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Abstract 

We investigated the effects of grasshopper control methods on 
breeding bird populations in western rangelands. We estimated 
bird densities on 13 treated and 11 untreated sites before and 
after grasshopper control operations. Four different treatments 
were used in these applications: malathion, sevh&oil, carbaryl 
bait and Nosenra locustue bait. There were few differences among 
the 4 treatments in their effects on bird community parameters 
(total bird density, and species richness, diversity, or evenness). 
Bird community parameters did not differ between spray and 
bait applications but sample sizes were small for bait treatments. 
When data from all treatments were combined for analysis, there 
was no difference in any of the bird community parameters 
between pre- and post-treatment samples. Densities of western 
meadowlarks (Sttwnellu neglecta), however, were significantly 
lower on treated than untreated sites 10 and 21 days after treat- 
ment. We found no relationship between changes in bird num- 
bers 21 days post-treatment and either the size of the area treat- 
ed or the date of treatment (i.e., early or late in nesting season). 
Malathion is an acetylcholinesterase (AChE) inhibitor, but brain 
AChE levels in birds collected on sites treated with malathion 
showed no significant inhibition. These results suggest that 
grasshopper integrated pest management treatments generally 
have little effect on breeding bird communities but some insectiv- 
orous bird species may decline on rangeland treated with broad- 
spectrum insecticides because of reduction in food base. Pesticide 
applications that have adverse impacts on birds and other non- 
target wildlife that prey on grasshoppers may be eounterproduc- 
tive to longterm integrated pest management goals. 

Key Words: acetylcholinesterase, birds, carbaryl, indirect effects, 
malathion, Noserna locustae, pesticide 

Large areas of rangeland in the we\tem United States are treat- 
ed with insecticides each year to control grasshopper outbreaks. 
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Many of these control programs are conducted by the USDA- 
APHIS (U.S. Department of Agriculture-Animal Plant Health 
Inspection Service) in cooperation with other federal agencies, 
state departments of agriculture, and local land owners. The large 
extent of some treated blocks (often > 40,000 ha) and application 
of pesticides to environmentally-sensitive areas have caused con- 
cern over the potential impacts on nontarget vertebrates (USDA- 
APHIS 1987). 

Under current regulations liquid formulations of malathion, 
carbaryl, and acephate and bait formulations of carbaryl, and 
Noserna Zocustcle (a biological control agent) may be used to con- 
trol grasshoppers on rangeland. The low insecticide application 
rates that are used on rangeland generally result in low to moder- 
ate insecticide concentrations in insect prey that may be ingested 
by birds (McEmen et al. 1972). However, pesticide applications 
during the nesting season may indirectly affect bird populations 
by reducing arthropod prey which are an important part of the 
diet of young and adult birds (Grue et al. 1983, McEwen 1987, 
Johnson and Boyce 1990). The objectives of this study were to 
examine the direct and indirect effects of grasshopper control 
programs on breeding bird populations on rangelands in the west- 
ern United States. 

Study Area and Methods 

Bird Surveys 
We conducted bird surveys on 13 areas treated for grasshoppers 

and 11 untreated sites in 5 western states from 19S7-1990 (Table 
1). In 2 cases, we used a single untreated area as a control for 2 
treatments. We surveyed all grasshopper treatments conducted by 
the USDA-APHIS within the grasshopper integrated pest man- 
agement demonstration area in McKenzie County, N.D. We also 
conducted surveys on 6 grasshopper treatments in Utah, 
Colorado. Wyoming, and Idaho. Treatments were selected and 
applied following USDA-APHIS regulations (USDA 19X7). 
Because treated areas were selected by USDA-APHIS personnel 
for range grasshopper control, the treatments were not randomly 
assigned and therefore represent quasiesperiments (Cook and 
Campbell 1979). However, given the difficulty of conducting 
large-scale experiments and the possible scale dependence of 
treatment effects (Carpenter 1990), me feel an analysis of these 
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Table 1. Loention and description of treatments. 

Ylzir County. State Pesticide Arca Date of 
(ha) Application* 

lYY7 bIOff~1. Cola. carbaryl br1n2 I.300 1 July 
lYS7 Uintah. Utah sevin-4oil3 I.100 20 June 
l9S7 hlcKenzie. N.D. malathion” s.900 5 July 
lYS7 McKenzie. N.D. malathion 15,000 S July 
lYS7 McKenzie, N.D. IV. Innalrlr” IO.700 24 June 
IYSS hlcKenzie. N.D. cnrbnryl bait6 2.100 20 June 
IYSY Shoshone, Ida. malathion 600 3 June 
lYS9 Bighorn. Wyo. malathion 2,900 I3 June 
I990 Bighorn. Wyo. sevin--l-oil 2.600 I3 May 
I990 Bighorn. Wyo. sevin-l-od 5.300 I5 May 
1990 Shobhone. Ido. mnlathion 500 S June 
1990 McKenzie. N.D. malathion I .700 3 July 
1990 hlcI&nzie. N.D. mnlathion 3.100 8 July 
tD& trerrrmmt opplird. or if treetmenr WJ\ qphrd o\er wenl days, data that applice- 
rion Q’S linkhrd. 
15% cnrhxyl (mm1 nhrar hnn bait applied .a 11 2 kg/ha 110 Ihzkc). 
~Cxharyl (win) applied m oil fomxkuion 31 Cl 65 g/h.r (9.6 w/x). 
%d~lhion applied .II 0.65 Lg/h/hn (9.6 ozlac) m .m u11r.1 low volume (ULV) formulalion. 
5X~~wuz fwxww spore\ applied in shut br.m ~.III at I 12 k@hha (I lb/x) (2.47 x IO’ 
\p0WJlM. 
‘24 cnrbql (e\m) nhear bran barr applird a1 I 68 k&t (I.5 lb&c). 

data is warranted. 
Bird densities were estimated using line transects (Emlen 1977) 

and point counts (Reynolds et al. 1980). At 12 locations we estab- 
lished, 4-l 1 km of line transects in both the treated and untreated 
areas. We used point counts (n=20) on 1 treatment and untreated 
area in 19SS because rough terrain was unsuitable for use of line 
transects. Tmnsects and points were 2400 m apart. Complex jus- 
taposition of land ownership, land uses, and cover types preclud- 
ed random location of transects on treated and untreated sites. 
Consequently, we selected large blocks (r0.5 km’) of contiguous 
habitat (misedgrass prairie in North Dakota and sagesteppe vege- 
tation elsewhere) and land use within treated and untreated areas 
for location of transects or points. We began transects 100 m 
from the nearest road and proceeded perpendicular to it. 

Every 100 m markers were placed on the transect line and 10 
and 25 m perpendicular to the line to aid in estimation of bird dis- 
tances. We surveyed birds along transects 1 to 7 days before 
treatments and approximately 21 days posttreatment. Birds were 
surveyed along most of the transects approximately 2 and 10 days 
posttreatment. 

We trained all field assistants in bird identification and distance 
estimation for l-2 weeks before surveying. We assigned 
observers randomly to transects on treated and untreated areas to 
reduce observer bias. Birds were surveyed from approximately 15 
min before sunrise (~0545 hour) until 0930-1030. During 
19S7-19S9 each transect was surveyed independently by 2 
observers on the same morning. In 1990, each transect was sur- 
veyed only once during a given period. The perpendicular dis- 
tance from the transect line that each bird was seen or heard and 
the manner in which the bird was detected (singing, visual, call- 
ing, both visual and auditory, or flying over) were recorded as the 
observer slowly walked the transect (=2 km/h). Similar data were 
collected for 7 min at each stop on the point transects. We 
grouped detection distances into categories: O-10 m. 1 l-25 m, 
26-50 m, 51-100 m, 101-150 m, and 151-200 m. 

We computed a relative density index by computing a detection 
distance for each species (see Reynolds et al. 19SO) and dividing 

the area sampled by the number of detections. Because pesticide 
applications may affect singing behavior (Grue and Shipley 
19X1), we computed relative densities for (1) all detections and 
(2) for detections of singing birds only. We recorded 38 species 
of grassland or shrubsteppe birds in sufficient numbers to esti- 
mate densities at 11 area (Appendix 1). All of the species record- 
ed at an area were used to calculate community measures (total 
density, and species richness, diversity, and evenness). We per- 
formed separate analyses on the 5 most abundant species: moum- 
ing doves (Zennida nwcrozrru) horned larks (Eremopkila 
alpestris), Brewer’s sparrow (Spizella breweri), vesper sparrows 
(Pooecetes grumhew) and western meadowlarks (Stm~ella 
neglecta). Other species occurred too infrequently for separate 
statistical analysis. 

We computed total density by summing the densities of all of 
the species that were counted in an area. Species richness was the 
number of species detected along the transect. We computed 
species diversity as the inverse of Simpson’s index, Nz = 
I/C(pt)‘* where pi is the proportional density of species i. 
Evenness was calculated using the formula E = N2/Nl, where Nt 
= exp -1PiInpiJ as suggested by Hill (1973). We classified species 
that fed primarily on insects during the summer months as insec- 
tivores, species that relied on seeds, fruit, or vegetation for most 
their diet (>50%) for some or all of this period were classified as 
noninsectivores. Diet was determined from analysis of crop, 
proventriculus, and gizzard contents of birds collected on or near 
the study areas or from the literature (Martin et al. 1951, 
Rotenberry and Wiens 1950). Guide classification for each 
species is listed in Appendix 1. 

Brain Acetylcholinesterase (AChE) 
We collected common bird species with shotguns on treated 

and untreated areas I-21 days after treatment in North Dakota in 
19X7 and in Wyoming in 1989. At each location, we collected 
individuals of the same species on treated and untreated areas (>l 
km from treated sites) on the same day. hiIost birds were immedi- 
ately placed on solid CO? in the field and were kept frozen until 
they were put in a laboratory deep freeze. Some specimens were 
placed on ice in the field and later frozen. Brain AChE activity 
was determined with procedures described by Ellman et al. 
(1961) as modified by Hill and Fleming (1982). We analyzed 
samples from treated and untreated sites alternately with the same 
equipment. The AChE values were expressed in pmol/min/g wet 
wt of brain tissue. 

Grasshopper Counts 
We estimated grasshopper densities by counts of grasshoppers 

flushed from 0.25 m2 hoops placed along the bird transects. Four 
hoops were placed at each of 10 points (100 m apart) for a total 
of 40 hoops/transect. At each point, hoops were placed 5 m apart 
and 10 m to either side of the transect. We put out hoops the 
evening before the transects were surveyed and counted 
grasshoppers immediately after the bird surveys. Grasshopper 
densities were only estimated on the transects in North Dakota. 
Because there were no replicates of the carbaryl bait and N. 
locrrstrre treatments in North Dakota, only data from malathion 
treatment areas were used in the analyses of the grasshopper den- 
sities. 
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Statistical Analyses 
The effects of treatment type (i.e. malathion, sevin-4-oil) on 

bird density and community measures (species richness, diversi- 
ty, evenness, and guild density) were compared with repeated 
measures analysis of variance (ANOVA) (Milliken and Johnson 
1954). Because bird densities differed greatly between sites, we 
used density ratio (treated/treated + untreated) rather than actual 
densities in the analyses (Eberhardt and Thomas 1991). Ratios 
were normalized with arcsine transformations for analysis. It has 
been suggested that bait applications may have less of an impact 
on nontarget wildlife than sprays (George et al. 1992), therefore, 
we tested for differences in density ratios among spray and bait 
applications between pre- and post-treatment surveys with linear 
contrasts (Dowdy and Wearden 199 1). Because surveys were not 
conducted at several sites 2 and 10 days after treatment, including 
these periods in the analyses reduced sample sizes. Therefore, 
ANOVAs were computed for all data and for only the pre- and 21 
day post-treatment ratios. Changes in bird density and community 
measures between pre- and post-treatment were tested with 
paired t-tests. We divided the level of significance (a=O.O5) by 
the number of comparisons being made to control the experi- 
ment-wise error rate for multiple t-tests (Rice 1990). We comput- 
ed the statistical power of detecting a 5% difference between the 
treated and untreated sites for the bird community variables using 
the empirical variances and the actual sample sizes. We tested for 
effects of treatment area (ha) and date on bird abundance, using 
linear correlation. We used Pearson product moment correlations 
because the variables used in the analyses were normally distrib- 
uted and there was no evidence of heteroscedasticity (Dowdy and 
Wearden 1991). The effects of treatment type and period on 
grasshopper densities were also tested with repeated measures 
ANOVA. We tested for differences in grasshopper densities 
between treated and untreated areas for each period with t-tests. 
All statistical tests were done with PC-SAS (SAS 1988). 

Brain AChE of birds collected on treated and untreated sites 
were compared separately for each species and treatment area 
using a t-test. There was no difference (P>O.2) in AChE levels 
from birds collected at different periods post-treatment so all 
post-treatment samples were combined for analysis. Brain AChE 
activity >20% below or >2 sd below (whichever was lower) the 
mean of untreated birds was considered indicative of exposure to 
an AChE inhibiting chemical (Ludke et al. 1975). We determined 
the number of individuals in this category for each species-treat- 
ment combination. 

Results 

Bird Densities 
The ratio of total density (treated/treated + untreated) differed 

among treatments for all birds (F= 6.95, P= 0.01) and for singing 
birds (F = 5.13, P = 0.02) for pre- and post-21 day surveys (Fig. 
1); however, no period or period x treatment interactions were 
found. There also was no significant period x bait vs spray inter- 
action nor were there any differences among the linear contrasts 
between pre- and post-treatment surveys. Thus, there was no evi- 
dence of a change in the ratios among treatments between the 
pre- and post-treatment surveys. Density ratios did not differ 
among treatments on the pre-treatment surveys but the carbaryl 
bait treatment was higher (PcO.05) than the other treatment types 
21 days after treatment. Because there were no consistent differ- 
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Fig. 1. Changes in density ratio (treated/treated + untreated) of total 
bird density on malathion, sevin-4oil and carbaryl bait treatments 
pre- and post-treatment. Data were plotted separately for all birds 
detected, and for all singing birds. Vertical bars are 2 se, the hori- 
zontal line at 0.5 indicates equal numbers on treated and untreat- 
ed areas. 

ences in density ratios among the treatments and because the 2 
treatments that were the most divergent had the smallest number 

* of replicates, this difference likely resulted from a type I error 
consequently we combined the data from all treatments for subse- 
quent analyses. The results did not differ when these data were 
excluded from the analyses. 

No differences in main effects of interaction terms were found 
for species richness or species diversity for either singing birds or 
all detections. The period x treatment interaction was significant 
for species evenness for all detections (F= 9.7, P < 0.00-l) but not 
for singing birds. The significant interaction term was due to an 
increase in evenness on the malathion treatment areas between 
pre- and post-21 day surveys (PcO.01). 

When treatments were combined, there were no differences 
between the pre- and post-treatment ratios for any of the bird 
community variables (Fig. 2). The results were similar when all 
birds or only singing birds were considered. The lack of signifi- 
cant differences was not due to low statistical power of the tests. 

338 JOURNAL OF RANGE MANAGEMENT 48(4). July 1995 



ALL BIRDS owlarks were both lower 21 days post-treatment, we tested the 
same relationship for these groups. None of the correlations was 

- TOTAL DENSITY significant (P> 0.1). We also found no relationship between treat- 

0.7 1 
TREATMENT ........s SPECIES RICHNESS ment date and density ratio 21 days post-treatment for total bird, 
APPLIED - - - - - SPECIES DIVERSITY insectivore, or western meadowlark density (P > 0.1) for all com- 

: -..-..- SPECIES EVENNESS parisons). 
0.6 

s s o.6 

LT 

Brain Acetylcholinesterase 
Brain AChE levels of birds collected on treated and untreated 

areas did not differ significantly for any of the species-treatment 
comparisons (P>O.l) (Table 2). One homed lark collected on a 
malathion treatment area showed evidence of AChE inhibition. 

PRE POST POST POST 
2 DAYS 10 DAYS 21 DAYS 

SINGING BIRDS 
0.7 1 TREATMENT 
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0.6 

0 
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0.3 ,I 
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CENSUS PERIOD 

Fig. 2. Changes in ratio (treated/treated + untreated) of total density, 
species richness, species diversity, and species evenness pre- and 
post-treatment. Data were plotted separately for all birds detected, 
and singing birds. The vertical bars are 2 se, the horizontal line at 
0.5 indicates equal numbers on treated and untreated areas. 

The power of detecting a 5% difference between pre- and 21 day 
post-treatment ratios was greater than 98% for species diversity, 
richness, evenness, and total density for all detections. 

There was no difference in the density of noninsectivores or 
insectivores between the pre- and post-treatment surveys. The 
density of western meadowlarks declined on the treated areas at 
10 and 21 days post-treatment when all detections were consid- 
ered (P = 0.005, N = 8, t = 3.46: P = 0.02, N = 13, t = 2.29, l- 
tailed paired r-tests) (Fig. 3). No differences were found when 
only singing birds were considered. Sample sizes for singing 
birds were lower, however, which reduced the power of the tests. 
No differences were found for the other 4 species that we ana- 
lyzed separately. Unlike the meadowlark, however, none of these 
species was recorded on all of the treatment sites and therefore 
the power of the tests for these species was reduced. 

We found no relationship between bird density ratio 21 days 
post-treatment and the size of the areas treated for total bird den- 
sity (P>O.l). Because numbers of insectivores and western mead- 

Grasshopper Counts 
Grasshopper densities were depressed on the treated areas com- 

pared with the untreated sites in the post-treatments counts (Fig. 
4). There was no treatment effect but there was a treatment x 
period interaction (F2.t t =4.49, P = 0.03X). Grasshopper densities 
were higher on the treatment areas before applications and were 
lower after. 

Discussion 

We found little evidence of differences in bird population 
response among all treatments or between bait and spray applica- 
tions. Our sample of bait applications was small, however, and 
therefore we cannot make strong conclusions regarding their lack 
of impacts on bird populations. We postulate that integrated pest 
management bait treatments have less impact on nontarget 
wildlife because less chemical is applied, there is no dermal or 
inhalation exposure, and the animal and plant food is not coated 
with pesticides as with liquid sprays. Therefore baits would be 
preferable to sprays in environmentally sensitive situations. 

Declines in bird density likely resulted from reduced food 
availability for insectivorous birds rather than direct toxic effects. 
No declines were found until 10 and 21 days after treatment. If 
declines were related to direct toxicity, effects likely would be 
observed within a few hours to a few days after treatment 
(Moulding 1976, Grue and Shipley 1981, Grue et al. 1983). 
Further, we found little evidence of depressed acetyl- 
cholinesterase activity in birds collected on the treatment areas 
and declines in grasshopper numbers on the treatment areas were 
consistent with indirect effects. 

Grue and Shipley (1981) asserted that observations of declines 
in birds numbers on areas treated with organophosphate (OP) 
pesticides may be confounded by behavioral changes of birds 
exposed to pesticide. They found that activity and vocalization of 
male starlings (Sturws w&ark) declined 2-4 hours after the 
birds received oral doses of organ phosphates but returned to nor- 
mal by 26-28 hours after dosing. They suggested that these 
behavioral changes may reduce the detectability of birds that 
have been exposed at sub lethal levels. Avian surveys during that 
period could lead to the erroneous conclusion that bird numbers 
declined on treated areas. We feel it is unlikely our results were 
confounded by these kinds of behavioral changes. Bird numbers 
did not decline significantly until 10 and 21 days after treatment, 
which was well beyond the times noted by Grue and Shipley 
(1981). Secondly, there was little difference in results when all 
detections were used or only singing birds. 
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Table 2. Summary of brain acetylcholinesterase (AChE) activity (/lmol/min/g, wet wt) in birds collected on malathion treatment and nontreatment 
areas. 

hlcK.anzie Co., N.D. July I%7 
Tmatment) Nontreatment 

Species %2se (N) %2se (N) 
Fdco spnrvcrim 29.9+2.1(S) 29.%2.2(6) 
Ermnplrilin dprsrris 19.7~1.1(16) 19.4~0.7(20) 
Sfrmrella nrglL!cro 31.9+l.S (13) 19.7+;1.6( 17) 

Bighorn Co., Wyo. June 19S9 
SIlrmrlla ne&ml 27.k3.4 (6) 2S.Qr2.S (I I ) 
Poorccles ~rflmirtem 5O.ok3.8 (17) 42.2el.5 (24) 

Ible~n AChE actwily of bird\ collrc~ed on treatment urea Birds were collected between I and 21 days po\t treatment. 
?Birds nlth XhEnc11\11y >204 below or>3 \d bclo~ (xhichewr wa~1 lower) the mean of untreated birds. 

Number of birds with 
depressed AChE levels2 

0 
I 
0 

0 
0 

The decline in numbers of western meadowlarks on the treat- 
ment areas could be due either to increased mortality, decreased 
productivity, or emigration. When birds experience increased 
mortality or reduced productivity, the negative impact may affect 
the species of concern as well as predatory species such as the 
peregrine falcon (Fnlco peregrinus). 

mine the impact that this may have on wild bird populations. 
Johnson and Boyce (1990) found that captive sage grouse 
(Centrocercrrs wophasianus) chicks ~21 days old requires 
insects in the diet for survival and development, whereas older 

Most research on the effects of grasshopper treatments on non- 
target wildlife has focused on direct effects. Investigations of the 
direct toxic effects of Ultra Low Volume malathion and carbaryl 
applications on nontarget wildlife populations in the field have 
generally shown little if any effect on common bird species (Hill 
et al. 1971, McEwen et al. 1972, DeWeese et al. 1979, Richmond 
et al. 1979, McEwen 1982, Stromborg et al. 19X4, Kucera 19X7, 
George et al. 1992). However, evidence is conflicting on the indi- 
rect impacts of carbaryl and malathion treatments on bird popula- 
tions. McEwen et al. (1972) found no reduction in bird numbers 
between small (16-65 ha) replicated plots treated with malathion 
or carbaryl. George et al. (1992) also found no reduction in bird 
numbers on a large area (2,060 ha) treated with carbaryl bait. 
McEwen et al. (1972) and McEwen (19X2), however, observed 
declines in bird numbers on some areas treated with carbaryl and 
malathion and suggested that birds may emigrate from treatment 
areas under some condition. Moulding (1976) observed a statisti- 
cally significant decline in forest song bird densities over several 
weeks following 2 experimental treatments of carbaryl at 1.12 
kg/ha. He interpreted the gradual decline as evidence of an indi- 
rect effect on the birds of reduced food supply but he did not 
compare brain acetylcholinesterase activity or food availability 
between the treated and untreated site after the spray. DeWeese et 
al. (1979) suggested that declines in numbers of ruby-crowned 
kinglets (Regulars calerrMa) after experimental treatments of 
trichlorfon and carbaryl on forests in Montana resulted from indi- 
rect effects. The data were not analyzed statistically, however, 
and therefore it is not clear if the observed declines were greater 
than espected by chance. Several others studies have shown no 
effect of ultra low volume, malathion or carbaryl applications on 
bird populations (Hill et al. 1971, James 1987, Richmond et al. 
1979. McEwen and Ells 1975). These studies had few or no repli- 
cates, however, and therefore the ability to detect small treatment 
effects was low. Our results have shown that the effects may be 
rather subtle and limited to a subset of species within the commu- 
nity. It may be difficult, therefore, to detect treatment effects 
unless applications are sufficiently replicated or experiments are 
carefully designed. 
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Although me documented a significant decline in grasshopper 
density on the malathion treatment areas, it was difficult to deter- 

Fig. 3. Changes in density ratio (treated / treated + untreated) of 
insectivorous and noninsectivorous bird species, and western 
meadowlark densities pre- and post-treatment. Data were plotted 
separately for all birds detected, and singing birds. The vertical 
bars are 2 se, the horizontal line at 0.5 indicates equal numbers on 
treated and untreated areas. 
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Fig. 4. Density of grasshoppers on malathion treatment and non- 

treatment sites in Nnrth Dakota. An asterisk indicates a significant 
difference between treatment and nontreatment sites for a partic- 
ular period. 

chicks needed insects to achieve maximum growth rates. These 
results suggested that sage grouse chicks and possibly other 
insectivorous birds may be sensitive to reductions in insect bio- 
mass. However, field studies have shown little effect of carbaryl 
or malathion applications on nestling growth and fledging suc- 
cess (James 19X7, Adams et al. 1994, Howe 1993). More infor- 
mation is needed on the impacts of these treatments on the pro- 
ductivity of wild bird populations. 

We failed to find a relationship between size of treatment area 
and changes in bird numbers on treatment sites although the trend 
was negative. None of our treatments exceeded 15,000 ha, there- 
fore, we cannot make conclusions regarding impacts from larger 
spray programs. We also found no relationship between treatment 
date and changes in bird numbers. Several of the treatments were 
applied early in the breeding season when Johnson and Boyce 
(1990) suggested that the treatments may be most detrimental. 
We could not detect effects on productivity with the methods we 
used. 

Birds have been shown to significantly reduce grasshopper 
densities in rangelands and may play an important role in main- 
taining grasshopper populations at endemic levels (Joern 19S6, 
hlcEwen I9S7, Fowler 1991. Bock et al. 1993). Pesticide applica- 
tions that have adverse impacts on grasshopper predators may be 
counterproductive to long term integrated pest management 
goals. For this reason, it is important to incorporate birds and 
other grasshopper predators into any integrated pest management 
approach to grasshopper control. 
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Appendix 1. Lit of bird species used in density analyses. Classification into feeding guild was based on diet information from Martin et al. 
1951 and from analyses of stomach (crop and proventriculus) contents of birds collected on or near treatment sites. 

Common name 
American kestrel 
chukar 
sage grouse 
sharp-tailed grouse 
killdcer 
upland sandpiper 
long-billed curlew 
mourning dove 
common nighthawk 
gray flycatcher 
Say’s phoebe 
Western kingbird 
Eastern kingbird 
homed lark 
black-billed magpie 
American crow 
rock wren 
western bluebird 
mountain bluebird 

Scientific name 
F&o spnrverirrr 
Alecloris clmkar 
Cenfrocfrcus wophnsirmirs 
T.wpflmrclms plrtrsitmell~rs 
Clmrdriirs vocifents 
Bnrtromin loirgicrmdn 
Nmnenius nmericamrs 
Zermih mncroma 
Cl~ordeiles minor 
Empidonns wrighrii 
Sowniis sqx 
?)rminns verhxlis 
~w7mws fyfmmrs 
Eremoplriln nlpestris 
Picfl pica 
Conws bmcl~yhyelros 
Strlpiuctes obsolerus 
Sifllia me.hmn 
Sifllin currircoitles 

Dietary guild] 

N 

Common name 
American robin 
sage thrasher 
Sprague’s pipit 
loggerhead shrike 
common yellowthroat 
green-tailed towhee 
chipping sparrow 
clay-colored sparrow 
Brewer’s sparrow 
field sparrow 
vesper sparrow 
lark sparrow 
sage sparrow 
lark bunting 
Baird’s sparrow 
grasshopper sparrow 
Western meadowlark 
Brewer’s blackbird 
Brown-headed Cowbird 

Scientific name 
Twdvs migrntorius 
Oreoseoptes monfcmus 
Anflms sprqueii 
L&ifs lirrlovicim~ics 
Geothlypis rriclms 
Pipilo cldorm-us 
Spizelln passerina 
Sptelln pnllida 
Spkelln breweri 
Sptello pusillfl 
Pooecetes gramiiierls 
Clionrlesles grflmmnciis 

Amphispiw belli 
Cnlamospi:a melanocotys 
Ammodramrrs bairdii 
Anrmodrmmrs snwnm7nrm 
Strrnielln neglecta 
Euplqus cyanocepphnlrrs 
MololIinrs nter 

Dietary guild* 

I 

I 
I 

I 
I 

‘Dietary guild ~3s classified as follows. I- In,ecri\ore. > SOW of the diet is composed of arthropod> during the summer monlhs. N- Noninsectvore. ~50% of the diet is composed of 
arthropods during the summer monlhq. 
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