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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, | conducted a three-year (1988-1990) 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. 1990a; 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, |
examined whether grasshopper species are equally distributed across vegetation
type over a 3-yr period (exiending the results of Kemp et al. 1990a). Also, |
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.



Study Area and Collections. Specific details of sampling methods used to
characterize grasshopper communities can be found elsewhere (Kemp et al. 19903,
Kemp 1992a), aithough selected aspects are repeated here. The study area was
located in the northern part of the Gallatin Valley, Gallatin County, Mont. (111°00’
- 111°40’N, 46°00’ — 45°45°'W) in the Agropyron spicatum (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 environmentai
hierarchy, the patch in my study ("a surface area different from its surroundings"
[Kotliar & Wiens 1990]) 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 0330 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 1884, 1988). Therefore, sweep sampling
was suitable for discriminating potential differences in grasshopper species




composition and relative abundance (from pooled sampies 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 1989-1 990, 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



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 1380, 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 1387}, 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 [1989]), 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
Meianoplinae 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 & 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



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 [1982], Brown [1984],
and Kotliar & Wiens [ 1990]).

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 10-17 species. Because the collection of species at a given site is
influenced by habitat type, the generalization of detailed experimental studies



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 & McCuiloch 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 (1986-1992) that included the extreme drought year of
1988 (Kemp & 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, | believe that
it is useful to review results of work that we have conducted in Montana as a basis
from which to start.

Climatic 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 - 18961, 1937, 1936, 1931, 1305, 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 (1970-1992)
showed that for the north central region the @ and 8 were not significantly different
from zero. Thus, although 1988 was an extreme drought year, in the north central
region normai 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 1986-1992. In the eastern and south
central region, where the 1988 drought occurred during a period (1970-1992) 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;



however, adults may live for more than 30 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 [ 1994])
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/1 00) of
between approximately 11-1 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 (1932a) 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 18987, 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 1/3 - 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 Melanoplus sanqguinipes (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, 1861;
Nerney & Hamilton 1969). During periods of adequate and timely rainfall (1953-
1954, 1957-1958), Nerney & Hamilton (1969) found that springtime vegetation




was abundant and popuilations 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 grassiands of other western states
as well. For example, Fielding & Brusven {1990) found during 1950-1 980,
throughout southern Idaho, that precipitation was positively associated with
rangeland grasshopper densities (primarily M. sanquinipes 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. sanquinipes 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 M. sanquinipes
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
M. sanguinipes) abundance.

The results Kemp & Cigliano (1994}, together with those of Tilman & El
Haddi (1992), and Haferkamp et al. (1893), show that the drought of 1988 was an
extreme meteorological event rarely witnessed even in the grassliands 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 overail 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. 1983), 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. 1963; 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 vuinerable 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
able 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 &
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Tilman 1992; Joern & Klucas 1993; others), recent investigations in the taligrass
prairie of Kansas failed to detect interspecific competition over a range of densities
and drought/primary production conditions (Evans 13988, 1892). 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 [19883]). 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
Melanoplus 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 conspersa Harris, Spharagemon collare
(Scudder), Trimerotropis gracilis (Thomas), Circotettix rabula Rehn & Hebard, and
Trimerotropis 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 |) 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)

Melanoplus bivittatus (Say)
Melanoplus femurrubrum (DeGeer)
Melanoplus packardii Scudder
Melanoplus sanquinipes (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 Il & Il 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 actuaily 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. sanquinipes was the most generally
distributed species and O. enigma 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 Q. enigma 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.

Number of Number of

points CRB vegetation types
Species where present where present

(from Fig. 2) (from Figs. 1 and 4)
Melanoplus sanquinipes 288 19
Aulocara elliott 89 16
Melanoplus_bivittatus 106 14
Camnula pellucida 43 12
Melanoplus packardii 28 12
Melanoplus_femurrubrum 65 12
Oedaleonotus eniama 23 7
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Idaho

Roger Pollard

USDA/APHIS-PPQ Plant Health Director
2514 Warren Ave.

P.O. Box 67

Twin Falis, ID 83301

(208) 733-5232

Montana

James T. Brice

USDA/APHIS-PPQ Plant Heailth 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-Tac International Airport

Seattle, WA 98158-1 301

(206) 764-6547
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Twostriped Grasshopper
Melanoplus bivittatus (Say)

Distribution and Habitat
The twostriped grasshopper, Melanoplus bivittatus
(Say), occurswidely in North America inhabiting tall,
lush, herbaccous vegetation. Densc populations may
reside iN wltgrass prairic, wet mecadows, roadsides, ditch
banks, and crop borders.

Economic Importance

The twostriped grasshopper iS @ major Crop pest Caus-
ing much damagc to small grains, afalfa. and corn. Dur-
ing outbreaks, it may completcly destroy crops. A popu-
lation of 10 adults per square yard in acorn ficld will de-
foliate the crop. Sorghum plants over six inches tall,
howcvcr. arc ncarly immunc to attack. Experiments indi-
cate that in feeding on spring wheat the twostriped grass-
hopper wastes SixX times as much foliage asit cats. In
urban arcas the twostripcd grasshopper iSacommon pest
of flowers and vegctablcs.

Food Habits

The twostriped grasshopper iS a.polyphagous inscct.
It feeds on many kinds of plants. Although grasses and
cercals arc eaten and damaged, rearing experiments show
that certain forbs furnish the nymphs with diets that pro-
mote high survival, fast growth, and heavy weights.
Thesc host plants belong to scvenl plant familics. In-
cluded arc mustards (flixwecd tansymustard and prairic
pepperweed); a plantain (common plantain): legumes
(afafaandred clover); and composites (common

Geographic range of
Melanoplus bivinatus (Say)

dandction, common chicory, wild lcttuce, giant ragweed,
and butterbur). Microscopic cxamination of crop contents
and ficld obscrvations indicate that the following species
may also bc primary host plants: ball mustard, westcm
ragweed, prairic sunflower, fild sowthistle, fireweed, and
leadplant. The twostriped 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 species. Laboratory rearings demonstrate that a
mixed dict iS more nutritious than asingle plant diet. The
dicts of particular populations vary depending on the
kinds of plantspresent in their habitats.

Migratory Habits

The twostripcd grasshopper exhibits migratory be-
havior during both nymphal and adult stages. At high
densitics, 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 temperature hasrisen to 75 F. This activity
may occur through the day until 6 p.m. Wind haslittle
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 aso move upwind by low, short flights
in search of green food. At high densities, twostriped
grasshoppers develop longer wings and dimmer bodies
and arc more adapted to flight than are low density, soli-
tary individuals.

S d
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Instar 1

Instar 2

Instar 3

Instar 4

Instar 5

1. BL. 5-6.6 mm. FL 2.7-3 mm. AS 12-13.

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

3. BL 9-14 mm. FL 5.7-8.4 mm. AS 19-22.

5. BL 20-27 mm. ¥1. 12-14 mm. AS 24-26.

Figures [-5. Appcarance of the five nymphal instars of M.
bivittatus—their sizcs, stuctures, and color patterns. No-
lice progressive development of the wing pads. BL = body
length, FL = hind femur Icngth, AS = antennal segments
number.

|dentification

The twostriped grasshopper is one of the two largest
specics in the genus Melanoplus. 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)
arc 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; linc 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) Gena 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 dightly on the lower medial area.

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

(7) General color green or tan.

The adult male (Fig. 6) iscasily identified by the
shape of the cercus (Fig. 9). Both the male and the female
(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 twostriped grasshopper is an early hatching spe-
cics. It is one of the first species to appear in habitats of
roadsides and ficld borders. Eggs (Fig. 10) begin embry-
onic growth in the summer of deposition and attain 60 to
80% devel opment beforc they go into diapause for the
winter. When soil temperatures risc in spring, the embryos
complete development and hatching begins. Eggs start [0
hatch eight to ten days ahcad of those of the migratory
grasshopper, Melanoplus sanguinipes (F.) The hatching
period lasts from four to six wecks depending mainly on
soil tempceraturcs in spring. Hatching may come in two or
morc bursts following warm iemperatures and rain
showers.
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Figurcs 6-10. Appcarance of the adult male and female of
M. bivittatus, two diagnostic: characters, and the cgg pod
and scveral loose cggs.

Nymphal Development

Nymphsdevelop and grow in spring when vegetation
isyoung and green. It takes around 40 days for them to
reach the adult stage. Dense populations of nymphs do
much shifting about and often migraic into crops, particu-
larly barley and wheat. Because of an cxtended period of
hatching, nymphs may bc present in the habitat for as
long as 75 days. '

Adults and Reproduction

Although the exact date of adult cmergence may vary
annually by as much as 50 days, this cvent usualy occurs
in the first part of summer. Grasshoppers that have
moved into crops return to crop borders and roadside
habitats for reproduction. Without signaling amale will
stealthily approach afcmalc and make a copulatory Ieap.
After mounting and while attaching his genitalia, the male
perlorms a courtship ritual by shaking his hind femora for
three or four seconds. Fcmalcs have a preoviposition
period of once to two weeks before depositing their first
clutch of cggs. Favored sites for oviposition arc ditch
banks that hce south and crop borders with compact drift
0il. The females sclect crowns of grass or roots of weeds
on which to deposit their eggs. Pods may contain from 50
10 108 cggs. Pods are curved, one and onc-cighth to one
and onc-half inches long and one-quarter inch in diameter
(Fig. 10). They are delicatc and easily broken in sifting
them from the soil. Eggs arc olive and 5.1 t0 5.3 mm
long. Fed a nutritious dict of radish leaves, caged grass-
hoppers have averaged 450 eggs per femalc. The average
numhcr of pods and eggs produced in naturc is unknown.

Most populations of the twostripcd grasshopper have
aonc-ycar lifc cycle but in mountain parks of British Co-
lumbiaat altitudes above 3,000 fcct, populations ake two
years t0 complete alife cycle. A two-year life cycle may
also occur among populations inhabiting mecadows of the
Rocky Mountains.

Population Ecology

The twostriped grasshopper became a pest when agri-
cultural development in the West fostered large popula
tions of the inscct. Early sculers unwittingly sowed sceds
of various weeds aong 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 environment provided essen-
tial habitats, while south facing ditch banks and compact
drift s0il at ficld margins fumished idcal cgg laying sites.

Scptcmber 1989

9. Side view end of malc abdomen.

W\

10. Egg ped and scveral loose eggs.

Male

Femalc

Note Two

Stripcs

Note Cercus

Egg Pod
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These lactors and favorable weather over afew consccu-
tive years allowed populations to irrupt. In castern North
and South Dakota such favorable conditions comhined to
precipitate one Of the worst outbreaks of the twostriped
grasshopper and differential grasshopper in agricultural
history. Populations increascd dowly for three ycars,
1928 to 1930. Both species reached phenomenal numbers
in 193 1 and 1932. They devastated ficlds of afafa small
grains, corn. vegetables, and avaricty of fruit and shelter-
belt trees. 1N 1933 and 1934 a scvere drought not only
ruincd crops and other vegetation but also terminated the
grasshopper outbreak.

September 1989

Daily Activity

The wwostriped grasshopper is a diurnal inscct. Its
activitics occur during the daylight hours when weather is
warm and the skies arc clcar. The tall vegetation of its
habitt inllucnccs its behavior. In the evening before
sunsct astemperatures cool, both nymphs and adults climb
the plants and rest, moving from halfway up to nearly the
top of the vegcuation. In these positions they rest through
the night. Shortly after sunrisc, the grasshoppers are
warmed by the rays of the sun and begin to descend from
their overnight perches. On the ground they may continue
sunning themselves or begin to feed and then to migrate.
Nymphsare usually on the ground from 6 to 11 am.

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

Name of activity Description Nymphs Adults
Air Sail Air Sail
Beginning of activity Start of descent from plants 65 65
Beginning of normad activity Start of fecding 68 68 70
Start of migration 75 78
Start of oviposi tion 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

Average temperature °F
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Redlegged Grasshopper
Melanoplus femurrubrum (DeGeer)

Distribution and Habitat

The redlegged grasshopper, Melanoplus femurru-
hrum(DceGeer), ranges over most of North Amecrica
except for high mountain altiwudes and the frigid north. It
iSthe most widely distributed specics of the major crop
grasshoppers. its favorite habitats include tall vegetation
of grasdands, mmdows, crop borders, reverted ficlds, and
roadsides. It favors low moist weedy arcas where its host
plants abound.

Economic Importance

The rcdlcgged grasshopper is a crop pest. During
outbreaks of the species, it may severcly damage alfalfa,
clover. soybeans, and small grains. It has destroyed scc-
ond crops of clover and has caused losses of 20 to 25
percent to individual ficlds of oats. In castcm United
States and Canada, it isthe most abundant species of
grasshopper. It becomes apest not only of legumes and

Ccographic range of
Melanoplus femurrubrum (DeGeer)

small grains but also corn. tobacco, and vegctablcs —
cspecially beans, beets, cabbage, and potatoes. Large
numbers develop in meadows and damage forage grasses.
Inlaboratory teststhe redlegged grasshopper ingested 25
percent of the foliage that it removed from six different
host plants and wasted 7.5 percent.

Food Habits

The redlegged grasshopper feeds on awide 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 tegumes (birdsfoot trefoil, white and yellow
sweetclover. lespedeza, milkvetches, and afalfa); com-
posites (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
rcadily eaten, asole diet of this plant causes ahigh
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Instar 1

Instar 2

Instar 3

Instar 4

Instar 5

3. BL7.4-9.7 mm. FL 4.6-5.4 mm. AS 18-19.

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

Figurcs |-5. Appearance of the five nymphal instars Of
M. femurrubrum—their Sizes, structure, and color patterns.
Notice progressive development of the wing pads. BL =
body Icngth, FL = hind femur length, AS = antennal seg-
ments 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
adults, and high egg production. A mixed dict of the
three plants provided the best nutrition. Thisfact issig-
nificant because analyses of crop contents show that the
majority of individuas collected from natural habitats
consume two or more plant specics in asingle meal.

Migratory Habits

The redlegged 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.

Theflight of flushed individualsis swift, even, and
threc or four feet above the vegetation. The insects gencr-
ally fly distances of 30 to 40 feet

|dentification

Adults of the redlegged grasshopper are medium size
and have abright yellow underside and bright red hind
tibia (Fig. 6 and 7). Rarely the hind tibiais colored yel-
lowish-green or blue (Fig. 8). The bulbous subgenital
plate and the shape of the cercus (Fig. 9) are diagnostic
characters of the male. The nymphs (Fig. I-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 ventral; lacking transverse dark band.

(2) Front of head 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) Genawith broad pale yellow crescent continuing
on pronotal lobeto 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
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Redlegged grasshopper. Melanopius femurrubrum (DeGeer)

Figures 6-10. Appearance of adult male and fcmalc, adult
femalc of uncommon bluc form, the male cercus, a diag-
nostic character, and the egg pod and scvenl loose eggs.

(5) Hindfemur with black stripe entire, not inter-
rupted by pale band. Stripe fills upper medial
arca of hind femur except at proxima cnd.
Stripe encroaches a third or more on the lower
medial area.

(6) Hindtibiamainly palc ycllow or pale gray, front
black: tips of spines black.

(7) General color contrasting ycllow and black.

Hatching

Eggs of the redlegged grasshopper begin to hatch
three weeks after the eggs of the twostriped grasshopper.
The period of hatching lasts approximatcly 52 days.
Because fcmalcs oviposit throughout the habitat in a scat-
tered pattcrn, the eggs are subjected to arangc of soil
temperatures and moisture conditions.

Nymphal Development

Nymphal development begins in late spring and in
carly summer when host plants arc usually green and
succulent. In approximately JO days the nymphs become
adult developing at rates approximatcly the same asthe
twostriped. When reared in cages at a constant tempera-
wre of 85 F, the redleggcd requires anymphal period of
28 days and the twostriped 29 days. Becausc of the
cxtended period of hatching. some nymphal grasshoppers
can bc found nearly all summer long.

Adults and Reproduction

Adults of theredlegged grasshopper are active from
carly summer to the middle of fall. Although dispersa
flights occur, most individuals stay close to where they
hatch. There they feed, reproduce, and face many moral-
ity factors throughout the summer. After flcdging, caged
femalcs require a preoviposition period of 9 to15 days at
86 F before beginning to lay eggs. In nature the females
have been observed ovipositing into sod. The pods are
dightly curved, three-quarters to onc inch long and one-
eighth to three-sixteenth inch in diameter (Fig. 10). The
top third isdried froth, the botom two-thirds contain 20
to 26 cggs. The eggs are 4.1 to 4.4 mm long and pale
yellow. Caged rcdlcgged grasshoppers fed a nutritious
mixced diet Of green leaves produced 336 eggs per fcmalc.
Under similar conditions twostriped grasshoppers pro-
duccd 4 12 eggs per fcmalc. The redlegged grasshopper
has onc generation annually.
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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.

9. Side view end of male abdomen.
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Pfadu Redlegged grasshopper, Melanoplus fermurrubrum (DeGeer)

Population Ecology

Historical records from the late 1800s till the 1980s
indicate that a center of distribution of the redlcgged
grasshopper 1S present in a 78,000 squarc mile arca com-
posed of scetions of lowa. 1llinois, Minnesota, and Wis-
consin. This centcr is an especially favorable zone where
the redlcgged grasshopper is abundant and outbreaks arc
frequent. Populations respond quickly during spring and
summer toreduced rainfall and warm tcmpcraturcsin this
distribution zonc. Within enc to two ycars small popula-
tions may increase to outbreak numbers. Densitics in
these years reach peaks of 200 to 500 nymphs per square
yard. Outbreaks last for two to theee years until normal
rainfal and cool spring tcmpcraturcs reducc populations
back to low noninjurious numbers. The periods of low
densitics range from two years to over five years.

Scptember 1989

In westem states densitics of the redlcgged grasshop-
per Iluctuatc widcly, apparently in response to annual
changes in weather. Large populations develop inirri-
gated ficlds of alfalfa and along roadsides, particularly in
patches of swectclover. This specics may aso add con-
siderably 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 perches
and begin feeding about 7 am. 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 t0 feed between 8 p.m. and midnight. Correlations
of these activitics with temperature have not been made.
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Packard Grasshopper
Melanoplus packardii Scudder

Distribution and Habitat

The Packird grasshopper rimges widely in western North
Amcrici s primarily o rangeland species inhabiting the
Gallgrass, shortgrass, mixedgrass, bunchgrass, and desert
prairics. The specics also lives in ruderal habitats and has
become recognized as an important cropland grasshopper.
reaches high densities in the northern part of its geographic
ringe and lives in mountain meadows at altitudes as high as
DY EIRTCUN

Economic Importance

Because of its usual low densities on rangeland and its
preference (or poor forage plants, such as the scurtpeas. the
Packird grasshopper in its natural habitit causes little dam-
age. Nevertheless in the northern region ot the mixedgrass
prairic. the Packard grasshopper is an important member off
the rangelund assemblage. and itis often second in density
after the dominant species. Melanoplus infuntilis.

This grasshopper has adapted well 10 cropland and rud-
eral habitats including roadsides. fence rows. edges ol culti-
vated lields, abandoned farm land. and Conservation Reserve
Program land. In certain years it develops farge populations
that cause serious damage 10 small grains and allallu. Grass-
hopper surveys conducted in cropland areas of Saskatchewan
from 193 | to 1966 reveal that the Packard grasshopper often
adds substantially to the damage of cereal crops as an impor-
tant member of an assemblage along with Melanoplus

|
sanguinipes and M. bivittats. In certain years the Packard
grasshopper is the dominant species. making up 50 percent ot
the total population. As one moves south the Packard gruss-
hopper becomes less important. I is mentioned as a minor
pest in Kansas. although in Oklahoma it has been recorded us
damaging cotton. vegetables, small grains. and legumes. The
Packard grasshopper is a large species. Dry weight of males
and temales collected from rungeland and roadsides in eastern
Wyoming averaged 14 1 myg and 208 mg. respectively.

Food Habits

The Packard grasshopper feeds on both forhs and grasses.
Examinations of crop contents of grasshoppers collected from
the mixedgrass and shortgrass prairies indicate that the
scurtpeas., Psoralea tenuiflora and P. esculenta, are fed upon
preterentially. Although the contents of the majority of crops
consist of more than one species of plant. a sizeable number
consist of only fragments of scurfpeu. Several other legumes
that grow in the mixedgrass prairie serve as host plants
including Missouri milkvetch, woolly milkvetch, and peavine
(Lathyrus polymaorphus). When available in improved grass-
land. sweetclover and smooth brome serve as preferred host
plants.

A total of seven grasses and 26 forhs have been recorded
from crops of Packard grasshoppers collected from the short-
grass and mixedgrass prairies. The average consumption of
forhs from both mixcedgrass und shortgruss prairies equaled 85
percent. whilc grasses equaled 7 and I3 percent. respectively.
Among seven grasses found in crop contents. blue grama,
sand dropsced. and needleandthread were present in greatest
amounts. The Packard grasshopper also fed on ground litter
including deud arthropods. In rudcral habitats a variety of
weeds serve as host plants including brome grusscs, sweet-
clover. wild lettuce. western ragweed. and sunflower.” In
cropland this grusshopper has fed upon winter wheat, barley.

fall ryc. and altulfa.

Scveral direct observations have been
made of feeding. On July 1 1. 1990 at 10 a.m. DST
one female was seen crawling on the ground. then

stopping to feed ua few seconds on plant litter. She then
movedtoa small peavine plant and reached up her full
length o feed on aleaflet. In aroadside habitat. a mule
(oriented vertical head up) and a female (oriented vertical
heid down) were observed feeding on the petals of yellow
sweetclover. A female on the ground was observed to feed on
a dead darkling becetle. In a study area of the mixedgrass
prairic. wo females on the ground surface were observed
feeding onanunidentitied small lichen growing among moss.

Dispersal and Migration

The Packard grasshopper is a strong tlicr possessing long
wings. In Colorado where the species is regularly resident up

<’

Geographic range of Melanoplus packardii Scudder
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Instar |

Instar 2

[nstar 3

Instar 4

Instar 5

Lol 4.6-5.6 mm FL27-31 mim AS 1A

2. BL S, 1-7.3 nmum FL 3.4-4. 1 mm AS 17-18,

3 HL 7.9-10 mm FL 5.6-6 mm AS 19-21.

S.BLID25.7 nun FLOLOK-135 mum AS 24-26.

Fieures -8, Appearance of five nymphad instares of Melanoplus
packardii thetr sizes, structures, and color patterns. Notice
progressive development of the wing pads. HL = body length, FL
= hind femar lengthe AS = antenoal segments number,

1o 8300 leet. "accidentals™ have been found at altitudes in
excess of [LO000 feet. evidently dispersing 2 minimum ot 10
miles 11 one season. Further evidenee for dispersal consists

al the discovery ol Tive males and cight females on the ice ol
Grasshopper Glacier in the Crazy Mountains of Montana. These
may have originated in 5 mountan meadow about one mile
below the glacier where a resident population lived al an altitude
of approximately 9000 feet. But itis also possible that they
originated from a distant area along with M. sanguinipes and
Andocara ellioni. which were also present on the glacier.

|dentification

Of the three size divisions ol grasshoppers. the Packard
grasshopper is in the large category. I is. however. smaller than
the wo largest species of Melunoplus. the twostriped griss-
hopper and the ditferential grasshopper. The adults have bright
color patterns of tan, brown. and yellow 1 Fig. 6 and 7). Two
conspicuous light tan lines run down the occiput of the head and
disk ol the pronotum (Fig. 8). Wings ure long. reaching to at
least the end of the abdomen and extending as much as 6 mm
beyond. The hind tibiae are red or blue. The male possesses
diagnostic characteristics ol the species: the cerci are spatulate
(Fig.9) and the lobes of the acdeagus project nearly equally
(Fig. t t). This species cannot be separated with certainty from
M. foedus without exposing the aedeagus. accomplished by
lifting und moving the pallium hack. The supraanal plate nar-
rows graduaily to the pointed end. In a collection of grasshop-
pers one may identify the temales hy associating them with the
males using size, markings.and color. The nymphs are identifi-
able by their structures, color patterns. and shape (Fig. 1-5).

1. Head with face ncurly vertical: color of head in instars

I and 1l greenish tan, instars ill 10 V green: heads of all
instars sparsely spotted brown: compound eye fuscous
with many light spots: antennae tilitorm and fuscous,
cach segment ringed anteriorly pale yellow.

2. Pronotum with lateral lobes greenish tan in instar 1,

greenishtan or green in instac 1. green in instars Hl to
V: lateral lobes with few 10 many brown spots in all
instars: disk of pronotum somewhat darker than the
lobes and spots more dense.

Y. Outer medial arca of hind femur with three to four
rows of spots. lirsl row of spots (helow upper carinula)
separate. not coilescing into lines. Hind tibia pale gray
in instar 1. pale green in instar 1. green in instars 11 lo
V: lihia with fuscous lront edge in all instars.

4. General color: instar | greenish tan. instar || green or
greenish tan, instars 11l to V green.

Hatching

The Packard grasshopper is an carly hatching species. First
instars appear in the mixedgrass prairic at the same time as (hose
ol the bigheaded grasshopper. AL ellioni. Although eges of the
Packard grasshopper lic deeper in the soil than eggs of the
highceaded grasshopper and receive less heatin spring. they hatch




Pladt: Packard erasshopper. Melanoplus packardii Scudder

Figures 6- 10, Appearance of the adult male and temale of
Melanoplus packardii, dorsal view of head amd pronotum. end ol
nude abdomen, ind egg pod and cggs.

at the same time due to their advanced developmentin fall In
nature, diapause of eggs is broken during winter and only o1 few
days of warm ground temperatres are required for an embryo 1o
reach the final ecmbryonice stage 27, which then must wail tor
hatching thresholds of temperature and moisture,

{nn the mixedgrass prairie of castern Montana and Wyoming.
cues ol the Packard grasshopper hatch from May 10 carly June
depending on seasonal weather. In difterent years first instars
may appear as carly as May | or as late as May 30,

Nymphal Development

Nymphs devetop atnearly the same rate as the bigheaded
grasshapper. Based on dates of first appearance of nymphs and
adults in the mixedgrass prairic. the nymphal period of the

Tackard grusshopper runges trom 47 10 63 days. Both males and
females develop through five instars 10 become adults, Rearing
nymphs in the laboratory at constant temperatures hus shown that
the Packard grasshopper completes the nymphal periotl in 47
days at 77°F and in 70 days at 70°F.

Adults and Reproduction

Although emigration of some aduits may occeur. the majority
renuin in the same habitat in which the nymphs develop. [n the
mixedgrass prairie ot Colorado. Wyoming. and Montana, both
male and female adults begin to appear in carly July. Only afew
observations have been made of maturation and reproduction ol
this species. In a study site of the mixedgrass prairic in castern
Wyoming the first adults of both sexes were seen || July {9%).
Courting by a male wis observed on 30 July 1990, approximately
20 days after adults began to emerge, The first observation of
oviposition was made 16 August 1990, 36 days after adults began
o cmerge: however, examination of ovaries indicates 1 matura-
tion periad of 2 1 days,

Longevity of adults is relatively long. as decline of densities
in summer are almost imperceptible. An average adult longevity
ol 50 days has been estimated from sampling populations in the
mixedgrass prairic. A large part of the adult population of the
Packard grasshopper lives through the months ot August and
Scptember.

Females ovipositin hare ground and lay a clutchot 16 10 29
cees, aboratory rearing of adult Packard grasshoppers resulted
in an average fecundity of 153 eggs per female al 33°C and 94
cees at 27°Che average numbers of pods was 7.7 and 4.8 per
lemade. respectively.

The padd is slightly curved and | IN inches long and 3/16
inch in diameter (Fig 10), The eges lie in the bottom 3/4 inch:
Iroth occupies the top part of the pod. Eggs are tan and 4.7 10 5. |
nun fong,

Population Ecology

Smatl numbers of the Packurd grasshopper commonly in-
habit grisslands of the West. Densities usually range from fess
than 0. 1 to 0.4 per square yard. Sampling in the mixedgrass
prairic of castern Wyoming indicates that although the species is
one ol the least abundant members of the rangeland geasshopper
asseimbliage. it persists from year 1o year at low densities and docs
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6. BL 27-32 mm FL | 3.X- 155 mm AS 25-27.

7. BL. 32-35.5 mm FL 15.5-18 mm AS 25-27.

s wto S
9. End ol male abdomen showing cercus and supraanal
and subgenital plates.

ill. Egg pod and exposed eggs in bottom of broken
podd.

Muile
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Ptadt: Packuard grasshopper. Melanoplus packardii Scudder

Figure |1 Shape of male acdeagus. view ol felt side.
Drawing hy Arthur R. Brooks.

not track the Ructuations of the dominant species or that of
the assemblage (Tuble 1), However, the Packard grass-
hopper’s abundance in Alberta and Saskatchewan and its
restdency in meadows of the Rocky Mountains at relatively
high altitudes indicate a center of distribution tor the species
in the colder regions of its geographic range. A summary of
relative densities from 1928-44 in a mixedgrass prairie ot
southeastern Alberta show that populations fluctuate and that
in certain years the species may occur in outbreak aumbers,
but no absolute densities are available for these populations.

A Montana study ascertained that the Packard grass-
hopper occupied nine of 3X sites in the mixedgrass prairie
and in one site. consisting ol 19 species wilh 3 density of 10
grasshoppers per square yard. it was second in abundance 10
M. infantilis. The same study found the Packard grasshopper
occupied cight of | | abandoned ficlds. In one of the sites the
Packard grusshopper was the dominant specics at approxi-
mately live per square yard.

In ruderal habitats and cropland the Packard grasshopper
may be a serious pest. The ecological changes brought about
hy crop agriculture have created ideal habitats for no less than
six species of grasshoppers including the Packard grasshop-
per. Crop damaging outbreaks in Alberta and Saskatchewan
have olten consisted of three species: the Packard grasshop-
per. the migratory grasshopper M. sanguinipes. and the two-
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striped grasshapper M. bivittanes, In certain localitios the
Packard grasshopper becomes the dominant species. hut more
otten the migratory grasshopper is dominant. the twostriped is
second. and the Packard is third. Factors that appear 10 have
made ruderal tracts more favorable for these species include
the formation of better cgg-laying sites of drift soil and south-
facing slopes. and the introduction of succulent weeds and
cercal crops that serve as reliable, abundant, and nutritious
sources ol food. Estimates based on relative densities indicate
that the Packard grasshopper may increase o six adults per
syuare yard in weedy roadsides,

Daily Activity

In its natural habitat in the mixedgrass pmiric. the
Packard grasshopper spends most of its time on the ground.
Nights are passed resting horizontally on the ground surfiace
on bare soil or litter. Early in the moming belore the sun has
riscn. late instiar nymphs and adults may sil under canopies of’
grisses or close 10 vegetation, A few individuals rest verti-
cally. head up. on stems ofslimtlowcr scurfpea and silver
sugehrush at heights of 8 to 12 inches.

As soon as the rays of the sun strike their resting places.
the grasshoppers orient a side perpendicular 10 the rays and
may tilt in the direction of the sun and lower a hind leg 10
expose more of the abdomen. Individuals that have spent the
night on vegetation turn their back or a side 10 the sun. Atter
busking for two to three hours (soil surface temperatures
usuilly have risen 10 XO'F and air temperatures 10 70°F). the
grasshoppers become active. A few adults may become active
sooner in courting and mating activitics.

When temperatures become too hot. soil above 120°F and
air above 00°F. grasshoppers cease activities and take evasive
actions. They climb vegetation and rest vertically, head up.
2-10 inches high. They may spread their flexed hind legs and
hold onto :1 grass stem or feaves with their fore and mid legs.
There hus been one observation of basking in the evening at
-4:55 p.m. DST in which an adult male and female resting on
the ground turnced their sides perpendicular 10 the rays of the
sun.

P = present but not found in 200 t-square foot samples.

Table 1. Population tluctuations of grasshoppers in 4 mixedgrass pmiric site of eastern Wyoming (Platte County).

Number per square yard

1968 1969 1970 1971 1972 1973 1974
Melanoplus puckardii 0.1 0.1 0.1 0.1 0.3 P 0.2
Agencotettix deorum 3.4 22 0.8 1.2 0.8 1.3 3.3
Assemblage of 19 spccics 12.8 6.1 2.9 5.6 4.0 3.3 10.5
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Migratory Grasshopper

Melanoplus sanguinipes (Fabricius)

Distribution and Habitat

The migratory grasshopper, Melanoplus sanguinipes
(Fabricius) 1S widcly distributed in North Americaarid
lives in amultitwde of habitats. It is a common inhabitant
of grasslands, mcadows, and (iclds of small grains and al-
fafa. f lost plantsinclude many kinds of forbs and
grasscs. Dcpending on availability of plant specics, it
may bc cither amixed herbivorous or aforbivorous
{ceder.

Food Ilabits

Examinations of gut contents show that the migratory
grasshopper is usualy feeding on several specics of plants
inits habitat. Thisbehavior isimportant in its ecology
because |aboratory studics have demonstrated that a
mixed dict affords individual grasshoppers better nutri-
tion. Although polyphagous the migratory grasshopper
sclects host plants from its habitat. Preferred foods in-
clude dandclion, tumbling hedgemustard, charlock mus-
tard. pcpperweed, westem ragweed, cheatgrass bromc,
Kentucky blucgrass, barley, and wheat. Nymphs and
adults ingest dry materials lying on the ground surface
including plant litter, catde manure, and bran flakes.

Capaci ty for Increase
The migratory grasshopper has a great capacity for
incrcase. Large populations develop in disturbed or cul t-
vated land, c.g., overgrazed rangeland, crops of small
grains, reverted ficlds and roadsides.

]

Know? general distribution of
Melunoplus sanguinipes (Fabricius)
in North America. ‘

1

In afavorable ycar, a noneconomic population of three
adults per square yard can reproduce o that in the next
year the population may reach an outbreak density of 30
adults per squarc yard. Over a period of severd favorable
years, densities may reach enormous numbers. [n 1938 in
northcastern 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 range-
land. Restraints Of weather and encmies (predators, para-
sites, and diseases) usualy keep populations from increas
ing to such a high degree. Densities arc normally be-
tween 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
rescarch has revealed that migratory behavior isinherent
and regularly displayed. Much variahility occurs, how-
ever, among diffcrent populations. The grestest degree of
migration has been found in populationsinhabiting areas
where resources are patchy and unpredictable, asin Ari-
zona and New Mexico. The least degree of migratory
behavior wasdetected in a population inhabiting arela
tively lush and stable environment in Colorado.

Theolder 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.
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Instar1

Instar 2

Instar 3

Instar 4

Instar 5

2. Body length 6-8 mm. Antennalsegments 16-17.

5. Body length 14-23 mm. Antennal scgments 22-24.

Figures |-5. Appcarance oOf the five nymphal instars of M.
sanguinipes—ithceir sizes, structures, and color patterns.
Notice progressive devclopment of the wing pads and the
black spot at the base of metathoracic wing pad, especidly
evident in picture of sccond instar.

Adultsarc highly migratory in their prcreproductive
stage. Swarming occurs on clear days when temperaturcs
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 usualy 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 moming
they continue their migration. From trials of marked
adults, individuals are known to travel 30 milesin 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 aslow 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 2,000-
3,000 feet above ground. Pilots of commercia 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 be seen at great distances.

Identification

The migratory grasshopper, Melanoplus sanguinipes
(Fabricius), isamedium sized representative of thislarge
genus.

The nymphs (Fig. 1-5) are identifiable by their spots
and color patterns.

(1) Compound eye with many light spots, narrow

brown bar across middle.

(2) Narrow pae ydlow crescent on gena below eye

and continuing on pronotal lobe to principal’
sulcus.

(3) Metathoracic wing pad with black spot near
base.




Pfadt: Migratory grasshopper, Melanoplus sanguinipes

Figures 6-9. Appearance Of the adult male and female of
M. sanguinipes and two diagnostic characters of the
male—the shape of ccreus (Fig. 8) and the notch in the
apex Of the subgenital plate (Fig. 9). Notice the two dif-
ferent color forms of hind tibia-red and paic bluc.

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

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

(6) General color of majority tan or gray, few light

green,

Adult males (Fig. 6) arc easily identificd by the shape
of the cereus (Fig. 8) and the notch of the subgenital plate
(Fig. 9). Thefcmalcs (Fig. 7) are dightly larger than the
males and can be associated with them and distinguished
by their similar color pattcms. Hind tibiablue green or
red.

Hatching

The migratory grasshopper iS an carly hatching spe-
cics appearing on rangeiand about onc weck after the
bighcadcd grasshopper begins to hatch. Scvenl environ-
mental factors, especially soil tempenturc and moisture,
affect the exact timing and duration of this cvent. Hatch-
ing starts first along open south slopes, in ficlds and
rangeland with little vegetative cover, and in sandy soils.
f latching isretarded by heavy clay loam soils and by tall
vegetation that shades the ground. In any one year, a
mosaic oOf these conditionsin an arca aswell asbelow
normal tcmperatures may extend the hatching period to
six weeks. The duration of hatching is shoriened by uni-
form soil and vegetation and high temperatures and may
be completed in three wecks. For complete embryonic
devclopment the eggs require 527 day-degrees above a
threshold of 50 F soil wemperature. Under favorable con-
ditions 80% of development occurs during the summer
that the cggs are laid and 20% the following spring.

Nymphal Development
Nymphs develop and grow during latc spring when

weather is usually warm and food plants arc green and
abundant. Under these favorable conditions the young
grasshoppers pass through the nymphal stage in 35 days.
Cool weather, however, may lengthen the nymphal stage
to 55 days. Nymphal instars rangc from fivc to Six. The
females usually require the larger number.

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

and may continuce for three or four wesks. The first adults

to emerge have the best chance fOr reproductive success.
At thistime there iSmore likely to be an abundance of
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Malc

Femde

Note Cercus

8. Side view end of malc abdomen.

| Note Notch

9. End view of male abdomen.
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green foad plants {0 provide the nourishment nccessary
for rapid cgg production. In addition the first cggs laid
will usually cxpericnce more favorable Soil moisture and
have alonger time t0 reach an advanced developmental
stage beforc entering diapausc.

The females have a prcovipsition period of two to
three weeks. During thistime they increase in weight and
maturc their first group of 18 to 24 cggs. The malc iSable
to rccognize amature, Virgin fcmalc and performs a short
courtship in which hc waves hisantennac and vibrates his
hind fcmora beforc he makes a sudden copulatory leap
onto the female. A mated femalc oviposits around six
daysiater and takes nearly an hour to perform this act.
Healthy adults copulate many times during the reproduc-
tive period.

Thefemalcs deposit their eggs on rangeland among
the roots of blue grama grass. In cropland they often
deposit them around the base of wheat swbble or alfafa
Pods areslighy curved, onc inch long and one-eighth
inch in diameter. They are positioned somewhat verti-
cdly inthe soil. The top half of the pod is dricd froth, the

bouom half contains the eggs. The midpoint of the cluich
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 atotal of 400 cggs. The average
fecundity in nature is unknown, but may not bc more than
20 cggs.

Daily Activity

The migratory grasshopper, adiurnal insect, isordi-
narily active during the day and inactive at night. The
activitics of both nymphs and adults are largely controtled
by tcmpcrature. Most feeding occurs between 8 and 11
a.m.; most mating bctween 8:30 am. and 12 noon; and
oviposition through the day. When tempcratures drop in
the evening the grasshoppers form aggregations on the
ground and may even seck protection from the cold.
They remain inactive a night and only start activity the
next morning when temperaturesrise. J. R. Parker cate-
gorized their activities and correlated these with air and
s0il temperatures (Table 1).

Table 1. Activity of nymphs and adults of the migratory grasshopper, Melanoplus sanguinipes (Fabricius) cor-
related with air and soil temperatures (After Parker 1930).
o Average temperature °F
Name of activity Description Nymphs Adults
Air Soil Air  Sail
Beginning of activity Basking, exposure to sun 61 75 62 / 79
Beginning of normal activity Feeding 64 92 66 94
Starting migration 71 94 84 112
Starting oviposition 71 100
Beginning of climbing to escape heat Climbing vegetation 81 113
Beginning of clustering Aggregating on ground 69 87 71 88
Ending of activity Ceasing to move or hiding 66 77 69 79
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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 10 be an important factor in
outbreaks of the species due to better nutrition. Abandoned
farmland and Conservation Reserve Program (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
forage 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 | | days
averaged 365 mg for live males and 530 mg for live females
(dry weight: males | 10 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 filaree, tumbkmustard.
draba mustard. pepperweed, and cheatgrass brome. 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-
thistle 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 resort 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
provided 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 miniature rose (variety Meiponal) bearing leaves and
blooms were transplanted 2 August 199 | in an abandoned field
12 miles south of Mountain Home. Idaho. Except for Russian-
thistle. the field contained only dry vegetation and ground
litter. Shortly after king transplanted in the morning, the

rose began to attract 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 grasshopper either stood on the ground or
held onto the plant with the midlegs and hindlegs and used the
ffront tarsi to hold the leaf and direct it to the mouthparts. Some
grasshoppers cut through the petiole of leaves. which fell to the

Geographic range of Oedaleonotus enigma (Scudder)
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Figures 1-6. Appearance of the six aymphal instars of
Ocduleonotus enigma — their sizes, structures, and color pat
tems. Notice progressive development of the wing pads. B
body length, FL = hind femur length, AS = antennal segmer
number.

ground. Fallen leaves were eaten by grusshoppers still crawling
on the ground. The grasshoppers also fed on the bracts and
petals of flowers.

Valley grasshoppers were also offered transplanted spear-
mint. They fed on this plant in essentially the same way as on
rosc. They were observed to walk to the mint and then began to
feed on the edge of the leaf down to mid rib and beyond. They
also climbed the plant and then began to feed. Grasshoppers on
the rosc and mint assumed various orientations suited to their
fecding on the edges of leaves. At times they fed on the centers
of leaves by folding them.

Dispersal and Migration

Slow dispersal of older nymphs and adults occurs almost
daily. During an outbreak nymphs tend to migrate in concen-
trated bands of 20 to 30 per square yard. The grasshoppers may
move in one direction while following or entering a draw with
greener vegetation or they may spread out in all directions.
Populations are known to move from abandoned fields and
rangeland into irrigated crops.

Long-winged adults may disperse by flight. They are able
to fly from deteriorating habitats into more favorable areas.
Evidence for such flights comes from a drought-stricken habitat
12 miles south of Mountain Home. Idaho. On 24 June 1991 a
dense population of young aduits consisted of 54 percent mac-
ropterous and 46 percent brachypterous individuals. Sixteen
days later the population had significantly decreased in density
and consisted of only 18 percent macropterous and 82 percent
brachypterous, indicating emigration out of the area by a major-
ity of the long-winged adults.

Evasive flights of adults are straight, silent. and range from
4 to 8 feet in distance and 4 to 10 inches in height. On landing
they face directly or diagonally away from the intruder.
Brachypterous adults evade an intruder by jumping distances of
2 to 8 feet. The larger, stronger individuals jump farther than
the smaller grasshoppers.

In spite of its importance to integrated pest management of
destructive populations, no special study of the dispersal and
migration of the valley grasshopper has been made. We do not
know the length nor height of flights. nor whether macropterous
adults leave their original habitat individually, in groups, or en
masse.

Identification

The adult valley grasshopper is a medium-sized. colorful,
spurthroated grasshopper (Fig. 7 and 8). The tcgmina range
from short to fong. Short tegmina are as long or longer than the
pronotum.  Scven other species of the genus Oedaleonotus can
be distinguished by their possession of tegmina shorter than the
pronotum, and the tegmina are usually narrow and widely sep-
arated. These scven species are distributed mainly in California.

Valley grasshoppers with fong tegmina also have long
hindwings that are functional organs of flight. Adults with short
tegmina have even shorter, nonfunctional hindwings.
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Figures 7- 10, Appearance of the adult male and female, the
nutle cereus, and the egg pod and cpgs.

The anterior edge of the pronotum has i narrow, conspicu-
ously white to cream-colored hand. giving this grasshopper the
appearance of wearing a clergyman’s collar. .

The medial area of the hind femur is marked with fuscous
chevrons separated hy light tan lines. The proximal end of the
inner medial area and the lower marginal area are colored orange.
The hind tibiae are blue. The cercus of the male is broad basally
with apex abruptly narrowed and fingerlike (Fig. 9).

Nymphs are identifiable by their color patterns, structures,
and shape (Fig. 1-6).

t. Head. Fuce slightly slanting. vertex and occiput with
fuscous hand down middle divided by narrow cream-
colored line. Antennac filiform. first two segments
pitle tan or yellow with several darker spots. remainder
of segments fuscous. each with narrow light ring on
anterior edge. Compound eye with many cream-
colored spots in brown reticulum. relatively large dark
spotneir center.

2. Thorax. Disk of pronotum dark brown with longi-
tudinal cream-colored. narrow, fusiform band down
middlc. The entire dorsal light band begins on head
and extends onto abdomen becoming faint posteriorly.

Y. Hindleg. Medial area of hind femur with fuscous
chevrons that are broken in middle at proximal half:
hind tibia light gray with tuscous maculations.

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

Hatching

Overwintering as cggs in an advanced embryonic stage.
valley grasshoppers hutch early in spring. Hatching may start
in earty April in Nevada and Idaho and continue for 4 month
or longer. Hatching usually occurs in the morning when air
temperatures are between 45° and 90°F and soil temperatures
are between 76° and Y8°F.

Nymphal Development

Upon hatching in early spring the nymphs usually have a
plentiful supply of food. but because of cool weather during this
time of year they develop slowly. becoming adults in about 42 to
50 days. Compared with later-hatching species. the valley
grasshopper has a long nymphal period. due to both the cooler
temperatures and to the greater number of nymphal instars, six
instead of the usual five. The pmpottion of males to females is
nearly 12 1L In ditferent years, the proportion of short-winged
adults to fong-winged adults ranges from all short-winged to
over M) percent long-winged. Laboratory tests indicate that
temperature may be one factor that influences this proportion.
Cooler developmental temperatures (constant 80°F) result in
greater proportions of long-winged adults. while warmer tem-
peratures (constant 100°F) result in more short-winged adults.
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6. BL IS-21.S mm. FLY.5-11.7 mm. AS 23-25.
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10. Egg pod and eggs.
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Pfadt: Valley grasshopper, Oedaleonorus enigma (Scudder)

Adults and Reproduction

Although many adult vatley grasshoppers disperse from
their nymphal habitats. variable numbers remain and reproduce.
even in a deteriorating habitat. In a north-central Nevada site in
1954 when average temperatures were slightly above normal,
the first adults appeared on 22 May, mating pairs were noted 20
days later. and egg deposition began two weeks after mating.
Eggs bepin development uponbeing laid in summer: by fall they
reach an advanced developmental stage (after blastokinesis.
stage 23). and then go into diapause. During winter the diapause
is broken and warmuing 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 16 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. 10).

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
(Tachysphex). which provision their offspring with nymphs of
the valley grasshopper. reduced a population in south central
ldaho 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. Neorhyncho-
cephalus sackenii (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.
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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 12 miles south of Mountain Home, Idaho was
observed for three days in August 199 1. 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 humber 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 temperatures | 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, theh 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 8:30 a.m. when surface soil temperatures had risen to 82°F
and air temperature 1 inch above ground level to 67°F. The
grasshoppers fed on ground litter and on dead or dying
bigheaded grasshoppers, Aulocara elliotti. By 10:45 a.m.
ground temperatures mse to 110°F. inducing grasshoppers to
elevate their bodies off the soil surface by stilting (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 grasshop-
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

The bighcaded grasshopper, Aulocara elliotti
(Thomas), distributed widely in western North America,
inhabits avaricty of grassands from southern Canada to
central Mexico. Large populations develop in the
mixcdgrass, shortgrass, and bunchgrass prairics and in
desertgrassland.

Economic Importance

The bigheaded grasshopper is ascrious pest of
grasses. It is often the dominant species in outbreaks on
rangeland. Survey records reved that it may reach densi-
ties of 20 per square yard in the mixedgrass prairic and 40
per square yard in desert grassland. Such high densitics
destroy the value of rangcland for grazing of livestock
and may even lay the land bare, opening it to wind and
watcr crosion. More often, the bighcaded grasshopper is
destructive at lesser densities as a dominant member of an
assemblage of species. Although medium sized for a
grasshopper, it isone 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 131 to 230 mg (average 189 mg). In the
desert grasslands of Arizonathe bighcaded grasshopper
growseven larger.

'Y
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This grasshopper not only reduces grass forage by
consuming it but also by cutting it down. The cut grass
may become litter but it may also be used for food by
grasshoppersincluding the bighcadcd grasshopper and by
other insects that feed on the ground Ficld cagetests 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.

Food Habits

The bighcadcd grasshopper feeds mainly on the green
leaves of grasses and sedges. It often attacks a plant by
climbing ablade, turning around head down, and chewing
into the leaf at various distances from the tip. The grass-
hopper frquently 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 aso 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 that the mgjority 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, athough one spe-
cies of plant is most abundant in a crop. Depending on
availahility, the bigheaded grasshopper grazes heavily on
blue grama, western wheatgrass, ncedlcandthread, thread-
leaf sedge, and needleleaf scdge. Crested wheatgrass, an
introduced forage plant, is a preferred and nutritious host.
From direct observations and crop cxaminations, this
grasshopper is known to feed on two specics of sedges
and 22 specics Of grasses.
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lustar |

Instar 2

Instar 3

Instar 4

Instar 5

5. BL 14.5-19.5mm FL 9.5-11.1 mm AS 22-25.

Figures 1-5. Appearance Of the five nymphal instars of
A. elliotti - their sizes, structures, and Color patterns.

Note the progressive development of the wing pads.

BL = body length, FL = hind femur length, AS = antcnnal
segments number.

Migration and Dispersa

Wwith 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.
stlendy, low (4 to 12 inches), and short distances (2to 7
feet). Evasive flights may be with the wind, into the
wind, or across the wind.

Although no specific 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
Arizonaand one in Wyoming, sites that were found with
no or few bigheadcd grasshoppers at one sampling date
had high densities of adults afew days later. Migrantsin
Arizona have been recorded as traveling distances of one
to seven 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 bigheaded grasshopper arose
from areas of the mixedgrass prairie lying northeast of the
mountains at lower altitudes, where outbreaks occur
repeatedly.

| dentification

Adults of the bighcaded grasshopper are of medium
size and usualy colored gray with fuscous markings.
They posscss relatively large heads with dightly slanted
faces and have 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™; scveral other pattems, howecvcr, exist in every
population (Fig. 8). The hind femur has two black bars
on the upper part of medial area; bars continue on upper
marginal area, and around onto inner medial area; the
knee is black. The hind tibia is medium blue. The male
(Fig. 6) issmaller than the female (Fig. 7).

The nymphs (Fig. 1-5) are identifiable by their color
patterns, structures, and shape:

(1) Hecad with lateral foveolae triangular and visible
in dorsal vicw; antennac filiform but flattened:
face modcratcly slanted.

(2) Pronotum with disk patternslike the adults,
chicfly with light linesin form of an “X™.

(3) Hind femur with two dark bars on upper part of
medial arca and four 1o seven dark spots on



Pfadu Bighcadced grasshopper, Aulocara elliotti (Thomas)

Figurcs 6-10. Appearance Of the adult male and femalc of
A ellioui, diagnostic characters, and the cgg pod and
several eggs Shown in situs in the opencd pod.

tower carinula. Hind tibiabluc with three dark
annuli.

(4) Color drab gny and tan with fuscous markings.

Females of A. elliotii and A. femoratum arc distin-
guishable by the shape of the posterior margin of the
cighth abdominal stcmum. In A. elliotti the posterior
margin iswithout deep clefis (Fig. 9); in A. femoratumthe
posterior margin has two deep cicfts.

Hatching

The bighcadcd grasshopper is an early hatching spe-
cics. Eggs begin embryonic growth in the summer of
deposition and continue until they attain 60 percent of
development (stage 19 embryo). Because the eggs arc
laid in earty summer and at a shallow depth (average
depth three-cighths inch), they arc cxposed to warm tem-
peratures 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 alarge toll.
Density of eggs decreases 54 percent between fall and
spring.

Exposed to low soil tempcraturcs, cggs break dia-
pausc during winter. In the laboratory cggs held at 37 to
4 1 F break digpausein 80 days. With warming spring
temperatures, the SOil temperature rising to 50 F and
above, the cggs resume cmbryonic devclopment. They
complctc the process after cxposure to 450 day-dcyccs
(basc 50 F) of heat and arc ready to hatch. Emergence of
the first instars occursin mid-spring mainly during morn-
ing hours, and especially when the temperature isrising
rapidly and the sail is moist. Eggs of a particular pod
hatch in succession within scconds of cach other. On the
surtace Of the soil the young grasshopper SQUIrmSs 1o free
itsell from the embryonic membrane. It usualy tikes six
to cight minutes to complctc this process and crawl away.
During thistime the young grasshopper iS vulnerabic to
predation by ants:

Nymphal Development
Nymphs cmcrge in mid-spring over aperiod of three
to four weeks. They fecd and devclop in the same arca as
they hatch. Nurtured by warm spring weather and. nutri-
tious green grass, they complctc nymphal development in
36 to 42 days. The males, usualy with only four instars,
devclop faster than the females with five instars.

Scptcmber 1989

Male

Female

Patterns

Sternum

Egg Pods

10. Two cgg pods. onc opened to show eggs.
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Pfadt: Bigheadcd grasshopper, Aulocara elliotti (Thomas)

Adults and Reproduction

Adults of the bighcadcd grasshopper may disperse to
new habitats, but most often they remain in the same arca
where the nymphs hatched and devcloped. There they
feed, mature, reproduce, and eventually are eaten by a
predator or die from other causcs.

Female adults become receptive to mating when they
arc six to eight days old. Pair formation and courtship
consists primarily of visual cues. Normally the male
makes a quick approach to the femae and slently 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
arc12to 20 days old (average 15 days). When ready to
lay eggs afemale will select one of the many bare arcas in
her habitat and work her ovipositor into the soil. She then
deposits in the top one-half inch of soil seven to nine eggs
which become enclosed in atough pod. Immediately
after ovipositing afemale spends a minute actively
sweeping soil particles over the hole left by extraction of
her ovipositor. She performsthisfinal 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 individualy in field cages and fed |eaves 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 afemde 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 daysand a

fecundity of 15 eggs per female under natural conditions.
Thereisone generation annually.

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

Populations of the bigheaded grasshopper irrupt fre-
quently inthe mixcdgrass prairic and in desert grassands.
Populations may increase gradually, doubling their num-
bers cach year for a period of three or four years. Thenin
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-
tive composition of the vegetation, and environmental
relcase (favorable weather and fewer enemies). Scicntists
doing research on population ecology have yet to gather
enough data to make firm conclusions on the causes of
outbreaks of the bigheaded grasshopper.

Once the bigheaded grasshopper has reached an out-
break condition, the population may continue a high
densitics for five or more years. For generally unknown
reasons. populations eventually decline or crash. In afew
cascs, however, causes are apparent. Naturally occurring
diseases such as Noscma may decimate populations, and
insecticidal control can reduce densitics much below the
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 perpen-
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 changesin direction),
feeding, mating, and egg laying. Activity ows when air
temperatures rise to 90 F and soil tcmpceraturcsto 120 F.
Usually they seek the shade of small shrubs and rest on
the ground or litter. They may also raisc up on their legs
to hold their bodies off the hot surface. As temperaturcs
decline in the afternoon. they again take up normal activi-
ties. Two to three hours before sunsct 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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Clearwinged Grasshopper
Camnula pellucida (Scudder)

Distribution and Habitat

The clearwinged grasshopper, Camnula pellucida
(Scudder), is distributed widcly in North America. It
inhabits a varicty of grasslands including the northcrn
mixcdgrass prairie, the palousc prairic, and mountain
meadows. A resident population lives in a mountain
mcadow at 10,800 ft in Colorado, just below timberiine.

Economic Importance

The clearwinged grasshopper is a scvere pest of small
grains and grasses. It is most destructive carly in the
scason when it often completcly destroys spring whcat.
Outbreaks on rangclands may devastate grass forage in
arcas as large as 2,000 sq milcs. A population with a
density of 20 adults per sq yd will consume the entire
available yicld of forage grasscs on rangclands of British
Columbia. Cagc plot tests on native grassland of interior
British Columbia showced that the fceding of this grass-
hopper during its nymphal lifc reduced the yield of
Kentucky blucgrass by 5.1 pounds per acre for cach grass-
hopper per squarc yard. An infcstation of onc young
adult per square yard reduced yicld onc pound per day
ovcr onc acre. Swarms may invade vegetable crops and
feed preferentially on onions, lettuce, cabbage, and peas.

Food Habits

The clcarwinged grasshopper fceds mainly on
grasscs. It prefers succulent plants of western wheatgrass,
reed canarygrass, barlcy, and wheat. Ficld observalions at
scveral locations show that it feeds heavily on many spe-
cics of grasscs, including fcscucs (Idaho fescue and red
fescuce), blucgrasses (Sandberg blucgrass and Kentucky
blucgrass), whcatgrasscs (western wheatgrass and crested
whcatgrass), bromes (chcatgrass brome, smooth brome,
and soft bromc), and slender hairgrass. These grasses arc
not cqually nutritious. The most {avorable singlc specics
dicts consist of red fescue, three species of blucgrass,
wheat, crested wheatgrass, and inlcrmediate wheatgrass.
In its natural habitat, the clcarwinged grasshopper con-
sumes small amounts of forbs such as fireweed and scv-
cral specics of legumes.

Migration and Dispersal

Myriads of the clcarwinged grasshopper hatch in egg
beds that may contain as many as 3,000 to 100,000 eggs
per sq ft. Pressure of high densitics and depietion of food
result in movement of the young nymphs away from egg
beds to the ncarcest green vegetation. Immature grasshop-
pers continue to disperse through all of the nymphal stage.
The older instars march in cohesive bands.

Adults may migratc long distances in huge {lying
swarms at cither low or high altitudes, but in recent years
only small swarms in flights of short duration have been
obscrved. These flights may occur in the afternoons of
hot, sunny days. Masses take off into a genue wind and
fly distances of one hundred to several hundred yards.
When egg laying begins, migration ceases but females fly
back and forth between feeding grounds and egg beds.
They move (o the egg beds during the heat of the day

for oviposition. After a particular female dcposits a
cluich of cggs, she [lies back to the fceding
grounds in the evening or the next moming and

stays there until another batch of eggs is mature.

The males appear to remain on the egg beds outnumber-
ing and attending the fcmales as they oviposit. Males
eventually die on the egg beds.

Migratory behavior is not characteristic of all popula-
tions of the clcarwinged grasshopper. Individuals infest-

Geographic range of Camnula pellucida (Scudder)
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Instar 1

Instar 2

Instar 3

Instar 4

Instar 5

3. BL7.3-8.9mm. FL4.7-52mm. AS 18.

4, BL 10-14.5 mm. FL 6-7.2 mm. AS 20-22.

5. BL 14-20 mm. FL 8.4-9.9 mm. AS22-25.

Figurcs 1-5. Appecarance of the five nymphal instars of C.
pellucida—their sizes, structurcs, and color patterns. No-
licc progressive development of the wing pads. BL =
body length, FL = hind femur length, AS = antennal seg-
ments number.

ing sodded pasturc near Hamey, Minnesota, exhibited
little movement. Nymphs developed to maturity close to
where they had hatched and the adults showed little ten-
dency to migrate, flying only short distances. Maling and
egg laying occurred in the same area where eggs had been
deposited the previous year.

Identification

Adults of the clearwinged grasshopper are of medium
size, yellow to brown, and possess mottled forewings and
transparent hindwings (Fig. 8). The forewings have along
their angles light stripes that in the resting grasshopper
with closed wings converge near the middle. The male
(Fig. 6) is noticeably smaller than the female (Fig. 7).
First instar nymphs are strikingly colored cream, tan, and
black (Fig. 1).

The nymphs (Fig. 1-5) are identifiable by their color
patterns and external structures:

(1) Head with lateral foveolae triangular (Fig. 9).
Usually a dark bar crosses transversely across
front of head under antennal sockets, across
lower part of compound eyes, and onto sides of
head.

(2) Pronotum with median carina low but uniformly
elevated; median carina entire (without notch) in
early instars, notchcd once in front of middle in
the older instars (Fig. 9). Pronotum with lateral
carinac clearly defined (Fig. 9).

(3) Hind tibia fuscous in first to third instar, fuscous
or tan in fourth and fifth instars.

Hatching

The clearwinged grasshopper is an early hatching
species. Eggs begin embryonic growth in the summer of
deposition and continue until they attain 30 to 50 percent
of development. To reach the advanced stage, they re-
quire 400 day-degrees of heat at which point diapause
stops further summer development. Lack of soil moisture
may retard this initial development.

Diapause in eggs is broken during winter. At41F
eggs require a minimum of 70 days of chilling. The rise
of soil temperatures above a threshold of 55 F the follow-
ing spring starts the final stages of embryonic develop-
ment. After experiencing 150 day-degrees of heat, the
eggs are ready to hatch. Emergence begins when soil
temperature reaches 80 F and air temperature 65 F.
Hatching of all eggs in an individual pod may be com-
pleted on the same day but this process generally lasts two
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Figurcs 6-10. Appcarance of the adult male and female of
C. pellucida, diagnostic characters, and the ¢gg pod and
scveral loose cggs.

to four days. A warm spring and favorable soil moisture
shorten the hatching period of all the eggs in a bed. Be-
causc the hatching period may be completed in 12 days,
thc nymphs scem to appear en massc on bed grounds.
Cool, dry weather, howcver, may dclay the start of hatch-
ing by a month and may extend the hatching period for a
month or longer. Hatchlings emerge in the moming when
temperaturcs are rising rapidly, cspecially afier a shower
the previous evening. Hatching begins around 9 a.m. and
reaches a maximum betwecn 11 a.m. and 12 noon.

Nymphal Development

The nymphs disperse quickly in search of food when
large numbers of hatchlings are present on egg beds of
native sod. Movement may be in any direction and often
continues through the entire nymphal stage. Invasion of
young fields of wheat at this time results in extensive crop
damage. Nymphs exposed 1o warm temperatures and
nutritious food plants complete development in 26 days.
Less favorable conditions may extend this period to 40
days or longer.

Adults and Reproduction

Because nymphs of the clearwinged grasshopper
devclop faster than those of the twostriped, adults of the
clearwinged may appear first. The young adults are dark
brownish gray, but as they mature, they turn lighter.
When they become scxually active on the breeding
grounds, they tum bright ycllow. In laboratory cages
under conditions simulating the natural environment,
males become reproductively mature in five o seven days
after fledging and fcmalcs in seven to ten days.

Courtship by the male involves holding the antennae
upright in a V-shape and moving the hind femora rapidly
up and down and against the tcgmina (ordinary stridula-
tion). The male climbs onto the back of a receptive
female and quickly lowers his abdomen down to make
genital contact. Perched precariously and 1o one sidc, the
malc often becomes dislodged and comes to rest on the
ground at the side of the female or is pulled along behind
her.

After a copulatory period averaging 55 minutes, the
female sceks a suitable oviposition site by probing in sod.
She digs her abdomen down among grass roots by open-
ing and closing the ovipositor valves and quickly lays
(average ime 22 minutes) a clutch of 28 eggs (range
10-38) in the top inch of soil. She then covers the hole
with a back and sideways motion of the hind legs. The
females, in seeking favorable sites for oviposition, often
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Male
6. BL 19.5-21.5 mm. FL 10.5-11.8 mm. AS 25-29.
Female
Wings
8. Forewing (tegmen) and hindwing.

10. Egg pod and four loose eggs.
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Pfadt Clearwinged grasshopper, Camnuda pellucida (Scudder)

aggregate on cgg beds that may range from a few squarc
yards to0 20 acrcs or morc depending on size of the grass-
hopper population.

Pods are short and stout, 5/8 inch long and 3/16 inch
in diameter, and arc slightly curved (Fig. 10). Eggs arc
light brown and 4.7 mm long. Confincd in [icld cages on
winter wheat and Kentucky blucgrass at Saskatoon,
Saskatchewan, females averaged 60 days adult life and
produccd 8 pods or 180 cggs cach. The cicarwinged
grasshopper has onc gencration annually.

‘Population Ecology

Populations of the clcarwinged grasshopper exhibit
cxtremes of abundance and range. The species can
remain virwally unsecn for five to ten years, then increase
gradually over three to four years and rcach peaks the
following two to three years. During the period of
increasc, a population may spread from a few acres of
rangeland to more than 2,000 square miles. These out-
breaks consist almost entircly of the clearwinged grass-
hopper. The causc of outbreaks appcears (o be a combina-
tion of favorable weather, nutritious host plants, and
rcduced rates of predation, parasitism, and discasc.
Weather that supports population growth consists of
above normal tcmpcratures in spring and summer and suf-
ficient rain to keep host plants green and succulent, par-
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ticularly fcscuc, blucgrass, and wheat. Crashes of dense
populations arc caused by cpizootics of the fungus,
Enlamophaga grylli (Fresenius) pathotype I by drought
resulting in starvation of nymphs or adults; by below
normal spring and summer tcmperatures that rctard devel-
opment of nymphs and rcproduction of adults; or by low
soil tcmperatures in winter that may causc up to 100 per-
cent mortality of cggs.

Daily Activity

The clcarwinged grasshopper, a diumal insect, is
active during the day and inactive at night. During the
night it rests in sheltered places protected from the cold.
As the moming sun warms the habitat, the grasshoppers
slowly crawl from their hiding placcs and seck sunny
positions aggregating on bare soil, earth clods, and dricd
caule dung. As temperaturcs rise further, the grasshop-
pers start moving about and feeding. They are active
during the greatcr part of the day. If the ground becomes
to0o hot, they crawl up stems of plants a distance of 2
inches. Just before sundown, they seck stones and other
objects that have rewaincd heat and oricnt their sides to the
sun. As the habitat continues to cool, they crawl to shel-
tered places and become hidden. Several weather ele-
ments, particularly tcmperature and radiation of the sun,
modify bchavior (Table 1).

_‘{‘ AT -

Name of actmty
Beginning of activity
Begmmng of normal acuvxty ‘

Beginning of Euniiéing' ) escaﬁé_héat R
Beginning of clustering in evening
Ending of activity -

: Tablc 1. Acnv:ty of nymphs and aduits. of thc clcarwmgcd gmsshoppcr Camnula pelluada (Scudder) corre-
‘f*'laxedmthauandsoiltcmperamm(Aﬂcharkuww) : o

7 'Starung owposnuon
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