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This study was conducted to test the performance of 
four species of stored grain beetles in competition at 
three levels of moisture and temperature. The insects 
used in these tests weie the granary weevil, the rice 
weevil, the saw-toothed grain beetle and tilo rod flour 
beetle. The experiments were conducted at temperatures of 
90, 80, and 70 degrees Fahrenheit and at moisture levels 
of 15, 12, and 9 percent moisture content in two varieties 
of conercial wheat. Redmond variety commercial feed 
wheat was used for the majority of these tests. Several 
of the tests were duplicated using Idaed variety seed 
wheat. 

The competition studies were designed to test the 
performance of one species of grain beetle when reared in 
the presence of one or two other species. The procedure 
used was to obtain 50 adult insects of each species from 
stock cultures. These insects were picked at random and 
introduced into 250 gram samples of wheat in one pint 
containers and allowed to romain for one week. The 
initial adult population was then removed and the adult 
progeny were counted periodically to determine the size 
and time of appearance of the first generation. The 
following combinations of insects were tested: 

1. Granary weevil and saw-toothed grain beetle 
2. Granary weevil and red flour beetle 
3. Saw-toothed grain beetle and red flour beetle 
4. Granary weevil, saw-toothed grain beetle and red 

flour beetle 
5. Rice weevil and saw-toothed grain beetle 
6. Rice weevil and red flour beetle 



In addition to these combinations, all species of insects 
were reared alone in each test in order to compare the 
performance of the insects when in pure culture and when 
in competitive situations with the other species. 

The rice weevil was the best competitor of te four 
species and was less influenced by the presence of other 
species of beetles. The rice weevil has a wide range of 
temperature and moisture tolerance and, though considered 
a tropical species, it is a common and successful pest of 
stored grain in the Pacific Northwest. T7e granary weevil 
was a good competitor bocauso of its capacity to attack 
whole grains but did riot do as well as the rice weevil, 
probably because of its lower reproductive rate and 
longer life cycle. The granary weevil anct the rice weevil 
were well ad.justod to the conditions of these tests 
because of their ability as primary feeders in whole grain. 

Competition between weevils and bran bugs (the saw- 
toothed grain beetle and the red flour beetle) usually 
favored the bran bugs since the weevils chewed up the 
grain and made food material available to the bran bugs. 
In competition with weevils, the bran bugs usually 
appeared earlier than the former but ordinarily had 
smaller populations. 

In competition between bran bugs, the red flour 
beetle was almost always the dominant species. This was 
because of the ability of the red flour beetle to attack 
whole wheat grains and because of its extensive predation 
of the eggs and pupae of the saw-toothed grain beetle. 
The saw-toothed grain beetle and the red flour beetle 
usually produced larger populations in the presence of the 
rice weevil than when with the granary weevil. 

Where conditions of high temperature and moisture 
were present iii the grain, mold often formed. The pres- 
once of the mold may have been favorable to the two 
species of bran bugs. It lias been observed that when the 
granary weevil or the rice weevil is reared alone under 
high moisture conditions, there is considerable mold 
growth. When, however, the weevils are reared in the 
presence of one or two species of bran bugs, little or no 
mold is found. It is not known if the bran buns actually 
feed ori the mold but the results of these tests indicate 
that both species of bran bugs either feed on the mold or 
in some way inhibit its formation in grain at high moist- 
ure and. temperature levels. 

This work was performed as part of regional project 
WM-l6 (maintaining marketability of stored wheat through 
the control of insects) and was conducted unQer an 
assistantship granted by Oregon State College, Department 
of Entomology, Corvallis, Oregon. 
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INTERSPECIFIC COMPETITION AMONG FOUR SPECIES OF GRAIN 
BEETLES AT THREE TEMPERATURE AND MOISTURE LEVELS 

INTRODUCTION 

This study was concerned with a phase of the ecology 

of four species of beetles known to be pests of stored 

grain and commonly found in western Oregon. The beetles 

used were: the granary weevil, Sitophilus granarius (L.), 

the rice weevil, Sitophilus oryza (L.), the saw-toothed 

grain beetle, Oryzaephilus surinamensis (L.), and the rust 

red flour beetle, Tribolium castaneum (Hbst.). 

The primary objective of the research was to determine 

the gross competitive relationships of these species to one 

another and to measure the rate of reproduction of each 

species in association with one or two other species in a 

constant environment at several levels of temperature and 

moisture. A second objective of this work was to deter- 

mine the influence of one species on another in the same 

grain mass whether or not competition was actually involved. 

It has been suggested that competitive relationships 

exist between different species of beetles in stored grain. 

This series of experiments was conducted in an attempt to 

determine if the competition does, in fact, exist and to 

what extent it can be predicted or measured in experimental 

populations. In addition, it is desired to determine what 

degree of influence is exerted by one species on another 

within a range of temperature and moisture covering the 

extremes of conditions favorable to the development and 
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reproduction of each of the species. It has been 

determined, through surveys by the Department of Entomolo 

and other cooperating agencies, that the four species of 

beetles mentioned above are commonly found in western 

Oregon grain elevators and all are often found in the same 

grain mass. 

Considering the widespread occurrence of the species, 

several factors were studied in the laboratory in an 

attempt to determine the ability of these beetles to live 

and reproduce in association within an experimentally 

controlled environment. 

This project was supported by regional project VTM-16, 

(Maintaining marketability of stored wheat through the 

control of insects), and was conducted under an assistant- 

ship granted by Oregon State College, Department of 

Entomology, Corvallis, Oregon. 



ÌTEODS AND MATERIALS 

Experimental Equipment 

For the purpose of maintaining constant temperature 

and moisture levels In the experiments, three types of 

temperature cabinets were utilized. The first was a 

modified ice box having a capacity of about six cubic feet 

and supplied with a mercury thermo-regulator3- and mercury 

plunger relay system, and equipped with a small electric 

fan for air circulation. Heat for these cabinets was pro- 

vided by three 100 watt incandescent lamps which were wired 

to turn on when the temperature fell below that which was 

desired. The desired temperature level was preset on the 

thermo-regulator, which maintained temperature by opening 

and closing a switch operating on expansion and contraction 

of the mercury. (Figure 1). 

The second type of cabinet was designed as an incuba- 

tor or temperature cabinet and contained about twelve cubic 

feet of space. This box utilized the saine type of mercury 

thermo-regulator and relay system as the previous type with 

an electric fan for air circulation and with the heat pro- 

vided by resistance coils mounted in a metal duct in the 

rear of the box. As with the first type cabinet, this 

incubator was wired so that the circulating fan and heat 

1. Manufactured by J. P. Friez & Sons Co., Baltimore, 
Maryland. 
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elements both were activated when the temperature dropped 

below the desired level. The fans were not operated 

continuously because excess heat produced by the fan motors 

raised the temperature of the cabinet above the desired 

level. The second type cabinet was considerably more 

efficient than the first type because of its tighter con- 

struction and positive door latch arrangement. It likewise 

did not show the temperature and moisture stratification 

observed in the first type, which was probably caused by 

leakage and poor circulation qualities. (Figure 2). 

The third type of temperature cabinet was designed in 

this laboratory and was the most efficient of the three 

used. was made by modifying an eight 

cubic foot commercial refrigerator so that both heat and 

cold elements could be controlled. The evaporator was 

wired through a thermo-regulator- so that the temperature 

of the evaporator could be raised to allow a high humidity 

to be maintained in the cabinet. When the temperature of 

the evaporator was not controlled, it served to condense 

any moisture in the box as ice on the coils. Heat for the 

cabinet was provided by two loo watt resistance elements 

controlled by another thermo-regulator1-. A continuous 

service electric fan (1/loo horsepower at 1500 rpm) with a 

1. Manufactured by Fenwal Inc., Ashland, Mass. 



Fig. 2 - Standard 
incubator 

Fig. i - Temperature cabinet 
converted frorn Icebox 



six inch blade mounted. in the evaporator gave air circula- 

tion at all times and eliminated the temperature and 

moisture stratification observed in the other cabinets. 

(See Figures and 4). 

Temperature was checked in the tests by the use of 

bulb thermometers and a thermograph. (Figure 5). The 

thermometers and thermograph were calibrated with a single 

standard bulb thermometer. The moisture content of all 

grain samples was measured with an electronic moisture 

tester1. (Figure 6). Relative humidity within the cabi- 

nets was determined by means of a direct reading hygro- 

meter2. (Figure 7). 

Two types of containers were grain 

and insect cultures in the experiments. A one pint Seal- 

right carton was fitted with either a 32 mesh plastic 

screen or a 48 mesh brass wire screen. The brass wire 

screen was used in an attempt to prevent the granary weevils 

from chewing through the screen and escaping from the 

cartons. This procedure was not successful since the 

weevils were able to chew through the paper cartons when 

the populations were large. In other tests, a one pint 

wide mouth mason jar was used and the lid was provided with 

a 32 mesh plastic screen. (See Figure 8). The mason jar 

1. Steinlite, Type G, manufactured by Fred Stein Labora- 
tories, Atchison, Kansas. 

2. Manufactured by Serdex Inc., Eoston, Mass. 
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1'Ll*Ft 

Fig. 4 - Closeup of 
control apparatus in 
Fig. 3 
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Fig. 3 - Temperature cabinet 
from modified refrigerator 

Fig. 5 - Taylor 
Thermograph 



Fig. 7 - Direct 
reading hygrograph 

Fig. 6 - Electronic 
moisture tester 

Fig. 8 - Left to right - 
Plastic screen lid, wire 
screen lid, plastic 
screen 



was a superior container in that it was easier to convert 

and more economical. The granary weevil was unable to 

chew through the screen on the jar and no escape was ob- 

served. Its greater weight made the mason jar somewhat 

harder to handle than the Sealright carton and the possi- 

bility of breakage was always present. 

Experimental Methods 

The tests outlined in this paper were designed, as 

stated previously, to determine the degree of conpetïtion 

among the four beetles mentioned. The use of the term 

ttcompetition" is restricted to the relationships between 

the species involved and does not include wheat may be 

referred to as competition involving predators, parasites 

or other organisms commonly found in association with 

beetles in stored grain. This restricted definition is 

similar to that given by Birch (17, p. 11-12). 

The method used involved taking 50 adult insects of 

each species from stock cultures. These insects were 

picked at random and were introduced into 250 gram sam- 

ples of wheat in one pint containers and allowed to remain 

for one week. The initial adult population was then re- 

moved and the adult progeny were counted periodically to 

determine the size and time of appearance of the first 

generation. The purpose of removing the initial adult 

population after one week was to provide individuals of 
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approximately the same age for the competItion studies. 

The 250 crams of wheat used for the tests initially were 

allowed to stabilize at the desired moisture and tempera- 

turc for at least two weeks. This was done to insure a 

constant environment and to allow the rain to assume an 

equilibrium of moisture with the atmosphere of the cabi- 

nets. The use of fifty adult individuals was arbitrary 

and in two preliminary tests, 100 individuals were used. 

The use of 100 individuals resulted in large numbers of 

progeny and made countin difficult and time consuming. 

The number was reduced to fifty in the subsequent tests. 

The studies were conducted using the following combina- 

tions of insects: 

1. Granary weevil - saw-toothed grain beetle 

2. Granary weevil - red flour beetle 

3. Saw-toothed grain beetle - red flour beetle 

4. Granary weevil - saw-toothed grain beetle - red 

flour beetle 

5. Rice weevil - saw-toothed grain beetle 

G. Rice weevil - red flour beetle 

In addition to these combinations, all species of insects 

were reared alone in each test in order to comparo the 

performance of each species alone with that of the 

same insect in a competitive situation with the other 

species. ach pure culture contained the sanie number of 
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insects of each species as did the cultures used for 

competition studies. These cultures were replicated two 

times and will be referred to as control cultures. 

After the first adults emerged in the test cartons, 

the containers were examined weekly by separating the wheat 

from the insects and frass and other small grain particles 

in a double screening pan with holes 1/12 inch in diameter. 

The adult insects were counted, after which the wheat, 

insects and frass were returned to the carton and replaced 

in the temperature cabinet. All tests were replicated four 

times, statistical analysis of the two preliminary experi- 

inents indicating that the replication was sufficient. In 

the cabinets where there was some temperature and humidity 

stratification, the cartons were moved so that they occupied 

a different position in the cabinet each week. This allowed 

the cartons to be subjected to all temperature and moisture 

differences within the boxes. In tests where there were 

large numbers of insects, a one quarter horsepower rotary 

air pump was employed to capture them in a gas collecting 

bottle as they were counted. There was some mortality 

observed in the use of this method but it was considered 

negligible for the purposes of the test. The use of an air 

pump on smaller beetles such as the saw-toothed grain beetle 

may have affected the oviposition rate, but used only once 

each week, the beetles had sufficient time to recover and it 

probably did not influence the outcome of the tests. 
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In some of the tests at high moisture and temperature, 

there was some mold formation in cultures with the granary 

weevil. This was controlled for a short time in some tests 

to obtain further data by using a ten percent solution of 

sodium propionate on the wheat at the time when the insects 

were counted. This gave some control of the fungus, but in 

crowded cultures it was not completely effective. 

The wheat used in the experiments was a commercial 

feed wheat containing mostly Redmond variety. This wheat 

was used because it contained a large number of cracked and 

broken kernels which allowed the saw-toothed grain beetle 

and the red flour beetle to feed, as they do not readily 

attack whole kernels. Daniels (31, p. 247) and Birch 

(il, p. 323) state that the red flour beetle will attack 

whole grain but show a lower rate of development than in 

flour. Some of the tests were duplicated with a seed wheat 

of the Idaed variety which appeared to show somewhat more 

resistance to insect attack than the edmond type. Both 

varieties were raised in western Oregon under similar condí- 

tions, and both are soft winter wheat varieties. The pro- 

blem of resistance of wheat varieties will be discussed 

later in relation to specific tests. 

The insects used in the competition tests were procured 

from several sources. The granary weevil was present in 

the laboratory and had been cultured there for over three 
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years. The other species vere collected in the field by 

the author and the cultures started at the time that the 

initial experiments were begun. 

Regulation of temperature in the cabinets was by 

means of thermo-regulators as previously described. The 

tests were conducted on the basis of the moisture content 

of the grain rather than of the relative humidity of the 

cabinets. This was done because of the difficulty of 

accurately maintaining relative humidity where there was 

some leakage. Two pilot cartons, each containing 250 

grams of wheat, were placed on the top and bottom shelves 

containing the test cultures. The average moisture content 

of the two pilot samples was recorded and used as the basis 

for moisture regulation of the competition experiments. 

Humidity control was accomplished by introducing water into 

the cabinets to raise the humidity or, if the moisture was 

too high, calcium chloride to lower the humidity. Once 

stabilized, there was very little regulation necessary as 

long as the cabinets were not opened frequently. There was 

some temperature variation observed in the cabinets, but it 

usually amounted to less than three degrees Fahrenheit and 

was dependent on the temperature of the room containing the 

cabinets. It was impossible to maintain a constant temper 

ture in.tho laboratory, although the variation was never 

more than eight or ten degrees Fahrenheit. 
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In the initial stages of the problem, an attempt was 

made to control relative humidity by means of salt solu- 

tions as described by Spencer (75, p. 67). This method 

proved impractical because the air leakage in the cabinets 

caused the salt solutions to evaporate, thus destroying 

their purpose and making the solutions difficult to handle. 

Salt solutions used for control of relative humidity 

apparently are practicable only in small sealed containers. 

In a large temperature cabinet, even where there is suffi- 

cient air circulation, the small amount of leakage will 

cause the solutions to evaporate. The uso of a hygliograph 

with a hair element was i'.practical for measurement of 

relative humidity in these tests. It was discovered that a 

hygrograph will not maintain an accurate record over a wide 

range of humidity changes. 

Termination Criteria 

The various tests were conducted from 14 to as long as 

20 weeks. Several criteria were established to determine 

when the tests should be terminated. 

A. Reaching the level of complete emergence was the 

best criterion for termination of the tests. To continue 

the tests longer than necessary for sufficient data for 

statistical analysis was not desirable as the population 

rise made the tests difficult to count and increased the 
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possibility of error in counting, since many of the beetles 

were lodged in hollow kernels of grain and could not be 

removed by the screening method used in the tests. 

B. Lack of reproduction by any of the species tested 

in at ieast ten weeks was deemed sufficient to conclude the 

tests. 

C. The formation of mold or fungus in cultures at 

high temperature and moisture occasionally made it 

necessary to terminate some tests before the desired stage 

had been reached. 

D. Granary weevils in crowded cultures often chewed 

through the paper cartons or through the plastic screen and 

escaped, thus making counting inaccurate. 

Sources 2. Error 

It has been determined that there are several sources 

of error irtherent in this series of experiments but most of 

the error is equally applicable to all tests and replicates. 

A. Counting error. There is undoubtedly some error 

in counting, especially in the tests where large popula- 

tions of beetles were encountered. This may be minimized 

by the fact that all the tests and replicates were sub- 

jected to the same counting procedures and all handled in 

precisely the same way. 
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B. Insect inaccessibility. Insects made themselves 

unavailable for counting by crawling into hollow grains in 

some instances which constituted a definite, though 

possibly constant, source of error. 

C. Insect escape. Granary weevils in crowded popula- 

tions chewing through the cartons or plastic screen not 

only escaped but also made it possible for the other spe- 

cies to escape. In tests with high temperature and mois- 

ture, the saw-toothed grain beetle females laid eggs on 

the 32 mesh plastic screen and the first instar larvae 

were small enough to crawl out through the screen. This 

was apparent when the 48 mesh screen was used but no 

tests were performed to determine if there was any less 

escape with the smaller screen. 

D. Grain conditioning. Conditioning of the grain by 

excreted material caused a reduction in development time in 

some stages of bran bugs but did not seem to reduce 

longevity according to Crombie (26, p. 148 and 28, p. 

384-385). Conditioning in these tests may have had some 

influence on the free living larval stages of the saw- 

toothed grain beetle and the red flour beetle in large 

populations but the effect was difficult to detect in 

these experiments. 
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Historical 
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Nicholson (51, p. 101-105) in 1937, outlined the role 

of competition in studies of animal populations. He stated 

that a knowledge of competition was necessary for the 

understanding of natural control of animal populations. 

The competition described by Nicholson Included the consi- 

deration of parasites and predators and the relations of 

general ecological factors. In 1939, Park (57, p. 235-255) 

wrote a general review of population and competition 

studies. Included in this review was a proposed mathe- 

matical treatment of competition experiments. 

A comprehensive treatment of Interspecific competition 

by Crombie (30, p. 44-73) in 1947, stated that only density 

dependent factors can directly determine the outcome of 

competition. Crombie established three factors involved in 

interspecific competition; the organism itself, the physi- 

cal environment, and the biological environment. Working 

with experimental cultures and insect infestations in bulk 

grain, Crombie made a number of observations. He found 

that fecundity determines the upper limit of natality and 

that competition for space is apparent long before competi- 

tion for food. He also established that the rise of a 

population to its maximum value is independent of the ini- 

tial density of the species. Immature mortality of up to 
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99 percent in beetles in stored grain produces a large 

increase in the intensity of selection. A theoretical work 

by Brian (20, p. 339-347) in 1956, divided interspecies 

competition into two components; exploitation and inter- 

ference. Brian described competition as any interactive 

process that J..eads to differential growth and survival. 

Birch (17, p. 5-18) in 1957, defined and described the 

various levels of competition considered in population 

studies. 

A number of good reviews and summaries of competition 

studies have recently been published. Andrewartha and 

Birch (4, p. 399-488) reviewed the problem of competition 

and much of the experimental work in insect competition. 

Solomon (73, p. 235-248 and 74, p. 121-142) wrote exten- 

sively on the population dynamics of storage pests and of 

insect populations in general. Uvarov (80, p. 1-247), in 

1931, reviewed the previous experimental work on the rela- 

tion of insects to temperature and moisture. 

Mathematical 

A number of theories have been proposed in an attempt 

to predict the rate of growth of a population or the out- 

come of competition involving two species. The first, 

proposed by Volterra in 1925, was a mathematical analysis 

of population growth. This theory was modified by Lotka 

(46, p. 461-469) in 1932. Lotka stated that the formula, 



as modified, was applicable to any two competing popula- 

tions. It subsequently has been referred to as the Lotka- 

Volterra theory. Andrewartha and Birch (3, p. 174-177) 

published a criticism of the Lotka-Volterra theory claiming 

that it was not applicable to all insect populations. Cole 

(22, p. 411-424) in a 1949 paper, proposed a coefficient of 

interspecific association. This coefficient was expressed 

as the number of occurrences of two species in association 

more often than would be expected on the basis of chance. 

An excellent review of the use of the genus Tribolium 

as a model for ecological studies was published by Neyman, 

park and Scott (50, p. 41-79) in a 1956 work on mathematics 

and statistical probability. The paper covered population 

studies of Tribolium thoroughly from both the biological 

and statistical standpoints. Much of the work on inter- 

species and intraspecies competition was reviewed and 

several criteria established for the conduct of experimenta- 

tion on intraspecies and interspecies competition. 

Expe rimontai 

In addition to the experimental work on competition in 

stored grain insects, considerable work has been performed 

with other groups of animals. These have been chiefly in- 

vertebrates in situations where the environment was easily 

controlled. The principles involved in these experiments 
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are similar to those used with stored grain insects and add 

greatly to the knowledge of intraspecies and interspecies 

competition. 

Frank (35, p. 178-204) studied competition in Daphnia 

and Simocephalus in single and two species cultures. In 

control cultures, both species reacted in the same manner 

but together one was always eliminated. According to Frank, 

this was caused by differential natality and mortality of 

the two species. Birth and death rates of the two species 

in mixed populations were related to the population den- 

sity. Competition between two species of Drosophila was 

studied by Merreil (48, p. 159-169) in experiments covering 

more than two years. Merrell stated that only larval 

competition was observed, with melanogaster dominant on 

renewed medium and funebris dominant on unrenewed medium. 

No adult competition was noted in mixed populations and 

the presence of females of one species did not affect egg 

laying of the other. In populations of Lucilia cuprina, 

Nicholson (52, p. 477) reported only larval competition in 

flies reared on meat in a constant environment. Omori 

(54, p. 895-915) stated that two distinct species of Cfriex 

would cross-copulate readily but that no viable eggs were 

produced. He reported that one species was always un- 

affected in mixed populations and that the other species 

declined rapidly after laying abnormal eggs. High tempera- 

tures accelerated this reaction. In a study of competition 
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between two species of bean weevils, Utida (79, p. 301-307) 

found several factors operating in competition and referred 

to them as aspects of interference. These factors pointed 

to considerable mechanical interference in copulation, egg 

mortality, and competition for food and. oviposition sites. 

Utida claimed that parasitism was more important than 

competition in the regulation of population numbers. 

Experimental studies of intraspecific and interspeci- 

fic competition have been reported on by several authors. 

In 1941, Park, Gregg and Lutherman (63, p. 395-430) tested 

competition in three species of granary beetles. It was 

established that one species was always dominant over the 

other two species in a particular environmental condition. 

A sequence of dominance was reported, one species being 

dominant, the second intermediat and the third always 

inferior to the other two. Park and his co-workers stated 

that this condition of dominance could be upset by changing 

the initial population density to favor the intermediate 

species, in which case it became the dominant species. In 

an experiment using all three species, the sequence of 

dominance was constant as predicted by the results of the 

two species experiments. 

Several species of stored grain insects have been used 

in competition studies by various authors. The most widely 

used have been the two common species of beetles of the 

genus Tribolium. These beetles have several advantages in 
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competition studies; they are easily cultured In large 

nunibers, are easy to handle, and are closely related, hay- 

ing similar biological and physical requirements. park 

(58, p. 265-307) studied competition in flour beetles and 

reported that both species of Tribolium have about the same 

population density when reared alone, but that one is 

always dominant in competition. Park proposed several 

possible ways in which species of Tribolium could influence 

each other when reared together and some of the reasons for 

this lnfiuence. In a study of the influence of temperature 

and moisture on competition in flour beetles, (59, p. 

177-238) Park reported that a higher relative humidity al- 

ways produces higher population densities than low humidity 

regardless of temperature. He stated also that a higher 

temperature appears to intensify competition while low 

temperature causes it to be relaxed. 

park listed several factors operating in a Tribolium 

ecosystem; physical environment, population processes and 

survival responses. These factors are all interrelated in 

some way. Park's conclusions wore based mostly on the end 

results of competition rather than upon the principles 

involved in the production of those results. The relation 

of initial species proportion to competitive outcome (60, 

p. 22-40) was studied by Park in populations of Tribolium. 

He made the tentative suggestion that the interaction of 
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climate with interspecies competition is moro important 

than the interaction of initial proportion with inter- 

species competition. He described three levels of inter- 

acting processes prevailing in the tests; physiological, 

intraspecific and interspecific. Park demonstrated that 

the losing species, in this case T. confusum, produced an 

increased number of males in the later stages of the test. 

This increase persisted and eventually led to the elimina- 

tion of all females in the culture. 

Miller (49, p. 217-221) investigated the two species 

of Tribolium comparing their performance in wheat storage 

and flour milling establishments. He found that T. 

confusum was the dominant species in flour and T. 

castaneurn in wheat. Birch, park and Frank (18, p. 116-132) 

made an analysis of the effect of density on the net 

fecundity of the two species of flour beetles. They showed 

that in single species populations, T. castaneum had a 

higher net fecundity at all densities. They stated that 

total cannibalism increased but that the rate of cannibal- 

ism decreased at higher population densities. In mixed 

species populations it was shown that T. confusum had a 

higher fecundity and that the effect of competition was not 

accounted for by cannibalism, as there was no specific egg 

preference in either species. 
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park and Lloyd (64, p. 235-240) attempted to discover 

whether the outcome of competition could be influenced by 

selection. Their experiments were performed with a culture 

of T. confusu.m which had been an unpredicted dominant 

species over T. castaneuri in a previous experiment. The 

culture was placed in competition with T. castaneum under 

the conditions of the previous test. The results of the 

test were the same as those of the previous test, with T. 

castaneum stii.lbeing the dominant species in 90% of the 

replicates. These results tended to refute an earlier 

hypothesis proposed by Park and Lloyd, which held that 

ability to compete could be selected and the possibility 

that any selection taking place not of 

tensity to reverse the outcome of competition. 

Birch (15, p. 136-144) contributed considerable infor- 

mation In a study on the relation between innate capacity 

for increase and survival of different species in competi- 

tion. Birch found that only the species with the higher 

innate capacity for increase could survive. He said that 

the results of competition could be changed by altering the 

food or temperature-moisture relationships to favor the 

less dominant species. Birch claimed that the outcome of 

competition could be predicted with single species tests by 

measuring the innate capacity for increase, unless one 

species interferred directly with the increase of the other. 
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Birch noted that there was a possibility of genetic change 

In Insects in continued experiments. 

Crombie (25, p. 311-340) stated in a paper on the 

effect of crowding on oviposition, that adult crowding had 

a depressing effect on oviposition but that egg fertility 

was not influenced. Crombie showed that the depression of 

oviposition rate was the result of competition for egg lay- 

ing sites. In a series of experiments on the effect of 

crowding on the natality of grain insects, Crombie (27, p. 

77-98) demonstrated with Tribolium confusum end Oryzae- 

philus surinamensis in competition that interference with 

gravid females reduced the fecundity of both species. He 

reported that the fecundity of the saw-toothed grain beetle 

(Oryzaephilus)was reduced more than that of Tribolium when 

the two species were in competition. This effect was caused 

by greater interference and egg predation by Tribolium. 

Cronibie stated that the outcome of competition and the rate 

of growth of populations would depend on the relative rates 

of cannibalism and predation of the species involved. 

According to these tests, Tribolium demonstrated a consi- 

derably higher fecundity rate when reared in competition 

with Oryzaephilus than when alone. Crombie, in another 

paper on competition In grain Insects (28, p. 388), 

stated that in wheat, populations in conditioned medium 

were eliminated by larval mortality rather than by 
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cessation of oviposition. In a serles of experiments with 

I. confusum and Oryzaephilus, Crombie (29, p. 76-109) 

observed that Triboliuni drove out Oryzaephilus because of 

predation, mostly on the pupae of Oryzaephllus, but that 
both species could survive in wheat. He stated that the 

equilibrium of Triboliuxn populations was depressed when in 

competition with Oryzaephilus. Yoshida (83, p. 117-126) 

tested competition in two species of rice weevils at 
several temperature levels. He reported that different 
temperature conditions would change the outcome of competi- 

tion but that the species having the highest value of 

potential increase would be more successful over a range of 

temperature conditions. Yoshida also stated that different 
results between replicates of the same test were due to 

individual variation in rates of reproduction within the 

insect species. Richards (68, p. 4) suggested the 

possibility that in granary weevil populations, most of 

the eggs were laid by a few exceptional individuals. 
Commenting on the ability of flour beetles (Triboliuxn) 

to breed in wheat, Birch (11, p. 322-324) stated that both 

species of beetles were able to breed in wheat but at a 

lower rate than in flour. He also found that with the two 

species in competition, T. confusum was generally success- 

ful and had a lower larval mortality at 28.5 degrees centi- 
grade and 75% relative humidity than did T. castaneum. 
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According to Daniels (31, P. 247), moisture content of 

wheat was the most important factor in the mortality of 

flour beetles. He stated that T. confusum did greater 

damage to wheat than T. castaneuni and had a higher repro- 

duction rate, since T. confusum was more tolerant to a 

lower moisture content. Turney (78, p. 8) observed that 

the reproduction of the saw-toothed grain beetle increased 

with a higher percentage of cracked wheat and higher wheat 

moisture. 



RESULTS OF COMPETITION EXPERIMENTS 

I ntroduc ti. On 

The competition tests described below were conducted 

at three temperature levels; 90, 84 and 70 degrees 

Fahrenheit, and at three levels of moisture content; 15, 

12, and 9 percent. These levels were selected in order to 

produce optimum and extreme conditions of environment for 

each of the species included in the experiments. In some 

of the associations studied, the extremes of moisture and 

temperatuTe prevented reproduction or development of the 

various species used. This was to be expected on the 

basis of previous work (10, 33, 40, 59, 61, 65, 68, 70, 

77, 81). It will be shown that some of the species were 

able to reproduce and develop in the presence of another 

species where they were unable to do so alone. A number 

of the associations formed in the experiments can not be 

called competition in the most strict sense. This like- 

wise was predicted, one of the objectives of the research 

being the determination of the influence of one species on 

another whether or not competition was manifested. 

As stated previously, the moisture content of the 

experimental cultures was regulated by measuring the 

moisture of two samples of uninfested grain placed in a 

temperature cabinet with the competition tests. Four of 

the experiments were duplicated using a wheat of the 
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variety Idaed. Table 1 shows the average moisture content 

and the range of moisture variation along with the wheat 

variety for each test conducted. 

The mean size of the first generation of each insect 

used in the tests in each competitive association is shown 

in the appendix. All four replicates of the observations 

utilized for statistical analysis are represented in these 

tables and the mean of the four replicates and the standard 

error of the mean also are presented. The differences in 

the means of the first generation for each test and the 

statistical significance of each test combination are 

given in table 12. These data will be referred to in the 

treatment of the individual tests. 

For purposes of brevity in the presentation of 

tabular material, the four insect species used in te 

experiments will be assigned letter designations as 

follows: 

GW - Granary weevil 

RW - Rice weevil 

STGB - Saw-toothed grain beetle 

RFB - Red flour beetle 
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TABLE i 

Average Range of 
Test Tempera- Moisture moisture Wheat 
Number ture (F.) (%) (%) Variety 

1 90 14.97 .94 Redmond 

2 90 12.08 .84 Redmond 

3 90 12.11 1.66 Idaed 

4 90 8.97 .71 Redmond 

5 90 9.08 1.95 Idaed 

6 80 14.95 1.19 Redmond 

7 80 12.05 .71 Redmond 

8 80 12.01 .75 Idaed 

9 80 9.05 .67 Redmond 

10 80 9.2 1.14 Idaed 

11 70 14.99 .51 Idaed 

12 70 12.01 .77 Redmond 

Test i 

Test number 1, conducted at high moisture and tempera- 

ture, yielded quite high average populations. The largest 

populations within the test were produced by the rice 

weevil, which was favored by the high moisture level of 

the grain. All species reproduced in the test and all 

replicates were fairly consistent. Table 2 gives the time 

of the first emergence and the time of appearance of the 
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first generation for all combinations in competition, 
and 

for the control cultures. The average size of the first 

generation and the standard error of the mean for the 

competitive combinations also are shown in table 2. 

The granary weevil was highly successful in test 1, 

reproducing greater numbers than the associated species 
in 

all cases. In competition with the saw-toothed grain 

beetle, the granary weevil emerged three weeks later but 

its first generation was somewhat larger than that of the 

saw-toothed grain beetle. In association with the red 

flour beetle, the granary weevil had a larger first 

generation than it did with the saw-toothed grain beetle. 

In competition with both the saw-toothed grain beetle and 

the red flour beetle, the granary weevil produced a larger 

first generation than with either species. (See table 2). 

The first generation was considerably larger than that of 

the other species. The difference between the size of the 

first generation of the granary weevil in association with 

the saw-toothed grain beetle as compared to that with both 

species was significant at the 1% significance level 

(table 12). This might indicate that the granary weevil 

was favored by the oresence of both species or that com- 

petition between the saw-toothed grain beetle and the red 

flour beetle enabled the granary weevil to feed and ovi- 

posit with little interference from the two associated 

species. The control (single species) populations of the 
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granary weevil produced larger generations than when in 

association with either or both of the other species. 

TABLE 2 

Test 1. Time of first emergence, time of first generation, 
and average size and standard error of mean of 
first generation. 

Week of 
Test Appearance Average 
Combi- Week of ist of ist Size of ist Standard 
nations Emergence Generation Generation Error 

GW 6 9 204 45 
STGB 3 4 113 16 

GW 5 8 263 30 
RFB 4 4 38 8 

STGB 3 4 68 17 
RFB 4 5 63 16 

GW 5 7 522 72 

STGB 3 4 78 23 
RFB 4 5 29 12 

RW 4 5 663 89 
STGB 3 4 26 5 

RW 4 5 746 85 
RFB 4 5 18 7 

Controls 

GW 5 7 689 

BW 4 5 621 

STGB 3 4 92 

RFB 4 5 161 
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The rice weevil was a good competitor in this test in 

that it was less influenced by the presence of compet:Lng 

insects than the other three species used. Populations of 

the rice weevil in competition were somewhat larger than 

in the control cultures. The opposite trend was observed 

with the granary weevil. The populations of saw-toothed 

grain beetle and red flour beetle were both smaller in 

association with the rice weevil than with the granary 

weevil. 

The saw-toothed grain beetle produced its largest 

population in association with the granary weevil. At 

these test conditions, the granary weevil allowed the 

saw-toothed grain beetle to feed easily by damaging the 

grain. In competition with the red flour beetle, the 

saw-toothed grain beetle produced only slightly larger 

populations than did the red flour beetle. Crombie (29, 

p. 79-81) demonstrated that Oryzaephilus surinamensis and 

Tribolium confusum could coeìist in wheat because the 

wheat provided numerous places for the saw-toothed grain 

beetle to oviposit and pupate and thus prevented large 

scale predation of Tribolium on the eggs and pupae of the 

saw-toothed grain beetle. In association with the granary 

weevil and the red flour beetle, the saw-toothed grain 

beetle had higher than average populations. With the two 

other species present, it produced a somewhat larger first 
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generation than the red flour beetle. Apparently the 

presence of the granary weevil in the three-species 

association gave an advantage to the saw-toothed grain 

beetle over the red flour beetle. The saw-tootaed grain 

beetle produced its lowest populations in association with 

the rice weevil. 

There was a highly significant difference between the 

large first generation of the saw-toothed grain beetle 

when in association with the granary weevil, and its small 

first generation when in association with the rice weevil. 

(Table 12). This would indicate that the rice weevil had 

an inhibitory influence on the reproduction of the saw- 

toothed grain beetle. The rice weevil was very active and 

may have interfered with the oviposition of the saw-toothed 

grain beetle. The control populations of the saw-toothed 

grain beetle were larger than in most of its competitive 

associations. A larger first generation was produced in 

association with the granary weevil than in any other 

association or in the control populations. 

The red flour beetle appeared to be hampered by corn- 

petition at the moisture and temperature level of this 

test. Its control populations were greater than any of 

the competition populations. The red flour beetle pro- 

duced the largest first generation in competition when 

reared with the saw-toothed grain beetle. The difference 

in size of first generation of the red flour beetle in 
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association with the saw-toothed grain beetle and with the 

rice weevil was significant at the 5% significance level. 

This indicates that the rice weevil showed a higher degree 

of dominance over the red flour beetle than it did over 

the saw-toothed grain beetle, since the control populations 

of the red flour beetle were somewhat larger than those of 

the saw-toothed grain beetle. 

There was some degree of molding observed in the 

experimental cultures of this test, especially in the 

samples containing weevils. The control cultures had a 

greater amount of mold than did the experimental cultures. 

Small infestations of grain mites and bookiice also were 

observed in the later stages of the tests. These infesta- 

tions were impossible to control but were not considered 

detrimental to the reproduction and development of the 

insect species involved. 

Test 2 

Test 2 was conducted at high temperature and medium 

moisture. The rice weevil produced the largest populatlOEls 

in both the control and experimental cultures. Table 3 

gives the time of first emergence and the time of appear- 

ance and size of the first generation for each test 

combinati on. 



36 

TABLE 3 

Test 2. Time of first emergence, time of first genera- 
tion, average size and standard error of mean 
of first generation. 

Week of 
Test Appearance Average 

Combi- Week of ist of ist Size of ist Standard 
nations Emergence Generation Generation Error 

GW O O O O 
STGB 4 5 47 10 

GW O O O O 
RFB 4 6 104 12 

STGB 4 5 16 5 
RFB 5 7 27 10 

RW 5 7 232 18 
STGB 4 5 117 11 

5 6 334 48 
RFB 4 

Controis 

GW 6 9 217 

EW 5 6 340 

STGB 4 5 64 

FFB 4 6 59 

The granary weevil reproduced in only one of the two 

competitive combinations of which it was a part. In 

association with the saw-toothed grain beetle, the granary 

weevil did not reproduce at all, while in association with 

the red flour beetle, it produced only a few individuals. 

The control populations of the granary weevil were largeend 

re exceeded only by those of the rice weevil. 
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The rice weevil in association with the saw-toothed 

grain beetle had a larger first generation than did the 

saw-toothed grain beetle but tended to drop off after the 

first generation. In association with the red flour 

beetle, the rice weevil produced almost as large a first 

generation as in the control cultures. This indicates 

that the red flour beetle had a negligible effect on the 

reproduction of the rice weevil (table 3). 

The saw-toothed grain beetle produced a relatively 

small first generation in association with the granary 

weevil, while the latter did not reproduce at all in this 

association. In competition with the red flour beetle, 

the saw-toothed grain beetle had its lowest first genera- 

tion of the test, being of smaller size than when in 

association with the granary weevil. The difference in 

size of means of the first generation of the saw-toothed 

grain beetle in the above mentioned combinations was 

significant at the 5 level. The first generation of the 

saw-toothed grain beetle In association with the rice 

weevil was larger than its first generation in association 

with the granary weevil. The difference in size of means 

of the saw-toothed grain beetle in these two associations 

was significant at the 1% significance level (table 12). 

The control populations of the saw-toothed grain beetle 

were fairly large. Only in association with the rice 



weevil did the first generation of the saw-toothed grain 

beetle exceed that of the control cultures. 

The red flour beetle reproduced well in all associa- 

tions, with its largest first generation occurring in 

association with the granary weevil. It produced its 

lowest populations when in competition with the saw-tootId 

grain beetle. The red flour beetle produced larger num- 

bers in association with the rice weevil than it did when 

in association with the saw-toothed grain beetle. The 

difference in size of means of the red flour beetle in 

these two associations was significant at the 1% signifi- 

cance level. 

In test 2, the rice weevil appeared to be the best 

competitor in that its populations in association with 

other species were almost as large as its control popula- 

tions. It was iess influenced by the presence of the 

saw-toothed grain beetle or the red flour beetle in 

competition than were the other species in the test. 

Test 3 

Test 3 was conducted using idaed variety wheat. The 

test was similar to test 2 with some different combinations 

of insect species being tested. 
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Test 3. Time of first emergence, time of first genera- 
tion, and average size and standard error of 
mean of first generation. 

Week of 
Test Appearance Average 
Combi- Week of ist of ist Size of 1st Standard 
nations Emergence Generation Generation .rror 

GW o o o o 
STGB 4 5 16 4 

GV! 7 9 10 5 
RFB 4 6 57 12 

STGB 4 6 12 2 
RPB 4 6 17 4 

GVI 6 8 130 22 
STGB 4 6 26 3 
RFB 4 6 34 4 

Controls 

G?Ï o O O 

STGB 4 4 3 

RFB 4 6 14 

Tue granary weevil did not reproduce in competition 

with the saw-toothed grain beetle and, while in associa- 

tion with the red flour beetle, it produced only small 

populations. These granary weevil populations were some- 

what smaller than those of the red flour beetle. In the 

associations where the granary weevil reproduced, it ap- 

peared one to three weeks later than the saw-toothed grain 

beetle and the red flour beetle. However the granary 

weevil produced its largest populations as well as the 

highest population levels of any of the species in the 

test, when placed in association with both the saw-toothed 



grain beetle and the red flour beetle. The differences 

in the size of the means of the granary weevil in associa- 

tion with the red flour beetle and in association with 

both species was significant at the 1 significance level. 

The granary weevil reproduced only a single individual 

between the two control cultures. 

The rice weevil was not used in this test. 

The saw-toothed grain beetle reproduced in all 

associations but the populations were small. In competi- 

tion with the granary weevil, the saw-toothed grain beetle 

reached its peak population the first wed: after initial 

emergence. After this peak, it fell off progressively and 

did not produce a second generation. It followed this 

sane pattern in association with the red flour beetle. A 

greater population level was produced by the saw-toothed 

grain beetle in association with both the granary weevil 

and the red flour beetle than in any other association or 

in the control cultures. In spite of the small first 

generations produced by the saw-toothed grain beetle, it 

demonstrated highly significant differences in mean size 

of the first generation in the two different associations. 

The insect failed to produce a second eneration in any 

experimental association or ifl the control cultures, the 

latter being smaller than the savi-toothed grain beetle 

populations in all competitive situations studied. 
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The red flour beetle, in two-species associations, 

produced larger populations than the saw-toothed grain 

beetle or the granary weevil. In competition with both 

the saw-toothed grain beetle and the granary weevil, the 

populations of the red flour beetle were exceeded only by 

those of the granary weevil. In all associations and in 

the control cultures, the red flour beetle produced a 

second generation after reaching the first generation 

level. It was the only species in test 3 that demonstrated 

this ability. The differences in means of the first 

generation of the red flour beetle were significant in two 

of the associations tested (table 12). 

Small infestations of bookiice and grain mites were 

observed in some of the replicates. These infestations 

were small and were not considered to be important. 

Test 4 

Test 4 was conducted at a high temperature and low 

moisture level. The granary weevil and the rice weevil 

did not reproduce at these conditions, either in experi-. 

mental or control cultures. The red flour beetle and the 

saw-toothed grain beetle reproduced small populations 

which were slightly larger in the control cultures than in 

the experirnentals. In all cultures, the saw-toothed grain 

beetle attained the highest population level at the first 

week of emergence and dropped off progressively without 
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producing a second generation. The red flour beetle, 

however, maintained its initial population level for 

several weeks after the appearance of the first genera- 

tion. Table 5 shows the times of emergence and times of 

appearance of the first generation of the two species 

which reproduced ïn the test. All of the replicates in 

the test were consistent for all combinations. 

TABLE 5 

Test 4. Time of first emergence, time of first genera- 
tion, and average size and standard error of 
mean of first generation. 

Week of 
Test Appearance Average 

Combi- Week of ist of ist Size of ist Standard 
nations Emergence Generation Generation Error 

GW O O O O 
STGB 5 5 34 5 

GW O O O O 
RFB 5 8 22 3 

BW O O O O 
STGB 5 5 33 4 

BW O O O O 
RFB 5 8 24 3 

Controls 

GW O O O 

STGB 5 5 60 

RFB 5 8 26 
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Test 5 

Test 5 was conducted at a high temperature and low 

moisture level with Idaed variety wheat. Essentially the 

test was a duplication of test 4. There was no appre- 

ciable reproduction in the test, only one or two indivi- 

duals appearing in a few of the replicates. The lower 

percentage of broken kernels in the Idaed wheat as com- 

pared with a higher percentage in the Redmond variety may 

have contributed to the poor reproduction in. this test. 

Test 6 

Test 6 was conducted at a medium temperature and 

high moisture level. This temperature and moisture combi- 

nation was favorable to reproduction of both weevils. All 

test species reproduced at these conditions and the repli- 

cates were consistent. The largest populations both in 

experimental and control cultures were produced by the 

rice weevil which appeared to be favored by the high 

moisture level. 

The granary weevil produced large consistent popula- 

tions, the first generations in competitive associations 

being about the same size or slightly larger than the first 

generations in control cultures. 

The saw-toothed grain beetle showed some variation 

in size of the first generations. Its largest population 
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was in association with the granary weevil. In all 

associations, the saw-toothed grain beetle produced smal]r 

populations than did the associated species, the smallest 

occurring in association with the red fiour beetle. In 

competition with both the granary weevil and the red flour 

beetle, the saw-toothed grain beetle produced a much 

larger generation than when in competition with the red 

flour beetle alone, its size nearly equalling that of the 

first generation of the red flour beetle. Apparently the 

presence of the granary weevil gives the saw-toothed grain 

beetle some advantage, possibly in greater ease of feed- 

ing. The saw-toothed grain beetle produced nearly as 

large a population in association with the rico weevil as 

it did when in association with the granary weevil. In 

several combinations, the saw-toothed grain beetle demon- 

strated significant differences in the means of the first 

generations (see table 12). 

The rice weevil produced large populations in associa- 

tion with the saw-toothed grain beetle as well as with the 

red flour beetle. The populations in the control cultures 

of the rice weevil were larger than the populations in 

association with other species. 
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TABLE 6 

Test 6. Time of first emergence, time of first genera- 
tion, and average size and standard error of 
mean of first generation. 

Week of 
Test Appearance Average 
Combi- Week of ist of ist Size of ist Standard 
nations Emergence Generation Generation Error 

GV! 5 8 599 92 
STGB 4 5 172 13 

GW 5 8 609 46 
RFB 5 7 56 12 

STGB 5 6 23 10 
RFB 6 8 43 10 

GW 5 8 552 63 
STGB 4 5 51 17 
RFB 5 8 55 ii 

RW 5 6 728 31 
STGB 4 5 96 19 

RW 5 6 756 66 
RFB 6 8 45 10 

Controls 

GW 5 9 558 

5 6 832 

STGB 5 6 116 

RFB 6 9 77 

The red flour beetle produced first generations of 

almost the same size in all associations. Its control 

populations were larger than the populations in the experi- 

mental cultures. It appears that any species in 
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competition with the red flour beetle at this temperature 

and moisture, will have virtually the same influence on 

its reproduction. 

Mold formation was observad in test 6 in a number of 

the cultures. It was most apparent in the control cul- 

tures of the granary weevil and the rice weevil. A lesser 

amount was found in the experimental cultures containing 

weevils and almost none in the tests where only the saw- 

toothed grain beetle and the red flour beetle were present 

Test 7 

Test 7 was conducted at a medium temperature and 

moisture level. All species reproduced in all tests with 

the exception of the saw-toothed grain beetle in one 

replicate where it was in competition with the rod flour 

beetle. In tests other than those in which tlae saw- 

toothed grain beetle and the red flour beetle wore in 

competition, the i'eplicates were consistent. 

The granary weevil produced populatIons of almost 

identical size in the experimental cultures. Its control 

populations were somewhat larger, a factor which seemed to 

indicate that competition with the saw-toothed rrain 

beetle or the red flour beetle tended to reduce the repro- 

duction of the granary weevil to about the same degree. 

The granary weevil populations converted to graphical f orn 
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demonstrated that it produced no distinct first genera- 

tion but that the population increased gradually. The 

first generation was calculated from the three consecutive 

weekly population counts appearing after the initial 

leveling of the population subsequent to the first rapid 

increase. This phenomenon was constant throughout test 7. 

The largest populations in this test were attained by 

the rice weevil. The rice weevil produced its lowest 

populations when in association with the saw-toothed 

grain beetle. In competition with the red flour beetle, 

however, it produced somewhat larger numbers. The 

differences in size of the means of these two pooulations 

of the rice weevil were significant at the 5% significance 

level. The control populations of the rice weevil were 

much larger than the experimental populations, indicating 

that competition with the saw-toothed grain beetle or the 

red flour beetle tends to inhibit the reproduction of the 

rice weevil. 

The saw-toothed grain beetle produced relatively 

large populations 

whilo its numbers 

rice weevil. The 

generation of the 

associations were 

petition with the 

beetle produced q 

in association with the granary weevil, 

were even larger in association with the 

differences in means of the first 

saw-toothed grain beetle in these 

highly significant (table 12). In corn- 

red flour beetle, the saw-toothed grain 

ute small populations and failed to 



reproduce at all in one replicate. In all other tests and 

in the control cultures, it produced much larger numbers. 

The control populations of the saw-toothed grain beetle 

were lower than its experimental populations in competition 

with weevils, indicating that the action of the weevils on 

the grain provided an advantage to the saw-toothed grain 

beetle. Several of the population means of the saw-tooth 

grain beetle in this test demonstrated significant differ- 

ences in the various combinations (see table 12). 

TABLE 7 

Test 7. Time of first emergence, time of first genera- 
tion, and average size and standard error of 
mean of first generation. 

Week of 
Test Appearance Average 

Combi- Week of ist of ist Size of ist Standard 
nations Emergence Generation Generation Error 

GW 6 10 140 12 
STGB 4 6 37 3 

GW 6 10 140 10 
RPB 7 9 56 9 

STGB 4 6 2 1 
RFB 6 9 68 8 

RW 6 9 194 17 
STGB 5 6 65 6 

RW 6 7 351 54 
RFB 6 8 55 12 

Controls 

GW 6 11 267 

RW 5 7 466 

STGB 4 6 32 

RFB 6 8 67 
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The red flour beetle produced almost equal size 

populations throughout the test in both experimental and 

control cultures (table 7). It appearel to be uninfluenced 

by competition at this temperature and moisture level. 

Test S 

Test 8 was conducted at a medium temperature and 

moisture level as a duplicate of test 7. Idaed wheat was 

used in the test and possibly produced several reactions 

different than those observed in test 7. Most replicates 

were consistent but neither the saw-toothed grain beetle 

nor the red flour beetle produced appreciable numbers in 

two replicates of the test containing the granary weevil, 

the saw-toothed grain beetle and the red flour beetle. 

High population levels were produced by both the granary 

weevil and the rice weevil, but neither species produced 

consistently larger populations than did the other. 

The granary weevil attained larger numbers than the 

associated species in all cases, its greatest populations 

being produced in association with the saw-toothed grain 

beetle. The size of the first generation of the granary 

weevil was nearly the same in all associations and in the 

control cultures, indicating that competition at this 

moisture and temperature did not greatly influence its 

reproductive rate. The differences in size of means of 
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the first generation of the granary weevil in association 

with the saw-toothed grain beetle, and in association with 

both the saw-toothed grain beetle and the red flour beetle, 

were highly significant. The first generations of the 

granary weevil in these two associations were nearly the 

same size, and the fact that they were significantly 

different at the 1 level indicates that there was little 

variation in the replicates of the granary weevil popula- 

tions in those tests (see table S and table 12). 

The saw-toothed grain beetle produced small popula- 

tions in association with the granary weevil and somewhat 

larger numbers when in association with the rice weevil. 

The latter combination contained the largest population 

produced by the saw-toothed grain beetle in this test. 

While the saw-toothed grain beetle produced small popula- 

tions in association with the red flour beetle, it attained 

much greater numbers in association with both the red 

flour beetle and the granary weevil. The production of 

large populations by the saw-toothed grain beetle in the 

presence of both the granary weevil and the red flour bee.e 

was probably due to the action of the granary weevil on 

the Idaed wheat which contained fewer broken kernels than 

the Redmond variety. The success of the red flour beetle 

over the saw-toothed grain beetle in this test probably 

was due to its ability to attack whole grains of wheat, 

whereas the saw-toothed grain beetle was unable to do so. 
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The control populations of the saw-toothed grain beetle 

were quite small and, after the peak of the first genera- 

tion, dropped off gradually. No second generation was 

produced. This likewise was apparent in saw-toothed 

grain beetle populations in competition with the rice 

weevil and with the red flour beetle. In the other corn- 

binations tested, the saw-toothed grain beetle produced 

a second generation in almost all replicates. 

The red flour beetle produced relatively large popul- 

fions in association with the rice weevil, while in all 

other associations and in the control cultures, the red 

flour beetle produced only small first generations. 

The differences in the size of the means of the first 

generation of the saw-toothed grain beetle and the red 

flour beetle were highly significant in several combina- 

tions throuShout the test (table 12). 

It is significant that the saw-toothed grain beetle 

and the red flour beetle produced relatively high popula- 

tions when in association with the rice weevil. Appar- 

ently the activities or habits of the rice weevil provide 

a favorable environment for the reproduction of the two 

species of bran bugs. 

Considering the results of competition in test 7 

where the Redmond wheat was used at the same temperature 

and moisture level as in test 8, the populations of the 
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saw-toothed grain beetle and the red flour beetle were 

much more consistent and considerably larger than in test 

8. The large number of broken kernels in the Redmond 

wheat may serve to partially explain this difference. The 

fact that the Idaed variety reacts as a hard wheat when 

grown in the Willamette Valley also may be an important 

factor. 



53 

TABLE 8 

Test 8. Time of first emergence, time of first genera- 

Test 
Combi- 
nations 

tion, and average size and 
mean of first generation. 

Week of 
Appearance 

Week of ist of ist 
Emergence Generation 

standard error of 

Average 
Size of ist Standard 
Generation Error 

GW 6 8 189 1 
STGB 5 7 18 4 

6 7 143 20 
RFB 6 9 9 3 

STGB 5 6 6 2 
RFB 6 8 5 1 

GW 6 8 138 13 
STGB 5 7 10 4 
RFB 7 9 3 2 

RW 6 8 152 44 
STGB 5 6 80 13 

RW 6 8 177 27 
RFB 6 8 70 9 

Controls 

GW 6 8 149 

RW 6 7 126 

STGB 5 5 6 

RFB 5 6 3 
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Test 9 

Test 9 was conducted at medium temperature and low 

moisture conditions with Redmond variety wheat. Although 

the rice weevil did riot reproduce in the test, the granary 

weevil produced small numbers in both the experimental and 

the control cultures. The populations of the saw-toothed 

grain beetle and the red flour beetle were larger than 

those of the granary weevil and were consistent throughout 

the test in both experimental and control cultures. Table 

9 shows that the initial emergence of the saw-toothed 

grain beetle occurred from three to four weeks earlier tlen 

that of the granary weevil or the red flour beetle. 

The control cultures of the granary weevil had 

slightly larger numbers than did the experimental cultures. 

The saw-toothed grain beetle produced the largest 

populations of the test, the numbers in the experimental 

cultures being about the same as in the control cultures. 

The populations of the red flour beetle were smaller 

than those of the saw-toothed grain beetle but demonstrated 

similar characteristics in that the single species popula- 

tions were about the same size as those in competitive 

associations. 

The consistent size of the populations of the saw- 

toothed grain beetle and the red flour beetle indicate 

that there was little interference with the reproduction 
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of either species caused by the presence of the granary 

weevil or the rice weevil. 

TABLE 9 

Test 9. Time of first emergence, time of first genera- 
tion, and average size and standard error of 
mean of first generation. 

Week of 
Test Appearance Average 

Cornbi- Week of 1st of ist Size of ist Standard 
nations Emergence Generation Generation Error 

GW 9 10 4 1 
STGB 5 7 16 5 

GV! 6 10 4 2 
RPB 8 ii 7 2 

RW O O O O 
STGB 5 7 19 2 

RW O O O O 
RFB 8 11 7 1 

Controls 

GW 8 10 7 

Rw o o o 

STGB 5 7 18 

RFB 9 13 8 

Test lO 

Test 10 was conducted at the same temperature and 

moisture as was test 9, but with Idaed variety wheat 

instead of Redmond. There was no appreciable reproduction 

of any of the four species of beetles recorded in test 10. 
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Test 1]. 

Test 11 was conducted at a low temperature and high 

moisture level with Idaed variety wheat. No experiments 

were conducted using Redmond wheat at this temperature and 

moisture. The granary weevil and the rice weevil produced 

large populations in this test, with those of the rice 

weevil being somewhat larger than the populations of the 

granary weevil. The saw-toothed grain beetle and the red 

flour beetle reproduced in a few of the replicates of the 

test but the populations were very small. 

The granary weevil populations were large where the 

insect was in association with other species. Its con- 

trol populations were slightly smaller but not signifi- 

cantly so. The largest granary weevil population was 

produced in association with the saw-toothed grain 

beetle. Smaller numbers were found where the granary 

weevil was in association with the red flour beetle, and 

with both the saw-toothed grain beetle and the red flour 

beetle. The size of the first generation of the granary 

weevil populations were very similar throughout the test 

in both the control and experimental cultures (see table 

10). 

The rice weevil produced the largest populations of 

the test and, as with the granaryev1l, the rice weevil 

populations were approximately the same size in both the 

experimental and control cultures. 



57 

TABLE 10 

Test 11. Time of first emergence, time of first genera- 
tion, and average size and standard error of 
mean of first generation. 

Week of 
Test Appearance Average 
Combi- Week of ist of ist Size of ist Standard 
nations Emergence Generation Generation Error 

GW 8 11 129 25 
STGB O O O O 

GW 8 12 106 14 
RFB O O O O 

GW 9 12 106 22 
STGB O O O O 

RFB O O O O 

RW 8 10 343 20 
STGB O o o o 

8 11 430 16 
EFB O O O O 

Controls 

GW 8 11 90 

8 il 359 

STGB O O O 

RFB O O O 

One saw-toothed grain beetle was found in each of two 

of the replicates where it was In association with the 

granary weevil. In association with the rice weevil, the 

saw-toothed grain beetle reproduced a few individuals in 

three of the four replicates of the test. The saw-toothed 

grain beetle did not reproduce in any of the replicates 



where it was in competition with both the granary weevil 

and the red flour beetle. Only one of the control cul- 

tures of the saw-toothed grain beetle reproduced and, in 

that replicate, two individuals were recorded. 

The red flour beetle reproduced in only one replicate 

of four in each of the experimental combinations, and in 

those only a few individuals emerged. Of the two control 

cultures of the red flour beetle, reproduction occurred in 

but one culture where a single individual was recorded. 

Test 12 

Test 12 was conducted at a low temperature and a 

medium moisture level using Redmond variety wheat. All 

species with the exception of the red flour beetle repro- 

duced in the test. 

The granary weevil attained the largest pulations of 

the test, and its populations in association with the 

other species were equal in size to the numbers produced 

in the control cultures. 

The rice weevil populations were slightly smaller 

than those of the granary weevil but the replicates con- 

taming the former were more consistent. The size of the 

first generation of the rice weevil in competition with 

the saw-toothed grain beetle was smaller than its first 

generation in association with the red flour beetle. The 
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control cultures of the rice weevil produced larger num- 

bers than did those of the experimental cultures. 

TABLE il 

Test 12. Time of first emergence, time of first genera- 
tion, and average size and standard error of 
mean of first generation. 

Week of 
Test Appearance Average 

Combi- Week of ist of 1st Size of ist Standard 
nations Emergence Generation Generation Error 

GiN ii 12 121 21 
STGB 11 12 13 2 

GiN 11 12 119 32 
RFB O O 

HiN 11 13 64 i 
STGB 11 11 10 3 

RW 11 13 75 15 
RFB O O O O 

Controls 

GiN 11 13 125 

RW 11 13 93 

STGB O O O 

RFB O O O 

The saw-toothed grain beetle produced slightly larger 

populations in competition with the granary weevil than 

when in competition with the rice weevil. Only one of the 

control cultures of the saw-toothed grain beetle repro- 

duced and, in that culture, only two individuals emerged. 



The populations of the saw-toothed grain beetle produced a 

first generation but died out without bearing a second 

generati on. 

It was observed that the saw-toothed grain beetles 

were abnormally sluggish under the conditions of this 

test. 

Statistical Analysis 

The statistical data for the insect competition 

experiments were collected from the population counts made 

weekly on each experimental combination. The progress of 

each population was plotted for each week on semi- 

logarithmic graph paper. In this way, the population of 

each insect species was recorded graphically and the 

appearance of the first generation could be readily 

determined. 

Data taken on the progressive reproduction of stored- 

grain beetles and converted to graphical form have a 

characteristic appearance. Plotted against time they 

show, for any one species, a rapid increase which levels 

off when the first generation is reached. The time re- 

quired for the first generation to be attained is depend- 

ent not only on the temperature and moisture of the grain 

and the amount of grain available to the insects but also 

on the competition, if any, encountered by the particular 

species involved. In addition, after the plateau effect 
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of the first generation, the population shows a rapid 

increase wi-ien the second goneration begins to appear 

(figure 9). This increase continues until the available 

grain is reduced to the point where there is competition 

for food, space or egg laying sites. If the temperature 

or moisture level is not favorable to the insect species, 

the population dies out after the first generation and no 

second generation is produced. 

The purpose of making a statistical analysis of the 

population data in these tests was to determine the level 

of significance of each insect population in different 

competitive situations. In other words, it was desired to 

determine if the differences in population size of the 

same insect species was the result of assocIation with 

another species or merely due to chance. 

To obtain data for tests of significance, three ob- 

servations were taken from the first generation of each 

insect species in all replicates. The observatIons used 

were those indicating the initial peak 01' the first 

generatIon and the two population counts immediately 

following. The averages of these observations were taken 

and the mean and standard error of the mean were deter- 

mined for the four replicates of each combination. The 

means of the first generation of all experimental insect 

combinations and the standard error of the mean are shown 
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in the appendix. Statistical significance was determined 

by using individual F tests on each two test combinations 

containing the same insect species. The differences in 

the mean size of the first generation of each insect 

species in all test co:::binations aro given in table 12. 

Standard error was not calculated for the control 

cultures as they were not replicated sufficiently to 

allow analysis. 

Figuro 9 demonstrates the appearance of the popula- 

tion curves for three ±nsect species taken from various 

combinations within a signle test. The confiuration of 

the curves is fa±rly typical for the designated species 

under favorable environmental conditions. The population 

size was recorded on a semi-logarithmic scale and the 

observations made at weekly intervals. The solid dots 

designate those observations which were used for statis- 

tical analysis of each insect population. 



TABLE 12 

Differences in size of means of the first generation 
of each test and statistical significance. 

Test Test Number 
Combinations i 2 3 4 6 7 8 9 11 12 

GW GW -10 0 46 0 23 2 
GB B 

Gw Gw 
GB - GB -3184M' 47 51** 23 

RFB 

GW GW 

B - GB -.259 -120** 57 5 0 

PiFB 

GW _ STGB 46 20* 4 149** 35** 12* 
STGB RFB 

GW GW 

STGB - STGB 35 -10 121** 8 

RFB 

GW RIN 87** -704$ 1 76* -28** -62** -3 3 
STGB - STGB 

STGB GW 

RFB - STGB -11 -14* -28 -4 
RFB 

- STGB 
41 -1O1H -P73* -63** -74** 

GW RW 
STGB - STGB 52 -45 
RFB 

GW - STGB -29 77** 40* 13 -12 4 
RFB RFB 

GW GW 

FtFB -STGB 9 23 i 6 
RFB 

GW RW 20 14 -2 11 1 -61** O 
RFB RFB 

STGB GW 

RFB - STGB 38 -17* -12 2 
RFB 

STGB _ RW 49* -63** -2 13 
RFB RFB 

GW BW 
STGB - BFB 11 10 
RFB 

GB B 
-83 -102 -28 -157* -25 -87* -11 

.* These differences are significant at the five percent significance level. 
** These differences are significant at the one percent significance ]ve1. 

The numbers preceded by a minus sign indicate that, of the two insects 
compared, the one in the right column has a larger mean. 

The numerical values indicate the differences in the means of the first 
generation of the underlined species in each test combination. 

Blank spaces indicate that there was no reproduction or that the combination 
was not tested. 

Tests 5 and 10 are not represented on the chart since there was no 
appreciable reproduction at these moisture and temperature levels. 
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INITIAL POPULATION DENSITY EXPERIMENT 

An attempt was made to determine the effect of ini- 

tial population density on the size of the first genera- 

tion of three species of insects at two different 

temperature and moisture levels. These tests were con- 

ducted at the conditions of test 8 (80 degrees F. and 12% 

moisture content) and test 11 (70 degrees F. and 15% 

moisture content) using Idaed variety wheat as a food 

medium. The technique of introduction was similar to that 

of the competition experiments, with 100, 150, and 200 

randomly selected individuals of each species introduced 

into 250 grams of wheat in single species cultures. These 

cultures were replicated two times and placed in a cabinet 

at the desired moisture arid temperature level. As in the 

competition tests, the wheat was allowed to stabilize to a 

constant moisture content for at least two weeks before 

the introduction of the insects. The insects used were 

the granary weevil, the saw-toothed grain beetle and the 

red flour beetle. The initial population was removed 

after one week and the adult young were counted weekly to 

determine the change in population size. The populations 

were counted and returned to the wheat as previously de- 

scribed for the competition cultures. Table 13 gives the 

size of the first generation for each test and the initial 

population number of each insect species. 



TABLE 13 

Insect Species Size of First Generation 
and Initial Test 8 Test 11 

Population Density Rep. 1 Rep. Rep.I Rep. 2 

loo 275 124 155 235 

GW 150 302 441 225 188 

200 345 620 274 298 

100 1 4 1 0 

STGB 150 0 3 1 3 

200 11 0 0 0 

loo 8 9 0 0 

?LFB 150 6 17 1 o 

200 4 6 0 0 

I t C a n be observed from table 13 that, aside from 

the granary weevil populations, there is no correlation 

between initial density and size of the first generation 

at the population levels used. in this experiment. In test 

8, the granary weevil populations showed an obvious varia- 

tion in the size of the first generation but in test li, 

the difference was not as clearly defined. In the granary 

weevil populations in both tests there was little varia- 

tion in the replicates but in the red flour beetle popula- 

tions some variation was observed in the replicates of the 

150 and 200 insect densities. 
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The failure of the saw-toothed grain beetle and the 

red flour beetle to reproduce in test 11 and their poor 

reproduction in test 8 was due in part to the low tempera- 

ture in test 11 and to the lack of cracked and broken 

kernels in the Idaed wheat which prevented the bran bugs 

from having a readily available food source. The same 

curtailment of reproduction was observed in the single 

species cultures of the competition experiments at the 

temperature and moisture levels of tests 8 and 11. 



HUMIDITY-MOIST UTRE CONTENT RELTI ONSHI PS 

A series of experiments was conducted to determine 

the temperature, relativo hunildity and moisture content 

relationships of three small grains. Samples of barley, 

oats and wheat containing 250 grams were subjected to 

various relative humidity levels at three temperatures. 

The grain samples were allowed to stabilize for two weeks 

or longer and were then removed daily in order to record 

the moisture content by moans of an electronic moisture 

tester. The relative humidity was measured with a direct 

reading hygrometer. For most of the samples, at least 15 

observations were made, the moisture content and relative 

humidity being measured at each observation. 

This work was undertaken in order to determine the 

relative bound water capacity of oats, barley and wheat of 

the varieties Redmond and Idaed at different levels of 

temperature and relative humidity. The ability of stored 

grain insects to attack grain is dependent to a large 

extent on the water content of the grain itself. This 

factor may influence species predominance in competition 

where one species derives an advantage by its superior 

ability to utilize the bound water in the grain. The 

basic requirements of the insect in question may be better 

satisfied by a particular moisture level, thus giving it 

an advantage in competition with another species. 



Another reason for conducting those experiments was to 

ascertain the changes in moisture content of grain pro- 

duced by different temperatures and constant relative 

humidity, and to determine if there was a linear progres- 

sion of moisture change in relation to changes in tempera- 

ture. 

The results of the tests are shown in table 14, with 

the relative humidity, average moisture content and the 

range of variation given for each of the three grains. It 

can be observed in table i4 that a constant relative 

humidity produced about the same moisture content regard- 

less of temperature in any specific grain. It is apparent 

from the results of this experiment that the amount of 

bound water present in grain is a direct function of the 

relative humidity of the atmosphere surrounding the grain 

mass. 



TABLE 14 

Barley Oats Wheat 
Range Av. Range Av. Range Av. Range 
of Moist. of Moist. of Moist. of 

Temp. Av. Var. Cont. Var. Cont. Var. Cant. Var. Wheat 

(F.) R.R. (%) () (%) (%) (%) (%) (%) variety 

90 70.44 6 14.13 1.55 Redmond 

90 66.36 3 13.34 .65 Redmond 

90 63.46 16 11.74 .71 11.32 .33 12.11 1.66 Idaed 

90 60.33 18 12.38 1.76 Redmond 

90 46.79 13 9.43 .45 9.66 .35 9.06 1.95 Idaed 

80 78.38 11 12.35 .80 14.69 1.36 15.89 .59 Redmond 

80 * 77.40 2.5 13.50 .4]. 13.41 .59 14.95 1.19 Redmond 

80 62.75 9 11.77 .22 11.05 .36 12.01 .75 Idaed 

80 49.30 11.5 9.44 .60 9.65 .25 9.52 1.14 Idaed 

70 77.66 9 1.27 .7 12.71 .76 14.99 .51 Idaed 

70 45.30 9.5 11.29 1.29 Redmond 

* Barley, oats and relative huniidity data taken from only 8 observations. 

o 
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TEMPERATURE AND MOISTURE CHANGES 

As an adjunct to the initial density experiments 

described earlier, observations were made on the progres- 

sive temperature and moisture changes taking place within 

small grain masses containing insect populations in sin- 

gle and two species cultures. A series of experiments by 

Wilson (82, p. 1-31) demonstrated that an insect infesta- 

tion in bulk wheat was able to increase the temperature of 

the wheat more than 15 degrees Centigrade over a period of 

seven months. It was desired to determine if a tempera- 

ture and moisture increase could be accurately measured in 

an insect infestation in 250 grains of wheat at 80 degrees 

Fahrenheit and 60 percent relative humidity. If this 

could be done, lt might be possible on the basis of 

temperature and moisture changes in the grain to predict 

the extent of an insect infestation within a grain mass. 

A series of cultures containing several insect popu- 

lation densities were used so as to establish the 

influence of initial insect density upon the subsequent 

temperature and moisture variations within the grain. The 

experimental design of the cultures is described in the 

section of this paper dealing with initial density experi- 

inents. The moisture content and the temperature of the 

grain in each culture were measured weekly at the time the 

population census was taken. The temperature was meaxd 
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with a standard bulb thermometer and the moisture content 

of the wheat was determined with an electronic moisture 

tester. 

It was found that measurement of moisture content in 

wheat containing insect populations becomes highly in- 

accurate as the insect infestation progresses and the pro- 

portion of insect individuals to amount of grain increases. 

The presence of insects in the grain affected the elec- 

tronic resistance element in the moisture tester causing 

it to produce incorrect readings. The fluctuation of the 

relative humidity in the temperature cabinets likewise 

caused deviations in the moisture content of the grain 

mass. 

These experiments were carried on for a period of 

twelve weeks, during which time no progressive changes of 

moisture content were observed in the cultures. At the 

end of the 12week period, the cultures containing large 

populations of granaryweevils produced a temperature 

increase of from three to five degrees Fahrenheit. This 

partially substantiated the findings of Wilson in that a 

temperature increase was observed, but the small grain 

samples used in the tests were of insufficient size to 

contain a large temperature deviation under the conditions 

of the surrounding atmosphere. The tests were successful 

inasmuch as they demonstrated an increase in temperature 
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related to the increase of an insect infestation in a 

grain mass, but only in a large grain bulk could a 

substantial temperature or moisture level be maintained 

without being equalized by the atmosphere in contact with 

the grain. 



DISCUSSION 

The Granary Weevil 
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The granary weevil produced larger populations than 

the species with which it was associated in all tests 

except 2, 3, 4, and 9. In these tests, it either did not 

reproduce or it produced insignificant numbers. The 

reasons for the high degree of success of the granary 

weevil throughout these tests were: 1. Its ability to 

attack whole grain readily and 2. The lack of interfer- 

ence from the saw-toothed grain beetle and the red flour 

beetle with its feeding and oviposition activities. 

The control populations of the granary weevil were 

always equal to or larger than its populations in competi- 

tion with other species with the exception of tests 3 and 

il, both of thich were conducted using Idaed wheat. In 

test 3 the granary weevil controls did not reproduce, 

probably because of the high temperature. In test 11, the 

control populations were only slightly smaller than the 

experimentals (see table 10). It was observed in test 3 

that the granaryweevil reproduced in two associations but 

not when reared alone. At this temperature and moisture 

(90 degrees at l2) the presence of one or two other 

species of insects in association with the granary weevil 

either condition the environment by raising the relative 
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humidity or supply a stimulus by mechanical interference 

which accelerates the feeding and oviposition responses of 

the latter. 

In several tests (6, 8, 9, 11, and 12), the control 

populations of the granary weevil and the experimental 

populations were almost exactly the same size. The temper- 

ature and moisture combinations utilized in these tests 

may allow the granary weevil to reproduce in the presence 

of other species of insects without causing any interfer- 

ence with its feeding or oviposition activities. 

The granary weevil in association with the saw- 

toothed grain beetle produced larger populations than when 

in competition with both the saw-toothed grain beetle and 

the red flour beetle. This was observed in tests 6, 8, 

and 11, with the difference being highly significant in 

test 8. The granary weevil demonstrated the opposite 

effect in test i in that it produced significantly larger 

numbers in association with both species than when in 

association with the saw-toothed grain beetle alone. The 

first reaction is peculiar since it would be expected that 

direct competition between the saw-toothed grain beetle 

and the red flour beetle would reduce the reproduction of 

both species and allow the granary weevil to reproduce 

with little interference from either specïes. This appar- 

ently was the case at the high temperature and moisture 
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level of test 1 where a high degree of significance was 

shown in the large populations of the granary weevil in 

the presence of both species. The lower temperature and 

humidity of the tests (6, 8, 11) where the first reaction 

was observed probably decreased the intensity of competi- 

tion between the saw-toothed grain beetle and the red 

flour beetle arid provided somewhat more interference to 

the oviposition of the granary weevil. 

The granary weevil in association with both the saw- 

toothed grain beetle and the red flour beetle produced 

larger populations than when in competition with the rod 

flour beetle alone, this effect being highly significant 

iin test 3 and also observed in test 1. The opposite 

effect was shown in tests 6 and 8 where the largest graary 

weevil populations were produced when in association with 

only the red flour beetle. The first reaction is similar 

to the previous series of associations where the granary 

weevil reproduced larger populations in association with 

both species because the high temperature increased the 

competition between the saw-toothed grain beetle and the 

red flour beetle. The second reaction was again at lower 

temperature and moisture where the competition between the 

bran buss was reduced, their activity causing a depressing 

effect on the oviposition rates of the granary weevil. 
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The Rice Weevil 

The rice weevil produced larger first generations 

than the species with which it was associated in all 

experimental situations except at low moisture levels (9%) 

where the rice weevil was not able to reproduce. 

In all tests where the rice weevil was present in 

association with the red flour beetle, it produced larger 

populations than when in association with the saw-toothed 

grain beetle, the increase being highly significant in 

tests 7 and 11. This probably was caused by the high rate 

of activity of the saw-toothed grain beetle which caused 

considerable interference with the feeding and oviposition 

of the rice weevil. However, the less active red flour 

beetle was able to exert little influence on the rice 

weevil under all test conditions. 

The control populations of the rice weevil were 

larger than the experimental populations in all test 

situations except those of tests 1 and 8, in which the 

control populations were only slightly smaller than those 

in competition. The larger control populations of the 

rice weevil throughout the tests proved that it was little 

influenced by competitive associations in all test situa- 

tions, This influence probably was manifested as mechani- 

cal interference with the mating and ovipositing activities 

of the rice weevil by the .w-toothed grain beetle or the 

red flour beetle. 
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Apparently the high rate of activity of the rice 

weevil along with its high reproduction rate and short 

life cycle, make it a good competitor against both species 

of bran bugs under a wide variety of temperature and 

moisture levels. 

The Saw-toothed Grain Beetle 

The saw-toothed grain beetle in most test situations 

produced smaller first generations than the species with 

which it was associated. In two tests (4 and 9) at low 

moisture level (9%) it produced larger populations than 

did the associated species. The latter, however, either 

did not reproduce or produced only small populations in 

these tests. The small population growth of the saw- 

toothed grain beetle in competition was due in part to its 

relative inability to attack whole grains of wheat readily, 

a factor which placed it at a disadvantage in competition 

with the red flour beetle. Production of larger popula- 

tions than the granary weevil and the rice weevil by the 

saw-toothed grain beetle at low moisture showed that the 

latter was able to reproduce at a lower moisture level 

than the weevils. 

The saw-toothed grain beetle in one test (12) pro- 

duced fairly large populations in association with the 

granary weevil and with the rice weevil, whereas its con- 

trol populations failed to reproduce except for a few 
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individuals in one replicate. A readily available food 

supply was provided for the saw-toothed grain beetle by 

the feeding activity of the granary weevil. Also the 

large number of insects present probably caused an in- 

crease in the temperature and moisture of the grain which 

made the environment more favorable for the reproduction 

of the saw-toothed grain beetle. 

The saw-toothed grain beetle produced larger popula- 

tions in association with the granary weevil than it did 

when in competition with the red flour beetle. These 

differences were significant in tests 2, 6, 7, and 8. The 

effect also was observed in tests 1 and 3. This was an 

expected reaction in that the granaryevil by its feeding 

and oviposition activities provided food material for the 

saw-toothed grain beetle. Competition for food and ovi- 

position sites was apparent when the saw-toothed grain 

beetle was in combination with the red flour beetle. Pro- 

bably the numbers of the saw-toothed grain beetle were 

reduced by predation on its eggs and pupae by the red 

flour beetle. 

In association with the granary weevil, the saw- 

toothed grain beetle produced significantly larger popula- 

tions than when it was in association with both the grany 

weevil and the red flour beetle. The differences were 

observed in tests i and 8 and were significant at the 1% 

level in test 6. The poor performance of the saw-toothed 



grain beetle in the three-species association was due in 

part to the presence of the red flour beetle which, by its 

competition, reduced the populations of the saw-toothed 

grain beetle to a lower level than lt attained in the pre- 

sence of the granary weevil. 

In competition with the granary weevil, the saw- 

toothed grain beetle produced larger populations than when 

in association with the rice weevil. These differences 

were highly significant in tests i and 6 and were also 

observed in test 12. The opposite effect was noted in 

other tests where the saw-toothed grain beetle in competi- 

tion with the rice weevil produced larger populations than 

with the granary weevil. This effect was highly signifi- 

cant in tests 2, 7, and 8 and was noted also in tests 4 

and 9. The saw-toothed grain beetle in this relationship 

apparently was favored by the high moisture in the 

association with the granary weevil In tests 1 and 6 and 

was able to reproduce more easily than when in competition 

with the rice weevil. The larger populations produced by 

the saw-toothed grain beetle in association with the rice 

weevil were observed to be significant at medium and low 

moisture levels. Here the saw-toothed grain beetle pro- 

bably was favored by the high rate of feeding activity of 

the rice weevil. The former may have been favored by an 
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increased moisture content of the grain which was induced 

by the large nuniber of rice weevils. 

The saw-toothed grain beetle in competition with both 

the granary weevil and the red flour beetle produced sig- 

nificantly larger populations than when in competition 

with the red flour beetle alone. These differences were 

highly significant in test 3 and also were observed in 

tests 1, 6, and 8. This result was expected and was ob- 

served in all test situations where the association was 

investigated. The presence of the granary weevil in this 

association was the important factor as its action on the 

grain permitted the saw-toothed grain beetle sufficient 

food material without forcing it to compete with the red 

flour beetle. The saw-toothed grain beetle likewise had 

a greater ability to live and reproduce in the presence of 

larger numbers of individuals than did the red flour 

beetle. 

The populations produced by the saw-toothed grain 

beetle in association with the rice weevil were signifi- 

cantly larger than those where the former was in competi- 

tiori with the red flour beetle, the differences being 

significant in tests 2, 6, 7, and 8. This effect was 

anticipated since the saw-toothed grain beetle was able to 

feed readily on the grain damaged by the feeding of the 

rice weevil. The saw-toothed grain beetle was forced to 



compete for food and egg laying sites and was subject to 

predation of its eggs and pupae when in association with 

the red flour beetle. 

The saw-toothed grain beetle in association with the 

rice weevil produced larger populations than when in 

association with both the granary weevil and the red flour 

beetle. These differences were highly significant in test 

8 and were observed also in test 6. The presence of the 

red flour beetle in this combination reduced the reproduc- 

tion of the saw-toothed grain beetle in the three-species 

association through its competition for food and oviposi- 

tion sites, whereas the saw-toothed grain beetle in combi- 

nation with the rice weevil was able to feed and reproduce 

with little interference. 

The Red Flour Beetle 

The red flour beetle produced, with the exception of 

a few test situations, smaller populations than the 

associated species when in competition with the granary 

weevil or the rice weevil. In tests 2 and 3, the red 

flour beetle produced larger first generations than the 

granary weevil because, at the temperature and moisture 

levels of these tests, the granary weevil eIther failed to 

reproduce or produced only small populations. In tests 

4 and 9, the red flour beetle outnumbered both the granary 



weevil and the rice weevil since neither species of 

weevil produced appreciable numbers at the low moisture 

level of these tests. 

In competition with the saw-toothed grain beetle, the 

red flour beetle produced larger populations than the 

former species in almost all tests. In the two tests (1 

and 8) where the populations of the saw-toothed grain 

beetle exceeded those of the red flour beetle, the 

difference in size of the populations was negligible. 

Competition between these two species of bran bugs result- 

Ing in the superiority of the red flour beetle was to be 

expected on the basis of the habits of the two insects. 

In addition to competition with the saw-toothed grain 

beetle for food and oviposition sites, the red flour 

beetle was predaceous on the eggs and pupae of the former. 

The saw-toothed grain beetle consumes some of Its own eggs 

but eats few of those of the red flour beetle. 

The red flour beetle in combination with the granary 

weevil yielded larger populations than when it was in 

competition with the saw-toothed grain beetle, the differ- 

ences in population size being significant in tests 2 and 

3 and observed also in tests 6 and S. In these associa- 

tions the red flour beetle in the Dresence of the granary 

weevil was able to feed readily on the food material pro- 

vided by the granary weevil and reproduce without 



interference. In association with the saw-toothed grain 

beetle, however, the red flour beetle was competing for 

food and space and probably suffered a reduction in 

fecundity caused by the presence of the saw-toothed grain 

beetle. 

The red flour beetle in association with the granary 

weevil produced larger first generations than when in 

combination with both the granary weevil and the saw- 

toothed grain beetle. This effect was noted in tests 1, 

3, 6, and 8, and in no test situation was the opposite 

result observed. As in the previous instance, competition 

with the saw-toothed grain beetle inhibited the reproduc- 

tion of the red flour beetle in the three-species associa- 

tion. 

The red flour beetle in combination with the granary 

weevil produced larger populations than when in associa- 

tion with the rice weevil in tests 1, 2, 6, and 7. The 

opposite effect was found in test 8, where the largest red 

flour beetle populations were produced in combination with 

the rice weevil. Tests 1, 2, 6, and 7 were conducted with 

Redmond wheat which probably gave the red flour beetle 

greater ease of feeding in association with the granary 

weevil. Possibly the high rate of activity of the rice 

weevil caused interference with the mating and oviposition 

activities of the red flour beetle. Test 8 was conducted 



in Idaed wheat, where the high rate of activity and abil- 

ity of the rice weevil to damage large nwnbers of wheat 

kernels provided an advantage to the red flour beetle in 

the availability of food material. When reared with the 

granary weevil, however, the red flour beetle probably was 

inhibited by its relative inability to attack whole grains, 

and by the failure of the granary weevil to damage the 

Idaed wheat sufficiently to provide abundant food for it. 

It is possible that the nutrient material in the Idaed 

wheat was loss favorable to the red flour beetle than was 

that of the Redmond variety. 

The red flour beetle in association with both the 

granary weevil and saw-toothed grain 

higher population levels than when in competition with the 

saw-toothed grain beetle alone. These differences were 

significant in test 3 and were observed also in test 6. 

The opposite effect was shown in tests 1 and 8 where, in 

competition with the saw-toothed grain beetle, the red 

flour beetle yielded larger first generations than it did 

in the three-species association. The red flour beetle 

apparently was favored by the presence of the granary 

weevil in tests 3 and 6, inasmuch as the granary weevil 

provided more abundant food material. In competition with 

the saw-toothed grain beetle alone, the red flour beetle 

populations were reduced because the former species 



utilized the same food source and probably caused a re- 

duetion in fecundity in the red flour beetle. In tests .1. 

and 8, the red flour beetle had larger populations in the 

presence of the saw-toothed grain beetle than in the 

three-species association. The large numbers of mdiv!- 

duals in the three-species tests possibly inhibited the 

reproduction of the red flour beetle by mechanical inter- 

ference with its mating and oviposition activities. In 

competition with only the saw-toothed grain beetle, the 

red flour beetle probably was more highly favored by the 

temperature and moisture levels of the tests than was the 

saw-toothed grain beetle and was able to reproduce with 

little interference from this species. 

The red flour beetle produced larger populations in 

association with the rice weevil than it did when in 

competition with the saw-toothed grain beetle, the differ- 

ences in population size being highly significant in tests 

2 and 6. The opposite effect was significant in test i 

and observed also in test 7, where the red flour beetle 

produced larger populations when it was in competition 

with the saw-toothed grain beetle. The first occurrence 

was expected inasmuch as the red flour beetle was able to 

take advantage of the feeding and oviposition activities 

of the rice weevil which provided food for the former 

species and allowed it to reproduce with little mechanical 



interference. In combination with the saw-toothed grain 

beetle, the red flour beetle probably was restricted by 

mechanical interference and competition for food and 

oviposition sites. Where the large populations of red 

flour beetles were produced when in association v.rith the 

saw-toothed grain beetle, the former probablywas favored 

by the substrate, which contained a large number of broken 

grains, and it was able to reproduce with little inter- 

ference from the saw-toothed grain beetle. The red flour 

beetle in combination with the rice weevil was restricted 

by the high rate of activity of the latter which probably 

hindered the mating and ovipositing activities of the red 

flour beetle by mechanical interference. 

The red flour beetle in association with the rice 

weevil produced larger populations than when in combina- 

tion with both the granary weevil and the saw-toothed 

grain beetle, the differences being highly significant in 

test 8. ThIs effect probably was caused by competition 

between the red flour beetle and the saw-toothed grain 

beetle in the three-species association which reduced the 

reproduction of the former species by competition for food 

and interference resulting from the large number of indi- 

viduals. When reared with the rice weevil, the red flour 

beetle was able to take advantage of the food material pro- 

vided by the feeding activities of the rice weevil and was 



not restricted by mechanical contact or extreme environ- 

mental conditions. 

General Interspecific Competition Effects 

The operation of interspecific competition in the 

preceding exterimental situations appeared to follow a 

consistent pattern. Two series of factors can be consi- 

dered in the discussion of competition under the condi- 

tions of the tests, these being the factors operating in 

the physical invironment, and the biological factors based 

on the biology and requirements of the individual species 

involved in the experiments. Within the physical environ- 

ment, two categories can be established to describe the 

functioning of competition: 

1. Physical requirements of the insects which bring 

about competition. 

a. Space 

b. Food 

c. Oviposition sites 

2. Physical effects of the environment which in- 

fluence competition. 

a. Conditioning of the food medium 

b. Mechanical interference of one species with 

another 

The competition for space in the experiments described was 

more evident in associations between the species of bran 



bugs, which moved throughout the grain mass but tended to 

concentrate at the bottom of the container where the smJ. 

particles of grain and frass had collected. Competition 

for space was not considered much of a problem in these 

tests since the experiments were concluded before the in- 

sect populations were large enough to produce overcrowding 

in the cultures. The problem of insect escape in some 

tests possibly was the result of competition for space but 

more likely the escape was due to large populations of 

weevils and a greater chance for weak places in the con- 

tainers to be located by the insects. The escape of in- 

sects was no indication of the size of the populations 

produced and, in some cases, larger populations were pro- 

duced in cultures where no escape was observed. Competi- 

tion for space was related to competition for food since 

the grain did not provide abundant food material for the 

bran bugs except in cases where weevils were present in 

the association. The weevils had no food problem because 

of their ability as primary feeders and the availability 

of abundant food material in the cultures. The competi- 

tion for oviposition sites was a function of the available 

space and was influenced by the number of insects attempt- 

ing to lay eggs. The bran bugs tended to lay eggs in the 

frass and flour produced by the feeding of all insect 

species involved. Thus they were not in direct competiticn 



for oviposition sites with the weevils which oviposited in 

the kernels throughout the grain mass. Conditioning of 

the food medium was not considered an important effect in 

those tests inasmuch as the length of the experimental 

period was Insufficient to allow extensive conditioning to 

take place. It was possible that in some combinations of 

bran bugs, conditioning was an important factor causing a 

reduction in fecundity and in larval mortality in the later 

stages of the tests, but it was unlikely that the size of 

the first generation of any species tested was influenced 

to any degree. The factor of mechanical interference pro- 

bably was important in most test situations and especially 

in the three-species associations. The saw-toothed grain 

beetle and the red flour beetle probably were more in- 

fluenced by mechanical contact than the weevils because of 

the tendency of the bran bugs to congregate on the bottom 

of the containers. The weevils conducted their mating and 

ovipositing activities throughout the entire grain mass. 

The factors discussed above were all density depend- 

ent and generally the result of random encounters between 

the individuals in competitive situations. These same 

factors have operated in intraspecific competition but 

have contributed to the outcome of interspecific competi- 

tion in the tests described. The experimental design of 

these tests was such that no extreme population density 
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situations were studied and in most of the tests, the 

density of each species was fairly consistent. 

The biological factors in competition can be sum- 

marized briefly for the purpose of demonstrating the 

natural reasons for success of a particular species. 

1. Fecundity, natality, temperature and moisture 

2. Predation of all stages 

3. Feeding habits 

4. Survival ability at temperature and moisture 

levels 

These experiments were not designed to study the fecundity 

or natality of the species placed in competition but it 

was obvious that both factors were involved in the competi- 

tive relationships of the four species. This was shown by 

Crombie (27, p. 92), where he reported that conditioning 

of the food medium reduced the fecundity but the natality 

was unaffected in Oryzaephilus and Tribollum cultures. 

Temperature and moisture were not investigated in relation 

to fecundity and natality but were varied in order to 

study the overall changes produced in competitive rela- 

tionships between the insect species used. The outcome of 

competition or the results of the reactions produced by 

placing two species of stored grain insects together in a 

restricted environment were observed in relation to temp- 

erature and moisture changes. In several tests, the same 

combinatioiof insect species showed different reactions 
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in reproduction and comparative dominance at different 

levels of temperature and moisture. The effects of preda- 

tion were observed in several test situations, notably 

those where the red flour beetle was in competition with 

the saw-toothed grain beetle. Here the populations of the 

latter were always reduced as a result of predation by the 

red flour beetle. Predation was not measured qualitative]y 

in the experiments but, according to the observations made, 

i_t was influenced by population density and was a result 

of random encounters of predaceous species with the eggs 

and pupae of the same or other species. The feeding 

habits of the species used were fairly well known from 

the results of previous experiments by other authors but 

some comparison was made of feeding habits of the competfrng 

species. Survival ability was observed in some cases of 

extreme environmental conditions produced in the exper- 

ments. In these experiments, the insect species died out 

without producing a second generation or were unable to 

reproduce at the temperature and moisture level provided. 

Other biologicalfactors at work were those produced 

by the larval and adult habits of the species tested. Al- 

though these factors were not investigated specifically, 

they were definitely part of the competitive relationships 

of the experiments. As an example, the different habits of 

the two species of bran bugs were responsible for a wide 
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variety of reactions in competitive effects at various 

temperature and moisture levels. 

Wheat Variety Tests 

Some discrepancy was noted between the results of 

the experiments conducted using Redmond variety wheat and 

wheat of the Idaed variety. The Idaed wheat appeared to 

be somewhat harder and more resistant to insect attack 

than was the Redmond variety. The difference in perform- 

ance of insect populations on these two wheat varieties 

was questioned but the pearling index (hardness) and parti- 

de size tests performed on the two varieties indicated 

that the varieties were remarkably similar (8, p. 1). 

Table 15 shows the results of the pearling index and 

çrticle size tests performed on the two wheat varieties, 

and the range of hardness and particle size normally ob- 

tained for soft and hard wheat varieties. 

The particle size test is performed by placing a 20 

gram sample of wheat in a standard 155 mesh screen and 

shaking for five minutes on a mechanical shaker. The 

figure used is expressed as the percentage or the sample 

that penetrates the screen. A higher percentage indi- 

cates that more particles penetrated the screen and there- 

fore that smaller particles are present. 
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TABLE 15 

Wheat Variet3r Particle Size Pearling Index 

Redmond 19.2% 66,6% 

Idaed 

Soft wheat 

18.9% 

17 - 21% 

69.2% 

55 - 80% 

Hard wheat 10 - 14% 36 - 60% 

The pearling index or hardness test is conducted by 

grinding a 20 gram sample of wheat in a mechanical grinder 

for five minutes and screening the sample through a fine 

screen on a mechanical shaker. The percentage of the 

sample that penetrates the screen is expressed as the 

pearling index, the higher percentage poarling index 

indicates the softer wheat. 

No tests were performed to determine the protein con- 

tent or quality of the two wheat varieties. The 

difference in performance of the insect species in the two 

wheat varieties may have been due to a differential pro- 

tein content. 

Observations on Initia1Pou1ation Dens it 
and Selection 

Mold Formation 

Initial Population Density. The experiment on ini- 

tial population density was conducted in order to doter- 

mine some of the effects of intraspecific competition and 
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the relative size of populations produced by varying the 

density of the initial populations. It was observed that 

with the granary weevil, the population size produced was 

related to the initial population introduced. This tends 

to prove that there was sufficient food available for the 

granary weevil and that the populations were not subject 

to overcrowding. The saw-toothed grain beetle and the red 

flour beetle pooulations probably were restricted by the 

Idaed wheat which did not allow sufficient food material 

for the species. Aoparently, there was competition for 

space and egg laying sites between these species at the 

higher population densities. The replication in these 

tests was insufficient to allow valid conclusions to be 

drawn from the results shown. 

Mold Formation. It was noted previously in the 

treatment of the individual competition tests that the 

formation of mold was observed in experimental situations 

at high temperature and moisture levels. In competition 

cultures where mold formation was readily apparent, it was 

observed that the heaviest infestation was present in 

samples containing only weevils. However, in the cultures 

where weevils were in association with the saw-toothed 

grain beetle, and less commonly with the red flour beetle, 

the mold infestation was considerably lighter. This was 

observed in tests 1 and 6 where the only appreciable mold 



formation was found. Where the granary weevil was in 

competition with both species of bran bugs (test 1), al- 

most no mold was observed. It is believed by the author 

that the saw-toothed grain beetle and possibly the red 

flour beetle feed on the mold or in some way inhibit its 

formati on. 

Selection Effects. The stock cultures of the four 

species of insects reared for the competition tests were 

maintained at temperatures of from 75 to 80 degrees 

Fahrenheit at a relative humidity of 55 to 70 percent. 

In a summary of research on the population growth of 

stored grain beetles, it was reported by Ford (34, p. 5), 

that populations of Tribollum were reared at high popula- 

tion densities and various temperature and moisture levels 

for six months and selected strains were isolated which 

performed better under these conditions and even preferred 

the conditions under which they were cultured. It has 

been sugge3ted by the author that the species used in 

these tests, notably the granary weevil which was reared 

for four years in the laboratory at temperatures near 80 

degrees Fahrenheit, could be subject to selection for this 

particular temperature and tend to perform more efficien 

at that level. This theory is strengthened by the state- 

ment by Crombie (30, p. 55-56), that immature mortality of 

up to 99 percent in grain beetles served to give a large 
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increase in the intensity of selection. This possibility 

was not investigated experimentally and no valid conclu- 

sions as to the possibility of selection effects can be 

drawn from the competition data. 

Recommendations for Further Study 

A number of recommendations may be made to improve 

the techniques and accuracy of the competition experi- 

ments described: 

1. The constant temperature cabinets used in the 

experiments should be of air-tight construction so as to 

eliminate leakage and temperature stratification within 

the cabinets. 

2. The cabinets should be constructed in such a way 

that both cold and heat production can be controlled. 

3. Constant service Lectric circulating fans are 

required in the cabinets to insure uniform air circula- 

tion throughout and eliminate temperature and moisture 

stratification. 

4. The insect containers used should be durable and 

easy to handle, the mason jar container described in the 

first section of this paper is an excellent holder for 

grain with insect cultures included. The use of silk 

bolting cloth on the top of the container rather than the 

32 mesh plastic screen used probably would eliminate the 



escape of first instar larvae of the saw-toothed grain 

beetle from the container but would decrease the circula- 

tion of air inside the container and cause a greater 

differential moisture to be established. 

5. The laboratory where the experiments are per- 

formed should be held at a constant temperature which 

would eliminate the temperature variation within the 

cabinets. 

6. The control (single species) cultures should be 

replicated to the same extent as the experimental cultûres 

in order to be satisfactory for statistical analysis in 

comparison with the experimental populations. 

Several problems remain to be investigated in rela- 

tion to the competition experiments performed here. 

1. Studies could be made to determine the effect of 

the protein content of different wheat varieties on grain 

insects in competition. 

2. An investigation could be conducted to find the 

relationship between the saw-toothed grain beetle and the 

formation of mold in experimental cultures at high 

temperature and moisture levels. 

3. Experiments could be conducted to determine if 

granary weevil populations reared for long periods in the 

laboratory at high temperature are subject to selection 

effects which produce a higher optimum temperature than 

that of wild populations. 



4. The performance of the saw-toothed grain beetle 

and the red flour beetle on whole wheat should be further 

investigated. 

5. A study involving competition between the granary 

weevil and the rice weevil could be made to yield valuable 

results in relation to the experiments conducted here. 
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CONCLUSI ONS 

The rice weevil was the best competitor in these 

tests in that it produced consistently large populations 

in association with other species and in the single 

species cultures. The rice weevil was influenced little 

by the presence of other species and was able to repro- 

duce well in most test situations without interference 

from any of the associated species. 

The granary weevil also was a good competitor but 

less efficient than the rice weevil because of its lower 

rate of activity and longer life cycle. The populations 

of the granary weevil were occasionally reduced by 

competition from other species. 

The weevils as a group were the most efficient in- 

sects on whole grain because of their ability as primary 

feeders to attack whole grain readily. 

The red flour beetle was able to attack whole grains 

but at a somewhat lower rate than were the weevils. 

The red flour beetle was superior to the saw-toothed 

grain beetle in almost all test situations, a fact which 

was evidenced by the larger populations produced by the 

former. Its habit of eating the eggs and pupae of the sa 

toothed grain beetle gave the red fiour beetle an added 

advantage in these combinations. 
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The saw-toothed grain beetle produced large popula- 

tions where the percentage of broken kernels in the grain 

was high. The poor performance of this species on Idaed 

wheat was due to the lack of broken grains and dockage in 

the substrate. 

3otb. the saw-toothed grain beetle and the red flour 

beetle reproduced at lower moisture levels than did the 

two species of weevils. The tests 4 and 9 at 9% moisture 

content demonstrated poor weevil reproduction while the 

bran bugs produced small but consistent populations. 

Moisture was a more important factor than was temper- 

ature in the production of insect populations. All four 

species were more influenced by moisture than by 

temperature changes. 

High temperature increased the intensity of competi- 

tion and low temperature caused it to be relaxed. 

The biological effects of competition between species 

can be altered by varying the moisture and temperature 

level. The dominant species at one set of environmental 

conditions may prove inferior when these conditions are 

altered. 

The Idaed variety wheat used in these tests reacted 

as a harder variety than did the Redmond and was more 

resistant to insect attack than the latter. All insect 

species demonstrated better reproduction in combination 
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with other species than when reared alone in the experi- 

ments where Idaed variety wheat was used. 

It is concluded that competition exists between the 

species involved in the tests conducted here. The compe- 

tition is most apparent between species having similar 

habits and biological requirements such as the two species 

of bran bugs. It is possible to measure the extent of the 

competition between these species with some accuracy by 

means of comparison of the first generation produced by 

each species in any particular association. 
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APPEUDIX 

Replicate averages of number of beetles in the 
first generation observations for each competition 
test, with the mean and standard error of the mean for 
each test. 
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TEST i 

Test Replicate Standard 
Combinations 1 2 3 Mean Error 

GW 198 142 322 153 204 45 
STGB 85 86 149 133 113 16 

GW 214 282 220 335 263 30 
RFB 40 51 42 21 38 8 

STGB 54 98 30 87 67 17 
RFB 109 56 58 46 67 16 

GW 546 498 378 668 522 72 
STGB 107 95 97 14 78 23 
RFB 55 6 32 24 29 12 

RW 708 820 464 659 663 89 
STGB 25 39 19 23 26 5 

RW 562 797 722 901 746 85 
RFB 22 5 1]. 34 18 7 
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TEST 2 

Test Replicate Standard 
Combinations 1 2 3 4 Mean Error 

GW O O O O O O 

STGB 33 68 27 61 47 10 

GW O O O O O O 

RFB 126 77 94 121 104 12 

STGB 15 25 5 21 16 5 
RFB 48 10 30 20 27 10 

260 263 193 214 232 18 
STGB 145 119 100 103 117 11 

RW 416 345 226 349 334 48 
11FB 95 63 89 114 90 13 
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TEST 3 

Test Replicate Standard 
Combinations 1 2 3 4 Mean Error 

GW O O O O O O 

STGB 19 6 17 23 16 4 

GW 26 5 5 5 10 5 

RFB 90 43 47 48 57 12 

STGB 10 17 13 7 12 2 

RFB 17 19 24 9 17 4 

GW 112 91 177 140 130 22 
STGB 22 25 33 26 26 3 
RFB 25 38 41 33 34 4 
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TEST 4 

Test Replicate Standard 
Combinations 3 4 Mean Error 

GW O O O O O O 

STGB 23 17 27 36 34 5 

GW O O O O O O 
RFB 20 26 16 26 22 3 

RW O O O O O O 

STGB 31 43 26 30 33 4 

RW O O O O O O 
RFB 17 26 24 28 24 3 
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TEST 6 

Test Replicate Standard 
Combinations I 2 3 Mean Error 

GW 456 753 409 779 599 92 
STGB 145 198 174 173 172 13 

GW 595 626 700 514 609 46 
RFB 67 52 29 78 56 12 

STGB 16 26 46 4 23 10 
RFB 48 47 18 60 43 10 

GW 685 508 434 579 552 63 
STGB 47 57 85 16 51 17 
RFB 40 49 48 84 55 11 

RW 745 654 734 778 728 31 
STGB 99 122 46 118 96 19 

RW 658 763 920 683 756 66 
RFB 31 25 60 64 45 10 
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TEST 7 

Test 
Combinations 

Replicate 
2 3 4 Mean 

Standard 
Error 

GW 155 160 113 133 140 12 
STGB 30 38 37 42 37 3 

GW 141 150 154 116 140 10 
RFB 35 70 60 59 56 9 

STGB 0 4 1 2 2 1 

RFB 53 59 71 87 68 8 

RW 183 229 204 162 194 17 
STGB 65 68 52 74 65 6 

RW 242 458 403 301 351 54 
RFB 54 62 77 28 55 12 
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TEST 8 

Test Replicate Standard 
Combinations 1 2 3 4 Mean Error 

GiN 187 187 192 190 189 1 
STGB 24 23 15 8 18 4 

GW 175 144 160 94 143 20 
11 2 8 15 9 3 

STGB 5 9 6 3 6 2 
RFB 6 8 4 3 5 1 

GW 173 123 137 121 138 13 
STGB 8 17 14 1 10 4 
RFB i i 1 9 3 2 

RW 252 75 149 134 152 44 
STGB 111 61 58 90 80 13 

RW 154 247 138 170 177 27 
RFB 90 53 62 75 70 9 
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TEST 9 

Test 
Combinations 1 

Replicate 
2 3 4 Mean 

Standard 
Error 

GW 4 6 1 5 4 1 
STGB 15 7 26 15 16 5 

GW 8 5 1 2 4 2 
RFB 5 11 4 6 7 2 

RW O O O O O O 
STGB 15 15 23 24 19 2 

RW O O O O O O 
RFB 6 6 9 6 7 1 
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TEST 11 

Test Replicate Standard 
Combinations 2 3 4 Mean Error 

GW 194 128 100 93 129 25 
STGB O 0 0 0 0 0 

GW 130 72 100 123 106 14 
RFB O O O O O O 

GW 88 119 64 152 106 22 
STGB O O O O O O 
RFB O O O O O O 

RW 364 368 288 353 343 20 
STGB 0 2 2 1 1 1 

RW 423 406 470 421 430 16 
RFB O O O O O O 
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TEST 12 

Test Replicate Standard 
Combinations 1 2 3 4 Mean Error 

GW 121 101 90 173 121 21 
STGB 16 13 13 9 13 2 

GW 55 102 139 181 119 32 
RFB o O O C O O 

RW 64 64 62 66 64 1 
STGB 9 6 16 10 10 3 

RW 106 70 48 76 75 15 
STGB O O O O O O 


