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Grasshopper Egg Pods Destroyed by Larvae
of Bee Flics, Blister Beetles, and
) Ground Beetles'

By J. R. PARKER,? Entomelogy Rescarch Division, and Craupe WargsLawn, Planf
Pest Control IMvision, Agricullural Research Service

SUMMARY

Data are preseated to show ithe percentage of %ra.sshoppcr cgg pods
destroyed by larvac of bee Mies (Bombylitdar), blister beetles (Meloi-
due), and ground beetles {Carabidae).

The data were obtained in annual grasshopper egg surveys made
on 16 study arcas in 7 States (3 study arcas in Arizona, 2 in Califor-
nia, 2 in Kansas, 1 in Minnesota, 4 in Montana, 3 in North Dakota,
and 1 in Seuth Dakota). and in grasshopper egg surveys made for
use in control work in all the Western and Midwesiern States in 1938,
1939, and 1940,

Other dala were obtained in annual grasshopper egg surveys of six
countics in California and of e major grassland areas in Montana,
Nebraska, North Dakota, South Dakota, and Wyoming.

Surveys of 1he 16 study areas and the 6 California counties were
made on cropland and adjacent grassland. In the surveys of the
western grassiand region, all soil samples taken were remote from
crops. Surveys in connection with grasshopper control work were
made on cropland, exeept in a {ew instances where rangeland imme-
diately adjacent to crops was examined.

The number of sound grasshopper cgg pods, destroyed pods, and
predators per syuare foot were delermined by sifting soil from a
squarce-foot area {lrough o quarter-inel mesh screen.  Approximately
36,000 soil samples were examined in research surveys and 202,000
in control survevs. The percentage of the cgg-pod population de-
siroved by each predator was obtained by dividing the number of
pods destroved by each kind of predator by the number of egg pods
per square feot.

The average annual destruction of egg pods for the 16 study areas
s & group was 17.87 percent (6.18 percent hy bee flies, 8.80 percent,
hy blister beetles, and 2.89 percent by ground beetles).  The average
tolal smnual predatism, by States, was: North Dakota, 27.62 percent;
Montana, 25.30 percent; Minnesols, 21.73 percent; South Dalota,
18.63 percent; California, 16.01 percent; Kansas, 10.49 percent; and
Arizona, 5.30 percent. Highest destruction of egg pods in a single
aren in ocach State for & single year was as follows: Dickinson,
N. Dak,, 77.52 percent in 1939; San Luis Obispo, Calif.,, 60 percent

! Submitted for publicalion November 29, 1056,
* Retired June 30, 1954.
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193?;‘1&1&'&, Mont., 55.55 pereent in 1940; Mitchell, 5. Dak., 32.70
percent in 1939; Hallock, Minn., 30.0 percent in 1941; Hays, Kans.,,
25.00 pereent in 1947 ; and Tempe, Ariz., 16.67 percent in 1939,

The average annual destruction of egg pods in the 6 counties in
California was 27.6 pereent; highest predalism in o single county for
a single yvear was 59.50 pereent in San Luis Obispo County in 1937,

The average annual destruction of ege pods in the grassland areas
of Montana, Nebraska, North Dakota, South Dakota, and Wyoming
was 5.10 perecent (1.80 percent by lee flies, 2.90 percent by blister
beetles, and 0.40 percent by ground beetles), Highest total destrue-
tion in a single yvear was 9.50 percent in 1944, Predatism was con-
siderably lower in the grassland areas than on cropland in study’ areas
in the same States.

Habitat preferences of predators on study areas were somelimes
pronounced buk were not consistent for all arcas or all years.

There was o general tendency toward a high percentage of predatism
during vears of high egg-pod population, but this did not hold true
cither for all study arcas or for all yoars.

Grasshopper egg surveys were made annually as a part of the
Grasshopper Coentrol Project to help determine the infestation 1o be
expected the following vear. ™indings from such survevs formed the
basis for planning lor the nex. year's control needs.  When this study
was begun, the expeelation was to analvze the dats wccumulated
since the Project was establishied in 1938, After 1940, however, the
survey records lacked data essential to ealeulating percentages of
predatism, so analvsis of control survey data was confined to the
vears 1938, 1939, and 1940.

The average annual destruciion of egg pods for the 3 vears, as de-
termined br the eontrol project survey, was 15.0 peveent (6.9 percent
by bee flies, 5.6 pereent by blister beetles, and 2.5 percent by ground
boetles). The average annual percentage of cges destroved by preda-
tors in the 3 States where survey was the most complete for all 2
vears was s follows: North Dakota, 32.5 percent; Colerado, 23.5
pereent; South Dakota, 22.9 percen(; Nehraska, 18.4 percent; and
Montana, 15.9 percent,

Average predatism was 50 percent or moere in many counties in
several States cach year. THighest destruction of egg pods for each
vear was as follows:

Arizona—55 pereent in Santa Cruz County in 1039,

CoLorano—0G0 percent in Kiewa County in 1938; 55 percent in
Bent County in 1940.

Truixnis—350 percent in Schuvler County in 1939.

AlixwEsora—67 percent In Dalcota County in 1940,

Moxrtaxa-—359 pereent in Richland County in 1938; 50 percent
in Hill and Prairie Countics in 1940,

NEBrasga—~6 pereent in Sheridan County in 1938; 50 perecent in
Seotts Blulf County in 1939; 53 percent in IKnox County in 1940.

Norrr Daxrora—=80 percent in Benson, Foster, and Mecenzie
countics in 1938; 85 pereent in AMceKenzie County in 1940; 53 pereent
in Mercer County in 1939.

Oxroanmoxa—3a9 pereent in Cimarron County in 1938,

SouTr Daxora—~064 pereent in Perking County in 1938; 63 percent
in Bennett County in 1839; and 80 percent in Butte County in 1940,

Trxas—52 percent in Carson County in 1938,

Urar—64 pereent in Carbon County in 1939,
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WasHINGrox—50 percent in Ferry County in 1939.
. The most common species of grasshopper egg-pod predators
encountered were the following:
Meloidac—Epicaute maculala (Sny), J. puncticollis (Mann.), and
E. fobrievi (Leo.).
(CBombyhliflac—Sysloeclms sulgaris Loew and Aphoebanius hirsutus
0q.}.
Ggmbidae—zlmam ebesa (Say) and 4. hesperia (Csy.).

SCOPE OF THE STUDY

Larvae of bee flies (Bombyliidae), blister beetles {(Meloidae), and
ground beetles (Carabidac) were listed as predators of grasshopper cgg
pods in the Unived States by Riley in 1878 and 1880 (4, 5)." Since
then, many entomologists have mentioned them as important insect
enemics of grasstioppers.  In most of these references the percentage
of the grasshopper egupod population destroved is not stated, but
Criddle (1), Wilson (7), Shotwell (6, and Gilbertson and Horsfall {(2)
have published quantitative data showing that these predators are
capable of destroying large segments of grasshopper cgg-pod
populations.

Criddie stated that the combined effeets of Systoechus vulgaris
Loew, several species of blister beetle, and carabid larvae destroyed
over 20 percent of the grasshopper egg pods in the entire Provinee of
Manitoba in 1932, and n some areas cgg destruction reached fully 90
percent.

Wilson found that hee fiy larvac destroved 44.5 percent of (he
egg pods in Cemnula pellucide (Seudd.) egg Dbeds near Tulelake in
northern Culifornia in 1929. No other predators were found., His
records are hased on 5 soil samples taken on each of 7 cgg beds. The
egg beds ranged in size from 2 to 20 acres, and cach soil sample was
from a l-sguarc-yard area.

Shotwell published an acecount of the grasshopper ege-pod predators
found in_the cgg survey conducted as a part of the Grasshopper
Control Project in the fall of 1938 by the Intomology Research
Division and cooperating States. Records were obtained on a total
of 6,277 fields tu 11 States. The number of predators per square
foot of soil were: Bee fly larvae, 0.31; blister heetle laevae, 0.24;
and ground beetle larvae, 0.06. In arcas where bee fly larvae were
most numerous, from 20 to 70 percent of the egg pods were destroyed.

Gilbertson and Horsfall found 59.3 percent of a Melanoplus mexi-
canus mexicanus (Sauss.) cgg population in South Dakota destroyed
by predators in 1938 (35.6 pereent by bee fly larvae and 25.7 pereent
by blister beetle larvae).  Their findings weré based on 100 soil samples
(each from a l-square-foot arca) taken at random in 80 acres of wheat
stubble.

The Bntomology Rescareh Division and the Plant Pest Control
Division have not conducted detailed studies of the biology of grass-
hopper egg-pod predators.  Ifowever, in the anuual grass 0pper egg-
pod surveys numerous records have been made of the percentage of
egg pods destroyed by bee flies, blister beetles, and ground bectles.

# Ttalie numbers in parentheses refor to Literature Cited, p. 28.
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Because of the importance of these predators tn any study of grass-
hopper populations and the relatively few previously published
quantitative dala concerning them, the records, even though most of
them arc more than 10 vears old, have been assembled and ave
presented in this bulletin.

SOURCES OF DATA

The data collected by the Entomology Research Division were
obtained in 7 States on 16 study aveas established for the purpose
of vonducting yearly ecological studies of grasshoppers, including
intensive sampling of the egg-pod populations itn all the major habitats
on cach arca. The study arcas were set up in crop-growing disiriets
subject to grasshopper outbrealts and included crops and range
plants representative of those found on surrounding farms, Kach
arca was abont 4 miles long and 2 miles wide,

Other research data were oblained by the Entomology Research
Division in connection with grasshopper egg-pod surveys of the major
grassiand arens in several Western States.

The data collectod by the Plant Pest Control Division were oblained
in annual grasshiopper egg-pod surveys of Western and Midwestern
States fo determine where grasshioppers were numerous cnough fo
indicate they might need to be controlled the following year. In
1938, 1939, and 1940, records for each survey slop showed the number
of cgg pods found and the number of pods desfroyed by bee flies,
blister beetles, and ground beetles. From this information in the
original ficld notes it was possible to ealeulate the percentage of egg
pods destroved hy cach kind of predator and the total percentage of
ege pods each destroyed. Unfortunately, percentage figures could
no longer be devived after 1940 because of curtailment of personnel
engaged in grasshopper survey work.

METHODS OF OBTAINING AND USING DATA

The number of grasshopper egg pods and the number of predators
per square foot were determined by sifting soll from s square-foot
aren through a quarter-inch mesh sereen and recording the number
found. The datn in this paper were based on approximately 238,000
sotl samples (36,000 taken in research studies and 202,000 1n control
SUrveys).

A record was made of sound grasshopper ege pods, predator-infested
ege pods, and unattached predators found in each soil sample exam-
ined, These three items added together represent the total number
of egg pods per square foot of soil. The number of predators per
square fooi was the sum of those found in egg pods and those found
free in the soil. A record was made also of the number of bee flies,
blister beetles, and ground beetles (Iarvae and pupee) making up the
predalor population. Other insect predators were mwever found in
sufficient numbers to affect the cgg-pod population malerially, and
they were disregarded.

The percentage of the egg-pod population deslroyed by ecach
predator was obiained by dividing the mmmber per square foot hy
the total number of ege pods per square loot.

This method of computing the total number of grasshopper cgg
pods per square foot and the percentage of cgg pods destroyed by

4




each predator is based ‘on three assumplions: (1) One predator-
attacked pod contains only one predator; (2) one predator in an egg
pod will completely destroy that pod but will not attack another; (3)
one predator found frec in the soil has already destroyed one egg pod.

The first assumption is not always correct. Sometimes more than
one predator is found in an egg pod, but such pods are unusual.
Personnel with long experience in grasshopper egg surveys agree that
less than 1 percent of predator-attacled pods contain more than one
predator.

The second assumption is based on ficld experience and some
experimental results.  Spring surveys show nearly complete destrie-
tion of all eggs in predator-infested pods as compared with & smaller
proportion of eggs destroyed in pods found during surveys in the
same location the previous fall.  Wilson (7) states {hat unconsumed
eggs in Camnule pellucide cgg pods containing bee fly larvae failed
to hateh when held in the laboratory and therefore should be con-
sidered destroyed. On the other hand, Horsiall (3) has shown that
the second essumption is not always correct. e found that several
species of blister beetle larvae consumed [rom 25 to 45 Afelanoplus
diflerentialis (Thos.) eggs during their eulire feeding period when
they were allowed to leed to repletion. This indicates that a single
blister beelle larva is capable of destroying the entire conlents of
egw pods of such grasshopper species as €. peliucide and M. mexicanus
merteanus, which seldom contain more than 30 cges per pod, but only
part of the 75 to 100 cges usunlly found in 31 differentialis and A{.
biriftatus (Say) egg pods. Horsfall apparenily assumes that uncon-
sumed eggs in pods atlacked by blister beetle larvae hateh normally,
but Wilson’s results indicate that such may not he the case.

The assumplion that a single predator does not atlack more than
one cgg pod may not hold true for ground beetle larvae, which are
free moving, but there are no data to show how many eges one larva
can destroy. Bee flics and blister beetles lack functional legs in
their late larval stages and cannot move more than a few inches in
search of egg pods. Where egg pods are packed closely together it
might be possible for one larva to destroy an egg pod and then enter
another, but no concrete example of this has been reporied during
the many years that egg-pod surveys have heen conducted.

"The third assumption is based on the fact that both bee Ay larvac
and blister beetle larvac requently burrow below or Lo one side of the
cgg pods after destroying the individual eggs. The remains of egg
pods whose contents have been eafen arve easily broken in the soil-
sifting process and cannot always be reeognized as individual pods
associaled with a particular predator. Therefore, every predator
found free in the soil is credited witlr deslroving one egg pod not
previously counted. This assumplion is also subject to error. Hors-
fall, as already mentioned, has shown that blister beetle larvae may
complete their feeding and leave the egg pods without consuming all
the 75 to 100 cggs of such grasshopper species as Meclanoplus differ-
entlelis and AL, bivittatus. It seems likely thet o single bee {ly larva
would also fail to consume all the eggs in an ege pod of cither of these
species.  This would overemphasize the importance of predators in
regions wheve AL, differentialis and M. bivittatus are dominant.

All the major chances for error in the method used for determining
the percentage of egg pods destroyed by predators tend to overrate
their importance, but this is more than counterbalanced by the fact
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that considerable numbers of predators are overlooked in the soil-
sifting process. It is & laborious and peinsteking task to recover and
count grasshopper egg pods; to find their predators is even more
difficult. Early lavrval stages can be found only by micrescopic
examination of the soil sample, and this is impracticable in the usual
grasshopper egg survey. Late larval stages and pupae are smaller
than grasshopper egg pods, and many of them undoubtedly pass
through the screen unnoticed. Because of the certainty that con-
siderable numbers of predators are overlooked in soil sampling it is
believed that the records presented sctuslly underrate their importance
by at least 5 percent.

ANALYSIS OF DATA COLLECTED IN CONNECTION
WITH RESEARCH STUDIES

Grasshopper Egg Pods Destroyed in
Predominantly Cropland Areas

The quantitative datn include records for individunl study areas for
periods ranging from 2 to 10 years. It would be cumbersome and
does not seem worthwhile to present yearly vecords for all aress,
'l‘l};{irefo)l'e, they have been snmmarized and grouped by States.  (Sec
table 1,

Arizona

Records from Arizona ave nvailable for study aress at Tempe, Yuma,
and Chino Valley (table 1), The Tempe and Yums arcas are in
southern Arizonn ab elevations of 1,150 and 110 [eet; they include
wrrigated cropland and desert; prineipal crops are allalia and cotlon
at Teripe sud alfnlfa at Youma; dominant grasshopper specics are
Melanoplus differentialis and 34. mevicanus mexzicanus. The Chino
Valley study area is in northern Arizona at an elevation of about
5,500 feet; it includes cropland surcounded by grassland; principal
crops are beans, small grains, and alfalfa; dominant grasshoppers are
M. lekinus (Scudd.) and A mericanus mexicanus.

Destruction of grasshopper egg pods by predators was lower on
study arcas in Arzons than in any other Siate where records were
kept. The average annual destruction of egz pods totaled 5.30 per-
cent (0.4 percent by bee flies, 1.76 percont by blister beetles, and 3.14
percent by ground beetles). Only in Arizona and onc other State
(Minnesota) was predatism by ground beetle larvae higher than by
cither bee fly larvae or blister Dectle larvae. Highess destruction of
cgg pods in Arizonn ia 1 year on 1 study aven was 16.67 percent in
1939 on the Tempe study aven.

California

California records on grasshopper egg-pod predators include records
made on study areas ab Sseramento and San Luis Obispo and in 7
counties subject Lo grasshopper outhresks (table 1), The Sacramento
study aren is in the central coastal region and has an clevation of 50
Teet; it is in an intensely {favmed, irrigated river valley; principal crops
are alfalfa, small grains, and truck crops; dominant grasshopper spe-
cies are Adelanoplus marginaius (Scudd.} and AL, femur-rubrum (De(t.).
The San Luis Obispo study avea is in the southern coastal region at an
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clevation of 300 feet; it is composed largely of rangeland but includes
some small grains and cultivated crops; dominant grasshopper species
are Camnula pellucide and Oedaleonolus enigma (Scudd)). Records
of egg-pod predators were obtained from general surveys in the follow-
ing counties: Imperial, Sacramento, San Dicgo, San Luis Obispo,
Santa Barbars, and Ventura., Imperial County is in the southeastern
corner of the Staie; ull the others are in the southern cosstal region.
Dominant grasshopper species arc M. mexicanus mesicanus in Im-
perial Counby, M, marginatus in Sacramento County, and C. peliucida
i1 all other counties.

Average annual destruction of cgg pods totaled 16.01 percent (1.71
percent by bee flies, 14.13 percent "-by blister beetles, and .17 percent
by ground beetles). On the Sacramento arca predalism was highest
in 1938 when 26 percent of the egg pods were destroyed by blister
heelle larvae, the only predator present.  On the San Luis Obispo area
predatism was highest in 1937 when 60 percent of the egg pods were
destroyed (48.9 percent by Dlister beetles and 11.1 percent by bee
flics).  No bee fly lavvac werc reported for the Saeramento area and
only small numbers were reported lor the San Luis Obispo arca.  This
is in sharp contrast to the deslruction of 44,5 percent of Cumnule
pellucida egg pods by bee fly larvae near Tulelake in northern Cali-
fornia in 1929, reporied by Wilson (7). Grownd beetle larvae were
extremely scaree on both study arcas.

C. C. Wilson, who made the surveys op the two study areas in Cali-
fornia, assisted Staie personnel in the county grasshopper ege surveys
and assembled numerous county records of egg-pod predators. Ground
beetle larvae were considered too scarce Lo he worth recording, and
only the combined number of bee fly Inrvac and blister beetie lorvae
were listed.  These data were not as cavelully obtained as the data on
the study areas, but they show the combined effects of bee fly and
blister beetle larvace over larger arens.  Therefore, they are presented
in table 2,

The average annual destruction of grasshopper ngg pods by bee fiy
larvae and blister bectle larvae for the group of 6 counties was 22.7
percent.  This is 6.7 percent more than were destroyed by these two
predators in Lhe Sacramento and San Luis Obispo study areas (table
1). Predatism was highest in San Tais Obispo County with a 3-yesr
average of 38.5 percent.  This county also had the highest percent-
nge of egg pods destroyed in a single year—>59.5 percent in 1937,
Ventura County was second with 43.2 percent in 1934, and San Diego
County was @ close third with 42.9 percent in 1944, In all the Cali-
fornia surveys, egg-pod predators were most abundant where Camnala
peliucida was the dominant grasshopper.

Kansas

Kansas records on grasshopper egg-pod predators are from study
arcas ab Hays and Garden City (table 1). The Hays sres is in cen-
tral Knansas at an elevation of 2,000 {eet; wheat is the main crop;
Melanoplus mexicanus mezricanus 1s the dominant grasshopper. The
Garden City area is in southwestern Kansas ot an clevation of 2,836
feet; small grains, sorghums, and legumes are the main crops; M.
mezicanus mexicanus, M. biviitatus, M. differentialis, and M. femur-
rubrum are the dominant grasshopper speeies,

Average annual destruction of ¢gg pods totaled 10.49 percent (6.55
percent by bee flies, 3.66 percent by blister beetles, and 0.28 percent

42210857 7
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TasLn 1.-—Gl'dsshopper egg pods destroyed by larvae of bee flies, blister beetles, and ground beetles on study areas in
Arizona, California, Kansas, Minnesota, Montana, North Dakota, and South Dakota

) : Average percentage of pods
Average| Average destroyed by—
samples| pods
State and study area Surveys per per
year square Bee Blister | Ground All
foot: fly beetle | beetle | larvae
larvae | larvae | larvae

Arizona: Number Years Number | Number | Percent | Percent | Percent | Percent
Tempe, Maricopa County 3 ¢ 595 0. 08 0. 46 1.73 5. 75 7.94
Yuma, Yuma County : 209 .25 0 0 . 87 . 87
Chino Valley, Yavapai Gounty : 328 .21 . 66 3. 11 2. 89 6. 66

1

Average (weighted) ‘ 372 .18 . 40 .76 3. 14 5.

Californiat )
Sacramento, Sacramento County 123 .98 17. 30 .16 17.
San Luis Obispo, San Luis Obispo County._._.. 395 . 23 . 12, 24 .18 15,

Average (weighted) 293 . 76 . 14. 13 .17 ) 16

Kansas:
Hays, Ellis County 1942; 1946-49. 125 .05 . . 10 . 13.
Garden City, Finney County | 1945-49 250 - .19 . . 22 . 7.

Average (weighted) 187 .12 . . 66 . 10.

Minnesota:
Hallock, Kittson County 540 .57 . .10 . 21.




Montana:
Brinkman, Hill County
Gildford, Hill County
Havre, Hill County
Huntley, Yellowstone County

Average (weighted)

- North Dakota:
Beach, Golden Valley County
Dickinson, Stark County
Mandan, Morton County

Average (weighted)

South Dakota:
Mitchell, Davison County

Average (all States)




TaBLE 2.—Grasshopper sgg pods desiroyed by vee Ry larvae and blister
besile larvae combined, as determined in county grasshopper egg surveys
i California

Average [ Average | Average
samples (pads per| pereent-

County Burveys per square | age of
year foot | podsde-
stroyed
Number Years Number | Number | Percent
Tmperial . .. _._ .. ____ 1 1937 129 1.4 11. 2
Sacramento. . ________.__ 21 193637 185 .45 16. 4
San Diego__ ... __________ 4 | 1936-37; 182 1.8 23.1
1944-45
Ban Luis Obispo.. oo oooooo 31 1936-37; 424 18 38. 5
1939
Santa Barbara. ... ______ 2| 1936-37 ag 1.5 10. 8
Ventura__ . ______ . ____._.__ 4 1 1934-37 31 2.2 22 .2
Average (weighted). . | feoooaoa-. 175 4,2 22,7

by ground beetles), This was the lowest recorded for any State ex-
cept Arizona. It may possibly be explained by the fact that grass-
hopper egg-pod populations were extromely low during all the 5 years
for which records were kept. Low egg-pod populations not only
decrease the actual number of predators but also tend to reduce the
percentage of ege pods the predators destroy. The highest record of
Eredatism in Kansas cccurred on the Hays study area In 1947 when

ee fly larvae, the orly predator found, destroyed 25 percent of the
egg pods.

Minnescta

Records of the percentage of grasshopper egg pods destroyed by
predators were kept for a study area near Hallock (table 1). This
area is in northwestern Minnesota at an elevation of 815 feet; wheat
and swectclover are the main crops; Melgnopius bimitatus, M, mexi-
canus mezricanus, and Camnule pelineide are the domivant grasshopper
species.

Average annual destruction of egg pods totaled 21,73 percent (5.00
gercent by bee flies, 7.10 percent by blister beetles, and 9.63 percent

¥ ground beetles). Minnesota was the only State in addition to
Arizona in which predatism by ground beetle lavvac was higher than
by cither bee fly larvac or blister bectle larvae. Predatism on the
Hallock study arca was highest in 1941 when 30.0 percent of the egg
gods were destroyed (13.1 percent by ground bectles, 8.0 percent by
ee flies, and 8.9 percent by blister beetles).

Montana

Records of grasshopper egg-pod predators are from study areas at
Brinkman, Gildford, and Havre in north-central Montana, and at
Huntley in south-central Montana (table 1). Havre is 30 miles south
of the Canadian border and has an elevation of 2,480 feet; Gildford
is 30 miles west of Havre; Brinkman is 20 miles southwest of Gild-
ford; elevations at Brinkman and Gildford are about the same as at
Havre. Dryland small grain crops and nalive prairie vegetation oc-
cupy most of the lJand on the Brinkman, Gildford, and Havre study
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areas. Huntley is in the Yellowstone Valley at an elevation of 3,000
feet; principal crops on the study ares are irrigated small grains and
sugar beets; prairie range vegetation and irrigated pastures are also
included. Melanoplus mewicanus mezicanus was the dominant grass-
hopper on all the study aress.

Average annual destruction of grasshopper egg pods totaled 25.39
percent (15.66 percent by blister heetles, 7.79 percent by bee flies,
and 1.85 percent by ground beetles). Highest predatism for single
years in each study area and the percentage of ege pods destroyed
were as follows: Brinkman, 31.2 percent in 1945 (26.7 percent by
blister beetles, 4.1 percent by bee flics, and 0.4 percent by ground
beetles); Gildford, 53.3 Eerccnt in 1943 (27.3 percent by bee flies and
26.0 percent by blister bectles); Havre, 55.55 percent in 1940 (30.41
Eercent by bee flies, 22.55 percent by blister beetles, and 2.59 percent

y ground beetles); and Huntley, 34.6 percent in 1939 (23.5 percent
by blister beetles and 11.1 percent by bee flies).

Records of grasshopper egg pods’ destroyed by predators in the
major habitats on the study areas at Brinkman, Gildford, and Havre
were obtained for the G-year period 1941 through 1946. The data
have been summarized and ave presented in table 3.

TaBLE 3.—Grasshopper egg pods destroyed by larvae of bee flies, blister
bectles, and ground beetles in ihe magor habitats tncluded in the study
arews wm north-central Montana !

Average percentage of pods
Average destroyed by—
pods
Habitat per
square | Bee Ay | Blister | Ground All
foot larvae | beelle | beetle | larvae
larvae | larvae

Number | Percent | Percent | Percent | Percent

Field margins 0. 60 7. 96 9, 18 0. 89 18. 03
Idle land .41 5. 08 12. 02 9. 55 12, 65
8mall grainsg .24 14, 2% 11. 7% 0 25. 99
Rangeland .25 0 22,51 .19 22. 70

! Averages for the G-year periad 1941-46 on study areas at Brinkman, Gild-
ford, and Havre.

Predators as & group destroyed considerable numbers of grasshopper
egg pods in all major habitats in Montana, but ne egg pods destroyed
by bee flies were found in rangeland and noue destroyed by ground
heetles were found in small grains. Bee flies were most effective in
ismi(mlll grains, blister beetles in rangeland, and ground beetics in idle
and,

The 7 years of continuous records for the study areas in Hill County
afford an opportunity to compare the percentage of cgg pods destroyed
in years when the egg-pod population was low with the percentage
destroyed in years when the egg-pod population was high. Compari-
sons are shown in table 4.

For the Brinkman and Havre study areas and for all arcas asa group,
the average percentage of predatism was higher in the 3 years of
highest egg-pod population than in the 3 years of lowest population,
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TARLE 4.—Grascshopper egg pods desiroyed by predators on study areas
in Fill County, Mond., wn'the 3 years of lowest egg-pod population and
wn the 3 years of highest egg-pod population

Years of lowest cgg-pod | Years of highest egg-pod
population popuiation
Study area

Pods per|Percent- Pods per| Percent-

Year | square | age de- | Year | sguare | age de-

foot | stroyed foot stroyed

Number | Percent Number | Percent
1943 0. 26 2,30 | 1941 0.71 16. 60
Brinkmao_ ... ____._.__.._ 1944 .22 1. 30 | 1939 .47 28, 0N
1945 11 31. 20 | 1940 .33 21. 80
Avernge___________{______ 19 1Ls0 L _ . 50 22. 13
1942 .27 17. 60 | 1840 .82 29. 90
Gildford_ . _.__________ 1943 .25 53. 30 | 1939 .51 32. 50
1945 .08 34. 70 1 1944 .28 17. 00
Average. __.._._____|.___._ .20 35.16 |______ AT 26, 46
1942 .18 41. 86 | 1640 2. 66 55. 55
Havre ... 1944 .15 10, 61 | 1039 . 87 32,18
1943 . 06 20. 20 | 1941 .21 48, 94
Average. ... .|.o___. .13 27.22 |______ 1. 25 44, 89
Average (all aveas)__|.._.___ .17 24,66 ... T4 31. 18

This did not hold true for the Gildlord study area, where the highest
percentage of predatism occurred during the 3 years of lowest egg-
pod population, nor was it always true for the Brinkman and Hevre
study aress when records for only 2 years were compared.

North Dakota

Records of grasshopper egg-rod predators are from study areas al
Besch and at Dickinson in sousthwestern North Dakota and at Man-
dan in south-central North Dakota (table 1). Beach is 3 miles east
of the Montana State line and 62 miles norsh of the South Dakets
border; it has an elevation of 2,759 feet. Dickinson is 64 miles cast
of Beach, st an elevation of 2,543 feet, Mandan is 100 miles east of
Dickinson, at an elevation of 1,750 feet, Dryland small grain crops,
leeumes, and native praivie vegetation oceupy most of the land on
all three sreas. The dominant grasshopper species on all three areas
is ususally Melanoplus mezicanus mexicanus, but it is sometimes out-
numbered st Dickinson v M. femur-rubrum and at Mandan by
M. differentialis.

Average annusl destruetion of grasshopper egg pods totaled 27.62
percent (13.52 percent by blister beetles, 11.89 = ‘cent by bee flies,
and 2.21 percent by ground beetles). The ! .1 differs only 2.32
percent from the 7-year average of 25.30 pervuut for the 4 study
areas in Montana.

Highest predatism for single gears in esch study area and the
percentage of egg pods destroyed by each predator were as follows:
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Beach, 76.16 percent in 1940 (49.74 percent by bee flies, 21,42 percent
by blister beetles, and 5.00 percent by ground beetles); Dickinson,
77.52 percent in 193$ (49.08 percent by bee flies and 28.44 percent
by blister beetles); and Mandan, 68.69 percent in 1943 (48.85 percent
hy blister beetles and 19.74 percent by bee flies).

Records of grasshopper egg pods destroyed by predators in the
major habitats on study areas at Beach, Dickinson, and Mandan for
the 8-year period 1941 through 1946 ave summavrized in table 5.

TaBru 5-—Grasshopper egy pods destroyed by larrae of bee flics, blister
beetles, and ground beetles wn the major habitals included in the study
areas i North Dakota !

Average pereentage of pods destroyed
Average by—

pods per
Habitat square
foob Bee fiy | Blister | Ground All
Inrvae beetle beatle | larvae
larvae | larvae

" Percent [ Percent | Percent | Percent
Field margins 0. 2,23 3. 67 271 8. 61
Tdie land . 3. 39 5. 56 .75 0. 20
Sinall grains . 8. 97 11 04 4. 03 24, 51
Legumes AT 2487 10.08 6. 52 19. 08
Rangeland . 280 20075 | 1444 37. 69

! Average for the 6-vear period 1911-46 on study arcas at Beach, Dickinson,
and Mandan.

Predators as a group destroyed considerable numbers of grass-
hopper cgg pods in all major habitats. Predatism was grealest in
rangeland, Bee flics were most effective in small grains, and both
blister beetles and ground beetles were most cffective in rangeland,

The 8 years of continvous records for study areas at Beach, Dick-
inson, and Mandan afford an opportunity to compare the percen tage
of egg pods destroyed in years when the egg-pod population was low
with the percentage destroyed in years when the ezg-pod population
was high., Comparisons are shown in (able 6.

TFor cach study area and fov all arcas as a group, the average per-
centage of predatism was much higher for the 4 years of highest
egg-pod population than for the 4 years of lowest eeg-pod population.
However, this did not always hold true within a study area when
records for only 2 years were compared, as will be seen in the following
comparisans lound in table 6:

At Beach, the egg-pod population was 2.24 per square foob in
1939 and predatism was 38.09 percent, whereas the ege-pod population
was 0.99 per square oot in 1940 and predatism was 76.16 percent,

At Dickinson, the egg-pod population was 0.05 per square foob
in 1945 and predalism was 3.05 percent, whercas Lhe cge-pod popu-
lation was 0.02 pér squarc foot in 1946 and predalism was 6.25 percent,

At Mandan, the cgg-pod population was 0.12 per square foot in
1944 and predatism was 1.86 percent, whereas the ege-pod population
was 0.02 per square {oot in 1945 and predatism was 8.33 percent.
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TABLE 6.—Grasshopper egg pods desiroyed by predators on study areas
in North Dakota in the 4 years of lowest egg-pod population and in the
4 years of highest eyg-pod population

Years of lowest egg-pod | Years of highest egp-pod
population population

Study area
Pods per| Percent- Pods per |Percent-
square | age de- square | age de-
foot stroyed foot | stroved

Number | Percent Number | Percent
0. 29 36. 52 2. 24 38.

Beach, Golden Valley ’ .26 11. 62 : . 99 76.
County 5 14y 12017 .43 38.

L1l 11. 19 .41

Average

Dickinson, Stark County..

Averape

Mandan, Morton County. .

Average

Average (all areas)__

South Dakota

Records of grasshopper egg pods destroyed by predators were
kept for a study area at Mitchell in Dawvison County (table 1).
Mitchell is in southeastern South Dalkota and has an clevation of 1,293
feet; corn, small grains, and legumes are the main crops; Melanoplus
mexicanus mericarus, M. differentiulis, and M. femaur-rubrum  are
the dominant grasshopper specics.

Average annual destruction of grasshopper egg pods totaled 18.63
percent (9.90 percent by bee flies, 5.79 percent by Dblister beetles,
and 2.94 percent by ground heetles). This was 8.99 percent lower
%m.ln the average of 27.62 percent for the 3 study areas in North

akota,

Highest predatism in a single year on the Mitchell study area
was 32.70 percent in 1839. This also was considerably lower than
the highest predatism for a single year on the North Dakota study
areas,

Records of grasshopper egg pods destroyed by predators in the
major habitats of the study area at Mitchell for the 6-year period
1941 through 1946 are shown in table 7.

Bee flies were most effective in small grains and legumes; blister
beetles and ground beetles were most eflective in legumes, No egg
pods destroyed by ground beetles were found in rangeland.
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TasLe 7—Grasshopper egg pods desiroyed by larvae of bee flies, blister
® beetles, and ground beetles on the major habitats included in the study
area at Mitchell, S. Dalk}

Average percentage of poeds de-
Average stroyed by—
pods
Habitat per
sguare Bee RBiister | Ground All
foot fly beetle | beetle | larvae
larvee larvae | larvae

Number ; Percent Percent | Perceni

Field margins.__ 0. 90 2,00 . 1. 67 5. 45
Idle land 1.24 2,74 X . 8. 38
Small grains__ .40 w00 . X 21. 60
Legumes .90 8, 89 . X 29. 99
Rangeland .44 1,82 . 9. 03

1 Averages are for the G-year period 194146,

Summary of Predatism by Larvae of Bee Flies, Blister
Beetles, and Ground Beetles on Study Areas

Average annual destruction of grasshopper egg pods on the study
areas as & group totaled 17.87 percent (8.80 percent by blister beetles,
6.18 percent by bee flics, and 2.89 percent by ground beetles).

The average annual percentage of cgg pods destroyed by each kind
of predator in the State wheore 16 was most effective was as follows:
Bee flies, 11.89 percent in North Dakota; biister beetles, 15.66 per-
percent in Montana; and ground beetles, 9.63 percent in Minnesota,

The percentage of egg pods destroyed by each kind of predator and
by all predators as a group was highest in a solid block of States com-
posed of Montana, North Dakota, Minnesota, and South Duakota.
Average annual predatism for this block was 23.07 percent, as com-
pared with a group average of 10.60 percent for Arizona, California,
and Kansas.

Arizona and Kansas had the lowest percentage of egg pods de-
stroyed and also the lowest number of cgg pods per square foot.

Grasshopper Egg Pods Destroyed in Predominantly
Grassland Areas

Records of grasshopper egg pods destroyed by larvace of bee flies,
blister beetles, and ground beetles were obtained in ¢ annual fall
grasshopper cgg surveys of the grassland region bounded by the
6,000- and 2,000-foot levels east of the Continental Divide and the
42d and 49th parallels. This vegion mcludes large grassland areas in
Montana, Wyoming, North Dakota, South Dakota, and Nebraska.
Dominant grasshopper species are Afelanoplus mezicanus mexicanus,
Ageneotettiz deorum (Scudd.), Amphilornus coloradus (Thos), and
Phoetaliotes nebrasecensis (Thos.).

Egg surveys were conducted each fsll from 1942 through 1950.
Survey stops were distributed as evenly as possible over the region.
However, because personnel and time were not available to sample
the vast acreage of lightly infested range, stops were made only where
5 or more adults per square yard had been found in earlier surveys.
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TasLe 8.—Grasshopper egg pods desiroyed by larvae of bee flies, blister
beetles, and ground bectles on grassiand areas in Montana, Nebraska,
North Dakota, South Dalkola, and Wyoming, 1942-50

Average percentage of pods

Average destroyed by—
peods per
Year Samples| square t
{oot Bee fiy | Biister | Ground Al
larvae beetie heelle larvae
iarvac ; Jarvae
Number | Number | Percent | Percent | Percent | Pereent
1942 .. 1,062 0. 26 2.9 3.0 04 6.3
1943 .. 756 .30 2.0 2.5 .6 51
1944 o __ Si0 .31 2.0 5.6 1.0 9.5
1945 e 540 .37 2.4 5.2 .3 8. 4
046 . o _.__ G54 .32 L7 .3 7 27
1947 e ____ 576 .2 .8 5.6 0 G 1
1848 L 460 .21 i1 1.4 4] 2.5
1949 ________ 7383 . a6 14 .8 .2 2.4
a0 __ 934 31 .7 22 .G 3.5
Avernge_______ 832 .33 1.8 2.9 .4 5.1

Eighteen soil samples (each from a ¥-square-foot arca) werc exam-
ined at cach stop.  The number of egg pods found at survey stops
undoubtedly was higher than the number present on other parts of
the range where smaller sntmbers of adults (less than 5) had been
found in the earlier surveys.

The average number of egy pods per square foob for the entire
grassland region was estimated as follows: First, the average number
of egg pods per square foot found during an egg survey was divided
by the average number of adults per square yard found at the same
stops during the adult surveys. This figure, which vepresents the
number of egg pods per square lool produced by 1 adult per square
yard, was then mulliplied by the average number of aduits per square
yard found duving the adult surveys for all survey stops in the region
10 obtain the average number of egg pods per square [oot, as shown
in table S,

Total predatism by larvae of bee flies, blister beetles, and ground
beetles did not exceed 9.5 percent in any of the 0 years of survey, and
averaged only 5.1 percent, This was lower than for any of the 16
study areas. The lact thal most species of range grasshoppers scabler
their egg pods more widely than species of crop grasshoppers, thus
making it more difficult for predators to find them, may be one reason
for the lower percentage of cgg pods destroyed in grasslands. This
15 in agreement with the fact that predatism on the study areas was
highest during years of greatest egg-pod numbers (lable 5).
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Another possible explanation of the higher predatism in cropped
arens is the fact that bee fly adults frequently gather in large numbers
to feed on Lbe blooms of annual plants growing on disturoed ground
along roadsides and fencerows, and swarms of blister beetle adults
feed on legumes such as allalfa and sweetclover. Having concen-
trated in such places for feeding, it scems reasonable to believe they
would stay for ege laying.

Predatism in the grassiand region averaged about 20 percent less
than in the grassland habilats on the study arcas in Montana and
North Dakota. It should be mentioned that the grasslands on the
study areas consisted of small tracts adjacent to crops and cut by
many roads and fences.  In the regular grassiand region, survey stops
;\:ere gencrally remote {rom crops and ground disturbed by roads or
enices,

ANALYSIS OF DATA COLLECTED IN CONNECTION
WITH CONTROL SURVEYS

Data accumulated in control surveys are so voluminous that it is
practicable to publish only & summary, which will be found in table 9.
The table shows the numnber of survey stops made in cach State cach
year and the highest predatism found at a single stop in each State.
The table also shows the avernge percentage of cgg pods destroyed
by each of the three predators. This is the average for ell slops
made in all counties in each State, caleulated from the number of
pods found at cach stop and the namber Lhat were destroyed by each
of the three predators at cach stop. The number of pods per square
foot 1s omitted from the {able, bub the number found at cach stop is
recorded in the voluminous compilation from which the table is
derived.

Kzy ro Arpreviarions ¥ Tanoe 9

The sbhreviations used in Ltable @ to indicate dominant species of

grasshoppers are as follows:

Species: Abbrexiation
Melanoplus bivittalus (Bay) o iiiiiieaaae. DIV
Al devastator Scudd dev
AT, differentlalis (Thos.Y L e e camimamae . Wi
Oedaleonatus enigma (Seudd) oo, .o-- BNIE
M. femaur-rubruam (DeGY oL . oo [
A, nexicanus mecicanus WaNSS.) o oo oL . iae..o--- IICX
M. packardii Scudd puck
Primerolropis pullidipenals pallidipennis {Burnu) .. .. oo pul
Camnula pellucide (Seadd.) . o oo Lol pell
Arphia psewdonietana {Thes) oo oo pseu
Aeoloplides turnbulli (Thos) o .o turn




TaprLe 9.—Suamary ofF Dara CoLisered v Coxrron SURVEYS!
Grasshopper egg pods destroyed by larsae of bee Ses, blisier beelles, @
and ground beetles, by States and years

Highest] Average percentage of pods
pred- destroyed by—
Dominant atism
State and year|Samples species ! ab any
survey | Bee | Blister |Groundf All
stop fiy heetle | beetie | larvan
inrvac | larvae | larvae

Per- Per- Per- Per-
Birst cend cenl cend cent
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TapLe 9—-Summary or Dara CorLecrep 1IN CoNTROL SURVEYS:
Grasshopper egq pods destroyed by larvae of bee flies, blister beetles,
and ground beetles, by States and years—Continued

Highast| Average percentage of pods
pred- destroyed by—
Tominant atism
State and year{Samples! species ! atany
survey | Bee | Biister [Ground| A{]
stop iy bectle | beetle | larvae
larvae | larvac | larvae

Num- Per- Per- Per- Per-
ber First | Second | cent cont cend cent
Nevadu_.__..1 3,076
1938 .. 623 | mex biv S0 15. 0.
1,258 { mex hiv 86 a9, 4 2.
1,195 | mex biv 84| I14.8
1,005
505 | mex hiv 2,
500 f-r difT 7.4
24, 518
6,886 | mex pack
730 mex hiv
4, 902 mex liv
Exd!
2,033 il mex
1,361 | mex turn
1940 _ . 375 mex furn
Oregon T4
1938 1830 [ mex peil
a6d mex -t
2, 585
225 max diff
9, 467 mex diff
, 893 diff hiv
Texns__._.___} 7,005
1938_____} 4,190 | dif pack
1930___._ 975 mex diff
1940 ____ 840 | mex furn
Utaho ______ -4, 780
: 550 f-r mex
230 | mex [-r
453
240 | mex {-r
215 | mex f-r
20, 005
1) 315 fr mex
8, 300 f-r mex
1, 480 f-r mex
5, 204
2,906 | mex biv 5 L
2,308 | mex by 7 16.
1040 ____ 341 biv f-r 58 i0.
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¢ Another species (biv) was equally dominant, but pack was first dominant at
afop and biv was not recorded as first dominant.




Several other species of grasshoppers were dominant or second

domicant in & few counties but not in any State as a whole,

These

species and the counties and years in which they were dominant are

listed in table 10.

TaBLE 10.—Species of grasshoppers thal were dominant or second
dominant in individual counties bul not throughout the Stale, by

county and year

Collected in—

Species and year

State County
Ageneotettiz deorwm (Seudd.):
1938 e Michigan_______ Montcalm, Oscoola, and
M \{Wext‘ord‘ o
Michigan_____.. Manistee and Oceana,
1989 e {Wiscoﬁsin ______ Wood.
040 Michigan_______ Newago and Oceana,
Awulocara elftotii {Thos.}:
1938 . Wryoming____.__ Niohrara.
(Kansas__._____ _| Pawnee, Rush, Seward, and
Trego.
Nebraska_______ Rock,
1939 North Daketa_ | Adams.
““““““““““““““ Oklahoma____.__| Beaver,
South Dakota___| Harding, Lawrence, Wash-
ington, and Ziebach.
\Wyoming_.._.__| Crook.
Nebraskao_..__ Ileya Paha.
Okinhoma___.__ Greer and Kiowa.
1640 #South Dakota___| Jackson, Shannon, Todd,
"""""""""""" Waghabangh, and Wash-
ington.

Dissosteira carolina (L.}:
19038 ...

1939 e
Encoplolophus sordidus sordidus
{Burm.}:
Melanoplus angusiipennis
{Dodge):
1638 ..
Melanoplus confusus (Scudd.):
1938

20

{South Dakoba___
Wisconsin_ _____
Montana_______

{wew Mexico.___

i{)klahoma ______
Texns. ...

New Mexico. ...

Armsbrong, Hemphill, and
Lipseomb.

Potler.
Bheboygun.
Golden Valley and Hill,

Colfax and Union.

Cimarron,

Armstrong, Briscoe, Carson,
Castro, Deaf Smith, Floyd,
Hansford, Hartley, Hemp-
hilt, Howard, Hutchinson,
Lamh, Lipsvomb, Moore,
Qchiltree, Oldham, Potter,
Randali, Roberts, Sher-
man, and Swisher.

Quay.
Presque Isle,

Mecosta

Hale.




TABLE 10.—Species of grasshoppers that were dominant or second
domingni in individuel counties bul mot throughou! the State, by
eounty and year—Confinued

Species and year

Collecied in—

State

County

Melanoplus dawsons (Seudd.):
193

1940
Melanopius
(Seudd.}:

1039

marginaing

Schistorerca americana ameri-
cane (Drury):
1939

Minnesota______

Idaho
Oklahoma______
Texas.________

Oaltformin_ o ____

Arizona_ o ___

Nevada

Missouri_o oo ...
Nebraska

South Dakota___

Crow Wing and Itaska,

Carlion, Iioska, 8t Louis,
and Stearns,

Doise.

Lilis and Poitawatomie.

Fisher.

Bacramenio.

Santa Cruz,

Lander and Nye.

Peamiscot.

Cherry, Gorden, Gran§, und
Hooker.
Ziebach.

Figures 1, 2, and 3 show the lotal percentage of grasshopper egg

pods destreyed by all predators combined, ns determined in the sur-
veys made in connection with control work in the fall of 1938, 1939,
and 1940, respectively. The mnps show the average percentage of
predatism for all survey stops made in cach county. For example, 19
survey stops were made in Shevidan County, Nebr., i 1838, and the
pereentage of ege pods deslroved at each of the 19 stops was 68, 78,
77,78, 57, (4, 67, 66, 63, 38, 38, 30, 63, 45, 23, 18, 66, 54, and 50 per-
cent, or an average of 56 percent for the 19 stops.
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Ficure 1.—Total percentage of grasshopper egg pods destroyed by larvae of bee flies, blister beetles,
and ground beetles, autumn 1938.
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Ficure 2.—Total percentage of grasshopper egg pods destroyed by larvae of bee flies, blister beetles,
and ground beetles, autumn 1939,
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Ficurs 3.—Total percentage of grasshopper egg pods destroyed by larvae of bec flies, blister beetles,

and ground beetles, autumn 1940,




PREDATOR SPECIES AND DISTRIBUTION RECORDS

Occasionally, larvae and pupae of bee flies, blister beetles, and
eround beetles found in or near grasshopper egg pods were reared to
adults and then sent to specialists for identification. Sometimes,
adult bee flies and blister beetles nssocinted with adultgrasshoppers
were collected by personnel making State grasshopper surveys. Some
of these predators were identified as species whose grasshopper egg-pod
feeding habits were known.

The rearing of larvae or pupae and the collecting of adulis were not
adequate to cstablish accurate ratings of abundance or exact limits of
distribution, but the records are presented to supplement those of
other workers.

Bee Flies (Bombyliidaa)

The distribution of species of bee flies that were reared from larvae
or pupae found in or near grasshopper egg pods or were collected as
adults where grasshoppers were abundant is shown in table 11.

TasyLs 11.—Distribution of species of bec flies, by State and county

Colleeted in—
Speeies

State County !

Anastoechus  barbatus  (Osfon | Montana. ... Gallatin® and Il *
Sacken).
Californin____._ Biskiyou,* Modoac,* Lassen,*
and coastal areas from
Aphoebantus hirsutus (Coq.)-- .. Menterey County to San
Diego County.
Oregon___._..__| Klamath*
Aphoebantus mus (Osten Saclk- { Oregon Klamath.*

en}.

Aphoebanius n. sp. #1 Colorado Lincoln.*®

Aphoebanius n. sp. #2 Nevada Lander.*

Systoechus oreas Osten Saeken._{ Uregon Klamath. ¥

Michigan Otsepo.

Mimesota Kittson®* and Traverse.*
Montann____.._ Fcr'gu?,* Hill,* and Rich-
land.

Nebraska Howard,* Lincoln,* and
Systoechus vulgaris Loew Seotts Bluff.*

North Dakota__| Billings, Colden Valley,*
Grand TForks, Marton,*
Pembina, Renville, and
Stark.*®

South Dakota..| Davison* and Perkins.

1 An asterisk following the name ol the county indicates that larvae or pupae
were coliceted in or nedar grasshopper egg pords and held until adults emerged.
Adults of species ol known grasshopper tgg-pod feeding labits were collected in
the other counties listed.

Systoechus vulgaris, with records of occmrrence in Michigen, Minne-
sota, Montana, Nebraska, North Dakota, and South Dakota, wus the
most common and also the most widely distributed species.  Aphoe-
banius hirsutus was the next most common species, but its distribution
was limited to California and Oregon,
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Blister Bestles (Moloidae}

The distribution of species of blister beetles that were reared from
larvae or pupae found in or near grasshopper egg pods or were col-
lected as adults where grasshoppers were abundant is shown in table 12,

TarLe 12.-—Distribution of species of blister beetles, by State and county

Species

Collected in—

State

County !

Epicauta collose Leeo..__._____
Epicaula ferrugines (Say}.__._._

Epicaula lemniscata (F.y______.

Epicaula maculate (Say)_______

Epicante oregone Horn_ . ___

Epicauls pennsylvanica (DeG) .
Epicauta punciicollis (Manu.)._
Epicaute sericans Lee____ . ___

Epicaute albide (Say)_________

Epleauta fabricii (Lec.)_ . _.____

Epicauta subglabra (Fall) . _____

South Dakota.__
Wyoming_._____

Kansas_________

Montana____.__
¢ Nebraska..__._.

North Daketa __
South Dakota___

Wyoming._.____.
Montana_______

Wyoming. ...
California_ _____
North Dakota.__
{ Qolorado _______

New Mexivo__._
Montana__ . ___

Minnesota______
Nobraska______.
North Dakota._ _

South Dakofa___
North Dakota __

Custer* and Pennington.*

Park.

Dubuque.

Hiil,

Crawford and Pottawatta-
i,
Pueblo.*
Crawford
tamie. .
Cheyenne,* Greeley, Scott,*
Sherman, and Wichita. *

Hill* and Bondera. *

Cheyenne,* Custer, Dawes,
Kimball, * and Logan.*

Golden Valley,* La Moure, *
Logan,* Morton, and
Ward,*

Davison.*

Park *

Pondera,*

Pottawattamie,

Hill,

Custer and Thurston.

Goshen,

Modoe,* Sacramento,* San
Dicgo,* San Luis Obispo,*
and Siskiyou.*

Logan,* MeLean,* and Mor-
ton.*

Lineeoln. *

Greeley,

Quoy.*

Fallon,* Fergus,* and Wi-
haux.*®

Treverse. *

Bauner,* Custer,* Dawson, *
Lineoln,* Logan,* Madi-
son,* and Valley.

Barnes,* La Moure,®* Me-
Intosh, and Morton,

Duvison.®

Morton* and Sicux.*

and Pottawat-

! An asterisk following the name of the county indicates that coarctate larvae
or pupae were collected in or near grasshopper egg pods and held until adults
emerged. Adults of spacies of known grasshopper egg-pod feeding habits were
collected in the other counties listed.
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Eopieauta macuiats, with records of occurrence in Colorado, Iowa,
Kansas, Montana, Nebraska, North Dakota, South Dakota, and
Wyoming, was the most common and also the most widely distributed
spceies.  E. fabricid was the next most common species; 16 was found
in Minnesota, Montana, Nebraska, North Dakota, and South Dakota.
E. puncticollis, found only in California, was the only meloid egg-pod
predator found in that State.

Ground Beetles (Carabidae)

Only a fcw ground beetle larvae and pupae found closely associated
;yi t-lh grasshopper egg pods were reared to the adult stage and identi-
ied.

L. . Rockwood of the Grasshopper Research Project reared adults
of dmara obese (Say) {rom larvae found feeding on Camnula pellucida
egg pods in Klamath County, Oreg.  He also observed that adults of
the same species dug into C. pellucida egg heds and ate large numbers
of cggs. Riley (4) stated that A. obesa larvae destroyed large num-
bers of grasshopper cggs in Minnesola in 1876 and 1877. As this
species 18 widely distributed throughout the regions where grass-
hoppers are most abundant, it is perhaps the most important carabid
grasshopper cgg-pod predalor.

C. C. Wilson of the Grasshopper Rescarch Projeet reared four other
species ol Carabidac—zlmare tmpuncticollis (Say), Anisedaclylus
caltfornicus (Dej.), A. advalis Horn, and Plerostichus occidenialis
(Dej. )—irom larvae and pupac found in or near grasshopper cgg pods
in Bacramento County, Calif.

DISCUSSION

The heneficial offects of natural factors in reducing grasshopper
infestations is generally recognized. Most farmers and workers
engaged in grasshopper control have secn grasshopper populations
greatly reduced by parasites and diseases; insect, hird, and animal
predators; and weather.  Entomologists, including the authors, have
been prone to view destruction of grasshopper cggs by larvae of bee
flies, blister beetles, and ground heetles as of importance locally but,
of minor and unpredictable importance in reducing grasshopper
populations over sizable geographical areas.

Data obtained by the Plant Pest Control Division in county surveys
indicate that destruction of grasshopper egg pods by these predators
was high over several extensive areas for the 3 years of survey, and
there were few counties in which it did not oceur. For example,
figure 1 shows that in 1938 from 25 to 49 percent of all ege pods were
destroyed in an area that included the eastern part of Montana, nearly
all of North Dalkots, the western part of South Dakota, the Pan-
handle of Nebraska, and several counties in Colorado, northern Seuth
Dakota, and western Minnesota. Within this extensive area, preda-
tism ranged from 50 to 64 percent in single counties and groups of
contiguous counties. In many counties where the average percentage
of predators was high, predatism was 80 to 90 percent at individual
survey stops and in a few counties, it was as much as 100 percent.

Data obtained by the Entomology Research Division on smaller
unit ereas, but by more intensive sampling over more years, are in
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surprisingly close agreement with data obtained in the same counties
by the Plant Pest Control Division (table 13). A comparison of data
from the two sources shows that in at least four of the States subject
to major grasshopper outbreaks larvace of bee flics, blister beetles, and
ground beetles destroy considerable numbers of grasshopper egg pods
every vear, In the counties listed, average yearly reduction approx-
imates 25 percent of the cggs tnid.

Without cesiruelion of grasshopper egg pods by larvae of bee
flics, blister beetles, and ground beetles, and by other naturaf factors,
the frequency of major grasshopper outlieaks over extensive areas
would be greatly ipcreased. Altogether, natural factors are so
important in preventing extensive, explosive outbreaks that control
by man, necessary ns it is for additiona! population reduction and
ctop proteciion, is directed al only a small part of the potential
population.

Tasue 13.—Egg pods destroyed by larvae of bee flies, blister beetles, and
ground beetles in study areas, as delermined in rescarch swrreys, and
in entire counties where study arcas were located, as deternmined in
conirol survcys

' Average per-
" rentape of cgg
Survey ¢ pods destroyed
Staie and county , in—
Study aren | Endire county | Study ! Entire
I aren | county
H |
Num- Year .'\'!:..’.rhi Year , Per- E Perecant
Alinnesota: ber ber boeent !
Hittson_ oo 3 | 183511 3 1838-40 ¢ 21 11
Aontana: i :
J G 2] 71 193945 3 193840 28 26
Yelowstonoo oo oo __ Toiaan; 30 1935-40 . 16 g
104146 ! :
North Dukota: | !
Gotden Valley_ ... _. gi1esg-6 3 1igasa0, 294 32
Mortono oo oo $ 1 193046 30 193840 27 31
fark. oo ! S ¢ 19396 3 i 1935-40 28 33
South Dakota: : ;
Davison_ . __.oo_.__. | 9:1938-46' 31193840 R R 2 17
Average (weighted) _; ______ [ b i _________ S N 24
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