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PREFACE

The possible economie importence ef Daihinia brevipes Haldeman

(Gryllacrididas, Orthoptera), & nocturnal inseet living in burrows in
sendy soil, wes first brought to the atbention of the Oklshoma Agriculbupe
al Uxperiment Station in the spring of 1935. At that time lebters were
received by the Department of E;tomolbgy from farmers and a vocatioml
agriculture teacher asking for information on the insech, and stating
thet it was doing extensive dammge to tomate, cotbon, melon, ond cow=
pee seedlings. 4 review of literature indicated that the 1ife histery
and conbrel were unknown.

Since the insect was observed to thrive in sendy regions, aud since
sandy seil is found over approximately one=fifth of the western half of
the State of Oklahoma, it was thought that the inscet merited study as
o potential menace teo thousands of acres of crops.

In addition to the possiblc seonomiec importance of the species,
it wos apparent from the previously published work om the subfamily
Bhaphidophorinae, of which this species is a8 memher, that there was a
definite need for more life hisbory and meorphologiesl information.
Blatchley (2) in 1920 observed of the members of this subfamily, "Their
food habits and life histories are as yeth pracﬁically unknown and offer
an inberesting and virgin field of research.......” Hubbell (8) in 1938
states, "Ho detailed treatment of the morpholegy of any species of this

genus (Ceuthophilus), or indeed of any native American Rhaphidophorid,

has yet been published™. Concerning life histories and habits the same
author states, The following observations, though fragmentary, appear
worthy of record in view of the paueity of infermation upon the subjects

troantedh,



& project could not be seb up at the time for the pufpese of inw

vestigatling the species, so from 1935 to 1938 only occasional observe=
tions and collections were mades Relatively little was learned during
this pericds In 1939 the Department employed & full-time assistant

on the project at Crescent, Oklahoma, during which time studies eon the

N
life his%ory and control were mads.

The auther studied the problem during 1940, and 1% is primarily
upon information obtained during this time that this thesis is based,
although the notes of the previous workers have been used and referred
to exbensivelys

Gratitude is expressed to Drs. Fe I. Whitehead, uwnder whese directien
the work was conducted; bo Mr. John Standish and Hr. Howard Eekley for
the uss of unpublished notes cencerning theo problem; to Professor G. As
Bisberdorf for photographical assistaﬁee; to Mre He B Arnett for coopor-
ative provision of leboratory and plot space; to Dr. F. is Baumgartoner

and Professor George Hoore for determinetion of the species of the

= b

predators collected; and to Dre Do B. Howell for permission to use morw-

pholegical drawings made in connection with work under his direction.
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INTRODUCITON

Paihinia brevipes Haldeman is a member of the subfamily Raphidopho-

rinae, commonly known ss the cave=crickets or camelwcrickets. WMany stu=-
dents refer this subfamily to the Tettigoniidee, but Hubbell (8) places
it in the Gryllscrididse., The insect is dark browﬁ, mottled with lighter
shades, and about 24 mmes in lengthe 7The body is thick and robust, and
roundly humped dorsally.

Resoarch was conducted principally in a sandy ferming region near
Crescent, Crlshoma, under the sponsorship of the Department of Pnbomology,
of Clelshera A, and l. Colleges The avthor was stationed in this ares
for intensive study of the cricket from Februsry to July, 1940. Due
to the nocturnal habits of %the speeies, much of the work was done at
night with the aid of a flashlight.

Laberatory and storage space was obtained in a councrete-walled
building in Cresconb. A weather stebion was set up near the laboratory,

neluding three thermographs (two for teking soil temperatureé and one

[ dd
e

for air tonperatures), @ thermemeter, a psychrometer, and & rain gauge.
This work was planned to give information on the general life history,
the relation of temperature to activiby, food habits, exbent znd inbene
sity of population, coubrol methods, and various imecidentsl problems.
York on the morphology of the species was lator undertalen.
Throvghout this paper the term "emerpgence" has been used to meen
the exit of a ericket from its burrow for feeding or other purposes on
the surface of the ground, and should not be confused with the more com-

.

mon enbomological usage indicating the cmergence of the imago from the

The teorm “worked" as here applied %0 a cricket burrow refers to the

disturbense of soil or presence of fresh soill about the burrow enmbrance,



indicating ‘that the ocecupant has been active, either in leaving the
burrcw or in further digginge

Although this insect bolonpgs to the group commonly known es "camel-
crickets", it has been referred to in this paper simply as "the ecricket®,
uo common unsme For the insect being in usagew |

Daihinia brevives is the only speeles of this subfamily of numeri-

cal or other knovm importance in the arce shtudied, although an occasional

specimen of what was determined by the writer to be Udeopsylla robusta .

Haldemen is found in the same enviromment as is D. brevipess On one

occcasion specimens of both specles were trapped from She same burrow,



REVIEY OF LITURATURE

phorinee shows a dearth of published werk on the taxonomy of D. brevipes,
I o e
end & virtucl absonce of life hisbory or morpholeogieal information.

Ieldeman (5) in 1850 doseribed the spoeies under the penus

rhelengopsis, ecrseting at bthe time o new subgenus Dalhinia for the new

T

specicse Lazihinie was r&L“@d to generic rank by Scudder (11) in 1862.

P =

¥

vdell (3} im 1916 revicwed the geners of the insccts in this group,

giving descripbions of the twe specios assigned to Delhinia. In 1927
Hubboll and Ortonburger (9) list D. brevipes a2s occurring in Uklahoma.
with no further discussion. A nobe is found by Iysiop (10) in 1634

"\

that the speclcs had been reportod as injurious from Hollis, Oklahoma.
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Hebard {(8) in 1936 listed the specles as occeurring in southwestern
Horth Dokoba. in 1936 Mubbsll (8) published his revision of the genus

2

Geuthophilus in which a number of btaxoncnic and biologiec references

were made to Dalhinia ineidentel bo bis discussion of the genus Ceutho-

philus.

It is appareunt that the 1ife history has been entirely unknown
with the swoeption of the very general features asswaed from its rele-

tionship to ether betucr knovm species.



GEOGRAPHIC DISTRIBUTION

According to Caudell (3) this species occurs from Louisiana, the
type locality, north to Wyoming and North Dakota, Hebard (6) records
it as present in southwestern North Dakota, and states that the eastern
limital records extend southeastward from that area through Martin,
South Dakota; Stratton, Nebraske; Winfield, Kensas; and Perkins, Oklae
homa, Hubbell (8) states that the genus Daihinia ocours in the Great
Plains states from North Dakots to northern Texas, and in areas of
similar environment in Colorade and Wyominge. Being present at Boise
City, Cklahoma, in the extreme western part of the State, it probably
also ocours in at least eastern New Mexico.

In Oklahome the species is found in small numbers almost through=
out the State wherever sandy soil predominates, but one of the highest
populations kmown to the writer is in westcentral Logan County and the
northeast quarter of Kingfisher County. This area is a general farm=-
ing region characterized by very sandy soil. Of this areas, two or
three square miles immediately southwest of Crescent had the heaviest
infestation during the period of study. Another heavy infestation was
found five miles séutheast of Hennésaey.

It is worthy of note that while the ecricket population is exceeding=-
ly limited outside of sandy areas, the species does not occur in all
sandy enviromments. Apparently there are factors other then type of

soil affecting its distribution.



DESCRIPTION OF D. BREVIPES

The body is thick and foﬁust, and roundly humped dorséllyw (Plate
V, Figures 1 and 2) The coler varies moderately from brownish-red to
dark browm, generally & little darker on the dorsum of the thorax ox=
cept for a narrow median line of clay yellows. 4 mettling of'lighter
shedes ogours on nearly all parts of the bedy.. A1l the tibiae are
shorter than the femora, and well provided with spines. The anterior
tibise sre semi-fossorizl. (Plate VI, Figure 2) The posterior femorsa
of the male are remarkably heavy, and es broad or broader than the
pronotal length (Flate VI, Figur 2)s & moderato bapering occurs at
either end and from five Lo seven heavy spines are preseﬁt on the apical
half of the ouber carina. On the inner carina is & long row of small,
closely-~spaced tubereles. The anterior and posbterior tarsi are three-
segmented, the medial ones four-segmented. Measurements of the male
are: body 24 mm., raanging from 20 to 28 mma; pronotum 6 mm., ranging
from § to 7 mm.; postorlior femora 18 mm., ranging from 13 to 20 mma.;
posterior tibiae 13 mme, ranging from 1l to 16 mme. MNeasurements of the
fomnle arsy body 24 mm., ranging from 22 to 26 mm.; pronoﬁum 6 mma,
ranging from 5 to 7 mme; posterior femora 14 mm., ranging from 13 to

15 mm.; posterior tibiae 1l mm., rangingfrom 10 to 12 mm.; ovipesitor

10 mn., 21 occasional one as long as 11 mm. (Plate VII, Pigure 1)



LIFE HISTORY AND HABITS

Life Histery

In assembling deta for life history imformetion, periodie observa=
tions were mads throughout the 1939-1940 season. During the winter
months these observations were made at approximately two-wesk intervals,
while during the sumer the observations were made déily in connsction
with other work in progress. In obtaining seasonal records for the

)

the soll, old burrows were dup out by means of a shovel,

szEs vresent in i
and the sand from around the burrew was sifted through 18-mesh copper

screen on wooden frames. Dates of hatehing of the eggs wero secured
by observations made while digging. The records of the number of
erickets in each instar threughout the season were obtained by meking
frequent collections. During the wiﬁter these colleetions were made
by digging out burrows; during the summer they were made by counting
+he number of éach inster caughtbin traps set in comection with the
study of daily erickeb activity in the field. Dates of dying of the
adults were approximated from general cbservations and from records
obtained from crickets confined in iife history cages.

Records previcus to September, 1939, were btaken from notes by
Standish {12}

Table 1 is a summery of the collesticn records, showing the number
of qrickets in each iastar from January, 193¢, to February, 1%4l. Figure
1 is a graphic presentation of life history records, based on the data

dven in Teble 1 and on egp deposition records. The lines limiting

3

the space occupied by each stapge have been curved to indicate the relative

abundsnce of each throughout the yeare
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It will be scen from the graph that the life histoery varies ap-
preciably from year to vear. During the 1938-1939 season the overe
wintering gstages inecluded the third, fourth, énd fifth instars, while
in the 193-1940 season only thirds and fourthé weré present dﬁring
ﬁhe winter months, the first fifths nolt appearing until thé sarly part
of March, During the 194041941,season the overwintering stages egain
ineluded the £ifth, these having appeared the latter part of November,
or morc then o month earlier than during the first season studied. Ine-
cluded zlso in the overwintering stages in the 1940~194) season were
& few individuals in the second instar, s conditiom net met with in
the two previous sceasonse

The explenation for the rapid developwent during the 1940-1941
season probably lies in the fact that warm weather persistéd for an
wusvally long time in the fall, hasbening hatching of the eggs and
shortening the length of time spenf in tﬁe first instares The reason for
the carry-over of the second instar into winbter, considering the geﬁsral
acceleration of development; is nobt apparents. It is thought that suffi~
clent collections were made during the previous two seasons that sny
such second ipstar nymphs present during the winter would have beén dige=
coversds |

snother interesting situation disclosed by the graph is the faet
that although in the 1938-1933 season the crickets matured about two
-weeks earlier than in 1939~1940, oviposition and death of adults oeccurred
at about the same time.

Collection of early first insbar nymphs, and consequent determination
- of the exact date of hatching, was difficult because of the difficulty

oxperienced in locating burrows at this stage of the 1life cycle. Im-

D

nediately after hatching, the nymphs dig upward from tho point in the



Table 1¢--Cricket Collection Records, Tabulated by Instars Present on
Bach Date at Crescent, Oklahoma, from January, 1939, to February, 1941.

Date + Number t NOs t % 1 NOe t % & NOeo t % 8 HOet % 3 Hoe 1t % ¢t Now t % & Noa 1t %
Collected : Collected : 1lst : lst : 2nd : 2nd : 3rd : 3rd ; 4th: 4th 3 6th ¢+ 5th : 6th : 6th 1 Adult: Adult

1939 :

Jan,. 11 26 10 40 14 56 1 4

Febe 1 34 17 50 16 47 1 3

Feb. 14 17 4 24 T 41 6 35

Mar, 6 30 5 17 1. 63 6 20

Apre. 3 68 8 4 30 44 35 52

Apr. 14 €0 7 12 63 88

Apre 25 74 & 5 87 77 13 18
May 6§ 53 8 15 45 85
May 15 62 62 100
Sept. 29 4 4 100

Qot. 5 5 B 200

Oct. 12 9 9 100

Oct. 26 7 3 14 6 86

Hove 9 7 4 87 . 43

Nov. 22 20 3 15 17 85

Decs B 12 11 92 1 8

1940

?950 23 L] 3 100

Feb. 27 26 11 42 i5 B8

Feb, 28 26 17 85 9 &b

Feb. 29 13 4 .5 § 9 69

Mar. 8 2 1 50 2 80

Mar. 11 49 : § 2 46 94 2 4

Mar. 20 49 % 78 15 27

Mar. 27 14 4 20 M0 71

Mar. 28 4 | § 24 18 76

Mars, 30 58 2 3 56 97



Toble 1 (Cont'd)~=-Cricket Collection Records, Tabulabed by Instars Present on
Hach Date at Crescent, Olilahoma, from Jenuary, 1932, to February, 1941.

Date s Number s Now 3 4 & Mo. t % 2 NMow 3 %t Hoe & % o» [Oe t %t LiDe t 95 3 FOe t %
Coliected 1 Collceted ; ist : 1st : 2ad : 2nd s 3rd 1 &rd : 4&th s 4%h ¢ Bth : 5th : 6th : 6th : Adult: Adult
1540

Apr. 1 B85 6 11 49 89

ipr. 3 46 3 7 4% 93

Apr. 5 4 1 25 3 78

Apre 7 458 2 4 44 98

hpre O 8 6 100

Apr. 1% 12 : 10 33 2 17

Anr. 13 4 3 75 1 25

hpre 18 28 | S 21 75 7 28

Apre 17 62 , 1 2 56 80 5 8

Apr, 19 70 45 684 25 38

Apre 21 68 28 39 49 61

Lpre B3 21 : 13 4] 12 58

Apre 25 65 20 31 45 69

Apre 27 48 £ 4 44 96

Lprs &0 21 ‘ 1 B &0 95

Yay 2 87 8 12 e 88

ey 4 71 : : 8 11 63 89

vay 6 31 31 100

Way 8 28 A : 19 76 5 24
Hay 10 30 3 77 7
HWay 12 .2 13 65 7 35
My 14 16 3 18 13 81
Hay 16 28 1 4 24 86
Hey 18 65 €5 100
May 21 43 4 9 29 51
May 23 10 10 100
Mey 25 50 2 4 46 96
May 27 25 25 100



Table 1 (Cont'd)-~Cricket Collection Records, Tabuleted by Insbars Present on
fach vate at Croscont, Oklahoma, from January, 1939, to February, 1941.

.

Date ¢ Number s 50w 2 % 1 NOe : % ¢t Now t % ¢ Hos t %t Nog t & 3 BOe t %2 FO. 2 %
Collected : Colliectod : 1lst s Ist : 2nd ¢ 20d : Srd 3y Brd ¢ 4th 3 4th ¢ Bth s Oth ¢+ 6th 3 6th : Adult: Aduld
1540

ey 30 32 32 100
Sept.ld 1 1 100

Sopt.18 3 3 100

Sept.21 61 21 100

Sept .28 2 2 100

Dot. 5 52 19 31 22 69

Oote 12 100 24 24 76 758

Octe 30 100 92 0w 91 91

Hove Z 50 17 34 32 64 1 2

1041 :
Febe 4 22 2 -9 2 9 8 36 10 46

01
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s0il where they hatch, which is frequently as deep as five feet, wntil
the surface of the soil is reached. They then wander about nearby,
finally digging individual burrows, preferably in spots not covered
with dense vegetation. These burrows, espeecially during the first few
days in the first instar, are very shallow and the amount of sand throwm
out at the surface is small. After a day or two even this small amount
of sand may be almost entirely leveled by wird, leaving very little
evidence to indicate the presence of a burrow. It was suspected that
hatehing had occurred when small pieces of egg shells were found in
the sand dug from about the burrows. An extended search was necessary
before the new individual burrows were founde

The fact that the first instar crickets must dig to the surface
from the point of hatching, frequently as deep as five feet in the ground,
is vnique. At that time of the year the soil is often quite hard due to
drouth, and great difficulty is experienced in the tighter soils in dig=
ging out the burrows with shovels. Aside from the singular feat accom=-
plished by these small insects in being able to reach the surface under
such conditions, it appears that the energy expended and the subsequent
food requirements must be great during this time. Rooﬁl generally are
present on which they may feed, and ants are often to be found in rami-
fications of nearby dens. It is supposed that material similar to the
above is utilized as food during the journey upward, although no cricket
definitely known to be effecting this emergence was ever collected and
consequently no stomach examinations could be made to clear up the points
Such examinetions were made, however, of nymphs in the first instar which
possibly had not reached the surface, The stomach contents were found
to contein small quantities of insect remains, (probably ants) small a-

mounts of sand, and large amounts of brown, unidentifiable material
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probably of plant origin. It is thought that this material ecould easily
have been roots of plants growing nearby.

It mipht also be noted that young crieckets are able to exist over
long periods of time without known food of any sort. One first inster
nymph confined in the laboratery in a ocan of moist, siftéd sand lived
for two weeks in apparent gqod health without feod, finally dying dﬁring
a period of a few days when the sand was not kept moistened as before.

ALl throuvgh the winter months it was possible, if recent heavy
rains had not eccurred, to find the characteristic moﬁnds of s0il which
wark the entrance to a burrows Appafently digging and surface fesding
cortinue te some extent throughout the cold months, erickets having been
observed out and feeding, occasionally in large mmbers, during February.
Certainly there is 1ittle if any trus hibernabtion during the mintér,

28 crickets dug from burrows at all times were active although somewhat
sluggish if the weathor was extremely cold,

The cricketbs live singly in their burrows until the adult stage is
roached, after which several crickets of both sexes ordinarily occupy
& single burrow. At one time seven males were trapped from ome burrow,
no femaies being taken although possibly some were present but falled
to emerge. MHore commonly, one or two males are found in a burrow with
three or four femaless

The gensralized life hisbory may be summarized as follows: The
winter is passed in burrows in sandy soii as partly-grown nymphs, which
rempin comparatively acbive all winter, emerging occasicnally for feed-

ing

el

ond enlargement of their burrows. Fresh work can be seen all winter
long in favorable weather. With the advent of cold weather in late
Wovenber, the erickets are in the third, fourth, and occasionally the

Pifth instars, with the larpest percentage in the fowrth. They develop
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but slowly during the remainder of the winter, even though remaining
somewhet acbive. Houlting into the fifth, then into the sixth or final
nymphol inctar procecds as soon &5 the temperature rises in the spring,
and the firsﬁ adults appear aboubt ay l.

ivout the first of June egy depﬁsition begins. The eggs are deposited
in the sand forming the walls of the burrow, appsrently being placed
thers by the insertion of the ovipositor into the walls. About the mide
dle of Junc & high mortality becomes noticeabls and by July 1 there are
practically no crickets alives. Abouk the middle of September the Ffirst
egps hateh and by the first of Ootober hatching is completed. After
hatehing, the nymphs make their way to the top of the soil and dispersse
over the immediate vicinity, digging new holes for themselves in the
send. Deovelopment is relatively rapid until cold weathor camese

Thers ie ong genoration per years

Population Studies

To obtain information on the trend of the cricket populetion from

1 mid~sunmer, a mumber of types of records were kepba.
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(ne method employed consisted of a series of surveys of the field
population at five sclected poluts from onc to two miles apsrt; data
were talken five times during the period from Janvary 28 to June 25.

The five poimts were selected on the basis of the following conditions
thought to represent a sultable environment for cricket development:
prevalence of loose, sandy soil; available culbtivated land or idle land
nob covered with dense vegetation; and nearby roadside in which the
crickets ;ould find refuge in case farming operations in the flelds
made these unsuitable as a habitat.

In meking surveys and infestation counts the basis used was the

number of fresh holes per sguare yards A4 fresh hole was considsroed to



be one which apparently had been worked by the oecupant during the
preceding three or four days. The manner of taking these data varied

somewnat as neces

&

ity demandad, but ordinarily the method consisted of
stepping off BO steps of one yard. each in a straight line and counting
the frosh holes appearing within an estimated onec and one~half feet on
each side of ths line of advance, This gave thé/total number of holes
in an area one yard wids by 50 yards long. In cases of.extremely high
infestations, the distances were actually measured with a tape; other-
wise the.length.of step and fhe gstim&tion of ﬁhe.one—yard width were
considered sufficiently accurate.

In meking this particuler survey, counts were made at each of the
five sclected points in each type of necarby environment suited to cricket
actlvity, suvch as roadside, barlej stubble, growing coctbon, idle land,
étc. The figures for each environment were averaged to give the count
for the point. Although the mumber of environﬁentsﬂdiffefed between
points, they were kepb qonstént throughout the seasdn for cach pointe

Table 2 shows the trend of %the population through the spring and
swaer of 1940 as indicated by data taken in this manner. Although
earlier counts were not mede on a comparable basis, in October of 1940,
or in the follcﬁing generation, there were many places im this area which
had as many as two or three holes per square yard. Thus it is evident
that only a small pereentage of the corickels rsach maturity, the swrvey
figure for the last of Mey being only .07 burrow per square yards

The figures shown in the table; while indieating the general trend
the population, are not %o be considered as representing the infestation
in terms of number of crickets present. The number of fresh burrows in
evidences is always much less than the number of ecrickets because of several

factors to be discussed labers



TABLE 24-=Pield Survey Records from Februery to Juae, Crescent, Oklahoma, 1940.

‘ Average Burrow per “The Average Burrow per Square Yard,
Date  Point Number Sguare Yard : All Points for Fach Date
B BG40 1 YA »21
2~28w=40 2 07
2=~i8~-40 3 01
2=28=40 4 «35
=840 5 #25
3=11=40 1 27 23
3=11=40 2 20
3w11=-40 3 25
3=1 145 4 «23
3=11=40 5 «19
G=19m40 1 «19 »12
G118 mil) 2 +07
3=18-40 8 «05
Z=19=40 4 «18
B=18=40 5 #12 .
D= T=40 1 +14 ‘ T «O7
5w g Twd 2 07
B2 Tl 3 »08
E=27=40 4 »03
5=27wi0 5 »06
6=~25=40 i #03 ' ‘ Q1
6_2 5-40 2 L] 0 1
6w25=40 3 00
6~2 5«40 4 «01
§=25=40 B »00

91
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An experiment wos set‘up for detailed study of the population trend
in & limited area. Two elrcular plets 30 feet in diameter were laid ocub
in a2 heavily infested alfalfa fields Tach hole was staked and pumbered
as it appeared, and a daily inspection was made to determine if the burrow
bad been worked the previous nights If so, the fresh soil was smoothed
off by sliding the sole of a shoe across the entrance to the burrow,
so that fresh work could be detected again the follewing morning. One
of these circles was in a rather sandy spot quite favorable for cricket
activity. The other was in somewhat heavier secil and showed less cricket
activity st allAtimes than the former.

Figvre 2 shows the results of this test, the data ffam the twe
eireles bolng eombined. It will be noted that the test was started
rather late in the seascone Had it been started earlier the peaks toward
the left of the graph supposedly would have extended even higher. 1%
can be seen, however, that the number of burrows in use in the plots
undergoes a persistent, although erratic, drop from mid=April wtil the
first of June, at which time practically no burrows are being worked.
The number of new burrows being opened roughly follows the number of
holes worked daily, although et a2 lower level, until these new holes
ceasc aprosring Uay 5. At this time the soil was becoming hard, and
further diggiﬂg probably was difficult. 1In this area as well as in any
infested arca when the soil began hérdening, numerous extremely shallow
burrews, only an inch or two in depth, could be found. These frequently
surpassed the established burrows in number, evidently representing
futile atteupts te dig new burrows.

o correlation with weather conditions is evident in the table. 1In
sontradiction to this lack of correlation, however, general observation

convincingly indicated that following rains the number of burrows in
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operation declined sharply for several days. The failure of the above
test to show this may be due to the small sample employed, undoubkedly
leading to a ﬁigh verietion from day to day. . In studying the graph it
is evident thet rainfall in many cases coineides with decrsases in

the number of burrows worked, but these are insignificant in view of the
numerous other decreases on days of no rainfall.

After activity had nearly ceased in these cirecular plots carly in
June, ancther similar plot was staked off in an extremely sandy area
where éctivity still was rather great. Here again the number of oeccupied
burrows declined rapidly through the remainder of June until only one
or two burrows were active by June 27.

In the 1ife history cages %o be discussed later, in which erickets
were confined to individual cages for observation, records were kept of
the number of crickets dead on sach dey. In the majority of cases death
ocourred beneath tho surface of the gcil sc no evidence was obbtainable
as to the exact date of its occurrence. In these cases the cricked
was considered as having died the day after the last time it was observed
out of the burrowe Figure 3 shows the typical rapid drop in population,
with no correlation with temperature or rainfalle.

A high mortality alsoc was encountered in attemptinpg to rear the
erickets to the adult stage during the winter in artifieial gquarters.
The cage vsod consisted of a glass tube one foot long eand two inches
in diameter, sct on end and filled three=fourths full of moist sand.
Thirty-two crickets in the first and second instars were collected in
the field and caged on October 1, 1840. Of these only thres were alive
on Januvery 31, 1941, four months later, representing a 9.4 percent

survivele. One of these was on adult male, one an adult female, and one



& sixth instar mele. This work was done at room temperabures.
As previously stated, soil type has much to do with diskribution
of the erickets. This faetor likewise influeneces fluebvations of the

population from the viewpoint of individuel small arcss. The species

ty

refers soil which is sufficiently sandy to afford ease in burrcwing.

3

his condition varies with the season, =nd as the westher beeomes hob

and dry end soill which sarlier was looss enough for dizging becomes hard

the crickets apparently leave such placcs and migrete to the sandier
spots. By the last of June few ean be found execept in the sandliest

placezs It 1s possible that the drying of the soil might shorten the

&

lives of the individvals living in the heavier soils, but due to the
Ienown habit of the insects of migrating at lesst short distances for.
digging new holes, it is probable that as the soil herdens they wandewr
about until & sandier locaetion is founds It was noted thet eorxtromely
fine sand was not desired by the orickets; a sandy loam tending to the
sandy side sesmed to be preferred,

Enowing that many more burrows were to be found in sandy soil then
in heavief soil during the dry part of the scason, a seriesof 25 traps
weré set daily for five days on sardy soil and an equal number on heavy
scil to debermine if o higher emergence from a given nunber of holes
also could be expected in the sand. The results are shown in Table 3.

Teblo 3.-=Comparative Catches of Crickets on Different
Types of Soil.

Woe Crickets Trapped No. Crickets Trapped
Date on Heavy Soil on Sandy Soil
June 4 1 38
5 1 25
6 9 39
7 12 10
3 1 _68

TOTALS 24 e

P
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This great difference in eatch indicates that not only are burrows
more numerous in sandy seil during the dry months, but that more crickets
ocoupy each burrowe. Before dry woeather appeared, this difference une

doubtedly would not have been founde

Daily Aetivity of Crickets in the Field

In order to obtain records as to the numbor of crickets which could
be expected to omerge each night from a2 given number of holes under vari-
oug conditions of weather, & trap was used which could be set over a
burrow so as to secure the crickes as it emergeds This device (Plate
iz, Figﬁre 1) wes mede of & one-pound coffee can having a eircular
hole three inches in diemeter cut in the bottom, into which fitted one
end of a screen-lined metal eylinder extending u?ward to just below the
top of the coffee can. The trap wes placed over & hole in the evening;
the crieket upon coming out was able to crﬁﬁlfup the inside of the cy-
linder by means of the screenm and fall ihto‘the cuter part of the can,
but was £hen wnable to ascend either the smooth’outer wall of the cyline
der cr the side of the can. tThese %rbps, vhen placed in high vegetation,
‘were marked by driving sharpened laths into the ground beside them as
stakes. One side of the tip of each lath was painted red and the other
side left unpainted, so that in checking a- larges number of %raps close
together the stakes could be faced in a certain direction %o indicate
which had been inspected.

Rach day 50 of these field traps were set over freshly worked burrows
in an alfelfa field and the night*s catch recorded the nexth mornihg,
the orickets being replaced in the holes and the traps moved to enother
set oé 50 fresh holes for the next night's records. The number of crickets
trapped was divided by the number of traps set to give the percentage of

emergence for the night.
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The data vopresenting the daily catches ars shown graphiecally in

igure 4. In inberpreting this graph it must be kept in mind that the

A

ﬁata here treated do not represent the population as a whole, but only
those erickets actively working as indicated by fresh soil at the burrow
entrances During periods of extremely cold or rainy weather the numbar
of such freshly=-worked burrows was much less than during more favorable
weather, diffiéulty'often being experienced in finding 50 fresh holes
for trapping. This use of only fresh holes conceivably may have biased
the sample sufficiently %o cobscure possible correlation of emergence
with weethere

Temperature epparently affects emorgence as taken in this experie
mgﬁt dnly in & general weye In places, temperature and emergence appear
to be closely corrvelated, but this correlation is not consistent oa o
day-by~day basis. This is possibly to be expected, as the optimm tempere
atures for the spgcies are much lower than for the majority of insecks,
and apparently cover a wide range. Crickets wore trapped on nights
when a froeze ocecurrcd, others were observed out feeding in large nune
bers on cold nights in late winter, and in one ease several were seen
digging within o fow inches of a snow-drift in late February. Nightly
temperatures were not known to have gone suffielently high during 1940
to retard ashtivity but individu&ls exposed to daytime temperatures

uring the swmmer died within an hour or two. Lesser variations in the

relatively low temperatures Yo be expected during the night hours, how-
over, appear to affeet the speciés but littles

Rainfali has no consistent offect on the percentage of emorgence
from worked holes os con be seen from the graphe During some periods
of rainfzll the percentage of emergence drops, while during others it

rises. For several days following rains, however, it was always difficult
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if not iwpossible to lecate burrows for trapping, as the rain washed
away 21l signs of fresh works A period of several days ordinerily
clepsed before the crickebts resumed digging to any great exbent.

Some of the periocds of low emergence passibly are to be attributed
to the fact thalt the crickets were undergoing a moults. During cedysis
the crickets habitually stey in the burrow for a varying length of
time, vsually about seven to Lton dayse Due to the method of seclecting
only freshly worked holes for trapping, however, this factor cannot be
indicated on the graphe “f

The sharp riss in percentage of emergencs after the letbor part of

Moy is due principally to two factors. First, the crickets tend %o

CIMer!

t)\’

2o with greater frequency after becoming adult; seeondly, after
meturity is reached several crickets commonly occupy the same hols,
so that more crickets will be caught with any glven number of “traps.
The sharp drop after June 13 undoubtedly is due to the high death reote
the crickets at this time;.this shows wp even on a percentage basis
gince fewer erickets would be alive in each burrow and since during a
few days time the holes would retain their appearance of being worked
and the trap would be sed, although the occupants may have died.
On'four occasions catechas of over 100 percent wero reecorded. Sines
several orickebts freguently were trapped from the seme burrow, this
condition is not necessarily unusual. It merely means that the totkel
mwumber of crieckets caught wes greater then the number of traps sete
Over the entire semson the everage nightly emergence was 44,3
percent.
In connection with the habits of emergence of the field population,
observatiocns were made Lo detormine the time of dey et which emergonce

oecurred and the period during which activity was greatest. One method



of obbalning this information consisted of sebtbing field traps over a
number of burrows in the alternoon and then visiting these traps hourly
during the fore part of the night to check the number of crickets eaught
during each hourly period. Another mothod consistsd merely in walking
after dark with a flashlight about fi@ids knovm to be heavily infested
and cdunting the number of crieckets observed during periods of five
minuvtes &t varicus hours.

A swmery of the hours of emergence as indieated by the trapning
method above deseribed appears in Table 4.

Table 4e4=-=Crickets Trapped at Various Hours,
Crescent, Oklshoma, 1940.

Date THumber ' Number Trapped in Hour Preceding
Traps , G Dela: 7 Defat 8 DelMaz 2 Dole; 10 Deme: Later
314 50 1 1 Q Q 0 1
3=15 50 0 0 1 0 0 1
4~9 25 0 0 9 4 0 4
424 25 0 0 10 0 0 5

On May 31 the hours from dusk to 12:)0 midniéht were spent in
the field noting the numbers of erickets abroad by the method of hourly
counting the nunber of ¢rickets to be scen in five minubtes. On June 18
the entire night was devoted to téking notes in this manner. These
observations are tabulgted in Table B.

Table Be.-«Crickets Seen Abroad during
Five=inute Semrchos at Various Hours

of the Night, Crescent, Oklahoma, 1940.
Number Crickebs Seen During 5-fin. Search at Fach Hour

Pellte Eellle
Date 7 8 ¢ 10 11 12 Y 2 3 4 5 6

6~18 0 3 9 12 13 9 4 2 0 1 1 O




In swmary it may be stated that as a rule at least 50 porcent
of the erickets will emerge between 7:00 pem. snd 9:00 peme Afhor
this heavy early emergence the remainder come out in small numbers ale
most throughout the night, although the groatest astivity cccurs during

the hours from sumset to midnight. The time of first emergence varies

r“)

with the tine of the year. Early in tho season, in Februery and March,
energence may shart as eafly ag G:00 peie, probably bocause darkness
comes earlier at that time than later in the year. In May and Jure the

usuel time of

first emergence is near 8:00 pela
In only = few instances were crickets seen out of their burrows
before dusk. In one case & cricket was seen cubt of its burrow at 2:30

Palte, On a partly-cloudy day, and in ancther case a cricket was sscn

o

t the surface enlarging its burrow at 1:30 p.nme Despite this small
nuber cobserved working during the day in this particuler season, mom~
bers of the Entemolozy Department of Cklahome As and . College report
that it has besn common in past years to see crickets out in the evening
before sundown and early in the morning,

It is the heblit of the crickets to spend sowe time near sundown at
work within their burrowss At this time nearly all of the sctive holes
wiil be open and will have frosh, moist soilithTOWn out at the ontrence.
If such 2 hole 1s waltghed for several minutes, the occupant will be seen
to appeer at the entrance, pulling soil up from the bottom of the burrow
to the mound at the eatrancea Shortly tnorea?ﬁer the coricket will dise-
continvue this work and leave the burrow in search of food.

Daily Activity of Confined Crickets

For mors intensive study of life history and habits capges were de=
vigsed and a nunber of these placed close together next to the weather

station. {(Plate II1I, Figure 2} In 1940 there were 105 of these, placed
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in rowe in & recbangular plot cnd spaced one and one-half fect apart.
The cage, which was very similer to the fleld trap, consisted of =
nurber 10 (approzimately one gallen) tin can, open at the top end and
with a three-inch eireular hole cub in the béftdm. The ean was sunk
in the soll to half its height, with the open end up, after which a
cricket was placed in the can. Not being able to elimb the smooth sides,
>the cricket‘eveﬁtually found the hole in the Eottom opening downward te
the soll, and dug & burrow. Food was kept iﬁ the cage, consisting of
moistened whest bran and green plant material, upon which the coricket
sould éqme out and feed during the night. To determine on what nights
the cricket emerged from its burrow, and also to keep development records,
a tin cylinder was placed over the hole in the bottom of the cage as &
trepe This cylinder was of slightly larger diameter than the hole, four
inches t2ll, and open at both ends. The insids of the oylinder was lined
with window serecon. Coming but of ‘the burrow, the cricket easily as=
cended the screen lining, fell out into the eags, and fed. It ocounld
not get back to its burrow because of the cylinder.

Bach morning the cages were inspected, notes taken, and the trapped
criclkots returned to theilr burrows. |

Crickets pubt in these life history cagos were sach marked with red
fingernail polish on a hind tibia. This mark persisted until ecdysis
occurred, at which time the ericket was measured, re-marked, and replaced
in the cage.

In only two or three instances were orieckets suspected of getting
into each other's buwrrows throuvgh ramification of their holes. Their‘

abit of digging at a sharp downward angle made this only & slight pos-

eibility,

During the 1939 season Standish (12) suspected cats of catching
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the erickets after they were trapped in the ocages, so thereafber wooden
frames coversd with window screen wors placed over the cages at night
to prevent this,

A mate of the opposite sex was given each ericket within a few days
afteor it reached maturity.

From ¥arch 1 %o Herch 6, 1940, 105 of these cages were stocked with
third and fourth instar individuals as fast as they were ecllected from
the ficld, Tifteen were in the third instar when caged, and 90 were
in the fourth instar. Trepping wes ecommenced on March 9, this lapse of
time being allowed to permit the crickets te establish thelr burrows bew
Tore being disturbed, [Records were taksn until June 25, on which dats
the last individual died.

By roaring these corickets to maturity it was hoped that ess&atiél
life history dabta would be obbained, One bype of informotion desirad
wag the habits of the crickets with regard to dalily cmergence frem the
burrowse Figure § is a graph showing the relationship between muaber
of orickets emerging daily and the temperature and rainfsll. The omer-
gence figurcs are exprossed in terms of percentage of the live crickets
which were not staying underground due to moulting. Hovlting erickets

Y

were eliminsted from the calculatlons for each day, since, otherwise
this would be sn uncontrolled factor of ecusiderable importance. Their
2bit is to pass a number of consseutive days without emerging prior to
emerglng in the succoeding instar, and during this time weather conditions
lilkely have no influénc@ with rogard to emergence,

The exact date of death of most of the individuals confined in thes
cages could not be determined as the majority died benecath the surface,

A criecket wes arbitrarily considered dsad the day following its last

CHIEY £OTICE o
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In a general way there is a great deal of correlation with tempera=
ture and rainfall, but on a day-by-dey basis it is not strong. As temper-
atures become consistently higher during the latter part of the season,
it is true that a higher emsrgence occurs, but this is probably not =a
result primarily of temperature. Adultshabitually emerge oftener than
aymphs, end probably would do so evon at lowsr temperatures.

The habits of the individual ericket in leaving its burrow varied

o3

with the different instars. Data on the froquency of emergenee in

each instar studied are presented in Table 8.

Table Ee~=Frequensy of Fmergence from Burrows of
De brevipes vnder Gage Conditions, Crescent, Oklahomn, 1940.

e

Instar No. Crickets Awv, Lenpth Ave. Times  Percentage of
Studied of Stadiun Eperged Days Emerged
4 88 2443 d&yﬂ 1.8 Ted
5 50 2541 days Tel 28,6
8 18 12.2 days 5.6 29.1
Adult 8 062 days 22.4 Tdel
It is seen that the sarlier instars leave the burrow comparatively

few times, emergence becoming more frequent as each instar is pmssed
wnbil in the sdult sbage they may bo expeched to emerge on aboub three
nights oub of Tours

Although no emergence of a third instar was recorded, this in all
probebility was an wmaturel condition brought on by c¢aging. The third
ged during the latter port of the stadim and did nob
erorge until they appearsd as fourth iastar nymphs.

Emergence nights were well scattorcd among nonemergence nights,

no partieular scquence being followed in this respect. There was, how-

aver, some bendoney bo come out severzl nights conseoubtively once an
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emergence had occurreds

In the case of the adult it was noted that while & single male or
femele might leave the burrow only occasionally, ﬁhe addition of a mate
almost invariably cavsed it to emerge nearly every night. |

Figure 8 is & second graphical presentation of the same data from
which Figure b was drawn, bubt in this case the emergence line is drawn
to represent the daily percentage of smergence based on the total live
crickets in the experiment, regardless of whether they were remaining
bolow ground for & nmoult or not. The former graph was corrected for
this factor, excluding from calculations all cricksts known to be moult-
ings, It is apparent glmost at once that this second method shows even
less correlation of cmergeonce with the temperature curwve than the former,
indicating that fhe number of erickets in ecdysis definitely affects
the percentage of emérgenoe.

Figure 7 shows emergehee records in 1939 obtained by Standish (12)
uader o similar seiup of caged c?ickats, the figures baing’basgd only
on live crickets as in Figure 6. Tt will be secn that & condition simi-
lar to that in Figure 6 exists. In general some correlation can be seen,
but there are many speeifie excepbionss

1Life Eistory Studies of Confined Crickots

Observations on points in the life history based on the crickets
confined'in the cages just described pfobably'does nok givé guite the
true picturse of eriekets in the field, but is thought to be reasonably
closce

The average length of time spent in each instar has previocusly besen
in Table 8. Daba for the third instar are éntiraly incomplete, as the
erickets were caged while in the third and fourth instars. This instar,

however, and any others in which the winter is passed, is of much longer
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duration than these passed after Harch.

The records for the fourth instar are partially incomplete, as
90 out of the 105 crickets studied were caged in the fourth instars
kecords for the fifth, sixth, and adult stages are complete.

The length of 1life of crickets eventually reaching maturity in
the coges, computed from the time they were caged until death occurred
1s indicated in Table 7.

Table Te==Length of Life of Confined Crickets
Reaching Maturity, Crescent, Oklahoma, 1940.

Humber of Average
Individuals Daye Life Range

lales 3 106 .8 103109
Females 15 104.6 90-~112
Both sexes 18 104.5 G0=-112

Assuming the average oricket hatched on September 21 of the previoué
year, making 170 days before caging was effected, the average life of
the species is aboubt 274 days, or roughly nine mounths.

It was seen throughout the season that development in these cages
was lagpging about & week or 10 days behind that in the field; Therefore
the lenpgth of 1life in the adult stage in the field undoubtedly is a few
days loﬁger, gince they matured earlier and appareutly died at aboub
%he same time. | /

With regard to mortality, there is some indication that the de;th
;ate of males is higher than that of females. Of the 46 males caged,
thres reached meturity, representing a 6.5 percent survival. Of the
59 femanles caged, 16 or 25,4 percent survived. Standish (12) in a
similar experiment in 1939 had approximately equal psrecentapes of sur=
vival of the two sexes, although his work was started much later.

Pield records show that meny more females then males were present
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in the natural populeticon (Table 8), bubt indieated that if & high mor=
Gality occurs among the males, it comes earlier than the date on which

the 1ife history cages were started.

Table Be==Number of Urickets of Hach Sex Trapped
in Field over a Period of Threo Months, Creseent, Oklahoma, 1940,

Tionth  Totel Orickets Tobal  Total Percent  Percent
Trapped Uales Females lmles Femules

April 1,036 336 700 EPett 67.6

June TG 285 426 35 oG 60.1

]

e initlial sex ratioc is not 50=50.

-

The possibility exists that
Sex determinations of first instar individuels were not made in numbers
sufiicient Yo draw a conciusion in this respect.
It is characteristic of the erickets to remain in the bufrow for
some time during ecdysise. The average length of time thus spent cohtin»
:uously in the burrow while moulting into cach of the instars was:
Mouiting into 4th inster ----- 19,8 days
Moulting iwbe Bth instar ~«--= 16.7 days
Houlting inte 6th instar —=--= 10.8 days
Houlbing imbto Adult instar =«~ 0.0 davs
As %he achtual aet of moulting was observed in the laboratory to
cover only from 45 minutes bto am howr, this time.in the buwrrow apparsntly
is spent e¢ither in & quieseent perioed before moulting, or is spent followw
ing moulting es an insurance that the cuticula will be conmpletely hardene
od hefore emergence and exposure to possible natural enemies. With re-
gard to the first possibility, & guiescent premoulting pericd is common
in ivnsectss; it is possible that this period is merely prolonged in this
gpecics. An abtbonpt to determine during what portion of the stay in the

burrow moulting aetually cecurred resulted in fallure.

The nwibor of individuals dyving while in ecaeh of the instars observed
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e sages lg shown iz Table 9,

Table Ye~-Deaths Ocourring in Pach Instar,
Crescent, Oklahoma, 1940.

jostar  Iusber Starbing Tumber  Percentage
Zach Insbar Diod Hortality
3rd 15 : -— o
4th 108 16 18
5th 83 33 43
6th 51 33 66
Adult 8 18 . 100

Daily temperatures were graduvally rising eas development proceeded
from the third instar te the adult sbage, which fact may at least par~
tially explain the inerease in percentage of mortality ia the later

instbarse



3e

Mipration and Burrow Retention

Py e , K3 > *
A system of marking holes in a small area and trapping previously-

e

marked crickete was used to debermine habits of movement in this ares

during the period studied. %ach hole in & eirevlar plot 90 feet in diae

meter {Tlate IT, Figure 2) was marked by pushing o mmbered garden

i

staks into the ground beside it. /A5 more heoles appeared they were -

ked in the same way. WPach of these holes was trapped with the field

trop when staked; the corickets when caught wore marked and returned

te the same hole, and the trap removed for a few dayse. later the hole
was trapped again to see if the same erieket still oeccupied the hole,
or if another had moved ine Tor marking the erickets a pair of dise
secting forceps were made into clippers, capable of removing individual
spines from the hind %iblae of the c¢ricket, by bending the tips of the
forceps inward end grinding each %o a sharp edge. These two odges meth
and made an effective instruments For the numbering system, use was
madse of the four rows of spines on the two hind tibias. {Two rows ococur
on each tibia.} Viewing the erickef vosteriorly, the extreme left row
was the thousands "column®™, the next the hundreds, the next the tens,
and the extrome right the units. Hentally numbering the first five
spines in ocsch row in order from the vroximal to the distal end of the
tibia, the proper spines were clipped to indicate the ecricket!'s mmber.
YThen & number over five was desired in one of the rews, btwo spines
totaling the desirced number were clipped. Only the first fi#@ spines
wore used because the distal spines ore not as oxposed and therefore
mors difficult to olip.

4. 0

fonfusion occasiocnally arose in the numbers because of the ace

s

dentrl loss of spines by marked crickets. IHMost of these errors could

be corrcched by refsrence to the sex and insbar records of the cricket
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in guestion. MNoulting did not affect the numbers.

In this exporimext it was intended Yo clear up several important
guestions regarding habits of the species. These gquestions were{(l)
Do the ecrickets always keoep the same hole? (2) If not, do they use one
previously dug by another ericket, or dig a ném one? {3} If they use
one previcusly dug, how fgr do they travel to this hole? (4) If they
dig & new hole, how far de they travel before doing so?

Table 10 is a sumsary of the resulbls obbained in this experiment.
It was established that the erickets do not rebain the same hole at all
times, although there wos o definite tendency in this direetion. Of the
totel number of times marked crickets were retrappod, 65.7 percent were
trapped in the same hole as previcusly. Of these, the average ericket
retained 1ts burrow for 17.4 days, with & range of from 1 to 42 days.
These figurss are not inteaded to represent habits of the crickets
throughout their lifcotime, being drawm only from data taken from March
15 to June 7, 1940.

Table 10.==Trap lecords in Investigations of iligration
end Hablts of Burrow Retention, Creseenmt, Oklahome, 1940.

“Previously Previously Totals for

Untrapped  Trapped Trapped and
Burrows Burrows =~ Unkrapped
- Burrows
Totel Times Traps Set 756 362 1118
Tobal Times Crickets Caught 502 283 765
Total Times Unmarked Crickets
Caught 286 128 5l4
Total Times Marked Crickets .
Caught 31 - 109 140
Total Crickets Discarded
(Dead, injured, ste.) 85 26 11z

Of the 31 marked erickets caught in previously wuntrapped burrows,

rocords of distance of travel to the new hole were obtained on 29 individuals.
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The avercge distance travsled from the old hole to the new was 26.5
f@@t, with a range of from 2 foet 2 ineches Lo T2 fock.

Of the 109 times marked crickets were caught in previocusly trapped
holes, 92 were trapped in the same hole in which they were previously
trapped, Seventeen were trapped in a hole different from last time.

Of the above 92 crickets retaining the same hole, records of the
cxact lenpth of time retained were obtained in 83 cases. The average
longth of time in theysame hole was 17.4 days, with a renge of from
one to 42 days.

Of the sbove 17 crickets retrapped in & previously dug burrow other
than the one it originelly occupied, the averapge distance traveled from
the old hole‘ﬁo the new was 17.3 feeb, with a range of from 2 feet to
54 feet 3 inches.

During the winter monthé when activity is low, the burrows probably
are rebtained mush longer than during the pericd over which the szperi-
ment was in operation.

Of the retrapﬁed erickets which changed holes hetween trappings,
B84+5 pereent dug a new hole upon 1eaviﬁg the old one, and 35.5 percent
used & hole previcusly dug by enother crickets Those digging a new
burrow traveled an average distance of 26.5 feet to the new site; those
using another ericket's burrow traveled an sverage of 17.3 foet. This
difference, if signifiecant, is unexplained.

These conclusions wers not verified when the problem was analyzed
from the standpoint of the number of new and old holes trapped and the

marked and upmarked crickets caught in each. There are so many compli-

o

ating factors involved here, however, that tie reecords from the stand-
point of retrapped crickets are considercd more dependable. The high

mortality rete of the eriekets, for imstance, would decrease the number
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of marked crickets subject to being caught, and affect the ?esords from
the stondpoint of the hole rocords. Likewise the consbant shifting of
crickets in and out of the trapped arsa would decrecase the proportion

of

—t

nariked cricketse. It is also likely that many times epparently new
holes which appeared in the plot were there all the time bubt were closed
and not being worked by the occupant. This sibtuvation is lmown to occure.
5%ill another factor is the fact that the first 302 holes were trapped
before any marking of erickets was done, these, therefore, heving no
chance of containing marked crickets.

Gne.brief experiment was conducted to indieste the rate at whiech
holes are abandoned. Fifty freshly-worked holes were staked and obser=
vations made daily as to the number still in use as indicated by fresh
work. In two weeks the percentage of worked holes declined from 50 to
16 percent showing that in aﬁy given group of holes there is a gteady,
rapld rate of abandonment.

Probebly the only wvalid conclusions which can be drawn from the
above experiments are that there is more or less of a tendency for the
cerickets to retain their own burrows, with an apprecisble number leoaving
and either digging new burrows or using those already dug; and thaet in
changing burrows thé majority travel from 20 to 25 feet although some may
travel several vimes thet fare.

The methed by which the erickebs find their own burrows after leaving
them for some distence remains somewhat of a2 puzzle. The compound eyes
are bubt poorly developed. Blatchley (2) speeulates that the antennae
are used by the crickets to an important degree, with which the writer
agress, but how these could be uged to locate a burrow perhaps 850 feet
away is not apparent. Capged crickets scemed to have difficulty finding

their burrows only a few inches distante. Invariably it was necessary
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for the tips of the anbennae accldentally to sncounter the opsning %e
the burrow, after which the cricket quickly extended the antennse into
the burrow and descendeds

Several experiments were seb up to determine the distanaa traveled
by the crickets while out foraging, disregarding the use of burrows, but
no results were obtainsd. In these experiments pitfalls were used %o
trap previously-marked crickets as they wandered about the fields.

These werc one=pound coffee cans, ummodified, sunk in the ground until
the open top of the ecan was lewel with the surface of the soils Crickets
fell into these wnabalted traps in surprising numbers, bubt very few marked
orickets wore thus caughte This could not be explalned as many unmarked
crickets were caught in the traps, and the marked crickets were inside
an arsa surrounded by several ranks of the sunken traps.

It is interesting to note that in the above experiment the same
problen presented itself a8 in the former work te determine the retention
of burrows; namely, the faect that only & smaell percontage of marked
orickets were retrapped. OSome possible solutions of this pecullar aitu=
ation have been offered e;rlier in this discussions

The only indieztion of ﬁistaﬁces traveled while foraging were geined
from cbservations made in connection with the conktrel experiments %o be
discussed later. Within the plots where polson bran mesh had been spreed,
it wes comwmon to find meny corickets dead just inside the entrance to
burrovis. Scme of these polscned crickets were to be found in theo un=
taited arca immedistely surrounding the baited plots., Freguontly they
were found within a distance of 25 feet from the baited plots, bub al~
nost never were dead orickets found as far as 50 feet from the baited
plote Considering the tendency of the crickets te retﬁrn.tu their own

burrows after feeding on the surface of the ground, it appears that few



grickets leave their burrows for mors than 50 foebe

Burrowing Habits, Meting, and Oviposition

In 1540, records were made of burrow depths throughout the season.
From October to Februasry they were from three inches to sixz inches 4egpy
in March they ranged from three inches to a foot in depth; im April
the depth ran_from one to one and one-half fect; the same depth pro=
veiled in May; in June most of the holes ranged from ons to three fect,
bub some were as deep‘as five feets In most eases this late in the
season the limiting factor was the depth et which elay subsoil was ene
counbered,. |

Through the winter and until June the burrows are single shafts
sunk dovnward into the soils (Plete IVQ Figure 1) From the surface
downward for two or three inches the burrow ordinarily drops at aboub
8 30=-degree angle, or rather slowly; from there the burrow drops sudden=
1y, &t sbout & 60 or 7O=degreoe angles Occasionally it maf go straighﬁ
down for some distanee. The tunnel typieally curves several times in
various directions before the bottom in roeached, and if digging is
stopped by bard clay subsoil, the burrow may turn sharply to the hori-
zonbal and follow the plane of the subsoil for a few inches. The dig-
meter of the hole varios with the size of the cricket, the hols being
slightly larger then the cocupant and being enlarged as ﬁevélopment
takes placc.

After apéroximately the first of June the gemeral habit of burrowing
 is about %lie same, buﬁ at this time Iabteral galleries appear. These
are branches off the main shaft at approximately right engles and atb
various depths in the burrow. They are generally move nearly horizontal
than the main shaft. The diameter is slightly but nobiceably smaller

than that of the main tumnel, and they may extend for a fool or sliphbtly



more away frow its Occasionally tertiary branches, or tunnels leadw
ing a few inches of? from thesé leteral branches, were found,

The emtrenee te the hole is kept plugged with soil while the crickeh
is ineide as Jong as the soil is damp enocugh to permit this. {Plate I,
Figures 1 and 2) Later when the soil is dry it seems that there is diffi=
eulby in making the soil held together sufficiently to form a plug,
afber which the plugging is done farther down in the burrow where there
is mors moisbures (Plate II, Figure 1) At any rate the boles will be
found sealed at one point or another in the majority of cases except
when the céicket is digging Qr.is oub feeding. |

t was observed z number of times while the erickets were in the
adult stage that at the bottom of the burrow 2 mass of plant stems and
Ieaves, cub into short lengths, could be feuﬁ&. Immediately after a
rain these masses of plant materisl could be seen at the entrances o
many burrows, having been removed by the crickets during the customary
acceloration of digging following rainfall. Criekets were never obe

erved earrying this maverial inbto burrows, so it may have been accidental.

i)
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he fact that easch piees had been cubt into a length about equal %o the
diameﬁer of the burrow, however, indicated that the material was to be
used ag food during a stay benoath the swriaces

The manipulastion of the body in digging was observed in debail in
gless containers filled with sand in the laboratory« A4t the bottom of
the burrow the ericket loosens o smell mess of soil by using alternating
strokes of %he fore legs, similar to the method of a dogs In the mean=
time the middle legs are held at a wide angle from the body sgainst the
sides of the burrow, sarving as braces. Heving dislodged o mags of soil,
the sricket backs upward, pulling the pile of soil along underpeath the

body by means of short backward strokes of the fore legs, thesc being now
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worked simulltaneously and held close btogethere When the top of the
burrow is reachod, the pile of soil is dropped while the ericket walks
forward over it until the hind legs are éelaw the pilee These hind
logs, with their long, c¢losely-spaced spines, are then used alternatsly
to catapult the soll out on the surface by means of short, gquick flips.
An adult cricket cen kick soll as far es 18 inches.

In trying to follow a ericket burreow to determine digging habits
and location of the eggs, several difficulties were met. After the
female had deposited her eggs in the burrow and had dled, the hole weuld
be filled within a fow days with sand blomm or weshed in, after which
it was impossible to follew the burrows In following fresh burrows
the difficulty was the tendency of the sandﬁ%o fall into the holey ob=
literating it. The problem was rartially solved by pouring Pertlend
cement of & soupy eomsistency into the hole until iﬁ was full, allowing
it to hardgn,and then digging out the conerete reproduction of the hole
thus cast. (Flate IV, Figure 1) All crickets had to be trapped from
the holes before this wes done due to their h&bitgof plugginé the burrow
wnderground at various places. |

As only two egzs were agtually seenvundisturbed in the soil where)
they had been laid, discussion of ovipoaiticn’habits,ﬁust be largely
ﬁypotheﬁioal, Evidence indicates, howover, that the oggs are deposited
by insertion of the ovipositor %o its full lengbh into the walls of the
burrow at random. The eggs are placed singlys. _GViposiﬁion QOoUTS at';
least in the lateral galieries and probably also in the main tuﬁnel, Gl
though none were acbually seen inm the latbter places |

‘In one instance, by following the burrow carefully in rather heavy
soil, two eggs were located in the pesition in which they had been laid.

They were two feet desp in the soll, eone~-half inch f{rom the wall of a



gallery which was going nearly straight downward at the times The two
eggs were aboub one inch from each othere At ancther time two egps of
what was thought te bo a related species of cricket were found eight
inches deep, one=fourth inch away from s mein tunnel, and & half inch
apart, These looked very similar to D. brovipes eggs, bubt were dise
tinetiy shorter and more nearly brown in color,

The mothod resorted to in colleebing eges in numbers consisted
in digging o hole about three feet in diameter straight dowmward with
the burrow as a center, sifting all the soil taken ouvt through 18-mesh
window gereen sifferse These were wooden frames twe feet square covered
with the serceen, the soll being thrown on the screen and shaken through
by hands In eases where the soil was too lumpy or too wet to go through
the sifter, a stream of water was played on the soil %o wash it through
the screen., During the latter part of the 1940 scason a siftof was used
eonsisting of twe screens, one coarse for excluding trash {one=fourth«
inch-mesh) and one fine for retaining the oggs (18=-mesh). The screens
were fastened together with the fine screen below, and mounted on four
coil springs from a discarded aubo cushion. These were strong enough
to hold the weight of several shovelsful of sand, and permitted movee
ment for shaking the sand through.

Ho egps were ever found at a depbh of less than éne and one-half
feet, the most usual depth for the first eggs being about two feeb. From
this point scatterecd egps were found steadily wuntil clay was reached,
in the case of shallow soils In the case of soll vhere the sand ex-
tended to a depth of five feck, the ogLs ordinarily were first found
at about twe fest, the bulk were found at from three to four feel, and
& few scattered eggs were found on down to five feet, In the process

of digging out +these holes, it was suspected that many of the eggs
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were being found around the main shaft, as there usually was one arca

[

n the bottom of the excavation, presumably the former locetion of the
wain shaft, where a shovel full of sand would usually yield a number
of eggss This spot would shift gradvally as exceavation continued. In
addition it might'be expected to strike a few eggs in almost any part
of the bottom of the hole.

Thiez seattering of the ezgs has a possible biologiecal signifioanée.
The species being cannibalistie, it is better that the eggs be separated
from each other when they hatch and the nymphs begin making their way
to the top of the scil. It is also woll that the old burrow is entirelyk
obliterated by hatching times were it still open many of the nymphs
might find and use it, therefore encounbering ecach other with fatal
results.

About the middle of May, females werce observed becoming gravid,
and on the 29th of May, 1940, the first eggs were found. There wes no
zreat increase in the number of eggs found from this time on. Many
times no eggs at ell were found in holes. During this time one hole
wag dug which conbained 128 eggs, and another was dug which contained
123, bubt for the most part from 12 to 15 eggs was the uswal numbsr found
if any were found at alle. This early digging was done almest entirely
in rather hard svil. Late in the fall, just prior to hatching bine,
excavations were made on holes marked during the summer with eoncrebe
in a much gandier area; here eggs wére found more consistently, although
128 remained the records Of all digging done throvghout the yeer, eggs
were found in a tobal of 25 holes. The btotal eggs was 671, an average
of 26.8 egzs per burrow for those burrows containing egge. Thirty-nine
holes were dug in whieh no egpgs were founde

Considering the fact that sbout 30 nearly mature eggs ordinerily were



fovnd in cdissected females, with several times that number in a less
advanced stuge of developmenty end considering the fast that afber the
erickets wature it is common to find several females ccoupying the same
heole, it iz surprising thet no more than an averags of 26.8 oges should
be found per burrowvs

Mature oggs wers to be found in the ovaries of the females as late
as the last of June, when»most cf the erickets were dead, indicating that
oviposition probably contipves cover & long period of btimes

An atbenph was made bteo secure oviposition in the laboratory by
confining femelos in various sized tin cans filled with moist sand. Food
in the form of moist bran was providede From a total of 76 pairs of

rickets thus confined, a total of only it epgs was secured. These experi-

nente were started on May 27 end conbinued until the death of the femalaes,
he interior of the leboratory was ccol, following almost at all times
within one or two degrees-of the tomperature of the soll outside at a
depth of one foote

Atberphs at incubation of the oggs slso met with little auccess.
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followed was to place the recenbtly-secured eggs in salve cans
or cther containers filled with molet sand. Walter was addesd to the sand
ag it was observed to dry out, 0f several hundred eggs treated in this
menner both in 1939 and in 1940, not one hetched until the attempt was
made in the fell of 1940. This time 30 eggs in an advencod stage of
developient were placed in & one-pound cocffee can full of zand. The

1id vas perforated with several small holes and kept on the can. After
two wesks three nyumphs were found to heve hatehed and burrowed their
way te the top of the sand. Vhebther these would have hatched had they
been collected eariiér"in thelr developmeﬂﬁ caﬁ-never be knewn. HNo ine

dication of the reasons lor this difficulty wos found. Sensibivity bo



abrupt molsture changes, exposure to daylight, or Jarring of the epgs

ip the sifting process ars sone possible explenations which migh
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possible connection with the mating instinet. At many times during the

season, bubt somewhat oftener during the adult stapge, it is possible to

Eal

cause the smergeace of e cricket during the daytime by seratching at

the entrance of the burrow with the fingers or with & small twig. Then
this emergonce ococurs the ericket sometimes comes oubt rapidly and leaves
the entreace of the burrow for a fe inches in great oxeitement. A
other times less nuste is shown, the cricket merely appearing at th
hurrow oponing for a mgmeﬁt. Thereo are times when ﬁeérly avory crickeb
wlll respond %o This seratching, whether male or female, while at other
times wvery fow ean be induccd to emerges. Mo posibtive explenation of this
phenomenon is offered, but 1t is possible that the scratching imitates
the aetivities of a cricket at the entrance c¢lesely enough that the
oceupaent comss up to investigatoe.

The only known observebtion of the act of copulation is recorded
by Standish {12). e notes:

it 10125 peme {Mey 19, 1839) a pair of erickets were

found mating in a field newly planted to cobtbon. A female was
J(Gﬁhﬂf on & cottonssed lying in & furrow and just as the flash~

light was turned on the femsle a male approached her. The male
immedial ely turned his abdomen teward the female, kicked a few
times with his hind legs, and then backed against the faonales.
By telescoping his abdomen in and cut and by switching it wvp
and down and from side to side he soon located the tip of the
female's abdomen. To form the final contact he found it necessary
to turn his abdomen slightly under and to the right, although
only a few seconds were reguired for him to form this contact.
The femsle combtinued feeding on the seced and seemed very much
vneoncerned ovéer the activities of the male., Ths pair romained
in contagt for exaotly four ninvtes, after which the female simply
crawled sway, leaving the mele in the position he had assumed
throvghout the 1nﬁercourse. Neither the female nor the male
had moved- appreciably during the four minubtes of contact ezcepd
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thet the female continued nibbling at the sceds After the
female left, the male remained in the seme n051t10n, apparastly
having ‘sv]led' ¥
Thus it is known that copulation does occur ébov3~graund, al-
though i% is suspected that it also oceurs in the burrow during the

day, as tho males and femsles in the burrow must be casily accessible

to each othere

Injury and Food Studlies

The exécﬁ importance of this species of insoct as an enemy of farm
crops remains rather‘unéertain‘ Farmers tell of extensive damage by
the criékets, vet no experimental work has demnnstrate& serious injury.
There are two possible erplanmations of this contradiction in evidence:
(1) Zxzperimental work was done under conditions of a rather low in-
fes atlon vhen damage could be expected to be slights. (2) The injwry
to plants by criekets is very similar to that done by cubeworms, possibly
leading to eonfusion by the farmer.

During the two years in which experimentsl work wes carried on, the
crickets were observed many timss at night on the surface. They were
observed to feed on such material as dry sticks, dsad leaves,; both dead
and preen grass, weed seeds, pecan nuts, carcassos of toads and insects
killed by avbomobiles passing along the road, rabbit pellets, bird drop-
pings, live ants of several specles, and upon growing cotton‘and alfalfa.
There seemed to be no pronovnced preference for any of these, the writer's
impression being that whatever the orickets chanced upon ﬁh&t was at &ll
edible, they ates In feeding upon growing plants, the individual leaves
near the ground mey be‘saten, or the stem may bo goawed away wotil the
plant falls over of its owmn weighta |

The orickets seem to relish ants as food. One of the best methods

found for collecting erickets consisted of visiting ent hills after dark
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with e fleshlight. Often as many as seven or eight crickets could be
picked vp near the den, apparently lying in wait for the occasional
ants which were abroad after dark. Occasionally a oricket could be

Tfound in this mamner on a red harvester ant den, but they apparently

Standish (12) in 1939 notes that an oufdoor lighted pen desipgned
to confine a number of erickets for possible observation during the night
hours attrected many May beetles, these being quickly snatehed and eaten
by the corickets in the pen.

T4 is also the habit of the orickets to eat their exuviae follewing
moulting. This was observed in glass cazes in the laboratory snd was
suspected cnce by Standish (12) in the field when a newly-moulted ericket
wes dug from & burrow with only & part of the cast skin remaining,

~ Bekley (4) in the winter of 1940 conducted experiments under preen=
house eonditions to test the imjury by crickets to secedlings of various
varieties of plants. Tach of foﬁr grovps of individually eaged crickets
reeeived a different type of food. The summary of this work appears in
Teble 1l,

Tabls 1l.~= Injury by Caged Crickets to Seedlings of
Various Plants, Stillwatsr, Oklehoma, 1840,

LEDs: Noe of s Type ol Wow DPlants s lioe Plants : &qe Ge OF
Yos : Crickets :+ Food ¢« Cut Off :Partly Baten :Surface Eaten

1 5 Watermelons 0 2 39
2 4 Tomatoes 19 1 1,247
3 5 Cowpeas 0 3 129
& & Tomatoes and

moist bran 58 4 7,829

Individuals of the above test were females with these excepbtions:
one nmele was in ocach of experiments 1 and 4, and two males were in number

3



The above data are rather surprisiﬁg. It would seem, for instance,
that more demage would be done where tomato plants were available than
where they were supplemented with moist bran. Those in the labter group,
however, did far the more damage. It is recognized that the above table
represents a very small sample, but it nevertheless can be seen that
under eertain conditions not now recognized the orickets may become
destructive to planbt growth.

In beth 1939 ond 1940, experimental gardens were planted in areas
infested with crickets for the purposs of determining the exbtent of
their injury. In 1939 the garden took the form of 12 adjacent plots
of ground, each>measuring 12 by 16 feet and each fenced in with strips
of galvanized sheet iron. The plots were planted to wvarious ecrops
and infested with crickets in numbers ranging frem & normal population
to cxtremely heevy. Almost no damage to the crops was noted, this
devel opment being attribubted to the faet that it was impossible to maine
tain the rospective degrees of infesbtation beecause of death of the
cricketse This latter factor was thought to be dus to cannibalism
induced when the crickets werc confined in a restricted areas.

In 1940 tho experiment was set up so as to eliminate this factor.

A plot 4 feet wide and Boﬁ'feet long was divided inbo six unfenced plots
and planted to varicus garden and field crops, this narrow strip horder-
ing on one of the highest infestations of ecriekets in the locality.

The ereps planted were bects, watermelons, Alaske peas, lettuce, spinach,
onions, black=eyoed poas, Kentueky Vonder beans, carrotég,radishes,
cantaloupes, okra, sweet corn, cucumbers, and tomatoes, These were
planted in short rows lengthwise of thehplots; the plots being repli-
catod with different row arrangements so that each crop appeared in

the row nearest the cricket infestation, as well as im all other positions,

twicee Very few instances of damage of any kind were nobted throughout
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the sumer, and in no instance could d&mage'be positively attributed
to crickets although some of it undoubteéiy,was deone by thems In some
ceses 1t was almost certain thet cub-worms had been responsible. No
demage which could be bermed serious, however, oecurrad.

With the objest of establishing=the.£ood habits of the crickets,
stomach examinations of field=collected crickets were made at intervals
through the summer. The tabulation of the results appears in Table 12.
Inspecting the tetais, it eppears that & majority of the erickets?
food censists of dead plan£ materia1uand inseets, including other erickets,
with a relavively smell emount of green plant material end sand meking
up the majority of the remasinders Small amounts ¢f whito plant meterial,
consisting probably ef roobs and plant sproubs, are alsc eaten.

A noticegble decline in amounts of green plant material end roots
and sproubs is seen as the erickets progress from the fourth instar teo
the adult, these foods being repleced by dead plant material and insechts
as the crickets mabure.

Pieces of insects found in the digestive btraet included, in part
or whole, ants, beetles, lepldoptercus larvae, mofhs, mites, bluebottle
flies, and obther crieckets.

In the nymphal instars a positive identification of oricket remains
in the digestive tract was mede in only four easos out of the 32 examis
natbions made, bub in pumerous other cascs unidentified insect remains
were suspected of being parts of crickets. Of the 25 adults examined,
one positive identification of ecricket remains in the stomach wes made,
and one dowbtful case recorded. These figures arc not sufficiont to
prove camnibalism & major factor, as even those crickets found in the
digestive tract way have been eaten after having died. The assumption

is based primarily on the fact thet it is impossible %o confine a number



Teble 1l2.-=Type of Food Found in Digestive Tracts
of D. brevipes.

otk of Thch Tood 15 Tercent of Whol

<

Greenl . Dead?® 'Whltes'
Plant : Plant :Plant ‘Lnsect4

indicetes adulte.

Tissue : Tissue:Tissue:Remains: Sand ;Roots5
Sex .
and Hombey Average Average Average Avermge Average Avsrage
Instar Dxamined =~ Percent Percent Percenmt Percemt Percent Yercent
el 2 5 i3 28 5 28 13
Fed 2 20 18 18 16 15 7
w5 3 8 IO 3 83 8 o
Fe5 3 3G - 24 - 7T . 4 356 0
T 9 & 48 4 21 2l 3
=8 11 30 28 7 17 13 4
Ki=d 18 14 40 2 41 3 o
Peii 7 13 o e 27 ] 46 7 0
Totals
ALk -
Crickets 57 18 30 5 31 13 1
A}l Ueles 26 11 36 5 36 12 1
All
Females 31 24 28 3 . 27 14 2
A1Y 4ths 4 .28 14 23 il pal 10
A1l 5ths 8 22 15 5 3% 25 0
A1l 6ths = 20 19 36 € 19 18 2
A1 :
Adults 25 14 33 3 43 5 0
1 Any fresh, green~colored plant meterial.
2 Flent material of brown colors e.g., shticks, dead leaves.
3 White plant material; &s sprouts, internal portions of roctse
4 A1} insects included, both orickets and other specics.
5 Roots determined a2s such. Irobably "White Plant leterial” alsc ine-

cluded appreciable root material.

* ¥ indicates male; F indicates female; numbers pefer Lo instars; A
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of crickets in a bucket or other small contasiner and recover the full
number placed in ite. At one time 84 nymphal crickets were placed in

3

a lafge coveroed wash tub full of sand for three days, ot the end of
which time only 62 live erickets were found. Twelve of these hadllegs
or antennae missiﬁg. A few scattered remains of cfiaketé were found in
the soil

Comparing the food habits of males apainst females, it is seen that
the females eat appreclably more green plent material then the males,
and scmewhat less of dead plant material and insects. Other foods are
cousumed in about equal amounts.

In the fall of 1940 three'first instar crickets were opened for
exaninstion of the stomach contents, these figures having been onitted
from the foregoing table and disecussion becsuse of being part of another
generation and because & large part of the stomaéh contents could not
be identified.

The exeminations were mede on September 24, 1940. The average cone-
tents of the three examined were: sand, 10 percent; insect remains, 8
percent (probably ant legs); unidontified, 82 percente. The unidentified
material probably weas of-plant origin, but could have been additicnal
insect remains.

The oniy conolusion which ean be drawn from this part of the work
ig that the erickets possibly may become injurious under certain condie
tions; in the meanbtime they nust be considered as scavengers with 1ittle
econcmic importances.

Hatural Bnemies

The rapid deeresse in the populabion of the ericke¥s from fall %o
summer would indicate that some pobent biological factor is at work,

yvet none of impertance sufficient to explain +this drop have thus far
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besn uneoversds. Since the larger parasites and predators would cer=
tainly have beon observed had they been of great importance, it is
possible that & dJdisease is prineipally responsible for lowering the
infestation. No pathologleal work hes been attempted, Hubbell (8)
has recorded several species of pathogens known to attack other membsrs
of this group of insects,

Puring the spring and summer of 1840 collections of various potential
predators were mads and the stomach contents inspected for svidences of
ericket remainses A list of these appears in Table 13,

Table 13.-=Remeins of Crickets Found in Stomsch Exeminations of
Posgible Predators, Crescent, Oklahoma, 1940.

Common Neme Seientific Name Total Number  Tobtal Crickets
Collected Found
Sand swift Cnemidophorus sexlinecatus 29 8
Ground squirrel  Civellus tridecimlineatus 5 4
Pocket govher Geomys breviceps llanensis 10 Q
Scissor-tailed
flycatcher Musciveora forficata 1 o
King~bird Tyramms tyramius 1 0
Bull snake Pituophis sayi 1 9}

In addition to the above, btoads and the larger animals known to be
inssetivorous, sueh agskunks and opossums, may account for a few of the
erickebs but were never seen in eny numbers in the area under study.
Standish (12) observed a toad eating a cricket, but rocords only the
one observetion. Droppings of some larger animal twiece were found cone
teining large pileces of erickets, mostly hind femora, but the animal
responsible was not seen, Hany times the soll plugging the emtrance to

ericket burrows was seen marked by some instrument such as a bird's beak.



Some of these disturbed holes were trapped, however, and crickets
found in the holes. Tvidently if &« species of bird had been aklompbe
ing to cateh crickebts, it was having little success.

Prom the foregoing table it is seen that sand swifts and ground
gquirrels wore the most important predaters indieated by the 1940 worke

The method followed by the ground squirrels in capburing ericketbs
was to dig a burrow into the ground following the oricket's burfow;
In & mavber of instances the location of 2 criecked burrow was definitely
Imowmn by reason of having been staked, and was later found to have been
followed dovmward by & ground squirrel burrows Because of this rather
slow process in effecting the capture, and because of the rather low
maber of those animals, however, it is diffieult to sse how they could
be responsible for a very large part of the pepulation drops

The metheod of the sand swifts was more interesting and seemingly
more sffiecient, notwifhstanding the fact that a small number of ericketbs
was found upon examination of their stomach contents. They were obe
served to seamper rapldly across the ground, entering briefly every
ericket burrow encountersed. If the hole wes securely plugged beneath
the surface they withdrew irmmediately. If the hole was open to them,
however, they apparently went domn and got the crickets In only one
instance was the actual ecapture of a cricket iwn this meanner observed,
but becauvse of the large numbers of these little animels found in the
locality, snd their industrious habits throughout a large part of the
day, they could easily account for meny crickets. This would be especiw
ally true late in the season, when the erickets find it diffieult te
maintain the plug in thelr burrow because of dryness of the soil.

As to parassitism, but ons insbance has been observed. Standish

(12) in 1939 found a female cricket dead in her burrow in a cage, and



found the nupe of & Dipteron lving in the burrow., Further identifieation
was not mades In 1940, 30 adult orickets were foreed o burrew under
lamp zlobos covered with musliin, in an attempt to collsct whatever para-
sites might kill the orickets and emerge. ﬁo such parasites were ob-
served to emerge.

A mits colleeted from a preserved adult male was identified by Dra
e B Pwing as a species of laerocheles, his suggestion being that it
was certainly a symbiont, and not injurious.

It might be nobed that work attempting to establish important
binlogical enemies has one large obstacleo; namely, the faet that dead
or dying crickebs are very seldom seen on the surface. Death in nearly
all cnses cecursn the burrow, cxoopd vwhon it occuré zg a rosult of
on poilson bait, in which case many of the polsoned erickets will
be found dead at the burrow entranco.

With repgard to snemies of the egg stage, it wes noted in the fall
of 1940 that the soil surrounding ome burrow in whic@ eges were being
found contained ramifiecations of an ant den nearbys. It was obvious
that the ants couvld destroy many of the eggs if fthey so desired, so
two eggs were placed on the soll about six inches from the entrance te
the den. The egrs were carried into the den by the ants almost immedi-
ately. There is a possibility that ants have some importance in this

respects
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CONTROL

Results of Experimental Work

Control by means of spreading poison bran mash seemed the nost
likely to meet with success, so in 1939 experiments of a preliminary
nature werc conducted by Standish (12) to give an indication of the
best bait to use for further tests. A summary of the formulae used
and the percentage of kill obtained by their use appears in Table 14,
Although highly variable results were obtained due probably to the
small number of replications, a basis for the following year's work was
provided,

In 1840 the formula chosen wes slightly difforent from any tried
in 193%, no oubtstanding difference in kill dus 4o slight variabions in
the smounts of the various ingredients having developed in the prelimi-
nary worke |

The balt used was composcd of the following:

Wheat broaflecsesccssssvesnssecalO0 1bse
Sodivm arsenite
(4=1be materialleececcacccss 2 atse
Blackstrap molasseScesescasvs L Zle
Woborsveseonvossevssnvesnsese L2 gale
Molasses was omitted from the above formula in half of the testse

£11 Dbait was scattered at the rate of 15 pounds of dry bailt per

acre, the 1933 work having shown noc particuléar adventags in hesvier

The 1940 baiting exporiments were sol up primarily to debtermine
two things: {1) whether this type of bait could be depended upon to
give consistent good kills and (2) whether the molasses in the bait

was essential. Therefore each experiment was made & comparison of balt

containing molasses with bailt containing no molasses.



Table l4e~-Summsry of Preliminary Belting Experiments,

Crescent, Ohtlahoma, 1939,
Experiment Percont
Hunber Formlg® Rate per Acre (Lbs.) Kill

1

@

1

2

o

<3

5

15
16
30
20
20
20
pis)
20
G
20
10
20

20

4E

56

GO

* fumbers wiaer this heading reier to the fellowing mummbered formulae:

Tormula

Formula

Pormule

Formula

Formula

1.

3

Theat DraNescessesesssessnel00
White areeriiCescconsesnanns &
Eﬁol&BsGS.IQQDQQQIQﬂﬁ'@ﬁbi0' 2

Wy ¢
hab@rp<uoamoaoassutucannoao 12

Theat Drilfleccccosecnsassswo el
%

AT e Q
VETCOM ecosvossensassssnessnn 12

Thett DPrafecveoncesnasensss (0
Sodium arsenitOescsenscwnes 1
Eblasses..-.‘.uan..a.a-.a}. b
ﬁaﬁer.....,...........¢.-~. 12
Thesat bran“.....u-....n‘..lOO
Sodivm arsenitcssssssrssnes &
M0loE5C S essasssvansanacnass £

ot oressvssnsssocsscvnasnens 12

1lbse
lbs.
gal.
g&l:

1ksa

Tilte ArsenicCecesssvessncoesn 4 1bse

gal.

ibs.
gals
galn
gal.

1lbs.
gtse
gal.
g&lo

Wheat'brans...o...s....sa,‘lOG IbSﬁ
Sodiun fluorideoo-onunnabon 4 lbse.

R " - Eal
“OlaSSUSqun--;&.ot'tluop-oi £

A " i
W&tcr»aa'ea-unano-m-ooluv-t 12

gal-

gal.
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Several methods of gconducting the tests were triede The one finslly
decided upon as best consisted in layling off three one-tenth mcre plets,

separating the side of each

Va"‘

160 foelb by 43.5 feek eoach, with 50 few
plot from the neighboring one. The size of plot was selected for con-
venience, and the 50-foot distance between plots was docided upon as a
distence over which rolatively few of #he erickets appeared to travel in
eny shert pericd of time. As often as possible 50 holes were stuked out
in each 1 100, although in some cases a smaller number were avallablos

be=

The bait wes spread in the evoning on two of the three plots, thess
ing selected by lot just previcus to baitinge The crickets were allowed

to feed on the bait for btwo eveningse. The following two evenings all
stalted holes in the three plots were trapped with the field trap, the
mumber of trapped erickets in theo umbaited plot being considered as the
normal or check plot. This number was compared with the catchos in the
baited plots to determine the kill. For iﬁstancé, if half as wany criékets
were caught on s baited plot as were caught on the check plot, the kill
wag considered to be 5O percenmts

Tebulation of all experiments eonducted by the above method in 1940

appears in Table 1B.



Table 15,=~Sumnary of Baiting Zxperiments, Crescemt, Oklahoma, 1940, .

: Check :lolasees Bait ilo-Molasses Bait: Percentage of Kill
Experiment:Dateo: Number:Number (Hunber:Number :Wwrber:Wumbor :Molassces:No-Nolasses
Humbeyr - t Holes iCricketssHolos 1CricketssHoles :CricketssBalt 1Belit
1 Gwl3 17 10 9 0 15 1 100 8846
2 =13 18 8 5 0 15 3 100 5245

3 5=~13 8 '8 22 1 19 0 9545 100
4 5=17 40 20 40 8 40 5 E0.0 75.0
5 5«24 22 35 20 2 20 3 9367 90,86
6 5w2d 22 18 19 2 26 3 87.2 85.9
7 b«24 20 g 17 Q 23 4 100 Ble3
8 =27 - 50 {3 50 8 5O 3 86,7 B87.5
2 5-27 5O 31 50 1 50 4 96,8 87.1
io B=29 - 50 27 - §0 4 50 5 85,2 8l.5
11 B3l 50 17 50 20 50 10 Q.0 41,2
12 =31 . 50 25 50 4 50 18 84.0 28.0
i3 B3l 50 b4 50 5 50 16 907 - 704
14 Gl 50 40 50 8 50 21 8040 V47,8
15 G5 B0 88 50 10 50 2% 89.8 702
Average Kill®eanecsraB2a3 7101

* Computed from OTiginal Gata = HO¢ individual percentagcs of Kille

29
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The average kill resulting from use of bait conbaining molasses
was 6243 percent, while the avermge kill of bai¥f containing no molasses
was Tlel percent. The statistical tests were applied to these results
to determine if there was & significant diffeorence betwesen plots baited
and plots not baited. Analysis of variance was used on the group of
experiments from number 8 to 15, ineclusive, as these all had 50 traps
set on each plots A highly significent difference was obtained.

Thoe method of covariance was used on experiments 1 to 15, inclusive,
thess ineluding several cxperiments where a uniform number of traps on
each plot was aot maintained. Again e highly significent velue resulted,
indisating that definite kills were bheing obtained, sven with the dis~
~crepancy in number of traps set.

The differeﬁce in the average kills between molasses and no-molasses
bait seems upon luospection to be rather striking, bub statistiesl snalysis
did not bear this out. The standard deviation method was applied, the
recult indicating that there was no siguifiecant difference hetween
these two baits. It appearsd that roughly three te four times as mmch
date were needed at this exisbing difference between the means to give
significances

With regard to experiment number 11, some unconbrolled condition
obvicusly crept in. No certain knowledge being had as to what this
might have been, the figu}es wore included, A possible explanation is
the fact that the supply of sodium arscnite was low at the time this
experiment was made, and a noticeable amount of sediment was seen to be
present. A new supply was obtained for the next test.

Standish (12) in 1939 conducted experiments to determine the value
of molasses as an attrahent. One-pound coffee cans were sunk in the

soil until the open tops were flush with the level of the soil, and in



the botboms of the cans were placed variously blackstrap molasses, corn
syrup, and nothing at all. Ten traps were used for sach treatment. The
total crickets caught by each treatment in three weeks was as follows:
Blackstrep molassoSesessesealdb
COrn SyTuPsscesssevusosensas 44
o baibecoasssasovcaroaceees 62
In 1940 similar experiments were run, the comparison being made b~
tuween traps balted with bren moistencd with water and traps beited with
bren nmolstened with molasses and water. Ton traps of‘each'treatment were
balteddaily and the nightly cateh noted for nine dayse The total crickebs
caught by each type of bait was: |
Holasses, water, brane.....231
Tater, bran..cceosacccaeoss s 186
Both the 1939 and the 1940 totals show a big difference between
treatments in faver of blackstrap molasses, Statistical methods could
be aprlied, however, to only a part of the data &and did not give a signifi-
cant difference betweenvtreatments for the portion used in the analysis.
Totele for each trap for the last four days of the 1940 experiment, which
constitubed the date analyzed statistically, are given in Tablg 16+

Table 16.-=Crickets Trapped by Means of Different
Baits, Crescent. Oklahoms, 1940.

Trap Number folasses  No-Molesses
Bait  Bait
1 18 13
2 11 12
3 5 7
4 22 0
5 18 8
6 3 7
7 7 9
g 11 10
g 15 Vi
10 24 13
Totals 158 64
leans 13.9 8.4
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Four tests usiag.s&wdust and bran in a three %o one proportion as
the carvier were mede, the kills ranging from 22‘p@rc@nt to 69 percent
with an average kill of B50.5 percent. These deta are considered inconw
clusive because of the small number of experinentse.

Concerning the length of timé‘requiréd ﬁy‘the bait to cause desth
of the ericket after feeding had occurred, it was observed that early in
the moraning following spreading of bait tho night before, many crickets
were 50 be seen dead or dying at the entrance of the burrows, On the
morning following the socond night's feeding, no noticeeble increasze in
numbers of these poisoned crickets was apparent. Tt soems, tﬁerefare,
that the bait requires about 12 hours -or loss %o act. Presuming fhat
most of the poisoned erickets die or become helpless in this length of
time, it would not bes expected that many such dying erickebts would be
found aftor the second night of feeding, as the heavier emergence will
almest always occur the first night f?om.any given group of holes whether
the area has been balted or not.

Considerimg'the control problem from the standpoint of the farmsf,
that of effecting economic control on a particular piece of ground, there
are a nurnber of ccmplicatiﬁg factora wbieh much be considered other than
mere ﬁercenﬁ&ge of kill per baifing.' There will be, of course, no 100
percent kills, leaving somo for subsequent baitings« Migration may affect
control ot least around margins of the baited area, bubt should not be &
great problem as it is thought the ericlkets ordinarily do not travel fare
.Of more importence is the fﬁct that not nearly all of the ericket popula=-
tion is active at any one time. This is due not enly to moulting and
the accompanying stay wnderground, bub alse to the fact that individuals
may stay for long periocds in their burrows for no apparent reason at all.

In an experiment designed to indiecate what pereontage of the population



66

might be expoeted to emerge over a given period of time, traps were

set 2nd maintained continuously om 10 holes during the +ime when the
crickets were in the adult stage and comparatively actives . Of the
total nvmber of orickets caught from these heles in 11 days of trapping,
the nurber &ﬁd percentage emerging each day was calceulated and set

down in Table 17,

Table 17.--Crickets Trapped Daily from 10 Selected Burrows,
Crescent, Oklahoma, 1940.

Date  Number Percent of Entire Catch
Emerging Emerging fach Doy
June 13 16 ' 44 .4
14 8 22,2
15 2 546
16 g Bed
17 0 0
18 3] 2
19 0 0
20 1 2e8
21 3 8.3
22 1 2.8
23 2 546
Total 36

%ithéut a doubt-others would have emerged had thg experiment run
longer. 1% cean be seen, however, that by allowing the crickeﬁs to foed
on the bait for only two deys, as in the cese of the proviously desoribed
econtrol experimente, only about 66 percent of the tobtal pepulstion is
affoched.

Controlled ezperiments were not run specifically %o determine how
often and over what period of time baiting should be conducted to effeck
econonical controle. Ih is estimgted, however, thet in ordimary cases if
the bait is kept om the ground available to the crickets for a period
of 12 to 15 days, somewhers near 75 to 80 percent control should be

effezeted at the end of that time. If wnfavorable weather does not cccur,
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spreading of balt every thres or four days should be frequent enough,
as the food preferences of the insecbs do not lead them to aveoid food
in & somewhat dry state. If rain dilutes the poison, however, or if
high winds cover the bait with soil, an additional spreading of bait
should be undertaken soon. The above ecstimate of the total kill te be
expected must also be gualified by the fact that during periods when
moulting is under way, or when a low cmergence 1s occcurring for other
reasons, the rill will necessarily be less unless the baiting period

is prolonged. 1t must be kept in mind by the operator, however, that
he camnot wait for an "ideal" time for baiting, hoping to economize

on labor and bait expenses It is extremely likely that such a +time
will never come, or that the operator will fail to recognize the oppors
tunity umtil it has passed. The only safe plan is to put the bait on
the ground and keep it there wntil the desired control has besn effecteds

Contrel Recommendations

In plancning a control program, the first item to consider is the
degree of infestation. Since intensive work was not done on the erickets
when a high infestation was present, and sinee the amount of injury to
‘be ezpected from any given infostation will necessarily depend & great

e2l upon whet ecrops are grown and the stage of the erops when the infesta-
tion becomes aetive, no definite figure can be given as to what represents

a potentially injurious population. The operator should inspeet his

i

ields early in the spring, aboult two %o four weeks before seedlings

are to be in the soil, and if, considering the value per plant in the
seedling stage of the crop to be grown, he believes the number of cricket
burrows present indicate a threat to his erop, he should begin baiting at
once and centinuve for approximﬁfely two weeks or until the population has

decrcased to the point where fear of injury is no longer felt. It is well
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to besr in mind the fact that almost all of

€3

he demage will be dons while

the plants are biny ssedlings.

£ el

vhae bait recommended comsists of the followling:
Wheat branecccssonsessl00 1lbs.
Zodium mrsenite
{(4-1be material)e.... 2 gtes
Hateressonsureesnnenes 12 pgals
me gallon of blackstrap molasses may be added to the sbove formule
if desireds It probably will give a slightly greater kill.
In mixing, all the liquid materials should be poured together and
thoroughly stirred. Then the bran should be spread thinly onto a
smeoth eoncrete floor or similar surfaece, and the mixzed liquid disbributed
wpon it evenlye The mix should then be turned with a shovel until every
particle of bran is unifermly web.
The bait shouild be spread wniformly at the rate of 15 4o 20 pounds

dry weight per aere over the area to be protected and over a strip

@
[
Q

£
el
]

foet wids immediately outside sach margin. Spreading should
be done in the eveping Just before sundown. Great care should be used
in ascertaining that the bait is well broken up as it falls to the
ground, so that birds or poultry will be unable to pick up any grest
amount of ite Likewise the poison bait should not be allowed to re-
main in sacks where livestboek mey get to ite The bait is always poten-
tially dangerous while quantities of it are in one place; ounce thinly
seattered it is harmless to larger animals.

Devermining the kill after baiting is very diffieult by inspection
of the ares baibted, Tor reasons previously mentioned. By watbtching the
baited area and noting the nmumber of fresh holes for a period of a wsek
or mere, howsver, the operator should be able to form an opinion as to

whether a dangercus population still is active.
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In the case of small gardens, lewns, or other small areas being
damaged by erickets, it may be more practical in some cases to eliminate
then by methods other then baitinge. Traps similar to those used in this
regearch may easily and economically beo constructed. With only a few
traps a small area may be cleaned of crickets by shifting the trap to a
new hole every time a cricket is caught. Drowning the crickets ouvt by
pouring water in the burrows may be effective at times,

In all cases, however, the possibility of cut=worms being responsible
for the damage should be investigated before the conelusion is drawn thak
crickets are the offenders, although from a control standpoint this
matters little. The recommended bait spread as instructed will effect

combrol of cub-worms as effectively as it will control crickets,

t is said that ehickens and turkeys will eat many of the erickets

peed

coming out before dark and those still abroad in the early morning.
Although this is probably true, during the 1940 scason it would have
affected the population but lititle, as few erickets emerged before dark
and few were to be found in the esarly hours of the morning. Destruetion
by birds and poultry of all kinds undoubtedly would be considerable in

years when the orickets are out during the daylight hourse.
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Dajbinia brovipes Haldeman (Gryllacrididae, Orthoptera) ccours in

the Great Plains states from Worth Dakota tou northern Texase Tn Oklohoma
it is found in most sandy envirommentss It has been reported injurious
to variocus Ticld and garden crops.

The winter is passed in burrows as partly-grown nymphs whieh re-

main comperatively active during the winter monbths. The adult stags

ilg recached aboub lay 1, and oviposition oceurs throughout the month of

H
[
i
28
et
O

Junce The eggs are laid sand surrounding the burrows. The eoggs

hatch during the last two wecks in September and the nymphs meke their

2

e top of the soil where they dig new individual burrows. There

3

way bo b
gencration per yoar

From late winbter through spring & high mortality occurs in the
population. Bisolegiecal factors of imporbance sufficlent te explain this
zmortality bhave not been discoverods

Zeeords of noeturnal cmergence from burrows showed no consistently
close correlation with wosther conditions, although e gencral correlaw
tion wes epparcnt. Over the entiro season, erickets emerged from an
average of 44.3 percent of the active burrows each night.

Cric&e%s wore confined in cages open at the bottom to allow burrow-

ing; emergence records taken on these individuals again gave no striking

§.~h

correlation with weather.

In the above cages it was indiecated that the longeovity of thig
species is aboub nine months. There wes some evidence that fewer males
than females reach maturity.

By trapping, marking, and releasing erickets in a cireular plet and

later trapping to recover marked crickets, it was apparent that there is
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a strong tendency for the criekets to return to their own burrows after
emerging and feeding on the surfaes. Many dug new burrows or used
those previously dug by ancther erioket, howevers Limited evidence ine

dicated that in few cases did a cricket leave ibsburrow for more than
53 focks

The burrows gradually increase in depth from three to six inches -

in February to one to five feet in June. After the crickets matur
the bufrcws include lateral tumels entending off from the main shaf

Bges obtained by 31ft1rg soil about ths burrew were found from o depth

L

of two fest to the boltom of the burrow. An average of 28.8 eggs per
burrow were found;

The act of cepulation was observeq on the surface of the soil in
but one case. It is suspected that copulation alse occurs in the burrow.
From observations and stomach exeminetions it was found that the
species 1s quite gencral im feeding habits. In additicn to green plant
maberial the erickets foed on such material as dry sticks, weed seeds,

rabbit‘pellﬁts, and other insects. ©Serious injury to growing crops

was not demonstrated experimentally.

0f a nuwber of possible predators exomined, the sand swift (Cnemido-

phorus sexlinecstus) and the ground squirrel (Citellus tridecimlineatus)

were fouﬁd to be the most important predatorss Parasitism was nobt observed
to be an important biologlieal factor.

Control ezperiments eon=isted primarily of tests of poison bran mash
bait, beth with and without molasses. Statistical analysis indicated
that significant kills wore being effected, but the difference in kill
between bait econtaining molasses and bait without molasses was not sige
nificant. The aversge kill of bailt containing molasses was 82.3 percent;
i1l of bail conboining no molasses was 71.1 percent.

th

averag

>

D

6]
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The control recommended consists of application of poison bran

mash mixed according to the following formula:

Wheat bran 100 1ibss
Seodium arsenite

(4~1b. meterial) 2 gts.
Water 12 gal.
Blackstrap molasses ‘
{optional) 1 gal,

Baiting should be started two o four weeks before seedlings are
%o be in the soil, and chould be repeated at approximately three-day
intervals for about two weeks. Dait should be spread in the evening

at the rate of 15 o 20 pounds per acre.
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Figure l.--llound covering entrance to ericket burrow in left fore-
ground. Ant burrow in right foreground. Photo taken
in early April, 1940.

Fipure 2<--Beetle burrows, similar in appearance to coricket burrows.
An ant burrow can be seen at the immediate lower right of
the hat, and a oricket burrow is in the extreme right
background.

74



75

Plate II

Figure l.-=Criecket burrow in early June. Compared with Flate I,
Figure 1, the burrow is of larger diameter and the mound
does not completely cover the entrance,

Fipure 2.=<White stakes indiecate burrows used in work to determine
retention of burrows and migratione Fhoto teken in late
Aprile. Stakes represent all burrows which had appeared
since the work started on March 15, 1940.
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Plate III

Figure 2.==Sunken cages used in life history worke The sereen frames
were used to cover cages at night.
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Plate IV

Figure l.-=Concrete casts of cricket burrows. No. 1, 25 feet deep,
shows signs of at least two lateral tumnels which probably
extended farther but were not filled with the conerete.
Yoe 2, 1 foot 9 inches deep, shows a typlieal lateral
tunnel, with the beginning of a tertiary branch near the
end of the lateral tunnel. Nos 3, 1 foot 2 inches deep,
shows two branches starting upward, an unusual condition.
No lateral branches extending upward were ever cast for
mere thean a fraction of an inches Noe 4, 1 foot 1 inch
deep, shows horigzontal twrn of the burrow when hard eclay
subsocil was reacheds Noe. 5, 1 foot 5§ inches deep, shows
an unusual division of the main shaft into two egqual
branches. No. 6, 1 foot 11 inches deep, shows one of the
longest lateral tunnels founde Probably none of the above
easts reached to the full depth of the burrow.
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Plate V

Figure l.=-~lfale of D. Brevipes. One and one=third times natural size.
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Figure 2e~=Female of D. brevipes. One end one~third times natural size.
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Plate VI
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Figure l.--Head and mouthparts of D. brevipes; 2 2/3 times natural
size, Shown are mouthparts in situ, and dissected maxilla,

hypopharynx, and labium.

Figure 2.--Posterior leg of male on left, 2 2/3 times natural size,
showing adaptation of femur and tibia as prehensile instru-
ment. Anterior tibia and tarsus of female on right, 6
times natural size, showing fossorial adaptation.
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Plate VII

Figure l.--External genitelia of second instar female at top,
viewed ventrellyy 10 times natural size. External
genitalia of adult female at bottom, viewed laterallys
5 1/3 times naturel sisze.
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