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Introduction 

Much of Darwin scholarship in recent years has focussed on the 
very private Charles Darwin, talking and thinking to himself in 
his Transmutation, M, and N Notebooks as well as other strictly 

personal writings. Less attention has been given to the large number of 
close intellectual relationships Darwin formed with other naturalists, such 
as John Henslow, Charles Lyell, Joseph Hooker, Asa Gray, Τ. H. Huxley, 
and Alfred Russel Wallace. Since these dialogues — conducted primarily 
through correspondence and thus accessible to historical analysis — often 
resulted in the clarification or even modification of Darwin's views, they 
certainly require thorough study if we are to gain as full an understanding 
as possible of the development of Darwin's scientific thought. In this essay 
I will analyze the intellectual relationship between Darwin and Wallace, 
emphasizing their extensive discussions concerning the nature and scope of 
natural selection. 

The story has been told many times how Darwin first formulated his 
concept of natural selection in 1838, but then for twenty years kept it to 
himself, telling only a very few other scientists (Hooker in 1844, Lyell in 
1856, Gray in 1857); how, in 1858, Wallace independently formulated his 
own concept of natural selection, immediately wrote it up, and sent his 
manuscript "On the Tendency of Varieties to Depart Indefinitely from the 
Original Type" to Darwin; and how Wallace's manuscript precipitated the 
first public presentation of Darwin's concept, along with Wallace's, at the 
celebrated meeting of the Linnean Society of London on 1 July 1858, and 
induced Darwin to write the Origin (between 20 July 1858, and 1 October 
1859) (see Fig. 1). 

It is almost always asserted or simply assumed that Wallace's concept 
of natural selection as presented in his 1858 paper was identical to Darwin's 
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concept in the first edition (1859) of the Origin. Darwin certainly acted 
in 1858 as if the two concepts were equivalent; and much later both Darwin 
and Wallace explicitly stated that they were. It has been argued, however, 
that the two concepts in 1858 were significantly different, since Darwin's 
natural selection was "competitive selection", whereas Wallace's was 
"environmental selection" (Nicholson 1960); and since Darwin was concerned 
primarily with selection acting on individual differences, whereas Wallace's 
"main theme was the differential survival of varieties rather than individuals" 
(Bowler 1976c). J. L. Brooks has made the very different claim that Darwin 
"appropriated, without any acknowledgment, the concept of 'divergence' 
as it appears in the Origin of Species from Wallace's 1855 paper ["On the 
Law which has Regulated the Introduction of New Species"] and the 
manuscript that Wallace sent to Darwin . . . early in 1858" (Brooks 1969, 
1972). Thus in Part I of this essay ("Darwin and Wallace in 1858") I will 
re-examine Wallace's 1858 paper in order to evaluate these claims concerning 
Wallace's concepts of natural selection and divergence in 1858, in relation 
to those of Darwin. 

The dialogue between Darwin and Wallace took place almost entirely 
through their correspondence and published writings. That correspondence, 
initiated by Wallace on 10 October 1856, continued for twenty-five years 
through 1881. Only a small number of letters passed between Darwin and 
Wallace from 1856 to 1862, while Wallace was still in the Malay archipelago 
(see Beddall 1968, pp. 319-323). Their extensive interaction over natural 
selection began, therefore, after Wallace's return to England in 1862, and 
was especially active from 1864 to 1872. During this period it became 
abundantly clear to the two men that there were substantial differences 
between them as to the nature and scope of natural selection. They engaged 
in three major debates over the role of natural selection in the origin of 
(1) cross- and hybrid sterility, (2) sexual dimorphism, and (3) man.1 These 
debates were truly monumental intellectual confrontations. They continue 
to be especially interesting and indeed awe-inspiring, because during their 
debates Darwin and Wallace were the first to raise several fundamental 
issues concerning the nature of natural selection that are still subjects of 
controversy among evolutionary theorists, while the opposing positions they 
upheld over one hundred years ago remain prominent alternatives in the 
present day. These issues included: (i) "adaptationism" (Gould and Lewontin 
1979; Gould 1982), (ii) constraints on natural selection, and (iii) levels of 
selection (G. C. Williams 1966). 

These three debates take on an added fascination when one also considers 
the very human side of the interaction between Darwin and Wallace. During 
the 1860s each man developed an enormous admiration for the intellectual 
vigor and genius, as well as personal character, of the other.2 Because of 
these mutual feelings of respect, it mattered a great deal to each to convince 
the other; and, at the same time, it became rather frustrating when these 
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efforts to convince repeatedly failed and the differences of opinion remained 
unresolved. Indeed to Darwin, for whom the opinions of those few he 
considered his intellectual peers were particularly important, the seemingly 
endless disagreements with Wallace over natural selection proved to be quite 
distressing. At the climax of the sterility debate for instance, Darwin 
remarked: "Life is too short for so long a discussion. We shall, I greatly 
fear, never agree" (Darwin's italics; Wallace 1916, p. 172). And five months 
later at the climax of the debate over sexual dimorphism, he echoed that 
concern: "I grieve to differ from you, and it actually terrifies me, and 
makes me constantly distrust myself. I fear we shall never quite understand 
each other" (Wallace 1916, p. 189). In his autobiography, Wallace observed: 
"It is quite really pathetic how much he felt difference of opinion from 
his friends. I, of course, should have liked to have been able to convert 
him to my views, but I did not feel it so much as he seemed to do" (Wallace 
1905, 2: 14). 

The debate over the origin of cross- and hybrid sterility has not been 
the subject of any comprehensive study published to date, so I will devote 
most of Part II of this essay ("Darwin and Wallace after 1859: The Three 
Great Debates") to a detailed narrative and analysis of this debate. I will 
then conclude this part with brief summaries of the other two debates, 
in order to demonstrate that all three debates were phases of a single extended 
dialogue. 

I. Darwin and Wallace in 1858 
Alfred Russel Wallace became an evolutionist in 1845 after reading Robert 
Chambers's Vestiges of the Natural History of Creation. Thirteen years later 
in February 1858, while suffering from a severe attack of malaria in the 
Malay archipelago, the idea of natural selection "suddenly flashed" upon 
him: "In the two hours that elapsed before my ague fit was over I had 
thought out almost the whole of the theory and the same evening I sketched 
the draft of my paper, and in the two succeeding evenings wrote it out 
in full, and sent it by the next post to Mr. Darwin" (Wallace 1891, 
p. 20). Two questions naturally arise concerning Wallace's formulation of 
a concept of natural selection in 1858. Since Darwin had formulated his 
own concept of natural selection in September 1838, twenty years earlier, 
was Wallace's formulation completely independent of Darwin's? Second, 
was Wallace's concept of natural selection in 1858 identical to that of Darwin 
in 1858-1859? 

Wallace himself was very definite about his independence from Darwin 
with respect to the formulation of natural selection: "[natural selection] 
was conceived by me before I had the least notion of the scope and nature 
of Mr. Darwin's labours" (Wallace 1870a, p. iv; see 1891, p. 21, and 1905, 
1: 359). Almost all historians and evolutionary biologists have accepted 
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Wallace's statements of independence, because, prior to February 1858, 
Darwin had not published his idea and had told it to only Joseph Hooker, 
Charles Lyell, and Asa Gray, none of whom was in communication with 
Wallace. Furthermore, although Wallace had received one letter from Darwin 
prior to February 1858, Darwin had not divulged anything to Wallace about 
the nature of his theory: "This summer will make the twentieth year (!) 
since I opened my first note-book on the question how and in what way 
do species and varieties differ from each other . . . it is really impossible 
to explain my views in the compass of a letter as to causes and means 
of variation in a state of nature; but I have slowly adopted a distinct and 
tangible idea" (Darwin's italics; Wallace 1916, pp. 107-108).3 It is incorrect, 
however, to conclude from these facts that, prior to 1858, Darwin had 
absolutely no influence on Wallace's thinking. 

Wallace entered Darwin's intellectual life in 1856, or possibly a year 
or two earlier. But Darwin's influence on Wallace began in 1842 when 
Wallace first read, with evident excitement, Darwin's Journal of Researches 
and then re-read it in 1846 (the second edition of 1845?). In a letter of 
1846 to his new friend and fellow enthusiast in natural history Henry Walter 
Bates, Wallace praised both Darwin and Alexander von Humboldt; and 
in his autobiography Wallace looked back to Darwin's Journal of Researches 
and Humboldt's Personal Nanative of his travels in South America as "the 
two works to whose inspiration I owe my determination to visit the tropics 
as a collector" (Wallace 1905,1: 256). Withinjust two years (1848), Wallace 
left England for the Amazon region of South America, in the company 
of Bates, and his career as a scientist had begun. 

It is difficult to determine how much more than "inspiration" Wallace 
gained from his reading of Darwin's Journal of Researches. Wallace attributed 
his formulation of a concept of natural selection to the combined influence 
of Malthus's Essay on Population and Lyell's Principles of Geology (Wallace 1908a, 
pp. 111-118; McKinney 1972, pp. 160-163). In all probability Wallace first 
learned of Lyell's views from Darwin's Journal of Researches. Since Darwin 
did not mention Malthus and his Essay by name in the Journal, Wallace 
could not have been led to Malthus initially by Darwin. But in his new 
treatment of the causes of extinction, in the second edition (1845) of the 
Journal of Researches, Darwin did discuss the Malthusian doctrine that "the 
supply of food, on the average remains constant; yet the tendency in every 
animal to increase by propagation is geometrical." Recollecting many years 
later the circumstances surrounding his formulation of natural selection, 
Wallace noted: "Something led me to think of the 'positive checks' described 
by Malthus in his 'Essay on Population' " (1891, p. 20). While in the Malay 
archipelago Wallace did have with him the second edition of Darwin's 
Journal of Researches, so possibly the "something" that reminded him of Malthus's 
views was Darwin's discussion, in the Journal (cf. Ghiselin 1980). Natural 
selection is, however, much more than the combined views of Lyell and 
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Malthus; so whatever Wallace's debt may have been to Darwin for bringing 
these views to his attention, I believe that, independently of Darwin, Wallace 
did put these and other views together to produce a concept of natural 
selection. 

Perhaps the main warrant for the widely-held view that Wallace's natural 
selection (in 1858) was identical to Darwin's comes from what the two 
men themselves had to say. On 18 June 1858 — supposedly the very day 
on which he received Wallace's 1858 paper — Darwin wrote to Lyell: 
"I never saw a more striking coincidence; if Wallace had my manuscript 
sketch written out in 1842, he could not have made a better short abstract! 
Even his terms now stand as heads of my chapters . . . so all my originality, 
whatever it may amount to, will be smashed ..." (LL (NY) 1: 473). 
Everything in this famous passage suggests that Darwin regarded Wallace's 
idea as very similar, if not identical, to his own. In the Introduction to 
the Origin, Darwin remarked that the two men had reached "almost exactly 
the same general conclusions" (Origin, p. 2), while in his autobiography 
Darwin wrote that Wallace's paper "contained exactly the same theory as 
mine" (my italics; Autobiography, p. 121). Finally there are a number of 
statements in his correspondence in which Darwin treated the two views 
as identical. For instance, in 1859 Darwin told Wallace "you have thought 
. . . in so nearly the same channel with myself' (Wallace 1916, p. 115). 
In 1864 he said "the theory . . . is just as much yours as mine" (p. 127); 
and in 1869, in a well-known remark, Darwin commented, "I hope you 
have not murdered too completely your own and my child" (p. 197). Wallace 
wrote, in an introductory note added in 1891 to his 1858 paper: "This [paper] 
sets forth the main features of a theory identical with that discovered by 
Mr. Darwin many years before" (1891, p. 20). The most recent discussion 
of Wallace's concept in relation to Darwin's supports the common view 
that, although there are "subtle differences", Wallace and Darwin 
independendy arrived at "essentially the same theory" (Mayr 1982b, pp. 
494-497). But were there more than just subtle differences? 

ENVIRONMENTAL VERSUS COMPETITIVE SELECTION 
A. J. Nicholson argued that: "Although Darwin and Wallace regarded their 
theories as being essentially the same, they emphasized different parts of 
its mechanism. Darwin's arguments were concerned dominantly with 
competitive selection, which causes the less fit forms to be displaced as 
a secondary effect of the preservation of fitter forms, whereas Wallace 
. . . referred almost exclusively to what may be called 'environmental 
selection', the active principle of which is the direct elimination of the 
unfit" (1960, p. 491). 

In environmental selection the elimination of the unfit is primary, whereas 
in competitive selection the elimination of the less fit is secondary. Since, 
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according to both concepts of selection, there is an elimination of some 
individuals, the distinction being drawn might appear to be purely semantic. 
But it is not. The important difference between the two concepts is clearly 
illustrated by the ideas of "hard" and "soft" selection introduced by Bruce 
Wallace: 

I use the terms "hard" and "soft" in describing the basis by which natural 
selection determines which individuals are to be excluded from the ranks 
of successful breeders. One possibility ["hard selection"] is that the "cutoff 
point" is determined on an invariate fitness scale or by unconditional 
selective factors. Consequently, as the distribution of fitnesses that 
characterize a population fluctuates relative to the constant cutoff point, 
the number of individuals leaving progeny also fluctuates. Another 
possibility ["soft selection"], though, is that the cutoff point is not a 
constant determined according to some fixed fitness scale. Under this 
possibility, the number of parents may remain relatively constant from 
generation to generation despite fluctuations in the distribution of fitnesses 
within the population. (B. Wallace 1968, pp. 427-428; 1975) 

Environmental selection is an example of hard selection. The conditions 
in the external environment establish an absolute standard that must be 
met if an individual is to survive and then reproduce. The individual organism, 
under such circumstances, is "struggling" primarily against the external 
environment, not the other individuals of the species, since its survival is 
dependent primarily upon its own characteristics in direct relation to the 
demands of the external environment, not in relation to the characteristics 
of conspecific individuals. In the extreme, the fate of the individual would 
be independent of that of every other individual of the species. All those 
individuals that fail to meet the absolute standard are automatically eliminated, 
while all those (if any) meeting the standard survive. Under environmental 
(hard) selection the individuals that do not survive can properly be called 
unfit. Competitive selection, on the other hand, is an example of soft selection. 
The individual organism, in these situations, is struggling primarily against 
the other individuals of the species, since its survival is dependent largely 
upon its characteristics in relation to the characteristics of conspecifics. An 
individual might be perfectly able to survive and reproduce in the absence 
of certain other individuals of the species; but in the presence of those 
individuals it cannot survive and reproduce. Thus, under competitive (soft) 
selection, the individuals that do not survive are not really unfit at all. 
They are simply less fit than the survivors and are eliminated only because 
of the presence and preservation of the more fit individuals. 

The main evidence offered by Nicholson that Wallace concentrated on 
environmental selection is this key passage from his 1858 paper: 

Now, let some alteration of physical conditions occur in the district — 
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a long period of drought, a destruction of vegetation by locusts, the irruption 
of some fresh carnivorous animal seeking 'pastures new' — any change 
in fact tending to render existence more difficult to the species in question, 
and tasking its utmost powers to avoid complete extermination — it 
is evident that, of all the individuals composing the species, those forming 
the least numerous and most feebly organized variety would suffer first, 
and, were the pressure severe, must soon become extinct [automatic 
elimination of the unfit]. The same causes continuing in action, the parent 
species would next suffer, would gradually diminish in numbers, and with 
a recurrence of similar unfavourable conditions might also become extinct. 
The superior variety would then alone remain, and on a return to favourable 
circumstances would rapidly increase in numbers and occupy the place of 
the extinct species and variety, (my italics; 1858b, p. 274) 

Later in the paper Wallace discussed the evolution of the giraffe's neck 
by means of selection as opposed to "volition" (what he, mistakenly, took 
to be Lamarck's theory); and here also he described a process of environmental 
selection: "any varieties which occurred . . . with a longer neck than usual 
at once secured a fresh range of pasture over the same ground as their 
shorter-necked companions, and on the first scarcity of food were thereby enabled 
to outlive them" (my italics; pp. 277-278). 

The example of the giraffe's neck points up an important difference 
between the two types of selection in that "with competitive selection . . . 
the standard of selection automatically rises as a result of the biological 
improvement already selected, thus causing evolutionary advancement to 
continue, even in a constant environment, just so long as superior genotypes 
continue to appear. By contrast, with environmental selection . . . the 
maximum degree of evolutionary advancement that can be produced . . . 
is that at which all individuals have a barely sufficient defense to enable 
them to survive under the prevailing intensity of the selective factor" 
(Nicholson 1960, pp. 492 and 513). Thus, as Wallace described the process, 
initially the individuals with longer necks were no more fit than others 
because all were able to obtain the minimum amount of food necessary 
for survival; only after adverse environmental circumstances arose, did those 
shorter-necked individuals that could no longer obtain enough food become 
unfit. At this point they were directly eliminated, while the longer-necked 
individuals that could obtain enough food remained. With strict environmental 
selection, even if individuals with yet longer necks now appeared, no further 
evolution would take place since all individuals could obtain sufficient food. 
Another change in the external environment would be necessary before 
more selective elimination would occur. 

Further evidence that Wallace thought primarily in terms of 
environmental selection is contained in a letter he wrote to Darwin in 
1866, in which he proposed that in future editions of the Origin Darwin 
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adopt Herbert Spencer's phrase "survival of the fittest". Wallace 
remarked: "This term is the plain expression of the fact, natural 
selection is a metaphorical expression of it, and to a certain degree indirect 
and incorrect, since, even personifying Nature, she does not so much select 
special variations as exterminate the most unfavourable ones" (my italics; Wallace 
1916, pp. 140-142).4 Such a statement clearly reflects the view that the 
primary type of selection is the direct elimination of the unfit, or 
environmental selection. 

In support of his view that Darwin emphasized competitive selection, 
Nicholson cited this passage from the sixth edition of the Origin: "Owing 
to the high geometrical rate of increase of all organic beings, each 
area is already fully stocked with inhabitants; and it follows from this, that 
as the favoured forms increase in number, so, generally, will the less favoured decrease 
and become rare" (my italics; 1960, p. 478; the corresponding passage in the 
first edition is on p. 109). However, a clearer illustration of Darwin's 
grasp of the concept of competitive or soft selection, which is based on 
direct interactions among conspecific individuals, is his analysis of sexual 
selection, the quintessential example of competitive selection. Having 
enumerated a number of types of sexual dimorphism that he thought were 
due to sexual selection, Darwin remarked in the Descent: "That these 
characters are the result of sexual selection is clear, as unarmed, 
unornamented, or unattractive males would succeed equally well in the battle 
for life and in leaving a numerous progeny, if better endowed males were not 

present" (my italics; 1:258). 
Darwin certainly recognized that change in the external (physical or 

biotic) environment was not absolutely necessary for "ordinary or natural 
selection" to produce evolutionary change (Origin, pp. 82 and 91, for instance). 
But his clearest statement of the difference between competitive and 
environmental selection with respect to the possibility of continued evolution 
can be found, again, in his treatment of sexual selection. "In regard to structures 
acquired through ordinary or natural selection, there is in most cases, as 
long as the conditions of life remain the same, a limit to the amount of 
advantageous modification in relation to certain special ends; but in regard 
to structures adapted to make one male victorious over another, either in 
fighting or in charming the female, there is no definite limit to the amount 
of advantageous modification; so that as long as the proper variations arise 
the work of sexual selection will go on" (Descent 1: 278). 

In conclusion I believe Nicholson was correct that in 1858, and perhaps 
later, Wallace's major focus was on environmental selection; and it seems 
that in 1858 Wallace "did not clearly realise that competition plays an 
important part in selection" (Nicholson 1960, p. 491).5 At the same time 
it is apparent that Darwin appreciated both competitive and environmental 
selection, and in his discussion of sexual selection demonstrated an especially 
clear understanding of the differences between them. 



KOTTLER/DARWIN AND WALLACE 

THE MEANING OF "VARIETY": VARIANT INDIVIDUAL OR 
POPULATION? 

A different issue is involved in P. J. Bowler's suggestion that "Wallace's 
initial concept of selection differed considerably from Darwin's (1976c, 
p. 18). Bowler's argument starts from the claim that the two concepts were 
presented "in very different terms". According to Bowler, whereas Darwin 
described selection as acting, primarily, on differences among individuals 
to form varieties, Wallace described selection as acting, primarily, on these 
permanent varieties after they had already been formed. In Bowler's view, 
Wallace's "considerably" different method of describing the action of selection 
raises some important questions: "need we regard this as anything more 
than an alternative method of presenting the same basic idea [as Darwin]? 
May we assume that Wallace was aware from the beginning that selection 
acted upon individual differences to form varieties, but that he preferred 
to discuss competition among varieties because he was more familiar with 
this [secondary] level of variation? Or might it be argued that at first he 
failed to appreciate the primary Darwinian mechanism of selection acting 
upon individual differences?" (p. 21). Bowler contends Wallace said so little 
in his 1858 paper about the formation of varieties by the action of selection 
on differences among individuals that we can "at best only infer" that he 
understood this process. But in light of what Bowler thinks Wallace did 
say about the initial formation of varieties, he is inclined to the view that 
in 1858 Wallace did not "fully" understand the "primary Darwinian 
mechanism of selection". 

Much of Bowler's argument rests on Wallace's extensive use of the 
term "variety". Starting with his title, "On the Tendency of Varieties to 
Depart Indefinitely from the Original Type", Wallace referred to "varieties" 
at least thirty times in his paper. Consequently a key question is: What 
did Wallace mean by "variety"? Mayr has pointed out that in the nineteenth 
century the term "variety" was often applied quite indiscriminately to two 
very different kinds of variation: variant individuals and variant populations 
(for example, subspecies) (1959c, p. 222; 1982b, p. 415). With regard to 
the section of Wallace's 1858 paper devoted to selection, three very definite 
but at the same time very different opinions have been expressed as to 
what he meant by "variety". My own opinion is that the matter is hardly 
as clearcut as Mayr, Bowler, or Brooks has presented it. Mayr has stated 
that "WaJJace applies the term 'variety' to variant individuals, that is 
individuals within a population that do not share the same properties (my 
italics; 1982b, p. 4%). In marked contrast, Bowler has claimed the very 
opposite: "it is clear from the context that he is referring to 'permanent 
true varieties', not individual differences. WaUace had shifted the concept 
of variation to a new, and by Darwinian standards, secondary level, where 
the unit of discussion was a distinct group within the species, not an individual" 
(1976c, p. 20). J. Brooks has also held that Wallace's "varieties" were variant 
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populations, not individuals; but Brooks has claimed these varieties were 
geographically isolated from each other, whereas Bowler argues they 
coexisted. Brooks has written: "In the 1858 essay . . . Wallace observed 
that most species are represented in different geographical areas by populations 
in which the individuals all exhibit constant though often slight differences 
from the individuals of other populations of other areas. These locally distinct 
populations of a species were called 'varieties' . . . Wallace then postulated 
that these differences between populations must entail differences in the ability 
of these populations to reproduce themselves" (my italics; Brooks 1972, pp. 
50-51). Although Wallace did have an understanding of geographic variation 
(see below footnotes 7, 37), I can find no place in his 1858 paper where 
he discussed this phenomenon. It seems very clear that the entities (whether 
individuals or populations) that Wallace was considering in his paper co
existed with each other. For example, he wrote: "let some alteration . . . 
occur in the district" (my italics; 1858b, p. 274) and "any varieties which 
occurred . . . with a longer neck . . . secured a fresh range of pasture 
over the same ground as their shorter-necked companions" (my italics; p. 278). 

In conjunction with the term "variety", Wallace used two other terms 
that must be considered: "race" and "variation". In several places Wallace 
used the word "race" as synonymous with "variety", from which we must 
conclude that sometimes he did mean variant population by the term 
"variety". Wallace also used the term "variation" at least six times in the 
original 1858 version of his paper (see below for three important additional 
uses of "variation" in the 1870 slightly revised reprint of the paper); and, 
in at least some of these instances, I think he meant, by "variation", variant 
individuals within a population. Since some of Wallace's references to such 
individual "variation" occur in the same passages as his description of the 
action of selection on "varieties", it is by no means obvious that the varieties 
subjected to selection were supposed to be different populations, rather than 
different individuals within one population. 

The first juxtaposition of "variety" and "variation" occurs in the 
introductory part of the paper: "it is the object of the present paper to 
show that . . . there is a general principle in nature which will cause many 
varieties [Wallace's italics] to survive the parent species, and to give rise 
to successive variations [my italics] departing further and further from the 
original type" (1858b, p. 269). This statement was followed immediately 
by Wallace's discussion of the "struggle for existence", which concluded: 
"The numbers that die annually must be immense; and as the individual 
existence of each animal depends upon itself, those that die must be the 
weakest . . . while those that prolong their existence can only be the most 
perfect in health and vigour" (p. 272). Bowler has taken note of these 
passages and acknowledged they suggest an awareness of the action of selection 
on individuals. He minimizes these remarks, however, since, in his view, 
Wallace then "changed the subject" from the struggle among individuals 
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to the struggle among permanent varieties. Yet the very first words in 
Wallace's discussion of "varieties" concern individual variation: "Most or 
perhaps all the variations from the typical form of a species must have some 
definite effect, however slight, on the habits or capacities of the individuals" 
(my italics; p. 273). Wallace proceeded to describe briefly the effect on 
survival of individual differences such as the greater vulnerability to predation 
of an antelope with shorter or weaker legs, or the greater likelihood of 
starvation in a passenger pigeon with less powerful wings. He continued: 
"If, on the other hand, any species should produce a variety having slightly 
increased powers of preserving existence, that variety must inevitably in time 
acquire a superiority in numbers . . . All varieties will therefore fall into 
two classes — those which under the same conditions would never reach 
the population of the parent species, and those which would in time obtain 
and keep a numerical superiority" (my italics; pp. 273-274). At this point 
the key passage on the action of selection — "Now, let some alteration 
. . ." (see above) — followed. Throughout this passage Wallace continued 
to use the term "variety". Since Wallace began this section with explicit 
reference to individual variations, and since his change in terminology in 
the middle of the section from "variations" to "varieties" does not seem 
to correspond to a conceptual change, there is a basis for Mayr's view 
that Wallace meant individual variant by "variety"; if so, he was concerned 
here with selection acting on differences among individuals. 

In the next paragraph of the paper Wallace again moved freely back-
and-forth between "variation" and "variety": "variations in unimportant parts 
might also occur, having no perceptible effect on the life-preserving powers; 
and the varieties so furnished [variant individuals or variant populations?] 
might run a course parallel with the parent species, either giving rise to 
further variations or returning to the former type" (my italics; p. 275). Lastly, 
in his discussion of domesticated "varieties", Wallace also used the term 
"variation" — in the sense of individual variation — as virtually synonymous 
with "variety". First he wrote, "in the domesticated animal all variations 
have an equal chance of continuance; and those which would decidedly 
render a wild animal unable to compete with its fellows and continue its 
existence are no disadvantage whatever in a state of domesticity" (my italics). 
But then he wrote, "Domestic animals are abnormal, irregular, artificial; 
they are subject to varieties which never occur, and never can occur, in 
a state of nature" (my italics; pp. 276-277). These examples of Wallace's 
almost interchangeable use of "variety" and "variation" demonstrate the 
great difficulty in arriving at a proper interpretation of his meaning in 
this paper. 

It is clear that Wallace himself later recognized the existence of ambiguity 
in his paper. When the paper was reprinted for the first time in 1870, 
Wallace added subheadings and a few footnotes (although he stated the 
paper had been reprinted "without alteration of the text, except one or 



THE DARWINIAN HERITAGE 

two grammatical emendations" (1870a, p. vi)). The part of the paper 
containing Wallace's main description of selection, including that key passage 
"Now, let some alteration . . was given the subheading "Useful variations 
will tend to increase; useless or hurtful variations to diminish" (my italics; 
1870a p. 34).6 Similarly, to the discussion of why domesticated "varieties" 
reverted when turned wild, Wallace added this footnote: "That is, they 
will vary, and the variations which tend to adapt them to the wild state, 
and therefore approximate them to wild animals, will be preserved. Those 
individuals which do not vary sufficiently will perish" (my italics; p. 40). 
He also changed the word "varieties" to "variations" in the passage on 
"domestic animals" (p. 41) quoted above. 

These additions could be interpreted as a significant conceptual change, 
in line with Bowler's position — that is, only after 1858, when'Wallace 
became familiar with Darwin's views, did he come to fully appreciate the 
primary role of selection acting on differences among individuals, and then 
with these additions attempt to recast his initially quite different concept 
of 1858 in more Darwinian terms. On the other hand, they could also be 
interpreted as a clarification by Wallace of an idea present from the beginning 
but not stated initially in an unambiguous fashion. This is what Wallace 
himself argued nearly forty years later. 

H. F. Osborn in 1894 was, I believe, the first to contend that there 
was a "wide gap" between Wallace's concept of natural selection in 1858 
and that of Darwin: 

Remarkable as this parallelism is, it is not complete. The line of argument 
is the same, but the point d'appui is different. Darwin dwells upon variations 
in single characters, as taken hold of by Selection; Wallace mentions variations, 
but dwells upon full-formed varieties, as favourably or unfavourably adapted. 
It is perfectly clear that with Darwin the struggle is so intense that the 
chance of survival of each individual turns upon a single and even slight 
variation. With Wallace, Varieties are already presupposed by causes which 
he does not discuss, a change in the environment occurs, and those varieties 
which happen to be adapted to it survive. There is really a wide gap 
between these two statements and applications of the theory. (Osbom's 

italics; Osborn 1894, p. 245) 

E. B. Poulton disagreed with Osborn's (= Bowler's) view, and asked Wallace 
to comment on it. Poulton wrote: 

Further consideration tends to obliterate the supposed distinction. Although 
Wallace used the term "variety" as contrasted with "species", the whole 
context proves that he, equally with Darwin, recognised the importance 
of individual variations and of variations in single characters. This becomes 
clear when we remember his argument about the neck of the giraffe, 
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the changes of colour and hairiness, the shorter legs of the antelope, 
and the less powerful wings of the passenger pigeon. Wallace has kindly 
written to me (May 12th, 1896) stating the case as I have given it, and 
he further explains — "I used the term Varieties' because 'varieties' 
were alone recognised at that time, individual variability being ignored 
or thought of no importance. My 'varieties' therefore included 'individual 
variations . (Wallace's italics; Poulton 18%, p. 80) 

Bowler has also claimed that Wallace "wrote as though the production 
of permanent varieties were a random process, in the sense that groups 
might appear with both useful and harmful features" (1976c, p. 22). Clearly 
if this were so, then Wallace could not have understood the role of selection 
in forming varieties since natural selection could not produce a variety 
(subspecies) with characteristics harmful to itself. But I see no evidence 
that Wallace actually held such a view. The example Bowler has given 
— an antelope species giving rise to a variety with longer than normal 
legs (useful) and one with shorter than normal legs (harmful) — is not 
anything Wallace himself presented. Wallace did state that if "an antelope" 
had shorter or weaker legs it would suffer more from predation. But Wallace 
did not refer explicitly to a permanent variety of such shorter-legged 
antelopes, nor to any antelopes at all with longer legs. In the key passage 
on selection, he did refer to "the least numerous and most feebly organised 
variety" (and elsewhere to "inferior" varieties). Of course if Wallace meant, 
by "variety", individual variant, then there is no issue. But even if he did 
mean permanent variety, surely such language was meant to convey an 
idea of relative inferiority, whereas Bowler has suggested Wallace believed 
absolutely harmful traits had somehow evolved in permanent varieties. 
Furthermore I find it impossible to reconcile such a position with remarks 
by Wallace at the end of his paper: "no unbalanced deficiency in the animal 
kingdom can ever reach any conspicuous magnitude, because it would make 
itself felt at the very first step, by rendering existence difficult and extinction 
almost sure soon to follow" (my italics; p. 278).7 

In conclusion, my main point is that we should openly acknowledge 
that in 1858 Wallace was not absolutely clear in his manner of expression, 
so that we cannot be certain as to what he meant by "variety" in the 
key passage on selection. Furthermore it is important to keep in mind that 
aside from his 1858 paper there are almost no other documents by Wallace 
from the late 1850s that can be consulted for additional information on 
this question. Whereas we are fortunate to possess an enormous amount 
of manuscript material concerning the development of Darwin's concept 
of natural selection in 1837-1839 (and after), we have, by comparison, 
regrettably little material of this kind illuminating the development of 
Wallace's concept. 
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THE MEANING AND CAUSE OF DIVERGENCE 

J. L. Brooks was the first to raise the issue of the "derivative nature of 
Darwin's concept of 'divergence' ". In a two-page-long report, Brooks 
asserted, without supplying his evidence, that Darwin "appropriated, without 
any acknowledgement, the concept of'divergence' as it appears in the Origin 
of Species from Wallace's 1855 paper and the manuscript that Wallace sent 
to Darwin from the Dutch East Indies early in 1858." Brooks did not explain 
exactly what he, Wallace, or Darwin meant by "divergence"; but he did 
state: "Wallace was the only person to have conceived of the manner in 
which observed patterns of the affinity and distribution of organisms arise 
through natural processes" (Brooks 1969). This brief report was followed 
three years later by an article, in which, at the very end in a two-page 
section headed "Darwin's use of Wallace's Hypothesis", Brooks claimed 
that "Darwin's statement in Chapter Four [of the Origin] on the role of 
extinction in species formation is different from Wallace's, even though 
much evidence9 indicates that the treatment in the Origin is based on Wallace's 
essays . . . [Darwin] incorporated (without acknowledgement) the essence 
and details of most of Wallace's hypothesis as presented in his two essays 
. . ." Footnote 9 read, in part: "Recitation of the details of the evidence 
is too lengthy for this paper. An indication of some salient evidence can 
be found in Brooks, 1969" (Brooks 1972, pp. 52-54). 

H. L. McKinney, unlike Brooks, was tentative in his own brief discussion, 
but he, too, raised the question whether Darwin formulated Jiis principle 
of divergence independently of Wallace: "the problem of divergence was 
the one problem which, by [Darwin's] own admission, he had not worked 
out satisfactorily in his earlier sketch of 1842 and his essay of 1844 . . . 
Did Wallace's [1858] paper provide any special insights for Darwin into 
this or any other problem? Wallace may simply have reinforced past fleeting 
ideas or illuminated some obscure point . . . on the other hand, we may 
find that still another important chapter needs to be written about the Darwin-
Wallace relationship" (McKinney 1972, pp. 141-142, 144, 153-154). Is there 
any evidence that Darwin did derive some important ideas from Wallace's 
1855 and 1858 papers, which then enabled him to formulate his principle 
of divergence? D. Kohn has conducted the most complete study of this 
issue to date and I concur with his conclusions: 

Wallace and Darwin derived two fundamentally different principles . . . 
There was no principle of divergence in the 1855 paper, nothing to be 
influenced by, nothing to steal . . . The arrival of Wallace's [1858] paper 
is high drama. Nevertheless, it was an intellectual non-event. For Darwin 
learned nothing about the mechanisms of evolution from Wallace's paper. 
Indeed . . . with regard to divergence, there was a great deal Darwin 
could have told Wallace. (1981, p. 1106) 

The issue hinges, first and foremost, on what each man meant by the 
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phenomenon of divergence. Although both used the word "divergence", 
I believe they meant two quite different things, or to be more precise Darwin's 
concept was much broader than that of Wallace, including Wallace's but 
then going well beyond it. Hence the two principles were necessarily different 
because they were intended to explain different phenomena. One can think 
of divergence, in the sense of separation from some starting point, in the 
context of either linear (phyletic) or branching evolution. Darwin included 
a diagram in the Origin to accompany his discussion of divergence; and 
by reference to this diagram, the distinction I want to make can be clearly 
seen. Divergent phyletic evolution is represented by the single lineage A-
a1-a2-a3-a4-a5-. . .-a10. If "difference" is represented by the horizontal 
dimension, then a10, well to the left of A, would be quite different from 
A, that is, it has "diverged" considerably from the starting point A. But 
as the result of such divergence there is still just one form (a10) at the 
end of the process. Divergent branching evolution, on the other hand, is 
represented, in the simplest case, by the lineage A-a'-a2. . .-a10 in combination 
with the lineage A-m1-m2-m3-m4-m5-. . .-m10. As the result of this kind of 
divergence, there is a multiplication of forms and furthermore the small 
initial difference between the forms, a1, m1 is increased substantially over 
time (a2,m2; a3,m3;. . .a10,m10). Thus not only have the a's and the m's diverged 
from the common starting point A, but also they have diverged from each 
other (Origin, diagram opposite p. 117).8 Simply put, Wallace in his 1858 
paper considered only divergent linear evolution; whereas Darwin, in Natural 
Selection and then in the Origin, sought to account for both types of divergence. 

Wallace was certainly aware of the phenomenon of branching divergence. 
In his 1855 paper he described both linear and branching divergence: "So 
long as each species has had but one new species formed on its model, 
the line of affinities will be simple, and may be represented by placing 
the several species in direct succession in a straight line. But if two or more 
species have been independently formed on the plan of a common antitype, 
then the series of affinities will be compound, and can only be represented 
by a forked or many-branched line ..." (my italics; 1855, pp. 6-7). Wallace 
even called these latter "divergent series" and used the analogy of a tree 
to represent the natural system of classification. The purpose of Wallace's 
1855 paper was to introduce his law that "Every species has come into 
existence coincident both in space and time with a pre-existing closely allied 
species" and to demonstrate how it "explained and illustrated" a wide range 
of phenomena. But, even though Wallace described divergence, he did not 
completely explain it in this paper. His law is a necessary condition for any 
evolutionary explanation for both linear and branching divergence, but it 
is not sufficient, by itself, to account for them. 

Brooks has especially stressed Wallace's understanding of the role of 
extinction "in the genesis of observed patterns of diversity", and in particular 
Wallace's remark that "it is an article of our zoological faith, that all gaps 
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between species, genera, or larger groups are the result of extinction of 
species" (my italics; Wallace 1856b, p. 206). I would argue again that extinction 
is a necessary but not sufficient condition for an evolutionary explanation 
of divergence. Extinction eliminates intermediate forms and thereby produces 
gaps, either in the classification or the geographical distribution of organisms; 
but it does not produce the extreme (or intermediate) forms in the first 
place. Hence Wallace, prior to 1858, had grasped two of the necessary 
components for a principle of divergence, but lacking others — such as 
concepts of selection and of "character displacement" due to the advantage 
of diversity — he could not possibly have formulated a complete explanation 
for divergence. 

Even though Wallace's 1855 paper could not have supplied to Darwin 
a complete, ready-made theory of divergence, could Darwin have derived 
some key component for his theory from this paper? Darwin had long 
accepted the idea of gradual evolution, which implies Wallace's law. Already 
in his B Notebook (1837) Darwin had used the analogy of a tree (or coral) 
of life (B: 21, 25, 36-37). Indeed Darwin annotated this part of Wallace's 
paper, "Uses my simile of tree" (cf. Natural Selection, pp. 249-250; Origin, 
pp. 128-130). And in the section "Origin of genera and families", of the 
1844 Essay, Darwin had written: "the arrangement of species in groups 
is due to partial extinction (p. 217; cf. Ospovat 1981, pp. 171-173; fn. 7, 
p. 265). Darwin's overall comment to himself on Wallace's paper was: "Laws 
of Geograph. Distrib. Nothing very new."9 And, in fact, there was nothing 
new to Darwin of relevance to the problem of divergence. Nevertheless, 
the 1855 paper played an important role in the origin of the Origin. On 
16 April 1856 Lyell raised with Darwin the question of the explanation 
of Wallace's law. Lyell had known since the mid-1840s that Darwin was 
an evolutionist (LL (NY) 1: 312-313; cf. 1:393 and ML 1: 50); but he first 
learned about Darwin's theory of natural selection on 16 April 1856 (Lyell 
1970, pp. 54-55; McKinney 1972, chap. 7). Within a month of his meeting 
with Lyell, Darwin had begun to write for publication because of Lyell's 
"insistent advice". It seems clear that Lyell gave that advice, because he 
thought Darwin might be "forestalled" by Wallace (LL (NY) 1: 426-430; 
Autobbgraphy, p. 121). (See Fig. 1.) 

By 1857 at the very latest Darwin had formulated his principle of 
divergence as it appeared in both Natural Selection and in the Origin (Ospovat 
1981, chap. 7; Kohn, this volume; Browne 1980). Consequently nothing in 
Wallace's 1858 paper about divergence could possibly have influenced 
Darwin. Nevertheless it is still worthwhile to examine just what Wallace 
did say about divergence in his paper. As Wallace described the process 

Figure 1. (opposite) Darwin and Wallace prior to 1859. 
This figure summarizes some of the key events in the intellectual relationship between Darwin 
and Wallace prior to 1859. A solid arrow indicates a direct causal relationship between two events, 
a dotted arrow a possible causal relationship. 
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of selection, under adverse environmental circumstances those individuals 
forming "the least numerous and most feebly organised variety" were 
eliminated first, then those forming the "parent species", until only those 
forming the "superior variety" remained. Thus there was no increase in 
the number of forms. Wallace then went on: "this new, improved, and 
populous race might itself, in course of time, give rise to new varieties, 
exhibiting several diverging [my italics] modifications of form, any of which, 
tending to increase the facilities for preserving existence, must, by the same 
general law, in their turn become predominant. Here, then, we have progression 
and continued divergence" (Wallace's italics; 1858b, p. 274). This "divergence" 
was what I have termed divergent linear or phyletic evolution. Even though 
at the very end of his paper Wallace referred briefly to "the many lines 
of divergence from a central type" (p. 278), he made no attempt to explain 
divergent branching evolution. The explanation for branching divergence 
(what would now be termed adaptive radiation) rests upon the idea that 
there is an advantage to diversity, because diversity reduces competition 
between co-existing forms. That this key idea was absent from Wallace's 
thinking prior to 1859 is not too surprising in light of his emphasis upon 
environmental, as opposed to competitive, selection. 

What if Wallace had not formulated a concept of natural selection in 
1858 and then sent his manuscript to Darwin? In June 1858 Darwin was 
more than half-done with Natural Selection, which he had begun in May 
1856. It is hard to resist the conclusion that, barring some unusual interruption, 
Darwin would have completed and published it in the early 1860s, and 
never written the Origin. But the arrival of Wallace's manuscript was an 
unusual interruption. After the Linnean Society presentation, Darwin shelved 
Natural Selection (temporarily, he then thought), and instead, over the next 
year, prepared an abridgement, the Origin. Both Darwin and Wallace thought 
that the impact of the Origin was much greater than that of Natural Selection 
would have been (Autobiography, p. 124; Wallace 1891, p. 21; cf. LL (NY) 
1: 493-494; Wallace 1916, p. 111). I believe they were right; so even though 
the arrival of Wallace's manuscript was an "intellectual non-event" for 
Darwin, it nevertheless had the most important result of leading Darwin 
to write the Origin (see Fig. 1). 

II. Darwin and Wallace after 1859: 
The Three Great Debates 

"In regard to the paper in the Annals [Wallace 1855], I agree to the truth 
of almost every word of your paper; and I daresay that you will agree 
with me that it is very rare to find oneself agreeing pretty closely with 
any theoretical paper; for it is lamentable how each man draws his own 
different conclusions from the very same fact" (Wallace 1916, p. 107; Darwin's 
first letter to Wallace, 1 May 1857). 
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"Nothing is so humiliating to me as to agree with a man like you (or 
Hooker) on the premises and disagree about the result. . . . Life is too 
short for so long a discussion. We shall, I greatly fear, never agree" (Darwin's 
italics; Wallace 1916, pp. 170, 172; Darwin to Wallace, 6 April 1868). 

"I am delighted to see that we really differ very little — not more than 
two men almost always will" (Wallace 1916, p. 175; Darwin to Wallace, 
15 April 1868). 

"In truth, it has vexed me much to find that the further I get on, the 
more I differ from you ..." (Wallace 1916, p. 181; Darwin to Wallace, 
19 August 1868). 

"You will be pleased to hear that I am undergoing severe distress . . . 
this morning I oscillated with joy towards you; this evening I have swung 
back to the old position, out of which I fear I shall never get" (Wallace 
1916, p. 183; Darwin to Wallace, 16 September 1868). 

"I grieve to differ from you, and it actually terrifies me, and makes me 
constantly distrust myself. I fear we shall never quite understand each other" 
(Wallace 1916, p. 189, Darwin to Wallace, 23 September 1868). 

"I am sorry to find that our difference of opinion on this point is a source 
of anxiety to you. Pray do not let it be so. The truth will come out at 
last, and our difference may be the means of setting others to work who 
may set us both right. After all, this question is only an episode (though 
an important one) in the great question of the origin of species, and whether 
you or I are right will not at all affect the main doctrine — that is one 
comfort" (Wallace 1916, p. 189; Wallace to Darwin, 4 October 1868). 

"As for our not quite agreeing, really in such complex subjects it is almost 
impossible for two men who arrive independently at their conclusions to 
agree fully — it would be unnatural for them to do so" (Wallace 1916, 
p. 212; Darwin to Wallace, 30 January 1871). 

"It is a great pleasure to receive a letter from you sometimes — especially 
when we do not differ very much" (Wallace 1916, p. 250; Wallace to Darwin, 
9 January 1880). 

"How lamentable it is that two men should take such widely different 
views, with the same facts before them; but this seems to be almost regularly 
our case, and much do I regret it" (Wallace 1916, p. 256; Darwin to Wallace, 
2 January 1881). 
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Wallace returned to England from the Malay archipelago in the Spring 
of 1862. He and Darwin met for the first time during the Summer of 
1862 and thereafter, for about the next ten years, they met only about 
once a year when Darwin came to London to visit his brother Erasmus. 
Consequently the two men interacted primarily through their correspondence 
and published writings. This correspondence became "very extensive" 
(Wallace 1905, 2: 1) during the period 1864-1872 as Darwin and Wallace 
became increasingly aware of the fact that there were significant differences 
between them as to the nature and scope of natural selection. These differences 
emerged in the course of three debates over the role of natural selection 
in the origin of (1) cross- and hybrid sterility, (2) sexual dimorphism, and 
(3) man (see Fig. 2). At the heart of these differences were the fundamental 
and persistent issues of (i) "adaptationism" — is every trait useful ("the 
problem of utility"), and has every useful trait evolved directly by means 

Debate over 

Precipitating Cause Sexual Dimorphism Sterility Man 

Wallace's "The origin of human races" 
published » May 1864 

Wallace's writing of "Mimicry and other 

protective resemblances" » April 1867 

li; iay 

Darwin's Variation published • Feb. 1868 

Darwin resumes writing Descent ^-Feb. 1868 J 
Wallace's "A theory of birds' nests" published » Apr. 1868 Apr. 1868 

May 

Darwin continues writing Descent • . Aug. 1868 

(it. 

Wallace's review of Lyell's Principles of Geology 
published • Mar. 1869 

Apr. 

Wallace's Contributions to the Theory of Natural 

Selection published .. . > Mar. 1870 

• 
Apr. 

Darwin's Descent published I »Jan. 18711 Jan. 1871 

Mar. Mar. 

Figure 2. The Three Debates between Darwin and Wallace. 
Between 1867 and 1871 Darwin and Wallace engaged in three great debates concerning the nature 
and scope of natural selection. The major exchanges in these debates are illustrated in this figure, and 

the precipitating cause for each of these exchanges is indicated on the left. 
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of natural selection to perform its current function(s)? — (ii) constraints 
on natural selection — is the action of natural selection limited by modes 
of inheritance and development? — and (iii) levels of selection — does 
selection act on groups of individuals, as well as on individual organisms? 
Adaptationism was a central issue in all three debates. The matter of levels 
of selection also played a fundamental role in the dispute over sterility, 
while the question of constraints on natural selection was critical to the 
disagreement over sexual dimorphism. 

Wallace throughout adopted the more consistently adaptationist position. 
He believed that virtually all traits were now or formerly had been useful; 
and that any useful trait must have been the direct result of some process 
of selection. Although Darwin firmly held that natural selection was the 
"main" mechanism of evolutionary change, he recognized several other 
important factors of evolution, including some that would result in non-
adaptive changes. Consequently he was much more willing than Wallace 
to grant the existence of non-adaptive traits; and at the same time — and 
of particular relevance to their debates — he was fully prepared to accept 
the origin of certain useful traits "by chance", for example as incidental 
by-products, and thus without the direct action of natural selection. Hence 
to Darwin the utility of a trait did not establish, by itself, its selective 
origin. Furthermore, whereas Wallace thought there were very few limits 
to the power of natural selection, Darwin believed natural selection was 
constrained in its action, especially by modes of inheritance and development. 
Natural selection, in Darwin's view, could not do everything. Finally Darwin 
adopted the more consistendy individualist position on the question of levels 
of selection. Wallace did not hesitate to advance the possibility of group 
selection. 

In Part II of this essay I will describe and analyze in detail the debate 
over the origin of cross- and hybrid sterility and then summarize the other 
two great debates, in order to reveal the important differences of opinion 
between Darwin and Wallace concerning the way in which natural selection 
could and did operate. 

THE DEBATE OVER THE ORIGIN OF CROSS- AND 
HYBRID STERILITY 

The debate between Darwin and Wallace over the role of natural selection 
in the origin of cross- and hybrid sterility took place in 1868 (see Mayr 
1959c, pp. 227-228; Ruse 1980b, pp. 619-625; Sober, this volume). Darwin 
had been concerned since 1837 with the nature and significance of the 
phenomena of sterility; and from (at least) 1857 — when he wrote the 
chapter on "Hybridism" for Natural Selection — he had been considering 
the possibility of their origin by means of natural selection. In the early 
1860s Darwin became especially interested in this problem because of 
Τ. H. Huxley's repeated statements (1860-1863) that the proof of Darwin's 
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theory of natural selection as the solution to the problem of the origin 
of species was incomplete until the selective origin of cross- and hybrid 
sterility had been demonstrated, by artificial selection experiments for example. 
Huxley's argument reflected his view that complete proof of any theory 
required direct evidence from empirical observations. The process of artificial 
selection — Darwin's own analogy for natural selection — could provide 
just such direct evidence. At this very same time (1860-1864), Darwin was 
engaged in performing a series of experiments to elucidate the meaning 
of heterostyly in di- and trimorphic plants; and he became particularly excited 
about this work when it appeared, for a time, to provide just the sort 
of proof Huxley had been demanding. Thus Darwin's debate with Wallace 
in 1868 was the culmination of a long and thoughtful analysis of the problem 
of sterility. 

This debate is particularly fascinating, since one of its two central issues 
was: at what levels does the process of selection operate? Over the past 
two decades, this very same question of the levels or units of selection 
has once again been the subject of heated debate among evolutionary theorists. 
Natural selection clearly operates at the level of individual organisms. Traits 
that are advantageous to the individual become established in a population 
as the result of the increased reproductive success ("fitness") of those 
individuals possessing them. But are there also traits that, although 
disadvantageous to the individual, are beneficial to the group (population 
or species) to which the individual belongs? Such traits are sometimes called 
"altruistic", because the individuals possessing them sacrifice their own good 
"for the good of the species". Genuinely altruistic traits — that is, those 
that do not benefit the individual either directly or indirectly — cannot become 
established by natural selection acting on individuals, because, by definition, 
they reduce the fitness of the individuals possessing them. Therefore any 
such traits, if they do indeed exist, must have become established either 
"by chance", or by a process of "group selection" since they are good 
for the group but not the individual. Those populations whose members 
possess such a trait must be more successful than, and eventually replace, 
other populations whose members lack the trait. In the great debate between 
Darwin and Wallace over the origin of sterility, Wallace supported, while 
Darwin rejected the possibility of group selection.10 

The second major issue in the debate involved what has recently been 
called "adaptationism". Indeed it was in large part because of their different 
positions on this second issue that Darwin and Wallace took different positions 
on the question of levels of selection. By 1868 Wallace had become quite 
an ardent adaptationist. Since cross- and hybrid sterility were useful, at 
least to the species (especially incipient species), if not to the individual, 
then they must have been produced by selection. Even though Darwin agreed 
completely with Wallace about the utility of sterility to the species, he 
did not feel compelled by the mere fact of utility to invoke natural selection 
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as the explanation for its origin. Darwin proposed, instead, that cross- and 
hybrid sterility had originated as incidental by-products, that is "by chance." 

Cross- and Hybrid Sterility in Natural Selection and the Origin 
The fact that Darwin decided to devote an entire chapter in the Origin 
to sterility demonstrates how important he believed the problem to be. 
The "Hybridism" chapter is part of the "Difficulties" section of the book 
(comprising Chapters 6-9 in the first five editions, and Chapters 6-10 in 
the sixth edition). Darwin clearly recognized that most naturalists regarded 
cross- and hybrid sterility as special, designed qualities with which each 
species had been endowed at its creation in order to guarantee its distinctness 
from all other species. Furthermore the distinctness or "reality" of species, 
as established by cross- and hybrid sterility, was widely held to be equivalent 
to their "permanence". Thus when Lyell, in his refutation of Lamarck, 
asked "whether species have a real and permanent existence in nature" (my 
italics), he was asking just one question (Lyell 1830-1833, 2:1; Kottler 1978, 
pp. 277-278). So one of Darwin's main purposes in his chapter on "Hybridism" 
was to demonstrate that sterility was not a special endowment and therefore 
not an insurmountable objection (or, as he put it in Natural Selection, a "fatal 
difficulty") to the origin of species by descent. The table overleaf (Fig. 
3) enumerates Darwin's main arguments in the Origin against the special 
endowment hypothesis (column I), and also demonstrates how Darwin had 
been thinking about many of these matters from as early as 1837-1839 (columns 
III, IV). 

Even though Darwin argued that sterility was not universal, hence not 
designed, he nevertheless acknowledged that it was very general and 
consequently required an explanation. Darwin proposed that cross- and hybrid 
sterility were the "incidental" results of the differences, chiefly in the 
"reproductive system", that had arisen during the multiplication and 
divergence of species. In proposing the incidental origin of sterility, Darwin 
rejected one other explanation besides the special endowment hypothesis. 
In the first edition of the Origin Darwin dismissed in just a single sentence 
the possibility of the origin of sterility by selection: "On the theory of 
natural selection the case is especially important, inasmuch as the sterility 
of hybrids could not possibly be of any advantage to them, and therefore 
could not have been acquired by the continued preservation of successive 
profitable degrees of sterility" (p. 245).11 In the fourth edition of the Origin, 
published in 1866, Darwin added nineteen sentences that gave his full argument 
in support of this negative conclusion. He began by noting: "At one time 
it appeared to me probable . . . that this sterility might have been acquired 
through natural selection slowly acting on a slightly lessened degree of fertility, 
which at first spontaneously appeared, like any other variation in certain 
individuals of one variety when crossed with another variety" (Origin 1959, 
p. 443). 
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Origin of Species (1859) 
II 
Natural Selection 
(1856-1858) 

pp. 398-401, 
409-410, 

426-441 

1. "The degree of fertility, both of 
first crosses and of hybrids, gradu

ates from zero to perfect fertility" 

(p. 255) 250-253, 255-256 
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culty of making a first cross, and the 
sterility of the hybrid thus produced 

. . . is by no means strict" (p. 256) 

3. "The degree of fertility is . . . 411 

innately variable" (p. 256) 

4. "The correspondence between sys- 411-412 
tematic affinity and the facility of 
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(p. 257) 
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difference in the facility of making 

reciprocal crosses. . . Hybrids raised 
from reciprocal crosses . . . generally 
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related to the degree in which they 
resemble in external appearance either 
parent" (p. 259) 
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8. "Why . . . has the production of 418 
hybrids been permitted?" (p. 260) 

9. "A long course of domestication 440-441 
tends to eliminate sterility" (p. 269) 

10. Existence of cross-sterile varieties 405-408 
(pp. 269-271) 

11. Forms, previously ranked as different 391, 394, 402 
species, have been reclassified as 
different varieties when found to be 
cross-fertile (pp. 246-247) 

12. Forms, previously ranked as different 
varieties, have been reclassified as 

different species when found to be 
cross-sterile (pp. 268, 277) 

III 
1844 Essay 

pp. 103-104, 124-126 

124 

"Mere difference of 

structure no guide to 

what will or will not 
cross" (p. 129, n. 1) 

126, n. 1 

Transmutation Notebooks (1837-1839) 

"perfect series, from physical impossi
bility to unite to perfect prolifickness" 

(£:107) B:30, 139-141; C:184; D: 15-16, 

25-26, 87,105-106 

"remarkable law, that first cross plen
tiful, second absolutely sterile" (D:10) 
D:16 

123n., 127, 130 

"begging the question" 
(125) 

"It does not bear any practise relation 
to structure" (B:212) B: 198, 211, 241; 
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"My views which would even lead to 
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Lyell said to me the fact of existence of 
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B: 123 

"argument in circle" (B: 240) 
"as long as opponents are not able to 

tie themselves down, they can find 
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Figure 3. Darwin's Arguments against the Origin of Cross- and Hybrid Sterility by Special Creation. 
Darwin devoted an entire chapter ("Hybridism") in the Origin to the phenomena of cross- and 
hybrid sterility. In the first column (I) are enumerated his mam arguments in the Origin against 
the special creation, or design, hypothesis as an explanation for these phenomena. The second column 
(II) cites the places where these same arguments appeared in the chapter on "Hybridism" in Natural 
Selection. The last two columns demonstrate that Darwin had been thinking about these phenomena 
since 1837-1839. In the third (III, 1844 Essay) and fourth (IV, Transmutation Notebooks) columns are 
enumerated the places where Darwin first presented his various arguments against the special creation 
hypothesis. A blank space in column III or IV indicates that Darwin did not state in 1844 or 1837-
1839 the particular argument (for example, no. 5) found in the Origin (column I). 

In fact Darwin had been inclined to accept the origin of sterility by 
selection at least two times prior to 1866. In Natural Selection Darwin had 
written: "What we have to show in order to render the facts here treated 
of, not utterly subversive of our theory, is nearly the same as in the case 
of any peculiar organ, namely to show how sterility could first arise, to 
show that it is variable in degree & that there is a gradation in different 
species from a lesser to greater degree of sterility. And all this, I think, 
can be done."12 From this passage it seems probable that, for a time in 
1857, Darwin thought sterility could have evolved by means of natural 
selection. But Darwin eventually cancelled this passage, and his final position 
in Natural Selection came very close to that of the first edition of the Origin: 
"By our theory this sterility. . . must be looked at as an incidental concomitant 
. . . This must be so, for sterility cannot have been produced, at least in 
the case of the hybrids themselves, by natural selection, as sterility obviously 
could not be favourable to them." Darwin did go on to raise the theoretical 
possibility that cross-sterility, as opposed to hybrid sterility, might have 
originated by selection but he was not inclined to accept it: "In the case 
of sterility between species & species, in as much as this is favourable to 
them by keeping their characters pure & unmixed, it is just possible that 
the tendency might have been acquired through natural selection; but I 
know of no fact leading to this conclusion ..." (Natural Selection, p. 390). 
The second, and more important, time Darwin seriously considered the 
selection hypothesis was in the early 1860s, in conjunction with his debate 
with Huxley and his simultaneous study of heterostyly. 

The Darwin-Huxley Debate 
Thomas Henry Huxley is well remembered as "Darwin's bulldog" because 
of his vigorous defense of the theory of descent after the publication of 
the Origin.13 But it is not very well known that Huxley, from 1859 to his 
death in 1895, remained doubtful about the theory of natural selection. The 
one and only basis for these doubts that he stated in his published writings 
was the problem of the origin of sterility. From early in 1860 Huxley frequently 
expressed his views, to the point where, by 1862, he was referring to "my 
old line about the infertility difficulty" (my italics). Darwin was quite 
concerned, and at times more than a little exasperated, by Huxley's position; 
and from 1860 to 1864 (with a few later comments up to 1868) Darwin 
made a concerted effort to convince Huxley, whom he ultimately called 
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the "Objector-General" on this matter, that the sterility difficulty was not 
overwhelming.14 

It is unclear precisely when Huxley "discovered" the sterility difficulty. 
In his famous letter to Darwin of 23 November 1859 — written immediately 
after he had completed reading the Origin for the first time — Huxley 
specifically mentioned Chapters 1-5 and 9-13, but not Chapter 8 "Hybridism". 
He did raise two "objections", the first of which has been cited many 
times to the present day, but did not refer to sterility: "1st, that you have 
loaded yourself with an unnecessary difficulty in adopting Natura non facit 
Saltum so unreservedly; and 2nd, it is not clear to me why, if continual 
physical conditions are of so little moment as you suppose, variation should 
occur at all" (L. Huxley 1900, 1: 176). Just four days later, in response 
to another letter from Huxley (which has not been found), Darwin 
enumerated what Huxley should read about hybridism and offered to send 
him the manuscript of the chapter from Natural Selection. Perhaps Huxley 
had raised the sterility difficulty by now. In any case, he said nothing about 
it in his first public pronouncement on the Origin, his famous review in 
The Times (26 December 1859). Huxley did refer to the phenomena of sterility, 
but not as a difficulty for Darwin's theory. He pointed to the facts of 
cross-fertile species and cross-sterile varieties as evidence against the criterion 
of cross- (or hybrid) sterility for species, a concept extending back over 
one hundred years to Buffon (Huxley 1859, pp. 3-4).15 Huxley did, however, 
indicate clearly in the review his own qualified acceptance of natural selection 
and recommended to others the state of mind of "active doubt". Darwin's 
theory explained a great deal and was not contradicted by the main phenomena 
of life. Natural selection was a "vera causa" (true cause); but since it would 
take many years to demonstrate its competence to produce everything Darwin 
had ascribed to it, Huxley was not yet prepared to affirm its truth "absolutely" 
(pp. 19-20). 

Whatever Huxley was thinking in November and December 1859, by 
January 1860 he had discovered the sterility difficulty and raised it with 
Darwin. In his reply of 11 January 1860, Darwin commented: "I fully agree 
that the [sterility] difficulty is great, and might be made much of by a 
mere advocate." But he concluded: "The whole case seems to me far too 
mysterious [on which] to rest a valid attack on the theory of modification 
of species ..." (ML 1: 137). Little did Darwin realize that Huxley was 
soon to become such an "advocate". 

Huxley first raised the difficulty in public in his lecture "On Species 
and Races, and their Origin" delivered at the Royal Institution on 10 February 
1860 (Huxley 1860a). He argued, as had Darwin himself in the Origin, that 
even if sterility between species were not universal, it was common and 
therefore had to be accounted for by any theory of their origin. A complete 
solution of the problem of the origin of species required "the experimental 
determination of the conditions under which bodies having the characters 
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of species are producible." This was the domain of artificial selection; and 
so Darwin's case would be complete "if it can be shown that these breeds 
[produced by artificial selection] have all the characters which are ever 
found in species..." But so far cross-sterile varieties had not been produced 
by artificial selection. Huxley believed that "well conducted" experiments 
"probably" would produce such varieties. But, as the facts now stood, 
Darwin's theory fell "short of being a satisfactory theory". 

Darwin, in letters to both Lyell and Hooker, reacted prompdy to Huxley's 
lecture. He did not feel that Huxley had given a "just idea" of natural 
selection, so — on this count — the lecture seemed to Darwin an "entire 
failure". Furthermore, he "remonstrated" against the impression Huxley 
had conveyed that sterility was a "universal and infallible criterion of species" 
(LL (NY) 2: 74). Darwin remarked to Hooker that if natural selection 
explained "several large classes of facts" then it "would deserve to be ranked 
as a theory deserving acceptance". Huxley, in contrast, "rates higher than 
I do the necessity of Natural Selection being shown to be a vera causa always 
in action" (ML 1: 139-140). Ruse has pointed out that in the nineteenth 
century there were two different conceptions of a νera causa (1979a, pp. 
235-236). Huxley subscribed to the view that a vera causa was directly 
observable, hence "always in action". Thus, for Huxley, the results of artificial 

selection, which could be observed directly, constituted the best evidence 
of what natural selection could or could not effect. The other view was 
that a vera causa was able to explain "several large classes of facts". Darwin 
was certainly correct that Huxley considered his "empiricist" vera causa to 
be the more important in the evaluation of scientific theories; and this 
difference of opinion proved to be the single most important factor in the 
debate between Darwin and Huxley. 

Huxley's next public statement concerning the sterility difficulty came 
in his second review of the Origin, published in the Westminster Review (April 
1860). Darwin had complained, after the Royal Institution lecture, that Huxley 
h a d  n o t  e v e n  " a l l u d e d  t o  t h e  m o r e  i m p o r t a n t  p a r t s  o f  t h e  s u b j e c t "  ( M L  

1: 139). Consequently Huxley now presented Darwin's views at length. 
But he went on to say that even if only two species were cross-sterile, 
an important problem remained to be solved, and any theory that did not 
solve it was "imperfect". Huxley repeated his own belief that it should 
be possible "in a comparative few years" to produce cross-sterile varieties. 
But until that had been accomplished, there was a "little rift within the 
lute" that should be neither "disguised nor overlooked". Huxley then observed 
that he had been unable to "pick holes of any great importance" in the 
rest of Darwin's argument. Thus the sterility difficulty stood as the only 
serious objection to Darwin's theories (Huxley 1860b, pp. 43-50, 74-75). 
Darwin saw Huxley very soon after the review was published and then 
wrote to Lyell: "I think I have convinced him that he has hardly allowed 
weight enough to the case of varieties of plants being in some degrees 
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sterile" (Darwin's italics; LL (NY) 2: 94). The existence of cross-sterile 
varieties in plants, as originally demonstrated by Gartner and then confirmed 
at Darwin's urging by the young horticulturist John Scott, became thereafter 
a major point in Darwin's many responses to Huxley's repeated critiques. 

Darwin next discussed the issue with Huxley in December 1860, one 
year after the publication of the Origin. Darwin "entirely" agreed with 
Huxley about the "terrific" difficulties raised by his views. Darwin was, 
however, confident about the eventual acceptance of those notions, because 
"some who went half an inch with me now go further, and some who 
were bitterly opposed are now less bitterly opposed." Yet Huxley himself, 
on account of the sterility question, was a disturbing exception to this trend. 
Darwin wrote: "And this makes me feel a little disappointed that you are 
not inclined to think the general view in some slight degree more probable 
than you did at first. This I consider rather ominous" (LL (NY) 2: 147). 

Although Huxley had nothing to say in public about sterility during 
1861, Darwin clearly did not forget about his objection. In September.1861 
Darwin asked Hooker for white and yellow varieties of Verbascum, so that 
he could test Gartner's "wonderful and repeated statement" (cited by Darwin 
in the Origin) about the cross-sterility of these varieties. "I do not think 
any experiment can be more important on the origin of species; for if 
he is correct we certainly have what Huxley calls new physiological species 
arising" (ML 2:271). By this time, Darwin was well along in his experimental 
investigation of heterostyly; on 21 November 1861, he read his first paper 
on the subject to the Linnean Society of London.16 On the basis of his 
experimental results, Darwin changed his mind, for a time, about natural 
selection and the origin of sterility; and thus for the next few years, the 
phenomena of heterostyly played a central role in the Darwin-Huxley debate. 
But then the continuation of his study of heterostyly, now in the trimorphic 
species Lythrum salicaria, eventually led Darwin back to his previous position 
that sterility had not been produced by selection (Whitehouse 1959; Ghiselin 
1969, pp. 141-153; Ford 1964, pp. 172-185). 

Darwin, Heterostyly, and the Origin of Sterility 
Darwin had long been familiar with the phenomenon of dimorphism in 
plants, which he first regarded as "merely a case of unmeaning variability". 
In the species of the genus Primula, such as the primrose and the cowslip,17 

the flowers are of two forms (dimorphism). In one form ("pin" or long-
styled), the style is long and the stamens are short, while in the other form 
("thrum" or short-styled) the style is short and the stamens long (see Fig. 
4). Closer examination of the two forms convinced Darwin that they were 
"much too regular and constant" for the dimorphism to be due to mere 
variability. 

Darwin's first hypothesis was that dimorphic species were in a transitional 
state ("on the high road") from hermaphroditism to dioecy. In the short-
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Figure 4. Dimorphism and the Selective Origin of Sterility (Darwin 1877, fig. 2). 
Initially, in 1861, after the completion of his first experiments on fertilization in the dimorphic 
species Primula vulgaris (primrose), Darwin was inclined to the view that natural selection had produced 
self-sterility in order to prevent self-fertilization. The four possible crosses are illustrated in this 
figure. Since the "illegitimate union" in the short-styled form was both the more likely to occur 
and the more sterile of the two illegitimate crosses, Darwin was led to propose the selection hypothesis 
(see text for further details). 

styled form, the style was degenerating and the flower, with its long stamens, 
was becoming male. Similarly, in the long-styled form, the (short) stamens 
were degenerating and the flower, with its long style, was becoming female. 
This hypothesis appeared to gain support from the fact that pollen grains 
in the short-styled form (incipient male) were larger than those in the other 
form. Thus Darwin predicted that the long-styled form (incipient female) 
should produce more seed. In June 1860, Darwin remarked to A. Gray: 
"If it should prove that the so-called male plants [short-styled] produce 
less seed than the so-called female plants [long-styled], what a beautiful 
case of gradation from hermaphrodite to unisexual condition it will be! 
If they produce about equal number of seed, how perplexing it will be" 
(LL (NY) 2: 472). As M. Ghiselin has pointed out, Darwin's hypothesis 
fit in well with his previous work on barnacles in which he had found 
just such transitional forms (Ghiselin 1969, p. 144). 

Darwin proceeded to test his hypothesis and found, to his considerable 
amazement, that his rather light-hearted comment (to Hooker) — "it may 
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turn out all a blunder" — had been right on the mark. His hypothesis 
had been "knocked on the head". Now he wrote to Hooker: 

By Jove the plants of primroses and cowslip with short pistils and large 
grained pollen [the hypothesized incipient male] are rather more fertile 
than those with long pistil, and small-grained pollen . . . I never will 
believe that these differences are without some meaning. Some of my 
experiments lead me to suspect that the long-grained pollen [from the 
long stamens of the short-styled form] suits the long pistils [,] and the 
small-grained pollen [from the short stamens of the long-styled form] 
suits the short pistils, but I am determined to see if I cannot make out 
the mystery next spring [1861]. (LL (NY) 2:472-473) 

To test his new hypothesis Darwin performed all four possible crosses between 
the two forms — long χ long, short * short, long (¢) * short (cf), short 
( ) x long (<?)— always taking care to avoid complicating effects from 
inbreeding. The results, obtained in 1861, showed that the first two crosses 
involving like forms ("homomorphic" unions) were'almost completely sterile 
(hence "illegitimate" unions); whereas the last two crosses involving unlike 
forms ("heteromorphic" unions) were perfectly fertile ("legitimate" unions), 
confirming Darwin's new hypothesis. At this point Darwin concluded 
heterostyly was an adaptation to ensure the crossing of different plants: 
"The meaning or use of the existence in Primula of the two forms in about 
equal numbers, with their pollen adapted for reciprocal union, is tolerably 
plain; namely, to favour the intercrossing of distinct individuals. With plants 
there are innumerable contrivances for this end; and no one will understand 
the final cause of the structure of many flowers without attending to this 
point" (CP 2: 59). Darwin had long believed that perpetual self-fertilization 
in hermaphrodites did not occur, and that at least an occasional cross with 
a different individual was a "law of nature": "Nature . . . abhors perpetual 
self-fertilisation" (Orchids 1877, p. 293). This law arose from the fact that, 
cross-fertilization increased vigor and fertility in the offspring, while self-
fertilization diminished them. Heterostyly favored cross-fertilization in the 
following manner. Since all the flowers of a plant were of one form, a 
fertile cross necessarily involved two different plants of unlike forms. The 
fertile unions between unlike forms were guaranteed by the reciprocal 
adjustments of style arid stamen lengths. The long style of the long-styled 
form was the same length as the long stamens of the short-styled form. 
And the short style of the short-styled form was the same length as the 
short stamens of the long-styled form. Darwin's own experiments established 
that insects were necessary for fertilization in heterostyled plants. Thus, 
for example, when a humble-bee visited first a short-styled plant with its 
long stamen, pollen adhered to the base of the bee's proboscis, which was 
inserted all the way down to the bottom of the flower to obtain the nectar; 
this pollen would then be transferred to the stigma of the long style of 
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a long-styled plant that the bee visited later. In this way, the short * long 
cross was effected (see Fig. 4). 

In his first paper on dimorphism, Darwin suggested that the sterility 
of homomorphic unions had been produced by selection. One particular 
experimental result was critical to Darwin's reasoning. Although both 
homomorphic unions were largely sterile, they were not equally so. The 
short x short cross was more sterile than the long χ long cross. Why? Darwin 
believed that the proboscis of a bee inserted into a short-styled flower would 
almost certainly carry some pollen down from the stamens above to the 
style below, thus effecting self-fertilization, which was manifestly harmful. 
"On this view we can at once understand the good of the pollen of the 
short-styled form, relatively to its own stigma, being the most sterile, for 
this sterility would be the most requisite to check self-fertilization, or to 
favour intercrossing" (CP 2: 60). In other words, because the self-fertilization 
of the short-styled form was both the more likely to occur and the more 
sterile of the two types of self-fertilization, Darwin was led to suggest 
that self-sterility was a special adaptation, produced by natural selection, 
to counteract self-fertilization, and thereby favor cross-fertilization; and then 
this self-sterility was transferred to sterility with all other individuals of 
the same form (see Fig. 4). The reasonableness of Darwin's suggestion is 
illustrated by the fact that Walter Bodmer proposed to E. B. Ford exactly 
the same idea one hundred years later, apparently without either's knowledge 
of Darwin's priority: "Dr. Bodmer points out to me that one reason for 
the evolution of greater self-sterility in thrum compared with pin is that 
thrum pollen will naturally fall down on to the thrum stigma, giving greater 
opportunities for self-fertility if thrums were self-compatible" (Ford 1964, 
p. 174). 

Having suggested the possibility of the selective origin of self-sterility 
in heterostyled plants, Darwin went on in his 1861 paper to ask whether 
cross-sterility in general might not also have originated by selection: 

Seeing that we thus have a ground work of variability in sexual power, 
and seeing that sterility of a peculiar kind has been acquired by the species 
of Primula to favour intercrossing, those who believe in the slow 
modification of specific forms will naturally ask themselves whether 
sterility may not have been slowly acquired for a distinct object, namely, 
to prevent two forms, whilst being fitted for distinct lines of life, becoming 
blended by marriage, and thus less well adapted for their new habits 
of life. But many great difficulties would remain, even if this view could 
be maintained. {CP 2:6i)18 

Darwin's tone in this published remark was very tentative. But in his 
correspondence during 1862 he was very much more confident. 

In January 1862 Huxley delivered two lectures in Edinburgh on "The 
Relation of Man to the Lower Animals", the substance of which was published 
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in his book Man's Place in Nature (1863a). As he put it to Darwin, he took 
his "old line" on sterility. Huxley stated that a "true physical cause" had 
to account for all the phenomena. He carefully distinguished between a 
theory that was clearly "inconsistent" with a phenomenon — in which 
case it had to be rejected — and a theory that so far had been unable 
to account for all phenomena. Darwin's theory was not inconsistent with 
any phenomena, but it had not yet accounted for everything. Even though 
increasing knowledge led him to regard the "hiatus" in Darwin's evidence 
as "of less and less importance", "one link in the chain of evidence" was 
still missing. Until "physiological species", that is cross-sterile forms, had 
been produced by "selective breeding", natural selection would not be 
"proved to be competent to do all that is required of it to produce natural 
species". Huxley remarked that he emphasized this difficulty, because he 
did not want to be regarded as an "advocate"^ Darwin's theory, someone 
who sought to "smooth over real difficulties, and to persuade where he 
cannot convince" (Huxley 1863a, pp. 106-108). 

Darwin responded quickly to Huxley's lectures: "I must say one word 
on the Hybrid question. No doubt you are right that here is a great hiatus 
in the argument; yet I think you overrate it — you never allude to the 
excellent evidence of varieties of Verbascum and Nicotiana being partially 
sterile together. It is curious to me to read (as I have to-day) the greatest 
crossing Gardener [Gartner] . . . insisting how frequently crossed varieties 
produce sterile offspring" (Darwin's italics). Darwin then directed Huxley's 
attention to his Primula research, "for it leads me to suspect that sterility 
will hereafter have to be largely viewed as an acquired or selected character 
— a view which I wish I had had facts to maintain in the 'Origin' " (Darwin's 
italics; LL (NY) 2: 176). 

In his reply Huxley tried his best to reassure Darwin; he had no doubt 
that twenty years of artificial selection experiments by a "skilled physiologist" 
would produce cross-sterile forms; "and in this, if I mistake not, I go further 
than you do yourself . . . when these experiments have been performed 
I shall consider your views to have a complete physical basis, and to stand 
on as firm ground as any physiological theory whatever. . . . I am 
constitutionally slow of adopting any theory that I must needs stick by 
when I have once gone in for it; but for these two years I have been 
gravitating towards your doctrines, and since the publication of your primula 
paper with accelerated velocity. By about this time next year I expect 
to have shot past you, and to find you pitching into me for being more 
Darwinian than yourself. However, you have set me going, and must just 
take the consequences, for I warn you I will stop at no point so long as 
clear reasoning will carry me further" (L. Huxley 1900, 1: 196). But, as 
a matter of fact, one year later (1863) Huxley was as unconvinced as he 
had been in 1860. 

During the 1862 growing season, Darwin continued his experiments 
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on the dimorphic species Linum grandiflorum, and became even more inclined 
to accept the origin of cross-sterility by selection. In Linum the long-styled 
form also had long stamens; thus, of the two forms, the long-styled was 
more likely to be self-fertilized. If self-sterility had been produced by natural 
selection, then the long-styled form should be the more self-sterile; and 
Darwin's experiments showed this to be the case. Consequently Darwin 
wrote to Hooker in December 1862: "my notions on hybridity are becoming 
considerably altered by my dimorphic work. I am now strongly inclined 
to believe that sterility is at first a selected quality to keep incipient species 
distinct. . . . It is this which makes me so much interested with dimorphism" 
(my italics; ML 1: 222). Darwin's intense interest at this time in the problem 
of sterility is especially well demonstrated by his correspondence with 
W. B. Tegetmeier and John Scott about experiments he hoped each would 
perform. 

W. B. Tegetmeier, a poultry breeder and bee master, had been in 
correspondence with Darwin since 1855. On 27 December 1862, Darwin 
wrote to Tegetmeier: "I have been led lately from experiments on dimorphism 
to reflect much on sterility from hybridism, and partially to change the 
opinion given in Origin." Darwin proceeded to describe an elaborate selection 
experiment he had designed, "which seems to me well worth trying, but 
too laborious ever to be attempted." If a cock (A) and a hen (B) of the 
same breed could be found that happened to be sterile with each other 
but were otherwise fertile, then each should be crossed with a near relation 
(see Fig. 5). The offspring of the cock (a, b, c, d, e) should then be crossed 
with the offspring of the hen (f, g, h, i, j). All fertile pairs should be 
destroyed, while any (partially) infertile pairs (for example, a9xicf) should 
be preserved. Then a (9 offspring of A) should be crossed with A, and 
i (cT offspring of B) should be crossed with B, "so as to try and get two 
families which would not unite together; but the members within each family 
being fertile together. This would probably be quite hopeless; but he who 
could effect this would, I believe, solve the problem of sterility from 
hybridism" (ML 1: 224).19 Clearly if such an experiment were a success, 
Huxley's demand would be met. As far as anyone knows, the experiment 
was never carried out. 

Darwin and the young horticulturist John Scott became acquainted in 
November 1862, when Scott wrote to correct an error in Darwin's recently 
published Orchids. In his second letter to Scott (19 November) Darwin asked 
whether he had ever tested the "relative fertility of varieties of plants (like 
those I quote from Gartner on the varieties of Verbascum). I much want 
information on this head ..." (ML 2: 309). And in his next letter to Scott, 
Darwin remarked: "To the best of my judgement no subject is so important 
in relation to theoretical natural science . . . as the effects of changed or 
unnatural conditions, or of changed structure on the reproductive system. 
Under this point of view the relation of well-marked but undoubted varieties 
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in fertilising each other requires far more experiments than have been tried" 

(ML 1: 218). Darwin was hopeful that Scott would be the one to do these 

further experiments. In his letter of 11 December 1862, Darwin repeated 

his view that a repetition of Gartner's experiments would be "pre-eminently 

important". Scott did, in fact, repeat Gartner's experiments; and Darwin 

reported Scott's confirmation of Gartner's findings on cross-sterile varieties, 
in the fifth edition of the Origin (Origin 1959, p. 465). 
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Figure 5. Artificial Selection and the Origin of Sterility (see M L  1: 224). 
In 1862, stimulated by Τ. H. Huxley's statements that the complete proof of the theory of natural 
selection required the experimental demonstration of the selective origin of sterility, Darwin designed 
the experiment illustrated in this figure. Its objective was the production of cross-sterility between 
two different families by means of artificial selection. As far as anyone knows, this experiment 
was never performed (see text for further details). 

Scott also conducted a number of experiments with Primula. Darwin became 

very enthusiastic about this work when he learned in 1863 that Scott 

had found primrose varieties that appeared to be cross-sterile. Scott reported 

his results in a paper read to the Linnean Society on 4 February 1864. He 

stressed the "remarkable" finding of "absolute zero of fertility, apparently, 
attained between undoubted varieties of a species!" Scott concluded: "In 

view of such evidence, I think I am fully justified in adding that this . . . 

form [a variety of the cowslip Primula veris] is, in fact, judged by the 
physiological test so much insisted on by Professor Huxley, a new and distinct 

species" (Scott's italics; Scott 1864, pp. 97-108). In the light of these results, 

it is easy to understand what Darwin wrote to Hooker in April 1864 about 

Scott's abilities and his experiments: "I believe years may pass before another 

man appears fitted to investigate certain difficult and tedious points — viz. 
relative fertility of varieties of plants . . . (already Scott has done excellent 
work on this head) ..." (ML 2: 328-329). Darwin was "fully convinced" 
Scott's work would have "permanent value". He was therefore willing 
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to pay Scott for a year or two to enable him to continue his experiments. 
After Scott's paper on his Primula experiments was published, Darwin wrote 
to both Hooker and Gray on 13 September 1864. The cross-sterile varieties 
were the "new and, as they seem to me, important points." The reason 
was clear enough: "Here we have a new 'physiological species' " (ML 
2: pp. 327-328; cf. Darwin 1877, pp. 224-225). 

At the same time (November and December 1862) that Darwin solicited 
the aid of Tegetmeier and Scott to do experiments in order to meet Huxley's 
demand for cross-sterile varieties produced by selection, Darwin and Huxley 
engaged in their last major interchange on the sterility difficulty. Once 
again the precipitating cause was a series of public lectures by Huxley, 
which were published as the book On Our Knowledge of the Causes of the 
Phenomena of Organic Nature (1863b). In the fifth of the six lectures, Huxley 
raised the sterility difficulty and asserted, as before, that there was a 
"physiological contrast" between species and varieties. Species were 
frequently cross-sterile, or at least produced sterile hybrids. "Can we find 
an approximation to this in the different races known to be produced by 
selective breeding from a common stock? Up to the present time the answer 
to that question is absolutely a negative one. As far as we know at present, 
there is nothing approximating to this check." There appeared to be a 
"physiological limitation" to the amount of divergence producible by selection 
(Huxley 1863b, pp. 110-117). 

Huxley's statements brought an immediate and exasperated reply from 
Darwin: 

You say the answer to varieties when crossed being at all sterile is 
"absolutely a negative." Do you mean to say that Gartner lied, after 
experiments by the hundred (and he a hostile witness), when he showed 
that this was the case with Verbascum and with maize (and here you 
have selected races): does Kolreuter lie when he speaks about the varieties 
of tobacco. My God, is not the case difficult enough, without its being, 
as I must think, falsely made more difficult? I believe it is my own 
fault — my damned candor: I ought to have made ten times more fuss 
about these most careful experiments. I did put it stronger in the third 
edition of the Origin. (Ml. 1: 230; cf. Origin 1959, p. 464 (217, 217:c)) 

In his sixth and final lecture Huxley returned again to the "sterility case", 
since he regarded it as the only objection to Darwin's theory "of any great 
value". Natural selection was a vera causa. It could explain all the phenomena 
of races, all the morphological phenomena of species, and most of the 
physiological phenomena of species. But so far it had not been "wholly 
competent" to explain the phenomena of hybridism. Therefore, "to place 
his views beyond the reach of all possible assault" Darwin had to supply 
evidence of cross-sterile varieties produced by selection. Huxley 
acknowledged the existence of cross-sterile varieties; however he went on 
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to say: "but if any objector urges that we cannot prove that they have 
been produced by artificial or natural selection, the objection must be admitted 
— ultra-sceptical as it is. But in science, scepticism is a duty." Huxley 
remarked that in view of how little was known concerning sterility, there 
was no reason to suppose the "crucial result" could not be obtained by 
experiment. If it could be shown, however, that artificial selection could 
not possibly produce cross-sterile varieties, then Darwin's theory would be 
"utterly shattered" (Huxley 1863b, pp. 135-136, 145-149). 

After this lecture, Darwin had little more to say to Huxley: "We differ 
so much that it is no use arguing. To get the degree of sterility you expect 
in recently formed varieties seems to me simply hopeless. It seems to me 
almost like those naturalists who declare they will never believe that one 
species turns into another till they see every stage [in] the process" (ML 
1:225). D. Hull has noted that one of the methodological objections commonly 
raised by Darwin's early critics was that he had not supplied direct evidence 
for his theory, since he had not demonstrated the actual transmutation of 
one species into another (1973b, pp. 49-51). Though these critics were anti-
evolutionists, Huxley the evolutionist was raising very much the same 
objection against natural selection, as Darwin himself perceived. Two weeks 
later Darwin wrote once more: "Of course I do not wholly agree about 
sterility. I hate beyond all things finding myself in disagreement with any 
capable judge, when the premises are the same . . . Thinking over my former 
letter to you, I fancied (but I now doubt) that I had partly found out 
the cause of our disagreement, and I attributed it to your naturally thinking 
most about animals, with which the sterility of the hybrids is much more 
conspicuous than the lessened fertility of the first cross . . . In plants the 
test of first cross seems as fair as test of sterility of hybrids. And this latter 
test applies, I will maintain to the death, to the crossing of varieties of Verbascum, 
and varieties, selected varieties, of Zea. You will say Go to the Devil and 
hold your tongue. No, I will not hold my tongue" (my italics; ML 1: 231-
232). Darwin then repeated an argument from the Origin and concluded: 
"Now I will hold my tongue." And hold his tongue he did; for Darwin 
did not raise the subject of sterility again with Huxley for four years. 

Trimorphism (Lytbrum) and the Incidental Origin of Sterility 
Darwin's experiments in 1861-1862 with the dimorphic species of Primula 
and Linum had led him to seriously entertain the possibility of the origin 
of sterility by selection. But further experiments in 1862-1863 with the 
trimorphic species of Lythrum convinced Darwin that he had been right 
in the first place about the incidental origin of sterility. In Lythrum there 
were three different forms of flowers. Each form possessed two sets of 
stamens and one style. In the long-styled form, the stamens were short 
and mid length. In the mid-styled form, the stamens were short and long; 
while in the short-styled form, they were long and mid length. At first 
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Darwin was driven "almost stark staring mad" by the puzzle posed by 
Lythrum, "a real odd case . . . [which] interests me extremely, and seems 
to me the strangest case of propagation recorded among plants or animals" 
(LL (NY) 2: 475-476). After he did find the solution to Lythrum — "a 
necessary triple alliance between three hermaphrodites" — Darwin wrote 
to Hooker, "I have done nothing which has interested me so much as Lythrum, 
since making out the complemental males of Cirripedes" (LL (NY) 2: 480; 
cf. ML 2: 419). 

Darwin performed all eighteen possible crosses (each of the three styles 
χ each of the six stamens). He found six fully fertile crosses, which resulted 
when the style of a given length was fertilized by pollen from a stamen 
of the same length in either of the two other forms (see Fig. 6). The remaining 
twelve unions were sterile but to different degrees. The degree of sterility 
followed a distance rule: "with the several illegitimate unions it will be 
found that the greater the inequality in length between the pistil and stamens, 
the greater the sterility of the result. There is no exception to this [distance] 
rule." Thus, for instance, a cross involving a long style was more sterile 
if the pollen had been derived from a short stamen than from a midlength 
stamen. Darwin concluded from this rule that sterility in Lythrum had to 
be "an incidental and useless result of the gradational changes through which 
this species has passed in arriving at its present condition" (CP 2: 120). 
Darwin reasoned as follows. If the sterility had originated by selection, 
then those illegitimate crosses that were more likely to occur should have 
been more sterile. Which crosses were more likely to occur? Clearly those 
in which the style and stamen were closer together. Thus, on the selection 
hypothesis, the rule should have been: the smaller the inequality in length 
between style and stamen, the greater the sterility of the result. Just the 
reverse was actually the case. 

In both editions of his Variation Darwin discussed self-sterility in plants 
at length, and continued to entertain the possibility of its origin by selection: 
"With respect to the species which, whilst living under their natural 
conditions, have their reproductive organs in this peculiar state, we may 
conclude that it has been naturally acquired for the sake of effectually 
preventing self-fertilisation" (Variation 2: 140; Variation 1875, 2:122). But when 
he rethought the entire matter anew while writing The Effects of Cross and 
Self Fertilisation in the Vegetable Kingdom, Darwin came to a new conclusion. 
He began by stating, "it seems at first sight highly probable that self-sterility 
has been gradually acquired through natural selection in order to prevent 
self-fertilisation . . . Nevertheless the belief that self-sterility is a quality 
which has been gradually acquired for the purpose of preventing self-
fertilisation must, I believe, be rejected" (Darwin 1878, p. 345). 

Darwin offered three arguments in support of his conclusion: First, "there 
is no close correspondence in degree between the sterility of the parent-
plants when self-fertilised, and the extent to which their offspring suffer 
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Diagram of the flowers of the three forms of Lythrum SaiicaHa9 in their natoral 
position, with the petals and calyx removed on the near side: enlarged six times. 

The dotted lines with the arrows &how the directions in which pollen most be 
carried to each stigma to ensare full fertility. 

Figure 6. Trimorphism and the Incidental Origin of Sterility (Darwin 1877, fig. 10). 
From his experimental study of fertilization in the tnmorphic species Lythrum sahcaria (purple loosestrife), 
Darwin concluded in 1864 that natural selection could not have produced self-sterility in order to 
prevent self-fertilization, but rather the self-sterility must have originated incidentally. The six fertile 
crosses are illustrated in this figure by the dotted lines. The remaining twelve possible crosses were 
sterile to different degrees, in accordance with a distance rule — "the greater the inequality in 
length between the pistil and stamens, the greater the sterility of the result" — that was just the 
reverse of what should have been the case on the selection hypothesis (see text for further details). 

in vigour by this process, and some such correspondence might have been 
expected if self-sterility had been acquired on account of the injury caused 
by self-fertilisation." Darwin's reasoning here was parallel to that in his 
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analysis of the implications of the distance rule in Lythrum. On the selection 
hypothesis, self-sterility should have been greatest when self-fertilization 
was (i) most likely to occur and (ii) had the most severe effects on offspring. 
Second, the degree of self-sterility varied between individuals "of the same 
parentage". The only way out of this difficulty was to "suppose that certain 
individuals have been rendered self-sterile to favour intercrossing, whilst 
other individuals have been rendered self-fertile to ensure the propagation 
of the species." This was, in fact, the position Darwin had taken just the 
year before in the second edition of the Variation. Lastly, Darwin pointed 
to the "immediate and powerful effect of changed conditions in either causing 
or in removing self-sterility." Thus Darwin concluded self-sterility, like 
other forms of sterility, had been incidentally, not selectively, acquired 
(Darwin 1878, pp. 345-346). 

In his initial analysis of sterility in dimorphic species, Darwin had 
concentrated on the evils of self-fertilization. Sterility, which prevented such 
self-fertilization and thereby necessitated beneficial cross-fertilization, 
appeared to be advantageous. Thus Darwin thought selection for this sterility 
had come first in the evolution of heterostyly. But in his book on heterostyly, 
The Different Forms of Flowers (1877), written one year after Cross and Self 
Fertilisation, Darwin observed: "Another view seems at first sight probable, 
namely, that an incapacity to be fertilised in certain ways has been specially 
acquired by heterostyled plants. . . . It is, however, incredible that so peculiar 
a form of mutual infertility should have been specially acquired unless it 
were highly beneficial to the species; and although it may be beneficial 
to an individual plant to be sterile with its own pollen [self-sterility], cross-
fertilisation being thus ensured, how can it be any advantage to a plant 
to be sterile with half its brethren, that is, with all the individuals belonging 
to the same form?" (1877, p. 264). Darwin now recognized that sterility 
could only be advantageous after the plant had already become adapted for 
cross-fertilization, so he now focussed primarily on the benefits of cross-
fertilization as opposed to the evils of self-fertilization. "The means for 
favouring cross-fertilisation must have been acquired before those which prevent 
self-fertilisation, as it would manifestly be injurious to a plant that its stigma 
should fail to receive its own pollen, unless it had already become well 
adapted for receiving pollen from another individual" (my italics; 1878, 
p. 383). This theoretical conclusion was supported by the fact that many 
species that are well adapted for cross-fertilization remained capable of 
self-fertilization. Thus heterostyled species had first become adapted for 
cross-fertilization between unlike forms; the sterility between two individuals 
of the same form was merely the incidental by-product of this prior adaptation 
(1877, pp. 264-268; Ghiselin 1969, pp. 149-151; Whitehouse 1959, p. 213). 

The Fourth Edition of the Origin and Sterility 
The first three editions of the Origin (1859, 1860, 1861) appeared over the 
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short period of eighteen months. Five years then passed before the fourth 
edition was published in 1866, so it was the most extensively revised edition 
to date. Darwin added to his "Hybridism" chapter a section of forty-six 
sentences on heterostyly, as well as a section of nineteen sentences in which 
he elaborated on his single-sentence rejection, in the earlier editions, of 
the selective origin of sterility. He presented both theoretical and empirical 
reasons in support of his view. First, natural selection acting directly on 
individual organisms could not increase sterility: 

He who will take the trouble to reflect on the steps by which this first 
degree of sterility could be increased through natural selection to that 
high degree which is common with so many species . . . will find the 
subject extraordinarily complex. After mature reflection it seems to me 
that this could not have been of any direct advantage to an individual animal 

to breed poorly with another individual of a different variety, and thus 
to leave few offspring; consequently such individuals could not have been 
preserved or selected, (my italics)20 

Second, natural selection acting indirectly on individual organisms could not 
increase sterility either: 

With sterile neuter insects we have reason to believe that modifications 
in their structure have been slowly accumulated by natural selection, 
from an advantage having been thus indirectly given to the community 
to which they belonged over other communities of the same species; 
but an individual organism, if rendered slightly sterile when crossed with 
some other variety, would not thus indirectly give any advantage to its nearest 

relatives or to any other individuals of the same variety, thus leading to 
their preservation, (my italics) 

Darwin did believe that cross-sterility "would profit an incipient species . . . 

for thus fewer bastardised and deteriorated offspring would be produced 
to commingle their blood with the newly-forming variety." But since he 
focussed here exclusively on natural selection acting, directly or indirectly, 
on individuals, not on groups, he concluded "the various degrees of lessened 
fertility which occur with species when crossed cannot have been slowly 
accumulated by means of natural selection" (Origin 1959, pp. 443-445). 

Besides these theoretical considerations, Darwin pointed to two empirical 
grounds for the same conclusion. Geographically isolated (allopatric) species 
were often cross-sterile to some degree, even though they never intercrossed 
in nature; so "it could clearly have been of no advantage to such separated 
species to have been rendered mutually sterile, and consequently this could 
not have been effected through natural selection, Furthermore natural 
selection could not account for the fact that in some reciprocal crosses 
one was fertile while the other was sterile, because (as Darwin added in 
the fifth edition) "this peculiar state of the reproductive system could not 
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possibly be advantageous to either species" (Origin 1959, pp. 443-444).22 

Immediately after the fourth edition of the Origin was published Darwin 
wrote to Huxley (22 December 1866) and raised with him the sterility 
question for the first time since January 1863. He asked Huxley to read 
the "Hybridism" chapter in the fourth edition of the Origin, "for I am 
very anxious to make you think less seriously on that difficulty . . . you 
have been Objector-General on this head" (ML 1: 274). Huxley's reply 
has not been found; but he must have restated his "old line", because in 
his 7 January 1867 reply to Huxley Darwin added this postscript: "Nature 
never made species mutually sterile by selection, nor will men" (ML 1: 
277). 

By early 1867 Darwin had also completed the Variation. Chapter 19 
contained "remarks on hybridism" that were almost identical to the additions 
in the fourth edition of the Origin (Variation 2: 185-189). Once again Darwin 
wrote to Huxley concerning sterility: "You are so terribly sharp-sighted 
and so confoundedly honest! But to the day of my death I will always 
maintain that you have been too sharp-sighted on hybridism; and the chapter 
on the subject in my book I should like you to read: not that, as I fear, 
it will produce any good effect, and be hanged to you" (ML 1: 287). This 
letter, as far as I know, was Darwin's last comment to Huxley about sterility. 
Huxley never changed his mind. In his essay "On the reception of the 
Origin of Species' ", written for the Life and Letters of Charles Darwin, he 
repeated that the "logical foundation" of Darwin's theory was still "insecure", 
because artificial selection had not yet resulted in cross-sterile varieties 
(Huxley 1887a, p. 551). And in the Preface to Darwiniana, published just 
two years before his death, Huxley stated: 

Those who take the trouble to read the first two essays, published in 
1859 and 1860 [reviews of the Origin in The Times and the Westminster 
Review], will, I think, do me the justice to admit that my zeal to secure 
fair play for Mr. Darwin, did not drive me into the position of a mere 
advocate; and that . . . I did not fail to indicate its weak points. I have 
never seen any reason for departing from the position which I took up 
in these two essays . . . I remain of the opinion expressed in the second, 
that until selective breeding is definitely proved to give rise to varieties 
infertile with one another, the logical foundation of the theory of natural 
selection is incomplete. (1893b, pp. v-vi) 

This was Huxley's final statement on the subject. 

The Darwin- Wallace Debate 
The great debate in 1868 between Darwin and Wallace over the origin 
of sterility was precipitated by Darwin's "remarks on hybridism" in the 
Variation. In February 1868, within a month of the publication of Darwin's 
book, Wallace wrote to Darwin, raising for the first time the matter of 
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selection and sterility.23 Wallace agreed with Darwin that cross-sterility would 
not be advantageous to the cross-sterile individual; but as long as it would 
be a "positive advantage" to the two cross-sterile forms, then, he argued, 
it could be increased by natural selection. 

I do not see your objection to sterility between allied species having been 
aided by Natural Selection. It appears to me that, given a differentiation 
of a species into two forms each of which was adapted to a special 
sphere of existence, every slight degree of sterility would be a positive 
advantage not to the individuals who were sterile, but to each form. If 
you work it out, and suppose the two incipient species, A, B, to be 
divided into two groups, one of which contains those which are fertile 
when the two are crossed [Af Bf, Figure 7], the other being slightly 
sterile [As Bs, Figure 7], you will find that the latter will certainly supplant 
the former in the struggle for existence, remembering that you have 
shown that in such a cross the offspring would be more vigorous than the 
pure breed, and would therefore certainly soon supplant them, and as 
these would not be so well adapted to any special sphere of existence 
as the pure species A and B, they would certainly in their turn give 
Way tO A and B. (Wallace's italics; Wallace 1916, p. 162) 

Darwin replied right away: "I feel sure that I am right about sterility and 
natural selection. Two of my grown-up children . . . have two or three 
times at intervals tried to prove me wrong, and when your letter came 
they had another try, but ended up coming back to my side." Darwin 
then proceeded to restate his own view. As in the Origin and the Variation, 
his conception of natural selection involved the level of the individual only; 
since increased cross-sterility did not enhance the reproductive success of 
the more cross-sterile individual, Darwin could not see how selection could 
increase sterility: 

I do not quite understand your case . . . If sterility is caused or accumulated 
through Natural Selection then . . . Natural Selection must have the power 
of increasing it. Now take two species, A and B, and assume that they 
are . . . half-sterile, i.e. produce half the full number of offspring. Now 
try and make (by Natural Selection) A and B absolutely sterile when 
crossed, and you will find how difficult it is. I grant, indeed it is certain, 
that the degree of sterility of the individuals of A and B will vary, but 
any such extra-sterile individuals of, we will say, A, if they should hereafter 
breed with other individuals of A, will bequeath no advantage to their progeny, 
by which these families will tend to increase in number over other families 
of A, which are not more sterile when crossed with B . . . it is a most 
difficult bit of reasoning, which I have gone over and over again on 
paper with diagrams, (my italics; Wallace 1916, p. 163) 
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Two days later (1 March) Wallace accepted Darwin's challenge to "try 
and make (by Natural Selection) A and B absolutely sterile", sending him 
a nineteen-point "demonstration, on your oum principles, that Natural Selection 
could produce sterility of hybrids" (Wallace's italics). Wallace began by stating, 
"I think you will. . . admit that if I demonstrate that a considerable amount 
of sterility would be advantageous to a variety, that is sufficient proof that 
the slightest variation in that direction would be useful also, and would 
go on accumulating" (my italics; Wallace 1916, p. 164). Simply stated, the 
main point under dispute was that "and". Darwin did not deny that sterility 
would be useful to a variety (= incipient species). But if this sterility were 
useful only to the variety, would it necessarily be selected? Wallace thought 
it would; Darwin was extremely doubtful. 

Figure 7. Wallace's Hypothesis of the Selective Origin of Cross-Sterility (see M L  1: 290-292, and 
Wallace 1889, pp. 179-180). 
This schematic diagram illustrates Wallace's conception of the origin and increase of cross-sterility 
by means of natural selection, as he stated it in a letter to Darwin (1 March 1868) and then reprinted 
it in his book Darwinism (1889). Wallace sought to show how two cross-fertile forms A and B 
would be supplanted by two cross-sterile forms As and Bj, as the result of a process of selection 
(see text for complete details). 

In Figure 7,1 have constructed a schematic diagram of my understanding 
of Wallace's conception of the increase of cross-sterility by natural selection. 
Wallace supposed that a species had begun to divide into two forms A 
and B, each adapted to somewhat different conditions in the same general 
region (for example, one to woods, the other to open grounds). Wallace 
further supposed that each form became divided into two varieties Af Asand 
Bf Bs. Af and Bf were cross-fertile and produced fertile hybrids. Indeed, 
because of the advantages of a cross between somewhat different forms 
— such as Af and Bf — the hybrids, AfBp were more vigorous and fertile 
than Af and Br Hence, Wallace argued, in the area of Af and Bf, the hybrids 
of various degrees would "certainly" come to outnumber the two pure 
varieties Af and Bf, since the increased vigor and fertility of the hybrids 
more than compensated for their inferior adaptation to the environment. 
In contrast, As and Bs were partially cross-sterile (and/or produced partially 
sterile hybrids). Therefore, in their area, the "great majority" of individuals 
would belong to the pure varieties As and Bs, since the hybrids, AsBi, were 
not only less adapted but also less numerous and increased less rapidly than 
As and Bs. Then, when the struggle for existence became severe, As and 
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Bs would "certainly" supplant the AfBf hybrids, just as they had supplanted 
the A Bs hybrids. Thus, by means of natural selection between groups, the 
partially cross-sterile varieties As and Bs of the two forms A and B became 
established as the only ones. By the repetition of this process, increasingly 
cross-sterile varieties would replace less cross-sterile varieties (ML 1: 290-
292).24 

Darwin received Wallace's nine teen-point argument while he was in 
London, and so his initial response was brief: "I do not feel that I shall 
grapple with the sterility argument till my return home; I have tried once 
or twice and it has made my stomach feel as if it had been placed in 
a vise. Your paper [nineteen-point argument] has driven three of my children 
half mad" (Wallace 1916, p. 166). In his reply to Darwin, Wallace made 
the very revealing comment: "I am deeply interested in all that concerns 
the powers of Natural Selection, but though I admit there are a few things 
it cannot do I do not yet believe sterility to be one of them" (Wallace 
1916, p. 167). This remark reflects the adaptationist thinking that had come 
to dominate Wallace's approach in the 1860s. 

"Adaptationism": Darwin versus Wallace 
Wallace had not always been a strict adaptationist. In Natural Selection, in 
the course of his remarks about those (including Huxley) who had "protested 
against the utilitarian doctrine that every part of every organic being is 
of use to it", Darwin specifically commented on the non-adaptationist position 
Wallace had taken in his book A Nanative of Travels on the Amazon and Rio 
Negro (1853): "Mr. Wallace . . . seems to doubt the strict adaptation even 
of very differently constructed birds; for he lays much stress on the fact 
of having repeatedly seen the ibis, spoon-bill & heron feeding together on 
precisely the same food . . . But until it can be shown that these birds 
feed throughout the year on exactly the same food, & are throughout their 
lives from the nest upwards exposed to the same dangers . . . the fact of 
their feeding together for a time or even a whole year, seems to me to 
tell as nothing against the strictest adaptation of their whole structure to 
their conditions of existence" (Natural Selection, pp. 379-380; Kottler 1980, 
p. 205). Furthermore, in his 1858 paper Wallace referred twice to the fixation 
of "unimportant", that is useless, parts: "Variations in unimportant parts 
might also occur, having no perceptible effect on the life-preserving powers; 
and the varieties so furnished might run a course parallel with the parent 
species ..." (1858b, p. 275). These "unimportant parts" included "colour, 
texture of plumage and hair, form of horns or crests" (p. 278). 

Finally, Wallace himself made an unequivocal declaration of his non-
adaptationist position in a truly remarkable passage that seems to have gone 
entirely unnoticed by historians. In his 1856 paper "On the habits of the 
orang-utan in Borneo", after arguing that the huge canines of the orang 
were useless to it, Wallace declared: 
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Do you mean to assert, then, some of my readers will indignantly ask, 
that this animal, or any animal, is provided with organs which are of 
no use to it? Yes, we reply, we do mean to assert that many animals 
are provided with organs and appendages which serve no material or 
physical purpose. The extraordinary excrescences of many insects, the 
fantastic and many-coloured plumes which adorn certain birds, the 
excessively developed horns in some of the antelopes, the colours and 
infinitely modified forms of many flower-petals, are all cases, for an 
explanation of which we must look to some general principle far more 
recondite than a simple relation to the necessities of the individual. We 
conceive it to be a most erroneous, a most contracted view of the organic 
world, to believe that every part of an animal or of a plant exists solely 
for some material and physical use to the individual, — to believe that 
all the beauty, all the infinite combinations and changes of form and 
structure should have the sole purpose and end of enabling each animal 
to support its existence, — to believe, in fact, that we know the one 
sole end and purpose of every modification that exists in organic beings, 
and to refuse to recognize the possibility of there being any other. 
Naturalists are too apt to imagine, when they cannot discover, a use for 
everything in nature; they are not even content to let "beauty" be a 
sufficient use, but hunt after some purpose to which even that can be 
applied by the animal itself, as if one of the noblest and most refining 
parts of man's nature, the love of beauty for its own sake, would not 
be perceptible also in the works of a Supreme Creator. The separate 
species of which the organic world consists being parts of a whole, we 
must suppose some dependence of each upon all; some general design 
which has determined the details, quite independently of individual 
necessities. We look upon the anomalies, the eccentricities, the exaggerated 
or diminished development of certain parts, as indications of a general 
system of nature, by a careful study of which we may learn much that 
is at present hidden from us; and we believe that the constant practice 
of imputing, right or wrong, some use to the individual, of every part 
of its structure, and even of inculcating the doctrine that every modification 
exists solely for some such use, is an error fatal to our complete appreciation 
of all the variety, the beauty, and the harmony of the organic world. 
(Wallace's italics; 1856a, pp. 30-31)® 

During the 1860s, however, Wallace adopted just such an extreme 
adaptationist doctrine, which he never relinquished. In his important paper, 
"Mimicry and other Protective Resemblances among Animals", Wallace 
enunciated a principle, which he claimed to be a "necessary deduction from 
the theory of Natural Selection, namely — that none of the definite facts 
of organic nature, no special organ, no characteristic form or marking, 
no peculiarities of instinct or of habit, no relations between species [such 
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as cross-sterility] or between groups of species — can exist, but which 
must now be or once have been useful to the individuals or the races which 
possess them" (my italics; 1870a, p. 47). (Wallace later observed that in 
this passage he had laid down the principle of utility "perhaps a little too 
absolutely"! (18%, p. 379) ) But such a principle is a "necessary deduction" 
from natural selection only if one holds the view that all evolutionary change 
has resulted from the action of natural selection. This was indeed the view 
that Wallace adopted in the 1860s, and thereafter it became very difficult 
for him to grant any traits were non-adaptive, and essentially impossible 
for him to accept that any useful traits — such as cross- and hybrid sterility 
— had originated "by chance", rather than by a process of selection, acting 
on individuals or groups. If, in theory, selection could produce a certain 
change, then it necessarily had produced it. Twenty years later (1889) in 
his book Darwinism, Wallace discussed "useless or non-adaptive characters", 
concluding that "the assertion of 'inutility' in the case of any organ or 
peculiarity which is not a rudiment or a correlation, is not, and can never 
be, the statement of a fact, but merely an expression of our ignorance 
of its purpose or origin" (1889, p. 137). Wallace's adaptationism is very 
apparent in this passage. And even though he did acknowledge here Darwin's 
principle of correlation, he invoked that principle only rarely. 

In contrast, Darwin subscribed to a much more "pluralist" view with 
regard to evolutionary mechanisms. The best known aspect of Darwin's 
pluralism is his so-called Lamarckism. Darwin held that acquired characters 
— produced either by the direct action of the environment on the organism 
or by the use or disuse of parts — could be inherited, thereby leading 
to evolutionary change without the action of natural selection. When Darwin 
responded to criticisms that he had attempted to explain everything by 
natural selection, he pointed to these views (Origin 1959, pp. 747-748, (183: 
f/y and 183.0.0.1—4:f); CP 2:223). But in his debates with Wallace, Darwin's 
"Lamarckism" was not a factor; rather the critical aspect of his pluralism 
was his emphasis on the laws of growth and, in particular, the principle 
of correlation (or correlated variation). 

Darwin treated organisms as integrated systems; and thus he recognized 
that a change in one part might very well bring about changes (useless 
or accidentally useful) in other correlated parts. Darwin, unlike Wallace, 
made considerable use of this principle. On the one hand he invoked correlation 
of growth to account for a number of traits that he regarded as genuinely 
useless. Darwin believed that, in some extreme instances, the laws of 
correlation might explain a "large part" of the entire morphology: "probably 
in the case of those insects which live only for a few hours, and which 
never feed, a large part of their structure is merely the correlated result 
of successive changes in the structure of their larvae" (my italics; Origin, 
p. 86, pp. 143-146). On the other hand, Darwin surmised that a number 
of useful traits might also have originated as the result of the laws of growth 
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— what Wallace would have called "by chance" — so that "sometimes 
we may [mistakenly] place to the account of natural selection that which 
is wholly due to the laws of growth" (Natural Selection, p. 377). In the Origin, 
he pointed to, for example, the sutures in the skulls of young mammals, 
which "no doubt . . . facilitate, or may be indispensable" for, parturition. 
Nevertheless, despite their great utility or even absolute necessity, Darwin 
attributed these sutures to the laws of growth, not natural selection, since 
they were also present in the skulls of young reptiles and birds (Origin, 
p. 197; Gould and Vrba 1982, p. 5).26 

M. Ghiselin has emphasized quite rightly the extensive use Darwin made 
of the principle of correlation in his explanations for the origin of many 
forms of behavior involved in the expression of the emotions (1969, pp. 
203-208; see also Burkhardt, this volume). Darwin employed three 
"principles" to account for such behavior: "serviceable associated habits", 
"antithesis", and "direct action of the nervous system". Only in the case 
of the first of these was the resulting behavior necessarily useful: "Certain 
states of the mind lead to certain habitual actions, which are of service" 
(my italics). But the behavior resulting from the other two principles was 
initially nothing more than the correlated by-product of other neuromuscular 
changes. Thus in many instances it was completely useless to the organism. 
With respect to the principle of antithesis Darwin remarked: "Now when 
a directly opposite state of mind is induced, there is a strong and involuntary 
tendency to the performance of movements of a directly opposite nature, 
though these are of no use" (my italics; Expression, p. 28). Darwin was aware 
that some expressive behavior was useful in visual social communication. 
He explicitly denied, however, that the present communicative function 
of expressive behavior accounted for its origin. In Darwin's view, all such 
behavior had originated initially for other reasons, often having nothing 
at all to do with utility, and then — only secondarily — had been taken 
advantage of for purposes of communication: "Although they [expressive 
movements] often reveal the state of the mind, this result was not at first 
either intended or expected. Even such words as that 'certain movements 
serve as a means of expression' are apt to mislead, as they imply that this 
was their primary purpose or object. This, however, seems rarely or never 
to have been the case; the movements having been at first either of some 
direct use, or the indirect effect of the excited state of the sensorium" 
(Expression, p. 357).27 In the light of such views on the role of correlation, 
it is easy to see why, for Darwin, the fact alone of the utility of cross-
and hybrid sterility did not necessarily imply selective origin. 

Still in London and hence unable to reply at length to Wallace's nineteen-
point argument, Darwin reiterated (19-24 March) his position briefly: "The 
sterility is a most puzzling problem . . . I am hardly willing to admit all 
your assumptions, and even if they were all admitted, the process is so 
complex and the sterility . . . so universal that I cannot persuade myself 
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that it has been gained by Natural Selection ..." (Wallace 1916, p. 168). 
Wallace now (24 March) presented to Darwin what he believed to be "a 
strong general argument". Wallace had contended (point 3) that if two 
incipient species in the same general region were cross-fertile and produced 
fertile hybrids, "then the formation of the two distinct races or species 
will be retarded or perhaps entirely prevented." Now he asked Darwin, 
if natural selection could not produce sterility between coexisting forms, 
"how do species ever arise, except when a variety is [geographically] 
isolated?" The production of sterility by selection was not only useful, it 
appeared to be absolutely essential unless all speciation were geographic, 
something Wallace knew Darwin was not prepared to admit. Wallace 
concluded that sterility had been "generally produced by Natural Selection 
for the good of the species" (my italics; Wallace 1916, p. 169). Still in London, 
Darwin replied again only briefly (27 March): "I dread beginning to think 
over this fearful problem . . .; but I will sometime. I foresee, however, 
that there are so many doubtful points that we shall never agree. . . . Heaven 
protect my stomach whenever I attempt following your argument" (Wallace 
1916, p. 170). 

At the beginning of April Darwin returned to Down from London; 
so finally on 6 April ,Darwin sent Wallace his complete critique. 

I have been considering the terrible problem. Let me first say that no 
man could have more earnestly wished for the success of Natural Selection 
in regard to sterility than I did, and when I considered a general statement 
(as in your last note) I always felt sure it could be worked out, but 
always failed in detail, the cause being, as I believe, that Natural Selection 
cannot effect what is not good for the individual, including in this term a social 
community. It would take a volume to discuss all the points; and nothing 
is so humiliating to me as to agree with a man like you . . . on the 
premises and disagree about the result, (my italics; Wallace 1916, p. no) 

Darwin's exclusive focus upon the individual level of selection is strikingly 
apparent in his critique. He pointed to the case of the cowslip and primrose, 
which were moderately sterile, but occasionally produced hybrids. Darwin 
was willing to grant that from the production of these hybrids the two 
species did "suffer" to a small extent. This did not mean, however, that 
selection would increase the cross-sterility between them. "Can you conceive 
that any individual plants of the primrose and cowslip, which happened to 
be mutually rather more sterile . . . than usual, would profit to such a 
degree as to increase in number to the ultimate exclusion of the present 
primrose and cowslip? I cannot" (my italics). 

Darwin's conception of natural selection acting, directly or indirectly, 
only for the good of the individual is further illuminated by his recognition 
in this letter that one form of what is now termed reproductive isolation 
could be acquired by means of (individual) selection. Reproductive isolation 
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consists of two basic types, pre-mating and post-mating. Cross- and hybrid 
sterility are forms of post-mating reproductive isolation because they function 
only after mating has occurred. According to current theory, in agreement 
with Darwin and in opposition to Wallace, since cross- and hybrid sterility 
do not increase the reproductive success of the individual they cannot be 
the direct product of natural selection. But pre-mating reproductive isolation, 
which prevents sterile crosses and the formation of less fit hybrids in the 
first place, is advantageous to the individual, so it can be produced by natural 
selection. In setting forth his argument Wallace had supposed (point 6) that 
"as soon as any sterility appears under natural conditions, it will be 
accompanied by some disinclination to cross-unions". Such "disinclination 
to cross", the mutual aversion so commonly observed between species, is 
a form of pre-mating reproductive isolation. Darwin responded that he knew 
of "no ghost of a fact supporting the belief that disinclination to cross 
accompanies sterility. . . . I saw clearly what an immense aid this would 
be, but gave it up." Instead Darwin proposed that "disinclination to cross 
seems to have been independently acquired, probably by Natural Selection; 
and I do not see why it would not have sufficed to have prevented incipient 
species from blending to have simply increased sexual disinclination to cross" 
(Wallace 1916, p. 171). This was Darwin's clearest statement of the selective 
origin of pre-mating reproductive isolation.29 

Darwin's last words in this letter were essentially his last words of 
the debate: "Life is too short for so long a discussion. We shall, I greatly 
fear, never agree" (Darwin's italics; Wallace 1916, p. 172). Wallace answered 
two days later. In the face of his failure to convince Darwin, Wallace 
partially retreated: "I am sorry you should have given yourself the trouble 
to answer my ideas on Sterility. If you are not convinced, I have little 
doubt but that I am wrong; and in fact I was only half convinced by my 
own arguments, and I now think there is about an even chance that Natural 
Selection may or [may] not be able to accumulate sterility . . . I will say 
no more but leave the problem as insoluble, only fearing that it will become 
a formidable weapon in the hands of the enemies of Natural Selection" 
(Wallace's italics; Wallace 1916, pp. 172-173). 

Epilogue to the Debate: Wallace's Darwinism 
After this intense interchange in February-April 1868, Darwin and Wallace 
said little more to each other about the role of natural selection in the 
origin of sterility. But Wallace clearly did not forget about the problem 
(Wallace 1916, p. 243). In his book Darwinism published seven years after 
Darwin's death, Wallace returned one last time to sterility, devoting an 
entire chapter to the subject, as had Darwin in the Origin. Wallace began 
by observing: "One of the greatest, or perhaps we may say the greatest, 
of all the difficulties in the way of accepting the theory of natural selection 
as a complete explanation of the origin of species, has been the remarkable 
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difference between varieties and species in respect of fertility when crossed" 
(1889, p. 152). Whatever Wallace's doubts may have been in April 1868 
when he told Darwin he was "only half convinced" by his own arguments, 
those doubts vanished in 1888 when he re-examined that argument. While 
writing Darwinism he exclaimed to Raphael Meldola (20 March 1888): 

I have been working away at my hybridity chapters, and am almost 
disposed to cry "Eureka!" for I have got light on the problem. When 
almost in despair of making it clear that Naturail Selection could act 
one way or the other, I luckily routed out an old paper that I wrote 
twenty years ago, giving a demonstration of the action of Natural Selection. 
It did not convince Darwin then, but it has convinced me now. . . . 
I really think I have overcome the fundamental difficulties of the question 
and made it a good deal clearer than Darwin left it. (Wallace 1916, p. 296; 

cf. 1889, p. 174; ML 1: 299) 

Thus Wallace repeated his 1868 argument with remarkably little change 
in Darwinism. Indeed he concluded his section on "The Influence of Natural 
Selection upon Sterility and Fertility" with a lengthy footnote: "As this 
argument is a rather difficult one to follow, while its theoretical importance 
is very great, I add here the following briefer exposition of it, in a series 
of propositions; being, with a few verbal alterations, a copy of what I 
wrote on the subject about twenty years back" (1889, pp. 179-180). The 
eleven propositions that followed were the first eleven propositions, repeated 
almost verbatim, from Wallace's nineteen-point argument sent to Darwin 
on 1 March 1868.30 

In his discussion of the debate between Darwin and Wallace, Mayr 
has claimed, "they used the term 'sterility' where we would use the term 
'isolating mechanisms' " (1959c, p. 227). If this were the case, then Darwin 
advocated the incidental origin of reproductive isolation mechanisms, Wallace 
their origin by natural selection. Grant has gone on to suggest that it would 
be "fitting and desirable" to call the selective origin of reproductive isolation 
mechanisms the "Wallace effect" (1966, p. 99; 1981, pp. 188-189). There 
can be no question that some late nineteenth-century naturalists did use 
the word "sterility" where evolutionists now use "reproductive isolation 
mechanisms". But I would argue that in their debate Darwin and Wallace 
meant what we do by "sterility". The distinction Wallace drew in point 
6 of his 1 March 1868 letter between "disinclination to cross-unions" and 
"sterility" certainly supports his view. Consequently Wallace was not 
proposing the selective origin of reproductive isolation mechanisms in general, 
but rather the selective origin of the particular posi-mating mechanisms of 
cross- and hybrid sterility. Since, according to current theory, these forms 
of sterility are precisely the types of reproductive isolation that cannot be 
produced by selection, the Darwin-Wallace debate provides little historical 
justification for the term "Wallace effect". The present view on the origin 
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of sterility is essentially Darwin's view of an incidental origin (cf. Littlejohn 
1981, pp. 299, 320). Furthermore, during the debate it was Darwin not 
Wallace who recognized the possibility of the selective origin of pre-mating 
reproductive isolation ("disinclination to cross"), while rejecting the selective 
origin of cross- and hybrid sterility.31 

THE DEBATE OVER THE ORIGIN OF SEXUAL DIMORPHISM 

The second, and most extended, of the debates between Darwin and Wallace 
involved the role of natural selection in the origin of sexual dimorphism, 
especially the differences in coloration between the two sexes. Since I have 
recently published a comprehensive account of this debate (Kottler 1980), 
I will present only a brief summary here, emphasizing the two major issues 
of adaptationism and constraints on natural selection, which were at the 
heart of the disagreement. 

Wallace's theory of natural selection for the protection of the sex in 
greater danger grew out of his great interest in protective coloration, and 
in particular those instances in which protective coloration was restricted 
to just one of the two sexes. In 1864 Wallace reported his discovery of 
the phenomenon of sex-limited mimicry in butterflies, and offered an 
explanation for it. Sexual selection, in the form of female choice, had produced 
the non-mimetic coloration of the male, while natural selection had acted 
on the female to produce the protective mimicry: 

The reason why the females are more subject to this kind of modification 
than the males is, probably, that their slower flight, when laden with 
eggs, and their exposure to attack while in the act of depositing their 
eggs upon leaves, render it especially advantageous for them to have 
some additional protection. (Wallace 1865, p. 22) 

This was Wallace's first published statement of his theory. The debate between 
Darwin and Wallace was initiated by Wallace's letter of 26 April 1867, 
in which he applied a generalized version of his theory to account for sexual 
dimorphism in coloration in birds. He had discovered a correlation between 
the presence or absence of sexual dimorphism in coloration and the mode 
of nesting. When both sexes in a species were conspicuous, the nest was 
concealed; whereas when the female was less conspicuous than the male, 
the nest was out in the open. Wallace proposed that the mode of nesting 
had determined whether or not there was sexual dimorphism in coloration. 
When the nest was concealed, sexual selection had acted on both sexes, 
producing conspicuous males and females. But when the nest was in the 
open, sexual selection had acted on the male only, while natural selection 
had acted on the female to produce her less conspicuous coloration: 

I impute the absence of brilliant or conspicuous tints in the female of 
birds (when it exists in the male,) almost entirely to this protective adaptation 
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because in birds, the female while sitting is much more exposed to attack 
than the male . . . the direct cause of the prevalent dull colours in the 
female is solely [their?] dangers. (Wallace's italics) 

The debate between Darwin and Wallace went through three phases. During 
the first phase (April 1867-March 1868), Darwin stated his substantial, 
although not complete, agreement with Wallace several times (Wallace 1916, 
pp. 153,157, 164). During the second phase (April-May 1868), Darwin began 
to emphasize an alternative explanation for the origin of sexual dimorphism: 
sexual selection, in combination with the sex-limited inheritance from the 
beginning of the selected variations, without the direct action of natural 
selection. On 6 April 1868, at the climax of the debate over sterility, Darwin 
had remarked to Wallace: "We shall, I greatly fear, never agree" (Darwin's 
italics; Wallace 1916, p. 172). Now, three weeks later, in the second phase 
of the debate over sexual dimorphism, Darwin observed (30 April 1868): 
"But we shall never convince each other" (Wallace 1916, p. 177). 

Darwin rejected Wallace's theory almost completely during the third 
and final phase of their debate (August-October 1868). This phase began 
when Darwin wrote to Wallace on 19 August 1868: "In truth, it has vexed 
me much to find that the further I get on, the more I differ from you 
about the females being dull-coloured for protection . . . This has much 
decreased the pleasure of my work" (Darwin's italics; Wallace 1916, p. 181; 
cf. p. 183). Darwin's letter "surprised" Wallace, who was now stimulated 
to make one last effort to convince Darwin. In the style of his letter of 
1 March 1868, six months earlier in the sterility debate, Wallace presented 
to Darwin a fifteen-point argument in support of his theory.32 At the 
conclusion Wallace remarked: 

Your view appears to me to be opposed to your own laws of Nat. Select" 
& to deny its power & wide range of action. Unless you deny that 
the general dull hues of female birds and insects are of any use to them, 
I do not see how you can deny that Nat. Select, must tend to increase 
such hues, and to eliminate brighter ones. I could almost as soon believe 
that the structural adaptations of animals & plants were produced by "laws 
of variation & inheritance" alone, as that what seem to me equally beautiful 
& varied adaptations of colour shd be so produced. (Wallace's italics) 

Here Wallace stated very clearly and forcibly one of the two central issues 
in this debate. For Wallace the adaptationist, the fact that a character was 
useful was sufficient proof of its origin by natural selection; otherwise useful 
characters had originated "by chance", a view he simply could not accept. 
Therefore the indisputable utility of its less conspicuous coloration to the 
sex in greater danger meant to Wallace that such coloration must have 
been produced by natural selection·. 

In his reply (23 September 1868) Darwin finally broke with Wallace: 
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"I think we start with different fundamental notions on inheritance. I find 
it most difficult, but not, I think, impossible, to see how, for instance, a 
few red feathers appearing on the head of a male bird, and which are at 
first transmitted to hoth sexes, could come to be transmitted to males alone" 
(Darwin's italics; Wallace 1916, p. 185). Here Darwin raised the second 
fundamental issue in the debate, the question of constraints imposed on 
natural selection by modes of inheritance and development. Wallace believed 
that variations that first appeared in one sex — and were then selected 
— were as a rule inherited equally by both sexes. Such a process of selection 
in combination with equal inheritance led to monomorphism. Consequently 
the evolution of sexual dimorphism required the conversion of equal 
inheritance into sex-limited inheritance. Wallace was absolutely convinced 
that natural sejection could alter modes of inheritance and, in fact, must 
have done so frequently. During the first phase of their debate, Darwin 
had agreed with Wallace. But now he had come to the conclusion that 
natural selection could convert equal into sex-limited inheritance only with 
great difficulty and therefore had done so rarely, if ever. As beneficial 
as such a modification might be, it nevertheless would not occur. There 
were constraints upon the power and range of action of natural selection. 

Wallace's response epitomized his adaptationist position. On Darwin's 
view, "the colours of one or other sex will be always (in relation to their 
environment) a matter of chance. I cannot think this. I think Selection more 
powerful than laws of inheritance of which it makes use" (Wallace's italics; 
Wallace 1916, p. 187). Wallace asked Darwin: "Why should the colour 
of so many female birds seem to be protective, if it has not been made 
protective by selection?" (ML 2: 87). 

Darwin's position did not change after October 1868. In the Descent 
he attempted to show, with an "imaginary illustration" involving artificial 
selection, why the conversion of equal into sex-limited inheritance by natural 
selection could occur only with "extreme difficulty". He concluded: "I 
am unwilling to admit that this has often been effected with natural species" 
(Descent 2: 156-160). At Darwin's special request, Wallace reviewed the 
Descent. In his review he tried one last time to convince Darwin that on 
the crucial point of the conversion of equal into sex-limited inheritance, 
natural selection was up to the task: "[Mr. Darwin] appears to be unnecessarily 
depreciating the efficacy of his own first principle when he places limited 
sexual transmission beyond the range of its power" (1871, p. 181). Darwin's 
reply to Wallace's review was, for all practical purposes, the last of this 
great debate: "I will keep your objections to my views in my mind, but 
I fear that the latter are almost stereotyped in my mind. I thought for 
long weeks about the inheritance and selection difficulty, and covered quires 
of paper with notes, in trying to get out of it, but could not, though clearly 
seeing that it would be a great relief if I could" (Wallace 1916, pp. 213-
214). 
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THE DEBATE OVER THE ORIGIN OF MAN 
The last, best known, and most studied of the three great debates between 
Darwin and Wallace concerned the adequacy of natural selection — and 
indeed natural causation in general — as an explanation for the origin of 
man. Initially there was no disagreement at all between the two men. In 
1864, in his paper "The origin of human races and the antiquity of man 
deduced from the theory of 'natural selection' " (1864), Wallace became 
the first "Darwinian" to propose in public a completely naturalistic 
explanation for the origin of man in terms of natural selection. Darwin 
had very high praise for Wallace's paper. He wrote to Hooker (22 May 
1864) that it was "most striking and original and forcible. I wish he had 
written Lyell's chapters on Man [in the Antiquity of Man]" (Darwin's italics). 
Darwin went on to say there was "remarkable genius shown by the paper. 
I agree . . . to the main new leading idea" (ML 2: 31-32; cf. Wallace 
1916, p. 127).33 Wallace's "leading idea" was that in the earliest stages of 
the development of man natural selection had acted upon both the physical 
body as well as the mind. But once the social and sympathetic feelings, 
on the one hand, and the intellectual and moral faculties, on the other, 
had become "fairly developed", the body had ceased to be subject to natural 
selection as man became adapted to the changing environment through the 
action of his mind. Thereafter natural selection had continued to operate 
on the mind alone to produce modern man.34 

Five years later, in his letter of 24 March 1869, Wallace gave Darwin 
the first hint of a change in his views: 

In my forthcoming article in the "Quarterly" [Wallace 1869], I venture 
for the first time on some limitations to the power of natural selection. 
I am afraid that Huxley and perhaps yourself will think them weak & 
unphilosophical. I merely wish you to know that they are in no way 
put in to please the Quarterly readers, — you will hardly suspect me 
of that, — but are the expression of a deep conviction founded on evidence 
which I have not alluded to in the article but which is to me absolutely 
Unassailable. (Wallace's italics) 

In his reply Darwin remarked: "I shall be intensely curious to read the 
Quarterly: I hope you have not murdered too completely your own and 
my child" (Wallace 1916, p. 197). But Wallace had done just that. He had 
come to the conclusion that natural selection could not account for certain 
purely physical characteristics, as well as the higher intellectual and moral 
faculties, of man. Wallace proposed that a "Higher Intelligence" had guided 
the laws of organic development "in definite directions and for special ends" 
so as to produce man. Darwin's response to Wallace's new view was rapid 
and incredulous: "I presume that your remarks on Man are those to which 
you alluded in your note. If you had not told me I should have thought 
that they had been added by someone else. As you expected, I differ grievously 
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from you, and I am very sorry for it. I can see no necessity for calling 
in an additional and proximate cause in regard to Man" (Wallace 1916, 
p. 199). He marked his copy of Wallace's article with a "triply underlined 
'No' and with a shower of notes of exclamation" (ML 2:40); cf. LL (NY) 
2: 298; Wallace 1916, p. 206). 

Discussion of the debate between Darwin and Wallace over the origin 
of man is complicated by the fact that Wallace was not concerned about 
this problem for scientific reasons alone. Indeed he was motivated primarily, 
if not exclusively, by his underlying belief in Spiritualism to which he became 
converted in 1866. He alluded to the influence of Spiritualism in his letter 
of 24 March 1869 (quoted above), and he expanded on this in his letter 
to Darwin written immediately after Darwin had expressed his surprise 
and disbelief upon learning of Wallace's new view (18 April 1869): 

I can quite comprehend your feelings with regard to my "unscientific" 
opinions as to Man, because a few years back I should myself have looked 
at them as equally wild and uncalled for. . . . My opinions on the subject 
have been modified solely by the consideration of a series of remarkable 
phenomena, physical and mental, which I have now had every opportunity 
of fully testing, and which demonstrate the existence of forces and 
influences not yet recognised by science, (my italics; Wallace 1916, 

p. 200)35 

In what follows I will not treat Wallace's belief in Spiritualism, primarily 
because it has been discussed in great detail elsewhere (Kottler 1974; Turner 
1974a; Durant 1979), but also because — having tried and failed to persuade 
other scientists of the validity and meaning of psychical phenomena — Wallace 
omitted this evidence concerning the nature of man from his scientific 
publications. I will summarize and analyze the main scientific arguments 
presented by Wallace and Darwin in their debate (cf. Gould 1980b). 

The logic of Wallace's scientific argument, as presented in 1869-1870, 
is best illustrated by his analysis of the origin of the human brain. That 
argument rested upon several premises concerning natural selection, evolution, 
and the brain and mind. Wallace regarded natural selection as a principle 
of present utility and relative perfection. Furthermore, since he was a strict 
adaptationist by this time, he considered natural selection to be the only 
natural cause of important evolutionary change. Finally, in Wallace's view, 
the brain was the organ of mind, while brain size was a reliable indicator 
of mental capacities; in addition, since he accepted phrenology, Wallace 
regarded the mind as a composite entity, subdivided into many faculties 
that had developed independently of each other. Wallace noted that living 
savages and prehistoric humans possessed brains of nearly the same size 
as civilized men; consequently they had the same mental capacities, at least 
in latent form. But, Wallace claimed, these capacities — especially the higher 
ones such as mathematical ability, the ability to form abstract conceptions, 
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and the ability to perform complex trains of reasoning — were utterly 
useless, if not somewhat harmful, to prehistoric and savage men in their 
natural environments, and hence the brain was much more highly developed 
than necessary in the struggle for existence. Being both unneeded and unused, 
the large human brain could not possibly have evolved by natural selection 
alone:36 

The mental requirements of the lowest savages . . . are very little above 
those of many animals. The higher moral faculties and those of pure 
intellect and refined emotion are useless to them, are rarely if ever 
manifested, and have no relation to their wants, desires, or well-being 
. . . Natural selection could only have endowed the savage with a brain 
a little superior to that of an ape. (Wallace 1869, pp. 391-392; 1870b, p. 356) 

Since Wallace was a strict adaptationist, the insufficiency of natural selection 
implied the insufficiency of natural causation in general. As Gould has already 
observed: "Wallace's error on human intellect arose from the inadequacy 
of his rigid selectionism, not from a failure to apply it" (1980b, p. 54). 

Darwin was completely unable to accept Wallace's conclusion and sought 
to refute it in the Descent. On the one hand, Darwin endorsed Huxley's 
critique of Wallace. In his review "Mr. Darwin's critics" (1871), Huxley 
challenged Wallace's opinion that the mental requirements of savages were 
very little above those of animals. He called particular attention to Wallace's 
own paper "On instinct in man and animals", published in the same volume 
as Wallace's "The limits of natural selection as applied to man", in which 
Wallace himself had given an "admirable" description of the considerable 
mental challenges facing the savage (Wallace 1870a, pp. 207-209). In the 
light of these facts the large brain could hardly be considered useless to 
the savage. Darwin was "delighted" by Huxley's review. After praising 
Huxley's critique of St. G. Mivart, Darwin went on: "I am mounting climax 
on climax, for after all there is nothing, I think, better in your whole 
review than your arguments v. Wallace on the intellect of savages" (LL 
(NY) 2: 329). In the Descent Darwin enumerated the many intellectual abilities 
and achievements of man in the "rudest state" and then remarked: "I cannot, 
therefore, understand how it is that Mr. Wallace maintains, that 'natural 
selection could only have endowed the savage with a brain a little superior 
to that of an ape' " (Descent 1: 137-138). 

Darwin conceded, however, that a number of physical and mental 
attributes of man had never possessed any selective value in the general 
struggle for existence, and therefore had not evolved directly by natural 
selection. But since he was not a strict adaptationist, he was not as a result 
compelled to invoke the supernatural to explain what natural selection could 
not. Instead Darwin proposed several additional natural explanatory factors, 
including the inherited effects of habit; sexual selection, which could produce 
features (such as the naked skin) that might be "in a slight degree injurious" 
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in the general struggle for existence; and the important principle of 
"correlation", according to which attributes without any immediate selective 
value might arise as incidental by-products of the action of natural selection. 

In stressing the importance of correlation, Darwin endorsed C. Wright's 
critique of Wallace. Wright agreed with Wallace that the savage possessed 
mental faculties that were unneeded and unused; but he rejected Wallace's 
conclusion that the large brain was useless to the savage, because he rejected 
Wallace's view that the different mental faculties were independent of each 
other. Wright contended that the large brain had evolved by natural selection 
as the physical basis for language, and that all other mental faculties of 
this brain had originated as the incidental by-products of the acquisition 
of language: 

Why may it not be that all that he [the savage] can do with his brains 
beyond his needs is only incidental to the powers which are directly 
serviceable? . . . The philosopher's mental powers are not necessarily 
different in their elements from those which the savage has and needs 
in his struggle for existence . . . The philosopher's powers are not, it 
is true, the direct results of Natural Selection, or of utility; but may 
they not result by the elementary laws of mental natures and external 
circumstances, from faculties that are useful? . . . Are they not rather 
implied and virtually acquired in the powers that the savage has and 
needs — his powers of inventing and using even the concrete terms of 
his simple language? (1870, pp. 109,111-112) 

In the Descent Darwin presented the same counter-argument, citing Wright's 
critique prominently. He noted that such powers as self-consciousness and 
abstraction might well be "the incidental results of other highly-advanced 
intellectual faculties; and these again are mainly the result of the continued 
use of a highly-developed language" (1: 105). In a footnote added in proof 
to the first edition of the Descent, Darwin quoted Wright's statement on 
correlation that "there are many consequences of the ultimate laws or 
uniformities of Nature through which the acquisition of one useful power 
will bring with it many resulting advantages as well as limiting disadvantages, 
actual or possible, which the principle of utility may not have comprehended 
in its action" (Wright 1870, p. 107). Then Darwin added: "This principle 
has an important bearing . . . on the acquisition by man of some of his 
mental characteristics" (Descent 2:335). Darwin returned to the important 
role of this principle in the evolution of the human brain, in the last chapter 
of the Descent, and again cited Wright: "The large size of the brain in 
man . . . may be attributed in chief part, as Mr. Chauncey Wright has 
well remarked, to the early use of some simple form of language. . . . 
The higher intellectual powers of man . . . will have followed from the 
continued improvement of other mental faculties" (Descent 2:391).37 Thus 
Darwin and Wright, who had fully incorporated the principle of correlation 



THE DARWINIAN HERITAGE 

into their evolutionary thinking, argued that, in order to establish the adequacy 
of natural selection, it was not necessary, contra Wallace (cf. Wallace 1905, 
1: 427-428), to show that every mental faculty made possible by the large 
brain had been needed and used by prehistoric and savage men. 

Conclusion 
In his very first letter to Wallace — written 1 May 1857, one year before 
his receipt of Wallace's manuscript on natural selection — Darwin observed: 
"In regard to the paper in the Annals [Wallace 1855], I agree to the truth 
of almost every word of your paper; and I daresay that you will agree 
with me that it is very rare to find oneself agreeing pretty closely with 
any theoretical paper; for it is lamentable how each man draws his own 
different conclusions from the very same fact" (Wallace 1916, p. 107). On 
the other hand, nearly twenty-five years later and about a year before 
his death, Darwin wrote to Wallace: "How lamentable it is that two men 
should take such widely different views, with the same facts before them; 
but this seems to be almost regularly our case, and much do I regret it" 
(Wallace 1916, p. 256). This latter statement reflected the fact that between 
1867 and 1871 Darwin and Wallace engaged in three great debates over 
the nature and scope of natural selection. Underlying all three debates was 
the fundamental issue of "adaptationism": are all traits useful, and have 
all useful traits evolved directly by natural selection? M. Ghiselin was, I 
believe, the first in recent times to call attention to the important difference 
of opinion between Darwin and Wallace on this issue.38 Commenting 
specifically about their debate over the origin of sterility, he remarked: 
"Wallace went to extreme lengths to construct a model of selection for 
sterility, but Darwin was unconvinced by these efforts, and rightly so, for 
they were exceedingly far fetched. The dispute is particularly revealing, 
for it casts much light on their respective attitudes toward methodology 
and metaphysics. Wallace, who was always seeking plausible reasons, held, 
erroneously, that the inability to account for sterility argues against natural 
selection. Darwin . . . by contrast. . . held that it was by no means essential 
that natural selection explain the origin of every adaptive trait. One should 
expect an occasional biologically advantageous feature to arise by accident" 
(Ghiselin 1969, pp. 150-151). 

During their debates Wallace advocated strict adaptationism: virtually 
all traits were, or formerly had been, useful, and all useful traits had originated 
by natural selection, acting on either individual organisms or groups. His 
adaptationist position is very clear in the two debates over sterility and 
sexual dimorphism. Wallace was completely convinced of, on the one hand, 
the utility of cross- and hybrid sterility to (incipient) species, and, on the 
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other hand, the utility of her less conspicuous coloration to the female bird 
sitting on an exposed nest. The fact of utility was, by itself, "sufficient 
proof' to Wallace of the selective origin of these traits. Furthermore, as 
S. J. Gould has emphasized (Gould 1980b, pp. 53-54), even in the debate 
over man, in which Wallace denied the utility to prehistoric and savage 
men of the mental faculties made possible by their large brains, Wallace's 
adaptationism is nevertheless apparent. Wallace held that natural selection 
was the only natural cause of major evolutionary change. The uselessness 
of the large brain meant it could not have evolved by natural selection; 
so, on the principle of "all or nothing", the inadequacy of natural selection 
meant the inadequacy of natural causation. Hence, ironic as it may seem, 
Wallace felt scientifically justified in invoking the supernatural to account 
for the origin of man. 

Since Darwin believed natural selection, a principle of utility, was the 
"main" mechanism of evolution, he certainly had adaptationist inclinations 
of his own. At several high points in their debates, Darwin expressed to 
Wallace his strong desire to agree with Wallace's views. For example, at 
the climax of the sterility debate, he stressed: "Let me say that no man 
could have more earnestly wished for the success of Natural Selection in 
regard to sterility than I did" (Wallace 1916, p. 170). Similarly in the sexual 
dimorphism debate he informed Wallace: "You will be pleased to hear that 
I am undergoing severe distress about protection and sexual selection: this 
morning I oscillated with joy towards you" (my italics; Wallace 1916, 
p. 183). Finally, at the very end of this debate, he commented: "I thought 
for long weeks about the inheritance and selection difficulty, and covered 
quires of paper with notes, in trying to get out of it . . . clearly seeing 
that it would be a great relief if I could" (my italics; Wallace 1916, pp. 213-
214). But, ultimately, Darwin could not bring himself to adopt Wallace's 
strict adaptationism. Instead he defended a more "pluralist" position, 
emphasizing the important role of the principle of correlation, according 
to which useful as well as useless traits had evolved "by chance", as the 
incidental by-products of natural selection. In Darwin's view, the mere fact 
of utility to the species of cross-sterility did not prove its selective origin; 
whereas the uselessness in the struggle for existence of some of man's higher 
mental faculties did not prove the insufficiency of natural selection and 
the necessity for divine intervention in human evolution. Consistent with 
this pluralism, Darwin maintained that natural selection was not all-powerful; 
it was constrained by modes of inheritance and development. 

The other major issue dividing Darwin from Wallace involved the levels 
of selection: does natural selection operate on groups as well as on individual 
organisms? Darwin thought a great deal about this question, as is perhaps 
best illustrated by his formulation of a concept of "family selection" to 
solve the problem of the origin of the sterile castes in social insects. He 
did not rule out completely the possibility of selection at the level of groups. 
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Indeed in the one case of the evolution of the moral sense in man he apparently 
accepted it. But Darwin was definitely reluctant to invoke group selection. 
For a time in the early 1860s he had been quite strongly inclined toward 
the origin of cross- and hybrid sterility by group selection. Eventually, 
however — after "mature reflection" as he put it in the Origin (1959, pp. 
443-445) — Darwin rejected this hypothesis; and throughout his debate 
in 1868 with Wallace he focussed exclusively upon the individual level of 
selection. Since cross- and hybrid sterility were obviously disadvantageous 
to the individual and "its nearest relatives", Darwin contended they had 
not evolved directly by natural selection. Wallace, in marked contrast, never 
regarded group selection as a problematic process, and accordingly did not 
display any reluctance to postulate it. The explanation for this difference 
seems to be, again, Wallace's adaptationism. If utility implied origin by 
selection, then utility to the group rather than the individual implied origin 
by group selection. But, not being such a strict adaptationist, Darwin did 
not find this reasoning at all compelling. 

At this point the question naturally arises: why did Wallace become 
such a strict adaptationist? Unfortunately I do not have a good answer 
to this good question. One way to approach it is through the converse 
question: Why was Darwin more pluralist in his thinking? A critical empirical 
factor was Darwin's knowledge of the process of embryological development, 
gained primarily from his exhaustive study of variation in domesticated 
animals and plants. M. Ghiselin has led the way in pointing to the significance 
of this factor: "The contingencies of developmental mechanisms vastly 
complicate the problems of evolutionary theory. But Darwin foresaw the 
implications of such phenomena, realizing that an understanding of the laws 
of variation would provide invaluable explanations for the facts of evolution, 
and that it could serve as a guide to the further elaboration of his theory. 
. . . The most fundamental of Darwin's ideas on the relationships between 
development and evolution is perhaps that of'correlated variation' " (Ghiselin 
1969, pp. 165-166). Wallace, on the other hand, had no first-hand knowledge 
about the phenomena of development. As a result the principle of correlation 
had little real meaning to him; although he acknowledged it (Wallace 1896, 
p. 380, fn. 1), he never really made any significant use of it. 

S. J. Gould has argued that "the essential questions of a discipline are 
usually specified by the first competent thinkers to enter it. The intense 
professional activity of later centuries can often be identified as so many 
variations on a set of themes. The arrow of history specifies a sequence 
of changing contexts within which the same old questions are endlessly 
debated" (1977c, p. 1). In their debates Darwin and Wallace — the first 
two competent thinkers, indeed the founders, of the new discipline of 
evolutionary biology — certainly did raise "essential questions" that have 
persisted to the present day (cf. Gould 1980b, p. 49). Thus the interaction 
between Darwin and Wallace concerning natural selection may well rank 
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as the most intellectually and emotionally dramatic episode of its kind in 
the entire history of evolutionary biology. 
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Notes 
1. Besides their debates over natural selection, 

Darwin and Wallace also had two debates 

concerning biogeography. One centered on 
the existence in the past of land bridges, such 

as extensions of continents to oceanic islands. 

Darwin was very much opposed to postulating 

such bridges in order to account for puzzling 
phenomena of geographical distribution. 

Initially, Wallace was inclined to invoke 
certain land bridges, but during the 1860s he 

became converted to DarwintS position and 
thereafter became its great champion 
(Fichman 1977; 1981, chap. 3). The other 

disagreement concerned the presence of 

north-temperate and arctic species of plants 

in the southern hemisphere and on mountain 
tops in the tropics. Both Wallace and H. W. 

Bates, Wallace's fellow traveler in the South 

American tropics, rejected Darwin's expla
nation, which involved a significant cooling 

of the tropics during the recent glacial period. 

Wallace favored "aerial transmission of seeds, 

either by birds or by gales and storms"; 
(Wallace 1905, 2: 19-21; see also Origin, pp. 
372-382; Wallace 1916, pp. 252-256; Stecher 

1969, pp. 8, 10-12, 16, 27-29, 31-32). Mayr 

has noted that Darwin "grossly underrated" 
the power of wind to disperse seeds (1982b, 
p. 447). In his autobiography Wallace also 

listed the inheritance of acquired characters 
as another "chief difference of opinion" 
between himself and Darwin (Wallace 1905, 

2: 21-22). Darwin always accepted such 

inheritance. At first Wallace accepted it, too, 

although he, unlike Darwin, hardly ever 
invoked it to account for the characteristics 
of organisms. Eventually, after becoming 

familiar with A. Weismann's writings m the 
1880s, Wallace rejected the inheritance of 
acquired characters totally (1889, chap. 14). 

Consequently, this "difference" did not arise 

until after Darwin's death. 
2. For Darwin's admiration of: (i) specific 

writings by Wallace, see Wallace (1916, pp. 

107, 111-112, 114, 127, 132, 137-138, 151, 155, 

158, 194-196, 204, 208, 213, 234-235, 237, 252; 

(ii) Wallace's intellectual abilities, see Wallace 

1916, pp. 115, 132, 148, 153-154, 164, 198-
199, 217, 220, 222, 229, 249); (iii) Wallace's 
character, see Wallace (1916, pp. Ill, 113, 

117,136,191,193,196,199,235). For Wallace's 

admiration of Darwin, see Wallace (1916, pp. 

59, 61-63, 128, 131, 190). Wallace dedicated 

The Malay Archipelago (1869) to Darwin; and 
in the prefaces to his Contributions to the Theory 

of Natural Selection (1870a, pp. iv-v) and 
Geographical Distribution of Animals (1876, 1: xv) 
expressed his respect for Darwin's accomp

lishments. After reading the preface to 

Wallace's Contributions, Darwin remarked: 
"There never has been passed on me, or indeed 

on anyone, a higher eulogium than yours. . . 

Your modesty and candour are very far from 
new to me. I hope that it is a satisfaction 

to you to reflect — and very few things in 
my life have been more satisfactory to me 

— that we have never felt any jealousy 
towards each other, though in one sense rivals. 
I believe that I can say this of myself with 

truth, and I am absolutely sure that it is true 

of you" (Wallace 1916, pp. 206-207). In his 
autobiography Wallace commented on this: 

"This friendly feeling was retained by him 
to the last, and to have thus inspired and 
retained it, notwithstanding our many 
differences of opinion, I feel to be one of 

the greatest honours of my life" (Wallace 

1905, 2: 15-16). 

3. Writing thirty years later, Wallace thought 
he had received two letters from Darwin prior 
to February 1858 (1891, p. 20); but since 
Darwin's second letter was dated 22 

December 1857, this is unlikely (cf. Beddall 
1968, p. 293). Even if he had, however, this 
letter was as uninformative about Darwin's 

views as the first one. Darwin again wrote: 

"it is too long a subject to enter on my 
speculative notions" (Wallace 1916, p. 109). 
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4. Darwin followed Wallace's advice, adding 
"survival of the fittest" to the fifth edition 

of the Ortgin (Origin 1959, pp. 163 (2:e), 164 
(13:e), although he continued to use "natural 
selection" as well. 

5. It should be noted that Wallace did use the 

words "compete" and "competition" in his 

1858 paper (I count three uses, pp. 274-276). 

6. The wording of this subheading probably 
reflects the more adaptationist position 

Wallace adopted in the 1860s (see below p. 

410). Although in the original paper Wallace 
clearly allowed for the establishment of useless 

variations, the subheading states that "useless" 
as well as "harmful" variations will diminish. 

7. Bowler has also claimed that "There is nothing 
to suggest that [Wallace] was aware of the 
role played by factors such as geographical 
isolation in the formation of varieties and 

species" (1976c, p. 22). It is true that in this 

particular paper Wallace did not discuss 
geographical varieties; but at this time he 

certainly was well aware of their existence. 
In a very interesting "Note" published in 1858, 

Wallace explicitly referred to "permanent and 

geographical varieties" (1858a; Kottler 1978, 
pp. 294-295). 

8. In Diagram 1 of Natural Selection, the lineage 

M-m10 would represent divergent phyletic 
evolution, whereas the lineages A-a10 and 

A-I10 would be divergent branching evolution 
(p. 236). 

9. In his annotations, Darwin also wrote: "It 
seems all creation with him." Even though 

Wallace never explicitly stated in 1855 that 

evolution was the explanation for his law, 
the immediate reactions to his paper by the 
two creationists Lyell and E. Blyth demon
strate clearly that evolution was very much 

"between the lines" (Lyell 1970, p. 66; Beddall 
1972). So why did Darwin write what he did? 
Wallace's frequent use of the term "creation" 
might provide at least a partial answer. It 

is certainly true that at this time Darwin 

occasionally used the term "creation" simply 
to mean "origin", without any implication 
of divine intervention. But Wallace used the 

term on almost every page of his paper (about 

fifteen times in all), thereby possibly 
misleading Darwin. 

10. In the Descent Darwin did adopt group 

selection to account for the origin of the moral 
sense in humans (1: 163, 166; see Burkhardt, 

Sober, this volume). In 1886 G. J. Romanes 
wrote to Francis Darwin: "Whether natural 
selection could in any case act on a type is 

a question which your father has told me he 
could never quite make up his mind about, 

except in the case of social hymenoptera and 
moral sense of man" (18%, pp. 172-173). As 
a matter of fact, in order to account for the 
sterile castes in social insects, Darwin invoked 

what he called "family selection", which 
would not be regarded today as genuine group 

selection (Origin 1959, p. 417 (248.x-y:f); 

Natural Selection, pp. 369-370). 

11. In the fifth edition of the Origin (1869), Darwin 

rewrote this sentence, stating that cross-

sterility, as well as hybrid sterility, could not 

have been produced by selection (Origin 195*9, 
pp. 424-425). 

12. It is important to establish what Darwin meant 
by "our theory". In the first edition of the 

Origin Darwin used the corresponding phrase 
"my theory" nearly sixty times (Barrett et 

al. 1981, pp. 747-749), sometimes to mean 
natural selection, other times descent with 

modification. There is a very close parallelism 

between this passage and Darwin's discussion 

of the origin of "organs of extreme perfection 
and complication" (Natural Selection, pp. 350-

352; Origin, p. 186). Since he was clearly 
referring to natural selection in the latter, I 
don't believe there can be any doubt that in 

this particular passage he meant natural 
selection by "our theory". 

13. Apparently it was Huxley himself who coined 
this famous epithet (L Huxley 1900, 1: 363). 

14. Bartholomew has pointed to Huxley's lack 
of enthusiasm for natural selection, but he 

never discusses the sterility question (1975, 
p. 529). Lovejoy, on the other hand, did take 

note of Huxley's concern about sterility, but 

mistook it for an objection to the theory of 
descent, rather than the theory of natural 
selection (1959c, p. 113; 1959b, pp. 395-396). 
For previous discussions of the relationship 

between Darwin and Huxley, see Poulton 
(1896, pp. 119-143; 1904, pp. 77-83) and Ruse 
(1979a, pp. 235-236). 

15. In 1749, Buffon first enunciated his celebrated 
species definition: "We should regard two 
animals as belonging to the same species if, 

by means of copulation, they can perpetuate 
themselves and preserve the likeness of the 
species; and we should regard them as 

belonging to different species if they are 
incapable of producing progeny by the same 

means" (Lovejoy 1959c, pp. 93-94). For 
Buffon, the transmutation of species was 

rendered highly improbable by the existence 
of cross- and hybrid sterility. "In order that 
two individuals cannot reproduce together it 
is only necessary that there be some slight 

dissimilarity in temperament or -some accid-
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ental defect in the reproductive organs of one 
or the other of the two individuals . . . but 

what an immense and perhaps infinite number 

of combinations would be necessary before 

one could conceive that two animals, male 

and female, had not only so far departed from 
their original type as to belong no longer to 

the same species — that is to say, to be no 

longer able to reproduce by mating with those 
animals which they formerly resembled — 

but had also both diverged to exactly the same 

degree, and to just that degree necessary to 
make it possible for them to produce only 

by mating with one another" (Lovejoy 1959c, 
p. 99; Buffon 1753, pp· 389-390). Although 

Lovejoy found Buffon's logic in this argument 

a "trifle obscure", it is actually a very sound 

objection to a particular type of speciation. 

Buffon envisaged speciatioq as resulting from 

a single pair of variant individuals, of opposite 

sex, fertile with each other, but sterile with 
all individuals of the parent species. It was 

easy to understand how either individual 

might vary in such a way that it could no 
longer reproduce with any individuals of the 

parent species. But since variation occurred 
independently in the two individuals ( <? and 

9 ) and, furthermore, since so many different 

kinds of variation could render each individual 
cross-sterile with the parent species, Buffon 

thought it highly unlikely that both individuals 
would have varied in precisely the same way 

so that, while each could not reproduce with 

the parent species, they could reproduce with 

each other (cf. Ghiselin 1969, pp. 147-148). 

16. After reading this paper, Darwin wrote to 

Hooker: "I by no means thought that I 
produced a 'tremendous effect' in the Linn. 

Soc. but by Jove the Linn. Soc. produced a 
tremendous effect on me, for I could not get 

out of bed till late next evening, so that I 
just crawled home. I fear I must give up trying 

to read any paper or speak; it is a horrid bore, 

I can do nothing like other people" (LL (NY) 
2: 473). It is worth noting that, at this very 

same meeting of the Linnean Society, Henry 
W. Bates read his famous paper on mimicry 
in butterflies (Bates 1862). 

17. The primrose (Primula) of interest to Darwin 

should not be confused with the evening 
primrose (Oenothera) later studied by Hugo de 
Vries. 

18. I believe Ruse is mistaken in his claim that 

in this passage, "insofar as sterility was being 
generalized from the individual to the group, 
it was accidental, in the sense of not being 
of selective value. There was no question of 

selection for the group . . ." (1980b, p. 622). 

The greater self-sterility of the short-styled 

form of Primula could be regarded as 

advantageous to the individual; but the "two 

forms" in this passage are two incipient 

species, and their cross-sterility (or the 
sterility of any hybrids produced) would be 
advantageous to the two groups only. 

19. The day after writing to Tegetmeier, Darwin 

wrote to Huxley: "I . . . have told him how 
alone I think the experiment could be tried 

with the faintest hope of success . . . but the 

difficulty . . . would be beyond calculation" 
(ML 1: 225-226). 

20. In the fifth edition of the Origin (1869), Darwin 

added two sentences on the problem posed 

by two species that were already largely but 

not totally cross-sterile: "What is'there which 

could favour the survival of those individuals 
which happened to be endowed in a slightly 

higher degree with mutual infertility, and 
which thus approached by one small step 

towards absolute sterility? Yet an advance of 

this kind, if the theory of natural selection 
be brought to bear, must have incessantly 
occurred with many species, for a multitude 

are mutually quite barren" (my italics; Origin 

1959, p. 444; this passage first appeared in 
Variation 2: 186). Here, as in the rest of his 

discussion, natural selection meant selection 
of individual organisms. 

21. Darwin did concede that "if a species were 

rendered sterile with some one compatriot, 
sterility with other [=allopatric] species would 

probably follow as a necessary contingency". 
That is, given three species A, B, C — A 

and B sympatnc, A and C allopatric — then 
if selection had rendered A and B cross-sterile 

because such cross-sterility had been advan

tageous to species A, the (useless) cross-
sterility between A and C might well have 

followed as an incidental consequence. But 
Darwin's theoretical argument concerning 

natural selection acting on individuals showed 
that the cross-sterility between A and B could 
not have been produced by selection. 

22. For a new "conclusive" argument added to 
the sixth edition of the Origin, see Origin (1959, 

p. 447); cf. Variation (1875, 2: 171). 
23. At least as early as February 1866, Wallace 

had begun to think about sterility, because 

he wrote then to Darwin: "If you 'know 
varieties that will not blend or intermix, but 
produce offspring quite like either parent', 

is not that the very physiological test of a 
species which is wanting for the complete proof 
of the origin of species?" (Wallace's italics; 
Wallace 1916, p. 140). 

24. Advocates of group selection have sometimes 
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taken for granted the existence of a "variety", 

the members of which possess the trait that 

is not advantageous to the individual. They 

have concentrated on selection between a 

group with and a group without the trait, 

but have not dealt with the problem of how 

the trait became established within a group 

in the first place. Wallace did not totally 

neglect this problem; but his two "solutions" 

left rather little for natural selection to do, 

as Darwin quickly pointed out. Wallace 

suggested that the cross-sterility between 

varieties A and B arose, on the one hand, 

from the Jirect eftect on the reproductive 

system of the different conditions to which 

each was exposed (point 4) and, on the other 

hand, from the overall divergence of A from 

Bs as they became adapted to their different 

conditions of existence (point 11). Wallace's 

second suggestion was actually nothing more 

than Darwin's own view of the incidental 

origin of sterility. As for the first suggestion, 

Darwin expressed doubt that cross-sterility 

between A and B could arise and increase 

from their continued exposure to different 

conditions; but if Wallace was correct, then, 

Darwin observed, "there would be no need 

of Natural Selection" (Wallace 1916, p. 172). 

Mayr has also noted that "in retrospect it is 

clear that Wallace made so many assumptions 

. that he started out with virtually 

reproductively isolated species" (1959c, p. 

228) 

25. The view of life so clearly expressed in this 

passage may help explain why, in his 1855 

paper, Wallace interpreted rudimentary 

organs as nascent, rather than vestigial, and 

as serving to unite the entire organic world 

into "an unbroken and harmonious system" 

(1855, p. 18). 

26. Darwin also discussed climbing bamboo plants 

that possessed "exquisitely constructed hooks 

. . . no doubt . . . of the highest service to 

the plant." Yet, since similar hooks were to 

be found as well in many non-climbing plants, 

Darwin proposed, at first, that they may have 

arisen from the laws of growth. But in the 

last two editions of the Origin Darwin 

suggested instead that the hooks had indeed 

originated by selection as a defense against 

herbivores, and subsequently had changed 

function in those plants becoming climbers. 

Change of function was Darwin's main 

explanation for the emergence of novelty 

(Origin 1959, p. 365). 

27. If one likes the new terminology proposed 

by Gould and Vrba, these secondarily useful 

behaviors would be exaptations that were 

initially nonaptations, and they illustrate the 

process of cooptation (Gould and Vrba 1982, 

table 1, p. 5). 

28. For Darwin's views on the role of geographic 

isolation in speciation, see Natural Selection (pp. 

256-257, 266, 269), Oryjm (pp. 103,174), Origin 

(1959, pp. 227 (382.39.4:d), 230 (382.56:c) ), 

Kottler (1976, chap. 4), Sudoway (1979b). For 

Wallace's views, see Wallace (1855, pp. 5,10; 

1865, pp. 10-14; 1889, pp. 119-120, 144-146, 

150; 1896, 382). 

29. Compare Darwin's discussion of pollen pre

potency in the section on sterility and selection 

added to the fourth edition of the Origin. 

Darwin noted that whereas selection could 

not increase sterility, it could increase pre

potency, which is now classified as a form 

of pre-mating reproductive isolation. He went 

on to suggest that selection for pre-potency 

might have produced cross-sterility as a 

correlated result (Origin 1959, pp. 445-446; 

Variation 2: 187). 

30. It is worth pointing out that in Darwinism 

Wallace made a suggestion that led the way 

to a fruitful new approach to the problem 

of sterility. In the debates between Darwin 

and Huxley, and between Darwin and 

Wallace, fertility within a species had largely 

been taken for granted; attention had focussed 

on the problem of the origin of cross-sterility. 

Wallace now observed that the maintenance 

of fertility within a species required constant 

selection, and that once such selection ceased 

to act, cross-sterility would almost automat

ically result. Not long afterwards Poulton 

developed Wallace's idea and related it 

directly to Huxley's contention that the 

complete proof of natural selection required 

the production of cross-sterile forms by artificial 

selection: "If, then, mutual fertility be the 

result of unceasing selection, and mutual ster

ility the inevitable, even if long-postponed, 

consequence of its cessation, it is obvious that 

Huxley's difficulty is solved while his 

suggested experimental creation of sterility 

by selection would not reproduce any natural 

operation: it would afford a picture of a 

natural result but would be produced in an 

unnatural way" (Poulton 1904, pp. 80-82; 

1898; Kottler 1976, pp. 398-402). 

31. In Darwinism Wallace did propose the selective 

origin of one form of pre-mating reproductive 

isolation. He thought that, during the initial 

differentiation of a species into two (or more) 

incipient species, slight differences in colo

ration would usually arise. These differences 

would then serve as the basis for "selective 

association" or preferential mating between 
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individuals of an incipient species, and natural 

selection would intensify these differences, 

which Wallace called recognition marks, "for 

the purpose of checking the intercrossing of 
closely allied forms" (1889, pp. 119-120, 171— 
173, 217-218, 226-228; cf. 318-319 for insect 
pollination of plants). Although one might 

wish to justify the term "Wallace effect" on 

the basis of these remarks, it should be pointed 
out that Wallace's treatment of preferential 

mating as a form of pre-mating reproductive 

isolation was incomplete. Both Wallace and 
Darwin simply assumed that similarly-colored 

individuals would automatically prefer to 
mate with each other. But homogamy will 

not be automatic. There must be selection 
for the mating preference, as well as for the 

recognition marks that permit the expression 
of such a preference, if those marks are to 

function in reproductive isolation. Wallace 
only discussed selection for the marks 
themselves. 

32. This letter has not yet been published, but 
a draft of it was published in both Wallace 

(1905, 2: 18-20) and Wallace (1916, pp. 183-

185). The important concluding paragraph 
quoted in the text is not in the draft. 

33. In the Descent, Darwin presented Wallace's 
"leading idea" in detail, calling his 1864 paper 

"celebrated" and "admirable" (1: 137, 158). 

34. In his autobiography Wallace remarked that 
his later view had been "first intimated in 
the last sentence" of his 1864 paper, and that 

Darwin in 1864 had been "quite distressed 
at my conclusion that natural selection could 
not have done it all" (Wallace 1905, 1: 418; 

2: 17). Wallace was, however, definitely 
mistaken on both counts. He did refer in 1864 

to man as "in some degree a new and distinct 

order of being", "a being who was in some 

degree superior to nature", and "a being 
apart". But this uniqueness of man was due 

solely to the nature of his mind, and 

throughout his 1864 paper Wallace attributed 
the development of that mind entirely to the 
purely natural process of natural selection. 
Darwin's correspondence proves that in 1864 

he had been very enthusiastic, not "quite 
distressed", by Wallace's "great leading idea". 

Wallace must have had in mind the new last 

sentence of the revised version of his paper, 
which did indeed express the new view he 
had first stated the year before (1870a, pp. 

330-331). Darwin was quite distressed by that 

new view. 

35. Wallace said much the same thing twenty 

years later, while writing Darwinism, to E. 
B. Poulton: "I (think I) know that non-human 

intelligences exist — that there are minds 

disconnected from a physical brain — that 

there is, therefore, a spiritual world. This is not, 

for me, a belief merely, but knowledge founded 

on the long-continued observation of facts — 
and such knowledge must modify my views as 

to the origin and nature of human faculty" 
(Wallace's italics; Poulton 1924, p. xxvin). 

36. In connection with Wallace's reasoning, it is 

interesting to compare Mayr's recent remark: 

"Why primitive man should have been 

selected for a brain of such perfection that 
100,000 years later it permitted the achieve

ments of a Descartes, Darwin, or Kant, or 

the invention of the computer and the visits 
to the moon, or the literary accomplishments 

of a Shakespeare or a Goethe, is hard to 
understand" (1982b, pp. 622-623; cf. p. 600). 

37. For recent statements of the same view that 

most of the brain's capacities originated 
incidentally as by-products of the action of 
natural selection, see Gould (1980b, p. 57; 1982, 

p. 384), Gould and Vrba (1982, p. 13). 

38. G. Romanes, at the end of the nineteenth 

century, was the first to contrast Wallace's 

strict selectionism to Darwin's pluralism and, 

furthermore, to argue that "from this great 
or radical difference of opinion . . . all their 

other differences of opinion arise" (1895, 
p. 5). He coined the terms "neo-Darwinian" 

and "ultra-Darwinian" in order to distinguish 
the views of Wallace and August Weismann, 
who were "seeking to out-Darwin Darwin 

by assigning an exclusive prerogative to 
natural selection", from those of Darwm himself 

(pp. 12-13). Romanes's critique of^ Wallace 
included several important points. He noted 

that, although in Darwtmsm (Wallace 1889, p. 
444) Wallace had quoted with approval 

Darwin's statement that natural selection had 

been "the most important, but not the 

exclusive means of modification" (Origin 1959, 
p. 75 (50:e) ), Wallace, "to all intents and 

purposes", had not recognized any cause of 
evolution other than natural selection (pp. 20-
21; cf. Gould and Lewontin 1979, p. 586). 
Romanes also pointed out that Wallace's 

statement in 1867 that the utility of all traits 
was a "necessary deduction" from the theory 
of natural selection presupposed strict selectionism 

(pp. 180-185). Lastly he called attention to 
Wallace's equation of natural selection and 

natural causation as crucial to his argument 
concerning the origin of man (p. 28). Given 

the great similarity between Romanes's and 
recent analyses of Wallace's views, it should 

be noted that in his discussion of Darwin's 

pluralism Romanes, like Darwin himself, 
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stressed the Lamarckism. Furthermore, he 
treated the principle of correlation, not so 
much as an important feature of Darwin's 
pluralism but rather as a "loophole" through 

which adaptationists like Wallace could escape 
(p. 269). (For a summary of Romanes' debate 
in the late 1880s with the British neo-
Darwinians, see Kottler 1976, pp. 273-281.) 


