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SOME EFFECTS OF A CONSTANT TEMPERATURE AND DIFFERENT RELATIVE
HUMIDITIES UPON EGG LAYING OF MELANOPLUS BIVITTATUS SCUDDER

ANTRODUCTION
of tﬁo various species of grasshoppers occurring in rather
extensive numbers year after year in the morthwestern plains
states, Melanoplus bivittatus is ome of the most prevalent and
destructive. It was thought that a study of the influenmce of
different temperatures and relative humidities upon the reproduc-
tive potential of this species might reveal some information and
that this information might be of some value in an attempt to
forecast the abundance of this grasshopper in years following
others in which the factors of temperature and relative humidity
were known.

A search through all the available literature failed to re-
veal any specific information pertaining to this particular phase
of ecological work upon Melanoplus bivittatus. However, several
publications dealing with other species of grasshoppers were en-
countered. The one considered to be of the greatest help in
making an approach to the present studies was the publication pre-
pared by Dr. J. R. Parker (1). ur. Parker, however, carried on
his experimental work with Melanoplus mexicanus mexicanus Sauss.,
Melanoplus femur-rubrum femur-rubrum (De Geer) and Camnula
pellucida Soudder. The work of Mr. Parker is referred to om sev-

Itraz occasions in thie theesis and greatly influenced the writer
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in drawing certain conclusions. ,
The benefits derived by the writer from the present studies |
oan not be measured by the information revealed in the form of
scientific data in this publication, for it must be taken into I
gonsideration that this was his firet attempt to carry on a
project ci this nature, and the available equipment as well as
the time were limited during the entire period the problem was
under investigation. However, good experience was obtained and '
imm&!muuu&tmthupmuwmmm
writer. It is hoped that through this thesis some informatiom
of wvalue will be passed on to those interested inecological work,
The work on these studies was conducted in the Entomology-
Zoology Department of Bouth Dgkota State College. The period
over which the investigation was carried on extended from
October, 1930 to March, 19323, inolusively. The information from
sources other than that derived from the investigations and used |
|
W

in formulating this manusoript will be given due coredit in their
proper place in this mamuscoript. Included in the thesis will be
found a bibliography of the most important referemces cgonsulted

during the period the problem was under investigation.




SOOFE OF THE INVESTIGATION

When the project for investigation was first assigned the
writer, the soope of the problem included a study of the effeots
of temperature and humidity upon the egg laying of Dissosteira
garolina (L.), in addition $0 that of Melanoplus bivittatus (Say).
mc of the scaroity of the carolina species in the fall when
the investigation was started and because the few specimens that
were caught seemed to be of a delicate nature and died after
having been confined in ocages only a few days, it was thought
best t& postpone work on this species until the following summer.

'!j;o following summer another attempt was instituted $o in-
clude this species in our investigations, and consequently a
wr- of specimens were caught and caged for a few days. The
mortality of these specimens proved to be so great that finally
it was decided to drop a study of this species entirely.

After the investigation under cebinet conditions had been
under way for some time, it was decided that a study of the
reproductive potential of lelsmoplus bivittatus under outdoor
conditions would prove worth while. This particular work was
started in the summer of 1831.

No attempt was made during this entire investigation to
systematically study the morphology or life history of Melanoplus
bivittatus. |

——
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METHODS OF CONTROLLING TEMPERATURE

A constant temperature could be maintained in our cabinet
with much less difficulty than a constant relative humidity. 4s
has been already stated, the heat used in raising the temperature
of the osbinet to the desired degree was obtained through a
battery of Mazda lamps kept under thermostatic control. Because
the cabinet was kept in the south laboratory of the building in
which the Entomology-Zoology Department is housed, and since
this laboratory was fairly warm at all times, it was necessary to
use only one 75-watt lamp in our heating unit to raise the tem-
perature of the cabinet to the desired degree.

A temperature of 37° ¢, was the only constant temperature
used in this investigation, due to the fact that more time was
required to find a means of controlling the humidity than was
thought would be necessary in the beginning. The use of a tem—
‘perature of 37° C. was ohosen in preference to other temperatures
due to the fact that Parker (1) foumd this temperature to be
 the one at which the highest accelsration of egz development took
place with the species of grasshopper studied by him, provided
humidity conditliomns were favorable.

Lower temperatures were not used by us due to the fact that
equipment as well as time prohibited this., To use lower tem-
peratures would have necessitated $he installation of some form
of refrigeration, and for such installation, funds were not
availsble. It had been the intentiom of the writer to use a
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lower temperature tham 27° O. by placing the cabinet in the base-
ment of the greenhouse, but time did not permit.

Griticisms: ¢
‘ There were only a few difficulties encountered in our attempts

|| to obtain and maintain a constant temperature im our cabinet.
Throughout our work there was seldom a larger variatiom in tem-
perature than a single degree F. Occasionally, however, a
greater variation was experienced, the cause of the fluctustion
being found in the fusing of the points on the thermostat. This

- fault wae readily corrected by sand papering the points. By
keeping the surfaces of the points smooth at all times, this
difficulty was eliminated.

Sonclusions:

It has been the writer's experience that temperature can
be readily and accurately controlled im a constant temperature
cabinet. The only serious difficulty that was experienced was
due to a fusing of the points of the thermostat, and this may
readily be avoided by keeping the points smooth by sand paper-
ing them.

L




HETHODE OF LIGHTING CABINET

Light was supplied to the cabinet through a 75-watt Mazda
lamp, which was placed over a window in the top of the cabinet.
This window measured 6 inches square. Ordinary double strength
window glase was used in the comstruction of the window, but
instead of a single pane, two panes of glass were used, the
two being separated by an air spsce of about an inoh.

The Mazda lamp was hung about an inch diregtly above the
window in the csbinet. Fyrther, the lamp was provided with a
good reflector, which refleoted the light into the cabinet.

The inseots used in the investigation were placed in containers
that were kept in the cabinet immediately beneath the window. |
! The lamps that supplied tiu heat to the cabinet were
ordinary Mazda lamps. They were not painted and were under
thermostatic control.

Ho attempt was made in this investigation to study the
»i_ff’ﬂt of 1light upon the reproductive potentlal of Melsnoplus
bivittatus., However, it would mot be difficult to carry on
such an experiment. The literature consulded gave us no in-
formation along this line so far as grasshoppers are concerned,
although data are available on the influence of light upon
egg-production in other inseots.

=3
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PLATE I. - Photograph showing cabinet and srrangement
of apparatus used in controlling temperature
and relative humidities during the inves-
tigation.
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The cabinet used by the writer, though not absolutely air-
tight, required only a small amount of additiomal heat occasion-
ally to maintaln the same constant temperature under ordinary
conditions. Trrough the temperature meshanism control apparatus
that we used, the variation of temperature, excepting -ﬁgtn
cases, was less than onme degres. Rarely did the tempersture

. wary more than one degree, and whemever this happened, it was
‘due to fusing of the points of the thermostat. Tnis will be
disoussed later.

The Cabinet was equipped with the most regently useddec-
trical devices for regulating temperatures and relstive humid-
ities. Typese devices will be discussed more im detail in
another section of this thesis.




¥hen the oasbinet experiments were begun it was planned to
study the effect of different constant degrees of temperature
and relative humidities upon the reproductive potential of
Melanoplus bivittatus,
| ¥nile attempting to find a sultable method by which the
tuiors of temperature and relative humidity could be standarde
ized and maintained at a reasonable degree of aocuracy, certain
difficulties were encountered and ultimately it was possible to
use only one constant temperature during the investigation.
However, a method was perfected whereby humidity ocould be
controlled falrly accurately at all times, with the consequence
that several different degrees of relative humidity were used.,
Ag & result, more data and information were made possible on the
effects of humidity upon egg laying than on the effects of tem~
peratures, and as a consequence the thesis will be found to
: dnti more with the former faotor.

b . —




SOURCE OF MATERIAL

It was thought advisable to begin theexperimental work by
gollecting a number of adult Melanoplus bivittatus. With this
idea in mind, twenty pairs of adulis were collected from nearby
fields early in October and placed in $all, cylindrical glass
Jars which had been filled to a depth of four inches with sand
that was sifted through a twelve-mesh soreen {Plate II). The
tops of these jars were covered with a single thickness of
cheese cloth held tightly in place by one-eighth inch rubber
The jars contaiming the mature grasshoppers were placed in
the greenhouse, and as a result the egg-laying period of the
grasshoppers, which had no doubt already been underway for some
time, was prolonged. Tpe temperature im $he greenhouse, though
not constant, was high enough to keep the grasshoppere active
at all times, and probably ranged from as low as 80° F. to as
bigh as 90° 7,
. The inseots were fed daily, and the sand was kept in a
moist condition at all times until the grasshoppers dled. No
attenpt was made to keep any daily record of the length of
life of the individualse, but from observations and notes taken
irregularly, it was found that the first death occurred in ten
days, while the last female lived until the fifteenth day of
November.
. ittempts to hatoh the eggs laid in these conmtainers and
Lumu %0 rear these young hoppers o maturity will be dis-
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confining grasshoppers while in the

greenhouse.

PLATE Il.- Photograph of the battery jars used in
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cussed under rearing methods, but it might be said at this time
that these attemptis were rather disappointing, and as a conse-
quence the progress of the thesis was delayed considerably.

After having encountered the above-mentiomed difficulties,
it was decided to adopt another procedure of securing adult
two-striped grasshoppers that had not yet begun egg-laying. Tye
method adopted was suggested by Professor Severin and will now
be desoribed. ' _

Close watch was kept of a colony of two-striped grasshoppers
living in the open under natural conditions. As soon as members
of the colony became fully winged, such specimens were collscted
and later used for experimental purposes. In order that there
might be no mistake made, 100 of such females were osught, dis-
sected and the ovaries examined, Oply two of these females
showed well developed eggs in the ovaries, while in the remainder
no well developed egge were found. Fyrither, the abdomen of the
two specimens mentiomned was long and firm, while im all of the
98 remaining females, the abdomen was comparatively shorter and
- softer,

» By following this procedure, it was possible to work with
male and female Melamoplus bivittatus that acquired their
development in a normal environment. Sych specimens were hardy
and normal s0 far as size and worphology are concerned.
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REARING METHODS

During the period the problem was under observation, sev-
eral methods were employed in attempting to find a suitable way
by which the mewly hatched young grasshoppers could be reared to
mature insects,

In rearing grasshoppers, Parker (1930) found glass tubing
& satisfactory container in which to rear the young to maturity.
Carruth (1930), in studying the life history of the Croton bug,
used similar tubing, and was satisfied with the results ob-
tained, The success experienced by these workers in their
rearing work prompted the writer to use similar containers for
rearing the young grasshoppers to adults in this investigation.

The first type of rearing tubes used by the writer were
made from test tubes eight inches long and one inch in diameter.
Each test tube was cut into two parts, thus making two tubes,
€ach one inoh in diameter and four inches long. One end of each
tube was closed with a cork, which had a {-inch hole bored

through ite center, the hole being covered with copper gauge
held in place by small tacks. The opposite end of the tube was
ghm by one thickness of cheese c¢loth held in place by rubber
M-. This type of contalner allowed the entrance of all
avallable light and provided circulation of air through the
tubing.

The rearing tubes described were identical to those used

Lby Carruth (1930), except for the following difference.
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Carruth dipped the corked ends of his tubes in hot paraffin and
following this, fustened the copper gauze over the hole of each
cork with tacks. It was the experience of the writer that as
such tubes were used, the continuous coating of paraffin sealing
the corks in the tubes sometimes becane broken and since the
corks, because of their coating of paraffin, were slippery, the
corks had a tendency to work out of the glass tubes. It was
negessary to dip such tubes in hot paraffin as often as the
corks would work loose. To avoid the objections discussed, it
was decided to omit the paraffin treatment of the rearing tubes,
and this in large measure remedied the objectionable feature.

After the tubes described were used for a time, it was
found that they were not satisfactory, possibly because of their
small sige. Consequently two other sizes of tubing were used in
an attempt to find a more suitable type of container in which to
confine the young grasshoppers, the first size measuring 1
inches in diameter and 8 inches in length. The second tubing
used was 3 inches in diameter and 16 inches in length.

In general, it may be sald that nome of the rearing tubes
were entirely satisfactory, for mome could be made $o simulate
very closely the natural enviromment of the grasshoppers. How~
ever, the smallest tubes were less satisfactory than the inter-
mediate and largest sigzes. There was little differemce, if any,
in the results of rearing the hoppers in the intermediate and
largest tubes. '

Food given these insects in the winter consisted of lettuce

Lleﬂru which were taken from letiuce heads obtained from local

s
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grocery stores. In the spring and summer, dandelion leaves
{Taraxacum) and alfalfa stems, leaves and flowers were supplied
jnstead. lioisture was added to the tubes by placing in each of
them a plece of white blotting paper, 1 inch wide and 6 inches
long, and this was moistened with water daily by means of a
dropper. . . |

7 In using the tubes descoribed as a meane of rearing in-
sects, we have containers which allow all the available light
possible to reach the confined insects. A falr movement of
air through the tube is also possible, but then we have condi-
tions to deal with which in most cases prove rather unsatisfac-
tory.

The main objection to the use of oylindrical glass tubing
a8 containers in which to rear grasshoppers is that the tubing
does not allow enough space for the matural movement of the
insects. locomotion of grasshoppers is by three means-—-
firet, by the use of all pairs of legs, oslled walking; second,
& method called jumping, im which the third pair of legs are
ehiefly used; and shird, flying.
1y in some respeots, and completely in others, of the opportunity
of performing their normal locomotory movements. It is poseible,
Bowever, that this may mot affect them materially, but then
again we know that their enviromment has been somewhat modified

==== =
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and there is a possibility that they are not able to adjust them-
selves to this more sedentary life.

Even though the confined method of living may not direetly
effect the grasshoppers im an injurious way, m_aﬂm of
the grasshoppers to use their legs as if they lived out-of-doors
and unconfined is mot decreased. When oms approaches the tubes
containing these inseots, the grasshoppers begin to jump, bump-
ing againet the tubing again and again which, though it may nmot
be harmful if done only a few times, when repeated for several
weeks surely does not help them, ;

In our rearing work in which we employed the method hereto-
fore discussed, only one specimen out of 50 reached the adult
stage in normal size and with all its appendages intact. The
loss of the appendages in most of 'aur specimens no doubt was
due in part to the absence in the rearing tubes of objects on
which the molting insects might ¢limb., Undoubfedly large con-
tainers with objecte upom which the grasshoppers could climd
when molting would greatly reduce these losses,

Light probably effeots the normal development of grass-
hoppers, but how this is done we have no way of knowing., Type
effect of its absence is likewise not known.

Tpe experience of using glass tubing of various siges in
which insects were reared proved to me that the larger the tube
the better the results, Of course it must be $aken into con-

I sideration that in investigations in which individual insects J

R v R S O P e
SOUTH DAKOTA STATE ON11EQRE |ImDARY




- 3 -

are to be observed seperafely, that it is almost impossible as
well as impracticable t0 uee large containers. This procedure,
if followed, would involve more expense, labor and room, and
the results might mot be so0 different after all, czmimr it
the larger containers were kept in cabinets.

Ig the rearing of immature to mature insects was the objeoct
in mind, 1% would be much more satisfactory if the inseots were
grouped in larger containers, thereby eliminating considerable
lasbor, equipment and expense. In this way better movement of
air could be obtained through the rearing contalners and more
spage provided.




METHODS OF CONTROLLING HUMIDITY

Means by which a gonetant relative humidity could be main-
tained at all times during the period the inseots were held in
| the cabinet comstituted the most aiffioult problem of the
cabinet work, Sgverzl methods were tried to regulate the rel~
ative humidity, but none were entirely satisfactory. |

In the first two methods, the insects were placed im pint
¥eson fruit jars, but the top of each cover of these jars had
been cut out and a piege of copper soreen of 18 mesh to the
inch had been carefully soldered in its place. In the third
method used to regulate the relative humidity, the grasshoppers
were agzin confined in Mason fruit jars, but because of a
radical change in the equipment used in regulating the relative
humidity, the containers were changed materially. This change
in construction of the containers will be desoribed later.

The prinociple used in maintaining a constant relative
bumidity in our first series of experiments wees briefly as
follows: A container of a suitable size and holding water was
placed in the cabinet and then an electric fan was used to oir-
culate a curremt of alr over the surface of the water., Whpen
the desired relative humidity was reached, an automatic cut off
etopped the rotation of the fan,

With this plan in mind a galvanized tim box, € inches wide,
8 inches high and 12 inches long was comstructed. Tye box was
Lﬂtm with a oover lined with felt, Wnhen the cover was fitted J

e
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over the box, evaporation of the water was largely prevented
when the fan was not operating, and by raising the cover, water |
could be added to the box when negessary.

In one end of this box was mounted a small electric motor
which had previously been used for operating s six~inch fan. The ||
fan, beosuse it was t00 large for the box, was replaged by ome |
made by hand from materizl similar to that used im the oconstruc~
tion of the box. The fan measured 3 inches im diameter and the
Ma m given a mmw possessed by the eﬂgim fan,

In the bottom and center of $his box was soldered = one-inch
strip of tin, extending entirely aoross $he box and dividing the
lower Balf of the box into two compartments. Tpe purpose of this ||
division was to prevent the water pleced in one compartment from
coming in ocntact with the leaves of the fan in the other gom-
partment. Directly sbove this strip at the bottom and just be-
neath the cover, a one-fourth-inch strip of tin was soldered at
eaoh end to the sides of the box to give rigidity to the box and
at the same time to support six other similar strips perpendicular
%0 it and ruaning %0 the end away from the motor, These sirips,
running lenzthwise of the box, were used as supporte for holding
blotting paper, which dipped into the water below,

. At the end of the box containing the motor, two omne~half-
ingh holes were bored. These permitied air $o be dramwn into the
box. The air was then blown over the blotting paper and out of
the box at its coppositeend thru a vmtu of holes one-eighth inch
in diameter.

T —— E
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The frequency with which the motor was put in motion was
Mtrenea by a pygrostat. The type of hygrostat used in shis
experiment worked om the primeiple of the hygroscopic coefficient
of buman hair., This hygrostat was constructed im the laboratory,
the framework consisting of heavy galvanized tin. It was though$
that by using metal instead of wood, an objectionadle feature of
expansion or shrinkage of wood would be greatly redused. The
group of heir, containing the hygrostat proper, consisted of
about 16 strande and was fastened to one end of the framework of
the hygrostat by a set screw, which made possible adjustments as
long as the ome~fourth-inch screw that was used. Tpe other end
of the strand of halr was fastened to a sprimg located at the
other end of the framework.

Tne hygrostat was connected to the eleviric current of the
building. Tpe high current was reduced by means of a telegraphic
relay controlled by three dry cell batteries. The points on
the relay were small and composed of a soft metal, and therefore
had a tendency to fuse. This objectionable feature was eliminated
by placing carbon points over the metal, thus giving the points
a greater exposure of surfage and a harder material,

¥penever the humidity was lowered beyond a ceriain point,
the strand of hair coniracted. The result was that the points
on the relay came Sogether, and the motor was put in actiom.
¥hen the hair became damp it lengthened and the contact was
broken. This type of hygrostat u'mnymd in work of this
nature. However, the accuracy of such a hygrostat will be dis-
cussed later,
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The second method used in regulating the relative humidity
was primerily the same as the first, the only difference being
that the fan was now placed in the center of the humidity box
and a series of rows of blotting paper was used at each end
{Plate III). In this way the air was passed over twice the sur-
face of wet blotting paper as before. In addition, the box was
slightly increased in size. :

These methods, though involving the same principles, were
found to give very different results, Thru the first method,

a four-hour periocd was found necessary to bulld uwp a relative
humidity of 70%, while thru the latter, only = few minutes were
neceseary. |

The change in apparatus increased the surface evaporation
of the water to such an extent that condensation of molisture
$ook place in the cabinet in spite of the fact that a six-inch |
fan was kept continually in circulation. It was thought that
by setting the hygrostat to a lower humidity, this fault could
be eliminated, but this was done with no success, and finally
the method was entirely dropped as a means of obtaining a con~
stant relative humidity.

The method mext attempted and whioch was the ome Tinally used
was a modification of Headlee's method of obtaining constant
relative humidities by drawing air through saturated zoiutions
of chemicals., By arranging the Jars containing the different
solutions and insects in a series, rumning from the lowest rel-
ative bumidity o the highest, one stream of air could be used
for the entire series,

=
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PLATE III - Top view of humidifier with cover removed.
This humidifier was used in obtaining the
relative humidities used in our cabinet
experiments.
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This necessitated the supplanting of the opem top type of
jar with a container which could be made air-tight. Again fruit
| jars were used, but instead of the ordinary sorsw top type, the
easy sealing $ype of jars was used. By supplanting the glass
I covers with tops made of wood, holes gould be bored in thése tops.
Tahrough these holes, glass tubing could be inserted and by means
of rubber tubing the jars ocontaining the different solutions and
the jars containing the insects could be comnected together inm
a series. A filter pump which was controlled by a hygrostat
similar in construction to that already described was used to
pull the air ourremt through the series of jars already mentioned,

The hygrostat with a precision hair hygrometer was placed
in a sealed jar within the cabinet. This jar was placed between
the ocontainer inclosing the solution of the highest concentration
of chemical used and the first jar of insects. Thpe hygrostat
regulated the frequency with which the pump was put into opera~
tion and the hygrometer gave a check on the stability of the
solution of the highest concentration of the chemical used.

The ochemical solutions used to obtain the constant rela-
tive humidities employed im this investigation were gotten by
| combining sulphuric acid and dietilled water. The following
table taken from Parker's work (Tsble I, p. 10) shows the
humidities obtainable by using different comcentrations of sul-
phuric aecid.
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| washed im ether in order to dissolve any fat or eil that may

Speoific gravity Resulting

1.58 ' 10 per cent
1.49 i
1.43 N 8-
1.385 0 = "
1.338 50 *
1.300 " s
1.355 N = .=
1,186 S
1.135 M| 0N
00 * ]

o 1.000 1

Relative humidity is the most man.t environmental factor
to control in a cabinet. Claims made Ly some workers that the
apparatus used by them, and which was very similar to that used
in this work, controls the relative humidity with less than
one-tenth of a degree of imaccuracy are misleading. Many factors
are likely to cause error, two of which are dust and acid fumes.

Hair that is to be used in making a hygrometer should be
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ccour on or in the hair. If this is not dome, or if the hair is
bhandled carelessly, the hair again becomes contaminated, thus
reducing its efficiency.

Dyst, when it ladgai on the hair, also reduces the efficiency
of the hygrometer. This is probably done largely by reducing the
hair surface that is exposed. Undoubtedly an exposure of the
bair to acid fumes effects the hair materially, for in checking
nygrometers exposed varying length to acid fumes, they were found
to vary materially.

goncluetons:

~ Because of the inagcuracy of most of the methods used in
combrolliing humidity and because of the expense entailed in the
use of the more acourste methods, a field presents itself in
which someone mechanically inclined could do some valuable in-
vestigational work. There is en urgent need for an agourate and
practical apparatus to control relative humidity, and in addition
such an apparatus should be moderately priced.




HETHODE OF CONTROLLING TEMPERATURE

A constant temperature could be maintained in our cabinet
with much less difficulty than a constant relative humidity. 4s
has been already stated, the heat used in raising the temperature
of the osbinet to the desired degree was obtained through a
battery of Mazda lamps kept under thermostatic control. Because
the cabinet was kept in the south laboratory of the building in
which the Entomology-Zoology Department is housed, and since
this lsborstory was fairly warm at all times, it was necessary to
use only one 75-watt lamp in our heating unit to raise the tem-
perature of the cabinet to the desired degree.

A temperature of 379 ¢, was the only comstant temperature
used in this investigation, due to the fact that more time was
md to find a2 means of controlling the humidity than was
thought would be necessary in the beginning. The use of a tem-
m of 37° C. was chosen in preference to other temperatures

due to the fact that Parker (1) foumd this temperature to be
| ih one at whioh the highest acceleration of egg development took
place with the species of grasshopper studied by him, provided
Mty conditions were favorable.

Lower temperatures were not used by us due to the fact that
equipment as well as time prohibited this. To use lower tem-
peratures would have mecessitated the installation of some form
of refrigeration, and for such installation, funds were not
avallable. It had been the inmtentiom of the writer to use a
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due ’fte a fusing of the points of the thermostat, and this may |

lower temperature tham 37° 0. by placing the cabinet in the base-
ment of the greenhouse, but time did not permit.

There were only a few difficulties encountered in our attempt
to obtain and maintain a constant temperature im our cabinet.

. Throughout our work there was seldom a larger variatiom in tem-

perature than a single degree F. Occasionally, however, a
greater variation was experienced, the cause of the fluctuation
being found in the fusing of the points on the thermostat. Tnis
fault was readily corrected by sand papering the points. By
keeping the surfaces of the points smooth at all times, this
a1fficulty was eliminated.

It has been the writer's experience that temperature can
be readily and acocurately controlled in a constant temperature I
cabinet. The only serious difficulty that was experienced was

readily be avoided by keeping the poinies smooth by sand paper-
ing them. '




METHODE OF LIGHTING CABINET

Light was supplied to the cabinet through a 75-watt Mazda
lamp, which was placed over a window in the top of the cabines.
This window measured 6 inches square, Ordinary double stremgth
window glass was used in the construction of the window, but

instead of a single pane, two panes of glass were used, the
$wo being separated by an air spsce of about an inoh.

The Mazda lamp was hung about an inch direstly above the
window in the gsbinet. Fyrther, the lamp was provided with a
good reflector, which refleoted the light into the cabinet.
The inseots used in the investigation were placed in containers
that were kept in the cabinet immediately beneath the window.

The lamps that supplied the heat to the cabimet were
ordinary Mazda lamps. They were not painted and were under
thermostatic control.

Ho attempt was made in this investigation %o study the
ttm of light upon the reproductive potential of Melsmoplus
bivittatus. However, it would mot be diffioult to carry om
such sn experiment. The literature comsulted gave us no in-
formation along this line so far as grasshoppers are concerned,
although data are available on the influence of 1light upom
mmwn in other inseots.

s e o —
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TYPE OF CONTAINERS IN WHICH ADULT GRASSHOPPERS WERE CONFINED
IN THE CABINET DURING THE INVESTIGATION. '

The containers in which adult grasshoppers were confined
and then placed in the ¢abinet for investigation, were &mzﬁa
in general under Methods of Comtrolling Humidity. When the Mason
frult jars were used, the top of each cover was cut out and in
its place a piece of copper screen of 18 meshes to the inch was
soldered. Tne tops of such jars could be conveniently screwed
off and on ae often as necessary, thus making it an easy task

$0 add fresh food to the jar, to remove old food, excreta, eto.
However, such jars proved unsatisfactory, for the same exact
relative humidity could not be maintained in them.

The second type of container that was used was the easy |
sealing fruit jar. The glass covers were discarded and wooden
plugs were substituted for them. To make the pluge fit as air-
tight as possible, their edges were smeared with vaseline. Two
holes were bored in each plug, smeared with vaseline and through
the holes glass tubing was inserted, in order that air of a con-
stant relative humidity might be sucked through the jars. How-
ever, it was very difficult to keep the wooden plugs absolutely
alr tight, regardless of the amount of care that was exercised.
The development of some container that can be easily manipulated
and that would be satisfactory in experimental work of this sort
is highly desirable.

3
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INFLUENCE OF TEMPERATURE UPON EGG LAYING

Beoause in our experiments, the grasshoppers were subjected

%0 only one gonstant temperature (37% C.) and begause of lack

of time to repeat such experiments under different tmpixamss,

it is impossible to state definitely that egg laying in Melanoplus

bivittatus 1s effected materially through different constant

temperatures.

However, Parker after studying the effect of different con-

stant Semperatures upon Melanoplus mexicanus and Cammula pellucida
pncluded that egg laying is definitely influenced in these

species through temperature. With the former species he found

that egg laying was never observed to occur at an air temperature

lower than 69° F. From 12 observations made on this species,

he sonoluded that egg laying began on an aversge st 71.7° F. air

temperature or 99.8% F. soil surface temperature. With the .

segond species a somewhat higher temperature was required,

iamely 72.4° F. air temperature and 101.3° 7, soil surface tem-
m. Wy th both speoies, egg laying continued as the tem-
persture rose, but at about 80° F. air temperature (107° to 113°
P. soil surface temperzture) egg laying ceased, and the grass-
hoppers were forced to climb vegetation to escape the heat of

~ the soil. However, egg laying may continue at the higher tem-
peratures because some of the grasshoppers locate shady and,
therefore, cooler spois of soil. _ ﬂ

|. From Parker's data, one would naturally predict that egg-
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laying in Melanoplus bivittatus is also influenced through
temperature. Further studies with this species of grasshopper

end with varying temperatures as ecological factors should
deoide this matter.
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m from the experimental data obtained. The data
_ obtained is to be found in table II of this thesis.

IRFLUERCE OF MOISTURE UPON EGG LAYING

Sgudying the influence of moisture upon egg laying of adult
Wn is a much more difficult problem than studying the
effects of temperatures. To maintain a constant relative
humidity at the desired percentage proved to be a problem whioh
m pnever satisfactorily solved. E£o far as known, only a
earrier air oonditioning cabinet would have produced suitsble
gonditions, and the cost of this type of humidifier was in ex-

cese of available funds.

Bix different degrees of relative humidity were used in our
riments, and with each humidity, the experiment was repeated
m times. The different humidities used were 40%, 50%, 80%,

\M, 80%, and 100%. A constant temperature of 379 (. was

MQ throughout the duration of all of the experiments,
' Due %o the fact that the numbers of grasshoppers experi-
mented upon were so small, it is impossible to draw any definite
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the reproduction potentiasl of Melanoplus bi

| PABLE I1. - Influense of different relative humidities



THE LENGTH OF LIFE OF THE ADULTS AT A CONSTANT TEMPERATURE
AND DIFFERENT RELATIVE HUMIDITIES

Ko great variation in the length of life of the adult
grasshoppers occurred in these investigations, in spite of the
o fact that the relative humidity was maintained at 40, 50, 60,
70, 80 and 100 per cent in the different experiments (Table III).
However, the cause for the apparent lack of variation might be
sought in the meagerness of the data that was available for our
experiments. Igf we are justified in drawing conclusions from
the small number of experiments conducted, then we must conclude
that a relative humidity of 100 per gent shortems the life of
the adult grasshoppers materially. On the other hand, the opti-
| mum relative humidity was not indicated through our experiments.
E Taroughout our experiments the female grasshoppers outlived the
males with which they were confined, but as soon as a male died,
another male was added to the container in which the female was
| located. Tpe following table shows the duratiom of life of the
female grasshoppers used in our investigations.
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TABLE III. -~ Length of life of female grasshoppers kept at a
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QUTDOOR WORK

The purpose of conducting out-of-door work in this investiga-
tion was to seoure data om the biotic potential of M. bivittatus
maintained under these conditions. B8ych data could then be gom-

pared with data secured from cabinet work, and conolusions might
be drawn relative to the efficienoy of one or the other method.,
The out-of-door conditions to which our grasshoppers were ex-
posed were as nearly identical to the matural environment of

the grasshoppers as it was possible 0 make them. In spite of
this, it must be remembered that it was necessary to confine

the grasshoppers in cages, which is a factor $hat is not mormal
but which cannot be avoided.

The method of studying insecte in the out-of-doors but
confined in cages is much older than is the cabinet method. Of
late, however, the cabinet method is being used more and more,

largely because the physical environmental factors can be son-
trolled, and also because this work can be conducted throughout
the year. -

It is the opinion of the writer that the ideal method of
carrying on investigations such as are discussed in this thesis
would be through csbinet experiments, through out-of-door cage
experiments, and finally through actual field observations

where conditions are not disturbed by the experimenter. In this
way single factors could be studied separately or in combinatiom,
the factors could be controlled as dosiréa, and the objection of
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CAGES USED IN OUTDOOR WORK

The cages that were used in our out-of-door work were
oylindrical in shape, and measured 8 inches in diameter and 14
inches in height. The entire cages were made of galvanized tin
and wire screen of 13 mesh to the inoh, Tpe oages were withous
bottoms; the lower portions were made of galvanized tin, while
the npper parts were constructed chiefly of wire soreen. A
removable 1id fitted over the top of the cage, and this also
concisted chiefly of wire soreen (Plate 1V).

These cages had many advantages, the most important being
the following:

1. Afr would readily pass through the Gages.

3. The cages could be placed over a small alfalfa or

sweet olover plant and the base of the cages could
be pushed into the soil without harm $o the cages.

3. Tpe tops of the cages could be readily removed for

feeding and observational purposes.
The most serious objection t0 the cages was their small sigze,

but since omly a single pair of grasshoppers was ever oconfined
to a ocage at ome time, this objection was not so serious as 1%

might have been. Fyrther, the grasshoppers soon accustomed
themselves to being confined in the cages, and unless frightened,
did mot hop about to any unusual degree.




PLATE IV. - Photograph of cages used to confine
grasshoppers in outdoor conditions.




SOURCE OF MATERIAL

Grasshoppers which were used in our outdoor work were se~
cured at the same time as were those that were subjected %o
vabinet conditions. Care wae taken to see that they had mot
begun egg laying previous %o confinement, and only such speeis

e




LOCATION OF CAGES

The thirty-five cages used in the outdoor work were located
on the college campus to the north of the college grove, im |
between two rows of shrubs about eight feet in height.

The purpose cf_ choosing this space in preference to others
wae because it was close to our source of supplies, because
some shade would be provided the cages, and because pipid city
water was available close by.

Before the cages were permanently #ta.tiemd, the soil was
dug up and the roote of grass and weeds were removed. Loose
dirt was then packed in place of the sod removed, thus making
this arca somewhat higher than the surrounding soil, Tnis
eliminated the possibility of water collecting and standing
in the cages and also made possible the collecting of egg pods
without danger of breaking them.

Grasshoppere were placed in these cages on July 26 and
here they remained until they died.
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KIND OF WEATHER EXPERIENCED DURING THE PERIOD
OF INVESTIGATION.

By weather, as used in this paper, is meant the natural
meterological phenomena occurring in nature. These meterological
factors unlike conditions found in cabinets are never comnstant
for a day or even during many hours of a day.

In recording data on these studies, no attempt was made to
keep a record of the weather conditionms other than what would be
noticed over a period by any casual observer.

The period of the year in which these grasshoppers were
confined was very similar to that of the previous year. Both
years were exceedingly dry when compared with the weather
usually experienced at this time. Very little rainfall occurred
while these studies were being made, and the temperature,
though variable, was unusually high. A period of this kind is
considered by most ecologists to be the optimum conditions for
the development of grasshoppers. We must then, when studying
the influence of these conditions, realize that a simllar ex-
periment in a different year might prove to be altogether
different. Experiments conducted over a series of ten conseou-
tive years, when averaged, should give a fair indication of the
actual biotic potential of this species of grasshopper in an

average year.

e s——
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RUMBER OF EGGS LAID BY EACH FEMALE

Ho data was found in the literature read by the writer that
gave informatiom se to the number of eggs that may be laid by
¥, bivittatus. Riley (10) and Parker (1) both gonducted experi-
mental work to determine the number of egg pods that may be laid
by M. mexicanus, and the results obtained by each worker varied
greatly. FEiley found that only in = few cases did the number
of pods reach as many as four and more commonly two were.as
many as would be obtained. Parker, om the other hand, found
that a single female kept under favorable gonditions in & cabinet
might lay as many as 15 pods, the average mumber of pods laid
by thirty caged females being 8.8 pods per female.

Tye total number of egge per pod was not recorded in either
the work done by Riley or Parker. Hgowever, Parker stated that
in most of his work the number of eggs per pod ranged from 12
to 36 eggs, but that the average was no higher for females

laying a few pods than for those laying many.
Experiments to determine the number of eggs which would be

laid by thirty-five female M. bivittatus grasshoppers were con-
ducted by the writer in the summer of 1931. Pairs of this
species were collected in the field in July and caged as already
described. Upon the death of these individuals, a count was
made of the number of egg pods laid by each female, and follow-
ing this the egg pods were carefully broken open and the number
of eggs in each egg pod was counted.

= —




The egg pods and eggs laid in 37 of our experimental cages
were counted, but the pods from the remaining eight cages were
left in a dry environment, with the consequence that the eggs
dried so that it was impossible for a count to be made of the
eggs.

It muet be remembered that the grasshoppers used in this
| experiment were collecied in the field before they had begun
egg laying, that the grasshoppers were fed and watered daily,

;'
:
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and that they were given conditions as favorable to them as it
| was possible to make them.
F The number of egg pods laid by each female gxaéshoppsr and
| the number of eggs 1aid by eaoh individual is recorded ia
Tzble IV. I¢ will be noted that one grasshopper laid as many
as 441 eggs, that the smallest number of eggs laid by any one
grasshopper was 97 and that the average number deposited was
3323.2 eggs per female.
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NUMBER OF EQGG PODE LAID BY EACH FEMALE

The number of egg pods laid by each female grasshopper under
the caged outdoor conditions to which the insecte were subjected
varied from two to six, with an aversge of 3.6 pods per female
(Table IV). It should be remembered, however, that the season
during which these experiments were conducted was hot and dry
and that the grasshoppers were surrounded with an enviromnment
that was highly favorable to them. Consequently, there might
have been a difference in the number of pods and eggs laid by
caged grasshoppers and those leading a free 1life in 1931.
Further, conditions were made very favorable to the caged grass-
hoppers and this circumstance undoubtedly increased the normal
span of life of the grasshopper and this, in turn, might have
increased the number of egg pods laid as well as the total
number of eggs.
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TABLE IV. -~ Humber of days lived by each adult female and the
nu:tber of egg pods and eggs laid by each in outdoor experi-
ments.

" jumber of ' NWumber of ' Humber of
: days of : egg pods laid : egge laid by
30Uls 1311€ DY _€ach Iemale sach iemale
t
: : 58 $ 2 " 133
.3 ' 56 ' 8 ' 441
3 ' 34 ¥ & ¢ 230
4 ’ 50 ' & ' 217
5 * 863 d 6 b 373
6 s 48 ’ 4 * 263
7 ' 47 g 3 * 183
8 5 60 ' 4 ' 358
9 ' 53 ¥ 3 * 248
10 ¥ 57 * 4 ' 2895
11 ¥ 49 $ 3 : 189
12 ¥ 35 s 3 ’ 108
13 ’ 51 ¥ 4 ' 385
14 ' 54 ' 4 ' 178 .
p ¥ . 41 ¥ 2 * 133
18 ' 31 ’ 3 . 14
17 ' 15353 * 4 ' 307
18 ’ 49 ' 4 » 331
18 . 53 ’ 5 ’ 343
30 ' 53 : 2 : 97
21 ' 48 ’ 3 ’ 117
22 ' 57 : 4 ' 310
23 ' 55 * 3 ’ 187
24 ' 50 ' 3 ' 211
a5 ’ 58 ' 3 * 115
26 ' 48 ' 4 g 303
a7 : 31 ' 5 ' 333
3 Average 49.2 3.8 333.3
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THE LENGTH OF LIFE OF ADULT GRASSHOPPERS UNDER OUTDOOR
CAGED CONDITIONS.

It was thought possible that there might be a direct cor-
relation between the length of 1ife of adult female grasshoppers
and the mumber of egg pods and total mumber of eggs which such
females might lay. Accordingly, it was decided to keep an
accurate record of the length of life of each female inm our
experimente and the number of eggs and egg pods laid by her.

In the summer of 1931, 35 pairs of M. bivittatus were col-
lected in the field on July 14 and caged out-of-doors. Here
they were kept until they died. Records were obtained from
only 237 of the 35 pairs, however. The average number of egg
pods per female for these 37 pairs of grasshoppers was 3.6 pods
(Table IV). The average length of life of these female grass- -
hoppers was 49.8 days. The shortest period lived by any female
was 31 days, while the longest period was 63 days. :

It was decided to divide the 37 female grasshoppers into
four groups, basing the grouping upon whether the grasshoppers
lived 30 to 39 days, 40 to 49 days, 50 to 59 days or 60 %o 70
daye (Tgble V). It will be moted that the firet three groups
did not differ materially in the average number of egg pods laid,
but that the total number of eggs laid per individual incoreased

the longer the group survived. However, because of the small

number of individuale worked with, it would be advisable to
epeat this work before definite conclusions are to be drawn. ‘—l
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TABLE V. - Female grasshoppers caged under outdoor conditiomns,
and grouped into four classes, depending upon longevity,
the averasge number of egg pods laild per female for each
group and the ewverage number of eggs laid per female for
each group.

' Average number of ! egzs &

Group living
30 to 39 days

Group 1ivi
40 to 49 g}s

Group iiving
50 to 59 days

Group iiving
60 to 70 days
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(1) ¥. bivittatus (8.) or the two-striped grasshopper is
one of the most prevalent and destructive speclies occurring
in the northwestern plains states.

(3) 4 study of the imfluences of temperaturc and humidity
upon the biotic potential of this species was instituted as a
means of seouring data, whereby a prediction could be made as
to their expected abundance following reérs of known conditions
of weather.

(8) Opbinet methods were used to make possible longer
continual studies of envirommental faoctors upon this insect.

(4) To secure and meintain constant environmental condi-
tione in the cabinet at all times proved difficuls.

(5) Of the factors experimented with, controlled humidity
offered the most difficult solution,

(6) A means of rearing young grasshoppers 0 maturity was
never satisfactorily solved.

(7) Specimens for study were collected before egg-laying
began.

(8) $S4nce a constant temperature of 379 ¢, was the only
temperature worked with in our cabinet experiments, it is im-
possible to state that different constant temperatures will

effect the reproductive potential of this grasshopper differently.

(®) 4n attempt was made to determine what effect relative
humidities of 40, 50, 80, 80 and 100 per cent would have upon
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the reproductive potential of M. biviitatus. The data obtained

was not sufficient to warrant us drawing any definite conclu-
sions concerning the influence of these humidities.

{10) The length of life of the adult female grasshoppers
kept in a oabinet maintained at 27° C. and at 40, 50, 60, 70,
80, and 100 per cent relative humidities, did motvery materially.

In general, the female grasshoppers lived somewhat longer than
the males. "

(11) Oytdoor experiments were run to determine the re-
productive patentx#l of ¥. bivittatus under conditions as
nearly normal as it was possible to make them.

(12) The cages used in outdoor work were more satisfac-
tory than were the containers used in the cgabinet experiments.
(13) Bpecimens of grasshoppers for our outdoor work
were obtained before egg-laying began,

(14) Tne cages were so located that they were partly
shaded during some periods of the day.

(15) Weather conditions at the time the experimenis were
being studied were unusually warm and dry.

(18) Tne number of eggs lald per female varied from
97 to 444, |

{(17) The pumber of egg pods secured from each cage varied
from 2 to 6.

{18) The length of life of grasshoppers in outdoor condi-
tions was much longer than under c¢abinet conditions.

(19) The total number of egges laid by grasshoppers kept

under outdoor conditions apparemtly varies with the length —] ’
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of time the female grasshoppers survive, the shorter the life

period, the fewer the mumber of eggs that are laid, and
vice versa, |




|

(1)

(2)

(3)

(4)

(5)

(8)

(7)

(8)
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