasshopper  species are equally distributed  across vegetation
type over a 3-yr period (extending  the results of Kemp et al. 1990a).  Also, I
evaluated  whether patterns  observed at the valley level were consistent  across
grasshopper  communities  inhabiting a gradient of vegetation  types. Clearly,  the
grasshopper/vegetation  type associations  of the Columbia  River Basin (CRB)
deserve separate study in and of themselves,  but a summary review of the
Montana  results to date can serve as a starting point for panel discussions.
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Study Area and Collections. Specific  details  of sampling  methods  used to
characterize  grasshopper  communities can be found elsewhere  (Kemp et al. 1990a,
Kemp 1992a), although selected aspects are repeated here. The study area was
located in the northern part of the Gallatin Valley, Gallatin County, Mont.  (111”OO’
- 111”40’N,  46”OO’ - 45’45’W)  in the Aaroovron soicatum (Pursh)  Scribn. &
Smith province  of the steppe region (Daubenmire  1978) of the western United
States.

\

Using terms defined by Kotliar & Wiens (1990),  it is possible  to view the
entire landscape as a hierarchy of patch structure.  Within this environmental
hierarchy, the patch in my study (“a surface area different from its surroundings”
[Kotliar & Wiens 19901) is the basic level of perception of the observer.  Patches
can be grouped within habitat type, and habitat types can be grouped into a valley.
Because  habitat type reflects  environmental variables  such as soil characteristics,
precipitation,  and elevation, one could expect to observe a high degree of
aggregation  among patches within  habitat type (see Daubenmire  1959, Mueggler  &
Stewart  1980, Kotliar & Wiens 1990).

Thirty-five patches were selected for study during 1988 and through 1990.
Ten of these patches  in two native habitat types that had been plowed and
replanted were’selected  to contrast  replanted and native patches  within  the same
habitat type. Replanted patches were not recent  disturbances and were treated as
distinct habitat types. Vegetation transects  were used to characterize each patch
(Daubenmire 1959).  The order of habitats  studied  represented  a gradient of
elevation and precipitation,  with STCO-BOGR lower and drier and FEID-AGSP
higher and more mesic (Mueggler  & Stewart 1980; see Fig. 2 in Kemp et al.
1990a, and Kemp 1992a). This range in plant communities encompasses  a large
proportion of the available  grassland habitat types in the Gallatin  Valley.

Sweep net collections were made at each patch,  in the same area as the
vegetation transects,  three times (late May-early  June, late July, late August)
during 1988 and four times (mid-June,  early July, early August,  mid-September) in
1989 and 1990. In a given year, insect sampling  was initiated based on the
estimated  time of hatching and the presence of nymphs. Springtime hatching from
year to year can vary by as much as 4 wk (Kemp & Dennis  1991).  Two hundred
sweeps per patch were made at each sampling period between 0930 and 1600
hours (MDST)  under sunny skies (< 15% cloud cover), and light winds (< 25 km h‘
‘). Each sweep consisted of traversing an arc of 180” through the vegetation with
a net as described by Evans (1984, 1988).

Grasshoppers  were collected over the course of both spring and summer
periods to insure detection  of species with different  phenological patterns; some
species overwinter as eggs and emerge in the spring, whereas  others  spend the
summer months  as eggs and overwinter as nymphs. Previous studies of
grasshoppers  in tallgrass prairie found that in comparison with night trapping,
sweep samples provided good estimates  of relative abundance  and species
composition (Evans  et al. 1983; Evans 1984, 1988). Therefore, sweep sampling
was suitable for discriminating  potential differences in grasshopper species
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composition and relative abundance  (from pooled samples comprising 2,200
sweeps at each site over 3 yr) across the selected habitat types.

This study was conducted  during years (1988-1990) when regional
rangeland grasshopper  densities  were relatively low. Recent  work (Kemp 1992b)
showed that, during the period of this study, grasshopper  densities throughout
Montana declined  from outbreak densities in 1986-1987 to nonoutbreak  densities
in 1989-l 990, with 1988 apparently a transition  year (see section on factors
influencing grasshopper  abundance,  below).

Species Associations. Although a total of 44 rangeland grasshopper  species
was collected throughout  the valley during this study, average species richness at
the habitat type level ranged from = 10 to 17. For the three years of this study,
drier habitat types had greatest  species  richness values.  Replanted habitat types at
both ends of the gradient had species richness values similar to their native habitat
type associations. The total number  of species was significantly  different between
habitat types, but not between  years, nor for the interaction between habitat type
and year.

There was incomplete overlap among grasshopper  species with respect  to
habitat type use. For the 33 species considered in one test (those present at >2%
of the site-years)  the estimate  of one eccoligical  index led to the conclusion that
the habitat type utilization  curves for the individual species could not be drawn
from some “common”  utilization curve for all grasshoppers  inhabiting  Gallatin
Valley and that grasshopper  species were nonrandomly  associated  with habitat
type. This suggests that,  based on individual  species frequencies, the habitat
types monitored in this study differed in terms of which grasshopper  species were
likely to be encountered.

Comuptation  of other ecological association  indicies  on the
presence-absence  data for all 44 grasshopper species collected over the 3 yr for
the six habitat typessuggested  an overall “positive association”  (Schluter  1984).
This implied that at least some species  among the 44 collected in this study were
encountered together more often than would be expected by chance  alone.
However, examination  of pairwise species  contrasts  revealed no significant
associations. Ludwig & Reynolds (1988) point out that this occurrence is not
uncommon. Thus, with additional study it may be possible to detect  associations
among species occurring  in groups of greater than two. However; the lack of
significance among pairwise species associations  showed that the presence of any
one grasshopper  species was not highly dependent on the presence of other
species.

The lack of significant  pairwise species  associations  and the result  that
grasshopper  species used the range of habitat types differently  suggest that
grasshopper  species,  in general, are independent  resource  trackers  as follows from
the habitat-based models (Hanski 1982, Brown 1984,  Brown & Kurzius 1987,
Kolasa & Strayer 1988, Kolasa 1989). Additionally, the apparent maintenance  of
habitat type level species richness (of grasshoppers)  to 25-50% of that present at
the valley level (above and the results of Kemp et al. [1990a])  indicates that
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species replacement  occurs over the gradient of habitat types. Communities
consisting of independent resource trackers  and that exhibit  species replacement
over resource gradients  are more likely to be facultative  associations of species
(Gleason  1917, 1926; Brown & Kurzius  1987) than highly interdependent  species
assemblages (Clements 1916, MacArthur 1972, Diamond 1986,  Grant 1986).

Additional  support for the hypothesis  of facultative  species associations  in
grasshopper  communities comes from studies of host plant use patterns (e.g.,
Mulkern 1967, Mulkern et al. 1969, Joern 1979, Joern & Lawlor 1980, Otte &
Joern 1977, and others) where patterns could be explained equally by factors other
than direct competition  for specific plant species. Further, detailed manipulation
studies  conducted by Evans  (1989) failed to show exploitive or interference
competition  among cooccurring grasshopper  species during years of moderate
forage production. Therefore,  although it is possible that rangeland  grasshoppers,
as resource trackers, interact interspecifically  to varying degrees along resource
dimensions  such as microhabitat  (Isely 1937, Joern 1982, Kemp et al. 1990a),
preferred  oviposition  patches (Kemp & Sanchez  1987), and food types (Anderson
& Wright  1952; Joern 1979, 1983, 1985; Mulkern 1967; Mulkern et al. 1969;
Parmenter et al. 1991; Quinn et al. 1991),  evidence  thus far suggests  that species
assemblages at the habitat type level are not highly interdependent.

Species Distribution Hierarchy. With the arbitrary break points that were
selected in the Kemp (1992a)  study for the rangeland grasshopper  species
distribution hierarchy for Gallatin Valley (similar to discrete  groupings suggested  by
Kolasa [19891); results suggest  that there are 3 broadly, 19 intermediately,  and 22
narrowly distributed  species. From a phylogenetic  perspective, the subfamily
Oedipodinae  showed strong representation  in the narrowly  and intermediately
distributed  species groups (11 and 8 species, respectively) but were conspicuously
absent  from the broadly distributed species  group. Of the 14 species of
Melanoplinae  collected over the 3 yr, 1 fell within  the broad species group, 7 fell
within  the intermediate, and 6 fell within the narrowly distributed  species group.
Finally, of the 11 species of Gomphocerinae  collected, 2, 4, and 5 species fell
within  the broadly, intermediately  and narrowly  distributed species groups,
respectively.

The differing distribution  characteristics among grasshopper  species also
suggest that they range from patch-indifferent  to patch-sensitive  species (Kotliar &
Wiens 1990). Kotliar & Wiens (1990) define a patch-indifferent  organism as one
that “does not respond” to patchiness  at a particular scale and a patch-sensitive
organism is one that “responds to patchiness at a given scale.”  Thus,  it follows
that ,the order of broadly, intermediately,  and narrowly distributed  species
represents  increasing  patch sensitivity (Hanski  1982, Brown 1984,  Kolasa  1989,
Kotliar St Wiens 1990). According to Brown (1984),  broadly distributed  species
are, by definition,  species that can tolerate a wide range of conditions  and secure
sufficient  resources to attain high densities in optimal habitat. However, such
species are able to survive  and often reproduce (although  at lower densities) in a
wide range of less-than-optimal  habitats. It is interesting to note that, although
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patch sensitivity  has been generally used to contrast  fundamentally different
classes  of organisms, grasshopper  communities of the Gallatin  Valley, at the
habitat type level, possess  species that exhibit low, medium,  and high patch
sensitivity.

At the valley level, species distribution  frequencies were unimodal,  and most
of the species  occurred at <50% of the site-years. Further,  there was a positive
relationship  between the log-transformed mean abundance  and the number of site-
years collected; similar to that found in studies in the distribution characteristics of
other organisms  (Hanski 1982, Brown 1984).  It is important  to note that, although
it is useful to construct a species distribution  hierarchy consisting  of discrete
groupings  of species (similar to analyses of Kolasa [1989]),  what we are actually
observing,  in terms of species distribution,  is a continuum  of patch sensitivity  as
described above (similar to analyses conducted  by Hanski 119821, Brown [1984],
and Kotliar  & Wiens [ 19901).

The valley-level species distribution  hierarchy found by Kemp (1992a)  was
also used to test the hypothesis that the proportions  of the species represented
within the hierarchical groups were equal and were not influenced by habitat type
and year. The evaluation of the proportion of species in each of the three
distribution  groups  revealed that, overall, habitat types broadly distributed species

made up 18-26% of the species composition, and intermediately  and narrowly
distributed species made up 58-75 and 6-19% of the species composition,
respectively. Thus,  it will be important  to investigate why intermediately
distributed species make up the greatest  proportion  of the species encountered  at
the habitat type level and whether  similar relationships can be found in the CRB.
These results also show that, although there are significant  differences within
habitat type in the proportion of the respective grasshopper communities made up
of narrowly,  intermediately,  or broadly distributed species, elements  of habitat type
influence the relative magnitudes  of these differences.  No significant differences
were found among years, habitat types, or for interactions  between year by habitat
type, for year by species distribution  group, or for year by species distribution
group by habitat type.

Because  census data included  subsampling  within  habitat  type for 3 yr, it
was possible to examine  species distribution characteristics  within each habitat
type. The species distribution  histograms  were variable, although  some exhibited
bimodality  (Hanski 1982) not observed at the valley level. In general, as found at
the valley level, there was a positive relationship  between log mean species
abundance and the number  of site-years  occupied. Therefore, those species that
exhibited higher abundances  were proportionately  more “common” in space  and
time within  each habitat  type.

In conclusion, although frequently  referred to as a general group with little
specific identity, results of this study suggest that rangeland grasshoppers  are
facultative  assemblages  of species and that, on average at the habitat type level,
they consist of 1 O-l 7 species. Because the collection  of species at a given site is
influenced by habitat  type, the generalization  of detailed  experimental  studies
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beyond the habitat type level must be made with caution. Further, studies at
similar scales  in other rangeland areas in the western United States and Canada
(the CRB would be an excellent region) will be required to assess  whether the
species distribution  hierarchy and related observed patterns  from Montana are
general phenomena in rangeland grasshopper  communities. Finally, it appears that,
to understand  rangeland grasshopper  communities, large-scale observational
studies designed to depict pattern must be conducted together  with small-scale
studies designed to elucidate process (James & McCulloch 1990,  Eberhardt  &
Thomas 1991).

Factors influencing grasshopper species richness and abundance

An analysis of temporal and spatial variation in species richness  among
rangeland grasshopper  communities was conducted in steppe region of Montana
during a period of time (1986-l 992) that included  the extreme drought year of
1988 (Ke’mp & Cigliano  1994). The main objective of that study was to examine
the effects of drastic and geographically extensive environmental  variability  on
species richness. Second, we were interested in whether  the species susceptibility
to environmental variability showed any kind of phylogenetic  constraints.  Third,
because grasshopper  species may differ in their susceptibility to environmental
variability (Dempster  1963), we examined whether changes in species richness
were related to prevalence  (narrowly versus broadly distributed).  Last,  we re-
examined  grasshopper  intensity  data from Kemp (1992b) in an attempt to obtain a
more precise estimate of the timing of the observed major shift  in general
abundance.  Again,  though additional  studies will be necessary  to determine
whether  similar landscape scale processes  are important  in the CRB, I believe that
it is useful  to review results of work that we have conducted in Montana as a basis
from which to start.

Ciimatic Conditions. The drought  experienced  during 1988 was extreme in
both the north central and eastern and south central regions of Montana (see Kemp
& Cigliano 1994 for regional  designations).  Since 1895, when records  were
initiated at many locations, there have been only 5 years in each region where the
annual (January-July) drought  severity exceeded that recorded during 1988 (north
central region - 1961, 1937, 1936, 1931, 1905; eastern and south central region
1961, 1937, 1936, 1935, 1934).

Although  both regions suffered extreme drought  conditions  in 1988, it is
important  to reference  such a year with longer term climatic trends.  Examining  the
drought  index trends in both regions during the past 22 years, it was clear that
there were differences in the patterns of drought intensity  between  the two
regions. Results  of a regression  of mean drought  index by year (1970-l 992)
showed that for the north central region the a and /3 were not significantly  different
from zero. Thus, although 1988 was an extreme  drought year, in the north central
region normal conditions  returned  quickly and the period of the most recent  22
years shows no long term drought  trend. However, in the eastern and south
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central  region of Montana,  it was obvious that the 1988 drought occurred  within,a
period (1970-1992) of increasing drought intensity.  In the eastern and south
central  region, not only have meteorological conditions  not returned to normal since
1988, but there has been a significant  long term trend in drought intensity over the
past 22 years.

Species Richness. In the north central region, where drought  conditions
returned quickly to normal and where no evidence  of long term drought existed,
mean annual species richness was 16.85 and there was no significant  difference in
mean grasshopper  species richness from 1986-l 992. In the eastern and south
central  region, where the 1988 drought occurred  during a period (1970-l 992) of
increasing  regional drought, there were significant  differences in mean grasshopper
species richness over the 1986-1992 interval. Furthermore, means separations
showed that the greater than 50% reduction  in mean species richness observed in
the post drought  year of 1989 had not changed through  1992.  For univoltine
species such as rangeland  grasshoppers,  eggs produced by the current generation
result  in populations during the following season. Thus, if drought conditions of
1988 negatively influenced either survival  or reproduction  of populations (or both)
in 1988, we would expect to observe such differences  in 1989.

Mean grasshopper species richness  (3 years pooled) during 1986-1988 was
not significantly  different  in the two regions, however,  during the post-1988
period, the north central region had about 53% more species than the eastern and
south central region.

Analysis at the subfamily level revealed  that the significant  post-drought
reduction in species richness occurred  in each of the major subfamilies of Acrididae
(Oedipodinae, Gomphocerinae,  Melanoplinae)  in the eastern and south central
region of Montana. In the north central  region, only the Oedipodinae  showed a
significant pre- to post-drought  reduction.

Neither  broadly  nor narrowly distributed species (see Kemp & Cigliano 1994
for explanation of species categories)  changed  significantly  over the 1986-1992
interval in the north central region of Montana. In the eastern and south central
region, only broadly distributed species showed significant  negative trends  over the
study interval and resulted  in reductions  of about 50% during post-drought  years.
Furthermore, although  some grasshopper  species were missing  from post drought
collections  from both regions, the eastern  and south central region suffered  the
greatest losses.

Abundance. The intensities (density as a function  of time, see Kemp,  &
Cigliano  [1994]) of grasshopper  life stages (small nymphs, large nymphs,  and
adults)  during 1987 and 1988 were computed for the two climatic regions of
Montana  that we studied. Within each year the intensities of the three life stages
are related in that the intensity  of small nymphs in a given region and year is the
base from which the intensities of large nymphs and adults originate.  In general,
intensity appears to increase during the year due to the fact that  the amount of
time spent in a stage increases as the summer progresses  (see Kemp & Cigliano
1994). On average,  grasshopper  nymphs spend about  10 days in each instar;
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however, adults may live for more than 90 days (Onsager 1983, Kemp & Dennis
1991). Because we used a time integration method  we have a more complete
picture of the actual density over time than we could obtain with simple averages.

The most important  points to derive from our work (Kemp & Cigliano [ 19941)
are the relationships between  small nymph intensity and subsequent intensities
within’ a given year and between  the same life stage in 1987 and 1988. First,  it
was clear that during 1987 small nymph intensities (grasshopper  days/l 00) of
between approximately  11-l 5 resulted in approximate adult intensities of 38-42.
Secondly, even though small nymph intensities were similar  in both regions during
1987 and 1988, the expected  increases  from small nymphs through adults (using
1987 as a model year) failed to materialize  during 1988. It was quite evident that
overall reductions  in abundance observed by Kemp (1992a)  during 1988 were
disproportionately  associated with large nymphs  and adults.

Rangeland  grasshoppers,  which have coevolved within grassland systems,
where periodic  drought  is required (Risser 1988) for maintenance,  have behavioral
and physiological repertoires  which allow them to inhabit such extreme
environments (Parker 1930, Uvarov 1977, Capinera 1987, Kemp 1986, Chapman
& Joern 1990, Bernays 1990; others).  In general the warm, dry weather
characterizing the summer period of the Great Plains is considered  beneficial  to
growth, survival, and reproduction of rangeland grasshoppers  (Dempster  1963,
Capinera 1987, Chappell  & Whitman 1990, Joern & Gaines 1990).  Given that
extreme droughts are characterized  more by a lack of moisture  rather than an
excess of heat, it is unlikely that temperatures  experienced  during the spring and
summer of 1988 were directly limiting to grasshopper  development  and survival.

Results  of previous  research suggest that the egg stage is relatively immune
to adverse air temperatures, presumably  because of the buffering  capacity of the
soil (Parker  1930, Capinera 1987). Although grasshopper  eggs characteristically.
lose l/3 - 2/3 of their moisture  without  dying (Salt 1952, Capinera 1987), the
extreme drought conditions during 1988 could have had a detrimental  effect on
eggs if soil moisture dropped below the critical limit for survival (Mukerji & Gage
1978, Capinera 1987). However,  our results of Kemp & Cigliano (1994) showed
similar small nymph intensities during 1987 and 1988. Thus, although drought
conditions  may influence egg survival, there is little evidence to suggest that the
heat or lack of precipitation,  or both, during the 1988 drought had a direct negative
effect on the growth or survival of eggs and small nymphs.

There is, however, abundant evidence to suggest that both grasshopper
species distribution and abundance are directly related to quantity,  quality, and
timeliness of vegetation. Detailed investigations of rangeland grasshopper
populations (primarily Aulocara  elliotti (Thomas)  and Melanoolus  sanauinioes  (F.))
conducted during 1953 through 1967 on shortgrass  prairie in east-central  Arizona
showed a direct link between  precipitation during October-March,  springtime
vegetation,  and observed grasshopper  abundance (Nerney.1958,  1960, 1961;
Nerney  & Hamilton 1969). During periods of adequate  and timely rainfall (1953-
1954, 1957-l 958),  Nerney & Hamilton  (1969) found that springtime  vegetation
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was abundant  and populations of rangeland grasshoppers  increased.  However,
during the dry springs of 1955, 1959, and 1964 the growth of annual plants was
sparse  and stunted, and initially large hatches of grasshoppers  decreased
drastically over the summer  months. The changes in intensities that we observed
throughout  Montana  during 1988 were similar in general to those observed during
dry years in Arizona.

Similar patterns  have been observed on grasslands  of other western states
as well. For example,  Fielding & Brusven  (1990) found during 1950-l 980,
throughout  southern  Idaho, that precipitation was positively  associated  with
rangeland grasshopper  densities  (primarily &j. sanauinioes  and A. elliotti) and they
suggested  that such precipitation  patterns would directly effect springtime
vegetation quantity  and quality. More recently, detailed  investigations  in the same
region revealed  that M. sanauinioes  abundance was positively correlated with the
aboveground  biomass of forbs and annual grasses  (Fielding & Brusven 1992). On
shortgrass  prairie in northeastern Colorado, Capinera & Sechrist (1982) found that
Gomphocerinae  and Melanoplinae  (Acrididae) abundance  was related positively  to
grass and forb biomass. In Montana,  Scharff  (1954) also demonstrated  the
importance of annual plants to the growth and development  of &l. sanquinioes
nymphs and postulated that annuals occurring  on abandoned  fields and rangelands .
in poor condition,  during years of normal springtime precipitation,  contributed  to
the development of grasshopper  outbreaks. In sum, observations to date from
Montana  to Arizona suggest  a strong relationship between the winter-spring
precipitation,  plant production,  and subsequent  rangeland grasshopper (principally
&j. sanauinioes)  abundance.

The results Kemp & Cigliano  (1994), together  with those of Tilman & El
Haddi (1992), and Haferkamp  et al. (1993), show that the drought of 1988 was an
extreme meteorological event rarely witnessed  even in the grasslands  of the Great
Plains.  That the influence of the 1988 drought on native vegetation  was
widespread  and similar throughout  the Great Plains was suggested  by the similar
results of two widely separated studies. For example, Tilman & El Haddi (1992)
found in Minnesota  grasslands that overall above-ground biomass decreased 47%,
local species  richness fell an average of 37% and annual species were reduced
some 96%, from pre-drought  conditions. Similarly, in Montana, Haferkamp et al.
(1993) found that total plant production during 1988 was reduced approximately
51% (dominant perennial  grasses  down 29%, forbs down 48%, annual grasses
down 96%) from pre-drought  conditions.

Given the generally accepted  arguments  concerning the timing of
precipitation  and abundance  of vegetation, particularly  annual grasses and forbs,
and grasshopper  species distribution  and abundance,  it is likely that the extreme
drought  of 1988, and the resulting drastic reductions of annuals  and, forbs (Tilman
& El Haddi 1992, Haferkamp  et al. 1993),  was responsible  for the drastic
reductions in grasshopper  abundance  observed throughout  Montana (Kemp 1992b)
and the dramatic post-drought  reductions  in grasshopper  community  species
richness that we observed in the eastern and south central  region of Montana.
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However, although sites in both the north central and eastern and south central
regions of Montana lost grasshopper  species following  the drought year, only those
sites within  the region of increasing  drought severity  exhibited significant  and
severe reductions of the mean grasshopper  species richness. In this region, overall
species richness of rangeland grasshoppers has not recovered  after 4 years.

There is general agreement  that rangeland grasshoppers,  as a group, tend
toward polyphagy,  with a few exceptions  (Mulkern et al. 1969;  Otte & Joern
1977; Joern 1979,  1983, 1985; and others).  However, as identified  by Joern
(1983), it is not uncommon for relatively few plant taxa to comprise a very large

’ portion of the overall diet of individual grasshopper  species. Additionally, Joern
(1983) found that in the sandhills  of Nebraska the Gomphocerinae  exhibited the
lowest diet breadth and preferred a diet consisting  of a high proportion  of grasses.
Melanoplinae  were found to feed primarily on forbs, but exhibited the largest diet
breadths  observed among the three major subfamilies of Acrididae.  The
Oedipodinae  were intermediate to the Gomphocerinae  and Melanoplinae in terms of
both diet breadth and preference  for forbs versus grasses  (Joern 1983).

In the eastern and south central  region, there were significant  post drought
reductions in mean species richness in all three subfamilies. In this region, the’
Oedipodinae  showed the most significant  reduction in mean species richness. In
the north central region the Oedipodinae was the only group to exhibit significant
reductions over time. This suggests that the Oedipodinae  as a group may be more
sensitive than the Gomphocerinae  and Melanoplinae to temporal resource changes
in terms of species presence. The Oedipodinae species generally make up a large
percentage  of the narrowly distributed species at a given region (Kemp 1992a).

All populations  experience  fluctuations  in abundance  as a result  of variations
in environmental  resources.  When densities become very low and if a species-is
narrowly distributed  in space, even purely chance  factors can affect abundance
and contribute  to local disappearance. In general,  the smaller  a population
becomes and the longer it remains at low density,  the more vulnerable it is to
extinction (Brown & Gibson 1983). However,  this was not the case in the study of
Kemp & Cigliano  (1994), where no significant  losses of narrowly distributed
species were detected  in either of the two regions, during the post drought  period.
A reduction of about  50% of broadly distributed species was only observed in the
eastern and south central region. Further study will be necessary  before we will be
a.ble to classify grasshopper communities as recruitment  limited as has been
suggested  for grassland  plant communities by Tilman & El Haddi (1992).

The results of Kemp & Cigliano (1994) suggest that resource  limitation may
be an important  aspect of the system in Montana during extreme drought years,
however,  it is important to note that those data are limited in their spatial extent.
For example,  although  resource limitation may be an important  factor in structuring
grasshopper  communities  (species  composition and abundance)  in the grasslands
of northerly latitudes (we are undertaking  landscape  scale studies to investigate
this during FY95 and FY96), including significant  portions of the CRB, (Fielding &
Brusven 1990, 1992;  Kemp et al. 1990a, 1990b;  Kemp 1992a, 1992b; Ritchie &



11

Tilman 1992; Joern & Klucas 1993; others), recent investigations  in the tallgrass
prairie of Kansas failed to detect interspecific competition  over a range of densities
and drought/primary  production conditions (Evans 1988, 1992).  This would
suggest that although vegetation influences what species  are likely to occupy a site
in Nebraska  tallgrass  prairie (see Evans 1988), factors (for example, predators,
parasites, and pathogens)  other than resource limitation are important in controlling
shifts  in temporal abundance.

Additional  studies with rangeland grasshopper  communities will be necessary
before we can determine whether  narrowly distributed  species (defined  by Kemp
[1992a])  are more vulnerable to temporal  resource fluctuations  when compared
with broadly distributed  species (as suggested by Kolasa 119891). However, nine
narrowly distributed species were collected in < 3 yr during the Kemp (1992a)
study. Three species were collected during 2 yr of the study. The species
Melanoolus  bruneri  Scudder was collected only during 1988 and 1990,
Stenobothrus  brunneus (Thomas) was collected  during 1988 and 1989, and,
Derotmema havdeni (Thomas) was collected during 1989 and 1990. Finally, six of
the narrowly  distributed  species were collected  only during 1 yr of this study:
Chloealtis  abdominalis (Thomas), Chloealtis consoersa Harris, Soharaaemon collare
(Scudder), Trimerotroois  gracilis (Thomas),  Circotettix rabula Rehn & Hebard, and
Trimerotroois suffusa  Scudder.  Because sampling  in the Kemp (1992a) study was
not designed to determine whether these “winking  species”  were the result of
temporal fluctuations  in resource availability or were simply an artifact  of sampling
intensity,  it was not possible to suggest  a casual mechanism.  However,  if the
resource-tracking hypothesis is correct for rangeland grasshopper  species,  it will be
important  to assess  resource availability  and quality temporally  as well as spatially.

important rangeland grasshopper species of the Columbia River Basin

During FY93 the Grasshopper  Common Data Set Project  was established  as
a cooperative effort  between the USDA/ARS  Rangeland Insect  Laboratory,  the
USDA/APHIS-PPQ Operations  Support Staff as well as the Central and Western
Regions of APHIS-PPQ.  This project involves the 17 western United States and
was designed to: 1) Demonstrate that methodologies  developed  from Geograhpic
Information Systems (GIS) could be used to prepare a regional  or national
grasshopper  outlook map; 2) Demonstrate  the potential  for the development  of a
distributed rangeland grasshopper  database  throughout  the western United States;
and 3) Establish a rangeland grasshopper  database that contained information on
grasshopper  community composition  as well as the densities  normally collected
during the annual adult grasshopper  surveys in each state.

The bulk of the CRB consists of areas  within  the States of Montana,  Idaho,
Washington, and Oregon (Fig. 1, Vegetation  type map). There are more than 550
Grasshopper  Common  Data Set points within the CRB from those four states (Fig.
2, Point map). Personnel from each of the 17 participating  states monitor 10
grasshopper  species (selected by the APHIS/PPQ  Plant Health Director (PHD) in
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each state, see Appendix  I) occurrence  and abundance  through annual surveys
conducted  during the latter portion of the summer season. Because of large
differences in the grassland vegetation types throughout  the CRB (Fig. 1 ), it is not
surprising  that the PHDs  in the states of Montana, Idaho,  Washington,  and Oregon
do not monitor the same species in all cases. There is, however,  some overlap  in
the species  lists and there are at least 7 rangeland grasshopper species that are
likely to be of economic importance to Forest  Service Ecosystem  Management
efforts  within the CRB. These are as follows:

Family Acrididae

Subfamily Melanoplinae  (Spurthroated  grasshoppers)

Melanoolus bivittatus  (Say)
Melanoolus  femurrubrum (DeGeer)
Melanoolus oackardii  Scudder
Melanoolus sanauinioes  (F.)
Oedaleonotus  eniama (Scudder)

Subfamily Gomphocerinae  (Slantfaced grasshoppers)

Aulocara elliotti (Thomas)

Subfamily Oedipodinae  (Bandwinged grasshoppers)

Camnula pellucida (Scudder)

General biogeographical  details for each of the seven species  listed above
can be found in Appendix  II & III  below. However, it is important to note that most
of the information  that has been compiled to date relative  to grasshoppers  has been
for species of significance  to agriculture. A conservative estimate  of the number  of
grassshopper  species in the CRB would be 75-100, given the observed  variation in
vegetation throughout  this area (Fig. 1) and the fact that current grasshopper
surveys focus primarily on rangelands. Three additional  activities could improve
our estimate  of the grasshopper  (Orthoptera:  Acrididae) species complex of the
CRB:  1) Conduct additional  surveys  in areas  not currently monitored  on a regular
basis (for example,  riparian areas,  mountain  meedows, etc.); 2) Review  existing
grasshopper  collections  in Philadelphia,  PA and Washington,  DC; and 3) expand the
identification  of APHIS-PPQ  annual grasshopper  collections,  in the four states that
make up the bulk of the CRB,  to include all species instead of the ten most
economically important. Additionally,  there is a very high probability  that there are
a number  of grasshopper species that deserve  “special concern”  at the other end of
the spectrum from management directed at reducing their numbers. However, the
idea that there may in fact be threatened  and endangered  grasshopper species is
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very difficult  for many people to accept  and no doubt reduces opportunities  to test
such an hypothesis in the CRB. All of these activities would require additional
resources.

From the above discussion  on biogeography, it is obvious that grasshoppers
as a functional  group fluctuate,  at the landscape scale, in both the space and time
dimensions.  Even though data collected during 1993 (Fig.1) represent  only a
snapshop of recent densities  and community  compositions,  they are useful to
review as a basis for initial panel discussions.

Figure 3 shows the 1993 (1994 data are still being shipped  to us)
grasshopper  community density levels observed at each of the Grasshopper
Common Data Set sites within  the’CRB Assessment  Area (Fig. 2). Density
groupings in the legend of Fig. 3 reflect management thresholds of increasing
concern,  although in most cases APHIS-PPQ  does not actually control  grasshoppers
on public rangelands  until densities  are much higher than the 8 + category. With
the exception of a few localized “hot spots”,  grasshopper  densities in Idaho were
generally low; much of this area is classified  by Omernik  (revised 1993 Ecoregion
Map) as Snake River Basin/High Desert. However, the western portions of the
Snake River Basin/High  Desert, the Blue Mountains, and the Columbia Plateau
ecoregions  all show generally higher densities,  with densities increasing  from south
to north.

Figure 4 shows the grasshopper  species  potential  maps for each of the 7
selected species listed above. These maps were developed  by intersecting  points
where a given species was present (a subset of the points in Fig. 2) with the CRB
vegetation type map (Fig. 1). This resulted,  for each species, in a map of unique.
conditions  where we would expect to encounter it (species  potential,  Fig. 4). In
terms of prevalence  within  the CRB,‘M.  sanouinioes  was the most generally
distributed  species and 0. eniama the most geographically  restricted (Table 1, Fig.
4). It is important  to note that these 7 species  were chosen based on their likely
threat to agriculture. No doubt there are a number of other grasshopper species
with even more restricted distributions  than 0. eniama that are not currently
recognized  in the survey.
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Table 1. General prevalence of seven  important  rangeland grasshopper  species of
concern  to CRB managers.

Species

Number  of. Number  of
points CRB vegetation  types
where present where present
(from Fig. 2) (from Figs. 1 and 4)

Melanoolus  sanauinioes

Aulocara  elliotf

Melanoolus  bivittatus

Camnula oellucida

Melanoolus  oackardii

Melanoolus  femurrubrum

Oedaleonotus  eniama

19

89 16

106 14

43 12

28 12

65 12

23 7
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Appendix I

APHIS/PPQ  Common  Dataset Project Cooperators - Plant Health Directors

Idaho

Roger Pollard
USDA/APHIS-PPQ Plant Health Director
2514 Warren Ave.
P.O.  Box 67
Twin Falls, ID 83301
(208) 733-5232

Montana

James T. Brice
USDA/APHIS-PPQ Plant Health Director
Plaza Office Building, A-5
1629 Avenue  D
Billing, MT 59102
(406) 657-6282

Oregon

Gary G. Smith
USDA/APHIS-PPQ Plant Health Director
657 Federal  Building
511 N.W. Broadway
Portland,  OR 97209-3490
(503) 326-2814

Washington

John S. Burnett
USDA/APHIS-PPQ Plant Health Director
16215 Air Cargo Road, Suite 112
Sea-Tat International  Airport
Seattle,  WA 98158-l 301
(206) 764-6547
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Appendix  II

Species  Fact Sheets

(excerpted  from Pfadt,  R. E. 1988. Field guide to common western  grasshoppers.
USDA APHIS - Wyoming Experiment  Station, University of Wyoming,  Laramie, WY
82071, Bulletin 9 12)
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Twostriped
Melm oplr f s

Distribution and IItibiiat

The twostripcd grasshopper,  Mclanopl~s  bivilm[us
(Say), occurs widely in North America inhabiting tall,
lush, hcrbaccous  vcgcuuion.  Dcnsc populations may
rcsidc in tallgrass prairie, wet meadows,  roadsides, ditch
banks, and crop borders.

Economic Importance

The twostripcd grasshopper  is a ,major  crop pest caus-
ing much damage to small grains, alfalfa. and corn. Dur-
ing outbreaks,  it may complctcly  destroy  crops. A popu-
lation of 10 adults per square yard in a corn f’icld will dc-
foliate the crop. Sorghum plants over six inches tall,
howcvcr. arc nearly immune to attack. Experiments  indi-
cam that in feeding on spring wheat the twostripcd grass-
hopper wastes six times as much foliage  as it cats. In
urban arcas the twostripcd grasshopper  is a common pest
of flowers and vcgctablcs.

Food Habits

The twosuipcd gmsshoppcr  is a .polyphagous insect.
It feeds on many kinds of plants. Although gnsscs and
ccrcals arc catcn and damaged, marring  experiments show
that certain forbs  furnish the nymphs with diets that pro-
mote high survival, fast growth, and heavy weights.
Thcsc host plants belong to scvcnl plant families. In-
cludcd arc mustards (flixwecd tansymustard  and prairie
pcppcrwccd);  a plantain (common plantain): legumes
(alfalfa and red clover);  and composites  (common

Grasshopper
!~ivittf-ftzfs  (Say)

dandelion, common chicory, wild Icuuce, giant ragweed,
and buttcrbur).  Microscopic examination of crop contents
and field observations  indicate that the following species
may also bc primary host plants: ball mustard, wcstcm
ragweed, prairie sunflower, field sowthistle,  firewecd. and
leadplant. The twostripcd grasshopper feeds also on dry
litter found on the ground.

A meal for the twostripcd grasshopper may be a
single species  of plant, but usually it consists of two or
more spccics.  Laboratory rearings  demonstrate  that a
mixed diet is more nutritious than a single plant diet. The
diets of particular populations vary depending on the
kinds of plants prcscnt in their habitats.

Migratory Habits

The twostripcd grasshopper exhibits migratory be-
havior during both nymphal  and adult stages. At high
dcnsitics, nymphs may move in bands when they reach
the third and older instars. Populations invade crops from
crop borders and roadsides where eggs are concentrated
and nymphs reach densities  as great as 500 per square
yard. Nymphs start migration around 10 a.m. when skies
arc clear and tcmpcrature  has risen to 75 F. This activity
may occur through the day until 6 p.m. Wind has little
effect on movement.

Adults begin flying when temperatures  reach 86 to 90
F. Flying with the wind at heights of 600 to 1.400 feet
above ground level, they may travel long distances.
Swarms of adults also move upwind by low, short flights
in search of green food. At high densities, hvostripcd
grasshoppers  develop longer  wings and slimmer bodies
and arc more adapted to flight than are low density, soli-
tary individuals.

Geographic  range of
Melunoplus bivinatus  (Say)



Common Wcstcm Grasshoppers

Insun I

I. BL 5-6.6 mm. FL2.7-3  mm. AS 12-13.

2. BL 7.4-10.4 mm. FL 3.9-4.3 mm. AS 17-18.

Instar 3

I \

3. BL 9-14 mm. FL x7-8.4  mm. AS 19-22.

Instar 4
I

4. BL 15-21 mm. FL 8.5-12 mm. AS 23-24.

Instar 5 I I

Figures l-5. Appcarancc of the five nymphal  instars of M.
biwiffafur-their  sizes. stucturcs,  and color patterns. No-
ticc progrcssivc  dcvclopmcnt of the wing pads. BL = body
length. FL = hind femur  Icngth, AS = antcnnal  segments
number.

Identification
The twostriped bmsshoppcr  is one of the two hugest

species in the genus Mefufwpfus. The other is the differen-
tial grasshopper, M. differentialis (Thomas). Both species
are often  found together  in the same habitat.

The nymphs of the twostriped grasshopper (Fig. 1-5)
am identifiable  by their spots. stripes.  and color pattcms:

(1) Compound eye with many uniform light spots
and no dark bands.

(2) Front of head tan or green with dark spots; lint of
dark spots on carinae (ridges) of frontal costa.

(3) Pronotum with light, horizontal stripe  at top of
lateral lobe: above the stripe a fuscous  or brown
band at the edge of pronotal  disk.

(4) Gcna colored tan or green and spotted, without
light crescent below compound eye.

(5) Hind femur with black stripe entire, not inter-
rupted by pale band. Stripe fills upper medial
area of hind femur except  at proximal end and
encroaches slightly on the lower medial area.

(6) Hind tibia green or buff with spines or tips of
spines black. Front (anterior edge) of tibia fus-
cous.

(7) General color green or tm.

The adult male (Fig. 6) is easily identified by the
shape of the ccrcus (Fig. 9). Both the malt and the femctle
(Fig. 7) have two distinctive light yellow stripes running
down the dorsum of the head. pronotum,  and tcgmina
(Fig. 8). The stripes come together posteriorly on the
tcgmina forming a triangle.

Hatching
The twostripcd grasshopper is an early hatching spe-

tics. It is one of the first species to appear  in habitats of
roadsides  and licld borders. Eggs (Fig. 10) begin embry-
onic growth in the summer of deposition and attain 60 to
80% development before  they go into diapause for be
winter. When soil tcmperaturcs  rise in spring, the embryos
complctc  development and hatching begins.  Eggs start lo
hatch eight to ten days ahcad of those of the migratory
grasshopper.  Mclamplus snnguinipes  (F.) The hatching
period lasts from four to six weeks dcpcnding mainly on
soil tcmpcraturcs in spring. Hatching may come in two or
more bursts following warm tcmpcntures  and rain
showers.

5. BL 20-27 mm. l’l.  12-14 mm. AS 24-X
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Pfadt:  Twostipcd grasshopper.  Melamplus  bivitralus  (Say)
Scptcmbcr 1989

Figures 6-10. Appc~u~c  of the adult malt and fcmalc of
M. /Cvi[lullLs.  two diagnostic: characters.  and the egg pod
and scvcr~l  loose eggs.

Nymphal  Development
Nymphs dcvclop  and grow in spring when vcgctation

is young and green. It takes  around 30 days for them to
reach the adult stage. Dcnsc populations of nymphs do
much shifting about and often migrate into crops, particu-
larly harlcy and whmt Because  of an cxtcndcd period of
hatching, nymphs may bc prcscnt in the habitat for as
long as 75 days. ’

Adults and Reproduction
Although the exact date of adult cmcrgcncc may vary

annually by as much as 50 days, this cvcnt usually occurs
in the first part of summer. Grasshoppers  that have
moved into crops return to crop borders and roadside
habil;lts  for reproduction.  Without signaling a malt will
stalthily  approach a fcmalc and make a copulatory Icap.
After mounting and while attaching his genitalia, the malt
performs  a courtship ritual by shaking his hind fcmora for
three or four seconds.  Fcmalcs have a prcoviposition
period of one to two weeks bcforc  depositing  their first
clutch of eggs. Favored  sites  for oviposition arc ditch
banks that hcc south and crop borders  with compact drift
soil. The females sclcct  crowns of grass or roots of weeds
on which to dcposic their eggs. Pods may contain from 50
IO 108 eggs. Pods are curved.  one and one-eighth  to one
and one-half inches long and one-quarter  inch in diamctcr
(Fig. IO). They are delicate  and easily broken in sifting
them from the soil. Eggs arc olive and 5.1 to 5.3 mm
long. Fed a nutritious diet of radish Icavcs. caged grass-
hoppers have avcragcd  450 eggs per fcmalc. The avcragc
numhcr of pods and eggs produced  in nature is unknown.

Most populations of the twostripcd grasshopper  have
a one-year lift cycle but in mountain parks of British Co-
lumbia a~ altitudes above  3,000 fcca,  populations take  two
years to complctc  a lift cycle.  A twc+ycar lift cycle may
also occur among populations inhabiting meadows of the
R&y Mountrtins.

Population E&logy
The twostripcd  grasshopper  bccamc a pest when agri-

cultural tlcvclopmcnt  in the West fostered large popula-
tions of the insect.  Early scttlcrs  unwittingly sowed SC&
of various WCC& along with their  crops thus introducing
nutritious new host plants for this grasshopper.  The
weeds also grew luxuriantly along crop borders, road
sides. and ditch banks. This cnvironmcnt provided  csscn-
tial habitats, while south facing ditch banks and compact
drif’l  soil a~ field margins fumishcd  idcal egg laying sites.

6. BL 28-30  mm. IX 15-16.5  mm. AS 26-27.

7. BL 36-41 mm. FL 18.5-20.5  mm. AS 27-28.

I \
8. Dorsal view of twoswiped  gas-r.

9. Side view  end of malt ahdomcn.

MAC

Female

Note Two
sll-ipcs

Note Cercus

10. Egg pod and several  loose eggs.
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Common Wcstcm Grasshoppers Pfadt:  Twostripcd  grasshopper, Melanoplus  bivilfaks (Say)
Scptcmbcr  1989

Thcsc  frctors  and favorahlc  wcathcr over  a I:w consccu-
tivc years allowed populations to irrupt. In castcm Noah
and South Dakota such favorahlc  conditions comhincd to
prccipitatc  one of the worst outbreaks of the twostripcd
gT;Lxshoppcr  and diflcrcntial  grasshopper  in agricultuml
history. Populations incrcllscd slowly for three years,
192X to 1930. Both spccics rcachcd phcnomcnal  numbers
in 193 1 and 1932. They dc’vastatcd  fields of alfalfa. small
grains, corn. vcgctablcs,  and a variety of fruit and shcltcr-
belt trees. In 1933 and 1934 a scvcrc drought not only
ruined crops and other  vcgctation  but also tcrrninatcd the
grxshoppcr  outbreak.

Daily Activity

The twoslripcd  grasshopper is a diurnal insect. Its
activities  occur during the daylight hours when wcathcr is
warm and the skies arc clear.  The tall vcgcUtion  of its
habitat  inllucnccs its behavior.  In the evening before
sunset  as tcmpcmtures  cool, both nymphs and adults climb
the plants and rest.  moving from halfway up to nearly the
top of the vcgclation.  In thcsc positions they rest through
the night. Shortly after sunrise.  the grasshoppers are
warmed by the rays of the sun and begin to dcsccnd  from
their ovcmight perches.  On the ground they may continue
sunning themselves  or begin to feed and then to mignte.
Nymphs are usually on the ground from 6 to 11 a.m.

Table  1. Activity of nymphs and adults of the twostriped  grasshopper, Melatwphs bivittotus  (Say) correlated
with air and soil temperatures  (After Parker and Shotwcll 1932).

Average temperature OF
Name of activity Description Nymphs Adults

Air Soil Air Soil

Beginning of activity Start of descent from plants 65 65

Beginning of normal activity Start of feeding 68 68 70

Start of migration 75 78

Start of oviposi  Lion 70

Beginning of escape from heat Climbing and seeking shade
on plants 90 112 90 112

Flying in circles or
flying with wind 90 112

Selected Rcfcrcnces Acrididac) damage  and its effect on spring wheat.
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Redlegged  Grasshopper
Melnrzoplus  femrurubrum (DeGeer)

Distribution and Habitat
Tflc rcdtcg~~cd grasshOQQCr,  ~e~ano~~lls fcftttlrrtl-

!mtnt (DcGccr),  ranges over most of North America
~xccpt  for high mountain altiludcs and the frigid north. It
is Ihc most widely distributed  spccics of the major crop
grasshoppers. Its favorite habiti&  include 11111  vcgctation
of grasslands, mmdows, crop borders,  rcvcrtcd fields, and
roadsides. 11 favors low moist weedy arcas whcrc iu host
plants abound.

Economic Importance
The rcdlcgged grasshopper  is a crop pest.  During

outbreaks of the species.  it may scvercly  damage alfalfa.
clover. soybeans,  and small grains. 11 has destroyed  scc-
ond crops of clover and has caused losses of 20 to 25
pcrccnl  to individual fields of oats. In castcm United
Sntcs  and Canada, it is the most abundant spccics of
gra%ShOQQCr.  It bccomcs  a pest not only of legumes and

small grains but also corn. tobacco, and vcgctablcs -
cspccially  beans, beets, cabbage, and potatoes. Large
numbers develop in meadows and damage forage grasses.
In laboratory tests the redlegged grasshopper ingested 25
percent of the foliage that it removed from six different
host plants and wasted 7.5 pcrccnt

Food Habits
The redlegged grasshopper feeds on a wide variety of

forbs and on several kinds of grasses. Depending on
availability of host plants in the habitat. it may be either
forbivorous or a mixed feeder ingesting significant
amounts of both forbs and grasses. Known host plants
consist of lcgumcs  (birdsfoot trefoil,  white and yellow
sweetclover. lespedcza,  milkvetchcs, and alfalfa); com-
positcs  (common dandelion, common chicory, goldenrod,
fireweed, and western ragweed); and grasses (Kentucky
bluegrass, barley. oats, wheat, smooth brome, Japanese
brome, timothy, and reed canarygrass).

Experiments show that host plants vary in their
capacity to provide good nutrition. Although alfalfa  is
readily  eaten, a sole diet of this plant causes a high

Ccographic range of
Melanoplus  fepumdnm  (DeGeer)



Common Westcm Grasshoppers

hsLlr 1

Instar 2

Instar 3

I. BL4-5.6mm.  FL 1.9-2.4mm.  AS 12-14.

2. BL6.2-7.2mm.  FL3.1-3.4mm.  ASI516.

e-4-..

3. BL7.4-9.lmm.  FL4.6-5.4mm.  AS 18-19.

Instar 4 I I

4. BL lo-155 mm. FL7.2-9.0  mm. AS 22-24.

Instar 5

Figures l-5. Appearance  of the five nymphal  instars of
M. fcmurruhm-Lhcir  sizes, shucturc, and color patterns.
Notice progressive  dcvclopment of the wing pads. BL =
body Icngth, FL = hind femur length, AS = antennaI seg-
mcnts number.

nymphal  mortality of 70 to 90 percent Of three plants,
corn, lettuce and radish, tested for growth and perform-
ance of nymphs and adults. lettuce yielded the most favor-
able results - high survival of nymphs, heavy weight of
ad,uIts.  and high egg production. A mixed diet of the
three plants provided the best nutrition. This fact is sig-
nificant because analyses of crop contents show that the
majority of individuals collected from natural habitats
consume two or more plant species  in a single meal.

Migratory Habits
The rcdlcgged grasshopper has strong powers of

flight that allow the adults to disperse and find new habi-
tats. In years of drought the adults develop longer wings,
fly more, and make lengthy flights often in company with
the migratory grasshopper.

The flight of flushed individuals is swift, even, and
three or four feet above the vegetation. The insects gencr-
alIy fly distances of 30 to 40 feet

Identification
Adulls of the redlegged grasshopper are medium size

and have a bright yellow underside and bright red hind
tibia (Fig. 6 and 7). Rarely the hind tibia is colored ycl-
lowish-green or blue (Fig. 8). The bulbous subgenital
plate and the shape of the cercus  (Fig. 9) are diagnostic
+aracters  of the male. The nymphs (Fig. l-5) are strik-
ingly marked yellow and black. They are identifiable
from their spots and color pattcms:

(1) Compound eye brown to burgundy with light
yellow or tan spots, more spots on dorsal half
than vcntraI; lacking transverse dark band.

(2) Front of h&d with dark vertical band in center.
light yellow band on each side of the center
band; the two yellow bands come together below
on the clypeus.

(3) Gena with broad pale yellow crescent continuing
on pronotal  lobe to first abdominal segment and
fading along the rest of abdomen.

(4) Dorsum of head to end of abdomen with median
pale yellow stripe. Broad black stripe on either
side of the median pale yellow stripe. Pronotal
lobe with black band or markings below the
yellow crescent

5. BL 16.5-225 mm. 1.L 9.5-l 1.5 mm. AS 24-26.



Pfadt: RcdIemcd grasshopper. Melanopius  femurrubrum (DcGccr)
Scptcmbcr 1989

Figures 6-10. Appcarancc  of adult muIc and fcmalc, adult
fcmalc of uncommon blue form. the malt ccrcus,  a diag-
nostic character,  and the egg pod and scvcnl loose eggs.

(5) Hind femur with black stripe entire.  not inter-
ruptcd by pale band. Stripe fills upper medial
arca of hind femur  except at proximal end.
SWipc  cncroachcs a third or more on the lower
medial area.

(6) Hind tibia mainly pale yellow or pale gray, front
black: tips of spines black.

(7) Gcncral  color contrasting yellow and black.

Hatching
Eggs of the redlcggcd grasshopper  begin to hatch

three weeks after the eggs of the twostripcd gnsshoppcr.
The period of hatching lasts approximately  52 days.
Bccausc fcmalcs oviposit throughout the habitat in a scat-
tered pat&m, the eggs are subjected  to a nngc of soil
temperatures and moisture conditions.

Nymphal Development
Nymphal  development begins in late spring and in

early summer when host plants arc usually green and
succulent. In approximately  JO days the nymphs become
adult developing at rates approximately  the same as the
lwostripcd.  When rfzarcd  in cages at a constant tempera-
turc of 85 F, the redleggcd rcquircs a nymphal period  of
28 days and the twostriped 29 days. Bccausc  of the
cxtcndcd period  of hatching. some nymphal gmsshoppcrs
can bc found nearly all summer  long.

Adults and Reproduction
Adults of the redlcggcd  grasshopper are active from

early summer to the middl’c  of fall. Although dispersal
flights occur, most individuals stay close to where they
hatch. There they feed, reproduce.  and face many morraI-
ity factors throughout the summer. After  fIcdging, caged
fcmalcs rquire a prcoviposition period  of 9 to I5 days at
86 F bcforc  beginning  to lay eggs. In nature the females
have been observed  ovipositing into sod. The pods are
slightly curved, three-quarters  to one inch long and onc-
eighth to three-sixteenth  inch in diamacr  (Fig. 10). The
top third is dried froth, the bouom  two-thirds contain 20
to 26 eggs. The eggs are 4.1 to 4.4 mm long and pale
yellow. Ggcd rcdlcggcd grasshoppers  fed a nutritious
mixed diet of green lcavcs produced 336 eggs per fcmalc.
Under similar conditions twostripcd  grasshoppers pro-
duccd 4 12 eggs per fcmalc. The rcdlegged grasshopper
has one gcncration  annually.

6. BL 17.5-U mm. FL 10.5-13  mm. AS 25-28.

\.

7. BL 24-28 mm. FL 14-14.5 mm. AS 26-27.

\.
t,

8. Uncommon blue form of redlegged  gnsshopper.

9. Side view end of male abdomen

Malt

Female

Female

Note
emus

Egg pod

IO. Egg pod and scvcml  loose eggs.
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Cornrr~on  Wcstcm Grasshoppers Pfxlt:  Rcdlcggcd  grasshopper.  Mclano/,llcrfcmurrurum  (DC&X)
Scptcmbcr  19&?

Population Ecology
tlisloricnl  records  from lhc hlc 1800s till lhc IOSOS

intli~atc:  that a ccntcr of distribution  of the rcdlcggcd
grasshopper  is prcscnt  in a 7X.0(X) square milt arc3 com-
posed  of .scctions  of Iowa. Illinois, Minnesota,  and Wis-
consin. This ccntcr is an cspccially  favorable  zone whcrc
the rcdlcggcd grasshopper  is abundant and outbreaks  arc
frcqucnt.  Populations respond quickly during spring and
summer to rcduccd  rainfall and warm tcmpcraturcs in this
distribution zone. Within one to two years small popula-
tions may incrcasc to outbreak  numbers. Dcnsitics in
thcsc years reach peaks of 200 to 500 nymphs per square
yard. Outbreaks  last for two to three years until normal
rainfall and cool spring tcmpcraturcs rcducc populations
back to low noninjurious numbers. The periods of low
dcnsitics range from two years to over five years.

In wcstcm sutc.. dcnsitics of the rcdlcggcd grasshop-
per lluctuatc widely, apparently  in response  to annual
changes  in weather.  Large populations develop in irri-
gated fields of alfalfa and along roadsides,  particularly in
patches  of swcctclovcr. This spccics  may also add con-
sidcnbly to the density of outbreak assemblages of the
migratory, twostriped, and differential grasshoppers.

Daily Activity
The redlegged grasshopper is active during the day.

At night adults roost on the tops of grasses and weeds.
Close to 6:30 a.m. they begin to move from their pcrchcs
and begin feeding about 7 a.m. Between 4:30 and 5 p.m.
they start crawling up vegetation to roost. By 5:30 p.m.
the majority are roosting and have settled down for the
night. In marshes this grasshopper has been observed at
times to feed between  8 p.m. and midnight. Correlations
of thcsc activities  with temperature have not been made.
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Packard Grasshopper
Melanoplus packardii Scudder

l)istr-ihution md Huhitat
Tlw I’;lc~k;lrtl  gras4~oppcr  mngcs  witlcly  in wcxtcrn  North

/\lllCl.lC;l. II i\ prililxilv ;I r:in$uxl spcc.ic\  inh2hilin; lhc
~;~llgr;~~\.  hhtlrlgr;lss.  mixcdgr;lsh.  hunch;r:lss.  and  Jcbsrt
pr:liric\.  ‘I’hc hpccics  ;IISO lives  in rudcrxl  h;lhil;lt~  ;III~ has
IKIXIIIIL*  rccclglli/ctl  ;IS an inlporI;InI  crc)pl;md  srasshoppcr.  II
rc:Ichc\  high  tlcnsilics  in ~hc norlhcrn  part  of iIs scogr;lphic
r;mgc  :III~ lives in mounl;tin  iiic;~d~~ws  :I[ ;illiludcs 2s high x5
‘J.(HH)  I’CCI.

Economic irnpot-tance
Hcc;rusc 01 il5 1lSllill  low dcnsilics  011 r;irigcland  alld  ils

prckrcncc  lilr poor  li)ragc  pl;m~s.  such as the scurfpas.  ~hc
klckard  ~rx~hoppcr  in ils n:ltural  h:lhilat  C’;ILISCS  littIc  dam-
age.  Ncvcnhclcss  in ~hc northern  rqion of Ihc mixedgrass
pmiric.  the Pxkrd gxsshoppcr  is XI imporkmr  mcmhcr  of
the rx@md ;Isscmhlagc.  :d il is olicn  second  in Jensily
;il’lcr  111~ d~miinaiil  spccics.  k/~/o/ro/~/rrs  i/!/i//r/i/is.

This gasshoppcr  has  xlap~at  well  IO cropland  and  rud-
cral  hahilats  including roadsitlcs.  fcncc rows. cdgcs  of cuhi-
V~ICJ  ticlds.  ahandoncd  farm Ix~d.  and Conscrvalion  Rcscrvc
Priigam  land. In ccrlain  years  il dcvclops  l;qe popululions
ihal  C;IUSC serious  tlanagc  IO small grains and all3lfa.  Gmss-
hopwr  surveys  conduckxl  in croplund  arcas  of Sxskuchcwun
from I93 I IO IO66 rcvcal that  the Packxd  grasshopper otien
xlds suhstcrnlially  IO the d;mx~gc of ccrcul  crops as an impor-
I;I~I mcmhcr  of an ;Isscmhlagc  along with Mc/tr~o~~~/trs
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.~o~rgrri~rip~.s  and M. /t\‘~irrtr,tr.r.  In certain  ycx-s rhe Packard
tlr;isshc)pper  is Ihc Jomin~nl speck.  making up 50 percenl  ol;
rhc IOI;II pc~pulxlion.  As one moves  south the Packard ymss-
hopper hccolncs  Icss  impc)rlant.  II is mcn(ioncd  3s ;1 minor
pcs~  in Kansas.  although in Oklahoma ii has been rccordcd  as
damaging  co~lon.  vcgclahlcs.  small  grains. and Iqumes.  The
P;~ckard  gmzshoppcr  is ;I large  spcciss.  Dry weight of malts
2nd l~inalcs  ~~~llcclcd  from mngcland  and roadsides  in eastern
Wyoming uvcragcd  I-l I m,0 ;inil  20s mf. rcspeclivcly.

Food Habits
The Packard gusshoppcr  feeds  on both forhs and grasses.

Ex;miin;llions  of crop conlents  of grasshoppers collected from
the miacdgmss  and shongmss  prlliries indicarc  that  the
scurl’pc;rs.  P.SO~YI/UO  k~r~(/lonr  and P. c~sc~rflrfrrcc.  are fed upon
prcfcrcntially.  Although rhc coruenls  of the majority of crops
consisI  of more Ih;m one  species of plant. a sizcahle  number
consisi  01‘ only fragmenrs  of scurfpcx  Several other Icgumrs
Ihal grow in lhc mixcdymss  prairie scrvc  as host plums
including  Missouri milkvctch.  wc~)lly  milkvekzh.  and pcuvine
(Lcrrlr~rrts  /“‘!\‘“““‘/‘l,rc.r).  When available  in improved grass-
land. swcclclovcr  and smooth bromc  serve as prefen-cd  host
plnnls.

A IOILII  of seven  _cmsscs  and 35 forhs have been recorded
from crops of Packard grasshoppers collecrcd  from the shon-
“135s and mincdgmss  pmiries.  The avcmge  consumprion  ofc
forhs from holh  mixcdgmss  and shongmss  pmiries  equaled 85
percent. while  grasses equ:~led 7 and I3 percent. respectively.
Among seven grasses  found in crop contents.  blue  grama.
sand  dropsccd.  and nredlex~dthrcxl  were  present in pre;lrcst
amounts.  The Packard grusshopper  also  fed on ground litter
including dad anhropnls.  In rudcral hahilak  a vsriety of
WC& serve  3s host plants  includin,4’ brome cr;Is.scs.  sweet-.
clover. wild Ictrucc.  weslem  rqwecd.  and sunllower.’  In
croplxxl  this grasshopptx  has fed upon winter wheat,  barley.

1’1111 rye.  and alfullii.
ScvcrJl dirccl  observations have  been

made of fccdiq.  On July I I. I990 al IO a.m. DST
one fem;lle  was seen crawling on the ground. rhcn

stopping to feed ;I few seconds on plant li(Ier.  She then
moved  IO ;L small ptxvinc plant  and reached up her full

Icnglh  IO feed on a Icalle~  In a roadside habitat. 3 mule
(oricntcd  vcnical  head up) and a female (oriented venical
head  clowns  wcrc ohscrvcd  feeding on the lxztals  of yellow
swcaclovcr.  A I~male  on the ground was ohserved  to feed on
3 dcxl darkling bcctlc.  In a study area of the mixedgrass
prairie.  IWO fcmalcs  on rhe ground surface were observed
fccdins  OII XI, unidcntiticd  small lichen growing among moss.

Dispersal and Migration
The P;lckard  gmsshopper  is ;I stron 6 tlicr possessing long

winss. In Colorado where  the spccics  is regularly resident  up
L ’a’,’ ..
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Iciyurc5  I-S. ~\t~lkx:n~cc  14’ live 1iy11qd1:11  ilislars oI’r\~/~~/~r~rc~/~llr.v
/“l’hllii their  si/cs.  ~lructurcs.  ;III~ L.olor  lxntcrns.  N~tticc
progrc4kivc  dcvclopmcnI  0I’Ihc \ving  p;ltls.  HI. = hMty  Icnglh.  FL
= hind kiintr  Icnslh.  ,\S = ;1nlcnn;11  xc;mcnls  iiun~bcr.

IO S.SlX~  I~CI. “;~ccidcwl;ils”  have  kcii li~uiril  at :dliluJcs in
cxcc>s  01’ I I .lWWl  (ccl. cvidcnlly  dkpcrsiny  ;I minimum ol’ IO
IllllCS Ill one x:IzINl. Funhcr  cvidwcc  liw dispcrwl consisIs
ot’ the Jiscovcry  01’ live III;IICS awl eight  ltim;~lcs  OII fhc ice 01
Gr:lAi~~llpcr  Glacier  in Ihc Crazy Mounkns  ol’ MO~I:III:I.  Thcsc
III;I~ have originaccd  in ;I IIIOLIIII:IIII ~nc:dow ahou[  one  milt
hclow lhs glacier  whcrc  ;I raidail  p~piil;~lion  lived  al an ;iilitudo
oI’;~ppn,siI,l;ll~ty  L),(HWl  I~cI.  HUI iI is also possihlc  Ihat  lhcy
cbrigin;lIcd  I’rcnn  :I tlislant arca alon; with M. s~rtgc~Ori/~c~s  ad
..\1f/,~~f3r  cllif~rri.  which wcrc  also prcscnl  OII llw glxicr.

Identification
01’1hc (hrcc  size divisions of grasshoppers. the P;lck;lrd

grasshopper is in 111~ Iargc c;~~qory.  II is. however. sm;IIIcr than
the IWO targel  spcics ot’k/c*/tr~c~/~/~s.  the rwostripcd  gass-
hopper  and the Jil’l’crcnlial  grasshopper. The aduh have bright
cotor  p;iIccrns  ol’lun. brown. ;mcl yellow  I Fig. h and 7). Two
cc)nspicuc~us  li;hI  k111 Iincs  run down rhc  ncciptn  ol’thr  head and
disk ol’rhc  pronc\Ium  (Fif. S). Wings are long. reaching  to 31
IC:ISI the end 01’ the abdomen  and ex;tcndinS  3s much as 6 mm
hcyond.  The hind lihiae  art’ red or hluc.  The male possesses
Jiqnoslic  chxaclrristics  ol’lhc species: the ccrci are spatulalc
I Fis. 91 and the lobes 01’ lhr ucJc'~ys project nearly  equally
I Fig. t t 1. This specks  cannot lx scpacncd  with certainty frori~
M. /i~c*t/rts  without  cxposin g the acdcqus.  accomplished by
lil.Iing  and moving the pxliium hack. The supranal  plate nar-
rows gradually  IO the poinkzd  rd. III a collrcrion of grasshop-
pa-s  clnr m:~y  idcmify  the fcmaks hy aswnkting  them  with the
mates  using sk. mxkings:;Ind color. The nymphs are idcnlili-
ahlc  hy lhcir suucIures.  color pllucms.  and shape  (Fig. I-S).

Head with IICC  ncarlv  vcrtic;ll:  color ol’heud  in instars
I and II grcsnish  tan.‘ins(ars  ill IO V green: heads  of all
instxs  sparsely spo(tcd  brown:  compound eye licxous
with m;rny light  spots:  ;mIc‘nn:Ic  lilili)rm and fuscous.
cxh scgmenl  ringed  untcrioriy  p;k yellow.

Prono(um  with tukral lobes  greenish  Ian in instx I.
greenish  Ian or grrn in ilisl;lr  II. c~*rrrn  in instars  LII to
V: lalcral  Iohes  with t&v IO many brown spots in all
instars:  disk ol’ pronocum  somcwhal  darker Ihan the
lobes tend  spots more  dcnsc.

Outer  medial  ;Irc;I  ol’ hind l’cmur  with three to four
rows of spots. lirsl row of spots (helow  upper  c;lrinul;l)
scpamtc.  noI ~c~;llcs~ing  into lines. Hind Iihia  pale  ,cr..y
in inslar  I. lxilc srccn in inskir  II. green in instars  III lo
V: Iihia with I'LISC~US  I’ront  c&c in all instars.

Cicncmt  color: insrar  I greenish  km. instar  II grtxn or
gccnish I;III. instars  III IO V gccn.

Hatching
The ktckrrd  gmsshoppcr  is an early hatching  species. Firs1

inskrrs  :Ippcar  in the mixalgmss  prairie  :II the same  time us (hose
ol’ the highcadcd  grasshopper.  ;\. Jlic~ri. Atlhough  egg of the
I?xLard grxshoppcr lit dqxr  in lhc soil than eggs ot’ the
highcadcd  grasshopper  :IIIJ  rcceivc Icss  hc:;n in spring. they  hatch
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t,igui-c\  (I- IO. I\~~I~;IIXIILY  III‘ ItIc ;itlull III;IIL*  211~1 I>III;I~L*  01’
i\l~~l~rrr~~~~lrc.~  /~~:~‘X,r~ilii.  d~br4;bl  viT\v  01’ IILYI~I  ;uitl pn)nolum.  ciid 01’
lll;11~~  ;Itld~lIIITII.  ;lll(l c’Fy [““I ;n1tl  “g;\.

;iI llic salill  liiiic due 10 lheir ;ylv;iiicctl  tlcvct~~lliiicril  in lbll.  In
nalurc.  di;qxulx  ol‘cggs  is hrol.~n  durin,~1 \viiilcr  311~1 onlv :I l’~3v
keys  01’ warm  ground  Icml~raturcs  arc rquircd  I’ctr XII  cmhryo  IO

rc’;tch  lk linal  ciiihry~liiic  sl;ig~~  17. which  lticn nitis wail li)r
Ii41~4iiilg Itirc~hc~ltls  ~~I’kqx.r:ilurc  ;inil  inoisIiirL’.

III Itlc nGxcdg;lss  prairie  ol’caskm MOIII;III;I ;III~ Wyoming.
c’ggs 01‘ 111~ klckard  gasshqqxr  hatch  I’rom  M;IV  IO curly  June
tl~p~iidiiig  OII ~L’;I~~I~;II  w~;ilkr. In dil’l’crcnl  jkWYS  firs1 insl:rrs
III;I~ :qjlxlr xs early  as May  I or :IS I;IIC as Mxy 30.

Nymphal  Development
Nymphs dcvclop  at nearly  the S;IIII~ r;nc ;IS IIIC highcxdcd

gra5.shcqxr.  Hascd  on dalss  ol’ lirsl  appcarancc  ol’ nymphs and
alulls  in the nkxtgrxs  prairis.  the nymphal  pcriotl  01’ Ihc
t’xkn-d  grasshoplxr  IXII~CS  (ion1  47 IO 63 days. Both I~;I~L’S  and
t2111aks dcvclop  throuph  live inslars  IO hxxmr  xlul~s.  Kcaring
nymphs in the tahor;nory  :II cons~;n~  Icqxr:nurcs  hus shown rhnt
IIIC P;lckard  gr:lsshoppa  complc~cs  the nymphal  pcriotl in 47
days ;II 77-F md in 70 days  al 70°F.

Adults and Reproduction
Although cmigmlion  ot’ sonic  adulls  may (xcur. the majorily

rcnxlin  in the same  h:thilut  in which the nymphs dcvclop.  III the
rnkdgmss  pmiric  (II’ Colorado. Wyoming. and Montanan.  holh
III:I~C  and kmalc  adults &gin lo appttar  in c;lrty  July. Only  a t’ew
ohscrv;nions  have hccn IIKI~C  of m:lturJtion  and reproduction 01
this spkcs.  In a sludy  site’  of lhc mixrdgrass  ptxiric in eastern
Wyolning the lirsl  xlults of both sc’.ycs  wc’rc’  sct’n  I I July IOW).
Courtins hy ;I III;I~ was ohscrvcd  on 30 July 10~~0.  approxim;ncly
20 days ;IIicr xlutls hqm IO ancrsc’.  The lirsl ohscrv;nion  01
c~viposilic)n  ivxs  nladc  Ih Aug~sl  1900. Zh days ;Ilicr xlul~s  hogan
IO cilicrgc:  Iic~wcv~r.  cxaminulion  0l’ov;irics  indic;ik3  :I iii;nur;i-
liofi p&ld 01’ 2 I days.

I.clii~~vilv  ~~I’;iilul~s  is rckilivcly  long. ai dcclinc  ol’iknsilic‘s
in >ununc‘r  arc ;I~IIICISI  im~rccplihlc.  AII ;Ivcr;lgc  ah111  Iongcvily
01’ 50 davs 1x1s hCcn  ~stimatcd  I’rom  s;nnpling  tx~pul;nions  in ~hc
iiiixctlgr:iss prairie. A large  part  ol’ ~hc 4~11 popuknion  ol’thc
l’:I~k:u-(I  yrasshoppcr  lives  through ~hc mclnlhs  ol’ August  and
S~pI~nihr.

I:LYII;~~LY  cwilxtsit  in hare ground and lay ;I clutch  ol’ I6 lo 3
C’F~S.  I .:lh)r:lh~ry  rcxing  ol’aduh  tkkard  gmsshoppcrs  raulkd
in 311 ;ivcragc ~~cunilily  ol’ IS3 eggs  ptx Vcnialc  al 33°C and Y-1
chic\ al 117”(‘: ltlc ;ivcr;isc  numhcrs  ol’ pods  was  7.7 illllt -l.X prT .
I’L~III;I~~.  r~s~~~iv4y.

‘l’h~  1~~1  is slightly curved and I IN inches  long and 316
inch in tlixllslcr  tf:is. IO).  The eggs  lir in Ihc htuom X-1 inch:
I’r~41  t%.cupks  rhc hop  part of the pod. Eggs arc Ian nnd 4.7 IO S. I
llll1l  I~lIlg.

Population Ecology
SIII:III ntunhcrs  III’ UK Pxkrrd ~,r;lsshopptx  ~OIIIIIIOII~~  in-

Il;lhiI ;r:l~zl;uicls  of 111~ WCSI.  Iknsnlcs  usu:~lly  ransc  I’rcq less
rliari 0. I 10 IL-I per squat  yard.  S;rniplin,*t in the mixcdgr:rss
prairie  ~IU aarii Wyoiiiin=11 indicates  III;II ;~l~hou~h  the spccics  is
OIIC’ 01’ 111s ICX>I  :I~WII~;IIII  nlctnkrs  01‘ Ihc r;mgcl;lntl  gr;isshopp~r
;154~illhl;ig~.  il tlcr\isl\  I‘roni yar IO year aI low tlciisilks  :~nil  d(kY

(,.  HI- 17.22 I,,,,,  171. I i.X- IS..‘, ~IU,  AS 25-27.

I Fcmalc

7. ~1.  .l:-.lft..S ,I,,,, FL I55IS I,,,,,  AS 15-17.

Dorsum

S. Urn:::  view (II’  had ;uJ ~n~noturn  4’3 liim~lc.

Cercus

Y. End dnrde  hhmcn sk&ng LXYIXS  and supraarwl
tlnJ suhsenitul  pl:~tcs.

Etx PO‘J

ill. Egg pd mJ cxpwwd  c’g;?;  in lx~llcw  ol’hn4icn
p’tl.
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Figure  I I. Shape’ of tu;rlc  ;~cdc;tgus.  view of Icli side.
Drawins  hy /\rthur  K. Urooks.

nol track  the Iluctuaticnis  of rhc domin;u~(  speck  or that  of
the :~sscmhl;~gc  (Tahlc  I t. t-lowcvcr.  tllc P;lckartl  gass-
hopvr’s ;Ihuntlan~c  in Alhcr~;~  :mtl S;~sLa~chcw:~n  ;IIIL~  iIs
rcsittcncy  in mc;~dows  of the Koky Mountains ;I[ rclrrtivcly
high ;Illitudcs  intlica[c  ;I ccntcr  of discrihution  ti1r 111~ spkcs
in ~hc ccktcr  rqicins  of its galgraphic  r;rngc.  A summary of
r&livc dcnsilics  from lY3S--L-l  in ;I niixcdgruss  pmiric  01
southe;Istcrn  Alkrl;l  show I~:II popula(ions  Iluctu:~~c  and tha[
in certain  years  111c spccics  III:I~ occur in outhrcak  numbers.
hut,no ahsolutc  dsnsitics  arc availahlc  for these popula[ions.

A Mont;ma  study asccrcaincd  I~;II  I/I~  Packard grass-
hoppc‘r  (~cupicd  nine of 3X site’s  in Ihc mixatgrass pmiric
and in one silt. consisling  of 19 spe&s wilh 3 dcnsily  of IO
a*rasshoppcrs  pr square  yard. it was second in ahundancc  IO
;I. i~/itrtri/iv.  The same  study  found the P;~ckml  grasshopper
cKcupied  eight  of I I ahandoncd  liclds.  In one of [he silts  the
Packard  srnsshopper  was the domincln[  spccics  a[ approxi-
malcly  live per square  yard.

In n&ml hahi[ats  and cropland  the Packnrd  q”sshoppcr
may  k ;I serious  pest.  The rcological  changes  hrough!  ahou(
hy crop ;@ulturc have  crcatcd  idcul hahi[ats  for no less  than
six species  of grasshoppers  including the Packard  grasshop-
per. Crop danagin;  ourhrcaks  in Alhcrta  and .%skarchcwun
h;lvc olicn  consistcd  of three species: Ihe Packard srasshop-
per.  the migaory  gasshoppcr  k/. .rcor,~f,i/ri/,c,.~.  and the IWO-
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5lripcd gla~shopp~  r\l. /~iri//tr/fr.s. In certain  ItKalilia  lhc
I’;rck;ud  gr:ls\hcrppCr  k~o111cs  [hc d~nninan~  spccics.  hut more
cil’lcn  Ihc migr;ilory  grasshcipt~r  is tloniin;inl.  lhc Iwo&pat is
second.  and IIIC P:lckrrd is [bird. Facrors  I~;II  LIppar IO h:lvc
III;I~~ rudcral  [r:Ic[s  more  lilvorahlc  for thcsc  spkcs inclutlc
the form:llic~n  of hcilc‘r egg-laying  siks  of drift soil and sclu!h-
I’liciiiy  slopa.  and the inlrintuclion of succulcnl  weeds and
ccrcal  crctps  I~;II scrvc  as rcliahlc.  ..thund:m(.  and nuhitious
sc,c!rccs’oI’  focal. Es[ima!cs  hasctl  OII rclalivc  Jcnsi[ics  indicate
1h:il  lhc Packard  frasshoppcr  may incrt’asc  10 six ;~Julls  per
squ:irc  yard in weedy ro;ldsittcs.

Daily Activity
In its n;ilurat  hahital  in the mixcdgass  pmiric. the

P;tctard  gclsshoppcr  spends  IIIOSI  of its time on the qound.
NighIs arc passed  rcsling  horizonc;tlly  on the ground  surface
on tkrc soil or litter. Early in Ihc momins helore ihe sun has
risen.  13112 inslar  nymphs and adults may sil under  canopies of
IlrJssa or close IO vcge(a!tion.  A few individuals rest verti-
ktly. head  up. on s~cms  ofslimtlowcr scurfpea  and silver
sqchrush  XI heights  of X 10 I7 inches.

As soon as the rays of the sun slrikc [heir  resting pluccs.
the g;lsshoppcrs  oricnl  a side perpendicular IO the rays  and
may  [iIt in the dircclion  ofthc sun and lower ;I hind tq IO

expose  more  of the ahdomcn.  Individuals that  have spent  the
night  on v+a[ion  [urn their hack or a side IO the sun. ARcr
hasking  for IWO  IO rhrcc hours (soil surface  tcm~mtures
usu:~lly  huvc risa IO XO’F and air tcmpcrJ[urcs  IO 70°F). the
grasshoppers hecome  aclivc. A few aduhs  may hecome  active
sooner  in couning  and mating activilics.

When  (emper;~Iures  bccomr  I(H) hut. soil above  I30’F and
air ahove 00°F. smsshoppers  CL’:ISL’ activirics  and cake  evasive
;~ctions.  They climb vcgecation  and rest  venically.  head  up.
Z-10 inches  high. They may spread  their llexed hind legs and
hold onto  :I gas s~c’m  or lcavcs with their  fort and mid Irgs.
Thcrc has hecn one ohscrva[ion  of tasking in the evening at
-15.5  p.m.  DST in which an adult mule und female resrin! on
the ground lurncd  their  sides perpendicular IO the rays ot the
sun.

Tahlc I. Populalion  Ouctualions  of grasshoppers  in a mixedgnss pmiric site of eastern Wyoming (Platte County).
P = prcscnl  but no1 found in 100 t-square foot samples.

Number per square yard

1968 I96Y I970 lY71 I972 1973 I974

Mrlirrrr~plus  pdctrtiii 0.1 0.1 0. I 0.1 0.3 P 0.2
Apvtcwtcrrix  rlwnrrtc 3.4 2.2 0.H I’ 0.8 I.3 3.3
Assemblarre  of 19 snccies 11.8 6.1 2.9 ii 4.0 3.3 IO.5

Selected References

AI&TSO~. N. I ., lY73. The vcgctalicw  01’  r:w~~l;md  siws mst*;i:tkd
wilh WWIC psshc~ppcr  sludics  it1  M~IIII;III;I.  kl~~n~:~n:!  Agr.  Exl>.
Sill.  R‘III.  66x.

I I;I~III:III. J. M. :wl S. Sw~li;tk.  I’ISO. I’twnli:d  cctmunic  inip:acl  01
~:III~C~:IIK~  graxshcq-pxs  I Acritlid;tcI  io stwhcaskm  Alhcr~;~.  C:III.
l31ll1111~l1.  I 11:  177-1x-I.

tIcwill.  G. IL 19X5.  Kcvicw  ~d’lkltws  :d’l’cclitig  I’ccttndi~y,  ovipditw.
:IIIJ r’g! .mrviv:d  ~~I’~r:i.s~hcippcr~  in Nt~rtl:  Aiwricx USDA AKS-

Xl.

I.~K~.\\*IH~.  J. :\.. J. c‘. l%~rn~..  1.. L).  Lklky. K. A. Nuna~n;rkur  :ml R. I:.

IV~I~II.  I (NO. ‘I‘hc  prcscrvd  I’:IuII:~  cd qasshttppcr  glxicr (Crazy
~~~NIIII;I~~IS.  MIWI;III;II: Clniquc  imiphls  IO AcriJid hitilogy.  Bolctin
dc S:uiidxl Vcyl:il 20: 122-226.

Kicgcn.  I’. W. I’JfrX. A hisicory  ol’gmssht1p’pc’r  ahun&nc~  SO~VC~S  ZUIJ
liww;~s~r  it1 Saskacchswnn.  Mcmctirs  En~~rnol.  SC. Can. NO.  52.

5111.  Ii. W. I%lY. A ky IO Ihe ~nihry~ll~qical  &vek~pn~en~  01
Mclwr~qhr I~i~~irrurrrs  I Stay I. M. III~~,v~~Y~w.~  rwxicwrt.s (Ssuss.  1.
:md Al. pcahrclii  SwdJcr.  Cm.  J. Kcs.  I 01 17: 133-225.

Sht~~\vcll.  K. 1.. IW I. I.ik historic?;  ;wcl hahit>  III’s~w~ paxshoppxs 14
cccwtwlic  i~1~pm;u1cc  OII Ihc GW:II  f’l:1im.  IJSDA Tech.  Bull. 774.

4



Migratory Grasshopper
Melanoplzzs snrzgzzinipes (Fabricius)

Distribution and Habitat
llc migratory grasshopper,  rtlclorwpl~r~  sanguinipcs
(Fahricius)  is widely distributed  in North America arid
lives  in a multitude  of habit3ts.  It is a common inhabitant
of grasslands.  meadows,  and fields of small grdins and al-
falfa. f lost  plants include many kinds of forbs and
grasses. Dcpcnding on availability of plant spccics.  it
may bc cilhcr a mixed herbivorous  or a forbivorous
fccdcr.

Food IIabits
Examinations of gut conlcnls show Lhat the migratory

grasshopper is usually feeding  on several species  of plants
in ils habitat. This behavior  is important in its ecology
bccausc laboratory studies have demonstralcd  that a
mixed dicr affords individual grasshoppers  bcttcr nutri-
Lion. Although polyphagous Lhe migratory gmsshoppcr
sclccts host plants from iu habitat. Prcferrcd  foods in-
cludc dandelion. tumbling hcdgcmustard,  charlock  mus-
tard. pcppcrwecd. wcstcm ragweed, chcatgrass  bromc,
Kcnlucky  bluegrass,  barlcy. and wheat. Nymphs and
adults ingest dry materials  lying on tie ground surface
including plant liucr. catlle manure, and bran flakes.

Capaci tg for Increase
The migratory grasshopper has a great capacity for

incrcasc. Large populations develop in dislurbcd  or cul ti-
vatcd  land, c.g., ovcrgrazcd  rangcland,  crops of small
grains, rcvcrlcd  fields and roadsides.

In a favonblc  year.  a noneconomic population of tice
adults per square yard can reproduce so that in the next
year t.hc population may reach an outbreak density of 30
adulls per square yard. Over a period of several favorable
years. densities may reach enormous numbers.  In 1938 in
northcasrcm  South Dakota.  densities of the migratory
grasshopper  reached as high as 1,500 to 8,000 nymphs per
square yard in cropland. idle land, and depleted rangc-
land. Rcstints of wealher and enemies (predators, para-
sites, and diseases) usually keep populations from increas-
ing to such a high degree. Densities arc nomally  be-
twcen 0 and 9 nymphs or 0 and 3 adults per square yard.

Migration
The migratory grasshopper, as the common name

implies, is a migratory species. Many accounts of adult
swarming have been published, although there are few
records of nymphal  migration and still fewer accounts of
adult migration in the absence of mass swarming. Recent
research has rev&cd that migratory behavior is inherent
and regularly displayed. Much variability occurs, how-
ever. among diffcrcnt populations. The greatest degree of
migration has been found in populations inhabiting areas
whcrc resources  are patchy and unpredictable, as in Ari-
zona and New Mexico. The least degree of migratory
behavior  was dctectcd in a population inhabiting a rela-
tively lush and stable environment in Colorado.

The older nymphs, third to sixth instars.  may migrate
as far as 10 miles but usually  the distance is less than five
mile-s. The nymphs travel together in a band at rates of
around 0.1 mile per hour.

Know? gcncral  distribution of
Mchwphs  sunguinipcs  (Fabricius)
in North America.
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Common Wcstcm Grasshoppers
Scptcmbcr  1988

Instar  1

1. Body length 4-6 mm. Anlcnnal  sc~,mcnts  12-13.

h%l.r 2

2. Body lag&t 6-8 mm. Antend scgmenu  16-17.

3. Body lcngch 8-l 1 mm. Antanal  scgmcnu  18-20.

Instar 4

4. Body lcngh  11-16 mm. Aruennd  segmenu  21-22.

Instar 5

5. Body lcngh  14-23 mm. Ancennd  scgmcnu  22-24.

Figures l-5. Appcarancc  of the live nymphal  instars of M.
sunguinipcs-their  sizes.  structures,  and color pattcms.
Notice  progressive  dcvclopmcnt of the wing pads and the

black spot at the base of mctathoncic  wing pad, especially
evident in picture  of second instar.

Adults arc highly migratory in their prcrcproductive
stage. Swarming occurs on clear days when tempcnturcs
approach 80 F and winds are gentle  and intermittent.
Migrants take off into the wind and then turn around and
fly with the wind at speeds of 10 to 12 miles per hour.
They usually begin flight in late morning. fly during the
middle of the day, and alight in the afternoon to feed and
rest  With favordblc conditions the following morning
they continue  their migration. From trials  of marked
adults, individuals are known to travel 30 miles in a day
and probably fly much farther.  In 1938 one record  of
migration indicates a swarm averaged 66 miles per day
for four days, flying from Highmore, South Dakota to
Beach. North Dakota, a distance of 265 miles. The long-
est migrations recorded in 1938 were made by swarms
that travelled from northeastern South Dakota to the
southwestern comer of Saskatchewan, a distance of 575
miles.

Flights of the migratory grasshopper have been clas-
sified as low flights which are 25 feet or less above the
ground or high flights, more than 25 feet above ground.
The high flights occur at various elevations. Pilots of
observation aircraft in the grasshopper control program
often encounter swarms flying 1.000 feet above ground
and pilots of ferrying aircraft encounter swarms 2,ooO-
3,000 feet above ground. Pilots of commercial aircraft
have reported encountering swarms at all elevations up to
13,000 feet above sea level.

Swarms in the sky can be observed by cupping a
hand over the eye and looking toward the sun. The flying
grasshoppers reflect the sun’s rays and this shimmer of
light can lx seen at great distances.

Idenhfkation
The migratory grasshopper, Melanopius  sanguinipes

(Fabricius),  is a medium sized representative of this large
genus.

The nymphs (Fig. l-5) are identifiable by their spots
and color patterns:

(1) Compound eye with many light spots, narrow
brown bar across middle.

(2) Narrow pale yellow crcsccnt on gena below eye
and continuing on pronotal  lobe to principal’
slilcus.

(3) Mctathoracic  wing pad with black spot near
base.
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Pfadt: Migratory grasshopper, Melamplus sanguinipes
September 1988

Figures 6-9. Appc;lrancc of tic adult malt and fcmalc of
rit. smguinipcs and two diagnostic characters  of the
male-the shape of ccrcus (Fig. 8) and the notch in the
apex  of the suhgcnital plate (Fig. 9). Notice the two dif-
fcrcm color forms of hind tibia-red and pale blue.

(4) Hind femur with dorsal black stripe cut in middle
by light bar: light bar on each end.

(5) Hind tibia of lirst  instar fuscous  with pale basal
ring; hind tibia of other instars pale blue green or
reddish without pale ring.

(6) Gcncral  color of majority tan or gray, few light
green.

Adult m&s (Fig. 6) arc easily idcntificd  by the shape
of the ccrcus (Fig. 8) and .thc notch of the subgcnital  plate
(Fig. 9). The fcmalcs (Fig. 7) are slightly larger than the
malts and can be associated  with them and distinguished
by their similar color pattcms. Hind tibia blue gccn or
red.

Hatching
The migratory grasshopper  is an early  hatching spe-

tics appearing on rangeland about one week after the
bighcadcd grasshopper  begins to hatch. Scvcnl cnviron-
mental factors, especially  soil tempcnturc and moisture,
affect  the exact timing and duration of this cvcnt. Hatch-
ing stirts fimt along open south slopes, in fields and
rangcland wilh littlc vcgctative  cover, and in sandy soils.
f latching is retard& by heavy clay loam soils and by tall
vcgclation  that shades the ground. In an>’  one year. a
mo.saic  of these conditions in an arca as well as below
normal temperatures  may cxtcnd  the hatching period to
six weeks. The duration of hatching is shortcncd  by uni-
form soil and vegetation  and high tcmpcntures  and may
bc completed  in three weeks. For complete embryonic
dcvclopmcnt the eggs rcquirc 527 day-degrees above a
threshold of 50 F soil tcmpcraturc.  Under favorable con-
ditions 80% of devclopmcnt  occurs during the summer
ttit the eggs are laid and 20% Lhc following spring.

Nymphal Dcvclopmcnt
Nymphs develop and grow during Iate spring when

wcathcr is usually warm and food plan&  arc green and
abundant. Under these favomblc  conditions the young
grasshoppers  pass through the nymphal  stage in 35 days.
Cool wcaticr,  however, may Icngthcn the nymphal stage
to 55 days. Nymphal  instars range from live 10 six. The
fcmalcs usually require the larger numb2r.

Adults and Reproduction
Emcrgcncc of adults begins the first part of summer

and may conlinuc for three or four wcsks. The lirst aduhs
to cmcrgc  have the best chance for rcprtwluctivc success.
At this time thcrc is more likely to bc an ahuntlancc of

MAC

6. Body lmgth  16-26 mm.

Female

7. Body lmgth  20-29 mm.

Note Cercus

8. Side view md  of malt  abdomen.

9. End view  of male abdomen.
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Common Wcstcm Grasshoppers
Scplcmbcr  1988

green fcx~l  plants to provide  the nourishment  ncccssary
for rapid egg production. In addition lhc lirst eggs laid
will usually cxpericncc more favorzblc  soil moisture  and
have a longer  time to reach an advanced  dcvclopmcntal
stigc bcforc cntcring  diapausc.

The fcmalcs  have a prcovipsition period  of two IO
three weeks. During this time they incrcasc  in weight and
mature their first group of 18 to 24 eggs. The malt is able
LO rccognizc  a mature,  virgin fcmalc and performs  a short
courtship in which hc waves his antcnnac  and vibrates his
hind fcmora bcforc hc makes a sudden copulatory Icap
onto the fcmaie. A mated fcmalc oviposils  around six
days Iatcr and ties nearly an hour to perform  this act.
Healthy  adults copulate  many times during the rcproduc-
tivc period.

The fcmalcs  deposit  their eggs on rangeland among
tic roots of blue grama grass. In cropland  they often
deposit  them around Ihc base of wheat stubble  or alfalfa.
Pods are slighdy curved, one inch long and one-eighth
inch in diameter. They are positioned somewhat verti-
cally in the soil. The top half of the pod is dried froth, the

bouom half comains tic eggs. The midpoint of the clutch
is three-fourths  inch below the soil surface. Eggs have a
banana-like shape, arc 4.5 mm long, and pale yellow or
cream colored.  A long-lived fcmalc may produce as
many as 20 pods and a total  of 400 eggs. The avcragc
fecundity  in nature is unknown, but may not bc more than
20 eggs.

Daily Activity
The migratory grasshopper,  a diurnal insect, is ordi-

narily active during the day and inactive at night. The
activities  of both nymphs and adults are largely controlled
by tcmpcrature. Most feeding occurs between  8 and 11
a.m.; most mating bctwccn 8:30 a.m. and 12 noon; and
oviposition through the day. When tcmpcraturcs  drop in
the evening the grasshoppers  form aggregations on the
ground and may even seek protection from the cold.
They remain inactive at night and only start activity the
next morning when temperatures rise. J. R. Parker cate-
gorized their activities and corrclatcd  these with air and
soil tempcraturcs  (Table 1).

Table 1. Activity of nymphs and adults of the migratory grasshopper, Mehwplus  sanguinipes (Fabriciu$  COT-
related  with air and soil temperatures (After Parker 1930).

Name of activity

Beginning of activity

Beginning of normal activity

Beginning of climbing to escape heat

Beginning of clustering

Ending of activity

Average temperature “F
Description Nymph Adults

Air Soil Air Soil ’

Basking, exposure to sun 61 75 62 ! 79

Feeding 64 92 66 94

Starting migration 71 94 84 112

Starting oviposition 71 100

Climbing vegetation 81 113

Aggregating on ground 69 87 71 88

Ceasing to move or hiding 66 77 69 79

Kemp. W. P. and N. E. Sanchez.  1987. Differences  in

Se l ec t ed  Re fe rences  *

post-diapausc thermal rcquircmcnts for eggs of two
rangcland grasshoppers. Can. Entomol. 119: 6.53-
661.

MC Anelly, M. L. and M. A. Rankin. 1986. Migration in
the grasshopper  Melarwplus  sanguinipes (Fab.).
Biol. Bull. 170: 368-392.

Diets of three common grasshoppers  (Orthoptera:
Pfadt, R. E., J. A. Lockwood, and T. M. Foppe. 1988.

Acrididac)  inhabiting dcscrt  grassland. Can. Ento-
mol. 120:  415-424. .

Pfadt, R. E. and D. S. Smith. 1972. Net rcproductivc rate
and capacity for increase of the migratory
grasshopper, Melamplus  sanguinipcs sanguinipes
(F.).  Acrida 1: 149-165.

Parker, J. R., R. C. Newton, and R. L. Shotwcll. 1955.
Observations  on mass flighti and other  activities of
the migratory grasshopper.  USDA Tech.  Bull. 1109.

Pickford, R. and C. Gillott.  Courtship behavior of the
migratory grasshopper,  Meiarwplus sanguinipes
(Orthopten: Acrididac). Can. Entomol. 104: 715
722.

Shotwcll. R. L. 1930. A study of the lcsscr  migratory
grasshopper.  USDA Tech. Bull. 190.
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Valley Grasshopper
Oedaleonotus enigma (Scudder)

Distribution and Habitat
The valley grasshopper is a Great Basin rangeland species,

inhabiting the sagebrush-grass associations of this western
region. Native host plants include springparsley. balsamroot.
big sagebrush. and rabbitbrush.  The valley grasshopper has
found several introduced weeds to its liking: redstem  filaree.
tansymustard, and cheatgrass brome. The increase in number
of favorable food plants appears IO be an important factor in
outbreaks of the species due to better nutrition. Abandoned
farmland and Conservation Reserve Progmm  (CRP) land are
especially favorable sites for development of large populations.

Economic Importance
High densities of the valley gmsshopper on rangeland

cause severe injury to forage plants. These grasshoppers are
particularly damaging to young grasses and legumes in newly
reseeded rangeland. The species has a high reproductive
capacity. Density of adults may reach 20 per square yard and
higher. Nymphs and adults in outbreak populations often
migrate into alfalfa. gnins. spearmint. and vegetable seed crops,
causing serious damage. The valley grasshopper may be
beneficial at low densities as it prefers weeds for food. thereby
thinning and reducing these strong competitors of valuable
fomge  plants. No quantitative study. however, of damage or
benefits of this grasshopper has been made.

The sizes attained by adults from one population to another
are highly variable and are probably due to variations in envi-
ronmental factors among habitats. such as temperature  and
quality and supply of food. Weights of adults collected in a
drought-stricken habitat 12 miles south of Mountain Home.
Idaho, and then caged and fed cheatgrass brome for I I days
averaged 365 mg for live males and 530 mg for live females
(dry  weight: males I IO mg, females 165 mg).

Food Habits
The valley grasshopper is primarily a forb and shrub feeder,

but it also feeds to some extent on grasses. It has been observed
to feed heavily on introduced  weeds that often grow abundantly
in its habitat. These include redstem  tilaree.  tumbkmustard.
draba  mustard. pepperweed.  and cheatgrass bmrne.  It likewise
feeds heavily on lichen. In summer. when annual weeds have
matured and dried, big sagebrush becomes an important host
plant. In abandoned fields and CRP fields where big sagebrush
no longer occurs. Russianthistle is often the only green plant
available to the valley grasshopper in mid-summer. It does not
feed upon this plant. but it does  use it for roosting. Adult grass-
hoppers have been observed nibbling on the leaves of Russian-
thistie  but never found to ingest any substantial amount of the
plant. This may indicate that other members of the goosefoot
family. including the sugarbeet.  are essentially immune to
attack. Under drought conditions the grasshoppers resot~  to
feeding on ground litter and dead or dying grasshoppers, and
they will skirmish over an appk core!  thrown on the ground.

Direct observations and examination of crop contents have
pmvided  records of the valley grasshopper feeding on seven
species of forbs. four shrubs, two grasses. one sedge, and one
lichen. This list of food plants is undoubtedly incomplete.

To learn how the valley grasshopper attacks food plants.
twigs of miniarum  rose (variety Meiponal)  bearing leaves and
blooms were transplanted 2 August I99 I in an abandoned fold
12 miles south of Mountain Home. Idaho. Except for Russian-

- thistle. the field contained only dry vegetation and ground
litter. Shortly after king tmnsplanted  in the morning, the

mse began IO attmct  the adult grasshoppers. Some
grasshoppers jumped onto the stem before making

direct contact. while others kept crawling until making
contact and then began to feed on lower leaves. In either

case, individuals fed on the leaf edge beginning at the base or
at the tip and often consumed the entire leaf before attacking
another. A feeding gmsshopper  either stood on the ground  or
held onto the plant with the midlegs  and hindlegs  and used the
front tarsi  to hold the leaf and direct  it to the mouthparts.  Some
grasshoppers cut through the petiole  of leaves. which fell to the

Geographic rmge of Ocdaleonorrts  enigma (Scudder)
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Pt’udt: Valley grasshopper.  Ortiultwrnrrrs  rrri.wru  (Scudder)

September  I YY2

I:igurcs  7. It). Apl~;tr;mc.c’  III’ IIIC ~lult  III:I~  ;~nd  fcm:dc.  the
m;ilc ccrcus.  ;rntl rhc qg pod XXI cs,cs.

The anterior  cdgc  of the proncmun  ha ;I mtrrow. conspicu-
ously white IO cream-colored hand. giving this Srasshoppcr  the
appcacrncc  of wearing  ;I clergym;m’s  collar.

The mcdial  arc’3  ol’thc  hind femur  is markctl  with fuscous~
chevrons scpnracd  hy light 1;1n lines.  The proximal snd of the
inner medial area  and lhe lower margin31  are3 arc’  ccllorcil  orange.
The hind tihiue  are blue. The ctrcus  of the male  is broad  basally
with apex  abruptly  narrowed  and  lingcrlikc  (Fis. YI.

Nymphs are identifiable  by their color ~;~WXIX. s(ructurcs.
and shape (Fig. I-6).

I. Head.  Face slightly slanting. vertex and occiput with
fuscous hand down middle divided by narrow cream-
colored  lint. Antcnnac  filifonn. first two scgmcnts
pals  tan or yellow with several darker spots. rcmaindcr
ofsc~men~s  fuscous. each with narrow light ring on
antcrlor  edge. Compound eye with many  cream-
colorctl  spots  in brown  rcticuluni.  rclativcly  large  dark
spol  near  center.

2. Thorax. Disk of pronolum  dark brown with longi-
tudinal cream-colored.  narrow.  fusifotm band down
middle.  The cntirc  dorsal light band begins on head
and  extends onto ;thlomcn  hccoming  faint posteriorly.

1. . Hindlcg.  Medial arca  of hind fimur  with fuscous
chevrons that are broken in middle  at pmximal  half:
hind tibia light gray with t’uscous  maculaGons.

4. General  color light tan with fuscous spots and  macula-
tions. Shape is robust. pronotum  widens posleriorly.
matching wide  mcso- and metathorax.

Hatching
Overwintcring  3s eggs in an advanced embryonic stage.

valley grasshoppers  hutch early in spring. Hatching may  start
in early  April in Nevada  and Idaho and  continue for ;I month
or longer.  Hatching usually occurs in the morning when air
temperatures  arc  hctween  JS” and  WF and soil tcmpcraurcs
are between 76” .md  YX”F..

Nymphal  Development
Upon hatching in early spring the nymphs usually have ;I

plentiful  supply of food. but because of cool wrltther during this
time of year  they  develop slowly. becoming adults in about  42 to
50 days.  Comprtred  with later-hatching species. the valley
$rasshoppcr  has ;I long nymphal  period. due IO both the cooler
icmpcrrrturcs  and  to the greater number of nymphal  instars,  six
instead  of the usual five. The pmpottion of mules  to females is
nearly  I : I. In different  years, the proportion of short-winged
~~tlults  10 Ions-winged  adults ranges  from ltll short-winged to
over  50 pzrccnt  long-winged. Labontory tests  indicate that
tcmpcr;uurc  nuy be one factor that innuences  this proportion.
<‘tw)lcr  tlcvclopmcntal  tempemtures  (constant XO”F)  result in
grc;rtcr  proportions of long-winged adults. while  warmer tem-
pcmturcs  (constant IW’F)  result in more short-winged  adults.

6. BL IS-21.S mm. FL Y.S-I 1.7 mm. AS 23-25.

7. BL 17.5-Z I .S mm. FL I I-l3.S  mm. AS 24-26.

X. BL 19-24 mm. FL I I-IS mtn. AS 24-26.

Instar  6

Male

Female

Cercus

9. Side view end of male &&men  showing shape of
cr(cus.

Egg pod

IO.  Egg  pod and eggs.
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Adults and Reproduction
Although many adult valley  grasshoppers disperse from

their nymphul  habitats. variable numbers remain and reproduce.
cvcn in a deteriorating  habitat. In a north-central Nevada site in
IYSJ when average temperatures were slightly above noonal.
the first adults appeared on 22 May, mating pairs were noted 20
days later. and cgp deposition began two weeks after mating.
Eggs bcpin dcvclopment  uponbeing laid in summer: by fall they
reach an advanced developmental stage (after blastokinesis.
stage 221. and then  go into diapause.  During winter the diapause
is broken  and warmmg  weather in spring enables the eggs to
complete embryonic development.

Females oviposit in bare ground near the base of big sage-
brush or in the open. The pods. placed horizontally one-eighth
to one-quarter inch below the soil surface. contain I6 to 22 eggs
each. Anterior ends of the eggs face diagonally toward the soil
surface. On hatching. the nymphs emerge from the side of the
pod rather than through the end as is usually the case with other
species of grasshoppers. The pods are slightly curved. short.
and wide -one-half to five-eighths inch long and one-eighth to
three-sixteenths inch diameter. Eggs are olive tan and 4.8 to 5.2
mm long (Fig. IO).

Population Ecology ,
The valley grasshopper has the capacity to increase to high

numbers on rangeland and cause serious outbreaks. Densities
may rise to over 20 adults per square yard. Outbreaks may be
terminated by drought. At these times vegetation turns brown
and desiccates. causing nutritional problems for the grasshop-
pers. Older instars  and adults may disperse to survive in other
areas with green host plants. Predation may also effectively end
an outbreak. During June of 1954 three species of digger wasps
(Tuc$vs,olrcr).  which provision their offspring with nymphs of
the valley grasshopper. reduced a population in south central
Idaho from 25 per square yard to 3 per square yard. Large
numbers of wasps emerged in June 1955 but they had virtually
no grasshoppers on which to prey. Field studies indicate that the
principal dipterous parasite is the tangleveined fly. Nenrh.wtc/ro-
c.epltcr/trs  sockerrii  (Williston):  rate of parasitism during four
years of study was variable. ranging from 0 to 24 percent.

Regrettably. no population has been studied for more than
three years. a period too brief to gain useful information and
insights into the population ecology of this grasshopper.

Important questions for integrated management remain
unanswered - how long outbreaks last. how long populations
remain at low densities. and how many years are required for
populations to grow from low to high numbers.

Daily Activity
The behavior of adults inhabiting a drought-stricken

abandoned field I2 miles south of Mountain Home, Idaho was
observed for three days in August 199 I. Early food plants.
tumblemustard and cheatgrass brome. had matured and dried
and only Russianthistle remained green. Valley grasshoppers
refused to eat this plant but regularly used it for roosting.

The majority of valley gmsshoppers spent the night roost-
ing head-up on the main or secondary stems of Russianthistle
plants, but a small number rested on the ground exposed or
under a canopy of Russianthistle. At daybreak, before the sun
had risen. the adults were quietly resting in different orienta-
tions. At this time (6 a.m. DST).  surface soil temperatures
ranged from 52” to 64°F and air temperttures  I inch from the
ground ranged from 52” to 62°F. An hour later the vertically
roosting grasshoppers assumed a basking orientation by adjust-
ing their position so that the sun’s rays shone perpendicularly on
their sides. They remained quietly basking on the Russianthistle
plants for an hour, theit began to climb down to the ground. head
first. where they again basked by turning a side perpendicularly
to the sun’s rays and lowering the exposed hindleg  to the
ground. A few spread this hindleg  to the side, exposing even
more of the abdomen.

Regular activities of pottering. feeding, and mating began
at &I:30 a.m. when surface soil temperatures had risen to 82’F
and air temperature I inch above ground level to 67OF. The
grasshoppers fed on ground litter and on dead or dying
bigheaded grasshoppers, Aulocara  elliorri. By IO:45 a.m.
ground temperatures mse to 110°F. inducing grasshoppers to
elevate their bodies off the soil surface by stilling  (raising up on
their legs). By noon the soil surface temperature was 130°F. and
the majority of the grasshoppers had climbed or jumped into
Russianthistle. resting at heights of 4 to 7 inches. A few crawled
into the shade of Russianthistle and remained on the ground.
When temperatures moderated in late afternoon the gtasshop-
pers again became active pottering. feeding. and mating. By
8 p.m.. an hour before sunset. the majority of grasshoppers were
roosting on Russianthistle and remained in these positions for
the night.
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Bigheaded Grasshopper
Aulocara elliotti  (Thomas)

Distribution and Habitat This grasshopper not only rcduccs  grass forage by
consuming it but also by cutting it down. The cut grass
may bccomc  litter but it may also bc used for food by
grasshoppers including the bighcadcd gtasshoppcr  and by
other insects that feed on the ground Field cage tests  run
in Montana and in Wyoming have demonstrated  that the
feeding activity of one bigheaded grasshopper per square
yard reduces  grass forage equal to 20 pounds per acre.

The bighcaded grasshopper, Aulocara elliotti
(Thomas), distributed widely in westcm North America,
inhabits a variety  of grasslands from southcm Canada to
central  Mexico. Large populations develop in the
mixcdgrass,  shortgrass, and bunchgrass prairies and in
dcscrt  grassland.

Economic Importance
The bigheaded grasshopper  is a serious  pest of

grasses. It is often  the dominant species in outbreaks  on
rangeland.  Survey records reveal that it may reach dcnsi-
ties of 20 per square yard in the mixedgrass prairie and 40
per square yard in desert grassland. Such high dcnsitics
destroy the value of rangcland for grazing of livestock
and may even lay the land bare opening it to wind and
water erosion.  More often.  the bighcadcd grasshopper is
destructive  at lesser  densities as a dominant member of an
assemblage of species. Although medium sized for a
grasshopper, it is one of the largest of the graminivorous
species. Live weights of females inhabiting the mixed-
grass prairie range from 285 to 663 mg (average 476 mg)

and of males 13 1 to 230 mg (average 189 mg). In the
desert grasslands of Arizona the bighcaded grasshopper
grows even larger.

Food Habits
The bighcadcd grasshopper feeds mainly on the green

lcavcs  of grasses and sedges. It often attacks a plant by
climbing a blade turning around head down, and chewing
into the leaf at various distances from the tip. Tire grass-
hopper frqucntly cuts the leaf which drops to the ground.
‘The  insect may then continue to feed on the attach&
section of the leaf. The bigheaded grasshopper also feeds
on ground litter - cut grass leaves (green or dry). seeds,
bran, and even dead grasshoppers. It searches these out
crawling about on bare ground.

Microscopic examinations of crop contents of older
nymphs and adults show thaw the majority of crops con-
tain fragments of more than one plant species (average
2.2). These determinations indicate that the bigheaded
grasshopper is obtaining a mixed diet, although one spe-
cies of plant is most abundant in a crop. Depending on
availability, the bigheaded grasshopper grazes heavily on
blue grama wcstcm wheatgrass, nccdlcandthread. thrcad-
leaf sedge, and needleleaf sedge. Crested wheatgrass,  an
introduced  forage plant, is a prefcrrcd  and nutritious host.
From direct observations and crop examinations.  this
grasshopper  is known to feed on two spccics  of sedges
and 22 species of grasses.

Gcognphic range of Aulocara clliolti(Thomas)
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Il1sillr  I

InsLlr 2

IIlSLlf  3

Instar  4

Incur 5

I. RI. S-6.3 mm FL 3.3-3.6 mm AS 14.

2. BL6.69.8  mm K4.5-5.3  mm AS 18-19.

t

3. BL9.8-12.2  mm FL 6.3-7.2 mm AS 20-21.

4. UL 12.5-16mm  FL8.3-9  mm AS 22-23.

Figures 1-5.  Appc~~ancc  of the five nymphal  instars of
A. effioui - their sizes. .strucLurcs,  and Color patterns.
Note the progrcssivc  development of the wing pads.
BL = body Icnglh, FL = hind femur Icngth. AS = antennal
segments number.

Migration and Dispersal
With wings fully developed, adults of the bigheaded

grasshopper  arc able to fly evasively, to disperse, and to
migrate. Flushed by an intruder, the adults fly straight.
siicntly,  low (4 to 12 inches), and short distances (2 to 7
feet). Evasive  flights may be with the wind, into the
wind, or across the wind.

Although  no spccilic investigations of dispersal and
migration of the bigheaded grasshopper have been made,
evidence of long distance movements has been found
incidental to other  studies.  At two locations, one in
Arizona and one in Wyoming, sites that were found with
no or few bigheadcd grasshoppers at one sampling date
had high densities of adults a few days later. Migrants in
Arizona have been rccordcd as traveling distances of one
to scvcn miles. Evidence of mass migration by the
bigheaded grasshopper  is provided by the recent discov-
ery of large numbers of adults preserved on the ice of
Grasshopper Glacier in the Crazy Mountains of Montana.
Presumably swarms of the bigheadcd grasshopper arose
from arcas of the mixedgrass prairie lying northeast of the
mountains at lower altitudes, where outbreaks  occur
repeatedly.

Identification
Adults of the bighcadcd grasshopper are of medium

size and usually colored gray with fuscous markings.
They posess rcl~rivcly large heads with slightly slanted
facts and bvc spotted forewings that extend slightly
beyond the abdomen.  The disk of the pronotum is dis-
tinctivcly marked by light lines that give the appearance
of an “X”;  scvcral other pattcms, howcvcr, exist in every
population (Fig. 8). The hind femur  has two black bars
on the upper part of medial are3;  bars continue on upper
marginal arca, and around onto inner medial area; the
knee is black. The hind tibia is medium blue. The male
(Fig. 6) is smaller than the female (Fig. 7).

The nymphs (Fig. l-5) are identifiable by their color
paucms, structures, and shape:

(1) Head with lateral foveolae triangular and visible
in dorsal view; antcnnac filiform  but flattened:
fact modcratciy slanted.

(2) Pronotum with disk patterns like the adults,
chicfly with light lines in form of an “X”.

(3) Hind femur with two dark bars on upper part of
medial arca and four LO seven dark spots on

5. BL 14.5s19.5mm  I:L9.5-Il.1  mm AS 22-25.
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Pfadt:  Bighcadcd  grasshopper, Aufocara elliotti  (Thomas)
Scptcmbcr 1989

Figures 6-10.  Appcarancc  of the adult malt and fcmalc of
A. elfiolb. diagnostic characters.  and the egg pod and
scvcral eggs shown in situs in Lhc opcncd  pod.

lower carinula. Hind tibia blue with three dark
annuli.

(4) Color drab gny and tan with fuscous markings.
Females of A. cllioui and A. fcmoratum arc distin-

guishablc by the shape of the posterior margin of the
eighth abdominal stcmum. In A. elfioui the posterior
margin is without deep clcfu (Fig. 9); in A. ftxwratum  Ihe
posterior  margin has two deep clefts.

Hatching
The bighcadcd grasshopper  is an early hatching spe-

tics. Eggs begin embryonic growth in the summer of
deposition and continue until they attain 60 percent of
dcvclopment  (stage 19 embryo). Bccausc  the eggs arc
laid in early summer and at a shallow depth (average
depth three-eighths  inch), they arc cxposcd  to warm tem-
pcraturcs and most reach the advanced stage before they
diapausc. Eggs arc able to survive  desiccation  during
drought periods  of summer and fall. but predators  - birds,
rodents, beetles, bee flies, and others  - tic a large  toll.
Density of eggs dccrcases  54 percent bctwccn fall and
spring.

Exposed to low soil tempcraturcs, eggs brc;lk  dia-
pause during winter. In the laboratory eggs held at 37 to
4 1 F break diapause in 80 days. With warming spring
tcmpzraturcs.  the soil tcmpcraturc  rising to 50 F and
above. the eggs resbme embryonic dcvclopmcnt. They
complctc the process  after  cxposurc  to 450 day-dcyccs
(base  50 r;) of heat and arc rclldy  to hatch. Emcrgcnce  of
the first insm occurs in mid-spring mainly during mom-
ing hours, and cspccially  when the tcmpcnture  is rising
rapidly and the soil is moist. Eggs of a particular pod
hatch in succession  within seconds  of each other. On the
surface of the soil the young gnsshoppcr  squirms .to free
itself from the embryonic membrane.  It usually takes six
to tight minutes to complctc this process and crawl away.
During this time the young grasshopper  is vulncrablc  to
predation  by ants:

Nymphal Development
Nymphs cmcrgc in mid-spring over a period of three

to four weeks. They feed and dcvclop in the sarnc  arca as
they hatch. Nurtured  by warm spring wcathcr  and. nutri-
tious green grass, they complctc nymphal  development in
36 to 42 days. The malts, usually with only four instars.
dcvclop faster than the fcmalcs with five instars.

I

6. BL 17-20 mm FL 9.5-l 1.3 mm AS 23-24.

7. BL 20.5-25 mm FL 12.3-14.3 mm AS 24-25.

8. Donal  view. paucm vsriadcns  of pronocal  disk.

Y. Vcnval  view, shape  of eighth abdominal sternum.

Malt

Female

Patterns

Sternum

Egg Pods

10.  Two egg  pods. one opened  10 show eggs.
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Adults and Reproduction
Adults of the bighcadcd grasshopper  may dispcrsc to

new habita&,  but most often  they remain in dx same arca
whcrc the nymphs hatched  and devclopcd. There  they
feed, mature, reproduce, and cvcntually are eaten by a
predator or die from other causes.

Fcmalc adults become  rcccptive  LO mating when they
arc six to eight days old. Pair formation and courtship
consists primarily of visual cues. Normally tbc male
makes a quick approach 10 the female and silently dis-
plays himself by tipping the hind femora and waving the

antennae. Once the male mounts and succeeds  in making
genital contact, copulation lasts 40 to 70 minutes.

Females deposit their first  group of eggs when they
arc I2 to 20 days old (average 15 days). When ready to
lay eggs a female will select one of the many bare arcas in
her habitat and work her oviposilor  inu, the soil. She then
deposits in the top one-half inch of soil seven to nine eggs
which become enclosed in a tough pod. Immediately
after ovipositing a fern& spends a minute actively
sweeping soil particles over the hole left by extition  of
her ovipositor. She performs this final act of maternal
care with her hind legs using the tarsi  as brushes.

Fecundity of the bigheaded grasshopper is less than
that of the migratory grasshopper. When pairs were
reared individually in field cages and fed leaves of west-
cm wheatgrass, females lived an average of 72 days and
produced 76 eggs per female. When they were fed wheat
leaves, females lived an average of 87 days and produced
116 eggs. The greatest rate of reproduction  - 161 eggs -
was by a female fed wheat leaves. Unprotected from
predators in their natural habitat, individuals have a
shorter life and lower fecundity. Research suggests an
average  adult longevity of approximately 20 days and a

fecundity  of 15 eggs per female under natural conditions.
There is one generation annually.

The pod is slightly curved, one-half to five-eighths
inch long and three-sixteenths inch in diameter (Fig. 10).
The pod cap has a short nipple in the ccntcr. Eggs are
pale yellow and 5.2 to 5.5 mm long.

Population Ecology
Populations of the bigheaded grasshopper irrupt frc-

qucnlly in the mixcdgrass prairie  and in dcscrt grasslands.
Populations may incrcasc gradually, doubling their num-
bcrs each year for a period of three or four years. Then ifi
one year they may increase their densities by three or four
fold precipitating an outbreak. Several hypotheses have
been proposed to explain these outbreaks  - increase in
physiological vigor of the grasshopper,  changes in nutri-
tivc composition  of the vegetation, and environmental
rclcase  (favorable weather and fewer enemies). Scientists
doing research on population ecology have yet to gather
enough data to make firm conclusions on the causes of
outbreaks  of the bigheaded gmsshoppcr.

Once the bigheaded  grasshopper has reached an out-
break condition, the population may continue at high
densities  for five or more years. For gcncraily unknown
reasons. populations evcnlually decline or crash. In a few
casts.  however, causes are apparent.  Naturally occurring
diseases such as Noscma may decimate populations, and
insecticidal control can reduce dcnsitics much below Lhe
economic level.

Daily Activity

The bigheaded grasshopper is a ground-loving insect
whose activities are influenced greatly by temperature and
light Individuals rest on the ground at night. One to two
hours after sunrise they begin basking by resting perpcn-
dicular to the rays of the sun (side exposed to sun) and
hugging the ground surface. They bask for about an hour,
then around 70 F air and 95 F soil surface temperatures,
the adults begin their normal activities of pottcring  (inter-
mittent wandering with frequent changes in direction),
feeding, mating, and egg laying. Activity slows when air
temperatures  rise to 90 F and soil tcmpcraturcs to 120 F.
Usually they seek the shade of small shrubs and rest on
the ground or litter. They may also raise up on their  legs
to hold their bodies  off the hot surface.  As tempera&s
decline in the afternoon. they again take up normal activi-
ties. Two to three hours before sunset they begin basking
once more on the ground surface. After  sunset they
remain on the ground without cover through the night.
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