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Abstract:
The experiments show that Mormon cricket eggs received the greatest stimulation when exposed to
-10°C.

Eggs which were hold at a constant temperature of 25°C. required more degree hours for hatching than
those which were alternated between 10° and 25°C.

Development in the Mormon cricket embryo continues throughout the winter regardless of the cold
temperatures to which they are subjected.

These cold temperatures have a stimulating effect upon the developing embryo.

The data on egg development does not indicate the presence of a true diapause in this stage of the life
cycle.

More oxygen was consumed per egg when they were alternated between 10° and 25°C. than when held
at a constant temperature of 25°C.

When eggs were alternated between 10° and 25°C. there was a much higher per cent hatch than when
they were held at a constant temperature of 25°C. In every case a higher per cent hatch was obtained in
the 10° cabinet.

Crickets which were confined in their activities by pen, barrier, etc., failed to lay fertile eggs.

Within wide limits soil moisture conditions have very little effect upon hatching of Mormon cricket
eggs.



SOME FACTORS AFFECTING TEE DEVELOPLENT OF THE EGCS

OF TEE MORION CRICKET (Ansbrus simplex Hald)
by

Orville B. Hitchcock

A THISIS

Submitted to the Graduate Committee
‘ in .
partial fulfillment of the requirements
for the degree of
laster of Science in Entomology
et '
Vontana State College

. Approved:

VY pee

In Charge of lajor Vork

Lot B 200,

Chairmen, Exemiping Committee
% [

CheArman, Graduate Cormittee

Eozenman, Kontane.
June, 1939

ATdfa .



V378
He3w

Y «

-l

TABLE CF CONTENTS -

‘ABSTRACT.O...‘..“‘Ooo...o.

INTRODUCTION & o & v o v o o o o o u o
LITE.RATLTM.;V.>......“..Q..

PROCEDURE v 4 4 o e o « o o o o o o o o

STIMULATING EFFECT OF LOW TEXPERATURES .
EFFECT OF ALTTRNATING TE@ERATURES .

EFFECT OF FIELD TEMPERATURES 3 o o o o o

EFFECT OF ALT“*"‘ZIATI“'G TEII’ERATURES ON FIELD EGGS

O‘CYGE’\T COIYSULTTION ¢ & 0.0 o o ¢ o ,

DIAPALSEQOOOO...OQ.....070.

FPERCENT BATCE  « o o « o o o o« ; -
 TEMPERATURES PRODUCTIG MAXTMUM FATCH . .

FERTILITY OESERVATION . e e e ee .

L L] * L ] L]

EFF‘ECT OF MOT.STUI’\E ON HATCHIIIG o o .‘ ® o . o o o

sb’lvmy - L d L 4 . ‘e L * L L [ ] L] L 4 L 4 * L L]

BIELIOGRAPEY o + « o o o o o o o o o o

Y Y s o
N 6%54 F e
S T
S san

Page



-
 AsTRACT
‘, The experitnents shoiv that Yormén ericket e;o;gs received the
: greatest stimulation when exposed to -10 c. : | :
| - Bggs Whlch were held at a eonstant temperature of 25°C. required
more degree hours for hatchmg than those w’nch were alternated between
10° and 25 C. | 7
T | Development in the Momon cricket embryo continues throughout the |
: winter regardless of the cold temperatures to which they are subgected.. o
These cold temperatures have a stimulatlng effect upon. the developing embryo. |
The data on ego develonment does not indicate the presence of a
true diapause in this stage of the life oyole. |
Lore oxygen was consumed per egg when they were alternaﬁted between F
1o° end  25° C. than when held at a constent temperature of 25° c.
‘ - ""Ihen eo'gs were alternated between 10° and 25°C there was & nruch
higher per cent hatch than when they were held at a constant temperature of »
2&5°C., In every case a higher per cent hatch was obtained in the 10' cabinet.il‘
N Crickets which were confined in their act:Lv:Lties by pen, barrler, ‘
etc., failed to lay fert:.le esgs. | - ‘

Wlthin mde li.mits soil moisture condltions have very little ', R

- effect upon hatching; of I.Ior-non cricket eggs.
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| mmonucnon'

“ The Mormon cricket Aga____,___plg; (Hald), has been.present in
‘Lontana for a great many years, but it was not until 1926 that it was .
recorded doing extensive damage to Crops. Since that time serious outbreaks
~ have occurred in practically all parts of the State, with the exception of
-the northeastern counties. These outbreaks have been §0 serious that it has o
been necessary for the Federal Government State, counties, and individuals :
Ato ‘expend large sums of money for equipment, materials, and labor in the
‘protection of crops. Although the campaigns have been quite effective from _
a crop protection standpoint more information concerning the effect of :
'climate, parasites, and other factors would, undoubtedly, be of value in
vformulating a more effective control prOgram. -
| Since practically no work has been done on the eggs of the Lormon'
ﬁcricket studies on this stage of the life cycle were undertaken.' The
experiments were carried out in an attempt to obtain some definite informaticn ’

on the following pointst (1) The presence or absence of e diapause period, uf—“v

';(2) the effect of temperature on egg development- (3) the effect of moisture - 7

on hatching, end (L) general factors affecting fertility. Some definite :
'rinformation on the above factors may aid materially in predicting with same -
degree of accuracy, the possibility of the insect appearing in outbreak -

numbers.‘ ‘The occurrence of a diapause period during the egg stage might

' The writer wishes to acknewledge his indebtedness to both Dr.H.B.
' hills and Ir. James H. Pepper for the suggestion'Of the problem, and for their,v4

helpful suggestions and criticisms during the course of the study.,
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have considerable effect on the{time of sPring hatching. Ir such a period
exists it is important to know when it occurs and‘what conditions are-
: necessary to break it. If there is no diapause it is desirable to know how “;_'
much accumulated temperature is necessary to develop and hatch the egg. |

Some knowledge of the moisture conditions necessary for hatching
is also of importance. It may be possible that an extremely wet or dry season—
__might be unfavorable for emergence and that the numbers of crickets would be
greatly reduced when the eggs are subjected to suoh conditions. | There is
. elso a possibility that the use of dust and artificial barriers may have some -
effect upon the fertility of the adults. o ‘

This paper embodies results of experiments which'were carried out

~in an attempt to answer the ebove questions.

‘LITERA'TUIVzE

= Caruthers (7) states that a low temperature, though it interrupts
. the development of the Orthopteran embryo, acts as a stimulus which
‘accelerates development as soon as the temperature is raised. He also found
that in some species a temporary cooling seems to be a oondition necessary
for normal development, and eggs kept at a constant high temperature from
the time of oviposition fail +to develop. | g | l

Bodine (2) found that the rate of egg development in certain “:o
Orthoptera (grasshoppers) was affected by temperature and that other faotors

being constant the increment in rate seemed to increase in direct proportion

to the increase in temperature within the normal limits of development. He
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also found that exposure to low temperatures produced an accelerative»,e
effect on subsequent development of eggs at constant temperatures.f»

Uvarov (17) explains that IOW'temperatures produce an acceleration .
in the develoPment of the Orthopteran embryo only'when it is subjected to .
their action at a definite stage in its development. He states that in j j~"
‘nature, most of the Acrididae begin development‘shortly after the:eggS'are
laid,“,Development is then interruptedeand only‘resumes again thevnextispring,
when_the’temperature, after wintericooling, rises above the developmental'
zero. He further explains that this interruption of development, or
embryonic diapause. cannot be explained by the action of low temperatures
because, in many species of temperate regions, oviposition takes place quite :
early in autumn, or even in summer, and the diapause begins when temperatures -
- are well above the developmental zero. Also attempts to break the diapausef
in the laboratory by keeping eggs at high temperatures fail at least, in N
the case of certain species.‘ This, he says, is indicated by the fact that
in the case of some tropical species, the embryonic diapause coincides with ,A
the dry season, and the eggs hatch after the first rain.gzil1

Bodine (2) in his work on the oxygen requirements of developing
Orthopteran eggs made the followang observations.“ The embryo first goes ‘w“
through a. rapid period of" development and after reaching a certain stage, f;{“
it undergoes hibernation.which is followed by an increase in activity or B
development as is shown by the oxygen consumption throughout these stages. |
He further states that such rhythm seems necessary for the normal developmentlji
of. the organism and that it is of interest to note that changes in the rate t:

of oxygen consumption take) place in the early spring when the temperature
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- is oonsiderably below the so-called developmental 2ero. From this he
concludes that, in the case of grasshopper eggs, temperature is not |

‘ necessarily a limiting factor in controlling gas exchange during growth or
normal development and the morphological evidence indicates that definite
‘developnent occurs during these periods even though the eggs are exposed to
temperatures supposedly belcw those required for normal development. Pe also ‘
pointed out that eggs which had been exposed to 25 C., when subsequently
returned to low-tenperatures, showed no marked decrease in rate of development
,despite the fact that they were exposed to extremely low temperatures. He s
further states that development once started, seems independent ‘or at least,
not correlated,'with external temperatures, but °ggs will not hatch at these v
low temperatures if left continually exposed to them. He concludes that some ?W
mechanism acts within the eggs which makes development in a measure,
‘independent of external temperatures.o Y utcg

: Parker (ll), in his work on the eggs of Velanoplus mexicanus

'-vmexicanus Saussure and gmg g pellucida Scudder, fOund that the eggs placed p,v" |

at oonstant high temperatures the day they were laid hatched in an average

of 26 days, while eggs placed at 0° immediately after they'were laid and later’
‘placed at constant high temperatures, developed much more rapidly and hatohed -
11 days. after being subgected to e constant hlgh temperature.' Eggs which were
allowed partial development after being laid and then subjected to 1ow : .
temperatures showed an increase in rate of development when later returned o
to constant high temperatures. Eggs placed at alternating temperatures
showed a great increase in rate of development over eggs held at constangtltﬁ

temperatures.c”



8- s
o Bodine (3), in his work on oxygen consumption of Melg;zop_lus
ifierentialis kept at constant high temperatures from the time of laying
until hatching, obtained the follow'lng results. \ There is a fairly rapid
rising rate of oxygen consumption during the first three'weeks of development
which is followed by an equally rapid decrease to a minimum value. This
relatively IOW'rate of oxygen consumption continues over a period of time -
(diapause) at the end of which an increase in rate oceurs and culminates in |
the hatching of the egge. | B |
. Burkholder (6), when working with single egss of Melgngplggl
ifi:erentialis, found that in general cycles or rhythm changes in rate of
oxygen consumpticn substantiate results obtained upon larger. numbers of egvs
be previous workers.v '
: (PROCEbUREL ’
lé o On October 2& a large number of eggs were collected from the field ;{
»_4near Billings, brought into the laboratory and candled. Only those which ‘ :
,Showed development were selected for the experiment. The eggs were divided -
into five lots of 1400 eggs each, placed in moist sand and numbered from 1
7t° 5. Lot 1 vas placed at 8 constant tenperature of 25‘0. Lots 2 to 5
= were cooled to varying low points in the following manner.‘ Let 2 was held at(

»10 C. for one day, ecc. for ome day, returned to 1o'c., and placed at 25'

on the sixth day.h Lot 3 was similarly cooled to -5 C., raised to. lO c. and

_tr&nsferred to 25°c. on the sixth day. lot h was cooled to -10 C. and lot 5 o

- to ‘15’0 and then both were brought up to 25'0. On the sixth day all lots

-were at 25 C. constant temperature and 100% relative humidity
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The foregoing treatment is tabulated in table I~

TABLE I.-Temperatures to whioh Hormon ericket eggs were subjected in
, study of effect of cooling on egg development.

Yot 1 1ot 2 - Lot 3 Loth , ‘Lot‘S

Temp.  Days Temp. Days = Temp. Days Temp. Days = Temp. Days
5 7 10° 1 10°. 1 10° 1 10°" 1
- 2 1 - 2 1 2- 1 e .1

: 10 L -5 1 -5 1 -5 1
5 1 10 3 . =10 1 -10 1

o 25 1l 10 2 - =15 . 1
: 25 1 10 1

25 1l

On the seventh day each lot was redivided into two lots of 200 eggs ;i
each. One of these was kept at 25 constant temperature and the other |
a11;ernated for one day intervals between 25 C. and lO°C. -
| h Eggs were. collected from the same area in the field at intervals“’;
of approxlmately two woeks throughout.the winter. These were candled and
~ selected in the same manner as the above eggs. Theijere divided_into two l
lots of 200 ‘each and placed in molst sand. One 1ot m;’hela at a coﬁstgnt :
temperature of 25°C. and the other alternated between 25°C. and lO‘C. as _d;;'
previously described. Eggs were collected on the following dates:"“ov. 8;“e
Lov. 22, Dec. 6 Doc. 21, Jen. 7, end Jan. 23. B |

‘ ~As soon as the first eggs collected on October 2h were subjected_a:,
to the above treatment 20 eggs were tazen from eaoh lot and placed in a.
Barcroft differential menometer and the rate of oxygen consumption determined.‘“
" Eggs which'were collected later in the field were also run in the manometer
immedlately after being brought into the laboracory. Twenty eggs from each

lot‘were run again at intervals of approximately 30 days.'

This prooedure was continued throughout the experlmental period.
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| smmmrmc EFFECT OF 10W TELPERATURES |

The most satisfactory way to express‘theaccumulative effect of
ternperatures is by means of degree hours. Other methods have been used but :
they do not give en accurate oomparlson between different lots. A degree n
~ hour is defined as the product of the temperature,.(in degrees centigrade)
times the number of hours at'which the eggs were exposed to such temperature.r .
In this wey all changes in.temperature can be expressed onwa conmon basis./

Cricket eggS'which had not yet been exposed to cold temperatures
in the field were collected. The eggs were 'brouvht into the laborator.yr and :
were subjected to varying low tenperatures as shown in Table I.' They were
held at a constant temperature of a5°c. until no further hatching took place.

. The eges which were not exposed to low temperatures required the greatest -
number of degree hours to complete the hatching. When the eggs were subgected ‘
. %o low tanperature there was a very noticeable stlmulating ei‘fect. The -
‘greatest sti.mulation took place in the eggzs which were lowered to -10" lhese
required 10 207 degree hours less than those which had had no previous cold |
treatment. When the eggs were. lowered to -15 tnere was a retarding effect. .
It toolc 5,55_0 more degree hours for the eogs to hatch than those which had o
been lowered toi-ld°;' Thus it will be seen that lowering the temperature to ~j
-lO decreased the number of degree hours by approximately 10, ,000 when compared‘:
with untreated eggs.: As the temperature was lowered i‘rom approx:.mately 25°C. B ; |

to 5°C. there was a gradual decrease in hatching time. From 5 to -lO C.

- -

rapid decrease took place but when lowered to -15 there was & marked increase
in the degree hours necessary to hatch the eggs. These data are tabulated -

in Teble II and shown graphically in figure 1.,
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TABLE II.-Degree hours necessary to hatch eggs collected October 2l after
being subjected to the varying temperatures given in Table I.

Eggs held at a constant Eggs subjected to alternating
temperature of 25°C temperatures of 10°C and 25°C
after trestment after treatment
Lot Yo, Degree hours % Hatch , Degree hours % Hatch
per ers ner ege :
1 35,257 10.5 24,908 59.0
2 30,000 11.5 23,40l L2.5
ﬁ 260250 8.0 2202]-'-5 o 50.0
o 5,050 7.5 20,165 Eh.5
5 §O!§20 2.0 2§!8§;Z z;z.g
Average 31,101 7.9 | 22,915 9.9

g_
T

CONSTANT TEMP, 25°C| -

:

:

LTERNATING TEMP. 10%-25°C

DEGREE HOURS PER EGG

20 15 10 S ) -5 -10 -5
TEMPERATURE IN DEGREES CENTIGRADE
Figure 1.
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EI‘F“CT oF ALTERI*ATINC— mmmrms

e

~ The eggs were treated as shown in Table I and were then subaected »
to alternating temperatures of 10‘ and 25°C. for equal periods of 2& hours..m
Twenty four thousand nine hundred and eight (2, 908) degree hours were
necessary to hatch eggs which were not subjected to cold temperatures. As
in the previous experiment the greatest stimulation took place at -10 . ;
At this temperature only 20 165 degree hours were necessary to hatch the eggs.i
Agein a retardin«r ef'fect was produced in the eggs which were lowered to -15’
'and 22 857 degree hours were required to hatch them. ‘ A comparison between -

the eggs not Subaected to low temperatures and those 1owered to -lO° show

that approxima’cely L, 700 degree hours more were necessary to hatch tha eggs

:whioh had had no previous treatment. ~ It also took 3, 692 degree hours nore

to hatch the evgs whioh were lowered to -15"‘ than those which were su’bjected to

-

..10 R Again there was a gradual decrease in degree hours necessary to hatoh '

the errgs as the temperature wa.s lowered from approximately 25 to -2‘ From; e

-2° to -10° there was a rapid decrease and from -10‘ to 15 there was .

rapid increase in the degree hours required for hatching. k.These_ data are

recorted in Table II and shown graphically in figure 1.

A cOmparison of the eggs which were hold at a constant temperature L

~ of 25 a.nd those which were alternated between 10° and 25 show that tnere is o

- -

& very definite acceleration produced by the alternatlng temperatures. An'

average of 31,101 degree hours was necessary ‘to hatch the egn-s at o constant

temperature. Those which were alternated averao'ed only 22 915, or 8 186 degree L

hours less .
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EFTECT OF FIELD TELPERATURES

The eggsKWhichIwere usedvinrthese experiments‘were collected at two-~
. week intervals from October 2h to January 23, 'All experiments‘uere4run at a |
‘constant temperature of 25°C. The various lots showed atsubsequent‘decreaser
in the nunber of degree hours necessary fcr hatching. Thirty-fdve thousand :

l two hundred and Lifty seven (35,257) degree hours were required to hatch eggs
collected on October 2. Those that were brought in from,the field at -

. subsequent intervals of approximately two weeks - showed a steady decrease in
the number of degree hours required for hatching, The last lot of eggs which '
were collected on January 23 required only 6,371‘degree hours. This was

- 28,886 less than were necessary for the eggs which were brought in on

Ootober 2h See Table 111 and figure 2.<
 EFFECT OF 7 ALTERVATING TEMPERATURES OF FIELD 2668 -

’ Eggs'were collected as in the previOus experiment and alternated e }f
between 10' ‘and 25' They, ‘also, showed a 1arge decrease in the- number of
degree hours necessary for hatching. The eggs that were brought in from the Ll
.‘field on Ootober 2& hatched in 2&,908 degree hours. There was a rapid decrease
’in the number of degree hours necessary to hatch the eggs whlch'were colleoted
at later dates.: Only 6,320 were required for those that were brought in on Tf”
January 23. This was. 18 588 1ess than were required for the eggs collected :

on October 2, approximately three months earlier. See Table III and figure 2. =
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TABLE III.-Degree hours necessary to hatch eggs collected at different
periods during the winter from October 2 to January 23.

Eggs held et a constant Eggs subjected to alternating
temperature of 25°C temperatures of 10°C and 25°C
Date Degree hours % Hatch Degree hours % Fatch
collacted per ego per egy
Oct. 244 35,257 10.5 2l;,908 59,0
Yov. '8 21,46 12.0 16,403 Lé.5
Nov. 22 18,600 3.5 16,422 - 5l..5
Deo. 6 13,266 Lo 11,054 4.5
Dec. 21 7,658 8.5 -~ 6,751 62.5
Jan. 7 8,14,00 1105 . 79509 X 68.0
Jan, 23 - 10 - a0
Average 15,885 8.8 12,766 63.6

:
~

\ : e— —e CONSTANT TEMR 25°C,
\ o———o ALTERNATING TEMP. I0°-25°C.

:

DEGREE HOURS PER EGG

608%
T24 NOv3 NOVI3. NOV23 DEC 3 DECI3 DEC23 JANZ2 JANI2 JAN22
- DATE cOLLECTFD

Figure 2,



_15_ -

¢

OXYGEN coi-rsmnon

A comparison of the rate of oxygen cossumption of eggs held at a
constant temperature of 25'0. and those alternated between lO' and 2'—‘ C.
show that the alternating temperatures have a stimulating effect on the eggs. :
All of these eggs were subJected to the varying temperature conditions
shown in Table I. Those held at 25 C. had an average rate of oxygen |
consumption of 2.310x10'3cc. of 0o per egg for a 2-hour period. The eggs o
which ‘were subjected to the alternating temperatures consumed 2 b87x10'3cc.
or .l77x10’30c. more per egg. Likewise the eggs collected from the field '
throughout the winter and alternated between 10° and 2'5 C. consumed .519x10‘3
lcc. of 0o more than those which were held at the constant temperature.v This
increase in oxygen consumed indicates greater embryonic activ1ty and is in
line with previous data which shows stimulation in the eggs which were
alternated between 10° and 25 C.. Twenty eggs Were placed in the manometer
for each experiment and since the eggs are small it is obvious that relatively -
- small anounts of oxygen.would be consumed. The Barcroft differential
manometer is an extremely sensitive instrument and capable of measuring

accurately,such_small quantities. o

: Q{;’J‘;‘mgﬁ -

3
¥
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TABLE IV.-Average amount of oxygen consumed (cc.x10‘3) per cricket egg
in a 2-hour period.

Eggs subjected to low temperatures -~ - Periodical collections from

outlined in Table T. ‘ : ' the field -
Lot., Constant 25° Alternating . Date .  Constant 25° Alternating
- _No. ~ 10 and 25° collected - 10 and 25°
cc.0px1072 . cc.0px10-3- - ©ce0x10"3 . c0.05x10-2
' per, ecs ____per egg ' o peregg = - -ver escp
1 3,189 . . 2,082 - . Oct. 2y, 3,189 - 2,082 - -
2 1.813 - 3,037 = Nov. 8  3.057 3,629 -
3 2.062 2,183 - . Tove 22 - 2,570 . 3,166
L 2,056 . - - 24355 . " Dec.: 6. 2,708 . 3,486
5 - 245  2.781. = Dee. 21" 1721 3337
- ' . : Jan. 7 2-J86 = ) 3-@0 .
Aversge  2.310 .. 2.487 - Average -~ 2.67T1° 3,190
DIAPAUSE

- The data obtained from field eggs shoW'that regardless of low

: temperatures, the eggs continue to develop throughout the winter. They even’
"seem to be stimulated by the low tanperatures to which'they‘are subjected.r
In the late fall the presence of'what appears to be a fully developed embryo
has led to the belief that a tiue diapause exists during this period of the
insect's life cycle. The supposition has been that the diapause period |
begins in the fall before cold weather sets in and that it. lasts until the
.wmather‘warms up in the spring. L

‘ There seems to be some disagreement among biologists as tO'what

really constitutes a diapause and'what causes it to take place., It may be

considered as a definite inherent characteristic possessed by the individuals, »lrfv

ot it may be the result of external ecological factors. In’ any event the

presumption is that all physiological functions are at a minimum.' Unfortunately




. -17- .
this 1s based usually on visual observations and does not often includeb
reactions of a chemical nature which.may be essential for‘the further |
development of ‘the @rganism. A study of the existing literature on diapause
will substantiate the preceding statements.; Henneguy (10) defined diapause '
as a cessation of activity, embryonic or otherwise, and not necessarily

conditioned by temperature. Uvarov (16) states that diapause should be

restricted to cases in which activity or development is arrested spontaneously.‘

When activity or. development is interrupted by the direct influence of

unfavorable conditions. and resumed as soon as the conditions become favorable,'<

a quiescent stage results'which cannot be classified as diapause.‘ He further
states that diapause may ocour in any stage of development of an insect and
: embryonic diapauses are exemplified by the eges of grasshoppers.' Boyce (5)
in his work on the diapause phenomenon of insects defines diapause as a state
’:of spontaneously arrested development brought about directly by physiological
factors. He suggests that some of the causes of diapause nay be dryness, .

cold, heat, hydrogen ion concentration, enzymes, hormones, and Roubands o

hypothesis of uremic poisoning. Slifer (13) working on the eggs of Lelanoplus‘ D

 diffe entialis, found that the eggs develop at 25°c. for a three-weeks' period

at which time they cease development and enter a true diapause.“ During this ;l»

diapause no mitotic spindles are found and development seems completely

f arrested.

' Faure (9) explains that the eggs of ngusta,pa;ga;ina lie dormant

in dry soil for many months and that they may be expected to hatch about ten v

days after the first rain in'warm weather. He found that eggs one o fburteen

days old will hatch if moisture is added- If no moisture is added and the




eggs'are‘ left :dry they will‘remain‘in"diapauseasf long as three.ye'ars.'.‘ ' | a
- VMoisture, in his opinion, 'seem‘s}vto be‘ the factor controlling diapause in |

. this case. Bodine (3) states that diapause in- the eggs of yelanoplus

‘ Qiffegentialis is . mthin limits, independent of temperature above developmental

zero for its occurrence , but relatively dependent on temperatures above ‘

' developmental zero for its duration. ‘ Lov.r temperatures 10° ‘tc o° C. destroy

the diapause factor in these eggs. : Bodine (14) states that the so-called
diapause factcrs cen be thought of in several weys, either as chemical .
physico-chemical or perhaps physiological genetic factors present in more or
‘less constant amounts in the egg at the time cf laying. These diapause factors '
in the egg of M. gifferentalis during the course of three weeks' development
increase either in potency or amount until they reach a certain threshold
value, at which time they inhibit all develoPmental processes. When kept at

a ccnstant high temperature these factors gradually lose their potency or
strength and after a period of time developmental factors gain an upper ha.nd
end normal development ensues. Low temperatures will however, destroy ‘the
. diapause factors 'and when eggs subgected to low temperatures are then put at :
high temperatures, normal development mll i.rmnediately begin. o , |

' Slifer (1)4) found tmt the grasshopper embryo twenty days old ’begins

‘a long embryonic diapause and by comparing embryos eight days or o month

older superficially, at least there is nc further development.' If such '
| embryos are fixed, sectioned, stained and examined microscopically they will
be found to contain few or no dividing cells. Embryos less than three week cf
age, on the cther hand display great numbers of mitctic figures.‘ There is

also no change—in the position of the mebryo during the diapause period.
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Richards (12) states that dlapause in distinction to hiberration
is an inherent obligatory characterlstic which may be independent of |
temperature for its occurrence, though its duration is affected by temperature
and other factors. It is menifested as a retardation or cessation of growth
mitosis, metabolism, and m0vements., It occurs at different stages in
different species but almost always at a particular developmental stage in -
any one species.’r 1 7

1f diapause involves a great redaction in phySiOIOgical actlvity ‘
‘athen the data obtained 1nd1cate that such a conditlon apparently does not
‘exist in Lormon cricket eggs during the period in which observations were
mede. This is deduced from the data obtained from eggs collected at
approximately two-~week 1ntervals fron October 2l to January 23. ‘There wast
8 successive decrease in degree hours necessary to hatch the evgs in the
41aboratory for each collection as the w1nter progressed. This explains that

there was continuous physiological actlvity in the embryo durinv this period.

__PERCENTHATCHb

rTemperature conditions have a marked effect upon thevpercentage
of Yormon cricket eggs whlch hatch. Thls may be seen by making a comparison
-of eggzs which were held at a constant temperature of 25°C with those which B
were subjected to alternating temperatures of 10° and 25 C. (Table II) In -
. the case of the eogs which-were collected October 2h and subgected to the
»varying low'temperatures, as shown in Table I, a much higher per cent hatch
wa.s obtained in those subjected to the alternating temperatures (h9 9%), than

the eggs held at the constant temperature (7.9%)

-



e
lhis was also true of the eggs which were collected from;the )
field st intervals throughout the winter. In ‘this case é3. 6m of those

. subjected to. the alternating temperatures hatched as compared with 8 Bp at

- constant temperature. ‘See Table III.

This is further proof of the stimulating effect of alternating

temperatures.

3 mmaﬂms PRODUCING MAXTMUM FATCH

When cricket eggs are alternated for 2h hour periods between 25 Co
to 10 C.,'a large percentage of the hatch occurs. ‘on the days when they are
subjected to the 1ower tenperature.g Of the eggs collected October 2& end
treated accordlng to Table I, £l. 037 of them hatched in the 10° cabinet
while only 38.96% of them hatched in the 25° cabinet. o

, Thns was also true of the eggs which'were collected at intervals‘l
throughout the winter. The per ‘cent ‘hatch for these groups of eggs were

77, 62” at lO° and only 22.5 A at 25 See lable V.

TABLE V.-Per cent'hatch at the different temperatures during alternation.

- Eggs subjected to varying = - - Field Eggs
' low temperstures - ~ »
‘Lot. Fo. % hatch % hatch Date - - % hatch "< hateh
et 10°C, st 25°C. collected at 10°C. - at 25°C.
1 SL.L3 L5.57. - Octe 24, BL.L3 L5.57
2 63,93 36407 o Nov. 8 T72.322 27,78
5 61.66 . 38.3L . Nove 22 - 66,66 . 33,3l
-5 66.33 33.67 Dec. 21 . 9040~ 9,460

Average. 61,03 38,96 . - Average  T7.62 22.38
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FERTILITY OBSERVATION_{

Observations made in the field the last two years, 1037-1938
indicate that field activ1t1es such as dusting and the use of metal barrier, '
have a marked effect upon the fertility of the ezgs laid in those areas where
extensive control operatlons have been carried on. Although the control
work greatly reduced the cricket populations they'were still present in :

‘ sufficient numbers to bring the poPulation back to its origlnal state.i In

| many,cases, however, this did not happen. The ezgs apparently were not
fertile, at least they aid not develop and hatch, ’As airesult'of this it f
was not necessary to carry on control work in these arees the following year.

. On the 12th of July approximately 120 female crickets which had
copulated in the field were collected and brouvht into the laboratory. These .
were put into rens hav1ng a layer of sand on the bottom in which the egss were
deposited. The eggs were sifted out every evening, placed in sand, and put outirl
of doorslfor several‘weeks. They were broubht into the greenhouse before

.cold weather set in. The eggs were taken from the sand on Janua:y 10 and
candled. Out of 2139 egzs laid in these pens, only 2. b¢ showed development S
after a period of five months. Five thousand three hnndred thirty seven 7’
. (5,327) eggs were oollected in the field. of these 68. 76V showed development., -
See Table VI, f_ - 'i“ - T \ S o
| These data indicate that eggs 1aid by adults which are impeded in
| their movements or areiirritated are less likely to be fertile than those/

laid under normal conditions.
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TAéIE VI.-The effect of confinement on i’ertility. .

Pate females Date eggs Number Number showing No.showing - % showing

collected - laid 1aid no development develoment developggent
July 12 - July 15 681 671 ' .10 - 1.6
July 29 Avg., 1 528 - Lol ' 3l 643
Aug. 12 - - Aug. 15 . 380 373 r T 1850
- Aug, Sept, 1 - 0 A £r0 0 0

2129 . 2088 51 24

* EFFECT OF MOISTURE ON H.A.:Tcémci
Ioisture seems to have very little efi‘ect”upon the hatching of

hormon cricket eggs except in eases where the soil is extremely dry or wet.

Well developed eggs were placed in stender dishes containing 200
grams of sand which had ‘been dried at 100 C. 1o constant weight and varying
amounts 'by weight of waterwere ‘added to the dishes. _ They were then held at
100“5 relative hunidity so that no water would be lost through evaporatioh. pur
’ The eggs were held under these conditions until no further hatching took ‘_
place. - » _ . Lo
| A very small per cent (7 33,0) of the oggs placed in sand which
contained no free moisture hatched. - Such a condition would. seldom_ it ever
be found in the field. ~It would therefore he of little importance ‘i‘ron a
: natural control sta.ndpoint. No eggs hatched in the sand containing 35 water

which was beyond the saturation point for the sand used. Crickets generally ;.

lay their egg_;s on side hills a.nd other areas where the ground would not remain

saturated for long periods. ; This condition would also have to be regarded as
‘unimportant from a natural control standpoint. The eggs hatched best in soil

: heving a low moisture content._ As the amount of water was increased the per '




e |
cent of hatch decreased (figure 3) In sa.nd con’ca.lning 5 per vcen’c we.‘cer
the greatest number of eggs hatched ()487) These data are tabula.ted in
'I‘able VII, and are shown graphieally in figure 3 ' :

It would seem from this infoma’cion that long periods of continued
wet weather in the spring might have a tendency to retard the ha.tching of 'l:he'iﬂ
crlcket eggse 1t is not proba.ble, however, that such conditions w111 exist |

in areas 'whlch are normally infested with Mormon crickets.
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TABLE VII.~Por cent hatch of eggs placed in sand containing varying

. emounts of moisture.

Renlication 0 5 10 15 20 - 25 Z0 2

7 Moisture by welsht in the sand

1

18,0 74«0 50.0 ©58.0 60.0 8.0 0

5
0

2 4O 10,0 10.0 16.0 O 22,0 16,0 O

3 0 0.0 2.5 55,0 55.0 L7.5 57.5 0
Average 7.33 L8.0 3L.16 L3.0 38.33 25.84 24.50 0O

PER CENT HATCH

S0

0 5 10 1S 20 25 &0 3s
| PER CENT MOISTURE :



SULMARY

. Fewer. degree hours were necesse.r& to ‘hatch Mormon cricket eggs
nhich were exposed to .;10°C. than were required vfor' tho/se subjected to
higher or lower temperatures. ) | o » 4

Cricket eggs which were alternated between 10' and 25°C. required.
fewer degree hours to ‘hatch than those which'were held at a constant .
temperature of 25 | _ v

| The Mormon crickst embryo continues to develop in the field during ‘
the winter months, regardless of‘ the cold tanperatures to which they are
continually exposed. o | 3

The cold-temperatures have a stimulating effect upon the developing
embryo. -

The *rate of oxygen consumption of eggs sub;;ected to alternating ‘
temperatures of 10° and 25°C. is greater than those held at a constant
temperature of 25 C. e _ 3 | ; Y | o

A greater per cent of hatch is obtained from eggs sub;jected to the |
alternating temperatures than from those held at the constant temperature., o

A much higher per cent of the eggs which were subgected to ‘
alternating tenperatures hatched in the 10‘ cabinet than at 25 C. |

| Cricket eggs whlch were laid in pens were apparently im‘.‘ertile -
and failed to develop. » ‘ 7 L 7 “ e ‘ » ;
. ' Soil moisture conditions within'w1de limits have very little effect _7’>

upon the hatching of cricket OgES.
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