




















INTROVUCTION

apart from the many thecoretical works on the nmatural control of
animal populations, few researchers have tested the practical problems.
Hotable cxceptions are Varley (1947) and what iiilne (1957) calls the
"Riverside School", that of P, Ue Bach and his co-worlkers in California.
The exchange of articles for and agsinst certain thcories nas assunmed
large prorortions writhout the backing of basic research into the
problems discussed.

The three main theories, or four if ililne's (1957) theory is
to be accepted as a separate entity,instcad of a mixture of thec three
theories herein discussed, are respectively those of ilicnolson
(Nicholson 1933, 1954 ond kiicholson and Bailey 1935), indrewvartha and
Birch (1954) and Thompson (1929, 1939, 1956).

The ease with which arguments by one vorker ccn be contradicted
by one or more of the others shows onc thing clecrly that, at this
stage, the available knowledge is still scant and before any rigid
conclusions can be recached, much more attention must be paid to basic
rescarch, Of course this is not easy in such a conplicated subject,
but the sometimes prevalent tendency of ignoring this problem, just
because it igs difficult, has to be abandonéd.

The basic idea in the Nicholson theory is, that "populations
are self-governing systems. They regulate their densities in recla=-

tion to their owa properties and those of their enviromnent. this







































Census of Grasshoppers

The grasshoppers were collected with the help of 2 eage describesd
by Smith et al. (1946). The collecting apparatus consisted of a shallow
cage one meter (40") square and 15 cm (6") high, and a separate flat
piece of plywood a little larger than the cage (Fig. 8). This cage
was used as follows: from near one of the stakes in the field the cage
was thrown in such a way that it landed right side up approximately 10
feet away from the person handling it, Care was taken that it vas
thrown on a spot where the grasshoppers had not been recently disturbed.
The flat piece of plywood was inserted just under one side of the cages
and the cage was brought slowly over the plywood, Thus the grasshoppers
were caught between the cage and the plyjwood and they could be easily
collected, The grass under the cage was carefully exanined for any
grasshoppers that might not have followed the cage. In 1957, 50 samples
were taken in the field and 25 on the hiils at l4-day intervals, The
frequency was later chahgad to weekly collections of 50 samples in the
field and 25 samples on the hills and beginning with the collection on
July 23 and 24, 1958, 100 samples were taken in the field., This change
was necesgitated by a decrease in the number of grasshoppers after 1957.
Each collection of grasshoppers was placed at once into a small vial of
70% alcohol and the date and place, whers each was found, was recorded.
A number corresponding with the date and the stake near which the grasse
hoppers were collected was put on the cork of the vial, All of these
grasshoppers were stored until the autumn, when identification of speccies,
stage and sex took place. TFor identification, usc was made of the descrip -

tions and keys of Handford (1946).
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To estimate at any given time the total number of grasshoppers
in the whole area under study, wo have to consider thec differsnce in
areas of the hills and the field.. Tne area of the hill is approximately
one=tenth the area of the field, respectively l.25 acres and 12,5 acres,
The total number of grasshoppers in the whole area can be calculated by

adding the estimated numbers on the hills to the estimated numbers in
number collected on hills
nuaber of sq. m. sampled

number collected in fiold x total sq, meter of field)., For case of
number of sq. m. sampled

calculation the number of grasshoppers in the whole area is calculated

the field ( x ‘total sq. meter on hills +

by multiplying the area of the field (50,000 sq. m.) by the sum of thc
number of grasshoppers per sq. me. in the field and one~tenth the number
of grasshoppers on the hills.
Labelling Grasshoppers with p32

In the laboratory experiments were done on the feeding of grass-
hoppers with radicective phcesphorus (P32). In 1958 grasshoppsrs to be
released in the field were dipped in 2 solution of Sodium lladio Phosphate
and water (Chas. Frost and Co.,, Montreal) and permmitted to dry before
they were used in experimsnts. This method had the advantage of speed
and ease with which large numbers of grasshoppers could be handled. The
obvious disadvantege was that if these grasshoppers wera used in the
field, rain would quickly remove the radicactivity. iven without rain
the radicactivity disappeared rapidly, although after a week, radioactivity
was s8till found to be present and was easily measured, In 1959 the
slower method of spraying food, mainly leaves of dandslions, grass and
alfalfa, with a solution of radiocactive phosphorus in water, was used,

and after drying,this was offcred to the grasshoppers. A level of




16

approximately 50-100‘F9 P32 yras used for 300-400 grasshoppers. In 24
hours approximately half the area of dandeclion leaves wers eaten,
Before radioactive food was offered, the normal food was withheld for a
period of 12-24 hours, Time for this method was possible in 1959 bscause
large scale collecting of grasshoppers was impractical due to extremely
low densities,

It was shown by Kettlewell (1955), (see also Fuller et al. 1954)
that about 50% of the radiocactivity ingested by the insect disappeared
in 24-48 hours and that after this initial decrease, the radicactivity
of each grasshopper declined only slowly. Therefore all grasshoppsars
used for experiments were, after feeding on radicactive material for
2}, hours, fed on normal food for a period of 48 hours, before they were
used for further experiments., -

For measuring radioactivity use was made of a2 Tower (Simpson-
Sears) geiger counter (model 6157) together with an Industrizl Glow Tube
Counter from the Atomic Instrument Corporation (Cambridge, liass., U.3.h.),
consisting of the following panels: one of medel 1238, two of model 180
and one of model 955. The actual measuring was done by holding the grass-
hopper against the unsheathed probe which was fastened in a stand and
which rested on an 2luminum plate, A1l counts were timed to the full
minute after the count of a thousand had passed. ‘/hen this was obviously
too time-consuming, as in counts of the background radicactivity and of
nonradiocactive substances or animals, the radioactivity was counted
for 10 minutes. Counts of the background were taken before and after
an experiment or series of experiments. Lonz series of cxperiments were

regularly interspersed with these 1lO0-ninute background counts.
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Aluminun plates werc used in this study because they are easily
clecaned, an advantage vhen thaere is a possibiliiy of radioactive contamina-
tion.

lTwelve rows of 12 aluminum squares each werc set out in the field,
The rowe and the individual squares were 7.5 metersapart. If droppings
were found on a plate it vas exchanged for a clean plzte and the old
one was taken to the laboratory and checked for radioczctiviiy and cleaned,
The ratio of radioactive and nonradiocactive grasshoppers at the beginning
of the experiment vwas found by maiking the rslcase of the radioactive
grasshoppers. coincide with the weekly census. The census gave the
number of nonradioactive grasshoppers, and & known nuaber of radiocactive
were releascd, After an interval of a weck (the duration of ti.e cxperi-
ment) the grasshoppers collected in the regular census were checked for
radicactivity, This gave the ratio at that time,

Praying Mantis,

In the field, praying mantis (izntis relis;ibsa L.) werc censused

at the same time and in the same way as the grasshopgers. Other mantis
were reared in the laboratory. After hatching,the srmall mantis were fed
on fruit flies (Drosophilz melanogaster Meigen). The fruit flies were
reared on a malt=molasses medium in pint bottles. Tne wild (winzed) typs
was used at first but later it was found easicr to use flies with vestigial
wings. Lbvery day a number of fruit flies was released in the ceges in
which the amall mantis were being rearaed. Large izzantis were kept indi-
vidually in pint botties with & cheesecloth top. A piece of paper was

provided to give a foothold. Their food was house flies and grass=-
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Specles C differcd from the first instar of the two common species
in that it did not have the whitish crescent of tne pronotal loba contimue

partway across the gena, as in i, femur-rubrum, and the banding of thec

posterior femur was unlike that of M. bivittatus and nmore like that of
11, femur-rubrum, sometimes broken and often obscurs or cven lacking.

A1l second and older stages found wers those of the two cormon
species,
2, Lcological Evidence for its Validity

The temperature in June 1958 was much bzlow average (see Table XVI)
and this influenced the mortality during that time and also delayed the
emergence of the later-hatching grasshoprers. The main portion of the
first instars collected in early July was of species C and the main
hatching took place in the northem part of the field. Because the

later stages of M. femur-rubrum appeared to bz concentrated in the same

locale, the following study of the data was made. The field was divided
into ten parts of which each consisted of a group of five stakes,
Exceptions were groups 6 and 7 which had respsctively a group of four
and six stakes, This was done solely for conveniencec, as any other
division would have been awkward, due to the arrangeamecnt of the stakes,
vhich was dictated by the shape of the field. This grouping had no
influence on the results howvever. Thc location and numbering of the
groups as well as the individual stakes in the ficld ere shown in Fig., 7.
The number of each instar of grasshoppsr collccted on July 10, 16, 23

and 30 and the position of each collection in the field are presented in

Table X1,




























Care was taken that the grasshoppers used in each cage were
approximately of the same radioactivity. Under ide2l conditions, if
211l the grasshoppsrs are of the same radiocactivity, it would be possible
to predict tho radiocactivity of the praying nantis after they had eaten
one, two or more grasshoppers. It was not possible to supply the pray-
ing mantis with grasshoppers that were identical in their radioactivity,
but in most cases the difference betitecn the grasshopper with the highest
and the lowest radiocactivity, was not greater than the rediocactivity
itself, Bsccusc in the field the Ceiger-litller Counter had to be uscd
without the elsctronic counting apparatus and the deflection of the ncadlez
fluctuated, it was necessary to interpolate the values. As the scale
was divided in one-tenth divisions, all counts were given to the nearcst
division, This will explain the occurrence of many grasshoppsrs with
the same radiocactivity. 1In reality it means that the grasshoppsrs are
classed in multiples or 50 counts, Some examples o_f.' the relation bet-
ween the radioactivity of the grasshoppers and that of the praying nantis
in threeexperiments with five, tcn and twenty grasshoppers per five sq.
meter are given in Table XXII, As in all experimznis three praying
mantis were put in at the beginning,

Because the amount of solar radiation is lcesencd by the use of
screened cages, the temperature near the ground in the cage was lower
than that outside. This may have increased mortality,. The cages
were inspected for possible openings before the experiment started, and
it was felt that the escaps of grasshoppers and praying mantis made littloe

or no contribution to the change in numbers, Ths influenco of predation




































It is considered that at the levels of infestation found, the
mites had little or no ecffect on the longevity, activity, fecundity and
mortality of the grasshoppors (Severin 1944). At these low densities
of grasshoppers, internal parasites played a small role in the regulae-
tion of the numbers. This, of course, does not exclude the possibility
that at higher densities the parasites will play 2 major role in the

control of the grasshopper.
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