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Beetles, Competitio' 
and Populatio 

An intricate ecological phenomenon is brought i 
the laboratory and studied as an experimental moc 

Thomas P 

Let us begin with two seemingly un- 
related words: beetles and competition. 
We identify competition as a wide- 
spread biological phenomenon and as- 
sume (for present purposes at least) 
that it interests us. We view the beetles 
as an instrument: an organic machine 
which, at our bidding, can be set in mo- 
tion and instructed to yield relevant in- 
formation. If the machine can be prop- 
erly managed, and if it is one appro- 
priate to the problem, we are able to 
increase our knowledge of the phenom- 
enon. Unfortunately, however, this does 
not necessarily mean that the concept 
is thereby clarified. This could happen 
of course. But, alternatively, the prob- 
lem as now enlarged could emerge as 
being more complicated-that is to say, 
broader and deeper than first imagined. 
And the machine itself could prove to 
be more intricate, even recalcitrant. Ob- 
viously there exists an intimate mar- 
riage between the machine, its operator, 
and the phenomenon. Ideally, this mar- 
riage is practical, intellectual, and es- 
thetic: practical in that it often, though 
not immediately, contributes to human 
welfare; intellectual in that it involves 
abstract reasoning and empirical ob- 
servation; esthetic in that it has, of 
itself, an intrinsic beauty. Perhaps 
these rather pretentious reflections seem 
far removed from the original words- 
beetles and competition. But I do not 
think this is the case. 
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It is often held that competition is 
mediated by two component, but dif- 
ferent, processes. The first is called "ex- 
ploitation"; the second, "interference." 
Exploitation operates when the organ- 

I1.^ isms draw upon a particular resource 
(food, say) which is present in limited 

1n4s supply. The more limited this resource, 
and the larger the population draining 
it, the greater is the intensity of com- 

nto petition. Interference operates when in- 
teractions between organisms affect 

:lel. their reproduction or survival. For ex- 
ample, imagine two populations one 

l'.ark of which is small and the other crowd- 
ed. Assume further that more food is 
available for both populations than can 
be used (exploited). The small group 
readily obtains adequate nourishment 

r further. First, but the crowded group does not, for the 
remarks about reason that its members so disturb each 
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(1). These points are shown schematically 
in Fig. 1. We see there four squares, 
each representing a physical habitat. 
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drawing upon different sources of capi- 
tal but interfering with each other. Sit- 
uation III is the opposite of situation 
II: here, X and Y are withdrawing their 
capital from a joint account but inter- 
ference is zero. We conclude that com- 
petition is operating in both situations 
II and III, but for diverse reasons. In 
situation IV, X and Y are utilizing the 
same resource, but, since they are also 
engaged in interference, we deduce 
that competition, thus doubly assured, 
is intense. These arguments seem logi- 
cal. Later we shall ask whether indeed 
they are biological. 

Competition Experimentally Viewed 

Let me be less formal, less academic. 
It is not difficult to imagine local popu- 
lations of two species which share a 
common geography; which exploit, at 
least in part, certain of the same re- 
sources; and which interfere with each 
other's reproduction and survival in a 
manner that is neither haphazard nor 
frankly predatory. Under such condi- 
tions we infer that competition should 
be operating. But how can the inference 
be proved? Suppose we find it feasible 
to count both groups and thereby re- 
cord the changes in their numbers gen- 
eration after generation. Suppose, fur- 
ther, that there is no appreciable immi- 
gration and emigration. We graph the 
accumulated data (species X and spe- 
cies Y against time) and search for pat- 
tern. 

To illustrate the difficulty of the 
problem, I have generated two artificial 
patterns, making use of a table of ran- 
dom numbers. These appear in Fig. 2 
and are there referred to as case 1 and 
case 2, respectively. Despite the fact 
that, biologically speaking, the curves 
are quite fraudulent, they do bear a se- 
ductive resemblance to the behavior of 
real populations! In case 1 the only re- 
lation between the two "species" is 

purely coincidental, by definition. In 
case 2, on the other hand, matters have 
been so contrived that X is more abun- 
dant than Y for most of its recorded 
history, but there is an intermediate in- 
terval during which Y exceeds X. 

Let us pursue the point. We now pre- 
tend that the graphs before us are ac- 
tual rather than synthetic, and also that 
no information is available other than 
the census data themselves. Our ques- 
tion remains the same: Is competition 
operating in either instance? Regret- 
tably, the question cannot be answered 
on the basis of the knowledge avail- 
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able. All we can do is to draw the fol- 
lowing two, rather barren, conclusions: 

1) Case 1 does not support an in- 
ference of competition. There is no con- 
sistent relation between the curves. 
However, the inference is not disproved 
because competition could be operat- 
ing but its effect obscured by such ex- 
trinsic factors as, say, those variations 
of climate which characterize each year 
and which affect the reproduction and 
survival of both species. 

2) Case 2 does support an inference 
of competition. X, characteristically the 
abundant species, declines significantly 
(though transiently) when Y increases 
markedly. However, the inference is 
not proved because the visual suggest- 
ion of competition could be illusory and 
the cause, again, could be extrinsic, 
such as, for example, a particular se- 
quence of seasons more favorable for 
the increase of Y than of X. 

But there is another point, essential 
for the argument, that emerges from 
our brief consideration of Fig. 2. It is 
this: the information contained therein 
is retrospective and descriptive rather 
than prospective and based on experi- 
mentation. The curves illustrate the 
abundance of X and Y through time. 
But conditions extraneous to the pre- 
sumed competition were not controlled, 
and, as I have tried to show, these could 
have played a causative role. In addi- 
tion, we have been able to record the 
history of only one population of each 
species; our experience is limited. Tra- 
ditionally, ecological findings are based 
on the chronicle of events which have 
taken place in an environment unmo- 
lested by the observer and varying ac- 
cording to its own natural right. Such 
retrospective studies attempt to explain 
what has happened on the basis of a 
single case history, and the derived data 
are candidates for some form of corre- 
lation analysis. Although I am in no 
sense contemptuous of this method, I 
am persuaded that progress in an area 
so complex as population ecology will 
be greatly facilitated by increased ex- 
perimentation in the field. There is noth- 
ing original in this view. Certain work- 
ers consistently find it rewarding to 
manipulate the natural conditions. But 
I urge that this approach should accel- 
erate, gain wider adoption, and perfect 
its techniques. In principle, if not al- 
ways in practice, the method is limited 
by neither the taxonomy nor the habi- 
tat of the organisms being studied. Par- 
enthetically, I believe it can even con- 
tribute to the solution of such pressing 
problems as conservation and the social 

biology of man. When a prospective 
plan is used, the dividends are agree- 
able. Time is saved; more questions are 
asked; appropriate treatments are repli- 
cated by design; and the data lend them- 
selves to powerful methods of analysis. 

There is, however, a different way to 
study populations and to do so pro- 
spectively and experimentally. That is to 
move a field problem into the labora- 
tory. To do this one must find an organ- 
ism which is conceptually and tech- 
nically adapted to investigation of the 
phenomenon under consideration. In 
other words, we strive to erect an in- 
door model of an outdoor experience. 
Such models, though not simple, are 
simplified; they enjoy a regimen of 
planned control; their intrinsic interac- 
tions are likely to be intensified. To this 
extent they are unrealistic. But they re- 
main, nonetheless, quantitative biologi- 
cal systems, and their unrealistic aspects 
often prove to be a virtue rather than 
a vice. Let us explore this matter. 

Beetles: The Experimental Material 

About 2500 B.C., a Pharaoh died and 
was entombed. When the site was stud- 
ied various curios were found, includ- 
ing an urn which contained milled 
grain. Within the grain were the corpses 
of small insects known commonly as 
"flour beetles" and technically as Tri- 
bolium (3). Thus this genus, at least 
so far as one of its 26 known species 
is concerned, was apparently pre- 
adapted to living in flour in early his- 
torical times. As everyone knows, such 
beetles are important pests of cereals; 
in fact, large bureaus exist which are 
zealously engaged in searching for ef- 
fective ways to destroy them and limit 
their dispersal. As everyone does not 
know, however, the same creatures are 
elegantly suited for certain types of 
ecological and genetic research; in fact, 
a few small "bureaus" exist which, with 
equal zeal, are dedicated to the beetles' 
welfare and conservation. Why should 
this be so? I shall attempt a brief answer 
to the question by introducing you to 
the organism; to the "organic machine," 
as I referred to it earlier. 

A note of history: To the best of 
my knowledge, the flour beetles were 
first used experimentally by W. P. 
Davey, who, in 1917, reported on the 
relation between x-irradiation and the 
life duration of the adult stage (4). It 
was R. N. Chapman, however, who 
studied Tribolium as populations; who 
recognized its potential for this sort of 
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research. That was in 1928 (5). Since 
that time a handful of ecologists have 
continued, and expanded, this tradition. 
And only recently, I am happy to re- 
port, the geneticists have discovered 
that the beetles have advantages for 
their own work (6). 

In order to perform efficiently, a 
laboratory population model must 
satisfy certain requirements. The major, 
technical ones are these. First, it must 
be possible to enumerate the popula- 
tion by accurate census. Second, it 
must be possible to reconstitute the 
population after each census without 
appreciable trauma to its membership. 
And third, it must be possible to con- 
trol the environment in various ways 
and to manipulate it in various ways. 
The precise meaning of "environment" 
poses a problem of heroic magnitude, 
and I have no desire to involve you, 
or myself, in this polemic. But I do 
think that a certain clarification can 
be achieved by means of the following 
assertions. The environment can be 
viewed as being spatial; it has a geo- 
metric configuration. It can be viewed 
as being climatic; it has a definition, 
say, in terms of temperature, moisture, 
and light. It can be viewed as being 
nutritive; it is a reservoir of food, both 
in quality and quantity. It can be viewed 
as being biotic; it has a component 
evoked by interaction among living 
things. Finally, it must be viewed as 
being temporal; its other attributes are 
relentlessly influenced by the passage 
of time. 

The technical utility of Tribolium 
stems from the simple natural-history 
fact that the beetles (and their im- 
mature stages) spend their life, and 
multiply, in finely milled flour. In other 
words, flour is the spatial, climatic, and 
nutritive environment neatly bundled 
into one convenient package. Space 
can be controlled merely by choosing 
a container of desired shape into which 
a known weight of flour is introduced. 
Climate can be controlled by main- 
taining unlighted cabinets at prescribed 
values of temperature and humidity and 
allowing the flour to come to equilib- 
rium at these values. Food can be 
partially controlled by using flour which 
is always prepared in a certain way 
(quality) and apportioned in a certain 
amount (quantity). The biological and 
temporal aspects of the Tribolium en- 
vironment are more effectively intro- 
duced somewhat later in this article. 

For every population study there is 
one type of basic datum. This is a 
record of the number (or weight) of 
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Fig. 1. Abstract representation of interactions that produce competition. R-1 and R-2, 
two different resources; X and Y, the interference of one species population with the 
other (see text). In case I, competition is absent; in case II, competition exists, owing 
to the presence of interference (+); in case III, competition exists, owing to exploitation 
by both species (X and Y) of a shared resource; in case IV, competition is intense, 
owing to the fact that there is both exploitation and interference. 

organisms inhabiting a defined space 
at a particular time. But frequently such 
records are amazingly difficult to come 
by; in fact, it is sometimes possible to 
achieve nothing more than a shrewd 
guess. With the flour beetles, as I have 
suggested, we do not encounter this 
difficulty. A census can be readily taken, 
and though this is laborious and in 
itself unexciting, we can take pride in 
the accuracy of the results. Also, the 
beetles have given us no compelling 
reason to think that they are harmed 
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by the procedure. I illustrate by de- 
scribing a typical sort of census; one 
where a population is counted each 30 
days (30 days is the approximate 
length of a generation at a temperature 
of 29?C). The method is diagrammed in 
Fig. 3. Populated flour is gently poured 
from its glass container through a 
series of silk sieves with meshes of 
different dimensions. This segregates 
the stages by size and accumulates for 
disposal the old, but now uninhabited, 
flour. After counting, and recording of 

UNITS OF TIME 
Fig. 2. Fabrication of two population case histories by means of a table of random numbers. There are two species, X and Y. In case 1 all assocation between the species is coincidental. In case 2, species X is permitted to exceed species Y except during the 
intermediate time intervals during which Y exceeds X (see text). 
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the numbers, the total population is 
placed in another vial containing fresh 
flour and returned to the incubator, 
where, for an additional 30 days, the 
processes of death, survival, and re- 
production go on. 

A further point needs making. For 
studying interspecies competition in the 
laboratory, at least two distinct species 
are obviously required. And each of 
these must satisfy the requirements 
outlined earlier. The genus Tribolium 
provides such material; there are two 
satisfactory species. One goes by the 
quaint name of Tribolium confusum, 
while the other has been christened 
Tribolium castaneum. For convenience, 
I retain the notations used earlier and 
refer henceforth to the former as X 
and to the latter as Y. Both X and Y 
are husbanded in exactly the same way 
and censused in exactly the same way, 
and both dwell in flour. Thus, for any 
predetermined (prospective) set of cli- 
matic, spatial, and nutritive conditions, 
X can be studied as a single-species 
population; the same holds true for Y; 
and X plus Y can be combined as a 
competition model. The significance of 
this statement should be fully appre- 
ciated because, in many ways, it lies at 
the heart of our story. Its meaning is 
this. If we measure what X does and 
what Y does when both are alone, we 
thereby are able to detect and evaluate 
what is new, or competitive, when both 
are together. Extrinsic factors, being 
controlled, no longer mask the data. 
The intrinsic factors remain, but now 
they are under surveillance. They con- 
stitute the biological and temporal as- 
pects of the environment. This is the 
intellectual advantage of the model-an 
advantage very difficult to achieve out- 
side the laboratory. It is, in part, what 
was meant earlier by the comment that 
such models, though not simple, are 
simplified. Gratifying as all this is, 
however, it does entail an element of 
risk: the risk that the investigator may 
be hypnotized by the data as such, 
concern himself only with the model, 
and forget the general phenomenon. 
Since there is a reasonable chance of 
answering the questions asked, why not 
shed the burden of theory? That is to 
say, instead of speculating about such 
matters as exploitation and interference, 
why not claim (quite cogently) that 
competition has been invoked if the 
behavior of X and Y together differs 
demonstrably from the behavior of X 
and Y alone? This is indeed a comfort- 
ing position when one is immersed in 
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analysis of a particular investigation. 
But, even though I take it, I do not ap- 
plaud it. It is purely an operational 
convenience which, in the long run, 
may restrict one's contemplation of the 
phenomenon as a whole. The model 
should be more than an edifice in its 
own right. 

We return to Fig. 1, there to re- 
fresh our memory about situation IV. 
This is the case for which the deck 
is stacked in such a way as to maxi- 
mize the intensity of competition. Both 
species are exploiting a common re- 
source, and both are engaging in inter- 
ference. We now transfer this situation 
to Tribolium. The abstraction can be 
put to empirical test. X and Y are 
obviously competing for food, and for 
space in which to live. They are also 
interfering with each other. Some types 
of interference have been experiment- 
ally studied. Among these may be men- 
tioned the relation of crowding to egg 
production, to rate of development, and 
to adult longevity, and a special sort of 
behavior [which overlaps predation (1)] 
involving the cannibalism of eggs and 
pupae by larvae and adults. It is prob- 
able that still other patterns of inter- 
ference are as yet undetected (7). 

To recapitulate briefly, I have sug- 
gested that there exists in organic nature 
a phenomenon known as "competition." 
I have presented, in terse form, some- 
thing about the difficulties that arise in 
its serious study. Finally, this led me 
from outdoors to indoors, to the in- 
troduction of a laboratory organism 
which has certain properties, both con- 
ceptual and technical, that can be 
adapted to investigation of the problem 
at hand. I now wish to summarize some 
results in order to illustrate what hap- 
pens when the "machine" is put to 
work. 

An Empirical Illustration 

A number of reports dealing with 
Tribolium competition have been pub- 
lished, and others are being written 
(8). I select one which illustrates some 
of the matters discussed earlier-specifi- 
cally, a study concerned with the rela- 
tion of six different climates to the 
population performance of X alone, 
Y alone, and X interacting with Y (9). 
Climate, now under supervision, re- 
mains an extrinsic factor but one no 
longer capricious. The response of each 
of the two species to climate is a quanti- 
tative measure of intraspecies competi- 

tion. The response of the two species 
in association measures whatever addi- 
tional impact arises from interspecies 
competition. Owing to the fact that the 
research is prospective, the treatments 
can be chosen in such a way as to favor 
the chance that the phenomenon will 
be illuminated. It is also mandatory to 
initiate, not one population per treat- 
ment, but just as many as manpower, 
stamina, and patience permit, in the 
context, of course, of the demands made 
by the experimental design. Let me 
comment on the last point. Somewhere 
there may lurk a person who holds the 
view that laboratory population studies 
(unlike their field counterparts) are 
easy and quickly consummated. The 
facts are just the opposite. Maintain- 
ing the laboratory and collecting the 
data is drudgery. I cite some statistics. 
During the next few paragraphs I sum- 
marize a certain investigation in an ab- 
breviated way. In point of fact it re- 
quired over 4 years to do nothing more 
than obtain the observations necessary 
for the analysis: 400 individual popula- 
tions were sifted and examined every 
30 days, and some 3 million beetles 
were counted. Basically, however, this 
is irrelevant and immaterial though, I 
hope, not incompetent. The real point 
is that the opportunity to work pro- 
spectively with such a machine as the 
Tribolium model creates, in itself, an 
obligation to operate that machine at 
high capacity. But I digress. Let us re- 
turn to the issue at hand. 

We establish six constant climates 
defined in terms of temperature and 
moisture and, for convenience, name 
them as follows: hot-moist, hot-arid, 
temperate-moist, temperate-arid, cool- 
moist, and cool-arid (10). Into each 
of the climates we introduce a set of 
control cultures (X or Y) and a set of 
experimental cultures (X and Y) (11). 
The procedures involving husbandry 
and census have already been described 
(Fig. 3). 

In reporting the findings it is es- 
sential to gain some knowledge about 
the single-species populations before 
examining the mixed-species groups. A 
simplified summary appears in Table 1 
in which the averaged total densities 
for both species are ranked within each 
column in relation to the climate the 
species inhabit. I draw three conclusions 
from Table 1: (i) both species persist 
successfully under the various climatic 
conditions (12); (ii) the levels of 
numerical abundance are affected by 
temperature and moisture; and (iii) X 
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Fig. 3. Schematic diagram showing the technique of censusing a Tribolium population 
(census procedures at 30 days). 

and Y do not respond in the same way 
to the environments in which they live. 
Thus, X is most productive in the hot- 
moist climate, while the density rank for 
Y in that climate is 3; X is least pro- 
ductive in the hot-arid climate, while 
the rank for Y is 5; and so on. In dif- 
ferent words, the interaction between 
climate and intraspecies competition is 
reflected in the numbers observed. 

When we examine what occurs when 
the two species are required to live 
together we are immediately confronted 
with a new, and qualitatively different, 
fact. It is this. One species is always 
eliminated and the other survives! Since 
it has been demonstrated that X and 
Y persist successfully when they are 
alone, it now follows that elimination of 
one species in the presence of the other 
is the result of sustained competition. 
But the matter is more complicated, 
more interesting. It can be pursued with 
the aid of Table 2. There, the six 
climates are listed in column 1; the 
single-species events are reviewed in 
column 2, but this time arrayed in a 
different way; and the competitive out- 
comes, in terms of percentage of con- 
tests won, are summarized in column 3. 

Let us first consider column 3 of 

Table 1. Average numerical abundance of 
single species X and Y ranked in relation to 
six different climates (rank 1, densest popu- 
lation). 

Climate Rank of X Rank of Y 

Hot-moist 1 3 
Hot-arid 6 5 
Temperate-moist 2 1 
Temperate-arid 3 4 
Cool-moist 4 2 
Cool-arid 5 6 
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Table 2. We see there are two different 
patterns. One is unidirectional; the 
other, alternative. Let me explain. In 
the hot-moist climate Y always wins 
and X always loses. In the cool-arid 
climate X always wins and Y always 
loses. These end results are unidirec- 
tional. In the four other climates one 
species is always the usual winner 
("usual" being defined as significantly 
greater than 50 percent), but for each 
case the other species wins occasion- 
ally. These results are alternative and 
can be thought of theoretically as be- 
ing "stochastic." Thus, the consequences 
of competition are multifarious-multi- 
farious in respect of climate, of species, 
and of frequency of success and failure. 

Now let us approach Table 2 in a 
different way. A glance down column 
2 reveals that in one climate X is equal 
to Y, in three climates X exceeds Y, 
and in two climates Y exceeds X. If no 
other facts but these were available 
it might be amusing to attempt an ex- 
trapolation-to predict which species, 
in which climate, would survive in 
competition. A common-sense hypothe- 
sis immediately comes to mind: The 
species superior by itself should retain 
that superiority when with its rival. 
But, paradoxically, this prediction is 
rarely entirely fulfilled, as column 3 
of Table 2 clearly shows. It is com- 
pletely (see 12) realized only in the 
cool-arid climate. It is usually, though 
not totally, fulfilled in hot-arid, tem- 
perate-moist, and temperate-arid cli- 
mates. No rational guess can be made 
for the hot-moist climate, since there 
X is equal to Y. In the cool-moist cli- 
mate it is actually the less successful 
single species, X, which usually wins 
the contest. I advance these points not 

to be mystical but rather to stress the 
fact that competition, even under super- 
vision, is an extremely complex phe- 
nomenon. It is clear from what has 
just been said that intraspecies processes 
can be deeply modified by those new 
types of interference and exploitation 
which emerge as a consequence of to- 
getherness. And it is becoming in- 
creasingly evident that such issues can 
be studied through a combined empiri- 
cal and statistical approach, as P. H. 
Leslie has made abundantly clear (13). 
I think, also, that two points suggested 
at the beginning of this article here 
find illustration; the problem as now 
extended proves to be broader in scope 
than was at first imagined, and, in a 
sense, the machine has behaved in a 
more intricate fashion. 

It is appropriate to illustrate one of 
the six competitive situations in a bit 
more detail. For this I choose the 
events seen in the cool-moist climate. 
This is a complicated case but an in- 
teresting one. The outcomes are al- 
ternative, but in large measure they 
fail to conform to an expectation based 
(a priori) on the performances of 
single-species populations. Let us ex- 
amine Fig. 4. There, as smoothed 
curves, the numbers of adult beetles of 
species X (solid line) and species Y 
(broken line) are plotted against cen- 
sus time. The upper graph depicts the 
frequent outcome, or elimination of Y; 
the lower graph, the infrequent out- 
come, or elimination of X. In both 
instances there is an initial competitive 
period during which the two species are 
increasing. This is followed, again in 
both instances, by a period during which 
one species is progressively declining 
while the other is increasing. The in- 
crease eventually leads the successful 
species to a level of abundance which 
is statistically similar to that displayed 
by single-species populations of the 

Table 2. The outcomes of competition be- 
tween species X and Y contrasted with the 
individual performances of the two species 
in each of the six different climates. 

Mixed-species 
Climate Single species outcomes 

(numbers) (% of 
contests won) 

Hot-moist X-Y Y (100), X (0) 
Hot-arid X>Y X (90), Y (10) 
Temperate- 

moist Y>X Y(86), X (14) 
Temperate- 

arid X>Y X(87), Y(13) 
Cool-moist Y>X X (71), Y (29) 
Cool-arid X>Y X (100), Y (0) 
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Fig. 4. Smoothed curves showing alternative outcomes for species X and Y when in 
competition in the cool-moist climate. 

same age, suggesting that the travail of 
competition has not (in this case at 
least) left a permanent scar on the 
victor. 

A new perspective is now possible. 
With the research finished, the curves 
of Fig. 4 obviously become retrospec- 
tive, historical documents. But at this 
stage, I think, we enjoy an added con- 
fidence and an added understanding. 
We know that while climate has played 
an extrinsic role in determining the 
abundances of X and Y it has not 
caused population extinction. The lat- 
ter results from interaction between 
the species-"the biotic and temporal 
aspects of the environment." We know, 
further, that the data have a certain 
generality. Instead of reporting an iso- 
lated circumstance they are based on 
the performance of 70 separate popu- 
lations (20 of X; 20 of Y; 30 of 
X + Y). In short, we have advanced 
to a new status: a tentative inference of 
competition has become a fact, and 
the outcomes of the process have been 
established. There are of course many 
things we do not know. For example, 
why does Y sometimes eliminate X? 
Is the stringent competition here de- 
scribed a reality of outdoor nature or is 
it purely a consequence of keeping the 
species in confinement? There are other 
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such questions, and all are difficult. 
But the mere phrasing of a proper 
question is a signpost toward its answer. 

At this juncture the investigator 
plays a more active part. It becomes 
his responsibility to pose the next ques- 
tion, to run the machine differently. 
As has just been suggested, numerous 
opportunities confront him. He could 
proclaim an analytical interest in the 
competitive events that characterize, 
say, the cool-moist climate. Investiga- 
tion in this direction leads to a study 
of mechanism; to an exploration of 
ecological and genetic causation. By 
increasing the understanding of how 
parts of the machine work together, 
the phenomenon is enlarged in depth. 
Alternatively, the investigator might 
proclaim a greater interest in breadth. 
He complicates the model in such a 
way as to make it biologically more 
realistic and by this means searches 
for further ramifications of the phe- 
nomenon. He might assert, for exam- 
ple, that climates do not really exist 
in six tidy packets of temperature and 
moisture but, rather, are characterized 
by their variability. Therefore, the 
promising thing to do is to program the 
research in such a way that climate 
becomes cyclic and what is measured 
is the added impact of this on X alone, 

Y alone, and X with Y. Or again, the 
investigator might proclaim that his 
work had yielded additional insight- 
insight about the phenomenon itself, 
about methods, about new items to 
observe and record. Therefore (he 
might argue) the time has come to for- 
sake the model, move outdoors, and 
there start afresh. The course finally 
chosen is to a considerable extent sub- 
jective. Although the choice must be 
mediated by practical and intellectual 
values, nevertheless it does involve an 
element of taste. And it is here that an 
esthetic, an intuitive, quality insinuates 
itself into the domain which I have 
called "beetles, competition, and pop- 
ulations." 

Conclusion 

I have essentially finished my story. 
Its message has been a simple one. 
The population is difficult to study 
with rigor and even more difficult to 
understand. Populations can be in- 
vestigated in a number of ways, several 
of which I have tried to suggest. Each 
way has its strengths and its limitations. 
I have concerned myself primarily 
with one method, the use of laboratory 
models. Because of conviction I have 
been careful neither to say nor to imply 
that this is the most rewarding ap- 
proach. But it is the approach I know 
best, and one I find agreeable. There 
is, however, a new and exciting pros- 
pect that is emerging from the ex- 
perimental study of populations-the 
prospect that mathematical theory may 
be able to attack even such intricate 
problems as competition. I have earlier 
pointed out how a certain generality 
is derived from a series of replicated 
experiments. But if mathematics can 
grasp data such as these, a greater 
abstract generality may ultimately re- 
sult. There is a passage from A. N. 
Whitehead which precisely summar- 
izes what I mean. In tracing the histo- 
rical development of the science of 
electromagnetism Whitehead says (14): 
"This rapid sketch . . . illustrates how, 
by the gradual introduction of the rele- 
vant theoretic ideas, suggested by ex- 
periment and themselves suggesting 
fresh experiments, a whole mass of 
isolated and even trivial phenomena 
are welded together into one coherent 
science, in which the results of ab- 
stract mathematical deductions, start- 
ing from a few simple assumed laws, 
supply the explanation to the complex 
tangle of the course of events." 
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I am expected to close, I presume, 
with a remark about the "population 
explosion." I oblige. I am against it! 
I do not wish, however, to draw direct 
parallels between insects and men. 
But despite this reluctance, several 
facts have emerged from the study of 
beetles in their flour which seem to 
have general currency. One of these is 
that overexploitation and intense "in- 
terference" are perilous and that the 
peril increases as the population in- 
creases. 

And there is another fact, one 
illustrated earlier: The largest popula- 
tion, if exposed to stress, does not 
necessarily enjoy the best prospect of 
survival. Man, as we all know and 
pontificate, has the intellectual talent 
and the technical skill to avoid such 
coleopterous hazards. In short, he has 
the capacity to manage his own popu- 
lation and (of equal importance) to 
conserve those myriad other popula- 
tions on which he depends. But one 
thing is certain. If man does not man- 
age his biology it will manage him. 
(15, 16). 
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The importance of technical educa- 
tion has been the subject of much dis- 
cussion in this country since the sputniks 
forced world-wide recognition of 
Russian scientific prowess. The Rus- 
sians are attempting to fashion a social 
order founded on the methods and 
achievements of technology and to ex- 
tend the power of this technocracy be- 
yond their borders in order to compete 
with us politically, militarily, and eco- 
nomically. They possess a large and 
effective system of education which 
nourishes this effort. 
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We are naturally concerned about 
the state of our own educational system 
in the face of this challenge, but there 
has been a tendency to underrate what 
we have done and what we are trying 
to do and to suggest measures for im- 
provement that are not suitable for a 
democratic, pluralistic nation. I think 
this is due to a failure to keep in mind 
our fundamental goals. We must state 
what we are trying to do in education 
before we start talking about how we 
are to do it. 

In this article I point out some de- 
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ficiencies in our methods for teaching 
science to nonscientists in colleges and 
universities, and some alternatives. But 
first I will attempt to outline the philos- 
ophy behind the criticism and the 
suggestions. 

The Purpose of Education 

The purpose of our schools is the 
development of free, capable, and re- 
sponsible individuals aware of some- 
thing beyond their desks or benches- 
within themselves, within their homes, 
within their society, and ultimately with- 
in the nature of the universe. In this 
we are not challenged, for although 
the Russians may produce men who 
are capable technicians, they are co- 
erced and apathetic citizens. 

Our system of education is predicated 
on the existence of freedom. There 
must be no pressures of arbitrary au- 
thority or special interest on teachers 
or students. The opportunity for edu- 
cation must be open to all, and each 
individual must be allowed to go as far 
as he is capable of going in a program 
of his own choosing. We cannot allo- 
cate individuals to various trades or 
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