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IN1WBUCTI0N

Apart from the many theoretical works on the natural control of 

animal populations, few researchers have tested the practical problems. 

Notable exceptions are Varley (1947) and what ililne (1957) calls the 

11 Riverside School", that of P. be Bach and his co-workers in California. 

The exchange of articles for and against certain theories has assumed 

large proportions without 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,instead of a mixture of the three 

theories herein discussed, are respectively those of Nicholson 

(Nicholson 1933, 1954 and Nicholson and Bailey 1935), Andrewartha and 

Birch (1954) and Thompson (1929, 1939, 1956).

The ease with which arguments by one worker can be contradicted 

by one or more of the others shows one thing clearly that, at this 

stage, the available knowledge is still scant and before any rigid 

conclusions can be reached, much more attention must be paid to basic 

research. Of course this is not easy in such a complicated subject, 

but the sometimes prevalent tendency of ignoring this problem, just 

because it is difficult, has to be abandoned.

The basic idea in the Nicholson theory is, that "populations 

are self-governing systems. They regulate their densities in rela­

tion to their own properties and those of their environment. This

1
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th^r do by depleting and impairing essential tilings to the threshold 

of favourabilityj, or by maintaining reactive inimical factors^ such 

as the attack of natural enemies, as th© limit of tolerance. She 

mechanism of density governance is almost always intraspecific compe­

tition, either among the animals for a critically important requisite., 

or among the natural enemies for which the animals concerned are 

requisites" (Nicholson., l?5ts P* 10) •

The term "density-dependent factor" was first used by Howard

and Fiske (1911) and is described by Smith (1935) as destroying a 

percentage of the population., a percentage which increases ;/hen the 

numbers of the host increases. Nicholson (1933) and Smith (1935) 

adopted this tom, and Smith (1935) used an opposing tem, '•’density­

independent"., by which ho meant all the factors not influenced by 

changes in density of the host populations.

Nicholson (1954) 'worked out a scheme for classifying all 

factors (see below):

Density-disturbing

•Reactive

tensity^governing

Responsive Density-regulating

Honrcactive ©nsity-legislativs )

Nonresponsive ■Density-inactive

Other concepts which he brought forward were the "steady state" and 

"steady density" described as follows:
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Further increase of a population is prevented when all the 

surplus animals are destroyed, or when the animals are prevented f non 

producing any surplus. When this happens the animals arc clearly in 

a state of stationary balance with their environment (i.e., the steady 

state) and maintain their population densities unchanged from generation 

to generation under constant conditions (i.e., steady density).

In nature no environment is constant and the same for long 

periods. Milne (1957), who rightly points this out, proposes a division 

of possible densities in three zones;

Zone 1 comprises the very low numbers with, as the lowest level, 

the lower extinction level which is never reached because of 

density-independent factors.

Zone 2 comprises the usual numbers which fluctuate within this 

zone due to the combined action of density-independent factors 

and imperfectly density-dependent factors.

Zone 3 has vexy high numbers with, as tho highest level, the 

upper extinction level which is never reached because of “the 

one perfectly density-dependent factor" which is intraspecific 

competition.

Although the concept of tho zone 2, of liilne, is a stop ahead from tho 

practical point of view, theoretically this is identical with the

11 steady-density" idea of Nicholson if one considers that, due to tho 

continuous changing of tho environment, the value of the densities will 

change accordingly and over a long period the resulting densities will 

vary within a band around tho theoretical long-term steady-density. In

both cases the result is that, under "normal" circumstances due to the
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influence of perfectly and imperfectly density-dependent factors, the 

numbers of animals will be regularly restricted between certain limits 

and will bo much lower than would be theoretically possible if the 

•populations were unchecked# A change in weather conditions disturbs 

this equilibrium but, unless one wants to assume that over a long 

period the climate is precisely the same, i#o#, that favourable and 

unfavourable influences cancel each other out, the climate in itself 

is unable to control a population# However, that climatic influences 

will ever balance each other is unlikely, if one only considers the 

change in the climate recorded in the relatively short period during 

which weather observations have been made# Haldane (1955) reasons 

that, if the populations are not controlled by any other factors, small 

changes in the rate of survival due to changes in the climate would 

load to unchecked increases if the climate becomes more favourable or 

to extinction if the opposite is the case#

Ono side of this question is of course why one should reject the 

idea that a population can be in balance with its environrsent and at 

the same time suggest that it io in balance with the climate which is a 

part of that same environment# nevertheless, a third important theory 

io built on this basis# Andrewartha and Birch (1956) claim ’’that 

density-independent factors do not Gudst" and "the concept of competi­

tion is nob relevant to tho ecological problem (of distribution and 

abundance)•”
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The first of thoir statements follows from the observation 

that no environmental factor kills a constant proportion of a popula­

tion, irrespective of density as Nicholson, Smith and others claim. 

This is quite possibly a confusion between what theoretically takes 

place and what actually happens in nature. If it were possible to 

have two populations of the same animal present in the same habitat 

under the influence of the same environmental factors, it could be 

accepted that an adverse factor, e.g., frost, would kill the same 

proportion of both populations. On the other hand it is highly im­

probable that the environment would be constant from year to year, to 

make it possible to see the influence of the same adverse factor (if 

this would occur at the same strength) from year to year. If one 

takes this into consideration, both statements are true and it does 

not matter which one is used, as long as it is made clear which defini­

tion one uses. Apart from this it is also possible to visualise a 

density-independent factor that affects a varying proportion. But as 

Ililne (1957) points out, there is no reason at all to exclude such a 

factor from tho density-independent category.

The second statement of Andrewartha and Birch (1957) concerning 

competition is highly erroneous. At evary level of density, competi­

tion will have an influence on the number of animals. Ultimately 

competition is the prime reason why a population cannot fulfil its 

potential reproductive capacity. Because of these two major short­

comings the theory of Andrevjartha and Birch cannot bs accepted in its 

present form.



6

Thompson’□ theory (Thompson 1929, 1939, 1956) is difficult to 

describe. A quote from hio article in 1929 will illustrate this:

"Natural control of organisms is primarily attributable not to 

any complex cosmic mechanisms or regulatory factors, but rather 

to the intrinsic limitations of the organisms themselves. 

Every organism has specific characteristics that very about a 

mean, but racy be considered for practical purposes as fixed. 

These specific characteristics imply and indeed include 

specific needs. An environment which meets those specific 

needs is, for a given species, the optimum environment.

Given this optimum environment indefinite increase at a specific 

rate is possible. But the environmental conditions of the 

globe vary from point to point and are probably in no two places 

exactly the same. From this follows that at a given moment, 

in a given area, the precise environmental complex constituting 

the optimum for a given species will bo found at relatively few 

points. This is tho real reason that organisms and, in parti­

cular injurious insects, do not often increase to the point 

whore they are devastating plagues. Tho fundamental constitu­

tion of the universe, composed of a multitude of specifically 

different and interacting things, living aid nonliving, neces­

sarily implies a limited possibility of existence for any 

particular one of them. The fact that there are species, 

that is a variety of essentially limited things, moons that 

their ability to increase is necessarily limited. From thia
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follows that the causes of natural control, even for a parti­

cular species, areessentially multiple and variables difficult 

therefore to bring within the compass of any simple definition.

When we recognise the specific intrinsic limitations of 

organisms we have, in my opinion, arrived at the absolutely 

fundamental applanation of the fact that no organism increases 

without limit. This is a philosophical applanation which, 

indeed, verges on the metaphysical, and this I think is a sign 

that we have really got to the bottom of the subject” (Thompson 

1929).

If an individual animal is reacting to the environmental condi­

tions in the way described in this quote, it can bo said that this animal 

is in balance with its environment. All actions upon it will be followed 

by a reaction. But if this is the case is it not also true for the 

population consisting of animals, each of which is in its place and time 

in balance with its environment? This is one of tho ricin points in 

Nicholson’s theory and basically of the theories of Andrewartha and 

Birch and of Milne. The difference between tho two theories is what 

tho cause of this balance is. Thompson doss not give a concrete 

suggestion. Ha says in effect “The causes of natural control are 

essentially multiple and variable”. Tais xil! bo true in most cases, 

although not in all, but dees not give any help in trying to describe 

those causes. Because of this Thompson’s theory is not used much 

for practical problems and actually would bo extremely difficult to 

use. The recent developments in ecology show tint a complex can be



8

studied more extensively by breaking it down into parts. If a series of 

these have been studied the next stop is to try and reconstruct the 

original problem. Andrewartha and Birch (1956 p. 4) give good reasons 

why thio should be the case.

None of the four theories here discussed can be accepted 

completely in its present form. An attempt will bo inode here to resolve 

their differences.

A population is governed by the action of density-dependent 

factors. Those factors can both bo perfectly and imperfectly density- 

dependent^ or a combination of both, according to the density. Intra­

specific competition is important especially at ’nigh densities and it 

is one of the perfect density-dependent factors. Interspecific compe­

tition can bo cither imperfectly or perfectly density-dependent. 

Density-independent factors cannot in themselves control a population. 

They havej however, a great influence on the level at which the control 

will take place. This they do by influencing the individual and its 

environment to make it more or less favourable for the existence of the 

species. Because of fluctuations in the density-independent factors 

both in times and place, the steady-density will fluctuate in tine and 

place.

Various animals have been used in studying population dynamics. 

Insects because of their abundance and reproductive capacity uro useful

in studies on populations. In tills study the grasshopper was used.
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Han has boon interested in grasshoppers for a long time* if only 

for the damage they do to crops and to food for livestock* Almost 

since written history bogins grasshopper plagues have boon mentioned 

and in this century a tremendous effort has been put into attempts at 

control. This effort is mainly directed towards eradication by 

chemical means and by efforts at predicting outbreaks* The literature 

abounds in articles describing the effects of new insecticides and* 

if influences of predators are mentioned;, the observations scan to bo 

dene mostly under plague conditions. Of course this is understandable 

from the economic point of view* but the study of this insect under 

normal conditions (if low densities can be called normal in an ins eat 

that almost regularly erupts to high numbers) has been more or less 

neglected as a result.

Tho one outstanding contribution to this study is that of 

Richards and Weloff (1954) • They describe the grasshoppers in a 

grassy heath in England and reason* for the changes in their abundance 

over a 5-year period. Among the other biotic factors studied* they 

come to the conclusion that only 3colip 0 an egg parasite* plays a part 

in the numerical fluctuations of the populations. There was no 

convincing evidence that predators played a port in this* As predators 

they listed birds., spiders., wasp* and possibly small animals. Their 

data on predators were mostly qualitative. They tried to estimate 

the predation by birds by comparing the numbers of grasshoppers in two 

enclosures* one of i&ich was divided by pole* and threads in ouch a 

way that* it was hoped* birds might bs kept from entering. No signi­

ficant difference wa* found between the two enclosures.
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There is a long list of birds that are reported to oat grass­

hoppers, sometimes in large quantities, but most, if not all, of these 

observations were made under outbreak conditions, and it is well known 

that birds tend to aggregate in areas where a pray species occurs in 

high numbers and for a tine feed almost exclusively on that species. 

In this way they are sometimes responsible for the decline of the 

proy spocios (Andrewartha and Birch 1956).

Not much is known of the influence of birds on low densities 

of prey. The literature consists mainly of qualitative observations 

and most of these are reports of incidental feedings.

The main difficulty here is that in a quantitative study in a 

particular area it is impossible to identify the stomach contents by 

the usual method, because this would kill and remove the bird from the 

area in which it is being studied excluding longterm research. A 

method used in Holland ^ L. Tinbergen (1949, I960) and later in England 

by Betts and Gibbs (1955) gives good results. It consists of erecting 

a blind (hide) near the nest during the breeding period and observing 

the composition of the food brought to the nestlings. This was used 

in Europe mainly on ncstbox-breoding species, o.g., the Groat Titmouse 

(Parus major L.) and the Blue Titmouse (Parus cnoruleus L.). In the 

case of the Chaffinch (Frinqilla coelcbs L.), an open nest breeder, this 

method led to a high mortality of nestlings from predation (L. Tinbergen 

personal coram.). Ihe hide near the nest tends to reveal it to preda­

tors. Nevertheless, this method lias great advantages. Although observe 

tions are limited to the season when the birds are feeding their young, 

ono gets during that tiro a good sample of what is used as food by the

birds.



The species of small animals listed in Richards and 'daloff (1954) 

as occurring in their field wore: iliciotuo agrestic hirtus (Bellamy), 

Anodenus s. sylvaticus (L,)s Clothrioncmys glaroolus britannicus (LUller), 

Sorer, aranous castanons Jenyns, and Sorer, ninilus 1. They quote 

Sviridenko (1924) as stating that Aicrotus can do considerable destruc­

tion to the grasshopper Doeiostaurus maroccanus Ihunberg. Wragge (quoted 

in Richards and i.aloff 1954) states that E&ggotus, Ajxdcma, Clcthrio- 

nomys and Sorer airmens castanous will readily feed on grasshoppers in 

the laboratory.

It is very difficult and often impossible to identify prey 

remains in the stomach of mice., because their food is very finely chewed 

and often wings and hindlegs are rejected. Because of this and also 

because it will decrease the population appreciably, the usual method 

of lolling and checking the stomach contents is of no use.

Recently there has been a largo increase in the use of radio­

active materials in biology. As tracers their influence on methods 

has been great, in both botany and zoology. In simple population 

problems, especially in entomology, thoy can bo used to mark a portion 

of the population for estimating size and movements of the population 

and for finding the predators affecting it. Tae advantage over 

painted spots is that moulting has no influence. Baldwin ct al. (1955) 

described their method of using radioactive phosphorus in the study of 

mosquito larvae and their predators. Relevant to the present study 

was their experience in measuring the number of prey eaten by each 

predator. Their method showed great promise but lias, of course, its 

limitations. It is only possible to work with animals that are easily
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collected, made radioactive and released again. Tills excludes moat of

the tree living, and sone burro:ring species.

The aim of the present investigation was to determine the seasonal

change in a grasshopper population at low density, and to examine the

influence of mortality factors especially that of predation. Aa the

praying mantis, kantis religiosa L., is one of the important predators on

grasshoppers, this predator-prey relation was studied in detail with the

help of radioisotopes.



MATERIALS AUD METHODS

Tho Experimental Plot

Part of the research vias done in a 13.75 acre field approximately 

2 miles north of the McMaster University campus on the north side of the 

Dundas Marsh, Hamilton, Ontario. The field is enclosed on tho north by 

the Hamilton-Dundas Canadian National Hailway line, east by a wooded 

gully with a creek running through it, south by the Royal Botanical 

Gardens and west by a dry gully. The vegetation is mainly grasses with 

weeds and scattered shrubs and trees. The north side consists of two 

small hills approximately 20 feet higher than the rest. (Pigs. 1-2), 

There is a gentle slope to the south throughout the whole field. In 

spring the south part especially is wet, but this dries in lato spring. 

(Figs. 3-4) • Bio field has been unmoved and unerased since 1951* 

(Figs. 5-6). It can be assumed that recently no sudden change in 

the composition of tho vegetation has taken place.

Throughout the flat portion of the field 50 stakes wore placed 

in a grid at constant intervals, the stakes in each row being 25 meters 

and the rows 30 meters apart. On the hills 25 stakes ware spaced 7*5 

meters apart and the rows were 20 meters apart. (Figs, 5 and 7). 

These stakes aided in the census for grasshoppers and for their manCid 

predators. This will bo described in detail later.
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Census of Grasshoppers

The grasshoppers were collected with the help of a cage described 

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). Tais 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 was 

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 cage 

and the cage was brought slowly over the plywood. Thus the grasshoppers 

were caught between the cage and the plywood and they could be easily 

collected. The grass under the cage was carefully examined for any 

grasshoppers that might not have followed tho cage. In 1957, 50 samples 

were taken in the field and 25 on the hills at 14-day intervals. The 

frequency was later changed to weekly collections of 50 samples in the 

field and 25 samples on the hills and beginning with tho collection on 

July 23 and 24, 1958, 100 samples were taken in the field. This change 

was necessitated 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, whore each was found, was recorded. 

A number corresponding with the date and the stake near which the grass­

hoppers were collected was put on the cork of the vial. AU of these 

grasshoppers were stored until the autumn, when identification of species, 

stage and sex took place. For identification, use was made of the descrip -

tions and keys of Handford (1946).
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To estimate at any given tine the total number of grasshoppers 

in the whole area under study, wo have to consider* tho difference in 

areas of the hills and the field.. The area of the hill is approximately 

one-tenth the area of the field, respectively 1.25 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 

the field <--- ----- -—————-—x total sq. meter on hills + 
number of sq. m. sampled x

nurabgiLJE^ x total sq. meter of field). For ease of
number of sq. m. sampled 

calculation tho number of grasshoppers in the whole area is calculated 

by multiplying the area of the field (50,000 sq. m.) by the sum of the 

number of grasshoppers per sq. m. in the field and cne-tenth the number 

of grasshoppers on the hills.

Labelling Grasshoppers with P^2

In the laboratory experiments were done on the feeding of grass­

hoppers with radioactive phosphorus (P^). In 1958 grasshoppers to ba 

released in the field were dipped in a solution of Sodium Hadio Phosphate 

and water (Chas. Frost and Co., Montreal) and permitted to dry before 

they were used in experiments. This method had the advantage of speed 

and ease with which large numbers of grasshoppers could be handled. The 

obvious disadvantage was that if these grasshoppers were used in the 

field, rain would quickly remove the radioactivity. Lven without rain 

the radioactivity disappeared rapidly, although after a week, radioactivity 

was still found to be present and was easily measured. In 1959 the 

slower method of spraying food, mainly leaves of dandelions, grass and 

alfalfa, with a solution of radioactive phosphorus in water, was used, 

and after drying,this was offered to the grasshoppers. A level of
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approximately 50-100 ^ic P^ was used for 300-400 grasshoppers. In 24 

hours approximately half tho area of dandelion leaves were oaten.

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 because 

large scale collecting of grasshoppers was impractical due to extremely 

low densities.

It was shown by Kettlewell (1955), (see also Fuller st al. 1954) 

that about 50zo of the radioactivity ingested by the insect disappeared 

in 24-43 hours and that after this initial decrease, the radioactivity 

of each grasshopper declined only slowly. Therefore all grasshoppsrs 

used for experiments were, after feeding on radioactive material for 

24 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 a Tower (Simpson- 

Sears) geiger counter (model 6157) together with an Industrial Gio:/ Tube 

Counter from the Atomic Instrument Corporation (Cambridge, LLass., U.S.A.), 

consisting of the following panels: one of model 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 aluminum plate. All counts were timed to the full 

minute after the count of a thousand had passed. VJhen this was obviously 

too time-consuming, as in counts of the background radioactivity and of 

nonradioactive substances or animals, the radioactivity was counted 

for 10 minutes. Counts of the background were taken bofore and aftor 

an experiment or series of experiments. Long series of experiments were

regularly interspersed with these 10—minutes background counts.
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Before releasing the grasshoppers one of two methode of measuring 

the radioactivity wuo used, flth large numbers ( ^ 103), the radioacti­

vity of a pandora sample, consisting of 1^ of the number released, was 

measured and the average value of the radioactivity was used as an indica­

tion of the overage radioactivity of the whole group# Snail numbers 

of grasshoppers ( < 50), to be released, ’.rare counted individually just 

before their release and cure was taken to use only those grasshoppers 

that had roughly the saris amount of radioactivity)#

Collection of Egg-pods

In the autumn of 1957 and tho spring of 1953 a collection of 

sods was made randomly free: the position, of tho stakes in that portion 

of tho field and hill whoro tho min oviposition hud token place# Tho 

sice of tho individual cod was one square foot and oaeh sampling collec­

tion consisted of CO sods (7*2 sq. meter)#

In searching for ovidenco of ovipositicn each sod was crumbled 

into particles smaller tlian an ogg-ped#

Ibaaination of Grasshoppers for Parasites

The grasshoppers, collected and preserved curlier, wore esaminad 

for internal and external parasites.



Censusing Predators and Evaluating their Effect on the Grasshoppers,

Birds.

The method of confusing birds-, described in detail by Tinbergen 

(1946) and Kcndeirh (1949)3 was used. This consists of counting tho 

number of singing males in the spring after thoy hava established thoir 

territories. It is assumed that all singing reales will attract a female 

and will roar young. Later in the season the territories are again 

chocked for activity and the nest or the approodnate position of ths 

nest is found. The progross in the rearing of tho young is followed 

throughout the season.

At the beginning of May several early Homing counts were made. 

From tho time of sunrise and for 2 hours afterwards the species and the 

position of each singing malo was recorded. This not only gave tho 

numbers of birds present but gave also an indication of the sice of tho 

territory of cadi individual bird. Special care was taken to evaluate 

the influence of those birds nesting at tho edge or just outside the 

field. As far as possible tho amount of time spent foraging in tho 

field was given. A bird which spends half tho time forcing in ths 

field and half outside is Djivan tho indox 1/2.

^hen the young wore being reared, a blind consisting of a collap­

sible frcine and a canvas cover was gradually- brought into position 

two foot from the nest. Dally observations of the food brought to tho 

young was made to distinguish both the species of grasshopper and tho
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instar. This ms only possible in few instances because of the speed 

with which the young were fed. The disadvantage of this method was the 

mortality of the birds from predation. The position of the blind near 

the nest revealed the nest to people wandering through the field as 

well as to mammalian predators.

Mice.

To determine which species of small mammals were in the experi­

mental plot, a grid of modified Sherman livetraps was used.

Tho meadow vole, HicrotuEgj2i j3eni^^ (Ord.), found commonly

in grasslands in Southern Ontario, is a vegetarian according to tho 

literature (Allee et al. 1949). An attempt was made to verify this by 

supplying a surplus of vegetable food and providing live grasshoppers.

Radioactive grasshoppers were fed to mice to determine the amount 

of radiation appearing in their droppings after certain time intervals. 

In order to assess whether grasshoppers were an important part of the 

diet of the vole, droppings were collected in the field after a number 

of radioactive grasshoppers had been released in part of the field.

A grid of flat aluminum squares (4” x 4”) was put out in tho field andtho 

droppings deposited on them collected at regular intervals and measured 

for radioactivity.

Emlen et al. (1953) elaborated a suggestion of Sady (1943) and 

found that mice tend to concentrate thoir droppings on smooth surfaces. 

They evaluated tho properties of different materials in this respect 

and concluded that, although the material had some influence, the main 

point was that tho surface was horizontal and smooth.
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Aluminum plates were used in this study because they are easily 

cleaned, an advantage when there is a possibility of radioactive contamina­

tion.

Twelve rows of 12 aluminum squares each were set out in the field. 

The rows and the individual squares were 7.5 metersapart. If droppings 

were found on a plate it was exchanged for a clean plate and the old 

one was taken to the laboratory and checked for radioactivity and cleaned. 

The ratio of radioactive and nonradioactive grasshoppers at the beginning 

of the experiment was found by malting the release of the radioactive 

grasshoppers, coincide with the weekly census. The census gave the 

number of nonradioactive grasshoppers, and a known number of radioactive 

were released. After an interval of a week (the duration of the experi­

ment) the grasshoppers collected in the regular census were checked for 

radioactivity. This gave the ratio at that time.

Praying Mantis.

In the field, praying mantis (Mantis religiose. L.) were censused 

at the same time and in the same way as the grasshoppers. Other mantis 

were reared in the laboratory. After hatching,the small mantis were fed 

on fruit flies (Drosophila melanogaster Meigen). The fruit flies were 

reared on a malt-molasses medium in pint bottles. The wild (winged) type 

was used at first but later it was found easier to use flies with vestigial 

wings. Every day a number of fruit flies was released in the cages in 

which the small mantis were being reared. Large mantis wore kept indi­

vidually in pint bottles with a cheesecloth top. A piece of paper was 

provided to give a foothold. Their food was house flies and grass-
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hoppers. Mantis wore fed grasshoppers of known radioactivity and then 

thoir own radioactivity was measured after throe days. Measuring the 

radioactivity was dono by pressing the whole animal with the ventral 

side against the probe of the Goiger-MUller Counter. ihe counts were 

done to the full minute after the count of a thousand had been reached. 

In cases of low radioactivity and nonradioactivity, the insect was 

counted for 10 minutes.

Outdoor Experiments on the Predator-Prey Relation between 
Mantis and Grasshoppers

In the field use was made of cages, measuring 2^ x 2 x 1 meter, 

constructed of wooden supports 2“ x 1" thick and green-painted, 16 

mosh-per-inch window screening (Pig. 9). Those were sot up near the 

woodside edge of an open field on the McMaster University campus. 

Each cage was stocked with three adult mantis and a varying number 

of radioactive adult end late nynphal red-legged grasshoppers (Molrno- 

plus fe^ur-rubgvn (De Geer)). Caro was taken to prevent escape of 

cither specios. After throe days the remaining mantis and grasshoppers 

wore collected and after a further three day interval their radioactivity

was measured.



RESULTS

General

The area chosen for this study being an uncultivated, unnoted 

field was less populated by grasshoppers, and apparently by other 

insects., than surrounding mowed areas, nevertheless in the first two 

years of the investigation it was practical to make a regular census 

throughout the season of grasshopper abundance and to study the factors 

responsible for mortality in the population. In 1959 and I960 hoover, 

the number of grasshoppers was so low that it was impractical to study 

the seasonal change in the grasshopper abundance. In these years the 

relation between praying-mantis and different prey-densities was 

examined more critically making use of radioactive phosphorus.

Grasshoppers

Seasonal Change in Abundance in Different Instars

Data on the seasonal change in abundance of the five nymphal 

instars and of the adults in two species of grasshoppers, Ihlanoplus 

femur-rubruEi (DeGeer) and Melanoplus bivittatus (Say), were obtained 

by a periodic sampling of grasshoppers from one square-meter areas, 

which were distributed according to a stratified randomness (seo 

Materials and Methods). Bic change in density in numbers/sq. m. both 

on the hill and in the field for 1957 are illustrated in Figs. 10-13

and for 1958 in Figs. 14-17. The actual numbers of each instar of
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each species collected on tho hills (in 25 sq. a.) and in the field

(in 50 sq» a.) io sham in fables I-VIII. The numbers in the collec­

tion taken during the latter part of tho 1953 season had to be halved, 

as they were based on ICO one sq. n. samples. Tao total number of 

grasshoppers in the study area are shown in.Figs. 18-21.

Average Rato of Mortality.

if the total number of grasshoppers per collection is clotted 

against time, tho slope of the curve will give an indication of the 

average mortality per time unit. Richards and ualoff (1954) describe 

a method to determine this mortality. The following is a quote;

“The analysis of the data is based on the assumption that once 

the nymphs have hatched there is an approximately steady 

mortality, so that the population can be represented by a 

formula after the type X = nKca whore T is tho population on 

day t, n tho peak number (ideally tho number which hatched) 

and K tho fraction of tho population which survives to tho 

end of a unit of time (in this case a day). After tho peak 

has been passed, tho logarithm of Y should follow a straight 

lino, since log Y = log n + t log K.

The logarithm of successive population estimates can bo 

usod in conjunction with the value of t (= day number) to 

determine a linear regression equation. The regression coeffic­

ient is the logarithm of the average fraction surviving por day 

and by putting in tho equation a value of t which corresponds 

to tho beginning of hatching, a value of log Y is obtained which

gives an estimate of tho size of tho initial population (pg. Ill)”



In liable IX end X this method has boon used for the calculation 

of the field populations of la^&3££±£^^ and Ho. biraittatnq. In the 

formula log 7 = log n + t log K, Y ~3 ^e accumulated number of grass­

hoppers of all instars and as these xTsre collected in Hie field, it is 

expressed as the number par 50 sq* motor* Tho numbors in the collect 

tions cade later in the season, when IGO one sq. m. samples ware taken, 

wore halved which explains the occurrence of half grasshoppers in the 

tables* 'die number of grasshoppers in the initial population (t » 0) 

is XU & ^® the ^s® ^ weeks since the beginning of the hatching with 

one week before the first grasshoppers wore found as the beginning of 

the hatch, and K the fraction that survives at the end of each tine 

unit* In the regression lino y - y + b(t - T), y = log X and b « log K* 

Iha So-called Species G*

1* Morphological Jvidenco for its Validity*

In the collection of 1953, specimens nob readily identified as 

either H. fqiu?»nS)?;n or rl.jQlvl.ttotuSa were found among the first 

instars* These grasshoppers wore tentatively designated as species C.

The first and second instar of M. fc-ry^ia: and <io.Jf^i‘ybativ3 

are distinguished by the following characteristics (Handford 1946)s

In the first and second instar of i^f^nr^^^^ ths xdiltiah 

crescent on the pronotal lobe is always present and it continues partway 

across the genu, while in those of UaJ^vd^ba^a t ie cruscoat is less 

pronounced and does nob roach the head region. The black band on the 

posterior femur in ^fc^wnf^w; covers the upper third of the lower 

chovrcns and the lower margin is somewhat irregular. In both species 

the blade band is unbroken.
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Species C differed from the first instar of the two common species 

in that it did not have the whitish crescent of the pronotal lobe continue 

partway across the gena, as in M, femur-rub rum, and the banding of the 

posterior femur was unlike that of IL bivittatus and more like that of 

M, femur-rub  rum, sometimes broken and often obscure or even lacking.

All second and older stages found wore those of the two common 

species.

2. Ecological Evidence for its Validity

The temperature in June 1958 was much below average (see Table XVI) 

and this influenced the mortality during that tine and also delayed the 

emergence of the later-hatching grasshoppers. The main portion of the 

first instars collected in early July was of species C and the main 

hatching took place in the northern part of the field. Because the 

later stages of M. femur-rub rum appeared to be 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 respectively a group of four 

and six stakes. This was done solely for convenience, as any other 

division vrould have been awbrard, due to tho arrangement of the stakes, 

which was dictated by the shape of the field. This grouping had no 

influence on the results however. Tho location and numbering of tho 

groups as well as the individual stakes in tho field are shown in Fig. 7. 

The number of each instar of grasshopper collected on July 10, 16, 23 

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

Table XI.
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Sex-ratios in Nymphs and Adults

Tho seas of the grasshoppers was recorded for all collections. 

The numbers for 1957 wore too lew to ba reliable. The data for 1953 

are summarized in Tables XII and XIII. These tables give the nunbars 

of males and females collected in the two species. The last column 

expresses tho number of males as a percentage of the number of females. 

In both species there was a consistent excess of females in the younger 

nymphal stages. In the older stages, namely in the fourth, fifth and 

adult of 11. faur-mbrgi, the ratio was approximately one to one. In 

the adults of 1-1, bivittatus there was an excess of males.

The females hatch earlier than the males, for instance tho 

percentage of males ever females in the first instars of & femur-rubrua 

in the collection of Eay 23 is 25^ and the combined percentage of males 

ovor females in the collection of June 4 and Juno 10 is 76^.

Evidence of Oviposition of Grasshoppers and ’Santis

On the sods of the fall collection of 1957, three egg-pods were 

found. One egg-ped was found in the spring collection of 1953. Two 

praying mantis obtheca were present in the fall collection and two in 

the spring collection.

Climate

The climatological observations were made, in part by the author, 

at the Hoyal Botanical Gardens, approximately two miles from tho experi­

mental plot. Observations wore taken at 7 a.m., 1 p.n. and 7 p.m. 

Eastern Standard Time (12, 18 and 24 hours G.E.T.). The average monthly 

temperature for 1957 and 1953 are listed in Tables XIV and XV. Tho

column headed ’’Deviation1’ lists the departure from the 20-year average.
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In Juno 1956, the month with a high mortality in ikJcw^rubriEi 

(Fig. 12), the temperature averaged much below normal. The average 

temperatures for the month in the ten-year period 1946-1957 is summarised 

in Table XVI. The average temperature in June 1956 is 6.2° F. below 

the average of the ten preceding years. Also the winter of 1958-1959 

was severe, as the following quote will illustrate (from the Monthly 

Meteorological Summary of the Meteorological Division, Department of 

Transport Canada for December 1958 at Hamilton, Ont.):

‘’Temperature averaged much below normal. Hot since 1918 had 

December been so cold (December 1918 mean temperature was 19.6° 

F,). Cold spell began on November 26th and lasted until 

December 26th with only brief warm intervals. The ten-day cold 

period from the 6th to the 16th was unusual for so early in the 

winter. Precipitation was much below normal. The mild spell 

on the 3rd and 4th malted most of the 4" snow carried over from 

November. The heaviest snowfall of the month was 2“ on the 

16th".

Parasites of tho Grasshoppers 

The most abundant parasite was the larva of the grasshopper mite, 

Eutrombidium trigonum (Hermann). In 1957 the infestation of mites 

occurred from July 19 to August 16 and reached a peak on August 2 when 

22% of M. femur-rubrum and 23% of 11, bivittatus wore infested with larval 

mites. Most grasshoppers had only one or two mites with eight being 

the maximum. In 1958 the incidence of mites was much lower, only a few

por cent of the grasshoppers of both species were infected.



The examination for internal parasites showed that lose than 

ono por cent of the grasshoppers were parasitized. Two meroithid 

nematodes infected one grasshopper and eight sarcophagid larvae 

were found.



Predators of the Grasshoppers

Birds

In 1956 a series of observations ms made at the nest of a Cat­

bird (Dumetella carobnensis L.), For a period of seven days (July 3 - 

July 10, 195$) the feeding of the three young in the nest was watched 

for a total of 27 hours, during which the young ware fed 125 tines. 

The food included 25 grasshoppers. In the same period the parents 

themselves were twice seen catching and eating a grasshopper. Other 

food fed to the young was: moths, caterpillars, spiders, aphids, 

beetles, an unidentified red flower and possibly praying-mantis.

The density of the grasshoppers in the territory of the Cat­

bird in the beginning of July was 0.40 grasshoppers/sq. m. Ihe 

approximate size of the feeding territory of the Catbird was two acres 

(8000 sq. m»).

The species and number of birds nesting in the field are 

summarised in Table XVII. The nests of some of these were watched from 

a blind but predation destroyed the nest before any significant data 

were obtained. Apart from the species breeding in the field, the fol- 

lowing species were regularly seen near or in the field: Mourning Dove 

(Zenaidura macroura carolinensis (L.)), Haizy Woodpecker (Dondrocopus 

villosus villosus (L.)), Downy Woodpecker (Dendrocopus pubescens medianus 

(Swainson)), Crested Flycatcher (Myiarchus crinitus (L.)), Mood Peowec 

(Contopus virens (L.)), Blue Jay (Cyanocitta cristata cristata (L.)), 

Crow (Corvus brachyrhynchos brackyrkynchos Brohm), Black-capped Chickadee
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( Purus atrieapillus atyicapilli^ (L.)), Red-breasted Nuthatch (Sitka 

canadensis L. ) , Cedar Waxwin" (fbnbycilla cedrorua Vicillot) , Starling 

(Sturnus vulgaris L.), Bobolink (DoliocwsnuE^^ L,), Baltimore

Oriole (Icterus gulbula (L.)), Bronzed Crackle ('auiseduo guiscalg 

aoneus (L.)), Cowbird (liolothrus ater at er (Boddaert)), Cardinal (Rich- 

raondena cardinal!s cardinalis (L.)), American Goldfinch (Spinas tristis 

tristis (L.)). Infrequent visitors war© several species of dawks. Owls, 

Heron, Killdeer,etc# Of tho above mentioned birds the following are 

known to eat grasshoppers: Heron, several Hawks, Killdeer, Hairy Wood­

pecker, Downy Woodpecker, Blue Jay, Crow, Catbird, Brown Thrasher, Robin, 

Starling, Meadowlark, Redwing, Bronzed Grackle, Ccwbird, Field Sparrow, 

Song Sparrow# 

Meadow Vole

Tho only species of small mammals collected in tho livetraps, 

was the Meadow Vole (Microtus p, pennsylvanians (Grd)). Also just one 

typo of droppings corresponding to that of the Meadow Volo was found 

on tho ”Emlenn squares.

Tho experiment done in the laboratory showed that voles, kept in 

cages with an oversupply of vegetable food, readily ate grasshoppers. 

They made a considerable effort to catch a live grasshopper and as soon 

as it was caught they ate it rapidly, When a radioactive grasshopper 

was fed to a mouse, its droppings became radioactive after a two-hour 

period. Tho radioactivity gradually increased, reaching a peak after 

approodiaately 24 hours. After 52 hours the droppings were still slightly 

radioactive but after this the radioactivity did not differ significantly 

from the background counts.



From August 18-21, a total of 2604 radioactive grasshoppers 

was released on the two acres in the north-west sector of the field. 

The census of August 20 shewed 35 grasshoppers in 24 sq. meter, while on 

August 26 this number was 55* Assuming an average number of 45 grass­

hoppers per 24 sq. meter, this would mean that of the total population 

(radioactive + nonradioactive grasshoppers) 14. op we re radioactive. The

following week of the 55 grasshoppers collected, 7 or 12.7% were radio­

active. The small difference in these percentages indicates that the 

mortality of the radioactive grasshoppers was approximately the same 

as that of the nonradioactive grasshoppers end that the use of radic- 

phosphorus at these concentrations has no deleterious effect on the 

grasshoppers. This is confirmed by Fuller, Riegert and Spinks (1954) 

for laboratory populations.

From August 20 - September 9 mouse droppings were collected 

every other day. However there was no significant difference in the 

level of the radioactivity of the droppings and that of the background. 

Praying Mantis

IJSeasonal Change in Abundance.

The collection of the praying mantis (Mantis religiosa L.) 

was made at the same time and in the same way as the grasshopper collec­

tions. In 1957 and 1953 they occurred in large numbers over the whole 

study area. The numbers in 1959 and I960 were much lower. The emergence

was much later than that of M. femur-rubrum and the peak numbers were 

reached, both on the hills and in the field, in the beginning of July 

(Fig. 22 and Table XVIII). The last unhatched oOthecae were found on



July 9j which indicates the end of the hatching. At the end of July 

the first adult praying mantis were collected and on August 28 the 

population comprised only adults. The first and only new egg case 

collected was found on that same date.

The mortality in the field in the period from July'3 to 

September 23 is calculated in the same way as already described for the 

grasshopper populations (see p, 1^) and the results are presented in 

Table XIX.

2. Radioactivity in Mantis Fed Radioactive Grasshoppers.

For the experiments with radioactive grasshoppore., it was of 

groat interest to know the amount of radioactivity taken up by the pray­

ing mantis. To each of a group of ton praying mantis, kept in separate 

pint-size bottles, a radioactive grasshopper was fed. Tho radioactivity 

in each praying mantis was measured on ten consecutive days, beginning 

one day after the feeding, the average radioactivity being expressed as 

tho percentage of the radioactivity of the grasshoppox* fed (Fig. 23). 

Three days after feeding, the radioactivity was approximately 50/> of tho 

initial amount. Another group of three praying mantis was fed radio­

active grasshoppers at three-day intervals, and the resulting radio­

activity was measured before each feeding. The results are summarised 

in Table XX. Although there is a small difference in the average person* 

tags radioactivity retained, the assumption in the following experiments 

that 50,-> of the radioactivity is lost during the throe-day period, is 

justified as an approximation.



The distribution of radiophosphorus in the body is presented in 

Table XXI. In this table the radioactivity of the different parts is 

expressed as a percentage of the sun of the radioactivity of all parts. 

The sun of the radioactivity of tho parts is approximately double of 

that of the intact animal 5 for tho obvious reason that the radioactive 

material is not concentrated in a small space but distributed through 

the whole body5 i.o.3 parts farther away from the probe of the Geiger- 

MUller Counter register lower than parts that are nearer.

Predation Experiments with Grasshoppers

The experiments in tho field have to bo described rather 

extensively. The main difficulty in this type of experiment is to recog­

nise whether the praying mantis have eaten one^ two or more grasshoppers 

in the three-day period. Tho distinction between eating grasshoppers or 

not is easy. Every grasshopper that might have been in tho cages before 

the experiment started was removed and only radioactive grasshoppers 

wore released in the cages. If after the three-day period tho praying 

mantis proved to be radioactive., it meant that one or more grasshoppers 

had been oaten. To ensure that the day on which the grasshopper(s) had 

boon caught would not influence the amount of measured radioactivity a 

tho praying mantis were counted three days after the end of the experi­

ment. Any difference in residual radioactivity from grasshoppers caught 

on the first day and from those caught on the last day of the experiment 

would bo small. In all cases it was assumed that tho radioactivity 

measured in tho praying mantis at the end of the experiments was half that 

of tho grasshoppers that were eaten.



Care was taken that the grasshoppers used in each cage were

approximately of the sane radioactivity. Under ideal conditions, if 

all the grasshoppers are of the same radioactivity, it would be possible 

to predict tho radioactivity of the praying mantis 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 between the grasshopper with the highest 

and the lowest radioactivity, was not greater then the radioactivity 

itself. Bscausc in tho field the Geiger-Mtiller Counter had to be used 

without tho electronic counting apparatus and the deflection of tho needle 

fluctuated, it was necessary to interpolate the values. As the scale 

was divided in one-tenth divisions, all counts were given to the nearest 

division. This will explain the occurrence of many grasshoppers with 

the same radioactivity. In reality it means that the grasshoppers are 

classed in multiples or 50 counts. Some examples of tho relation bet­

ween the radioactivity of the grasshoppers and that of the praying mantis 

in three experiments with five, ten and twenty grasshoppers per five sq. 

meter are given in Table XXII. As in all experiments three praying 

mantis were put in at the beginning.

Because the amount of solar radiation is lessened by the use of 

screened cages, the temperature near the ground in the cage was lower 

than that outside. This nay have increased mortality. The cages 

were inspected for possible openings before the experiment started, and 

it was felt that the escape of grasshoppers and praying mantis made littlo 

or no contribution to the change in numbers. Tae influence of predation
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diff era with the density of the grasshoppers. It is relatively high at 

low densities end lewer at high densities. From tho number that were 

put in and that were removed after the experiment, total mortality can 

ba calculated. The numbers were rounded to the nearest whole number.

A total of 35 cage-exporiisnts were made. Host of tho experi­

ments with low numbers per cage (i.e., 5p 10 and 20) and some experiments 

with 40 grasshoppers were done in 1959. From the results of those, it 

was found necessary to experiment at a higher density and in I960 owperi- 

monts with 80 grasshoppers per cage wore made.

Tho average density of the grasshoppers (Bq), tho number eaten 

(Nq) by a certain number of praying mantis (Np) and tho number eaten per 

praying mantis (No/Np ~ C) are collected in fable XXIII. Also given 

is the average density of tho praying mantis (Dp) for the duration of 

tho experiments.

The change in consumption with different densities of grasshoppers 

is shewn in Fig. 24. From the form of the curve it io possible to gain 

the impression that the maximum consumption of praying mantis io approxi­

mately ono and a half grasshoppers. However from actual observation 

it is known that this is much too lew. This was substantiated by 

further tests. A group of praying mantis in the laboratory, which wore 

kept in pint-sise containers, was presented with a surplus of grasshoppers 

and the consumption in terms of three-day periods calculated. Although 

there was a difference in tho capacity of tho individuals, with tho males 

especially eating less than the females, it was found that the average 

number oaten in throe days was approzdmatoly two to four times higher than

tho highest found in the outdoor cage-experiments.



Also of interest was tho time spent in eating. If this was 

very long., tho tiro available could bo a Halting factor in the consump­

tion of prey# Also the amount of satiation could have an influence on 

tho time spent eating.

To a group of praying mantis that had boon starved for ton days, 

grasshoppci’s ware supplied at a rate insuring that two grasshoppers 

wore always available to the praying mantis. The impression was that 

the level of satiation had a small effect on the time spent in consuming 

the grasshoppers. Only on the first day of tho experiment did tho 

mantis eat two or more grasshoppers in rapid succession. For example.) 

a praying mantis which ate three grasshoppops in a five-hour period, 

took eno hour for the first and one hour and 45 minutes for the second 

and third, subsequent grasshoppers eaten at greater time intervals were 

consumed in little mono than one hour. It can be said that on the 

average the time spent in the consumption of one grasshopper is one hour 

and a half. It can also be concluded from data that the time interval 

between feedings becomes longer when the satiation level rises.

Thore is also a marked change in behaviour with a rising satia­

tion level. When tho praying mantis had been starved, they showed a 

positive hunting reaction when a grasshopper is introduced. They stalk 

their prey from relatively largo distances and catch it in a short time. 

When they have been feeding for some days, they do not show tho hunting 

reaction as much and tho stalking is over much shorter distance# and 

often terminated without capture of prey.



Discussion
Grasshoppers

Many environmental factors affect tho size of a population of 

animals, Tho interpretation of thoso influences has been discussod 

fully in tho INTRODUCTION. Such factors as food, weather, competition, 

parasites and predators all may be of varying importance depending on 

tho conditions. The influence of predators on insect populations, 

especially on those at low density, is seldom examined quantitatively. 

In this study one of tho most important factors influencing tho low- 

density grasshopper population was predation. Thus, the role of pre­

dators was emphasized, although other factors wore considered, as well.

It was known from local sources that in 1956 the year before this 

study started, there had been a relatively high number of grasshoppers 

probably due to tho warn, dry spring and summer that had been experienced 

Although in the beginning of the 1958 season the number of first instar 

larvae promised a considerable increase over tho numbers in 1957, this 

number was drastically reduced because of a high mortality in the early 

instars, and the resulting density vias on the whole only slightly higher 

than in the preceding year. In 1959 and I960 tho density dropped to 

such a low level that it was of little value to continue tho weekly 

censuses. The grasshopper population was at low level generally 

throughout Ontario in these two years (Mac Nay 1959, I960).
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M. femur-rubrum showed a preference for a slightly different 

habitat than M. bivittatus. These two species are reported to have 

in principle the same habitat preference with possibly a wider range 

for M, femur-rubrum, both being most numerous in moister pastures 

(Brooks 1958). The spatial distribution of the two species in the 

present study is given in Table XI. Only the results of the collec­

tions on July 3, 10, 16 and 23, 1958 are given, but all the other 

collections show the same trend. Although there was a certain 

mixing, it could be said that M, bivittatus occurred more or less 

evenly distributed in the field, whereas 11. femur-rubrum frequented 

the north western part. The southern part of the field is moister 

in the spring and has a denser and higher cover of grasses. The 

cover in the northern part is more patchy, with quite low vegeta­

tion and a higher incidence of bare patches. The height of the cover 

will have an influence on the microclimate in which the insect lives. 

It is thought that at the densities at which the grasshoppers occur, 

interspecific canpetition is negligible, and it must be concluded that 

II. bivittatus has a lower temperature tolerance and a lower temperature 

optimum than M, femur-rubrum. This will bo confirmed by further 

data which will be discussed below.

Because of the southern exposure of the hills the emergence 

there is earlier than in tho field. It was felt that the two-week 

interval between censuses in 1957 was too long. For instance, in Fig. 

10 in the 5th stage of II, bivittatus the peak in the 5th instar is missed 

As the time interval between collections nears the average duration of 

the instars, the chance that a large portion of an instar will bo missed.



*7x11 bo larger and larger. Tha time necessary for a complete census 

of tho hill and tho field was from two to threo days. In the later 

part of 1?58 it often took three days to take 125 eno sq. n. samples. 

If it rained on tie day a collection was scheduled, tho collection was 

postponed to the next day, as it was found that when the grass was wet 

the grasshoppers ’were much more difficult to find and it ’was thought this 

would bias tho results. On only one occasion vias it necessary to 

postpone the collection for more than two days, namely at the beginning 

of September 1958, when in tho period between September 3 and 10 it 

rained for five out of seven consecutive days. Because of tho above 

reasons it was found impossible to increase the frequency of collections 

above that reached in 1958.

Lu Ibuur^r^rum occurred in higher numbers than Lu. bivitbatus 

and there was a marked difference in tho seasonal occurrence of the two 

species. In both 1957 and 1958 1-1, bivltt ntus hutched a week to fourteen 

days earlier than II.,, favr-^ivn. It had a rapid growth end had com­

pleted its cyclo at tho beginning of August, no II. bivittatus being found 

after August 16, 1957 nor after August 13, 1958. Us^-bmurisv^ was 

still found on September A, 1957 and September 23, 1958. This may result 

in the same instar in each of the species being influenced by different 

environmental conditions.

The mortality in 1958 from week to week was rather high, 

©specially in 11. bivittatuo. After a rather high early hatch in II. Ihmay 

rubrum, as compared with the preceding year, the mortality in tho beginning

of Juno was almost complete and only in the boginning of July, when tho



taperateQ rose appreciably, did the hatching of the rest of the popula­

tion., which no doubt had also been delayed by the cold weather, take 

placee The later hatching II. fCT!>rubrua grew from egg to adult under 

more favourable conditions. Because a sizeable portion of the eggs 

of K, femux^rubruu were delayed in their hatching -until a normally wanner 

season, the mortality in the remaining population of this species tends 

to be lessened. If the mortality in a population of Chorthipnus brumous 

(Thunb.), described by Richards and Ualoff (1954), io calculated for a 

period of a wook instead of a day, it compares readily -with the weekly 

mortality in the two llel anoplus species in the present study, 210

fraction of the total population that survives at tho end of a week is 

in G* brunneun approximately 0.73 as against respectively 0.S1 and 0,66 

in H& fomur-rubruji and I-, bivittatus.

Tho summer of 1958 presented a good example of the great influence 

the weather can have on the size of a population, Tae average temperature 

in Juno was far bolow normal and this lead to tho high mortality in Mj^aauij- 

rubrurx. Mo doubt II, bivittatus was influenced by those adverse conditions, 

but tho fact that mortality in this species was much lower, points again 

to what has boon concluded before, that this species lias a lover tempera­

ture tolerance than iIs_f<iSU£z23J^

After an early spring with temperatures much above normal, tho 

hatch in 1958 was early and development especially in 1', bivittutus was 

rapid. On May 10, 1953 a check for grasshoppers was made in tho field 

but no grasshoppers ware found. On Kay 20, after subsequent chocks had

shown that hatching had started, the first collection was made. in



^<\. bfo^ the hatch was practically completed and high numbers of 

tho second instar of ths species were found# During tho thiols month 

of June the temperature vac meh boles/ average although towards tho end 

tho temperature slowly increased, and tho mortality of both species was 

great# ias^feys^l^ disappeared completely in tho field#

h'hile tho precipitation in tho early part of tho 1955 season 

had been deficient, there fall, during July, August and September 

modi more rain than average, which had a detrimental influence on the 

oviposition# Thio is one of tho main reasons that tho number of grass- 

hoppers in 1959 was far below that in each of tho two preceding years#

The data collected by Eichards and Ualoff (1954) for Cjp^b^i 

brnunqus in 1948 “ 1951 in Ingland sheer a significant positive correla­

tion between nymphal mortality and temperature# Ihia is unexpected if 

thio is compared with laboratory o^ariconts where it was found that 

for most opcaics of insects tiara io en optimum temperature at which 

growth io the. highest and mortality tho lowest (Alice et a2,1949)# 

Richards and tialoff mention tho possibility of a wilt disease# This 

was suggested fro:?, their observations on tho np-gls in caga-oxpoiimnts# 

On the other hand. In a study of tho climatology of ES^JSS^JJSJlt. 

pozdeanus (Sauss#) done in Sasbatciiowan, IlacCarthy (1956) found that the 

most critical months for the development of a large adult population 

wore June, August and September of tho previous year end June in tho 

current year# July was lose important than any of tho ether months 

mentioned# Teupomture, especially daily' mini-m, wore meat important 

in Juno and August of ths previous year and daily' unriLaa influenced the 

populations more in tho previous August and two currant June# JunjJiine



■was important during August and more especially in September. Tae correla­

tion of ambers with the rainfall in tho previous August and September 

was high and negative. Tae hatching and development of the nympho of 

II. siemicanuo take place in June and July* while tho oviposition takes 

place in August and September. A significant positive correlation of 

temperature in tho previous Juno and tho current number suggest a lower 

mortality with higher temperatures in tie young stages. That the weather 

in July is not as important as in June seems to point to a lesser influence 

of tho weather on tho older stages. August and September have the greatest 

influence on the egg laying.

From what is known of the mortality in it., femur-rvbrum and 

II. bivittatus it can bo pointed out that these species seem, similar to 

H. moxicanus. That 11.  bivittatus did not react as much to the lew tem­

peratures in June as II. femur-rubrum., could also be because of the dif­

ference in development. II. bivittatus at that time occurs in later 

instars than it feruir-rabjrj.m.

Although at tho lew densities of grasshoppers encountered in tho 

experimental field it was impossible to collect enough different eggpods to 

judge the influence on them of parasites and predators, and of weather 

during the winter, it was apparent that tho abnormally low temperature 

during early December 1952, at a time of meagre snow cover, night liavo 

created a considerable mortality of eggs, another possible factor 

resulting in the lew numbers of first instars in the spring of 1959*

Tho almost absolute mortality of the young pymphal jl.femx^rubm 

in the beginning of tho season was an unexpected aid in determining tho 

identity of the species C. The delayed hatching of tho rest of the eggs
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took place at a tine when no i% fcrju>iwru:a wore present and when the 

main portion of U.„ bivittatus had reached the later stages. As no 

later stages of the unknown specice wore found, there -were only two 

possibilities, first that the mortality in the first instar -was 100^ 

and no later instars were produced and second that the first instar of 

species C was an unknown fora, at least in comparison with the -western 

grasshoppers described by Handford (1946), of either Z. f cmw?-rubra~t 

or Us bivittatuo.

Table XI, which gives the number of grasshoppers in each group 

of five sq. m. in the collections taken respectively one woek before, 

during the two weeks and one week after the main emergence of species C, 

shews a largo number of second stage II. fenur-ruhrum in the collections 

on July 16 and 23, especially in that part of the field containing the 

groups one to five, the same area where the main emergence of species G 

took place. The collection cn July 30 contains an appreciable number 

of third and fourth instars of II, fen^-rubrum. Thore was a small number 

of second, third and fourth instars of II, bi^ttotua in those same collec­

tions but this was small compared to those of I-.,£&au^cgubTw. From thio 

circumstantial evidence it has to bo concluded that species G was an un­

known fora of the first instar of II. femur-rubixm. Unfortunately tho 

identification of first instar grasshoppers is difficult because of a 

great variability in characteristics. Before tho ecological evidence was 

available, the species G was sent to R.H, Handford (Kamloops, D.C.) and 

R.C. Smith (Belleville, Ont.), who wore of the opinion that it was M. 

bivittatuss no doubt from the tiusontxsic point of view the only possible 

conclusion. It is quite possible that a few of the species C wore wrongly
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classified as such., and were really first instars of M. bivittatus, but 

that this number must have been small is shewn in Fig. 13. In this graph 

it appears that in the second and third instar,, after most of the grass­

hoppers had moulted? there are few that are delayed in their development.

Griddle (1933) and Faure (1933), working with Melanoplus bilituratus 

(Walker), produced much variation in colour, size and wing length by 

changing temperature, population-density and food. Brooks (1953) mentions 

the occurrence of climatically induced forms which differ qualitatively in 

M. bilituratus and K. borealis (Fieber). In a memorandum Putnam (1957) 

realises the occurrence of geographic variations in Mclanoplus m. mexicanus 

(Sauss.) collected in British Columbia, Saskatchewan and 1-Ianitoba.

A distinction has to be made between phase and form. According 

to Brooks (1958) a phase can be described as ”a variation due to different 

degrees of stimulation between individuals composing populations of 

different densities,leading to the appearance of distinct physical types 

that typically also differ in their physiology and behaviour11 and a form 

is "a variation due to climatic factors, especially those of temperature 

and humidity, leading to the appearance of a physical type that may 

also differ in behaviour1’.

At the densities of grasshoppers encountered in this study, it 

is highly unlikely that a change in physical type would have taken place. 

However, according to Putnam (1954) no Canadian species develops a true 

phase.
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In thia study no changes in behaviour were observed, and it must 

be concluded that, probably duo to climatic influences, a previously 

unknown form of H, femur-rubrum occurred. This was noticed because of 

the change in a characteristic used for identification. Ho doubt other 

variations in characteristics occur in grasshoppers that ’would bo identi­

fied as M, fomur-rubrurn. Variation in the banding of the hind femur 

has already been mentioned.

In both specios there was a consistent excess of females in the 

younger nymphal stages. In the older stages, namely the fourth, fifth 

and adult of M. femur-mbrum, the ratio was approximately one to one and 

in M. bivittatus adults there ’.as an excess of males. The high number 

of females in the first and second instars of Li, femur-rubrum is partly 

related to a difference in time of hatching. Tho females hatch earlier 

than males. Also, tho period just after hatching is very critical (Parker 

1957). Because later in tho hatch the temperature dropped, tho mortality 

among hutching males was larger than in the females. In the lator instars 

the mortality of the females must have been higher than that of the males 

to explain the changes in the sex-ratios. One possible factor is tho 

observed greater reaction to disturbances by tho males, which might have 

had an influence on the predation by malting it more difficult for predators

to catch them.



It is considered that at the levels of infostation found, the 

mites had little or no effect on the longevity,, activity, fecundity and 

mortality of the grasshoppers (Severin 1944)* At those low densities 

of grasshoppers, internal parasites played a small role in the regula­

tion of the numbers. This, of course, does not exclude the possibility 

that at higher densities the parasites will play a major role in tho 

control of the grasshopper.



Predators

Birds

Ths species nesting in the field are all common to this type of 

habitat. Tho nosts of most species are of necessity only slightly 

above tho ground level. Sane, as for instance tho Meadow lark and 

tho Sparrows, nest in or on tho ground while others prefer lew shrubs 

and trees. All spend a considerable time in or Just above the grassy 

cover of tho field.

From work done by L. Tinbergen and his co-workers (L. Tinbergen 

1949a 1955$ I960, Hook, Kook and Heikens i960) it was known that certain 

prey-species were only taken in appreciable numbers after they had 

occurred for some tics in high enough numbers. Another interesting 

phenomenon was that at higher densities, after an optimum had been 

reached, a prey-species would consume a progressively smaller portion 

of the total food.

The grasshopper density around the Catbird nest was from tho 

economic point of view low although it could bo compared with tho den­

sities found for Bupajus piniarius L. as reported by Mook, Mook and 

Heikens (i960). It is interesting to know that at this density twenty 

per cent of the food of the nestlings consisted of grasshoppers. If 

we can assume that the data are representative for the period, it would 

mean that with a consumption of one grasshopper per hour and a feeding 

day of 16 hours the mortality due to Catbird predation would bo 112 out 

of 3200 or 3.5% per week. In a period of one month the mortality duo
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to tho Catbird family will be of tho order of 25/S. Tao whole population 

of birds, if their feeding behaviour is comparable to that of the Catbird, 

will cat an appreciable percentage of the available grasshoppers* It 

is trail known that birds arc keen hunters* If one has seen the ease and 

speed with which birds detect and catch, which for tho human eye are vexy 

well camouflaged, prey-apeeics, e.g., tho Eu^olus moth, it is difficult 

to believe that any species, if acceptable as food by the birds, will bo 

free from their predation.

Hie above share that birds can play an important role as pre­

dators of grasshoppers and that more research lias to ba devoted to this 

predator-prey relationship. It will bo necessary to devise new methods 

or modify the old ones to a largo degree. Only in nostbax breeders 

has the use of a blind shown good results. If a method can be evolved 

to exclude losses duo to predation of nestlings, then this will also 

show good results with open no st breeders. A method using radioactive 

material s for labelling grasshoppers combined with tho use of mis tacts 

to catch tho birds at regular intervals to measure their radioactivity 

would make it possible to study the bird predation during the whole 

season. It was unfortunate that due to low numbers of grasshoppers 

in 1959 and I960 it was impossible to coilcot enough grasshoppers to 

use this method, although tho equipment was in readiness.

Voles

In the literature the Meadow Volo is described as being com­

pletely vegetarian (Allee ot al. 1949) and it was therefore interesting 

to find that in tho laboratory it readily ate grasshoppers. Thio was
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also noted for another species of vole and for other small nasals by 

Wragge, quoted in Pilchards and Ualoff (1954). Very few records of 

small mammals eating grasshoppers exists no doubt because of the groat 

difficulty experienced in tho identification of the food remains in 

the stomach.

Tho experiment done in 1958 showed that the Eoadow Volo dees 

not eat grasshoppers in great numbers. From the use of the “Emlon” 

squares it was found that the number of voles was low in the area used. 

Under these circumstances intraspecific competition for food will have 

been low. Although nothing is known about the reaction of voles to 

different densities of grasshoppers, Moiling (1959) mentions the reac­

tion of Mlcrotus to changes in density of the cocoon of the European 

Pine Sawfly, IJepdip_ra.cn sertifer (Geoff.). The incidence in the 

stomachs increased -three and a half times after tho larval drop when the 

density of cocoons was much higher than before. It must be noted, how­

ever, that even at this higher consumption N. sortifor comprised less 

than one percent of the volume of the stomach contents, and also that 

the densities of the cocoons were many times higher than tho highest 

density of grasshoppers found in this study. From the data collected, 

it must bo assumed that Nicrotus doos not, or very seldom, eat grass­

hoppers under natural conditions, and that it plays no role in the regula­

tion of the grasshopper population.

Praying Mantis.

The European praying mantis has been introduced only recently 

into North America. It was first found in the United States at Rochester, 

N.Y. in 1899, and in Ontario it was first reported at Carrying Place,

Jepdip_ra.cn
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north of Rochester in 1914 (James* 1948)» Judd (1947) reported that tho 

mantis was unusually abundant at Hamilton* Ontario in 1946* the first 

mention of tho occurrence of it in this locality. In 1947 end 1948 the 

mantis was newly recorded in Ancestor* Burlington and Aldershot (James* 

1948). Although tho actual appearance was probably earlier* these records 

show that the mantis is only recently established in Hamilton and the 

outlying districts,

Tho numbers in the experimental field showed that the mantis is by 

now well adapted to the habitat in which it occurs and that it can be 

important in the control of pasture and field crop insects. Further­

more it was apparent that* as the mantis was generally almost as abundant 

as the grasshoppers* it was one of the most important* if nob tho most 

important predator of the grasshoppers at least at the lew prey densities 

encountered. Therefore the mantis-grasshopper relationship was studied 

in greater detail.

As far as could be ascertained* no study of the predator-prey 

relationship with grasshoppers had been made. The only other predator- 

prey information is that of L. Tinbergen (1949* 1955* I960) on birds and 

forest insects* and of Moiling (1959) on small mammals preying on saw­

fly cocoons. On tho other hand a considerable amount of parasite-host 

infomation is available in the literature (e.g.* Burnett 1951* 1954* 

1958s De Bach and Smith 1941* 1947; UUyet 1949a* b).

Consideration was given to assessing tho predation of mantis on 

grasshoppers in tho experimental field using radioactive grasshoppers. 

However* this would give an indication of the consumption of prey at 

only one or a few levels of predator and prey * and in order to make
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reliable determinations of tho predation many radioactive Grasshoppers 

would have had to be released and a large number of mantis assessed for 

their level of radioactivity. In order to Galore tho mantis-grasshopper 

relation with different ratios of predators to prey large outdoor cages 

wore used so that the experimental habitat would bo dose to tho natural 

as far as weather, vegetation and other invertebrate life.

For a study of this kind it is necessary to measure the densities 

of both pray and predator as well as the number of prey attacked in a 

given period of time. Those measurements arc relatively easy to do in 

laboratory experiments, but in simulated field experiments and in field 

experiments tho latter will often bo difficult, especially whan no 

remains of the prey can give an indication of the number attacked or 

consumed,

No remains of dead grasshoppers were found in the outdoor cages. 

This is also commented upon by Putnam (1947), who mentions the acquisition 

of radioactivity by several soil-inhabiting wireworas (Elateridae), ground 

beetles (Carabidae) and darkling beetles (Tenobrionidae) in an experiment 

with radioactive grasshoppers. The radioactivity was most probably- 

picked up by scavenging.

Baldwin, Jacos and Welch (1955) describs a study of the preda­

tion of mosquito larvae and pupae with a radioactive tracer. They 

concluded that due to the difference in the amount of radioactivity in 

the prey, it was not possible to assess predation accurately. In their 

experiments the amount of radioactivity in the individual mosquitoes 

that were released in a group, differed in some instances as much as a 

factor 125 and this was, in all groups, not less than a factor 3.
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In the study heroin described/) this has to some extend been over­

come by using groups of grasshoppers that were more consistent in their 

amount of radioactivity and by using a short period of time for an experi­

ment. Tho latter meant that especially at the lower densities it was 

most often a question of deciding whether a praying mantis had or had 

not eaton one grasshopper. This meant that a comparatively high, number 

of experiments had to bo done.

In the study of host-parasite relations it was reported that at 

higher densities the parasites were attacking a lower percentage of the 

host and the relation between number of eggs laid and the host-density 

can ba described by a curve of continually decreasing slope,

Iha reaction of the individual predator (or parasite) to changes 

in prey-density can bo called the functional response., as compared to 

the increase in number of the predators with a higher food supply (or 

increase in parasites with increasing host-density) which can be termed 

the numerical response. In nature these two responses will work together. 

Most laboratory experiments have studied the functional response and the 

field studies are mostly concerned with tho numerical response (e.g., 

Morris et al. 1950, but seo also Tinbergen 1949a 1955 end I960) •

A number of mathematical equations have been worked out to 

describe tho effect of prey-density on tho number of prey attacked. 

Some of these will be discussed below and in the light of these, the 

results of the mantis-grasshopper experiments will bo examined.
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In 1935 Hicholson and Salley published a theory on tho regulation 

of numbers using a mathematical approach. Thio was based on a number 

of simplified assumptions regarding the properties of animals. They 

assumed among others that animals search at randan with respect to cash 

other and that the searching activity is constant and independent of 

host-end parasite-densities, and concluded that if a population of para­

sites traverses an area £, and a number u of tho objects sought remain 

undiscovered., while u' = tho number of objects present in the area at 

the beginning of searching, then the number of undiscovered objects in 

part of the area ds = uds and this is equivalent to the decrease -du 

in the number of undiscovered objects, i.o., 

uds = -du 

and sines u - u* when s = 0

then it follows that 

u = u*g*3 (1)

The area £ = also bP, where b = the area searched per female and P the 

number of female parasites. The number of eggs available is x ~ aP, 

where a = tho average number of oggs per female which is considered 

constant. It follows that

s = -ix. or a’x (2)

a

and the more hosts are available, the smaller will be the area in 

which a parasite can lay its complement eggs, or

3= (3)
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If (3) is inserted in (1)

u = u’o (4)

and the fraction of the original object discovered can be written as

ijia-ni = a -; ^ (5)
A similar equation has been proposed by Thompson (V&tts 1959).

From (1) it follows that

u*

* Klamp (1956) interprets the relation between number of eggs laid per
' female parasite and the number of hosts in Carcolla pbe_qa searching 
for Bupalus piniarius in a pine forest as rectilinear. It is interest­
ing to note that the densities of tho host described in his study are 
far below those in tho present investigation. Any deviation from a 
linear relationship will therefore be difficult to detect.

□ = In (u ) (6)

Nicholson end Bailey refer to the area traversed as ^ and the 

area covered by one parasite is the area of discovery

1 u’
A.O.D. = - In — (7)

P u

Thia is considered a constant, and in nonselective parasites the naan 

number of eggs laid per parasite per host equals th© area traversed. 

This implies that there is a linear response between the density of the 

prey and the number attacked. This has not been shown in most of the 

experiments done (Burnett, 1951, 1954, 1958$ De Bach and Smith, 1941, 

1947$ Uliyet, 1949a and b).*

In all these experiments tho response could be described by a 

curve with a continually decreasing slope. This is also the case in 

tho mantis-grasshopper experiments. Inis implies either that animals 

do not search at random or that Nicholson’s mathematical method is not

complete.
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Watts (1959) developed an equation in which it was realised that 

there is an upper limit to the number of hosts a parasite or predator 

can attach. This equation is as follows:

Na = PK (1 - e-aNopl"b) (8)

where N is the number attacked, No the initial number of hosts or prey., 
Wfi> WMV

P the number of parasites, K the maximum number of attacks that can be 

made per parasite and a and b are positive constants. In this equation 

the effect on the number attacked is explored. In its simplest form, 

when the number of parasites is constant, it can be written

Na = K' (1 - e’a’Wo) (9)

If P is a constant, PK will be a constant K1 and also aP^-“^ will be a 

constant a1.

In no experiments has K* been measured and it will ba influenced 

by temperature, presence of alternate hosts, etc.

Where only NQ and N& are measured as in most parasite data, 

equation (9) is changed to

In (10)
K'-Na

and K* has to be found by trial and error as that value that will 

straighten the line if In K> is plotted against L.
K*-Na

In the mantis experiments K* = K, because P = 1 and it is 

arbitrarily set at K = 1.45 and 1.50 (Fig. 25). That this value is far 

below the value found in the laboratory (K* = 3 - 6, seo p. 35) is 

because of the influence of alternate prey.

Of the total time spent in hunting, only a fraction v/ill be spent 

in hunting for grasshoppers and the rest is spent hunting flies, 

crickets, etc. It will dopond on the stimulus from the alternate proy- 

species how much this factor will be, but as it can be assumed that the
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density end number of alternate species available is constant during the 

experimental period, this will be the same in all the experiments with 

different grasshopper densities* As a result the total number of all 

prey increases and this is not a linear relationship but again can bo 

described by a curve with a continually decreasing elope, This implica­

tion trill be further discussed below.

That the hunting behaviour of animals can bo divided into 

different phases was recognised by Moiling (1959), Tais had been knoun 

by ethologists (N. Tinbergen 1951) and was described for the praying 

mantis by Rilling et al. (1959) and was also noted in laboratory experi­

ments by the author.

Rolling postulated that in the simplest situations the time spent 

in hunting can be at least divided into two components, the tine spent 

in searching and the time spent in handling th© prey, end the handling of 

the prey will result in a shorter time available for searching at higher 

densities. Ths simplest possible relationship between the number attacked 

and the number available is

y = bT_x (11)

where x - ^e number attacked, T the tins spent searching, £ the density 

of the p rey and a a constant equal to the rate of searching multiplied 

by the probability of finding a given prey (a = comparable with the

risk-factor R proposed by L. Tinbergen I960, see below.).
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If the total time available for hunting = 7^ then a fraction 

= by, where b = the time spent in handling one prey, will bo spent in tho 

handling of all attacked prey and

Tt “ by = ?s (12)

if (12) is substituted in (11)

y = a(Tt - by)x (13)

or

y = (U)

1 + abx

When tho constants a and b are not measured, thoy can be calculated 

from the straight line equation (from 14)

£ = -aby + Ttax (15)

When equation (14) is used to doscribe tho mantis-grasshopper 

relationship, a remarkably good fit between the observed and tho cal­

culated values is shown (P 0.95 s Fig* 26).

Tho time spent in hunting by the mantis lias to bo divided at 

least into three portions, the time spent in searching, presumably at 

random (or the time spent in ambush until a prey comes within its sphere 

of vision), the time spent in tho attack (i.e», the directed movement 

from the moment tho praying mantis sees its prey) and in addition the 

time spent in eating and possibly resting. The time spent in attacking 

will bo a function of the number attacked and it will shorten tho time 

available for searching with an additional, amount -dy if d = tho time 

taken for one prey. If this is included in (13), then
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y = a’(Tt - (b+d)y )x (16)

or

1 * a*(b+d)x
(17)

This was found by Hollins to escist in an experiment in which a human 

’’predator1* preyed upon sandpaper discs that wore presented in different 

densities. When the disc had to be found by touch5 the time to identify 

the disc was zero. When they had to be found by the sound of scratching., 

there was a distinct identification time, which was constant and it was 

seen that a, the instantaneous rate of discovery 3 became smaller with 

rising densities. If it is possible for equation (14) to describe 

accurately the relation between number of prey attacked and density of 

the prey, even when a is not constant^ then a must behave., according to 

Hollings in a certain fashion. From equation (13) b can bo expressed 

in terms of x5 % and a

b = iSJXZ (18)

ayx

and this substituted in (16) and simplified gives

a = _^_ (19)

1 + a*cx

Tins means that only when a is constant or is related as in (19)$ it 

will describe the response between density and number of attacks on the 

prey accurately. In the experiments with sandpaper discs by Hollings 

thio was the case.

Host of the experiments done neglect the influence of alternate 

prey or hosts., mainly because they are designed in such a way that no 

alternate hosts are available or because the densities and consumption

of the alternate hosts could net bo measured.
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L. Tinbergen (195?) workins with birds preying on forest insects 

presented the following ’’probability of encounter” hypothesis:

---2a - = —^2^---  (20) 

N& Nq ^a^a ‘ ^o^o

or 

a o a o o 
R

whore Na ~ the number of the prey a, Da and Do the respective densities 

and Ra and Ro = the respective risk indexes. Tho risk index is the 

proportionality factor which, in toe probability of encounter hypothesis, 

relates tho number of captives H to the density D and the searching time 

t, i.e.,

N = RDt (22)

This is similar to the instantaneous rate of discovery as used by 

Holling (1959).

Tinbergen reasons that, during a short period of time, changes 

in the density of the other species will be small and that 1^2 io a 

Ha 
constant. It was found that this possibility of encounter hypothesis 

alone cannot explain the relation between the density of a prey and 

its percentage in the food. At lew densities the consumption is too 

low. At moderate densities it is high and at high densities it is 

again below expectations. Only one other experiment comas to mind in 

which a similar response was found and that is that by Moiling (1959) in 

which mice searched for a number of buried cocoons and the alternate 

food was presented in surplus. This is possibly not directly comparable 

to the bird-insect data, because in tho latter tho alternate food had to
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be searched for, which vail have an influence on the total amount of food 

that can be collected.

From the data presented by Hollins (1959, Fig. 6, p. 307) it seems 

that the total amount of food eaten is appraxtmately constant for all 

densities of th© prey. The functional response of the nice undor these 

conditions shows an S-shaped rise to a maodmum consumption. From an 

experiment in which the cocoons were buried for different distances under 

the sand one can assume that the area in which the mouse can detect the 

cocoon is appreciable. This will have an influence on the time avail­

able for searching. If the density of the cocoons rises, than there will 

be a relatively larger portion of the time available fox’ searching and 

there is a certain density at which the mouse will always bo influenced 

by tho stimulus of the cocoon. There are two factors hero working 

against each other, the time needed for handling, which tends to shorten 

the tires available for searching at higher densities, and the decrease 

in the time spent searching per host due to the stimulus range of the 

host. The influence that each will have will depend upon its relative 

value. If the time spent in handling is large compared to tho decrease 

in time due to the stimulus range of tho host, as it is probably in tho 

praying mantis, then tho influence cf the latter will be masked by the 

former. If, on tho other hand, the total amount of food eaten io not 

constant, because of a low number of alternate prey, one will expect a 

curve with a continuously decreasing slope, the actual form deponding 

on the amount of alternate food available. also it was seen in the 

laboratory experiments that if tho mantis had been starved, the intensity 

of the attack wae higher and tho prey was stalked from a greater distance.
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Tho different mathematical models in relation to the mantis­

grasshopper experiment will be summarised below*

The assumption that an animal searches at random for the things 

they require for existence (Nicholson, 1933) does not seem to fit the 

mantis-grasshopper relation* If searching is at random and the arsa 

of discovery is constant, then a linear relationship between number 

attacked and the density of the prey would be expected, and there 

would be no upper limit to the number that could be attacked. From 

Fig*24 it can bo seen directly that there is an upper limit to the 

number of grasshoppers the mantis can attack, and tills limit can be cal­

culated using the model proposed by Helling (1959b),

From equation (15) £ and b can be calculated. In the mantis­

grasshopper studies it is not known if a is a constant but it can be 

assumed that b is, especially at the higher densities. From the data 

it follows that b = approximately 1.8, The maximum number of grass­

hoppers that can be attacked in the tine available will then be

“ _3_ = 1.67, From these data b is much larger than can bo explained 

b 1.8
by the time needed for handling the prey. Ulis probably is because b 

stands for a combination of different time consuming activities, i.e., 

eating, resting, grooming, etc. Of those, eating and resting will bo 

influenced by the satiation level.

The influence of the satiation level is strongly exemplified in 

the praying mantis* A starved mantis will actively pursue a potential 

prey, Leraas a satiated mantis does not react or reacts negatively by 

moving away from a grasshopper.
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From this it erm also bo concluded that., at least under extreme 

conditions-, tho satiation level also influences trio stirrulus range. 

The satiation level ’Jill differ at different densities of grasshoppars 

when tho number of alternate proy is low. From the good fit of the 

mantis-grasshopper data to the calculated values using equation (14) 

(Fig, 26) $ it must be concluded that this was not tho case or that tho 

influence of the change in the stimulus range will change a in such a 

way thata analogous to equation (16) a equation (14) still accurately 

describes the set of data. Of course, when in equation (16) c is 

small compared with b, tho influence of £ will bo masked by b and 

a deviation from equation (14) cannot be detected, This is probably 

the case in the mantis-grasshopper data. it is interesting to note 

that Holling assumes the predator or parasite to search at randan 

(this follows from equation (11)) if tho prey is distributed at randan. 

It now seems logical to amend the assumption of random searching and 

state that tho actual searching of animals is at randan but that the 

response to changes in tho density of tho objects sought is not linear 

because of a density-dependent time consuming behaviour.

The complexity of the model described by Watts (1959) makes it 

difficult to explain the deviation from tho straight lino in Fig. 25. 

If the maximum number of grasshoppers that can be eaten, as calculated 

above from equation (15) is 1.67, then this would mean an even greater 

deviation from the expected.
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Miller (1954) a describing the interaction of the spruce budworm 

and the parasite ?.pantelus fumiforann.o vior., could explain 71J of the 

sets of data with Watts1 mathematical model, It is not known if this 

same group of data has been described using Bolling’s model.

In tho mantis experiments it was not possible to measure tho 

density and the consumption of alternate species, Ibis excludes direct 

comparison of Tinbergen’s model with tho foregoing. Of tho above 

mentioned models, that of Rolling describes the data most accurately 

and tho mantis-grasshopper relationship can be described as follows!

1) Initially the praying mantis searches at random.

2) Tho activity is slowed down temporarily after each prey­

capture under influence of the satiation level, as a 

result the mantis is more active at low densities than 

at medium densities.

3) The upper limit of prey consumption is a function of tho 

total capacity for feed under the environmental circum­

stances encountered.

4) The actual form of the curve, describing tho mantis­

grasshopper relationship, will bo influenced by tho 

weather, and the density and relative id.sk of alternate 

prey-species.

Tho effect of tho praying mantis under natural conditions must 

bo considerable. From the cage experiments it can bo seen that even 

at low densities tho mortality duo to tho mantis predation is high.

Bi© densities of grasshoppers and of mantis in tho study area in 1957
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and 1?5& was comparable to that in the experiments with three grass­

hoppers per cagefl and in some parts of tho field the density was 

equivalent to that in the cages with six grasshoppers per cage. It 

must be concluded that at these densities of grasshoppers and praying 

mantisa this predation is one of the most important mortality factors^ 

if not tho most important one.
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In thio thosic a study of tho populations of two species of 

grasshoppers, Melanojjlusjfcm^^ (do Geor) and 11. bivuttatus (Say), 

carried out in an uncultivated field near Hamilton, Ontario, is described 

Ths period of 1956-1960, in which tho study was made, was one 

of low grasshopper densities. Thora was a marked difference in the 

seasonal occurrence and the habitat preference of the two grasshopper 

species. M. bivittatus could complete its life cycle in a lower tempera­

ture range than M. femur-rubrun. The mortality in both species was 

high, with the influence of the weather appreciable.

In 195^ an undos exited form of a grasshopper was present in the 

study area. On the basis of ecological evidence this was identified 

as an undescribad form of the first instar of M. femvr-rubrua.

In 1958 there was an excess of females in tho young stages of 

both species. in tho older stages the percentage of males/fcualos 

became gradually higher.

Besides tho weather, predation was an important mortality factor, 

while parasitism was of minor importance.

Of the predators studied, the praying mantis and birds are tho 

most important. Voles ate few, if any, grasshoppers.

65
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Tho praying mantis is the most important predator. Trie relation 

betwean the density of grasshoppers end the number consumed by the 

mantis is discussed* Several mathematical models were tested and that 

of Holling (1959) described the data the most accurately.

The relation between density and consumption is explained by 

assuming a decrease in the hunting-drive under the influence of the 

satiation level after each prey capture.
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TABLE I THE ACT'LL NUMBERS 0? 11. FEMUH-RUEAUi; COLLECTED

FROM 25 OBE SQ. METER SAMPLES UN THE HILLS in 1957

BATE I II III IV V Ad.

May 10 «w 0 0 •o 0 o

24 8 1 - 0 0 0

Juno 5 19 3 - co 0 0

20 23 5 1 ca 0 CO

July 4 6 11 4 2 0 •

18 w 9 8 co 1 0

August 2 — “ 4 3 1 7

16 W - 1 — 1 8

September 2 — 0 co 1 1 2

17 0 co m ■a M 0

I - V = nyiaphal stages

Ad. ~ adult stage
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TABLE II THE ACTUAL HUMBERS OF M. EIVITTATUO COLLECTED

FROM 25 ONE SQ. METER SAMPLES ON THE MILLS III 1957,

DATE I 11 III IV V Ad.

May 10 -----­

24 16 8 - - - -

June 5 1 11 10 7 1 -

20 1 7 5 4 2 1

July 4 - 4 2 - 1 3

18 -12-14

August 2

16

September 2

17 ..........................................

I - V = iiyniphal stages

Ad* » Adult stage
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TABLE III TIE ACTJAL NUMBERS OF K, g^^lW-I COLLECTED

FROM 50 OLE SQ. METER SAMPLES IN THE FIELD IM 1957,

DATE I II III IV V Ad.

May 10 ------

25 12----

Juno 7 -12---

21 10 2 1 - - -

July 5 6 1 2 1 - -

19 7 4 i - - -

August 1 -5621-

16 - - 3 6 12 -

September 4 ----14

17 ____--

I - V = Nymphal stages

Ad. = Adult stage
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TABLE IV THE ACTUAL LUMBERS OP IL BIVITTATUS COLLECTED

FROM 50 OKE SQ. KETER SAMPLES IM THE FIELD III 1957*

DATE I II III IV V Ad.

May 10 0 co 0 0 0

25 0 0 0 0 0

June 7 1 3 4 0 0 A

21 co •oa 5 3 1 «=»

July 5 1 0 1 1 3 4

19 — 1 0 19 ca j

August 1 0 0 0 1 1 4

16 0 0 0 cat 0 2

September 4 — 0 0 to *3 ■3

17 0 a* 0 •• 0 —

I - V = Kymphal stages

Ad. = Adult stage
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TABLE V THE ACTUAL NUMBEiiS GF M. FLimR-IWTi OjLuSGTED

FROM 25 ONE SQ. METER SABLES Gil THE HILES III 1958.

DATE I II III IV V Ad.

May 13 0 0 0 co 0 0

20 95 15 - co •• 0

28 31 17 7 0 co 0

Juno 3 19 15 3 0 «=» 0

11 3 3 9 1 co 0

19 8 4 2 1 0 0

27 16 - - 0 0 0

July 3 4 ~ 4 1 0 1

9 7 « - co 0 0

17 2 6 2 CM 0 CO

22 - 3 3 0 0 0

29 -26 1 0 0

August 5 8-7 4 1 —

12 12 1 6 3 1

20 Ho collection

26 » 0 * 1 1 0

September 9 - - 1 1 0 1

23 0 « “• co 0 0

30 o 0 *=» * 0 0

I - V - Ifymphal stamps

Ad. = Adult stage
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TABUS VI THE ACTUAL NUMBERS OF M, FiE-IUWdJBiaEI COLLECTED

FROM 50 ONE SQ. METER SAMPLES III THE FIELD IN 1953.

I - V » Nynphal stages

DATE I II III IV V Ad.

May 13 0 0 0 0 0 0

21 36 4 0 • 0 0

27 22 1 0 — — —

June 4 12 9 2 1 -OB 0

12 1 7 12 8 2 •

13 5 2 1 OB 0 0

24 0 * 0 0 • 0

July 3 0 0 «■ 0 — 0

10 3 0 0 0 •0 «

16 35 9.5 • • — 0

23 23.5 17 2 O* 0 0

30 1 3 12 2.5 1 —

August 6 0.5 4 13 1.5 — 0

13 0 0.5 4 1.5 1 0.5

20 0 0 7.5 8 1.5 1.5

28
\

CW 6.5 9 5 9.5

September 10 0 0.5 3 0.5 5.5

23 * 0 0.5 0.5 3

30 0 * 0 0 WB 0

Ad. = Adult stage
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TABLE VII WIE ACTUAL HUMBERS OF LL HLVITTATU3 COLLECTED

FROM 25 OHB 3Q. METER SAMPLES Oil THE HILLS III 1958.

DATE I II III XV V Ad.

I - V = Bymphal stages

May- 13 0 •• 0 0 «» —

20 13 16 7 *• 0 0

28 0 20 11 3 0 0

June 3 5 18 1 0 0

11 1 0 4 1 ca 0

19 2 3 11 8 2 0

27 1 0 6 0 3 0

July 3 0 0 0 2 5 1

9 0 1 «u 0 2 «=

17 0 2 2 1 1 4

22 0 2 1 0 — 2

29 o a* 1 1 0 3

August 5 0 0 1 1 •• 1

12 •n •* 0 0 — 0

20 Bo collection

26 0 0 0 0 0 0

September 9 0 0 0 — 0 0

23 0 0 0 0 • 0

30 0 0 0 0 0 0

Ad. = Adult stage
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TABLE VIII TUB ACTUAL NUMBERS OF H. BOTTTATUS COLLECTED

FROM $0 ONE SQ. METER SAMPLES IiJ THE FIELD 1H 1953

September 10

DATE I II III IV V Ad.

May 13 - - - ° ° °

21 3 12 1 - - -

2? 1 20 8 1 1 -

June 4 2 9 14 1 1 -

12 -331“°

18 1 3 14 10 7 1

24 - 3 9 7 7 -

July 3 - - 2 2 10 8

10 - 2 ° 1 8 8

16 - - 2 1 1 6

23 - 0.5 - - 1 12.5

30 - - 3 1 1 0.5

August 6 0.5 1.5 3 - 0.5 0.5

13 - - 0.5 - - -

20 -----­

28 ------

I - V = Uymphal stages

23 .................................. ........

30 ..........................................

Ad. a Adult stage
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TABLE IX

DATE

MORTALITY IN M. Fi&UlUHUBRUM FIELD 1958

t Y* y - log Y

Nay 13 O a

21 1 40

27 2 23

June 4 3 24

12 4 30

18 5 8

24 6

July 3 7

10 8 _£___

16 9 44.5 1.6532

23 10 42.5 1.6284

30 11 19.5 1.2900

August 6 12 19 1.2788

13 13 7.5 0.8751

20 14 18.5 1.2672

28 15 30 1.4771

SeptemborlO 17 9.5 0.9777

23 19 4 0.6021

30 20

* Total number all instars/50 sq. meter 
• See also text
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TABLE IX (continued)
MORTALITY IN M* FEMPfURUBHUM FIELD 1958

S (t) = 120

n =9

t = 13.3333

S (t^) = 1686 

Correction = 1600

S (t-t)2 = 86

S (y) = 11oOA96

7 = 1.2277

S (ty) = 140.0228 

Correction - 147*7328 

S (t-t)(y-y)= -7.7100

b = -0.0897 

log K = b

K = 0,8133

For explanation see text



83

TABLE X MORTALITY IN M. BIVITTATUS FIrLD 1953

DATE t Y* y = log Y

Mey 13 0 0

21 1 16

27 2 30

Juno 4 3 27

12 4

18 5 36 1.5563

24 6 26 1.4150

July 3 7 22 1.3424

10 8 19 1.2788

16 9 10 1.C000

23 10 14 1.1461

30 11 5.5 0.7404

August 6 12 6 0.7782

13 13 0.5 0.6990 - 1

20 14

28 15

SoptcnborlO 17

23 19

30 20

* Total number all instar s/50 sq. motor 
So# also text



TABLE X ilO^ALITi Ui M. BIVITTATU3 FULD 1958

3 (t) = 

n = 

t ~

S (t^) » 

Correction w

s (t-t)2 « 

3 (y) - 

y

3 (ty) ” 

Correction = 

3 (t-t)(y-y)=

b = 

loj K —

K «

9

9.0000

789

729

60

8.9562

0.9951

69.9295

80.6058

-10.6763

- 0.6639

b

0.6639

For explanation see text
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TABLE XI DISTRIBUTION OF ALL STAGES OF II. BIVI STATUS (b)p

21, Ma4iUBigL (f) AND LIE SO-CALLED 3?xiClnJ 0 ^cj

IN LIE FIELD DURING 1950.

JULY 10 JULY 16

GROUP b c f b c f

1 l-II 2-1 l-III 16-1 8-U

2 l-III
2-Ad.

6-1

3 l-II
1-Ad,

2-1 4-1

4 1-1

5 2-V
2-Ad,

1.5-Ad. 1-1

6 2-V 2-1

7 1-V 1-IV
1-Ad.

4-1 i-n

8 1-Ad. 0.5-V 0,5-1

9 2-V 0.5-V
0.5-Ad.

0.5-1 0.5-H

10 1-IV
1-V
3-Ad.

1-Ad.

I - V = nymphal stages
Ad, = adult stage
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TABLE XI (continued)
DISTRIBUTION OF ALL SPECIES OF II, BIVITTATUS (b).

b

M. FIOkR-RUBRUN (f) AHL THS SO-CALLED SPECIES C (c)

III THE FIELD DURING 1958

JULY 23 JULY 30

a f b c f GROUP

O.5=II
0.5-Ad.

15.5-1 8.5-11 1.5-111 1-11 1
l-III 0.5-IV 5.5-HI

2.5-IV
1-Ad. 4.5-1 1.5-H 1-m 0.5-H 2

0.5-IV 3.5-HI

1-V
1-Ad.

0.5-1 1*11 0.5-111 0.5-H 3
2.5-IH 
1-V

1-Ad. 0.5-1 0.5-H 0.5-V 0.5-Hl 4

1.5-Ad. 1-1 0.5-H 5
0.5-m

0.5-Ad. 6

1-Ad. 1-1 3-H 0.5-V 7
0.5-IH

3.5-Ad. 0.5-II 0.5-HI 8
0.5-V

0.5-Ad.
0.5-Ad. 

l-II 9

2-Ad. 0.5-1 0.5-H I-1 10

I — V = nymphal stages 
Ad. = adult stage
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Sia - PATIO IH iffilPHS AMD ADULTS

TABLE XII

Instax'

i^^l^z^ 1958

p ^/^

1 99 247 40

2 53 98 54

3 66 89 74

4 37 39 95

5 14 86

Ad. 20 23 87

TABLE XIII H. BIVrfTATJS 1953

Instar /j ^/^

1 6 23 26

2 30 86 35

3 49 73 67

4 26 29 90

5 27 27 100

Ad. 44 21 210
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TABLE XIV MONTHLY TEMPERATURE AND RAINFALL 1957

MONTH AVERAGE TEMP. DEVIATION1) RAINFALLS)

°F °F INCHES
HUMIDITY £
1 P.M. E.S.T.

JAN 19.8 -3.2 2.10 65

FEB 28.2 +5.7 2.56 67

MAR 35.9 <5.1 1.29 57

APR 47.2 +3.6 3.05 60

MAY 54.1 -0.4 4.20 59

JUN 67.1 +2.1 4.84 62

JUL 70.1 -0.9 2.07 59

AUG 67.4 -0.6 1.71 59

SEP 61.9 <0.1 3.51 60

OCT 50.2 +0.3 1.10 59

NOV 41.3 +3.8 1.72 66

DEC 33.8 +6.3 2.89 67

YEAR 48.2 +2.0 31.04 62

^^Deviation from 20 year average

2)10” snow taken as equivalent to 1” rain



TABLE XV MONTHLY TEMPERATURE AND RAINFALL 1953

w
V

kMONTH AVERAGE TEMP? 
OF

DEVIATION1) 

9F

RAINFALL2)

INCHES
HU21IDITY
1 P.M. K

JAN 25.3 +2.8 1.50 67

FEB 20.4 -2.1 1.63 62

MAR 36.0 +5.2 0.48 60

APR 47.7 +4.1 1.93 49

MAY 55.1 +0.6 1.70 45

JUN 60.7 -4.3 2.45 57

JUL 69.5 +1.5 4.37 59

AUG 68.5 0.0 3.32 57

SEP 62.2 +1.2 6.08 63

OCT 50,7 +2.2 1.11 61

NOV 41.6 +4.! 1.96 63

DEC 21.8 -5.2 0.63 66

YEAR 46.8 <0.6 23.35 59

^Deviation from 20 year average

2)10" snow taken as equivalent to 1” rain
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TABLE XVI AVERAGE TEMPERATURE (9?) PI JUME

1948 65.2 1954 67.5

1949 70.6 1955 67.1

1950 65.3 1956 66.2

1951 65.0 1957 67.1

1952 67.5 1958 60.7

1953 67.2 1948-1957 66.9
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TABLE XVH BIRD POPULATION IN TIE
IMMEDIATE LOCALE OF THS AREA UNDER STUDY

CLASSIFICATION (Family, genua and species) 1957 1953

Pioidae

Flicker (Colaptos suratus (L.)) - 0.5

tyrannidae

Eastern Kingbird (pannus tyrannus (L.)) - 1

Mimidao

Catbird (DuneColla carolinonsis (L.)) 4 2

Brown thrasher (Toxostoma rufum rufum (L,)) 1 or 2 1

Turdidae

Robin (Turdus migratorius (L.)) 2 1.5

Parulidao

Yellow Warbler (Dendroica petechia L.) - 1

Icteridae

Meadowlark (Stumolla mama (L.)) 2 1

Redwing (Agolaius phceniceus (L.)) 2 0

Fringillidao

(Eastern) Field Sparrow
(Spizella pusilia pusilia (Nilson)) 2 3*5

Song Sparrow (iiolospisa polcdia (Wilson)) 2
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TABLE XVIII NUMBER OF PRAYING MOHS COLLECTED Hi 1958

DATE HILL FIELD
par 25 sq. ra. par 50 sq. in.

JUNE 4 3 0

12 9 22

13 17 15

24 11 36

JULY 3 36 60

10 28 47

16 7 20.5

23 3 13

30 1 10.5

AUG 6 3 5

13 0 3.5

20 no collection 4.5

23 4 4*5

SEPT 10 0 2

23 0 0.5
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TABLE XIX MORTALITY IN PRAYING MAITHS IM 1958

DATE '7 ILG Np

JUNE 12 22

18 15

24 36

JULY 3 60 1.7782

10 47 1.6721

16 20.5 1.3118

23 13 1.2139

30 10.5 1.0212

AUG 6 5 O.6?9O

3.5 0.5441

20 4.5 0.6532

4.5 0.6532

SEPT 10 2 0.3010

23 0.5 0.6990 - 1

*Np = accumulated number of praying mantis
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TABLE XIX (continued)

MORTALITY IN PRAYING MANTIS IN 1953

S (t) = 135

n 

t

S (t2) 

correction

S (t-t)2

3 (y)

7

S (ty) 

collection 

3 (t-t)(y-y)

b

K

= 11

= 12.2

= 1759

= 1657

= 102

= 9.4467

= 0.8578

= 93*8047 

= 115.9363

= -22.1321

= -0.2174

= 0.6062
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TABLE XX TOTAL RADIOACTIVITY IM PRAYING MANTIS THREE DAYS AFTER
FEEDING GN RADIOACTIVE GRASSHOPPERS

£ OF RADIOACTIVITY OF GRASSHOPPERS FED
DAYS ii S2 w3

3 50 55 40

6 50 59 42

9 58 57 44

12 50 56 52

15 51 45

18 54 46

21 47 42

Average 51.4 55.5 44.4

TABUS XXI DISTRIBUTION OF RADIOACTIVITY IN PRAYING MANTIS 
10 DAYS AFTER FEEDING Oil RADIOACTIVE GRASSHOPPERS

HEAD

FORELEGS (2)

PHD end HINDLEGS (4)

PROTHORAX

THORAX

WINGS

ABDOMEN

5%

13^

1# 

113 

16,j

8%

35%
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TABLE XXXI LuVLL Or AAbXOACrxvIT'i Ci' CuUiwiAIui’Tx.-iuj iiiuX«i^l^>LD Eii) Gr 
rii/kYILG MANUS AT ‘LIE E<D OF A iiixij^-»LAxr EG^Eiiii-LiiiT 
(COUNTS PHA iiiNUIE ABOVE BACKGiiOUIJl))

iADIGAGTlVITZ xuFADIOACTiVlTI OF GAASSHOPPaIIS 
Ix^lLAoi^D IL CALEis

CAGE
PRAYING LALHS

a 250

300

300

300

300

153

L.R.A/'

ilo-ilo A»

i?2 250 300 103

250 300 NsR«Aa

250 300

300 300

300 400

j3 250 300 103

250 300 170

250 300

250 300

250 300

300 300

300 350

300 350

300 350

300 400

*N.R.A. a Not radioactive
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TABLE XXIII AVEiHGL trxiASSjiOf,P-i>Au DiLJoITI HI GUiDvOH GAOLS
AhD CONSUMPTION BI ONE PITTING MANTIS

Oq Dp K& Np C

3 2.4 6 - 7 15 0.43

6 2.3 10-11 14 0.75

13 2.5 16 - 18 16 1.06

2.8 16 - 18 13 1.30

58 3.0 12-14 9 1.44

Dq =3 Average density of grasshoppers per 5 sq. ru (i.e.^ average of 

those at tho start and those at the end)

Dp « Average density of praying mantis par 5 sq. m. (Lo,p average of 

those at the start and those at the end)

Mg « Number of grasshoppers consumed by Up

Np = Humber of praying mantis

C = Average consumption by one praying mantis
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Fig. 1 North west part of the study area..

with hill.

Fig. 2 North east part of the study area.

with hill.
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Fig. 3 South west part of the study area

Fig. 4 South east part of the study area
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Fig, 5 Vegetation in the south part of the field

with one of the stakes used for the grasshopper 

census.

Fig. 6 Bare patch in the north west part of the field.
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Fig. 7 Map of the experimental area showing the position of

the stakes used in the census of the grasshopper and 

praying mantis populations.

The field is divided in 10 parts (I - △), (see text).
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Fig. 8 Cage for the collection of grasshoppers and

praying mantis. Screen removed to show detail.

Fig. 9 Outdoor cage for the predation experiments 

with praying mantis.
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Fig. 10 The estimated numbers of 11. femur-rubrum per

sq. meter on the hills in 1957.

I - V = nymphal stages

Ad. = adult stage
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Fig. 11 Ths estimated numbers of M. femur-rubrum. per

sq. meter in the field in 1957.

I - V = nymphal stages

Ad. = adult stage
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The estimated numbers of M. bivittatus per sq. 

meter on the hills in 1957*

I - V = nymphal stages

Ad. = adult stage
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Fig. 13 The estimated numbers of a. bivittatus per sq

meter in the field in 1957.

I - V = nymphal stages

Ad. = adult stage
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Fig. 14 Tne estimated numbers of H. femur-rubrum per

sq. meter on the hills in 1958.

I - V = nymphal stages

Ad, = adult stage
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Fig. 15 The estimated numbers of Lit femur-rubrura per

sq. mster in tho field in 1958.

I - V = nymphal stages

Ad. = adult stage
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Fig. 16 The estimated numbers of M. biyittatus per sq

meter on the hills in 1958.

I - V = nymphal stages

Ad. = adult stage
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Fig. 17 The estimated numbers of 11. bivittatus par sq. 

meter in the field in 1953.

I - V = nyraphal stages

Ad. = adult stage
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Fig. 18 The estimated numbers of M, femur-rubrum in the

total area (hills and field) in 1957.

I - V = nymphal stages

Ad. = adult stage
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Fig. 19 The estimated numbers of IL bivittatus in the

total area (hills and field) in 1957.

I - V = nymphal stages

Ad. = adult stage
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Fig. 20 The estimated numbers of M^ fcnru^rubrum in the

total area (hills and field) in 1953.

I - V = nymphal stages

Ad. = adult stage
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Fie. a The estimated numbers of M, bivittatus in ths 

total area (hills and field) in 1958.

I - V = nymphal stages

Ad. = adult stage
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Fig. 22

(top two)

(bottom)

Estimated number of praying mantis per square 

meter in the field and on the hill, 1958 collection.

Estimated number of praying mantis in the study 

area, 1958 collection.



TO
TA

L N
U

M
BE

R PR
A

YI
N

G
 MA

N
TI

S





Fig. 23

Fig. 24

Average radioactivity in praying mantis in time

after feeding on a radioactive grasshopper. 

Radioactivity expressed in per cent of radio­

activity of the grasshopper fed5 and corrected 

to date of feeding.

Functional response of praying mantis searching for 

grasshoppers in outside cages.







PK
Fig. 25 Test of the hypothesis that log------—- = ANr

• Pk - Nq
is a straight 'Line; PK is equal to 1.45 and 1.50

respectively.

Data from Fig. 24.

Fig. 26 Test of tho equation y = —„
1 + abx

(P 0.95).
Data from Fig. 24.




