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The Darwin/Wallace Redefinition of Species 
 
In 1858, the now famous essays of Charles Darwin and Alfred Wallace on the origin of 
new species from existing forms were published in the Journal of the Proceedings of the 
Linnean Society. Both men claimed to have identified the mechanism (natural selection) 
by which new species may arise in nature. As Wallace later wrote (1891) in order to 
understand the significance of this new theory one must compare it with the prevailing 
beliefs that it replaced. 
 
The concept of  evolution was not new to either Darwin of Wallace. Both Lamarck and 
Chambers had presented evidence supporting the phenomenon of evolution in books that 
were read widely by naturalists of the time (Lamarck’s Philosophie Zoologique and 
Chamber’s Vestiges of Creation). Both Lamarck and Chambers argued for the orderly 
succession of species by the action of unknown laws of development aided by the action 
of external conditions. (Note: The famous attribution of transmutationist theory to 
Lamarck apparently is unfounded, see Mayr, 1972.) However, without some form of 
mechanism to explain how this  speciation could take place, the theory did not attract 
many true adherents. Even the great naturalist Lyell believed Linneaus’ species concept, 
that each species arose through “special creation.” 
 
Another historical point which Wallace made was that pre-Darwin naturalists viewed 
species as not only similar in form but also reproductively isolated from each other. I 
make this latter point because it is important to understand that one of the major 
components of the Darwin/Wallace theory was a redefinition of the species concept. Now 
longer was a species considered a real entity by Darwin. It had become a mental construct 
with no absolute laws of application. 
 
Darwin (1859) stated: “Finally, varieties cannot be distinguished from species – except, 
first by the discovery of intermediate linking forms; and, secondly, by a certain indefinite 
amount of indifference between them; for two forms, if differing very little, are generally 
ranked as varieties, notwithstanding that they cannot be closely connected; but the 
amount of indifference considered necessary to give any two forms the rank of species 
cannot be defined.” 
 
It was on this point that Darwin and Wallace differed most. In fact, Wallace (1891) 
commented: “One of the greatest, or perhaps we may say the greatest, of all difficulties in 
the way of accepting the theory of natural selection as a complete explanation of the 
origin of species, has been the remarkable difference between varieties and species in 
respect to fertility when crossed.” 
 
Wallace could not accept the anomaly in the theory that could not explain how species, 
that in every other way seemed very close, did not interbreed while other seemingly less 
related species produced perfectly viable offspring. Darwin shrugged the problem off as 
being too confusing an issue at present (Wallace, 1891) while Wallace continued to be 
troubled by the problem. A later section will deal with this anomaly in the theory. 
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There are two other important perspectives that the Darwin/Wallace theory changed. 
First, the earlier definitions of a species stressed the resemblance of individuals within it 
while Darwin and Wallace stressed the differences. This can be seen by Darwin’s choice 
of words above. He does not speak of similarity or resemblances but of indifference. 
Second, earlier theories of evolution concentrated on speciation via changes in an 
individual, e.g. use or disuse of organs by individuals. The Darwin/Wallace theory 
precludes evolution of individuals. Individuals are selected for or against in the struggle 
for survival, and species emerge only as a net accumulation of those heritable traits that 
survive the struggle over time. Thus, their theory of speciation held the roots of an 
important distinction that we make today. 
 
There are fundamental differences between the concepts of an individual, a population, 
and a species. Neither Darwin nor Wallace had our current concept of a population. 
However, they pushed the term “variety” to a sense that carried some of the same 
meaning. Their theory demanded the population concept, and the later studies of species 
from their new perspective soon tied the population concept tightly to the theory. Today 
we teach beginning biology students that evolution is a phenomenon of populations not 
of individuals as if Darwin had used those concepts as freely as we do. In fact, the 
relationship must have been difficult to see in the mid Nineteenth Century, and the entire 
Darwin/Wallace theory of natural selection cannot be derived without it.  
 
The Darwin/Wallace Contribution 
 
The theory of natural selection rests on five assumptions: 
 

1. The existence of variability 
2. The limitation of resources 
3. The continual production of more offspring than resources can support 
4. The greater abilities of some individuals to obtain resources 
5. The heritability of these abilities 

 
Given these five assumptions, the theory is straight forward. If there are not enough 
resources to go around the individuals must compete with each other to survive. Those 
that are better at getting resources will survive and leave offspring; those that fail die 
without leaving offspring. Since the abilities are heritable, the next generation will 
contain the traits of the successful. 
 
This theory frees the species from immutability and explains how a species tracks its 
environment and remains adapted in changing conditions. However, validation of these 
assumptions does not show how new species can arise from an existing one. As Ronald 
Fisher (1958) said: “Natural selection is not evolution.” 
 
Since an explanation of speciation was the main purpose of Darwin’s book, he had to 
show how the mechanism of natural selection could give rise to species. To extend the 
concept of natural selection to the process of speciation, additional assumptions had to be 
made: 
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1. That large geographic areas (or different ones in the case of isolation) contain 

different environments.  
2. That each environment would contain differing selection pressures causing 

distinct varieties to evolve 
3. That if these varieties became different enough they would be recognized as 

two species where previously there had only been one. 
 
It was this third assumption that gave rise to most of the anomalies confronting Darwin 
and Wallace, and both men openly acknowledged the problems as they saw them. The 
next section will deal with Darwin’s view of the problems with the theory and his attempt 
to explain them away. The section following that will deal with Wallace’s view of the 
problems and his preoccupation with inter-specific sterility as the central, unresolved 
issue. 
 
Darwin’s Anomalies and Explanations 
 
Darwin placed the difficulties with the theory under four major headings: 
 

1. Why, if species have descended by fine gradations from other species, do we 
not see everywhere innumerable transition forms? Why is not all nature in 
confusion, instead of species being, as we see them, well defined? 

 
2. How can natural selection produce highly specialized organs such as the eye? 
 
3. Can instincts be acquired and modified through natural selection? 
 
4. How can we account for species, when crossed, being sterile and producing 

sterile offspring, whereas, when varieties are crossed, their fertility is 
unimpaired? 

 
In this discussion I will concern myself only with headings one and four. Heading two is 
beyond the scope of this paper, and heading three has been studied convincingly by a 
number of ethologists and now sociobiologists.  
 
Darwin posed three problems to elucidate the main difficulties summarized under the first 
heading: 
 

1. The general lack of transition forms 
 
2. The presence of closely allied species in the same territory without 

intermediate forms 
 

3. The lack of living intermediate forms in intermediate regions. 
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To explain the general problem of a lack of intermediate forms, Darwin pointed to the 
imperfection of the geologic record. This is, in fact, a strong argument with which few 
could disagree. But one must ask if an apparently permanent lack of data showing 
intermediate forms is proof that those forms ever really existed. It only provides an 
argument for the possibility of their existence. Whether or not these intermediates really 
did exist remains an untestable leap of faith.  
 
As for closely allied species occupying the same territory without intermediate forms, 
Darwin explained away the lack of intermediates using the same argument he used for 
problem one. However, in explaining how the closely allied species arose he developed 
the seeds of two concepts that became central to Twentieth Century biology. The first 
was the concept of the niche. Each species was viewed as originating from a variety that 
became better adapted its “special environment” than its parent species. Next, he 
developed what later became known as Gause’s Law and later as the Competitive 
Exclusion Principle. The variety, upon reaching species status, drove the parent species to 
extinction via inter-specific natural selection. Of course, there is nothing here to preclude 
the alternate hypothesis that says no speciation took place, the new forms merely replaced 
the old by normal intra-specific natural selection. Darwin was not concerned with this 
distinction because his species definition could not recognize the difference. 
 
This leads straight to the third problem which is: why don’t intermediate forms continue 
to exist in the intermediate environments? This is answered by the postulation that the 
area was not always continuous, so the intermediate conditions were not necessarily 
available. This answer ignores part of the problem by not addressing the issue of why the 
closely allied species don’t interbreed to form the intermediates. This is an especially 
important question given Darwin’s species definition. Darwin does suggest that they 
might interbreed and that the intermediates, confined to a narrow ecotone, eventually 
disappear by being “swamped” from the larger number of individuals in the varieties on 
either side.  
 
This was not a satisfactory solution, especially in light of what we know about genetics 
today. But even in Darwin’s time the explanation does not explain why new hybrids 
would not continue to be reproduced, unless some form of sexual isolating mechanism 
was involved. Alas, that was one concept that escaped Darwin. He viewed sterility as the 
only candidate to isolate species, and he went on to argue why sterility could not be used 
for this purpose. 
 
Darwin approached the problem of sterility somewhat differently than he approached the 
lack of intermediate forms. He built a case against sterility being used as a mechanism to 
prevent species from crossing and blending in nature. His case rests on examples that 
demonstrate the existence of five phenomena. These phenomena are: 
 

1. Crosses between forms sufficiently distinct to be ranked as species are not 
universally sterile 

 
2. Sterility is innately variable in individuals of the same species 
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3. The degree of sterility is affected not only by systemic affinity but also by a 
complex relationship of environmental factors 

 
4. Widely different sterility patterns sometimes emerge in reciprocal crosses of 

the same two species 
 

5. Sterility is not always equal in degree in a first cross and in the hybrids 
produced from that cross. 

 
Darwin concluded that, while sterility is not a method used to prevent species from 
crossing, the facts given do not seem to oppose the belief that species aboriginally existed 
as varieties. The question of why the species don’t cross to form the missing 
intermediates remained unanswered. And, without the resolution to this question we can 
see why Darwin had to modify the definition of a species in order for his theory to 
account for the origin of species.  
 
Before proceeding to Wallace’s reaction, I will add an additional difficulty to Darwin’s 
list. This difficulty really centers on Darwin’s answers to the difficulties he raised. 
Darwin summarized his arguments as follows (Darwin, 1858). “Multiform difficulties 
will occur to everyone, with respect to this theory. Many can, I think, be satisfactorily 
answered. Natura non facit saltum answers some of the most obvious. The slowness of 
change, and only a few individuals undergoing change at any one time, answers others. 
The extreme imperfection of the geologic record answers others.”  
 
What Darwin’s answers do provide is an explanation of why the data to answer the 
questions don’t exist. What they do not provide is proof that the data ever did exist, nor 
do they provide any way to verify his explanation. This theory of speciation remains 
untestable. 
 
Wallace’s Problems with Inter-specific Sterility 
 
As stated above, Wallace saw the problem of fertility as central to the question of 
speciation. He stated the reason for his attraction to this problem quite clearly (Wallace, 
1891). “It will occur to many persons that, as the infertility or sterility of incipient species 
would be useful to them when occupying the same or adjacent areas, by neutralizing the 
effects of intercrossing, this infertility might have been increased by the action of natural 
selection; and this will be thought the more probable if we admit, as we have seen reason 
to do, that variations in fertility occur, perhaps as frequently as other variations.” 
 
Wallace then presents some of Darwin’s major objections, and counters with: “But none 
of these objections would have much weight if it could be clearly shown that natural 
selection is able to increase the infertility variations of incipient species.” 
 
The major obstacle here was the perspective of preserving infertility. How could natural 
selection ever increase or even preserve heritable traits that lead to infertile unions and 
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the Wallace’s theories of speciation diverge. Wallace summarized the way in which 
natural selection could produce sterility as follows: 
 

1. “Let there be a species which has varied into two forms each adapted to 
certain existing conditions better than the parent form, which they soon 
supplant. 

 
2. “If these two forms, which are supposed to coexist in the same district, do not 

intercross, natural selection will accumulate all favorable variations till they 
become well suited to their conditions of life, and form two slightly differing 
species. 
 

3. “But if these two forms freely intercross with each other, and produce hybrids, 
which are also quite fertile inter se, then the formation of the two distinct 
races or species will be retarded, or perhaps entirely prevented; for the 
offspring of the crossed unions will be more vigorous owing to the cross, 
although less adapted to their conditions of life than either of the pure breeds. 

 
4. “Now, let a partial sterility of the hybrids of some considerable proportion of 

these two forms arise; and, as this would probably be due to some special 
conditions of life, we may fairly suppose it to arise in some definite portion of 
the area occupied by the two forms. 

 
5. “The result will be that, in that area, the hybrids (although continually 

produced by the first crosses almost as freely as before) will not themselves 
increase so rapidly as the two pure forms; and as the two pure forms are, by 
the terms of the problem, better suited to their several conditions of life that 
the hybrids, they will inevitably increase more rapidly, and will continually 
tend to supplant the hybrids altogether at every recurrent severe struggle for 
existence.  

 
6. “We may fairly suppose, also, that as soon as any sterility appears some 

disinclination to cross unions will appear, and this will further tend to the 
diminution of the production of hybrids.” 

 
There are a number of important variations to Darwin’s version of the theory in this 
summary. First, Wallace suggests a reason why species need to be sexually isolated. 
Second, he puts forth the concept of selection against the hybrid as the agent of action 
rather than selection for sterility. Third, he provides the seed of our modern idea of pre-
mating isolating mechanisms when he talks about the appearance of “some disinclination 
to cross unions.” It also seems that the concept of a population is becoming more clear in 
Wallace’s two forms. 
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The Modern Theory of Natural Selection 
 
Perhaps the greatest single source of support for the theory of natural selection came from 
the field of genetics. The search for a mechanism to explain the hereditary transfer of 
traits led to the matching of the observed behavior of chromosomes with Mendel’s 
rediscovered laws of heredity at the dawn of the Twentieth Century. By 1930, Ronald 
Fisher (1959) had put forth a quantitative description of how natural selection could 
work. Biologists began to think of evolution in terms of populations, gene pools and gene 
frequencies. Natural selection had obtained enough evidence to become a natural law. 
 
The concept of the speciation process also underwent refinement during this period, but 
did not emerge with the same consensus and support that natural selection enjoyed. Some 
general principles in the speciation process have been widely accepted, but the specific 
meaning of each principle has remained in contest as will be discussed later.  
 
The first generally accepted principle is that the species contains some form of distinct 
variation caused either by physical or behavior isolation of populations within it. The 
second principle is that variation eventually leads to the development of reproductive 
isolating mechanisms, either by direct or indirect action. Finally, the anomalies in inter-
specific breeding, due either to infertility or a breakdown of pre-mating mechanisms, 
arise because re-contact is made between populations before speciation is complete. 
These principles seem to underlie the collection of data for most of the competing 
explanations of speciation that are seriously considered today. 
 
Yet, with all of these advances, some of the original issues still remain unresolved. 
Biologists to this day do not agree on what constitutes a species. Only the arguments 
brought to bare on either side have changed. Taxonomists such as Ehrlich and Holm 
(1963) or Sneath and Sokal (1973) are entrenched on the side that species are defined by 
Darwin’s undefinable amount of indifference (which they are trying to define) while 
others such as Ernst Mayr (1964, 1953) argue Wallace’s point that the inherited bonds 
not only are discernable but that well defined gaps exist in most cases (although not 
necessarily due to sterility). White (1978) gives a more detailed summary of the 
continuing disagreement over this issue that was so central to Darwin’s theory. 
 
Another issue addressed by Darwin and Wallace remains unresolved, that of sympatric 
speciation. On this issue they both agreed, although apparently not everyone of their time 
did. Defending their position, Wallace (1891) said: “Mr. Darwin was of the opinion that, 
on the whole, the largeness of the area occupied by a species was of more importance 
than isolation, as a factor in the production of new species, and in this I quite agree with 
him.”  
 
However, today many biologists still argue that spatial isolation is the largest cause of 
speciation (Mayr, 1963). There are others who argue the Darwin/Wallace line that this 
type of isolation is not necessary (Thoday, 1972; Levin, 1969; Thoday and Gibson, 1962; 
Thoday and Boam, 1959). 
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Another issue dating back to Darwin and Wallace centers on the sterility/fertility 
problems that so concerned Wallace. Today they have take the twist that seems a direct 
extension of Wallace’s solution to the problem. The central concept no longer centers on 
sterility but on a whole array of mechanisms leading to the “disinclination to cross 
unions.” These mechanism are known collectively as reproductive isolating mechanisms, 
and some authors still include infertility among them. 
 
Mecham (1961) pointed out that post-mating mechanisms (infertility and hybrid sterility) 
are not subjected to natural selection because it has no way to operate on them. This is, of 
course, what Darwin pointed out to Wallace when Wallace advanced the theory of 
sterility to create distinct species. However, agreement on the role of sterility in the 
speciation process still has not been reached.  
 
The cases presented when discussing reproductive isolating mechanisms continue to 
present all of Darwin’s anomalies that he used when discussing inter-specific sterility. 
However, from the modern studies of isolating mechanisms one can begin to see the 
Wallace solution, selection against the hybrid, begin to emerge with greater clarity than 
ever before.  
 
Mecham’s (op.cit.) observation that natural selection can only work on pre-mating 
isolating mechanisms, Sibley’s (1961) concentration on patterns of reproductive isolation 
when sympatry occurs at various stages of isolating mechanism development (“the results 
will depend mainly on the success of the hybrids”) and Littlejohn’s (1969) arguments for 
active natural selection processes in explaining the establishment of isolating mechanisms 
all begin to paint a new picture of speciation, a picture that not only helps explain 
Darwin’s anomalies but that points the direction for new research. 
 
A New Look at Variability and Speciation 
 
Like all new theories, this theory will demand that the processes and problems discussed 
above be observed from a somewhat different perspective. This new perspective springs 
from Darwin’s given, the variability exists. We are now in a position to ask, why does 
variability exist and what are its limits? Darwin (1859) noted that some varieties, species, 
and genera showed a great deal more variability than others. Variability was, and is, a 
widely recognized phenomenon in the biological world. The study of variability, its 
genesis, causes, and maintenance now must be considered to put the origin of species into 
its proper perspective.  
 
Variability must confer a powerful selective advantage, because not only do all species 
display variability, most go out of their way to promote it, either through sexual behavior 
or conjugation. Darwin gave numerous examples of this and concluded that: “no plant is 
perpetually self-fertilised.” Pianka (1974) speculated on the advantages and 
disadvantages of variability as follows. 
 
“Presumably, evolutionary benefits of genetic recombination and increased variability 
more than offset the disadvantage of one organism perpetuating the genes of another. Still 
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another advantage to an individual might be that, by reproducing sexually, an organism is 
able to mix its genes with other very fit genes, thereby increasing the fitness of its 
progeny.” 
 
This last sentence may hold a further key to the reasons for variability. Fitness is relative 
to the specific environment, and environments frequently change. The genes of 
individuals that produce the greatest variability in their offspring would be more likely to 
survive changes in the environment than those with little or no variability. Given 
unpredictable changes in the environment, we would expect natural selection to favor 
those genes that not only tolerate, but actively promote variability. Their survival is 
optimized because they have more possibilities covered. Hence, we see selection 
pressures favoring the mixing of genes and the consequent variability. 
 
However, there are restraints on the amount of variability that can be tolerated, and those 
restraints come from two directions. Internally the organism must be able to maintain its 
organizational structure and processes in a form that allows it to function as an organism. 
Externally the organism must be able to meet the demands of its environment. These two 
factors, physiologic and environmental, put restraints on the amount of variability a 
population is allowed. It should be noted that the distinction between these two limiting 
factors is not always easy to draw. In the real world acceptable physiological states are 
partly determined by environmental conditions. 
 
Let us begin with a special case, the single population species. Let us also assume, for the 
moment, that the environment occupied by this species is relatively homogenous 
physically and temporally. In this situation we would expect natural selection to slowly 
create a homogenous gene pool that eliminates most of the variability.  
 
Slobodkin and Rapoport (1974) describe this state (where the species is perfectly adapted 
to its environment) as one where “no gene frequency changes are occurring, i.e., selection 
is just sufficient to eliminate the effect of mutation.” 
 
However, even relatively stable environments fluctuate in directions that put differing 
selection pressures on populations over time. Without variability the species faces a crisis 
and possible extinction with every environmental shift. 
 
Rare and endangered species provide us with natural examples of this single population 
species concept. The Whooping Crane is a particularly good example. Here a species was 
reduced to a single population of continually dwindling numbers. Attempts were made to 
increase the numbers through artificial brooding and rearing techniques, but without 
success. The main strategy for saving the population rested on the assumption that 
increased population size would make the species less vulnerable. One could hardly 
argue with this premise; however, I question whether increased population size per se 
would have helped the species. The other strategy was to try to induce the birds to expand 
their winter territory so the entire species would not be vulnerable to climatic “accidents.” 
The Whooping Crane showed an amazing lack of variability on this point. 
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What were the dynamics involved in this problem? Certainly habitat destruction by 
humans started the chain of events, but why were they so difficult to reverse? The 
conventional reasons given for the continuing population decline center on the 
vulnerability to random action because of the low number of individuals (the makeup of 
the gene pool depends more on chance than on natural selection) and the extreme (and 
unexplained) lack of behavior variability within the population. 
 
Before postulating some other reasons I will discuss a related example from a 
domesticated source. Darwin (1859) noted not only the increased vigor induced by 
crossing breeds in domestic breeding, but also the decreased vigor of continual 
inbreeding. Modern plant breeding has provided us with an example of both of these 
effects operating together. And, this phenomenon may help shed some light on further 
dynamics of this process. 
 
Hybrid corn produced an agricultural revolution by utilizing the hybrid vigor noted by 
Darwin for commercial purposes. The key to this utilization was to keep separate 
populations of parent varieties and to cross them only for the purpose of generating seed 
to be grown for commercial yield. The corn population that went to market was different 
from either corn population that parented the seeds. This separation of breeding 
populations from field populations not only increased yield, it promoted the rise of large 
seed companies. This has created an interesting situation from a theoretical standpoint. 
 
The hybrid corn process pumps hybrids into the environment to exploit their hybrid 
vigor. But, the parent populations begin to resemble our single population species, small, 
genetically isolated, in a homogenous environment. What is happening to these parental 
populations? We know they are continually replaced by new “improved” parents, but 
even these new genes are provided from a limited genetic stock. So we see human 
selection for a few “fitness” traits taking place on a limited and relatively closed gene 
pool. The result is an alarming narrowing of the overall variability within the gene pool 
(Harlan, 1975). 
 
Is it possible that we are viewing the same process here that was observed in the 
Whooping Crane? In both cases we observe strong selection operating on a few traits 
from a severely limited gene pool. Each crisis very likely narrows the total variability as 
well as the variability of the genes directly involved, because selection works on whole 
individuals, not individual genes. Since these populations are not large, every possible 
combination is not represented. Therefore, non-selected genes must be lost with many 
individuals selected against.  
 
At the next selection point there is even less variability to draw from. If the new selection 
pressure demands a response from a different gene complex than the last selection, the 
likelihood of the population containing the traits for a successful response is greatly 
reduced, because the last variability reduction for this gene complex was random rather 
than environmentally directed. This new selection would reduce the overall variability 
even further. The result would be a positive feedback loop characterized by declining 
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population numbers and a less and less vigorous population. The culmination of this 
process is extinction. 
 
Rare and endangered species and certain domestic varieties provide us with some 
evidence for this process, but there is a need for more detailed research in this area. The 
process outlined here suggests an alternative to Slobodkin and Rapoport’s perfectly 
adapted state. Since most populations are too small to present the environment with every 
possible combination of traits, this process suggests that in normal environments 
selection outstrips the ability of both mutation and sexual recombination to maintain 
healthy variability. Species, therefore, must have some mechanism other than mutation 
and sexual recombination to provide the continuing variability on which natural selection 
acts. 
 
One solution to this problem rests in the fact that most species do not consist of a single 
population. Each population exists in slightly different environments with different 
selection pressures, different gene frequencies, and different selection points. While each 
population may be subject to the erosion of traits described above, collectively they 
contain the antidote. While each population maintains a certain degree of internal 
integrity and stability, nevertheless, a certain amount of gene flow occurs among the 
populations. This gene flow introduces new variability into each population by presenting 
new alleles and by presenting alleles in different frequencies and combinations than what 
naturally occur in each single population. The new possibilities presented counter the loss 
of individual alleles by natural and random selection from any single population, and the 
contact of populations with different gene frequencies encourages new recombination 
which become the raw material on which natural selection operates. 
 
Even between distantly related populations, hybrids do occur. In fact, crosses between 
these distant populations are what usually are noticed precisely because they are distant, 
and the hybrids, based on some set of humanly recognized characteristics, are 
unexpected. Closer populations must hybridize all the time without much notice from 
biologists. And yet, if the theory presented here is correct, these close hybrids are 
maintaining the variability in the component populations that allows them to counter the 
variability lost to natural and random selection.  
 
Even hybrids between populations that we consider distant enough to be separate species 
are not uncommon. In birds, where hybrids probably are more likely to be noticed than 
most other orders, a number of inter-specific hybrids have been recorded (see Sibley, 
1961; Gray, 1957; Cockrum, 1952). From this evidence it appears that hybrids among 
populations, even so distant as to be considered good species, are not mere anomalies, but 
part of a larger pattern of population dynamics. 
 
Further supporting evidence exists that the pattern of population separation and 
subsequent hybridization is a powerful force in generating variability. This evidence 
comes from the tremendous variability found in domestic species. Darwin noted this in 
his Origin of Species, and it has been carried further by Harlan (1975) in his studies of the 
evolution of crop plants. The individual farmers saving and replanting their own seed 
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created numerous populations adapted to many different conditions. The variability that 
ensued can be seen easily in the species Brassica oleracea Linn. which includes cabbage, 
cauliflower, brussel sprouts, kale, kohlrabi, and broccoli. In other domestic species the 
variable traits may not be as obvious, but great variability exists in all domestic species. 
Today the single population breeding methods are quickly eroding this variability, a 
result that supports this theory that multiple populations play an important role in 
generating and maintaining variability. 
 
Before continuing on to look at the speciation process, it might be helpful to summarize 
the main postulates made so far: 
 

1. Variability confers selective advantage by maximizing the odds of a specific 
allele surviving an environmental change by spreading it across as many 
different combinations as possible. 

 
2. Resistance to the variability generated come from environmental selection 

pressures. 
 

3. Natural and random selection erodes the variability of a single population 
faster than it is generated by mutation and sexual recombination alone. 

 
4. Multiple populations and inter-population hybridization generate enough new 

variability within each single population to counter the eroding effects of 
natural and random selection. 

 
We now are ready to consider the special case where the inter-population hybrids are 
selected against by the environment in which they occur. When this happens, the normal 
process of generating variability in the two populations is thwarted. The result is what we 
refer to as speciation. 
 
In effect, the populations are subjected to opposing pressures when speciation occurs. 
The ultimate pressure is to spread the alleles into new and different combinations, but the 
proximate pressures from the environment select against these new combinations. If the 
proximate pressures prevail, speciation takes place according to the process outlined by 
Wallace. The “disinclination to cross unions” happens via direct natural selection as 
those individuals who do not breed between the populations, due to some heritable trait, 
leave more viable offspring. 
 
The bridgeless gap phenomenon is a result of the complete sublimation of the ultimate 
pressure toward variability. This probably occurs, as Littlejohn (1969) suggests, from the 
additive action of several isolating mechanisms. However, since the bridgeless gap can 
occur only by one selection pressure overriding an opposing one, we should not expect 
the bridgeless gap to be the inevitable result of limited gene flow among populations, 
even given an infinite amount of time.  
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That the bridgeless gap is expected can be seen from the studies trying to explain 
“incomplete” speciation, as if speciation was some kind of goal or final product. In order 
for this goal orientation to be scientifically justified, a mechanism that drives all 
populations inevitably toward speciation must be identified. Without such a mechanism 
there is no reason to assume that populations will not hybridize, even though they are 
perceived as very different based on human criteria. We, and not nature, have put this 
expectation on natural selection. If we look at variability as a powerful and intrinsic 
selective force, the anomalies created by our earlier expectations disappear.  
 
The anomalies recognized as “incomplete speciation” can be placed into four categories.  
 
The first category includes those populations which have been misclassified as separate 
species. When they regain contact, there is no selection against the hybrid forms, and the 
normal process of generating variability takes place. An example of this is the Red-
Shafted, Yellow-Shafted, and Guilded Flickers which hybridized so extensively they 
were reclassified as races of the  Common Flicker. 
 
The second category includes those situations where selection against the hybrid occurs 
in one population but not the other. I will call this population specific speciation. An 
example of the result is found in one of the more interesting fertility anomalies noted by 
Darwin. The two “distinct species” of plants, Mirabilis jalapa and M. longiflora, can be 
easily crossed, and will produce healthy and fertile hybrids when the pollen of the latter is 
applied to the stigma of the former. However, the reverse cross will not produce offspring 
at all. Somewhere in the past, the environment of M. jalapa must have selected against 
the hybrid forms and pressured the rise of pre-mating isolating mechanisms in those 
populations. Meanwhile, M. longiflora must either have not been exposed to the past 
hybridization, or if exposed, the environment must have tolerated the hybrids, thus 
leaving that population with the potential for increased variability. 
 
The third category includes those situations in which the hybrids are selected against in 
one geographic area, but not others. I will call this point specific speciation. An example 
of this is the Mexican Red-eyed Towhee as given by Sibley (1961). “In essence this 
problem involves two remarkably different looking species which live in complete 
sympatry, without interbreeding, in at least three localities in southeastern Mexico 
(Oaxaca), but which hybridize to varying degrees, ranging from slight to complete, in 
other areas.” 
 
The fourth category includes situations where hybrids continue to occur, but only in a 
restricted adaptive zone. Sibley (op. sit.) points out that many of these have resulted from 
man-made habitat changes; all are geologically recent; and he believes they can persist 
only for relatively short periods. 
 
In the first three categories incomplete speciation seems to be an artificial classification. 
Category one, misclassification, can be considered incomplete speciation only if the 
assumption is made that speciation was the “goal” of the separation and re-contact 
process. Otherwise, it is merely another example of a normal process that happens all the 
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time between populations of the same species. We note it because our perceived 
differences between the populations make the hybrids unexpected and therefore more 
obvious. 
 
To consider the situation in categories two, population specific speciation, and three, 
point specific speciation, to be a “not-yet-reached” phenomenon also is untenable Not 
only does it assume the goal orientation of category one, it also implies the continuing 
existence of that unidentified force to drive the process to completion. To assume that 
selection against the hybrids automatically will occur in populations where the hybrids 
currently are viable seems improbable at best. Also, it should be noted that the distinction 
between population specific and point specific speciation is really artificial. We are 
distinguishing between two effects that have the same underlying cause – selection 
against the hybrids in some, but not all, environments involved. 
 
The fourth category is not incomplete speciation, but the process of speciation. From the 
variability theory presented here, this is exactly how we would expect speciation to look 
as we observe it in nature. It is not incomplete because all the steps leading up to this 
stage are not unique to speciation; they are part of the normal process that generates and 
maintains population variability. Speciation is but one possible outcome of the broader 
process.  It is only at this last step that speciation can be said to have taken place, and that 
makes the last step the speciation process. It is worth noting that once this last step is 
taken it is irreversible. Even if a future environment will support the hybrids, if the 
populations have taken this step, hybrids will not occur. 
 
Defining the Species 
 
Having placed the speciation process within the larger process of generating and 
maintaining variability, we must consider how this affects our concept of a species. As 
implied earlier in this paper, any change in the theory of the origin of species also affects 
our concept of what a species is. If one believes in special creation, then species become 
distinct entities arising from a single pair. If one believes in the origin of new species 
from existing species via natural selection using Darwin’s arguments, species are not 
distinct entities, but human constructs. If one accepts the origin of species using 
Wallace’s arguments, species, at least generally, become distinct again.  
 
The main difference between the Darwin/Wallace species concepts and the special 
creation concept was that the Darwin/Wallace concept viewed speciation as a 
phenomenon of populations whereas the special creation concept viewed speciation as a 
phenomenon of individuals (i.e. each species arose from a single pair of individuals). The 
concept presented here differs from both these definitions. While it retains elements of 
the population phenomenon of Darwin/Wallace, it views speciation primarily as a 
phenomenon of the environment in which hybrids find themselves. 
 
That speciation is dependent on the environment can be argued using both theoretical and 
observational data. As indicated by the quotation from Ronald Fisher cited earlier, we 
must be careful to distinguish between natural selection and speciation.  
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We can use the mathematics of natural selection to show how two populations with 
known alleles and known but differing selection pressures would diverge. But we can use 
the same mathematics to show how they would recombine. The mathematics of natural 
selection cannot tell us whether or not the two populations upon recombining will 
become two species or remain one. In order to answer that question we must make 
additional assumptions about the selection pressures against the hybrids, and those are 
assumptions about the environment not about the intrinsic population dynamics. 
 
This theoretical view can be supported by the entire set of observational phenomena 
presented above. The population specific and point specific speciation phenomena are the 
most convincing because the environment is almost certainly the key factor. Additionally, 
Littlejohn (1969) has pointed out that there is no correlation between morphological 
divergence and sexual isolation. 
 
Perhaps the main objection to viewing speciation as an environmental phenomenon rests 
on the issue of infertility. It would be difficult, as well as unwise, to argue that a priori 
infertility between populations upon re-contact is not a cause of the subsequent 
development of pre-mating isolating mechanisms. This must occur in some cases. A 
priori infertility provides an example of the internal restraints on variability mentioned in 
the previous section. However, even when the internal restraints do occur, they represent 
a special case of selection against the hybrid. Pre-mating isolating mechanisms still must 
be selected for, and these still involve environmental considerations as was shown by 
Koopman (1950).  
 
The lack of correlation between pre-mating and post-mating isolating mechanisms in 
general (Littlejohn, 1969) provides additional evidence that intrinsic restraints on 
variability are not the only form of selection against the hybrid. How often intrinsic 
restraints are the responsible agent for selection against the hybrid and how often those 
restraints come from the environmental selection cannot be answered without more data. 
 
This leads us to another point that both Darwin and Wallace stressed. Infertility is not 
uniform among all individuals either within or between populations. Thus, even in the 
case of infertility, the separation may not be irreversible. If viable hybrids are produced, 
even rarely, and there is extreme advantage conferred on them by the environment, one 
would expect a slow breakdown of the inter-population infertility. An example of this can 
be found between wheat and rye, two species that are infertile between themselves. And 
yet, the viable offspring of a naturally occurring cross between the two species was 
found. This hybrid was place in an extremely favorable environment (a breeder’s 
research plot) and selected for. The establishment of Triticale has been difficult, but 
selection for the hybrid form is beginning to establish interbreeding potential between 
two species that previously were separated by wide-spread infertility. It is significant that 
the initial cross occurred without a human effort to create it. 
 
The environmental view of speciation touches on another issue. If conditions can change 
so the hybrid forms are selected for, they also can change so they are selected against. In 
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this case, however, we would assume that the “hybrids” are well integrated in the 
population, so we refer to them as intermediates rather than hybrids. This situation would 
provide a mechanism for sympatric speciation. Thoday and Boam (1959) showed how a 
polymorphic species could arise sympatrically. If we consider the special case of 
selection against the hybrid (intermediate) to occur on top of this, as the mechanism that 
causes the “avoidance responses to disruptive gene flow” suggested by Levin (1969), 
sympatric speciation could occur.  
 
To briefly summarize the concept of speciation developed from this theory so far: 
 

1. Speciation is viewed primarily as an environmental phenomenon acting on the 
general pressure of populations to increase variability 

 
2. The selection pressures from the environment on the hybrid (or intermediate) 

individuals determine whether or not speciation will take place 
 

3. Speciation is reversible under special conditions that relate directly to the 
pressure on the hybrids; this can occur even when infertility is involved, as 
long as it is not complete infertility 

 
We now are ready to examine the concept of a species. If the process of speciation is 
selection against the hybrids, the result is the elimination or extreme reduction of the flow 
of genetic material between the populations involved. Thus, recognizing species as a real 
phenomenon involves recognizing barriers to gene flow between populations. This 
implies some form of quantum rather than continuum difference between species, a form 
of Mayr’s bridgeless gap mentioned above. 
 
It should be noted, however, that one use of the species concept is to reduce the 
variability found in nature to proportions that are both manageable and useful. From this 
perspective the phenomena of population-specific and point-specific speciation and the 
process of speciation by the temporary appearance of hybrids creates problems. Are the 
populations involved the same or different species? 
 
The basic problem here partially rests on the way we view species. Mayr (1969) has 
stated that species are the only real unit in taxonomy. All others above it are man-made 
abstractions. I disagree; species are themselves a man-made abstraction, as our species 
anomalies point out. The breeding population is the basic and only real unit. All others 
are abstractions based either on the perceived similarity of individuals within a 
population compared with the perceived differences between populations or else are 
based on the perceived extent of barriers to gene flow between populations. 
 
By recognizing the population as the only real unit we can better understand one of the 
fundamental disagreements in biology, the species definition. Darwin was right when he 
recognized that species were human constructs, but he was wrong when he said the 
amount of indifference could not be defined. The ability to recognize this indifference 
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rests not on any objective reality, for species are not inherently real. It rests on the rules 
used to make the abstraction. 
 
Since modern biological research depends on knowing both historical and current genetic 
relationships among populations, any species abstraction that does not take these 
relationships into account becomes inadequate for most biological research. This does not 
mean that similarities and differences among populations are not important; in many 
cases they are the only evidence available for constructing these relationships. However, 
the underlying guide is the attempt to understand the current and historical patterns of 
variability by reconstructing patterns of potential recombination or potential barriers to 
recombination among populations. 
 
From this perspective our classification of the alternative inter-population relationships 
(e.g. population-specific and point-specific species) as the same or separate species 
becomes more a matter of convention that a matter of fact. I prefer to consider population 
groups with a fairly complete barrier between any of the populations as separate species. 
However, I also have been using the qualifiers “population-specific” and “point-specific” 
to distinguish the different structural patterns between the species. Both of these 
qualifiers indicate the presence of niche-specific species as opposed to the more common 
pervasive species which the older species concepts were designed to accommodate. 
 
A special case is the transient appearance of hybrids in a hybrid zone. As mentioned 
above, this is the process of speciation, so presumably the classification system should 
have a method of noting the transition point. This would distinguish cases of observed 
speciation from those that are inferred. 
 
Taxonomic groups higher than the species level also are abstractions that rely on some 
form of convention for making distinctions. One rule for higher groupings should be that 
all species within the grouping are pervasive species with respect to all species outside 
the grouping. In other words, niche-specific species and sibling species resulting from 
any form of transient hybrid state should share the same genus. Discovery of inter-
generic hybrids should force a reclassification, for presumably levels above the species 
level should arise only from variations on either side of a complete, bridgeless gap. 
 
Why Intermediate Forms Are Rarely Found 
 
As discussed earlier in this paper, Darwin considered the general absence of forms 
intermediate between species to be a difficulty with his theory of speciation. I pointed out 
that his defense of the theory lay mainly in explaining why the data did not exist rather 
than convincing the reader that intermediate forms ever did exist. The mechanism of 
speciation by selection against the hybrids provides a more direct answer as to why 
intermediate forms generally do not exist between species. However, before discussing 
this issue directly, two important concepts developed by Darwin in his defense of this 
issue deserve to be considered. 
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The first concept was that which we call the niche today. Darwin referred to this as the 
variety’s “special environment,” and each special environment was assumed to have 
slightly different selection pressures, which was why distinct varieties evolved. Darwin’s 
concept is evoked here, and it is important to notice a difference between Darwin’s 
concept of niche and the current concept. 
 
The niche, in today’s usage, is considered a species phenomenon. We talk about the 
potential and actual niches of species. From our discussion of species in the previous 
section, it will be recalled that species were not considered a real phenomenon, but a 
human construct. The breeding population was defined as the basic unit of reality. If 
niches create selection pressures that act on real organisms, then the niche must be 
considered as a population phenomenon rather than a species phenomenon. The species 
concept of the niche is merely a summary of the niches of the populations that have been 
abstracted together to create a species. Even the concept of potential niches is this sort of 
summary of the potential niches of the constituent populations, but this concept is made 
even more difficult by the theory presented here. The potential niches of all of the inter-
population hybrids also must be considered in this summary construction. 
 
The second concept was that which we now call the Competitive Exclusion Principle. 
What needs to be noticed here is that the natural selection process which causes a 
population to track its environment is exactly the same process that leads to competitive 
exclusion. The difference is that we invoke the Competitive Exclusion Principle when the 
individuals belong to two sexually isolated populations but not when the individuals 
belong to sexually interactive populations. The only way we can recognize the difference 
between Competitive Exclusion and Natural Selection is by knowing that the sexual 
isolation exists. Otherwise they would look the same to the observer. 
 
We now are ready to develop the case for why intermediate forms rarely exist between 
species. Speciation is a process that takes place when two populations, the previously 
shared genes, lose and then regain contact. In nature these populations regain contact 
because their niches come into contact. Speciation occurs if there is selection against the 
hybrids. However, for the populations to be sufficiently distinct to produce hybrids that 
are selected against, it seems fair to assume that the respective niches also would have to 
be distinct. Since each population is suited to its own niche, and since both niches are 
available in the immediate area, neither species is subjected to competitive exclusion. The 
resulting isolating mechanisms that develop partition the original summary niche into the 
two population niches. The selection against the intermediate form provides an automatic 
buffer between the newly partitioned niches.  
 
This view of speciation turns Darwin’s problem around. The lack of intermediate forms, 
especially among closely allied species in the same territory, is no longer a problem for 
defending the speciation process. It becomes evidence for the selection against the hybrid 
theory. 
 
A corollary of this process is that extinction of sibling species during the speciation 
process must be a rare occurrence. Most extinctions due to competitive exclusion occur 
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because of introductions or invasions of unrelated ecological equivalents rather than the 
presence of sibling species. The speciation process acts as an agent for partitioning the 
summary niche and therefore is more likely to result in species packing than in 
extinction. 
 
Some Practical Implications 
 
With this theory, we see populations always subjected to opposing pressures of selection. 
If the proximate external pressures from the environment are relaxed, we see the ultimate, 
internalized pressures toward increased variability expressed. This phenomenon is the 
well known process of ecological release. Over the past century, biologists have viewed 
natural selection as a process that reduced variability and that ultimately and invariably 
led to speciation, unless the process met an untimely termination through early re-contact. 
Consequently, the role of natural selection in generating variability has been left largely 
unexplored. 
 
In the modern world of corporate technology and expanding pressures of civilization on 
the natural environment, the loss of genetic variability is fast becoming the major 
biological crisis we face. Our theories do well at explaining why this erosion is taking 
place, but they do not tell us how to effect the cultural changes necessary to stop the 
erosion, nor do they convincingly tell us what cultural changes are necessary to generate 
and maintain variability, even if we knew how to effect cultural changes. 
 
The theory proposed in this paper provides a framework which allows the process of 
natural selection to be viewed as both a creator and destroyer of variability. The 
implications discussed in this section primarily deal with the generation of variability 
since that seems to be at the root of some of our most pressing problems. Two major, but 
related, areas will be discussed. The loss of genetic variability from our domestic crops, 
and the loss of natural genetic variability through extinction of species. 
 
As we touched on earlier, the tremendous genetic diversity of cultivated plants is eroding 
quickly. This is due to two causes. First, the international marketing of improved varieties 
(where every season’s seed comes from a commercial company rather than last year’s 
crop) has caused farmers all over the world to stop growing their local varieties. Of 
course, this means the local populations are not perpetuated and the gene pools are lost. 
Second, the push to convert more natural habitat to cultivation now is destroying the last 
populations of the wild relatives of our crop plants. If both trends continue, we may soon 
find ourselves with only those populations maintained by commercial breeders and 
governments. 
 
In the United States, the government has long maintained populations of both primitive 
and somewhat advanced material. Each sample is supposed to be seed collected from a 
single plant, although this is not always the way in which it was collected. When it enters 
the country, each sample is given a unique number (called the Plant Introduction or PI 
number) and each sample is maintained as a separate population at a single site. 
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From the theory proposed in this paper, a number of serious questions come to mind. 
While this program is an attempt to maintain variability, each population is completely 
isolated from the others, and by necessity consists of a limited number of individuals. 
Each PI is an almost perfect example of the hypothetical single population species that 
we considered above. Each generation is bound to lose some valuable variability to both 
natural selection and the associated random loss of genes, especially considering the 
small population sizes. Eventually we may even have trouble perpetuating some of the 
lines. 
 
The only apparent saving factor is the increased time between generations. The seed is 
only increased when absolutely necessary. This happens either because the stocks run 
low from filling breeders’ requests, the seed has begun to lose its viability due to age, or a 
predetermined number of years have passed. An attempt is made to use original seed as 
parents for as many generations as possible. 
 
These procedures are an attempt to minimize the natural selection pressures at work when 
the plants are grown in the greenhouse or field. The problem is, there is no such thing as a 
selectively neutral environment, even in the seed stage. There also is no way for us to 
judge all of the selection pressures involved. What happens to a gene pool that was 
shaped and maintained by heavy selection pressures in its native area, say lack of 
nitrogen, when it is moved into an environment where those pressures are relaxed, but 
some other pressure, say the ability to remain viable for long times in the seed stage, 
comes into action. The gene frequencies cannot help but shift. The population must adapt 
to its new environment by the process of natural selection. And, with the small population 
numbers involved, there is almost certainly a random loss of genes with those individuals 
that are selected against. 
 
Extending generation times does not provide a satisfactory solution. The obvious reason 
is that it only delays the problem. However, as suggested above, another more important 
reason is involved. The time spent dormant as a seed is not selectively neutral. The length 
of time a seed can remain alive in this dormant state is highly variable. If we keep a PI in 
storage as the viability drops from 95% to 60%, then we have selected against the one-
third of the population that cannot remain viable for long periods of time. This may result 
in a more severe selection pressure than growing the seeds out every year! 
 
We must learn to recognize that the very process of living implies selection. We cannot 
put populations into cold storage and expect them to remain unchanged. We know how to 
drastically curtail the generation of new variability, but we cannot stop natural selection 
from reducing the variability that already exists. 
 
The theory presented here suggests a change of philosophy that could solve the problem. 
By maintaining each PI number at more than one site (experimental research is necessary 
to determine how many are needed) the single population phenomenon can be removed. 
Each site would provide differing selection pressures and would encourage 
differentiation. The generation times should not be lengthened to the point where a 
significant percentage of the population becomes unviable. After a determined number of 
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generations, the seed from all the sites, for each PI, should be mixed together and 
redistributed. This process may not maintain an unchanging gene pool, but as argued 
above, that is impossible under any method. It would indefinitely promote a healthy gene 
pool that would maintain a higher level of variability for traits we cannot monitor. And, 
isn’t that what we really need? 
 
The problem of rare and endangered species has become more common, because humans 
have reduced the habitat of many species to a fraction of their former ranges. This habitat 
reduction is not likely to subside in the near future. The only strategy to save many of 
these species is the creation of natural reserves. This, of course, leads to all the problems 
we face with the PI collections. We run the risk of having a single population species 
containing too few individuals to keep severe genetic erosion from occurring. 
 
Using McArthur and Wilson’s island biogeographic theory, May (1975) has argued that 
single large area refuges should be preferred to many smaller ones. Simberloff and Abele 
(1976), using the same theory, argued that several smaller refuges might be preferable. 
Both of these arguments are based on maintaining the maximum number of species in the 
preserves. The theory presented here adds an additional consideration, maintaining a 
healthy level of variability within the species confined to the refuges. 
 
The solution to this latter problem lies in the number of populations extant for each 
species rather than the area per se. The actual number needed awaits further research. A 
large and diverse enough area (in relation to the species density and mobility) may 
provide for several populations. However, smaller, more numerous refuges may provide 
better monitoring and control methods for maintaining variability. As with the PI 
collections, human aided introductions among the populations may be necessary every 
determined number of generations. Rather than panmictic mixing, some random 
exchanges of a few individuals among all the populations may provide better results, 
mimicking the way inter-population exchanges occur among natural populations. 
 
Both of these problems and proposed solutions point to a fertile bed of research studies to 
provide the necessary data. Many of the indicated studies could simultaneously provide 
valuable data for both theoretical and applied problems. 
 
Some Theoretical Implications 
 
Perhaps the most intriguing implication of this theory is that it removes speciation from 
the list of “not directly observable” phenomena. The study of naturally occurring, recent 
hybrids provides us with a living laboratory on speciation. Interestingly, we already have 
some data on the process that were collected and interpreted in the context of the 
development of reproductive isolating mechanisms. Review of many of these data may 
provide further insights on the speciation process from the broader population 
phenomenon with respect to variability and the immediate environment. 
 
This theory also points the way to laboratory studies on speciation, and once again 
studies already exist to provide some insight into what we might discover. Koopman’s 
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1950 study on the extension of pre-mating isolating mechanisms between two species of 
Drosophila by selecting against the hybrids indicates potential. Thoday and Boam’s 1959 
experiment shows how partial selection against the hybrid can create a sympatric, 
polymorphic population from a continuously varying one. 
 
The study begging to be done is the laboratory creation of two species from one, by 
means of selection against the intermediate forms. Two conditions probably should be 
established to increase the chances of success. First, the initial population should be made 
up of individuals from several diverse sources. This insures maximum variability for 
potential isolating mechanisms. Second, care must be taken not to force one emerging 
species to competitively exclude the other. Two general approaches to this problem exist. 
The first is to limit population numbers in some fashion so resource limits are never 
reached. The second is to provide some form of non-uniform diversity in the 
experimental environment that would allow appropriate niche partitioning. 
 
Once the technique for this study is successfully developed, a natural extension is 
possible. By running the same experiment a number of times, varying the selection 
pressure by leaving every tenth intermediate, fifth intermediate, second intermediate, etc. 
in the breeding population, one could begin to collect empirical data on the effect of 
selection pressure on the rate of speciation. This could be done by graphing the number 
of intermediates for each generation for each selection pressure and comparing the 
resulting curves. 
 
Using these empirical data, one could develop a mathematics of speciation. By looking at 
generation times to the elimination of hybrids, or to complete introgression, in naturally 
occurring populations, calculations of natural selection pressures operating on hybrids in 
natural environments could be made. 
 
Summary 
 
The following points summarize the theory presented here: 
 

1. The breeding population is the basic real unit; species are human constructs. 
 
2. Variability is actively selected for in all populations, because all environments 

change unpredictably over time (ultimate pressure). 
 

3. Variability is actively selected against by the specific environment of the 
population (proximate pressure). 

 
4. Natural and random selection can erode variability in a single population 

faster than it can be replaced by mutation and sexual recombination alone. 
 

5. In natural populations the eroding effects of natural and random selection are 
countered by the frequent, but random, introduction of genes from related 
populations that come into direct contact. 
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6. Hybrids should always be expected on the initial contact of related 
populations and species. 

 
7. Speciation occurs when the environment at the point of contact actively 

selects against the hybrids produced between the two populations. 
 

8. By viewing speciation as the dynamic result of ultimate selection pressures for 
increased variability being countered by proximate pressures against the 
hybrid in a specific environment, previous anomalies such as population-
specific species and point-specific species can be easily explained. 

 
9. This theory allows the speciation process to be studied directly in an 

experimental manner. 
 
The theory presented here looks at the generation and maintenance of variability as one 
of the primary problems that all populations face. The Darwin/Wallace Law of Natural 
Selection is presented as the major force for understanding the dynamics of variability in 
populations. The process of speciation, discussed in terms of this larger concept, is 
viewed as the result of environmental resistance to a specific kind of variability, the 
variability presented in hybrids between two populations. The environmental resistance 
can be caused by either intrinsic or extrinsic factors, but in either case the Law of Natural 
Selection is the agent of action. 
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