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Summary. A study was conducted to evaluate differences 
in rangeland grasshopper communities over environ- 
mental gradients in Gallatin Valley, Montana, USA. The 
concept of habitat type (Daubenmire 1966) was used 
as a basis for discriminating between groupings of 
patches based on vegetation. A total of 39 patches were 
selected that represented five recognized grassland habi- 
tat types (Mueggler and Stewart 1980), as well as two 
disturbed types (replanting within a known habitat 
type). Repeated sampling in 1988 of both the insect and 
plant communities yielded a total of 40 grasshopper 
(19 664 individuals) and 97 plant species. Detrended Cor- 
respondence Analysis (DCA) indicated that patch classi- 
fications based on presence and percent cover of plants 
were appropriate and showed good between-group (hab- 
itat type) separation for patches along gradients of pre- 
cipitation/elevation and plant community complexity. 
Results from undisturbed habitats showed that plant 
and grasshopper species composition changed over ob- 
served environmental gradients and suggested that habi- 
tat type influenced not only species presence, but also 
relative abundance. Discussion is presented that relates 
results with patch-use and core and satellite species para- 
digms. 

Key words: Patterns - Patch use - Grasshoppers Com- 
munities - Habitat type 

Ecologists have long recognized variation in plant and 
animal communities along environmental gradients such 
as elevation, moisture, and temperature, More recently, 
emphasis has been placed on identifying and explaining 
the ways in which environmental factors influence co- 
occurring species. Through the study of patches and 
patch dynamics, ecologists have been able to identify 
patterns and occasionally processes that are important 
to the understanding, conservation, and management of 
natural systems (Pickett and White 1985). 
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The grasslands of the Northern U.S. Rocky Moun- 
tains present wide variations in patch structure to impor- 
tant insect herbivores such as grasshoppers. Within the 
array of grass and shrub patches in western Montana 
(in aggregations called habitat types (h.ts.), Mueggler 
and Stewart 1980) available for exploitation by grass- 
hoppers, several environmental gradients have been 
identified (Weaver 1979a, b). However, little work has 
been done on the structure of the grasshopper communi- 
ties inhabiting the mosaic of habitats in this region (An- 
derson 1973). 

A major question still facing ecologists involved with 
conservation and management is how grasshopper com- 
munity composition varies in space. In this study, grass- 
hoppers were selected as the representative and domi- 
nant herbivores and our main objective was to determine 
whether variation in grasshopper community structure 
existed along recognized grassland environmental gra- 
dients. 

Methods 

The study area was located in the northern part of Gallatin County, 
Montana, USA (longitudes 111~176 ' east-west, latitudes 
46~176 ' north-south) in the Agropyron spicatum province of 
the western steppe region of the United States (Daubenmire 1978). 

Defining patches and patch selection 

Before any study of non-random patch use can be conducted, a 
scale must be selected. In this study, we first identified patches 
in the manner described by White and Pickett (1985) where the 
term patch refers to discrete spatial patterns, but size and internal 
homogeneity of patches is unconstrained. The White and Pickett 
(1985) definition also implies that there can be a relatedness be- 
tween patches and to the surrounding matrix. 

We used the method of "habitat  typing" (Daubenmire 1952, 
1959, 1966, 1970, and Daubenmire and Daubenmire 1968) to select 
patches in an effort to minimize vegetational differences between 
patches within a particular habitat and ensure that the habitats 
selected were discrete and distributed over known environmental 
gradients (Weaver 1979a, b; Taylor et al. 1984). Support for eco- 
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logical differences among habitat types previously identified in 
Montana by Mueggler and Stewart (1980) can be found in 1) cli- 
mate/vegetation associations (Weaver 1979a, b) and soil/habitat 
type (h.t.) associations (Munn et al. 1978). 

Patch selection 

Thirty-nine patches in five h.ts. (Mueggler and Stewart 1980) were 
selected for study (Table 1). Ten patches in either of two h.ts. which 
had been plowed and planted were selected to contrast native and 
replanted patches within the same h.t. (Table 1). Replanted patches 
were not recent disturbances and we, therefore, treated them as 
distinct types. The order of habitats in Table 1 represents a gradient 
of precipitation and elevation, with STCO/BOGR lower and drier, 
and FEID/AGSP higher and wetter (Mueggler and Stewart 1980). 

Patches were selected in the spring (early May) and classified 
based on the presence of indicator vegetation (see Mueggler and 
Stewart 1980). The spring and early summer grasshopper species 
had yet to hatch, so patch selection was not biased with regard 
to the presence or absence of grasshoppers. These patch classifica- 
tions were considered tentative until subsequent detailed vegetation 
sampling and analyses supported our determinations. We included 
only locations with light to moderate livestock (cattle, horses, etc.) 
grazing histories, because we wished to avoid this potentially con- 
founding influence (Mueggler and Stewart 1980). The minimum 
size of any one patch was 10 ha and no two distinct native patches 
shared a common border. For comparisons between native and 
replanted patches within h.t., patches were always adjacent, but 
sampling was conducted only in representative type and not in 
the ecotones. Data on precipitation and elevation from each patch 
were obtained from Ross and Hunter (1976) and U.S. Geological 
Survey 7.5 minute quadrangle maps, respectively. 

Vegetation sampling 

The vegetation at each patch was sampled during July-August of 
1988 to coincide with peak standing cover of plants. Thirty-five 
1/10 m z (20 x 50 cm) quadrats were sampled along a randomly se- 
lected transect within each patch. In each quadrat, percent canopy 

Table 1. Habitat types (Mueggler and Stewart (1980)) sampled for 
grasshoppers in Gallatin Valley, Montana, USA, 1988 

Habitat type code Predominant plant species Number 
of plants 
sampled 

STCO/BOGR Stipa comata/ 8 
Bouteloua gracilis 

Agcr/Mesa" Agropyron eristatum/ 6 
Medicago sativa 

AGSP/BOGR A. spicatum/ B. gracilis 5 

AGSP/POSA-STCO A, spicatum/ 4 
Poa sandbergii, 
S. comata phase 

ARAR/AGSP Artemisia arbuscula/ 5 
A. spicatum 

FEID/AGSP Festuca idahoensis/ 7 
A. spicatum 

Brin/Mesa b Bromus inermis/ 4 
M. sativa 

" Replanted patches on STCO/BOGR habitats 
b Replanted patches on FEID/AGSP habitats 

cover of each plant species, litter, moss/lichen, and bare ground 
were estimated in 5% increments following the methods described 
by Daubenmire (1959) and those used in several studies for vegeta- 
tion classification (Pfister et al. 1977; Harvey and Weaver 1979; 
Mueggler and Stewart 1980). Subsequent analyses were based on 
mean cover-estimates of plant species over all quadrats at a patch. 
Plant species that were unidentifiable in the field were collected 
and returned to the laboratory for identification. 

Detrended Correspondence Analysis (DCA) was selected for 
the analysis of within and between h.t. similarities in vegetation 
(Hill 1979; Hill and Gauch 1980; Kent and Ballard 1988). DCA 
is an ordination technique, similar to principal component analysis, 
for multivariate data and is designed to summarize species-sample 
data (species-patch data in our case). Resulting DCA plots in two 
or three dimensions are useful in that increasing distance between 
patches reflects decreasing similarity with respect to vegetation. 

Other data, for example, on the number of plant species and 
percent grasses, etc. were first evaluated with an omnibus Kruskal- 
Wallis non parametric one-way analysis of variance (Siegel 1956) 
to test the null hypothesis of no differences in the measured variable 
across habitats. If the result of the Kruskal-Wallis test was signifi- 
cant (e = 0.05), orthogonal comparisons were made using the non 
parametric Mann-Whitney U-test (two-tailed, e=0.05, Siegel 
1956). 

Herbivore sampling - grasshoppers 

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. Two hundred sweeps per patch 
were collected at each sampling period between 0930 and 1600 h 
under sunny skies (< 15% cloud cover), and light winds 
(<25 km h-l) .  Each sweep consisted of traversing an arc of 180 ~ 
through the vegetation with a net, as described by Evans (1984, 
1988). 

Grasshoppers were collected at three times to insure detection 
of species with different phenological patterns; some species over- 
winter as eggs and emerge in the spring, while others spend the 
summer months as eggs and overwinter as nymphs. Previous stu- 
dies 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 1988). Therefore, sweep sampling was suitable for discrimi- 
nating potential differences in grasshopper species composition and 
relative abundance (from pooled samples comprised of 600 sweeps) 
across the selected h.ts. 

DCA was used, as in the vegetation analyses, to evaluate simi- 
larities between grasshopper communities among the h.ts. sampled. 
Also, other analyses (i.e., species richness, percent abundance, etc.) 
were conducted with non parametric statistical tests in the same 
order and manner as described above for vegetation. The Fisher 
Exact Probability Test (two-tailed, ct=0.05, Siegel 1956) was used 
as an additional comparison of whether individual grasshopper 
species were collected differentially in contrasting h.ts. 

Results 

Vegetation pat terns  

A D C A  on the percent  cover by p lan t  species (total 
of  97), and  patch demons t ra ted  that  our  a priori  h.t. 
classifications (Mueggler and  Stewart 1980) were appro-  
priate and  i l lustrated the relatedness of  patches wi thin  
h.t. Group ings  of  patches (i.e., h.t.) were appa ren t  a long 
a cline based on  p lan t  species compos i t ion  and  percent  
cover (Fig. 1). For  example,  scores generated by the 
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Fig. 1. Detrended Correspondence Analysis of plant community 
composition for 39 patches representing a range of habitat types 
in Gallatin Valley, Montana, USA, 1988. Eigenvalues for x and 
y axes are 0.60 and 0.27, respectively. Habitat codes as in Table 1 

DCA for axis I appeared to represent a gradient of in- 
creasing precipitation/elevation as evidenced by the rela- 
tionship of ordination scores (axis 1) and these variables. 
Positions of the two replanted h.ts. (Fig. 1) with Agcr/ 
Mesa at the lower and drier end of the gradient and 
Brin/Mesa at the higher and wetter end (see also Fig. 2) 
also supported this interpretation. Eighty-seven percent 
of the variance in the data was explained by the two 
axes (60 percent in the first axis alone, Fig. 1). Spearman 
rank correlations (rs, Siegel 1956) showed that plant 
community DCA axis I scores were correlated with pre- 
cipitation and elevation (Table 2). Correlations comput- 
ed, but not listed in Table 2, between plant community 
DCA axis 1 scores and the proportion of species repre- 
sented by grasses or forbs, and total number of plant 
species were not significant (P > 0.05). 

The scores of the DCA for axis 2 (Fig. ]) appeared 
to be associated with a plant community complexity gra- 
dient. Axis 2 scores, for the DCA on plant communities, 
were positively correlated with the proportion of plant 
species represented by forbs and were negatively corre- 
lated with the proportion of plant species represented 
by grasses (Table 2). Axis 2 scores were also positively 
correlated with the total number of plant species (Ta- 
ble 2). However, change in life form, dominance of spe- 
cies, or uniqueness of species to particular h.ts. across 
the DCA axis 2 also contributed to community complex- 
ity. Among the native h.ts., differences between STCO/ 
BOGR and AGSP/BOGR patches were related to in- 
creases in A. spicatum dominance, species richness 
(Fig. 3a), and percent grass species present (Fig. 3b). 
Although the number of plant species as well as percent 
grasses were similar among the AGSP/BOGR, ARAR/ 
AGSP, and FEID/AGSP patches (Fig. 3), the separation 
of h.ts. that resulted from the DCA was related to 1) 
the increases in prevalence of shrub species such as Ar- 
temisia arbuscula and 2) associated forbs in the ARAR/ 
AGSP patches and the grass Festuca idahoensis, the forb 
Balsamorhiza sagittata, and other associated forbs in the 
FEID/AGSP patches. The AGSP/POSA-STCO h.t. rep- 
resented an intermediate type and patches showed less 
aggregation. This was probably related to the highly 
variable precipitation levels among patches in this h.t. 

301 

4 5  

E 4 0  
0 

I 
t -  
O 

. 9  
O 

~'30 
Agc r /=  
Mesa = r 

T Brin/ 
�9 Mesa 

STCO/ AGSP/ AGSP/ ARAR/ FE]D/ 
BOGR BOGR POSA-$TCO AGSP AGSP 

Habitat Type 

18oo 

170o 

16oo 
! 
r 

__o~ 
tO > 
---r .oo 
LU 

130O 

Mesa T 

b 

STCO/ AGSP/ AGSP/ ARAR/ FEID/ 
BOGR BOGR POSA-STCO AGSP AGSP 

Habitat Type 

Fig. 2 a, b. Precipitation (a) and elevation (b) mean values (_+ 2. SE) 
for a range of habitat types surveyed for grasshoppers and vegeta- 
tion in Gallatin Valley, Montana, USA, 1988. Habitat codes as 
in Table 1 

(Fig. 2a), as well as the extreme slopes associated with 
this typal community. 

Grasshopper patterns local abundance and rarity 

A total of 40 grasshopper species 09664 individuals, 
nymphs and adults) were collected from the seven h.ts. 
during the 1988 field season (Table 3). At the scale of 
the entire valley, all patches combined, average local 
abundance of individual species was positively correlated 
with the number of patches occupied (Fig. 4a). A not- 
able exception to this was Stenobothrus brunneus that 
was locally abundant at only one patch within the ARAR/ 
AGSP h.t. (Table 3). The distribution of species occur- 
rence was skewed left with 13 species (33%) collected 
at four or fewer of the possible 39 patches (Fig. 4b). 
Alternatively, only two species (5%) were collected at 
35 or more patches. 

Associations with habitat type 

The mean number of grasshopper species by subfamily 
(Table 3) within h.t. showed several significant differ- 
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Table 2. Selected correlations computed for comparisons between DCA axes scores and environmental variables 

Correlations rs a p 

Plant communities DCA - 
Axis 1 scores vs. precipitation 

vs. elevation 
Axis 2 scores vs. precipitation 

vs. elevation 
vs. proportion of plant species represented by grasses 
vs. proportion of plant species represented by forbs 
vs. total number of plant species 

Axis 2 scores vs. axis 1 scores 

Grasshopper 
Axis 1 scores 

Axis 2 scores 

Axis 2 scores 

communities DCA - 
vs. precipitation 
vs. elevation 
vs. precipitation 
vs. elevation 
vs. proportion of plant species represented by grasses 
vs. proportion of plant species represented by forbs 
vs. total number of plant species 
vs. Axis 1 scores 

Comparisons between grasshopper and plant communities DCA runs - 
Grasshopper DCA axis 1 scores vs. plant DCA axis 1 scores 

vs. plant DCA axis 2 scores 
Grasshopper DCA axis 2 scores vs. plant DCA axis 1 scores 

vs. plant DCA axis 2 scores 

0.75 <0.001 
0.53 <0.001 
0.43 <0.01 
0.51 <0.002 

--0.37 <0.05 
0.37 <0.05 
0.80 <0.001 
0.09 > 0.05 

0.69 <0.001 
0.48 <0.005 
0.28 >0.05 
0.21 > 0.05 

-0.35 <0.05 
0.30 0.05<P<0.10 
0.38 <0.05 

-0.01 >0.05 

0.65 <0.001 
0.15 >0.05 

-0.09 >0.05 
0.33 <0.05 

a Spearman rank correlation (Siegel 1956) 

ences (Table 4). In the arid, but  more floristically com- 
plex AGSP/POSA-STCO patches (Figs. 1, 3), there were 
significantly more Catantopinae and Gomphocerinae 
species present when contrasted with the number of  Oe- 
dipodinae species. The more mesic patches within the 
native FEID/AGSP and replanted Brin/Mesa h.ts. 
(Figs. 1, 3) were dominated by Catantopinae species (Ta- 
ble 4). Contrasts of  species numbers between native and 
replanted h.ts., Agcr /Mesa-STCO/BOGR and Brin/ 
Mesa-FEID/AGSP (Table 4), showed no significant dif- 
ferences at either end of  the precipitation/elevation gra- 
dient. However, within subfamily contrasts between the 
most arid h.t. (STCO/BOGR) and the most mesic h.t. 
(FEID/AGSP)  showed significant increases, going from 
arid to mesic, in the number of Catantopinae species 
and a corresponding reduction in the numbers of Gom- 
phocerinae and Oedipodinae species (P < 0.05). 

Distribution along gradients - axis 1 

Grasshopper communities appeared to be sensitive to 
the same gradients identified for plants. Axis 1 scores 
for the DCA on grasshopper communities were correlat- 
ed with both precipitation and elevation as well as with 
the axis 1 scores for the DCA on plant communities 
(Table 2). Correlations computed between grasshopper 
community axis 1 DCA scores and the proport ion of 
plant species represented by forbs and grasses as well 
as with the total number of  plant species were not signifi- 
cant (P > 0.05). 

Contrasts of grasshopper community composition at 
the species level at either end of the precipitation/eleva- 
tion gradient show three general groups (Table 5). In 
the first group, species like Phlibostrorna quadrirnacula- 
turn and Xanthippus corallipes were found only in patches 
associated with the arid STCO/BOGR h.t. (Group 1, 
Table 5). Other species such as Aulocara elliotti, Ageneo- 
tettix deorurn, and Psoloessa delicatula (Group 1, Ta- 
ble 5), though collected at both ends of  the gradient, 
were present at a much higher percent of  the drier 
STCO/BOGR patches and constituted a much greater 
percent of the population at those patches than at 
patches within the FEID/AGSP h.t. Alternatively, there 
were grasshopper species that showed affinities for the 
mesic FEID/AGSP patches. For example, M. dawsoni 
was found only in the FEID/AGSP patches (when con- 
trasting STCO/BOGR and FEID/AGSP h.ts.) and spe- 
cies such as Phoetaliotes nebrascensis and M. bivittatus 
(Group 3, Table 5), while present at both ends of  the 
gradient, were much more common in the mesic FEID/  
AGSP patches. 

In the second group, there were a number of  grass- 
hopper species that were present at most patches within 
habitats at either end of the gradient (Group 2, Table 5). 
Species like Arnphitornus coloradus and M. sanguinipes, 
while present at a high percentage of patches within h.ts. 
at either end of  the precipitation/elevation gradient (Ta- 
ble 3), also constituted a significant portion of  the resi- 
dent populations (Table 5). Alternatively, M. packardii 
and Arphia pseudonietana, while present in both native 
h.ts. (Table 3), generally made up a small percentage 
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Fig. 3a, b. Total number of plant species (a) and percent grass 
species (h) mean values (_+ 2.SE) for a range of habitat types 
surveyed for grasshoppers and vegetation in Gallatin Valley, Mon- 
tana, USA, 1988. Habitat codes as in Table 1 

of the resident populations (Table 5). Two species, M. 
infantilis and Aeropedellus clavatus, appeared to be tran- 
sition species at the dry and wet ends of the precipita- 
tion/elevation gradient (Table 5), respectively. Although 
both species differed significantly in relative abundance 
at extremes of the gradient, they did not differ in fre- 
quency of patches occupied in the contrasting h.ts. 
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Distribution along gradients - axis 2 

Grasshopper communities also appeared to be in- 
fluenced by plant community complexity. Axis 2 scores 
for the DCA on grasshopper communities showed a neg- 
ative correlation with the proportion of plant species 
represented by grasses and positive correlations with the 
total number of plant species and with the axis 2 scores 
for the DCA on plant communities (Table 2). 

Contrasts made between grasshopper species present 
from the STCO/BOGR patches with those from the dry, 
but more floristically complex ARAR/AGSP patches 
(Fig. 1) also showed interesting results. Grasshopper 
species such as Circotettix undulatus, S. brunneus, Craty- 
pedes neglectus, Hadrotettix trifasciatus and M. dawsoni 
were found in the ARAR/AGSP patches, but not in 
the STCO/BOGR patches (Table 3). Trimerotropis cam- 
pestris, while collected at either end of the gradient, was 
significantly (Fisher Exact Probability Test, Mann-Whit- 
ney U-test) more common in the ARAR/AGSP patches. 
Alternatively, species such as Trachyrhachys kiowa, P. 
quadrimaculatum, and A. coloradus, were significantly 
(Mann-Whitney U-test) more common, when present, 
in the STCO/BOGR patches when compared to grass- 
hopper communities in the ARAR/AGSP patches, but 
did not show significant differences in the frequency of 
collection (Fisher Exact Probability Test) and associa- 
tion with the two h.ts. considered along this gradient 
(P<0.05). 

The DCA for all grasshopper species in all h.ts., 
based upon presence and relative abundance, revealed 
trends similar to those found in Table 5. For the sake 
of clarity only 25 of the 40 species analysed are presented 
in Fig. 5. Within a DCA, species that fail to show any 
affinity to either end of a range of samples (h.ts. in 
this case), will occupy central portions of the axes 
(Fig. 5). The grasshopper species in Group 2, Table 5 
tended to cluster in the central portion of the DCA axis 
1 (Fig. 5). Grasshopper species associated with arid 
(Group 1, Table 5) and mesic (Group 3, Table 5) h.ts. 
clustered to the left and right of DCA axis 1, respectively 
(Fig. 5). Additionally, species unique to the ARAR/ 
AGSP patches were found at the upper end of the DCA 
axis 2 (Group 4, Fig. 5, Table 3). 

It is important to note that these DCA results (Fig. 5) 
come from the analysis of grasshopper communities over 
all 39 patches rather than patches from habitats at either 
end of the precipitation elevation gradient (Table 5). 
When all grasshopper communities are considered, the 
transition species M. infantilis (Table 5) appears to be 
more closely related to Group 1 species (Fig. 5, Table 5). 
A. clavatus appears to be clearly related to the Group 
2 species (Fig. 5, Table 5). 

D i s c u s s i o n  

Grasshopper/vegetation patterns 

Grasshopper species showed non-random use patterns 
across the range of patches sampled in Gallatin Valley, 
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Table 3. Grasshopper (Orthoptera: Acrididae) presence (+) or absence ( - )  by subfamily and species for each habitat type. Gallatin 
Valley, Montana, USA, 1988 

Habitat type 

Agcr/ STCO/ AGSP/ AGSP/ ARAR/ FEID/ Brin/ 
Mesa BOGR B O G R  POSA-STCO AGSP AGSP Mesa 

Catantopinae 
Acro loph i tus  hirt ipes - + + + + + - 

Encop to lophus  costal is  + + - -  + + + + 

H e s p e r o t e t t i x  viridis + - + + + + - 

Me lanop lus  b iv i t ta tus  + + + + - + + 

M e l a n o p l u s  bruner i  . . . . . .  + 

Me lanop lus  confusus  + + + + + + + 

Me lanop lus  dawsoni  - - + + + + + 

Me lanopIus  f e r n u r r u b r u m  - + + + + + + 

M e l a n o p l u s  g lads toni  + + + + + + - 

Me lanop lus  infantil is + + + + + + + 

M e l a n o p l u s  kee ler i  - - + - - + - 

Me lanop lus  occidental is  - + . . . . .  

Me lanop lus  oregonensis  . . . . .  + + 

M e l a n o p l u s  p a c k a r d i i  + + + + + + - 

M e l a n o p l u s  sanguinipes  + + + + + + + 

Phoe ta l io te s  nebrascens is  - + + + + + + 

Oedipodinae 
Arph ia  conspersa + + + + + + + 

Arph ia  p seudon ie tana  + + + + + + + 

Carnnula pe l luc ida  + + + - + + + 

C i rco t e t t i x  carl inianus - - + . . . .  

C i rco te t t i x  undulatus  . . . .  + - - 

Cra typedes  neglec tus  + - - - + - - 

Dissos te ira  carolina + + - - - + - 

H a d r o t e t t i x  tr i fasciatus . . . .  + - - 

M e t a t o r  pardal inus  + + + + + + - 

S p h a r a g e m o n  campes t r i s  + + + + + - - 

S p h a r a g e m o n  collare - - + . . . .  

S p h a r a g e m o n  equale  + + + + + - - 

T rachyrhachys  k i o w a  + + + + + + - 

Tr imerotropis  graciIis + . . . . . .  

Xan th ippus  coraIlipes + + + + + - + 

Gomphocerinae 
Aeropede l lus  c lavatus  + + + + + + + 

A g e n e o t e t t i x  deorum + + + + + + - 

A m p h i t o r n u s  coloradus + + + + + + - 

Au locara  elliotti  + + + + + + + 

Chloeah i s  conspersa . . . . .  + 

Chor th ippus  curt ipennis  . . . . .  + + 

P h l i b o s t r o m a  q u a d r i m a c u l a t u m  + + + + + - - 

Psoloessa  del icatula + + + + + + + 

S t e n o b o t h r u s  brunneus  . . . .  + - - 

Montana. Although plant and grasshopper community 
compositions show variation among patches within h.t., 
obvious trends are apparent when contrasting the grass- 
hopper communities between h.ts. at either end of the 
two gradients. Precipitation/elevation and plant com- 
munity complexity gradients are important in separating 
patches into h.ts. and appear also to be important in 
structuring grasshopper community composition 
(Figs. 1 and 5, Tables 2-5). Although we did not design 
this study to show whether grasshopper communities 
are influenced directly by environmental factors or indi- 
rectly by differences in vegetation that affect such char- 

acteristics as microhabitat (Isely 1937; Joern 1982), ovi- 
position patches (Kemp and Sanchez 1987), preferred 
food abundance (Joern 1979, 1983, 1985; Mulkern 1967; 
Mulkern et al. 1969), and predator escape (Wiens 1985), 
it is likely that the communities are shaped by both direct 
and indirect factors (Wiens 1985; Schoener 1986; 
Kingsolver 1989). Regardless of the specific factors 
shaping communities of rangeland grasshoppers, both 
between patch within h.t. and between h.ts., our results 
suggest that it is reasonable to expect certain grasshop- 
per species will be present, given information on the 
resource production capabilities of a patch, as expressed 



6. 

5. 

~ 4  r 

~d 

t "  

. D  

< 3  

52 

O 

0 10 20 30 40 

No. Sites Collected 

13 

12 

11 

10 

9 

8 

O ~- 7 

g 6  
L_ 

IJ.. 

5 

3 

2 

1 

0- 
4 8 12 16 20 23 27 31 35 39 

No. Sites Collected 

Fig. 4. (a) Relationship between In (mean density) and the number 
of patches occupied and (b) distribution of frequencies of occur- 
rence [r 2 = 0.59, F= 57.95, N= 40, P = 0.0001] for 40 grasshopper 
species surveyed at 39 sites in Gallatin Valley, Montana, 1988 

by h.t. This has important implications in conservation 
biology and insect management. 

Core vs. satellite species 

An important question for ecologists to address is that 
of how species aggregations vary in space (for reviews 
see Pickett and White 1985; Wiens 1976, 1985), because 
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this has obvious implications for population persistence 
and stability. In an effort to classify species into discrete 
groupings, Hanski (1982) proposed the "core"  and "sat- 
ellite" species concept. In this model, Hanski argued 
that core species generally exhibit high local abundance 
and correspondingly high frequency in patches distrib- 
uted regionally. Alternatively, satellite species with low 
local abundance were regionally infrequent, 

For the grasshopper species that we studied, there 
appeared to be a general relationship between local 
grasshopper abundance and regional, valley-wide, fre- 
quency (Fig. 4a). As mentioned previously, the only 
clear exception to this was S. brunneus which was locally 
abundant at the only patch where it occurred. However, 
in spite of the relationship between local abundance and 
regional frequency, we did not find the bimodality in 
grasshopper species frequency distribution that would 
be expected from the Hanski (1982) model (Fig. 4b). 

Our results suggest that, at least in terms of the 40 
species found to inhabit Gallatin Valley, Montana, about 
33% of the species that we encountered could be clearly 
classified as satellite species (Hanski 1982) (Fig. 4b). 
However, only two our about 5% of the species, A. cla- 
vatus and M. sanguinipes, could be considered true core 
species (Hanski 1982), because these species were collect- 
ed at more than 90% of the patches monitored. The 
remaining 62% of the grasshopper species, though not 
found at all patches, were frequently found in one or 
more patches within h.ts. that were at either end of pre- 
cipitation/elevation gradient (Tables 3, 5). Our results 
suggest that grasshoppers have a rather large group of 
intermediate species and that shifts in relative abun- 
dance, and therefore dominance, are influenced signifi- 
cantly by differences associated with h.t. (Table 5, 
Fig. 5). We did not see the clear dichotomy between core 
and satellite species that Hanski (1982) found in distribu- 
tions of insects and plants. The large intermediate group 
found among grasshoppers collected over the range of 
h.ts. in this study may be related to den Boer's theory 
of "spreading of risk" (Den Boer 1968, 1981) where 
species distributed in many subpopulations over patches 
in a heterogenous landscape are likely to be more persis- 
tent. 

On patches and gradients 

It has been argued that it is naive to presume that nature 
is homogenous at any scale and that the operational 
difficulties of detecting and describing patches are signif- 
icant (Wiens 1981, 1985). In this study, we found that 
the method of habitat typing was very useful in delimit- 
ing a range of vegetational conditions that represent dis- 
crete groupings of patches along the recognized environ- 
mental gradients of the Gallatin Valley (Fig. 1). Groups 
of patches within h.t., classified as being either more 
arid or mesic, were easily distinguished. Further, con- 
trasts between the floristically simple (replanted) Agcr/ 
Mesa and Brin/Mesa patches and the more complex 
types ARAR/AGSP and FEID/AGSP patches, respec- 
tively, were also clear. The variation found within the 
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Table 4. Mean number and SE ( ) of species by grasshopper (Orthoptera: Acrididae) subfamily and habitat type. Gallatin Valley, 
Montana, USA, 1988 

Habitat type 

Agcr/Mesa STCO/BOGR AGSP/BOGR AGSP/POSA-STCO ARAR/AGSP FEID/AGSP Brin/Mesa 

Catantopinae 4.2 4.8 6.4 7.0 a a 4.0 7.0 bd 6.3 ce 
(0.60) (0.45) (0.40) (0.71) (0.89) (0.69) (0.75) 

Oedipodinae 6.0 4.6 5.6 3.3 af 5.0 2.3 b 2.3 c 
(0.68) (0.42) (0.75) (0.48) (1.05) (0.36) (0.48) 

Gomphocerinae 5.0 5.6 5.8 5.3 f 4.4 3.0 d 2.0 e 
(0.63) (0.18) (0.20) (0.48) (0.60) (0.49) (0.41) 

a Like letters indicate significant differences between subfamilies within h.t. 

Table 5. For each commonly collected grasshopper species, percent of patches within habitat type in 
which it was present and mean percent of total grasshoppers collected by patch within habitat type 
( ) ,  Gallatin Valley, Montana, USA, 1988 

Species Habitat Type Sig. c Sig. d 

STCO/BOGRa FEID/AGSpb 
8 Patches 7 Patches 

Group - 1 

Phlibostroma quadrimaculatum 88 (5.69) 0 (0) * (*) 
Xanthippus corallipes 88 (1.69) 0 (0) * (*) 
Aulocara elliotti 88 (7.37) 14 (0.02) * (*) 
Traehyrhachys kiowa 100 (2.65) 14 (0.17) * (*) 
Ageneotettix deorum 100 (7.91) 29 (0.11) * (*) 
Psoloessa delicatula 100 (36.30) 29 (0.37) * (*) 

Group 2 

Melanoplus infantilis 88 (5.28) 29 (0.12) n.s. (*) 
Amphitornus coloradus 100 (7.10) 71 (7.25) n.s. (n.s.) 
Melanoplus sanguinipes 100 (16.72) 100 (30.68) n.s. (n.s.) 
Melanoplus packardii 88 (0.67) 57 (0.53) n.s. (n,s.) 
Arphiapseudonietana 75 (0.60) 57 (0.64) n.s. (n.s.) 
Melanoplus confusus 50 (0.34) 71 (5.18) n.s. (n.s.) 
Arphia conspersa 38 (0.81) 86 (2.25) n.s. (n.s.) 
Aeropedellus clavatus 88 (2.54) 100 (6.77) n.s. (*) 

Group - 3 
Phoetaliotes nebrascensis 38 (1.11) 100 (4.53) * (*) 
Melanoplus bivittatus 13 (0.35) 86 (4.80) * (*) 
Melanoplus dawsoni 0 (0) 100 (21.82) * (*) 

" Lower elevation and drier Stipa comata/Bouteloua gracilis habitat 
b Higher elevation and wetter Festuca idahoensis/Agropyron spicatum habitat 
~ Based on non parametric Fisher Exact Probability Test (e=0.05) on frequency of patches within 
habitat in which species was present 
d Based on non parametric Mann-Whitney U-test (e=0.05) on percent of total grasshoppers collected 
()  

A G S P / P O S A - S T C O  h.t., however,  suggested that  this 
u n c o m m o n  type m a y  not  be a useful mid-gradient  repre- 
sentative (Fig. 1). Similarly, a l though recognized as 
technically distinct (Mueggler  and Stewart 1980), the 
proximity  o f  the patches within the S T C O / B O G R  and 
A G S P / B O G R  may  not  represent funct ional  differences 
sufficient to result in the detect ion o f  significant grass- 
hopper  communi ty  compos i t ion  trends with the organ-  
isms studied or  the sampling methods  employed (Fig. 1). 

M u c h  remains for  ecologists to consider even within 

a given herbivore g roup  like grasshoppers.  For  example, 
are grasshopper  communit ies  equally stable across h.ts. 
or across patches within h.t. ? Literature on grasshoppers  
suggests tha t  outbreaks  o f  grasshoppers  on rangeland 
may  be associated with warm,  dry years (Edwards  1960; 
Gage  and Mukerji  1977, and others). It remains to be 
seen if it is possible to ar ray  years a long a gradient  f rom 
wet to dry and show changes in grasshopper  c o m m u n i t y  
composi t ion,  as we did for  patches over a similar gra- 
dient during one season. Further ,  little has been done 
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Fig. 5. Detrended Correspondence Analysis of grasshopper species 
(numbers 1-3 correspond to groups identified in Table 5, Group 
4 are species unique to ARAR/AGSP h.t.) for a range of habitat 
types in Gallatin Valley, Montana, USA, 1988. Eigenvalues for 
x and y axes are 0.62 and 0.24, respectively. Group 1 species, 
MOC - Melanoplus occidentalis, PQ Phlibostroma quadrimacula- 
tum, TK - Trachyrhachys kiowa, AD - Ageneotettix deorum, XC 
- Xanthippus corallipes, PD - Psoloessa deIicatula, AE - Aulocara 
elliotti; Group 2 species, MI -Melanoplus infantilis, AMC -Amphi- 
tornus coloradus, MP Melanoplus packardii, AP - Arphia pseudon- 
ietana, AEC - Aeropedellus clavatus, ARC - Arphia conspersa, MS 
- Melanoplus sanguinipes, MC - Melanoplus confusus; Group 3 
species, PN - Phoetaliotes nebrascensis, MB - Melanoplus bivittatus, 
MD - Melanoplus dawsoni, CCO - Chloealtis conspersa, MOR 
- Melanoplus oregonensis, CCU - Chorthippus curtipennis; Group 
4 species, CU - Circotettix undulatus, SB - Stenobothrus brunneus, 
CN - Cratypedes neglectus, HT - Hadrotettix trifaseiatus 

to de termine  whether  popu la t ions  are higher in all h.ts. 
dur ing  ~ ou tb reak  years"  or if some h.ts. are more  p rone  
to periodic grasshopper  popu la t i on  erupt ions  (macros- 
cale example,  see K e m p  e ta l .  1989). We believe that  
the real answers to quest ions  facing range land  ecologists, 
regarding the s t ructure  of  r ange land  grasshopper  com- 
muni t ies  in bo th  space and  time, will be found  in the 
appl ica t ion  and  extension of pa tch  dynamics  theory. 
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